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3.3.3  Aquatic Resources

The Turners Falls Project and Northfield Mountain Project provide aquatic habitat for a variety of plants
and animals. Studies conducted in the Project area provide information on the presence and distribution of
the aquatic biota and on potential effects of Project operation on these resources.

Studies performed by FirstLight that pertain to aquatic resources include:

e Study 3.3.1 — Conduct Instream Flow Habitat Assessments in the Bypass Reach and Below
Cabot Station (FirstLight, 2016a)
o Addendum 1- Reply to comments (4/30/2017)

o Addendum 2- Yellow Lampmussels Reach 5 (5/1/2018)

o Addendum 3- Yellow Lampmussels Reach 3 (5/1/2018)

o Addendum 4- Sea Lamprey Habitat Suitability Index Curves (5/1/2018)

o Addendum 5- Sea Lamprey Assessment and Yellow Lampmussels in Reach 3
(3/1/2019)

o Addendum 6- Seal Lamprey Assessment and Yellow Lampmussels Reach 4
(4/19/2019)

o Addendum 7- Yellow Lampmussels Reach 4 (9/30/2019)
e Study 3.3.2 — Evaluate Upstream and Downstream Passage of Adult American Shad
(FirstLight, 2016b)
o Addendum 1- Reply to comments (5/1/2017)
e Study 3.3.3 — Evaluate Downstream Passage of Juvenile American Shad (FirstLight, 2016c¢)
o Addendum 1- Reply to comments (5/1/2017)

e Study 3.3.4 — Evaluate Upstream Passage of Juvenile American Eel at the Turners Falls Project
(FirstLight, 2016d)

e Study 3.3.5 — Evaluate Downstream Passage of American Eel (FirstLight, 2017a)

e Study 3.3.6 — Impact of Project Operations on Shad Spawning, Spawning Habitat, and Egg
Deposition in the Area of the Northfield Mountain and Turners Falls Projects (FirstLight,
2016e)

o Addendum 1 (10/14/2016)

e Study 3.3.7 — Fish Entrainment and Turbine Passage Mortality Study (FirstLight, 2016f).

e Study 3.3.8 — Computational Fluid Dynamics Modeling in the Vicinity of the Fishway
Entrances and Powerhouse Forebays (FirstLight, 20169)

o Addendum 1 (10/14/2016)

e Study 3.3.9 — Two-Dimensional Modeling of the Northfield Mountain Pumped Storage Project
Intake/Tailrace Channel and Connecticut River Upstream and Downstream of the
Intake/Tailrace (FirstLight, 2015a)

e Study 3.3.10 — Assess Operational Impacts on Emergence of State-Listed Odonates in the
Connecticut River (FirstLight, 2016i)

o Year 2 (3/1/2017)

e Study 3.3.11 — Fish Assemblage Assessment (FirstLight, 2016j)

e Study 3.3.12 — Evaluate Frequency and Impact of Emergency Water Control Gate Discharge
Events and Bypass Flume Events on Shortnose Sturgeon Spawning and Rearing Habitat in the
Tailrace and Downstream from Cabot Station (FirstLight, 2016Kk)

e Study 3.3.13 — Impacts of the Turners Falls Project and Northfield Mountain Project on Littoral
Zone Fish Habitat and Spawning Habitat (FirstLight, 20161)

Study 3.3.14 — Aquatic Habitat Mapping of the Turners Falls Impoundment (FirstLight, 2015a)

e Study 3.3.15 — Assessment of Adult Sea Lamprey Spawning within the Turners Falls Project
and Northfield Mountain Project Area (FirstLight, 2016m)

o Addendum 1 (5/1/2018)
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e Study 3.3.16 — Habitat Assessment, Surveys, and Modeling of Suitable Habitat for State-listed
Mussel Species in the CT River below Cabot Station (FirstLight, 2016n)

e Study 3.3.17 — Assess the Impacts of Project Operations on the Turners Falls Project and
Northfield Mountain Project on Tributary and Backwater Area Access and Habitat (FirstLight,
2015b)

e Study 3.3.18 — Impacts of the Turners Falls Canal Drawdown on Fish Migration and Aquatic
Organisms (FirstLight, 2015c)

Addendum 1- (3/1/2016)

e Study 3.3.19 — Evaluate the Use of an Ultrasound Array to Facilitate Upstream Movement to

Turners Falls Dam by Avoiding Cabot Station Tailrace (FirstLight, 2017b)
o 2018 Study (3/12/2019)
o 2019 Study (3/31/2020)

e Study 3.3.20 — Northfield Mountain Project American Shad Ichthyoplankton Entrainment

Assessment (FirstLight, 20160)
o Addendum 1 (7/28/2017)
o Year 2 (3/1/2017)

Additionally, results and analyses from Study 3.2.2 — Hydraulic Study of the Turners Falls Impoundment,
Bypass Reach, and below Cabot Station and Study 3.8.1 — Evaluate the Impact of Current and Proposed
Future Modes of Operation on Flow, Water Elevation, and Hydropower Generation were useful for
evaluating the effects of baseline and FirstLight’s proposed operations across relatively large areas and
given varying river flow conditions.

Pertinent information from each study is provided in this AFLA, though additional details regarding each
study can be found in the study reports and addendums filed with FERC.

3.3.3.1 Affected Environment

The Connecticut River in the vicinity of the Projects is generally narrow, with areas of floodplain and
terraces of silt, sand, and gravel. The basin is steep and drains quickly to the river during rain events, snow
melts and storms. The Turners Falls Project and Northfield Mountain Project areas include various habitats
and aquatic pathways for resident and migratory species. In general, this includes the TFI, power canal,
bypass reach and downstream areas in the Connecticut River.

Turners Falls Impoundment

The TFI extends approximately 20 miles upstream from the Turners Falls Dam to the Vernon Dam (FERC
No. 1904) tailrace and includes two major tributaries (Ashuelot and Miller Rivers) along with several
smaller tributaries (Figure 3.3.3.1-1).

Physical Habitat

Both lentic and lotic conditions are present in the TFI. Study No. 3.3.14 Aquatic Habitat Mapping of the
Turners Falls Impoundment was conducted to determine the distribution and abundance of aquatic habitat
within the TFI (FirstLight, 2015a). The distribution and abundance of aquatic habitats, including biological
and geomorphological characteristics, were documented during field surveys in 2014 and 2015. Survey
results were used to develop maps depicting the distribution of mesohabitat. Littoral habitat mapping of
substrates and wetlands in the TFI are shown in Figure 3.3.3.1-2 (9 maps). Habitat maps of the bypass reach
and below Cabot Station are shown in and Figure 3.3.3.1-3 (22 maps)

The upstream reach of the TFI, extending approximately 15 miles from Vernon Dam tailrace to the
Northfield Mountain Project tailwater, is located within a broad floodplain and is relatively uniform and
generally shallow, with gentle bends. A river channel exists with rock shorelines and lotic conditions. The
substrate in this reach is variable ranging from sand to boulders. There are a few narrow islands comprised
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of alluvial materials such as gravel, cobble, and fines. There are also a few deep pools that are generally
confined to locations downstream of features such as bridge piers, which have created scour holes and
shoals. Scour holes provide the most extensive cover; object cover in the littoral zone is sparse, consisting
primarily of isolated patches of submerged aquatic vegetation (SAV) and clusters of woody debris.

The downstream reach of the TFI extends approximately 5.2 miles from the Northfield Mountain Project
tailrace to the Turners Falls Dam and is constrained by bedrock, which controls much of the stream
geometry and substrate features. The geometry of the lower TFI is complex. It is defined by both bedrock
and depositional features, and includes a complex of embayment, points, coves, islands, and a wide range
of substrates, and features shallow lacustrine littoral habitat with a deeply incised thalweg, in contrast to
the riverine habitat found further upstream in the TFI. Within the French King Gorge is a small but deep
(depth > 100 feet) area of river with sheer rock faces, possibly formed by weakening of bedrock along a
fault line. This area is unique in that it harbors freshwater sponges and bryozoans in its depths. The lowest
section of the TFI has several large areas off the channel which are shallow, with SAV and muck bottom
habitats characteristic of lentic conditions.

Study No. 3.3.13 (Impacts of the Turners Falls Project and Northfield Mountain Project on Littoral Zone
Fish Habitat and Spawning Habitat, (FirstLight, 2016l) documented varied substrates in the TFI littoral
zone. In some locations the littoral zone is absent due to vertical bedrock cliffs, while in other areas there
are broad horizontal shoals composed of gravel, sand or other fines, particularly in embayed sections
(Figure 3.3.3.1-2). The thalweg is deeply incised. Most banks are wooded and composed of predominantly
deciduous trees. Shoreline development ranges from residential (seasonal and year-round homes) to urban.
The least developed shorelines are those furthest upstream from Gill and Turners Falls.

Littoral zone substrates composed of fines (e.g., sand/silt, clay) and cobble collectively accounted for about
50% of all littoral substrate (Table 3.3.3.1-1). Fines comprised 29% of the study area, followed by cobble
(21%), then bedrock (17%) and gravel (16%). Littoral habitats where cobble substrates were combined with
either fines (6%) or boulder (1 %) were also present in scattered, small areas. Littoral habitats with fines
were widely distributed throughout the study area; however, cobble and gravel were most common above
the French King Gorge area. Bedrock and wetland areas were most abundant in the reach from French King
Gorge downstream. Riprap accounted for approximately 7% of littoral substrates and is found in patches
throughout the study area where either erosion abatement or other infrastructure such as bridges or
developed shorefronts were located.

Flow Effects on Habitat and Migratory Fish Pathways

Habitats and migratory fish pathways through the TFI are affected by river flow, operating levels at the
Turners Falls Dam, and operations at the Northfield Mountain Project. Relicensing Study 3.3.9 - Two-
Dimensional Modeling of the Northfield Mountain Pumped Storage Intake/Tailrace Channel and
Connecticut River Upstream and Downstream of the Intake/Tailrace was performed to:

o Assess velocities and flow fields at, and in proximity to, the Northfield Mountain Project
intake/tailrace structure, when pumping or generating, and their potential to interfere with fish
migration;

o Assess the potential for velocity barriers in the Connecticut River in the vicinity of the Northfield
Mountain Project tailrace due to pumping and generation flows alone or in conjunction with
generation flows from the upstream Vernon Project;

o Characterize water column velocity profiles in the immediate vicinity of the Northfield Mountain
Project intake/tailrace (i.e. inside the boat barrier);

e Assess the potential for Northfield Mountain Project operations to create undesirable attraction
flows to the intake/tailrace area that may result in entrainment or delay of migratory fish; and
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o Assess potential migratory fish impacts due to flow reversals under:

o Pumping conditions, such that river flows move upstream below the Northfield Mountain
Project intake/tailrace; and

o Generating conditions, such that river flows move upstream above the Northfield Mountain
Project intake/tailrace toward Vernon Dam.

A two-dimensional (River2D) model of the Northfield Mountain Project intake/tailrace and Connecticut
River five km upstream and five km downstream of the Northfield Mountain Project intake/tailrace was
developed to evaluate hydraulic (depth, velocity, water surface elevation) conditions in the 10 km reach
over a range of flow and Northfield Mountain Project operating conditions (two units pumping, four units
pumping, two units generating, four units generating).

The results of this study are extensive and are documented in a report filed with FERC on March 1, 2016
(FirstLight, 2016h). In general, the results of the study found:

o Water velocities were generally higher at low TFI levels, due to shallower water and more river
gradient. The velocities predicted for many scenarios were often greatest at the French King Gorge,
except for scenarios where the Turners Falls Dam WSEL was 181.3 feet or higher and the
Northfield Mountain Project was in pumping mode. During these scenarios, the French King Gorge
exhibited similar or slightly lower velocities than near the Northfield Mountain Project
intake/tailrace area. Velocities in the French King Gorge reached >10 ft/s in some areas during the
most extreme scenarios when river flow was high, the TFI WSEL at the dam was low, and the
Northfield Mountain Project was generating. Velocity is high in many areas across the channel, but
there are areas along the river margins with lower velocities that migrating fish could utilize.

e Flow reversals upstream of the Northfield Mountain Project intake/tailrace were predicted to occur
during two-unit generation and low river flow, and the greatest extent of reversals during these low
flow scenarios occurred when the TFI WSEL was high. Flow reversals up to or beyond Kidds
Island were observed for scenarios of inflows up to 4,900 cfs, and low TFI WSELSs tended to reduce
the extent of reversals under similar flow conditions. Similar patterns were observed for full
generation, except that flow reversals to, or beyond, Kidds Island were present at incoming flows
up to 8,440 cfs.

o Flow reversals downstream of the Northfield Mountain Project intake/tailrace were predicted
during pumping scenarios under low incoming flow conditions, with reversals predicted only at the
lowest incoming flow (1,760 cfs) under 7,600 cfs of pumping, and primarily up to 4,900 cfs
incoming flow during full pumping at 15,200 cfs. One exception to this was that flow reversals
were predicted under an inflow of 8,440 cfs under full pumping and high (185 ft) TFI WSEL.

The effects of flow reversals on upstream and downstream migrating fish are poorly understood in upriver
areas. Fish that encounter flow reversals may change direction, similar to how migratory fish sometimes
respond to tide changes when entering estuarine areas (i.e. Grote et al., 2014), resulting in migration delay,
though directional changes documented in the literature are normally thought to be related to salinity.
Eddies in the vicinity of the Northfield Mountain Project intake/tailrace also have the potential to confuse
fish and delay their migration. Migrating fish that move during the daytime may encounter flow reversals
upstream of the tailrace due to generation and low incoming flow, if these conditions occur during migration
periods. Alternatively, migrating fish that move at night may encounter flow reversals downstream of the
tailrace due to pumping and low incoming flow from upstream. In general, the conditions amenable to flow
reversals would be uncommon during spring migration periods, when river flows tend to be higher than
flows where reversals could occur. Passage of migratory fish beyond the Northfield Mountain Project
intake/tailrace at existing operational conditions was evaluated directly using tagging/tracking studies, as
described in Section 3.3.3.2.3.
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Turners Falls Power Canal

The Turners Falls Power Canal is 2.1 miles long leading from the gatehouse to Cabot Station. The original
upstream portion of the canal was constructed around 1866, and the canal was subsequently widened,
extended, and heightened around 1915. The canal supplies water to Station No. 1, Cabot Station, two
smaller hydropower facilities (Milton Hilton, LLC! and Turners Falls Hydro, LLC?), and the Silvio O.
Conte Anadromous Fish Research Laboratory. The first 3,900-ft reach of the canal downstream of the
gatehouse is rectangular with canal walls varying from masonry to concrete to cut-rock faces. The bottom
width ranges from 170 ft at the gatehouse to 123 ft at the end of this 3,900-ft reach. The next 3,300-ft reach
has been excavated to a trapezoidal shape with 1.5H:1V slopes on both sides; the canal walls are generally
similar to the preceding segment. The remaining segment (about 4,300 ft upstream of the Cabot Station) is
essentially a pond covering about 50 acres, which was excavated to provide fill for the canal dikes. The
width of the pond is approximately 783 ft at its widest point. The bottom of the pond was not originally
excavated. It was a field having an average surface elevation of 159 ft at the upstream end, with a few trees
that were removed. The average depth of the pond was about 14 ft when the canal level was raised in 1915.

The last 600 ft of the canal, extending from the “pond” to the Cabot Station, was excavated from rock and
has earth and concrete walls. It is generally trapezoidal in shape and riprap was added to the earth portions
of the channel slopes for slope protection.

Also associated with the canal are two drainage tunnels (Keith and Lower Drainage); a branch canal to
FirstLight’s Station No. 1 powerhouse; fish passage structures; and an emergency spillway structure
adjacent to Cabot Station. The concrete-lined Keith Tunnel is in the upper quarter of the canal and serves
as the primary means of dewatering the upper portion of the canal. The Keith Tunnel typically remains
open for the duration of the canal outage period. The concrete lined Lower Drainage Tunnel is located just
upstream of where the canal widens out into the pond. The non-project works Lower Drainage Tunnel is
abandoned and has never been used to FirstLight’s knowledge; it is not considered part of the Project.

During a recent engineering inspection of the canal under de-watered conditions, it was reported that bottom
elevations of the pond have changed dramatically since construction in 1915. Areas of higher flow
velocities have scoured the bottom and areas of low velocity, particularly where the canal begins to widen,
have large silt deposits. The topography of the lower portion of the canal now ranges from large areas of
silt deposits, to areas of exposed bedrock, and areas with coarse and fine grain sediments.

Canal Forebay Flow Fields

Flow conditions in portions of the canal were documented by the results of Relicensing Study No. 3.3.8
Computational Fluid Dynamics Modeling in the Vicinity of the Fishway Entrances and Powerhouse
Forebays. The study report was filed with FERC on March 1, 2016, and Addendum 1 filed with FERC on
October 14, 2016 (FirstLight, 20169). The specific study objectives of the Computational Fluid Dynamics
(CFD) Study were as follows:

e Characterize the hydraulics of current (existing) conditions and any changes to:
o Fishway attraction flows;
o Turbine operations; and
o log sluice gates
o Develop a series of velocity maps at select discharges showing approach velocities and flow fields
that may create a response in fish;
e Characterize the flow field in front of the Cabot Station and Station No. 1 intakes using velocity maps
and cross-sectional plots;
e Assess whether fish are directed to the surface bypass weir near Cabot Station;

! This was formerly PaperLogic which has no FERC license.
2 This site is owned by Eagle Creek Renewable Energy (FERC No. 2622), which is undergoing licensing.
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e Characterize the near-rack “sweeping” velocities at the Cabot Station and Station No. 1 intakes

The CFD model simulations for this study were conducted using the Flow-3D CFD code developed by
Flow Science, Inc. FLOW-3D is a general-purpose CFD software that employs numerical techniques to
solve the equations of motion for fluids to obtain transient, three-dimensional (3D) solutions to multi-scale,
multi-physics flow problems (Flow Science, 2012). Flow-3D solves the Reynolds Averaged Navier-Stokes
(RANS) equations.

Station No. 1 Forebay Flow Fields

The CFD models showed that, when most of the canal flow is being passed through Station No. 1, the
highest velocities are predominately in front of the Station No. 1 intake racks and on the northern side of
the forebay entrance from the power canal. When Cabot Station is generating at maximum capacity, the
predominant flow pattern is created by flow passing through the power canal and on to Cabot Station. As
a result of the higher velocities in the power canal under this scenario, the flows (high velocities) tend to
concentrate on the southern side of the forebay entrance and cause significant eddies just inside the forebay.
The velocities immediately in front of the intake racks at Station No. 1 were not affected by flow in the
canal. One of the primary uses of the CFD modeling was to describe the ratio of velocity parallel to the
racks (sweeping) to velocities perpendicular to the racks as well as the total velocity immediately in front
of the racks. CFD modeling scenarios indicated that even during periods when the majority of the canal
flow is directed to Station No. 1, the sweeping velocity is larger than the approach velocity over half of the
racks.

Cabot Forebay Flow Fields

Under the range of flows evaluated, between approximate minimum and maximum capacities, the velocities
in the power canal and forebay tend to be higher near the inside of the bend (north and west side) than near
the outside of the bend (south and east side). Because log sluice flows are relatively low compared to the
generation flows, the log sluice flows tend to have minimal impact on the flow fields in front of the intake
racks. The CFD modeling indicated that during one out of the six Cabot operation, the majority of racks
have a sweeping velocity in excess of the approach velocity. During three unit operation about half of the
racks have a sweeping velocity in excess of the approach velocity, but with all six unit operations, the
majority of the racks have approach velocities in excess of the sweeping velocity.

Bypass Reach

The 2.5-mile long bypass reach runs from the base of Turners Falls Dam to Cabot Station tailrace. This
reach contains mostly bedrock, boulder, cobble, and gravel substrates; and is primarily comprised of pool
mesohabitat, followed by riffle and backwater types. Per the FERC license, a continuous minimum flow of
200 cfs is maintained in the bypass reach starting on May 1 and increases to 400 cfs when fish passage
starts by releasing flow through a bascule gate. The 400 cfs continuous minimum flow is provided through
July 15, unless the upstream fish passage season has concluded early in which case the 400 cfs flow is
reduced to 120 cfs to provide a zone of passage for SNS. The 120 cfs continuous minimum flow is
maintained in the bypass reach from the date the fishways are closed (or by July 16) until the river
temperature drops below 7°C, which typically occurs around November 15.

The distribution and abundance of aquatic habitats, including biological and geomorphological
characteristics were broadly documented during field reconnaissance surveys in 2012 (Figure 3.3.3.1-3, 22
maps), with more detailed mapping and modeling of habitats in the bypass reach performed as part of Study
3.3.1 — Conduct Instream Flow Habitat Assessments in the Bypass Reach and Below Cabot Station
(FirstLight, 2016a). For this study, portions of the bypass reach and areas downstream were delineated into
separate study reaches based on general habitat characteristics. Study reaches in the bypass reach include:

Reach 1. This reach extends from the Turners Falls Dam downstream to the confluence with the Station
No. 1 tailrace. Stream channel structure and geomorphology are controlled primarily by bedrock.
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From the Turners Falls Dam to below the Fall River confluence is the plunge pool, which remains
wetted from leakage and Fall River flows. The bypass channel here is dominated by scoured
ledge substrate, and a poorly defined thalweg, before it begins to narrow upstream from the
Station No.1 tailrace. Mesohabitat in this reach is dominated by a deep pool, but also includes
run and riffle. Flow exiting the plunge pool has two major outlets. The river-right® channel
follows the western shore and immediately bifurcates upon exiting the plunge pool. The two sub-
channels are divided by a bedrock outcrop and both have well-defined channel cross-sections.
The river-left channel has a poorly defined channel and lacks a distinct thalweg. Flow passes over
broken ledge and rubble through crevasses, and over short vertical drops. All channels converge
near the upstream end of the large pool near the Turners Falls Road Bridge.

Reach 2. This reach extends from the Station No. 1 tailrace downstream, terminating at the Rawson Island
complex and a geological feature including a natural ledge drop known as “Rock Dam”. Stream
channel structure is controlled primarily by bedrock. Reach 2 channel morphology is relatively
well defined, and includes pool, run and riffle mesohabitats with bedrock overlaid with rubble
and cobble substrates. On the right bank, the substrate consists of a wide bench of vertically
folded bedrock along most of this reach. The downstream-most segment of this reach is a pool
that terminates in a bifurcated channel at the Rock Dam/Rawson Island complex.

Reach 3. This reach extends from below the Rock Dam/Rawson Island complex downstream to the USGS
gage on the Connecticut River at Montague City (Gage No. 01170500). The portion of Reach 3
upstream of the Cabot Station tailrace is within the bypass reach. Stream channel structure is
dominated by alluvial deposits, including an island and split channel complex both upstream,
across, and downstream from the Cabot Station powerhouse. Hydraulic effects are complex and
include flow-dependent backwatering from Cabot Station upstream to Rock Dam, as well as flow
between islands. Mesohabitat includes pools, riffles and runs; substrate is dominated by gravel
bars and cobble.

Downstream Riverine Habitat

Downstream of Cabot Station is a low-gradient reach forming a wide flood plain with alluvial-dominated
substrates, with a meandering channel in many places. Run habitat comprises over 75% of the riverine reach
by length, with pool comprising the next most abundant mesohabitat type (13%). The distribution and
abundance of aquatic habitats, including biological and geomorphological characteristics, were initially
documented during mesohabitat mapping surveys in 2012 (Figure 3.3.3.1-3, 22 maps). Detailed mapping
and modeling of habitats downstream were performed as part of Study 3.3.1 — Conduct Instream Flow
Habitat Assessments in the Bypass Reach and Below Cabot Station (FirstLight, 2016a). For this study, areas
downstream were delineated into separate study reaches based on general habitat characteristics. Study
reaches downstream include:

Reach 3. This reach extends from below the Rock Dam/Rawson Island complex downstream to the USGS
gage on the Connecticut River at Montague City (Gage No. 01170500). The 0.75-mile portion of
Reach 3 downstream of the Cabot Station tailrace is within the downstream areas. Stream channel
structure is dominated by alluvial deposits, including an island and split channel complex both
upstream, across, and downstream from the Cabot Station powerhouse. Habitat is primarily riffle
and run; substrate is dominated by gravel bars and cobble and includes ledge outcrops at the
General Pierce Bridge area. Riffle habitats are more common in this area than further
downstream. The Deerfield River enters the Connecticut River just downstream of Cabot Station
(Figure 3.3.3.1-1), which can result in some hydraulic complexities, depending on flows in the
Connecticut River and those flowing in from the Deerfield River.

3 All terms such as “river-right” in this document are based on looking downstream.
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Reach 4.

Reach 5.

This reach is approximately nine (9) miles long and extends from the Montague USGS Gage
downstream to the Route 116 Sunderland Bridge. Flow in this reach consists of combined flows
through the Turners Falls Project and Deerfield River discharges. This section of river is alluvial
and low gradient, with a well-defined channel and embankments, and repeating patterns of pool
and run habitat. Substrate varies but is dominated by cobble, gravel and fines.

This reach extends 22 miles from the Route 116 Bridge downstream to a natural hydraulic control
in the vicinity of Dinosaur Footprints Reservation. This reach becomes increasingly impounded
by Holyoke Dam with distance downstream. It is a low gradient, alluvial reach with limited
mesohabitat variability and in many cases, very gradual transitions from one mesohabitat type to
the next contiguous type. Over 75% of the mesohabitat in this reach is comprised of run and most
of the remainder is pool. Hydraulics in this reach are influenced by Holyoke Dam operations
(1.2-foot water level operational range) and flow from upstream (i.e. combined flows from the
Turners Falls Project, Deerfield River, and minor tributaries).
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Table 3.3.3.1-1: Relative Abundance of Littoral Zone Habitats Identified in the TFI

Habitat Type % of Total

Fines 29%
Cobble 21%
Bedrock 17%
Gravel 16%
Riprap 7%
Fines / Cobble Patch 6%
Wetlands 4%
Boulder / Cobble Patch 1%

Total does not add to 100% due to rounding
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3.3.3.1.1 Agquatic Vegetation

During the summer of 2014, submerged aquatic vegetation (SAV) beds within the TFI were mapped and
dominant species were identified. Dominant species identified during the survey are shown in Table
3.3.3.1.1-1. Native species include wild celery, various pondweeds, musk grasses, and coontail. Wild celery
occurs throughout the majority of the identified SAV beds. Isolated patches of SAV, emergent aquatic
vegetation (EAV), and wetlands typically occur in areas with finer substrates. Areas with bedrock
substrates have limited or no riparian vegetation. Beds of SAV vegetation, particularly upstream of the
Otter Run confluence (near Kidd’s Island about 7.5 miles upstream of the Turners Falls Dam) with the
Connecticut River generally occur as narrow bands located parallel to the TFI shoreline, although in some
cases, shallow shoals within the TFI, often associated with islands, support larger beds of SAV (just outside
of Barton’s Cove in the lower TFI). EAV, generally consisting of cattail stubs, was absent from the upper
and mid TFI, except for the stand along the shoreline in the vicinity of Pauchaug Brook as well as the
shoreline upstream of Kidds Island. EAV was more common in the lower TFI, which spans from the French
King Bridge to the Turners Falls Dam.

Several non-native aquatic species are currently found within the Project, including variable leaf milfoil,
Eurasian milfoil, curly-leaf pondweed, fanwort, and water chestnut. Most non-native species were found in
the furthest downstream areas of the TFI, with fewer occurrences upstream of the French King Bridge. In
general, non-native species are not as widespread and occur at lower densities upstream of the French King
Bridge.

Table 3.3.3.1.1-1: Observed Submerged Aquatic Vegetation
Scientific Name

Common Name

Pondweed Potamogeton ssp.
Milfoil Myriophylum spp.
Coontail Ceratophyllum demersum

Wild Celery (Eelgrass)

Vallisneria americana

Clasping Leaf Pondweed

Potamogeton perfoliatus

Waterweed

Elodea nuttallii

Eurasian Milfoil

Myriophyllum spicatum*

Muskgrass

Chara ssp.

Fanwort

Cabomba caroliniana*

Large Leaf Pondweed

Potamogeton amplifolius

Variable Leaf Milfoil

Myriophylum heterophyllum*

Water Chestnut

Trapa natans*

Curly-Leaved Pondweed

Potomageton crispus*

*Non-native Species
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3.3.3.1.2 Fisheries
3.3.3.1.2.1 Resident Fish Species

The Connecticut River in the vicinity of the Turners Falls and Northfield Mountain Projects supports several
native and non-native warm water resident fish (Table 3.3.3.1.2.1-1). Dominant family groups include
Centrarchidae (sunfishes), Percidae (perches) Catostomidae (suckers), and Cyprinidae (minnows). The
centrarchid family includes important warmwater game fishes such as Largemouth and Smallmouth Bass,
crappies and sunfish (Hartel et al., 2002). Among the Cyprinidae species reported in the Connecticut River
are the Spottail Shiner, Fallfish and Common Shiner. Catostomids are closely related to the Cyprinids and
are a highly diverse taxonomic group. Although the Longnose Sucker was historically found in the
mainstem Connecticut River, recently only White Sucker have been reported in the project area. Yellow
Perch and Walleye are two common Percids, and Northern Pike and Chain Pickerel are two common
Esocids found in the TFI (Hartel et al., 2002).

Fish Assemblage Study

FirstLight conducted Study No. 3.3.11 Fish Assemblage Study (FirstLight, 2016j) to gather baseline
information pertaining to the current population(s) within the study area. The study area included the TFI
and the bypass reach down to a natural rock formation referred to as Rock Dam. In order to sufficiently
sample representative habitat types throughout the study area, and the range of strata within these reaches,
sampling methods included boat electrofishing, gill netting, and seining (Figure 3.3.3.1.2.1-1). Sampling
was performed during the early summer in June/July 2015 in the TFI and again in the late summer
(September). Sampling was performed in the bypass reach to Rock Dam during the late summer. Twenty-
four (24) electrofishing stations were sampled in the TFI. Gillnets were also deployed in deep holes
concurrent with electrofishing, and beach seining was conducted where feasible in the middle and lower
TFI strata. In several locations where beach seining was not feasible due to snags or unwadable shorelines,
supplemental boat electrofishing was conducted. In addition, the four major mesohabitats in the bypass
reach were sampled by boat electrofishing.

Turners Falls Impoundment

Overall, 28 species (inclusive of hybrid sunfish) were observed during the 2015 field sampling effort (Table
3.3.3.1.2.1-1). Spottail Shiner, Smallmouth Bass, and Yellow Perch were the dominant species collected
during both the early and late summer periods in the TFI. Smallmouth Bass abundance was greater in the
upper reaches of the TFI as compared to the lower reaches. Other species that tended to be more dominant
in the upper reaches included Fallfish, Rock Bass, Mimic Shiner, Tessellated Darter, and American Eel.
Conversely, species such as Bluegill, Pumpkinseed, Largemouth Bass, Banded Killifish, White Sucker, and
Yellow Perch were more abundant in the lower reaches of the TFI.

The distribution of species in the TFI generally reflected habitat conditions and species preferences. For
example, the upstream stratum of the TFI was dominated by Smallmouth Bass and Fallfish, whereas the
lowermost stratum of the TFI was dominated by Bluegill, Pumpkinseed and Yellow Perch. Largemouth
Bass were more common than Smallmouth Bass in the lower TFI, whereas Smallmouth Bass were more
common than Largemouth Bass in the upper TFI. Fallfish and Smallmouth Bass prefer habitat with gravel
and cobble substrate, free of fines (Scott & Crossman, 1973), whereas Sunfish and Largemouth Bass prefer
lentic conditions (Coble, 1975; Heidinger, 1975; Trial et al., 1983), and substrates dominated by fines, as
well as aquatic vegetation and dense debris cover, which are characteristic of the lower TFI but absent
further upriver. Habitat generalists, including Spottail Shiner and Yellow Perch were dominant and
relatively evenly distributed throughout the TFI area.

Boat electrofishing data obtained during the 2015 effort in the TFI were compared to historical data
collected during 1971-1975 (MADFG, 1978), as well as 2008-2009 (Yoder et al., 2010; MBI, 2014).
Massachusetts Division of Fisheries and Game (MADFG) (MADEG, 1978) concluded, based on multiple
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consecutive years of sampling the TFI, that resident fish species composition and relative abundance were
stable. MADFG observed similar spatial trends to those from the 2015 study, such as the widespread spatial
dominance of Yellow Perch, and the inverse upstream to downstream distribution of Smallmouth Bass and
Largemouth Bass, which appeared to be driven by preferred habitat types. This suggests that the resident
fish community composition remains stable, although the number of species has increased somewhat.
Fallfish were not within the top 14 dominant species and American Shad were absent during the 1971-1975
surveys but were relatively dominant in 2015 surveys. Fallfish require relatively clear water quality; it is
possible that since the 1970’s, reduction in pollution described by MADFG (MADFG, 1978) has decreased
ambient turbidity to the extent that Fallfish can better utilize study area habitat. The relative dominance of
American Shad young-of-year (YOY) likely reflects improved recruitment to the study area due to
construction of fishways at Turners Falls, Cabot Station and Holyoke that were not present in the 1970’s.

Yoder et al. (2010), MBI (2014) and the 2015 study reflect more contemporary sampling and provide more
guantitative station-specific results. Both the 2008-09 and 2015 datasets exhibit similar trends relative to
fish assemblage metrics. Despite the passage of more than three decades, the same general species
dominance pattern and spatial distribution were evident among resident species when MADFG (1978) is
compared to both of the more contemporary data sets. Salmonid species are less prevalent than in the
1970’s, likely due to changes in stocking and management practices combined with the summer sampling
design of the more recent studies, which coincides with warmer water temperatures.

Bypass Reach
The four major mesohabitats sampled in the bypass reach include:
e Alarge plunge pool at the toe of the Turners Falls Dam,

e A low-gradient riffle/run/pool complex extending from the plunge pool downstream to the Station
No. 1 discharge,

e A higher-gradient riffle-run below Station No. 1 extending downstream to a pool formed by Rock
Dam, and

e Rock Dam pool.

During the 2015 late summer sampling effort, 269 individuals representing 16 species (inclusive of hybrid
sunfish) were observed throughout the bypass reach (Table 3.3.3.1.2.1-2). Smallmouth Bass dominated
observations and accounted for nearly 63% of the total catch, followed by American Eel and Bluegill, which
accounted for approximately 10% and 8% of the total catch, respectively. Species diversity was greatest at
Rock Dam pool (Table 3.3.3.1.2.1-2), followed by the plunge pool below Turners Falls Dam, although the
total number of fish captured was greater in the Turners Falls Dam plunge pool.

The bypass reach from the Turners Falls Dam to Cabot Station was previously sampled in 2009 (Yoder et
al., 2010) using the same equipment and methods as the 2015 study, although sampling stations were
slightly different. For purposes of comparison, the 2015 upper bypass reach stations (plunge pool and
riffle/run/pool above Station No. 1) and the two stations below Station No. 1 (riffle-run below Station No.
1 and Rock Dam pool) were paired. Table 3.3.3.1.2.1-3 lists all species collected in declining order of
abundance, from both 2009 (MBI, 2014) and the 2015 study. Three of the six most dominant species
(Smallmouth Bass, American Eel, and White Sucker) remained the same in both 2009 and 2015. Tessellated
Darter and Bluegill were more common in 2015 than in 2009. Sea Lamprey YOY were evident in both
surveys but were not among the most common species. Species richness, abundance and catch per unit
effort (CPUE) generally followed the same spatial trends in both studies (Table 3.3.3.1.2.1-4). The lower
bypass reach had slightly greater species richness in both studies, and the upper bypass reach exhibited
greater abundance and CPUE than the lower areas in both studies.
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Downstream of Cabot Station

Due to concerns regarding impacts to the federally endangered SNS, no directed sampling to determine
species composition downstream of Cabot Station was performed during relicensing. Historical records
suggest that the resident fish assemblage of the Connecticut River downstream of Cabot Station consists of
cool and warm-water species (e.g. centrarchids, esocids, catostomids, ictalurids, and percids) typical to MA
waters and the Connecticut River.

Littoral Zone Fish Spawning and Spawning Habitat

In accordance with the RSP for Study No. 3.3.13 Impacts of the Turners Falls Project and Northfield
Mountain Project on Littoral Zone Fish Habitat and Spawning Habitat, (FirstLight, 20161) the Licensee
performed a study to identify littoral zone fish spawning and spawning habitat in the mainstem, tributaries
and backwater of Project-affected areas to supplement information on resident species. Prior to initiating
the field surveys, a desktop review was performed to determine the typical timing of spawning, spawning
habitats, and spawning behaviors for resident species (Table 3.3.3.1.2.1-5). Field sampling was then
conducted by systematically traversing the littoral zone (depth less than 6 feet) of the TFI via boat and/or
foot (wading) to visually identify any fish nests, egg masses/deposits, and/or spawning habitat. Identified
habitats, egg deposits and nests were geo-referenced with a GPS unit, and water quality parameters,
including temperature, velocity, clarity, and depth, were recorded. Other relevant information collected
included sediment grain size associated with nests, presence of aquatic vegetation, occupied/abandoned
nests, weather conditions, and other relevant observations or descriptive information.

The early spring survey was performed from May 4-6, 2015, after river flow had receded to safe levels.
Water temperature during this period ranged from 10.1 to 11.7°C, except in the lower reaches of tributaries
such as Pauchaug Brook and Millers River which were warmer (16-16.7°C). The naturally routed flow
through the TFI during this period ranged from approximately 12,000 to 15,000 cfs, and water clarity was
generally good (6-7.5 ft visibility), allowing clear view of the littoral zone bottom.

The late spring survey was initiated on June 1, 2015 but was aborted due to rising river flow. The survey
resumed June 11 and extended to June 13, but relatively high river flow persisted, and visibility was reduced
to 4-6 ft. Water temperature during late May had slowly climbed to approximately 18°C, but on June 1 was
16°C due to rains and persistent cold weather. After field work resumed on June 11 temperatures ranged
from 17 to 21.5°C during the survey.

A total of 18 spawning locations were surveyed during the early spawning season and 16 locations were
surveyed during the late spring season. Several spawning locations, particularly in the late spring featured
multiple nests clustered near each other. Figure 3.3.3.1.2.1-2 illustrates the location and distribution of
spawning sites that were identified during the two surveys.
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Table 3.3.3.1.2.1-1: Species Collected During 2015 Effort for the Fish Assemblage Survey at Turners Falls

Project
Common Name L EENE- Scientific Name TH Bypass
Native Status June-July | September September
American Eel Native Anguilla rostrata X X X
American Shad Native Alosa sapidissima X X -
Banded Killifish Native Fundulus diaphanus - X -
Black Crappie Non-Native Pomoxis nigromaculatus X X -
Bluegill Non-Native Lepomis macrochirus X X X
Brown Bullhead Native Ictalurus nebulosus X X X
Chain Pickerel Native Esox niger X X -
Channel Catfish Non-Native Ictalurus punctatus X X -
Common Carp Non-Native Cyprinus carpio X X -
Common Shiner Native Luxilis cornutus X - -
Fallfish Native Semotilus corporalis X X -
Golden Shiner Native Notemigonus crysoleucas X X -
Hybrid Sunfish - Lepomis spp. - - X
Largemouth Bass Non-Native Micropterus salmoides X X X
Longnose Dace Native Rhinichthys cataractae - - X
Mimic Shiner Non-Native Notropis volucellus X X X
Northern Pike Non-Native Esox lucius X X X
Pumpkinseed Sunfish Native Lepomis gibbosus X X X
Rock Bass Non-Native Ambloplites rupestris X X -
Rosyface Shiner Non-Native Notropis rubellus - X -
Sea Lamprey Native Petromyzon marinus X X X
Smallmouth Bass Non-Native Micropterus dolomieui X X X
Spottail Shiner Native Notropis hudsonius X X X
Tessellated Darter Native Etheostoma olmstedi X X X
Walleye Non-Native Sander vitreus X X X
White Perch Non-Native* Morone americana - X -
White Sucker Native Catostomus commersonii X X X
Yellow Perch Native Perca flavescens X X X

*Note: Though White Perch are native to the lower portions of the Connecticut River, they are not native to the TFI according to

the USGS Nonindigenous Aquatic Species database (https://nas.er.usgs.gov/)
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Table 3.3.3.1.2.1-2: Species Abundance at Each Boat Electrofishing Station within the Turners Falls Bypass
Reach during Late Summer 2015

Upper Bypass Reach Lower Bypass Reach
Species Plunge Pool | Riffle-Run-Pool Riffle-Run R ——— Total | % of Total
Above Station No. 1 | Below Station No. 1
Smallmouth Bass 48 67 30 23 168 62.5%
American Eel 16 1 7 2 26 9.7%
Bluegill 12 9 - 1 22 8.2%
Pumpkinseed 8 8 - - 16 5.9%
White Sucker 10 - 2 1 13 4.8%
Tessellated Darter 4 2 2 4 12 4.5%
Sea Lamprey 1 - 1 1 3 1.1%
Largemouth Bass 1 - - - 1 0.4%
Yellow Perch - - - 1 1 0.4%
Spottail Shiner - - - 1 1 0.4%
Mimic Shiner - - - 1 1 0.4%
Walleye 1 - - - 1 0.4%
Northern Pike - - - 1 1 0.4%
Brown Bullhead - - - 1 1 0.4%
Hybrid Sunfish - 1 - - 1 0.4%
Longnose Dace - - 1 - 1 0.4%
Total 101 88 43 37 269
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Table 3.3.3.1.2.1-3: Comparison of Fish Species Abundance in the Turners Falls Bypass Reach in 2009 and
2015 (list in descending order of abundance).

Upper Bypass Reach Lower Bypass Reach
2009 2015 2009 2015
Smallmouth Bass Smallmouth Bass Smallmouth Bass Smallmouth Bass
Longnose Dace American Eel Spottail Shiner Bluegill
American Eel Tessellated Darter Longnose Dace American Eel

Atlantic Salmon

White Sucker

Tessellated Darter

Pumpkinseed

White Sucker

Sea Lamprey

White Sucker

White Sucker

Rock Bass Yellow Perch American Eel Tessellated Darter
Sea Lamprey Spottail Shiner Brown Trout Largemouth Bass
Tessellated Darter Mimic Shiner Common Carp Walleye
Bluegill Rock Bass Sea Lamprey
Northern Pike Bluegill Hybrid Sunfish

Brown Bullhead

Longnose Dace

Largemouth Bass

Table 3.3.3.1.2.1-4: Comparison of Bypass Reach Species Richness, Abundance, and Catch-Per-Unit-Effort
(CPUE) from 2009 and the Present Study

Species Richness Abundance CPUE (fish/m)
2009 2015 2009 2015 2009 2015
Upper Bypass 7 10 94 189 0.085 0.11
Reach stations
Lower Bypass 9 11 78 80 0.078 0.07
Reach stations
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Table 3.3.3.1.2.1-5: Summary of Spawning Information for Resident Species Obtained from Desktop

Literature Review

Common Name Spawning Strategy | Notes Spawning Period 'Fzgr:é)eerature
Broadcast spawn in Eqas adhesive. no
Yellow Perch shallow weedy 99 dianshi ’ April and May 6.7-12.2°C
areas guardianship
Pumpkinseed Nest s_coured in Male _adult_ Late spring to mid- 20°C
sand/fines guardianship summer
Smallmouth Bass Sand/gr_avel nest Male gdult- Late spring to early 16.1-18.3°C
near object cover guardianship summer
Largemouth Bass Sapd/flnes nest near | Male gdult- Mid-spring to early 16.7-18.3°C
object cover guardianship summer
Bluegill Sand/fines nest Male adult Mid-May tomid- | 47 310¢
guardianship summer
Broadcast spawn on
Spottail Shiner sand at mouths of No guardianship May to mid-June 15-20°C
streams
: Gravel bars in . . . . o
White Sucker tributary or shoals No guardianship Mid-April to May 10°C
Walleye Cobble riffle or Broadcas_t spawn, April 7.11°C
shoals no guardianship
Submerged Broadcast spawn,
Golden Shiner vegetation in eggs are adhesive, May to August 20°C
shallow water no guardianship
Black Crappie Nest spoured in Male gdult_ Mid-spring to early 19-20°C
sand/fines guardianship summer
White Perch Broadcast spawn Eggs planktonic Mid-spring 11-15°C
Rock Bass Sand/gr_avel nest Male gdult. June 15.6-21.1°C
near object cover guardianship
Brown Bullhead Sand/fines nest Male gdult. Late May through 21.1°C
guardianship June
Broadcast spawn Eqas adhesive. no
Chain Pickerel glutinous egg 995 @ A March to May 8.3-11.1°C
L guardianship
strings in marshes
Gravel in low . .
Fallfish velocity stream le;rtdt?grlllsrﬁr’ no k/la;e April through 12-16.6°C
margins g P y
Common Carp Shallow vegetation Broadcast spawn, Late spring to late 22-27°C

no guardianship

summer
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3.3.3.1.2.2 Migratory Fish Species

The Connecticut River in the Turners Falls Project and Northfield Mountain Project vicinity supports a
variety of migratory fish species (anadromous and catadromous), including American Shad, Blueback
Herring, Striped Bass, Sea Lamprey, and American Eel. * Before reaching the Project Area, these migrants
must successfully pass the hydroelectric facility at Holyoke (RM 85), where there is a fish lift and eel
passage ladders. In addition, a population of Shortnose Sturgeon (SNS)is known to inhabit the Connecticut
River between the Turners Falls Dam and Holyoke Dam, and over 200 sturgeon have been passed upstream
at the Holyoke Dam since 2017.

3.3.3.1.2.2.1 American Shad

Life History

American Shad are anadromous, living most of their lives in oceanic environments and spawning in
freshwater. Juvenile shad migrate to areas in the North Atlantic and remain at sea for four to six years before
returning to their native river to spawn. American Shad can survive after spawning and potentially return
to their natal rivers more than once. They migrate into the lower Connecticut River during late March or
April, reaching Cabot Station in late April or early to mid- May as they move upstream to spawn. Spawning
typically occurs from April into June. Males typically arrive at the spawning grounds ahead of females.
Spawning activity generally occurs after sunset, continuing until midnight or later, and may also occur
during the day under low light conditions (Collette and Klein-MacPhee 2002). During spawning, a group
of shad, which may consist of one female and several males, exhibit behaviors that have been characterized
as dashing, darting, circling, and rolling near the surface (Ross et al. 1993). These behaviors lead fish to
break the surface of the water, thereby creating a series of splashes.

Female shad broadcast their eggs (about 150,000-500,000 per individual) over a variety of substrates in
open water where they are fertilized (Savoy et al. 2004; Greene et al. 2009). After spawning, spent shad
swim back downstream during June and July, and may survive to spawn more than once. Fertilized eggs
are semi-buoyant and drift downstream with river currents for several kilometers before settling to the
bottom (Savoy et al. 2004). Stier and Crance (1985) report optimal egg survival occurs at water
temperatures of 15.5 to 26.0°C, with temperatures above 26.7°C unsuitable for hatching. Shad larvae hatch
in three to 12 days, depending on water temperature. The yolk-sac is absorbed in another three to four days,
and the larvae are transported by currents into areas of lower velocity, where they begin to feed on plankton.
YOY shad abundance has been shown to be negatively correlated with river flow in June (Crecco et al.
1983), either because of physical displacement of YOY shad into unsuitable habitat, or because of
fluctuations in populations of prey organisms that are related to flow. YOY shad remain in southern New
England freshwater rivers throughout the summer before initiating seaward migration which typically
occurs in September or October.

Implications of Fish Passage on Population Structure

To facilitate the restoration of American Shad to their historic ranges in the Connecticut River, a fish lift
system at Holyoke Dam was improved in 1976 to increase the numbers of fish lifted. Fish ladders were
installed since 1980 at the Turners Falls and VVernon Dams to support the restoration of extirpated Atlantic
Salmon, an effort which has since been canceled. In 1982, fishways were operational at all three dams
(Holyoke, Turners Falls and Vernon) on the Connecticut River (Moffitt et al. 1982), allowing American
Shad to migrate much further upriver (174 miles). Generally, less than 15% of the shad passed at Holyoke
proceed through the fish ladders at Turners Falls Dam based on annual fish counts. Crecco and Savoy

4 At a meeting of the Connecticut River Atlantic Salmon Commission on July 10, 2012 the USFWS announced that it will no longer
culture salmon for restoration efforts in the Connecticut River Basin. Agency representatives indicated that they supported the
salmon restoration for 45 years, but low return rates and the science supporting salmon restoration have caused them to refocus
efforts on other migratory fish (including American Eel).
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(1987) found the relative abundance of repeat spawners declined since the lifting of large numbers of shad
over Holyoke Dam began in 1976. Different authors have attributed this decline to the effects of natural
mortality caused by the extension of their migratory range (Leggett et al. 2004) or delay at upstream and
downstream passage facilities (Castro-Santos and Letcher 2010).

Crecco and Savoy (1987) reported post-spawning mortality in the Connecticut River never exceeded 80%
between 1956 to 1975 but increased to 80-90% thereafter when high numbers of shad were lifted following
improvement at the Holyoke fish lift. They calculated annual mortality rate of 80% for shad migrating past
Holyoke. For adult spawning shad remaining downstream of Holyoke Dam, the annual mortality was 45%.

Connecticut River American Shad have continued to be lifted above Holyoke in large numbers with little
change in the population size and continued reduction of the repeat spawner component (2% of the
population repeat spawners in 2015 per The Connecticut River Atlantic Salmon Commission (CRASC)
Connecticut River Shad Management Plan). In 2017, CRASC published a Connecticut River Shad
Management Plan which continues to support the upriver relocation of the main shad spawning activity
while acknowledging the importance of the proportion of repeat spawners in the population.

Rates of Arrival at the Project

Fisheries relicensing studies focused on adult American Shad migration through the Turners Falls Project
and TFI. Over the course of four years, FirstLight radio tagged and tracked over 1,000 adult American Shad
to understand factors that affected their upstream migration. Of interest was the low proportion of shad that
migrated from Holyoke and subsequently passed through the Turners Falls Project.

In the first year of study (2015), shad were tagged and released throughout the fish passage season at
Holyoke Dam. Approximately 60% of the tagged fish reached the Turners Falls Project area. Most of the
tagged fish that reached the Project area were those tagged earlier in the passage season. During subsequent
tagging studies, early season migrants were targeted for tagging and the percent of tagged shad reaching
the Project area increased to around 80%, demonstrating that early season migrants are more likely to move
further upstream.

For all study years, water temperature appeared to be an important driver of movement since fish moved
through the bypass reach over a wide range of high and low flow conditions. Further, overall movement
upstream in all study years began to decrease when water temperature reached 18.5°C, which coincides
with peaking spawning temperature (Collette and Klein-MacPhee 2002), regardless of flow conditions.
Water temperatures generally reached 18.5°C by the end of May, except in 2019 when water temperature
reached 18.5 °C on June 11. The length of time that shad were expected to be in the river, as measured by
Accumulated Thermal Units (ATUs) for days with temperatures greater than 10°C, was also a significant
factor. These metrics are biologically important for shad, given that they do not feed while in the river, but
still expend energy each day for swimming and egg maturation. As the migration season progresses and the
water warms, the fitness of individual fish declines, and they stop or slow upstream movements to spawn.
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Geographical Extent of Shad Spawning in Project Waters

Spawning shad prefer areas dominated by runs and glides (3- to 18-ft-deep) and have been observed to
spawn over a variety of substrates with preference given to sand and gravel (Stier and Crance 1985). In the
Project area, this type of habitat most closely corresponds to the habitats that dominate the reach of the
Connecticut River downstream of Cabot Station.

Spawning locations of American Shad in the Connecticut River between Holyoke Dam and Turners Falls
Dam were previously identified by Layzer (1974), Gilmore (1975 as cited in Kuzmeskus 1977), and
Kuzmeskus (1977). Figure 3.3.3.1.2.2.1-1 depicts the locations of the historical spawning grounds
identified in the reach of the Connecticut River spanning from the Cabot Station tailrace the Route 116
Bridge in Sunderland, MA. Identification of these sites was based on visual observations and collection of
eggs with plankton nets (Layzer 1974; Gilmore (1975 as cited in Kuzmeskus 1977). Note the historical
spawning sites were in areas of free-flowing sections of the Connecticut River dominated by runs and glides
over sand, gravel, and cobble substrates.

In 2015, FirstLight surveyed spawning activity within the TFI, power canal, and in the mainstem of the
Connecticut River downstream of Cabot Station. The surveys were performed during various operational
conditions at Cabot Station and Station No. 1. Surveys typically commenced at sunset and observations of
spawning activity were generally between 20:00 and 01:00. Field crews recorded spawning behavior as
darting and grouping. In general, groups of shad appeared to congregate at a spawning location, with
individuals intermittently darting upwards and breaking the water surface, thereby causing splashes.

FirstLight observed American Shad spawning downstream of Cabot Station and within the TFI in 2015.
Spawning intensity was estimated with splash counts, where two independent counts over a 15-minute
period were averaged. In the downstream reach, the average splash count recorded over a 15-minute interval
varied, ranging from 3 to 215.5, with a mean of about 43 splashes. During the study period (May 13 to June
22, 2015), 22 unique spawning observations were documented between Cabot Station and the Route 116
Bridge during field surveys (Table 3.3.3.1.2.2.1-1 and Figure 3.3.3.1.2.2.1-1). Spawning was most
frequently observed between the Deerfield River confluence and the railroad bridge near river mile 116.8,
with highest concentrations between the Deerfield River confluence and Fourth Island. The 2015 surveys
confirmed that fish still spawn within the vicinity of historic spawning locations identified in the 1970s.
Large spawning events below Cabot Station likely explain why fewer shad arrive at the Project area than
would be anticipated based on passage counts at Holyoke.

Spawning activity was also observed in the lower portion of the power canal, and in the bypass reach near
Rawson Island, but at a much lesser extent than the downstream areas. Spawning activity was only observed
at these areas during one site visit, later in the season, on June 18, 2015.

Above the Turners Falls Dam, seven unique spawning events were observed in the TFI (Table 3.3.3.1.2.2.1-
2); however, spawning activity was only observed in one area near Stebbins Island, which is near the
upstream extent of the Project just below the Vernon Dam (Figure 3.3.3.1.2.2.1-2). This site was
approximately 13.7 river miles upstream of the Northfield Mountain intake. Spawning was observed over
a 39-acre area at this location.

Temporal Trends of Spawning

The first recorded spawning incident during the 2015 survey occurred on May 14 directly upstream of the
General Pierce foot bridge at the confluence of the Connecticut and Deerfield Rivers. This location was
subsequently sampled in 2018 for the duration of the spawning season to precisely define the timing and
duration of the spawning run within the Project area. FirstLight employed the same splash count method as
in 2015 with two independent observers. The maximum splash count by day is depicted in Figure
3.3.3.1.2.2.1-3. Peak spawning activity was observed on May 29, 2018 with up to 229 splashes noted within
a 15-minute window. This aligns with the 2015 peak noted on May 27, 2015 with 253 splashes per 15
minutes. Generally, the gatehouse ladder has passed or is nearing the 75" cumulative passage percentage
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(Figure 3.3.3.1.2.2.1-4 ) when spawning intensity peaks. Spawning intensity decreased and counts were
below 100 per 15-minute period two weeks later, on June 15, 2018.

Spawning Habitat Characteristics

American Shad are broadcast spawners and take advantage of the moderate currents found within the
riverine segments for egg dispersal. Shad eggs are semi-buoyant and eventually sink. Areas predominated
by sand and gravel may enhance survival because there is sufficient water velocity to remove silt and fine
particles thus preventing suffocation when eggs settle to bottom (Greene et al. 2009). Spawning and egg
incubation most often occurred where water velocity was approximately 1-3 fps, where a minimum velocity
is needed to prevent siltation that could suffocate eggs (Greene et al. 2009).

At spawning locations studied by FirstLight, discrete water quality, depth, and velocity measurements
recorded for each spawning observation are provided in Table 3.3.3.1.2.2.1-3. At the times of the surveys,
water temperature ranged from 15.8 to 20.2 °C; DO ranged from 9.0 to 13.4 mg/l; pH ranged from 6.2 to
7.4; secchi depth ranged from 5.5 to 9.5 ft; depth measured from 3.3 to 16.0 ft; and velocity ranged from
0.1to 2.8 fps.

As the spawning surveys were conducted at night, substrate type could not be accurately identified by the
field crews; therefore, dominant substrate types at spawning locations were ascertained from data collection
efforts related to Relicensing Study No. 3.3.1 Conduct Instream Flow Habitat Assessment in the Bypass
reach and below Cabot Station. All of the identified spawning areas in the downstream reach predominantly
consisted of cobble and/or gravel (Table 3.3.3.1.2.2.1-4). Mesohabitat classifications, also determined as
part of Relicensing Study No. 3.3.1, for the spawning locations were mostly run, with pool-type habitat also
present.

In the TFI, the only spawning area identified was adjacent to Stebbins Island which has a cobble and/or
gravel substrate and represents the most riverine habitat area within the TFI.

Emigrating Post-Spawn Adult Shad

Following spawning, and assuming they survive, adult American Shad begin their emigration back to Long
Island Sound. Once post-spawn shad begin their emigration to Long Island Sound, depending on how far
upstream they have passed, they could interact with pumping and generation at the Northfield Mountain
Project, and could pass the Turners Falls Project via several passage routes described in Section 3.3.3.1.2.3.

Juvenile Shad

After spawning, shad hatch and enter the larval stage for only 3 to 5 weeks (Collette and Klein-MacPhee
2002). After that, juvenile American Shad remain upstream until water temperatures reach approximately
19°C degrees (O’Leary and Kynard 1986). During that time, larval and juvenile shad are at risk of
entrainment into the Northfield Mountain Project when pumping (see Section 3.3.3.2.4.2.1). Once
juvenile shad begin their emigration to Long Island Sound, depending on where they are residing in the
river pre-emigration, they could interact with pumping and generation at the Northfield Mountain Project,
and could pass the Turners Falls Project via several passage routes described in Section 3.3.3.1.2.3.

CRASC Passage Criteria

On June 9, 2017, the CRASC approved a new Management Plan for American Shad, Connecticut River
American Shad Management Plan (CRASC, 2017). The Plan updates the existing CRASC Management
Plan for American Shad in the Connecticut River Basin (1992). The Plan establishes performance criteria
to achieve goals and objectives including achieving a rate of return of 203 adults per hectare in the mainstem
and 111 adults per hectare in tributaries. The Plan uses an estimate of the total amount of river habitat (with
no analysis of whether habitat is good for spawning/rearing) to determine minimum target return numbers
that will pass upstream of each mainstem dams, (Holyoke: 687,088 shad, Turners Falls: 397,108 shad,
Vernon: 226,988 shad). The Plan was approved by the CRASC without public input.
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Over the past six years, FirstLight’s extensive relicensing studies have added to the knowledge of
Connecticut River American Shad spawning, migration, and emigration. These studies produced results
that should be considered in future management strategies. To date (1976-2019) the mean number of shad
to pass upstream at Holyoke Dam is 315,369 +/- 130,335. Radio telemetry studies conducted as part of this
relicensing in 2015, 2016, 2018 and 2019 indicated 30% to 40% of the migrating shad tagged at Holyoke
Dam arrived in the project area annually.

Just downstream of the Turners Falls Project, there is a large area (~106 acres) where shad spawning occurs.
This location was first identified as a major spawning area over 35 years ago and still remains a prime area
for shad spawning. The Plan fails to account for the fact that shad spawning downstream of Turners Falls
would lose their drive to continue their upstream migration and thus not available to pass upstream of
Turners Falls and be counted.

FirstLight agrees that the current fish passage facilities prescribed and designed by USFWS to pass Atlantic
Salmon can be improved to pass American Shad and has proposed significantly higher fish passage flow in
the bypass reach and a new Spillway Fish Lift to improve shad passage. However, considering the amount
of spawning that occurs downstream of the Turners Falls Project and that only 30-40% of the shad passed
at Holyoke even arrive at the Turners Falls Project, the numbers of shad available to be passed upstream of
Turners Falls Dam are nowhere near the passage goals of the Plan.

In 2019, CRASC developed an addendum to the 2017 Plan that provides performance criteria in support of
the Plan goals which was approved by CRASC on February 28, 2020.

1. Upstream adult passage minimum efficiency rate is 75%, based on the number of shad that
approach within 1 kilometer of a project area and/or passage barrier. Passage efficiency is [(#
passed/# arrived)*100];

2. Upstream adult passage time-to-pass (1 kilometer threshold) is 48 hours or less based on fish
that are passed (requires achieving Objective #1);

3. Downstream adult and juvenile project passage minimum efficiency and survival rates are
each 95%, based on the number of shad that approach within 1 kilometer of a project area
and/or passage barrier and the number that are determined alive post passage (not less than 48
hours evaluation). Passage efficiency is [(# passed/# arrived)*100] and passage survival is [(#
alive downstream of project/# passed)*100].

4. Downstream adult and juvenile time-to-pass is 24 hours or less, for those fish entering the
project area.

These performance criteria were based on a model, Shadia, developed for the Penobscot River. Unlike the
2017 shad management plan, this Addendum was publicly vetted for comments and FirstLight, along with
other mainstem dam owners, commented on the use of the model as well as the performance criteria.
FirstLight, along with the other dam owners, requested that a presentation or workshop be presented by the
model’s developer Dr. Stich to address questions regarding model design, variable inputs and outputs.
CRASC responded with a copy of the program code to generate model outputs and a copy of a PowerPoint
presentation. FirstLight incorporated model input code provided by CRASC and the publicly available
Shadia model for the Connecticut River. However, model output differed significantly from that provided
by CRASC. On October 9, 2019, the companies conferred with Shadia’s originator, Dr. Dan Stich (SUNY
Oneonta), who confirmed that the publicly available model version had been revised from the version used
to produce the output used by CRASC to inform the Addendum. In addition, the companies were made
aware that the publicly available version of the model had not yet been fully reviewed and was not
considered to be final or stable. Dr. Stich was able make available a ‘legacy’ version of the model code
which was expected to replicate that used to inform the Addendum.

FirstLight submitted several comments to CRASC about its concerns of using the Shadia model for
establishing performance criteria. The Addendum focused on the mean modeled population projections as
indicators of the necessity of specific suites of passage performance criteria to achieve minimum Plan
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targets. That approach is misapplied because it undermines the inherent stochasticity of the model and
considers the result as deterministic. The model incorporates environmental stochasticity and inter-annual
variability by drawing from parameterized distributions for many input variables (Stich et al. 2018). It is
appropriate to use the model as a tool to assess the relative population trends, but not to consider the output
as deterministic. The Addendum failed to present, discuss and seemingly consider the confidence intervals
around modeled population projections. In the presentation of model output provided in support of the
Addendum, figures depict the annual population as an average of approximately 123 iterations per scenario,
but no information regarding the variability around those projections. Wide confidence intervals indicate
both the variability inherent in the model and uncertainty in population projections. The wide confidence
intervals demonstrate a high level of variability and calls into question the validity of specific passage
performance criteria with regards to the Plan objective. While the mean of a few scenarios approached the
Plan objective, the confidence limits of many scenarios exceeded it. The trend in population growth was
generally similar among scenarios (55%, 65% and 75%) with the most rapid population growth occurring
over approximately the first two generations (~10 years). Similarly, output for modeled populations above
Turners Falls Dam demonstrated high variability with upper confidence limits well above the targets and
lower confidence limits below the targets in all scenarios.

The model currently includes an unrealistic single, common downstream passage effectiveness/survival
input value for both adult and juvenile shad. It should include separate effectiveness/survival input values
for each life stage.

In addition, a review of the timing of the annual shad runs from 1989 through 2019 demonstrated that the
majority of the shad run occurs within a short amount of time and over 90% of the shad run had passed
Holyoke by the first week of June. The upstream relocation of the shad population has resulted in higher
total energy expenditure and increased adult mortality which lead to a dramatic reduction in the repeat
spawning component of the population and in the mean size and age of adult fish. The loss of larger repeat
spawning females is estimated to have resulted in a 20% reduction in mean population fecundity and could
account for a 14% reduction in annual recruitment to the population (Leggett et al. 2004). This most likely
has contributed to the failure of the population to respond numerically to the increased access to upriver
spawning habitat. A prudent management strategy would be to adjust the passage of shad during the latter
part of the annual run to ensure the restoration and the maintenance of an age and repeat spawning structure
more consistent with historic levels. Failure to do so could further erode the proportion of repeat spawners
and the number of individuals of older age classes, thereby placing the population at risk of recruitment
failure in the event of a period of several years of successive poor recruitment.

FirstLight reiterates that use of modeled population projections should consider variability in output and
focus on trends, rather than a deterministic interpretation of results. Model revision is necessary to
incorporate the best available data and include separation of juvenile and adult downstream passage, and
the model should be verified as stable and agreed upon as final for the purpose of assessing passage
performance. Since the trend in population growth was similar among upstream adult passage minimum
efficiency rates of 55%, 65% and 75%, the CRASC selected performance criterion of 75% is arbitrary.

E-259



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

Table 3.3.3.1.2.2.1-1: Summary of Conditions Observed During Shad Spawning Surveys Conducted in the

Downstream Reach.

Instantaneous River | Average
Time Cabot Station No. 1 Discharge Splash
Date (EDT) |Location| Discharge* (cfs) |Discharge* (cfs)| USGS01170500* (cfs) Count Behavior
5/13/2015 13,632 0 18,200 No shad spawning observed
5/14/2015 | 21:15 1 11,398 0 15,700 36.0 darting, grouping
5/14/2015 | 20:18 2 11,462 0 15,700 17.0 darting, grouping
5/19/2015 | 17:05 3 11,274 2,194 14,600 46.0 darting, grouping
5/19/2015 | 23:03 4 6,875 2,194 15,700 18.0 darting, grouping
5/20/2015 6,923 2,210 12,400 No shad spawning observed
5/21/2015 | 21:51 5 6,824 2,201 8,780 42.0 darting
5/21/2015 | 22:37 6 6,751 1,664 10,600 107.0 darting, grouping
5/21/2015 | 23:40 7 6,939 1,212 11,000 29.0 darting, grouping
5/26/2015 | 20:56 8 2,336 0 8,310 76.5 darting
5/26/2015 | 21:34 8 4,663 0 8,150 69.0 darting
5/26/2015 | 22:10 9 4,614 0 8,830 2155 darting
5/26/2015 | 22:51 9 2,263 0 9,000 205.0 darting
5/27/2015 | 22:50 10 18 1,216 11,000 37.5 darting
5/27/2015 | 23:40 10 2,227 1,208 9,240 25.5 darting
5/28/2015 | 0:15 11 2,287 1,227 8,690 56.0 darting
5/28/2015 | 0:50 11 18 1,242 8,190 46.0 darting
5/28/2015 | 20:46 12 4,530 1,223 7,710 315 darting
5/28/2015 | 22:08 12 6,950 1,230 9,240 14.0 darting
5/28/2015 | 23:13 13 6,976 1,212 9,760 30.0 darting
5/28/2015 | 23:57 13 4,714 1,227 9,150 9.5 darting
6/4/2015 13,519 2,210 23,600 No shad spawning observed
6/8/2015 9,142 0 14,400 No shad spawning observed
6/9/2015 | 20:00 14 9,102 0 12,500 36.5 darting
6/9/2015 | 20:43 14 9,139 0 12,700 22.0 darting
6/9/2015 | 23:45 15 13,665 0 16,000 9.5 darting
6/10/2015 | 0:30 15 9,046 0 16,200 3.0 darting
6/10/2015 | 22:29 16 13,432 2,205 21,300 11.0 darting
6/10/2015 | 23:22 16 8,973 2,157 20,900 115 darting
6/10/2015 | 23:51 17 9,153 2,194 19,400 34.5 darting
6/11/2015 0:27 17 13,499 2,209 18,400 29.0 darting
6/16/2015 | 22:38 18 13,514 2,210 20,400 72.0 darting
6/16/2015 | 23:20 18 8,987 2,210 20,400 355 darting
6/17/2015 0:24 19 9,961 2,210 17,600 4.5 darting
6/17/2015 0:55 19 13,421 2,172 18,700 4.0 darting
6/17/2015 | 22:20 20 9,124 2,210 15,800 105 darting
6/17/2015 | 23:07 20 4,554 2,210 15,600 175 darting
6/17/2015 | 23:33 21 4,585 2,210 14,100 41.5 darting
6/18/2015 | 0:15 21 9,055 2,198 13,500 21.5 darting
6/18/2015 3,512 0 16,100 No shad spawning observed
6/22/2015 | 21:59 22 12,943 2,210 26,400 57.5 darting
Minimum 18 0 7,710 3.0
Maximum 13,665 2,210 26,400 2155
Average 7,646 13,29.3 13,868 42.6

*Recorded flows were the nearest instantaneous values from the time of the survey observations. For dates when no shad spawning
was observed, the maximum value occurring between 17:00 and 01:00 is reported.
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Table 3.3.3.1.2.2.1-2: Summary of Conditions Observed During Shad Spawning Surveys Conducted in the
Turners Falls Impoundment

Average
Time Splash | Water DO Secchi | Water Surfa_ce WSEL Vernon
Date (EDT) Count | Temp. (mg/l) pH | Depth |Depth [Velocity |NGVD29 [Discharge
(No./15 (°C) (ft) (ft) (ft/sec) (ft) (cfs)*
min.)
5/19/2015| 20:33 8 164 |101 | 74 6.8 8.0 0.1 184.39 | 7,944
5/20/2015| 20:21 5 15.6 99 |74 6.0 7.0 1.3 183.16 | 4,345
5/21/2015 No shad spawning observed
5/26/2015| 20:57 265 178 | 114 | 64 5.0 9.5 1.3 183.34 | 5,006
5/27/2015| 22:25 253 18.7 | 105 | 7.3 6.8 7.5 0.8 182.89 1,942
5/28/2015 No survey conducted due to boat engine failure
6/4/2015 No shad spawning observed; No other surveys conducted this week due to high
6/8/2015 No shad spawning observed
6/9/2015 No shad spawning observed
6/10/2015 No shad spawning observed
6/16/2015| 22:00 56 18.6 | 10.0 |8.17 7.5 11.0 185.31 | 17,535
6/17/2015| 22:49 24 186 | 99 |7.38| 55 7.0 0.06 183.03 | 8,932
6/18/2015| 22:15 89 18.8 | 10.3 |7.55 5.4 6.8 1.6 184.61 | 13,279
6/22/2015 No shad spawning observed
Average 100 178 103 | 74 6.1 8.1 0.9 183.82 | 8,426
Minimum 5 156 | 99 |64 5.0 6.8 0.1 182.89 | 1,942
Maximum 265 188 | 114 | 8.2 7.5 11.0 1.6 185.31 | 17,535

*Recorded flows were the nearest instantaneous values from the time of the survey observations.
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Table 3.3.3.1.2.2.1-3: Summary of Physical Measurements Recorded During Shad Spawning Surveys
Conducted Downstream of Cabot Station

Estimated Water Secchi Water Surface
Date Spawning Area Temp. DO pH Depth Depth Velocity

Site ID (acres) (°C) (mgl/l) (ft) (ft) (fps)

5/14/2015 1 1.26 16.4 10.0 6.4 9.0 14.1 2.4
5/14/2015 2 1.4 16.4 10.1 6.7 9.0 8.5 2.3
5/19/2015 3 1.21 16.3 13.4 6.2 9.5 12.8 2.3
5/19/2015 4 1.49 16.3 12.7 6.6 n/d 4.3 2.8
5/21/2015 5 7.44 15.8 10.9 6.3 9.0 8.2 1.0
5/21/2015 6 11.21 15.8 11.7 7.0 9.0 6.9 0.5
5/21/2015 7 24.42 15.8 10.6 7.2 n/d 3.3 1.0
5/26/2015 8 4.36 17.7 10.5 6.6 8.3 14.5 0.1
5/26/2015 9 4.68 17.7 10.3 6.6 n/d 6.6 1.1
5/27/2015 10 3.34 18.4 10.1 6.7 7.5 8.0 0.1
5/28/2015 11 3.41 18.8 9.9 6.7 7.5 11.0 0.8
5/28/2015 12 5.49 19.1 9.1 6.9 9.0 14.0 0.8
5/28/2015 13 4,08 18.6 9.4 7.2 n/d 4.0 1.0
6/9/2015 14 0.68 17.3 9.5 6.8 n/d 5.2 0.9
6/9/2015 15 9.15 17.2 9.5 6.5 8.5 9.0 1.0
6/10/2015 16 0.70 18.0 9.2 6.5 6.8 10.0 1.7
6/10/2015 17 4.85 18.3 9.4 7.0 7.5 14.0 1.2
6/16/2015 18 5.05 18.7 9.9 7.4 6.0 10.0 0.7
6/17/2015 19 0.42 18.6 9.1 7.4 6.0 10.0 0.7
6/17/2015 20 1.42 18.9 9.0 7.4 8.0 16.0 0.4
6/17/2015 21 3.10 18.8 9.1 7.4 8.0 10.0 0.2
6/22/2015 22 6.75 20.2 10.0 7.4 5.5 6.0 1.4
Minimum 0.42 15.8 9.0 6.2 5.5 3.3 0.1

Maximum 24.42 20.2 13.4 7.4 9.5 16.0 2.8

Average 481 17.7 10.1 6.9 7.9 9.4 1.1

Notes: n/d = no data collected

where shad were spawning.

. Secchi depth was taken in areas deep enough for a reading and may have been deeper than the areas
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Table 3.3.3.1.2.2.1-4: Mesohabitat Type and Dominant Substrates for the Spawning Locations identified in
the Downstream Reach, 2015

Dominant
Spawning Site ID Mesohabitat Type Substrate(s)
1 Pool/Run Gravel/Cobble
2 Run Cobble
3 Pool/Run Gravel/Cobble
4 Run Cobble
5 Run Cobble
6 Run Cobble
7 Run Cobble
8 Pool Gravel
9 Run Cobble
10 Run Cobble
11 Run Cobble
12 Run Cobble
13 Run Cobble
14 Pool/Run Gravel/Cobble
15 Run Cobble
16 Pool/Run Gravel/Cobble
17 Run Cobble
18 Run Cobble
19 Run Cobble
20 Pool/Run Gravel/Cobble
21 Run Cobble
22 Run Cobble
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Figure 3.3.3.1.2.2.1-3. Maximum splash count by day during shad spawning survey, 2015.
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Cumulative Ladder Counts 1989 - 2019
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Figure 3.3.3.1.2.2.1-4: Cumulative proportion of passage over time at fishways on the Connecticut River.
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3.3.3.1.2.2.2 Blueback Herring

Together Blueback Herring and Alewife are known as river herring. Alewife use the lower portion of the
Connecticut River, but rarely pass above the Holyoke Dam. Thus, Blueback Herring is the only river herring
found in the Project area (Hartel et al., 2002). Pre-spawning Blueback Herring enter the mouth of the
Connecticut River at about the same time as American Shad. Blueback Herring broadcast spawn on hard
substrate in swift-flowing tributaries to the lower Connecticut River. Presumably, some spawning also
occurs in the mainstem Connecticut River, where swift-flowing habitats with hard substrate are available
(Hartel et al., 2002). Females may produce 122,000 to 261,000 eggs; larger fish generally produce more

eggs.

Blueback Herring elsewhere have been reported to spawn in both swift-flowing, deeper stretches and in
slower-flowing tributaries and flooded low-lying areas adjacent to the main stream; substrates may vary
from coarse to fine materials (Pardue, 1983). Active spawning may occur over a wide range of water
velocities. FirstLight (2012a) identified that the uppermost segments of the reach below Cabot Station
consist of riffle habitat with swift-flowing conditions, but swift-flowing runs are well distributed throughout
the 30 mile reach downstream of Cabot Station tailrace evaluated in 2012, along with portions of the bypass
reach below Turners Falls Dam. Most of the runs featuring the hard substrates (e.g., cobble and/or gravel)
can be found in the first 14 miles of river below the Cabot Station tailrace. Fines such as sand dominate the
substrates in the remaining downstream reaches. Eggs are initially demersal but become planktonic. Pardue
(1983) reports that larvae in Chesapeake Bay remain near or slightly downstream of presumed spawning
areas, and in Nova Scotia are associated with relatively shallow (depth < 6.6 ft), sandy, warm areas in and
near areas of observed spawning.

Juveniles remain in the river, feeding on zooplankton, until the fall of the year then emigrate to the sea
(Collette & Klein-MacPhee, 2002). These characteristics of their development parallel those of American
Shad and the young of the two species are difficult to distinguish. Juvenile Blueback Herring begin their
seaward migration slightly earlier and at higher water temperatures (peaking at 14 to 15°C) than American
Shad. Adult Blueback Herring spend three to six years at sea before returning to spawn in their natal
streams. The average length of adults is less than 300 mm (Hartel et al., 2002).

Blueback Herring in the Connecticut River and coast-wide experienced a decline in the mid-1990s. Few
Blueback Herring have been recorded in the Project Area since the late 1990’s. Since a peak of nearly
23,000 individuals passed in 1986, counts declined to fewer than 400 individuals in 1997, and less than 10
from 1998 to 2019. This is similar to the trend observed at the first barrier on the Connecticut River, the
Holyoke Dam. Historical fish passage counts (1967-2018) from the Holyoke Dam show a peak of over
632,000 individuals passed in 1985, followed by a generally steady decline since. Estimates for 2019
indicate just over 5,000 individuals passed the Holyoke Dam. Causes for the decline were thought to be
similar to those listed for American Shad with offshore bycatch and predation by Striped Bass likely
accounting for the decline in the Connecticut River.

Blueback Herring are not an important sport or commercial species in the Connecticut River, although some
are captured for use as bait in coastal fisheries, and they are harvested at sea for human consumption and
animal feed.

A petition to list Blueback Herring as threatened under the federal Endangered Species Act (ESA) of 1973
(16 U.S.C. 81531 et seq., ESA) was submitted to the NMFS on August 5, 2011 by the Natural Resources
Defense Council. In its 90-day review of the 2011 Petition, NMFS concluded that the Petition presented
substantial scientific or commercial information indicating that the petitioned action may be warranted (76
FR 67652-67656) and initiated a status review for the species. Upon completion of the status review in
August 2013, NMFS determined that listing was not warranted, though several data deficiencies were cited.
Another status review was performed, with a determination issued by NMFS on June 19, 2019, which
concluded that blueback herring are not in danger of extinction, nor likely to become so in the foreseeable
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future throughout all or a significant portion of their ranges. As such, Blueback Herring did not meet the
definition of a threatened or endangered species, and listing was not warranted.

3.3.3.1.2.2.3 Striped Bass

Striped Bass are native to Atlantic coastal waters from the St. Lawrence River in Canada to the St. Johns
River in Florida, moving into freshwater to spawn or feed. Major spawning areas include the Hudson River
and tributaries to Chesapeake Bay, although spawning occurs in rivers from the Maritimes to the
southeastern United States. They may grow to several feet in length and are highly predatory, feeding on a
variety of fishes and invertebrates. Adult and juvenile striped bass in freshwater habitats feed largely on
other fish, and have been shown to feed on river herring, American Shad, and American Eel. The recent
declines in Connecticut River populations of these species (herring, shad, and eel) have been linked to the
resurgence of the Atlantic coast Striped Bass population (Savoy & Crecco, 2004).

During the past decade Striped Bass have become abundant in the Connecticut River; over 5,700 Striped
Bass have been passed into the Holyoke impoundment since 2000. From 1980 to 1999, Striped Bass were
rarely noted at the upstream passage facilities at the Project. Striped bass spawning has not been
documented in the Connecticut River.

A three year study supported by the Connecticut Department of Energy and Environmental Protection
(CTDEEP) was begun in 2005 to assess the abundance, temporal and spatial distribution, and population
structure of Alewife, Blueback Herring, and Striped Bass, and to describe predator/prey interactions
between these species in the Connecticut River (Davis et al., 2009). The study found that Striped Bass
predation is a large source of mortality for migrating adult Blueback Herring and it was estimated that over
200,000 herring were consumed by Striped Bass in the Connecticut River in May 2008.

Striped Bass supports recreational fishing in the Connecticut River. Commercial fishing is not permitted.
3.3.3.1.2.2.4 Sea Lamprey

Sea Lamprey is an anadromous species that spawns in the Connecticut River and its tributaries. Sea
Lamprey spawn during the spring in shallow areas of moderate current with gravel, and rubble substrate.
After the larval stage, Sea Lamprey mature into ammocoetes, which burrow into soft sediments and exist
as filter feeders, emerging from the sediment surface to feed. Pre-spawn adults create a depression in the
substrate by carrying larger rocks out of the nest area and by sweeping smaller particles out using rapid
body movements. The female then deposits eggs, fertilized by the male, moving more rocks and gravel as
necessary. Spawning in one nest, or redd, may continue for 16 hours to 3.5 days. During the spawning run,
adults undergo considerable physiological change and deterioration; they die after spawning. The adults
parasitize other fish species, using a sucking disc and rasping teeth and tongue to attach to and penetrate
the tissues of prey species. The sucking disc is also used during spawning to construct 1 to 3-foot-diameter
nests in the substrate. Similar to other anadromous species, Sea Lamprey do not feed during their upstream
spawning migration and thus are not parasitic while in the river (Hartel et al., 2002).

During late spring and early summer 2015 (as part of Study No. 3.3.15 Assessment of Adult Sea Lamprey
Spawning within the Project Area), the Licensee assessed spawning activity and habitat within the Project
area utilizing radio telemetry techniques and visual surveys of identified redds to determine whether Project
operations adversely affect spawning activity. Twenty-nine redds were GPS-located in five (5) distinct
regions of the Project area as summarized in Table 3.3.3.1.2.2.4-1 and monitored weekly until water
temperature exceeded 22°C. The mean depth of all 29 redds ranged from 1.5 to 4.6 ft and mean velocity
ranged from 0.8 to 3.0 ft/s (Table 3.3.3.1.2.2.4-2). Substrate characteristics of the redds consisted of a
circular or oval area of bare sand and/or gravel with cobble and gravel around the perimeter.

Five (5) of the 29 identified redds were capped using a 4 x 4 ft?, weighted PVC framed collection net (1-
mm mesh) that funneled into a collection jar on the downstream end to capture emerging larvae. Lamprey
ammocoetes were recovered from two of the five traps set. The Hatfield S Curve cap (retrieved July 7)
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produced a larva measuring approximately 47 mm (total length) and the Fall River cap (retrieved July 2)
produced a much smaller ammocoete measuring approximately 7.4 mm in total length. No larvae were
observed in the samples from the Ashuelot River and the cap near Stebbins Island was displaced from the
redd and never recovered.

All 29 redds that were monitored demonstrated the presence of lamprey and ammocoetes were recovered
from two of the five capped redds. At no time were any redds dewatered during the study period and no
visual differences to the redds were observed at any time.
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Table 3.3.3.1.2.2.4-1: Locations of Monitored Sea Lamprey Redds in Project Area during 2015 Surveys

. Number of redds Number of capped

Location .
monitored redds

Connecticut River mainstem near Vernon Dam (both sides of

: 7 1
Stebbins Island)
Ashuelot River confluence with the Connecticut River 10 1
Millers River confluence with the Connecticut River 5 1
Fall River confluence with the Connecticut River 2 1
Hatfield S curve below Rt. 116 Bridge 5 1

Total 29 5
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Table 3.3.3.1.2.2.4-2: Lamprey Redd Data Recorded During 2015 Monitoring Period (X = present, XX =
present and dominant)

Water Velocity

Site* Water Depth (ft) (ft/s) Substrate
Min Max | Mean| Min | Max| Mean | Silt | Sand | Gravel | Cobble | Boulder | Bedrock
Millers571 15 29 | 208|082 324 21 | - | X X XX X X
Millers572-1 15 | 28 | 204 |[157] 425 26 | - | X X XX X ;
Millers572-2 1.2 2 | 165 |077] 3.44| 235 | - | X X XX X ;
Millers572-3 | 135 | 2.4 | 169 |048| 33| 1.8 | - | X X XX X -
Millers572-4 11 | 29 | 211 |021] 191] 102 | - | X X XX X ;
Ashuelot573 19 | 64 | 343|006] 1.99] 087 | - | X XX XX - -
?Sh“e'°t574' 16 | 52| 3 |012]302] 117 | - | X XX XX ; ;
QSh“e'OtSM' 175 | 54 | 339 (007 241] 133 | - | Xx XX XX - -
QSh“e'OtSM' 1 47| 286 (022 222| 124 | - | Xx XX XX - -
4A5h“e'°t574' 14 | 51| 31 |03]|268] 148 | - | X XX XX - -
QSh“e'OtSM' 17 | 53| 31 |014] 252] 135 | - | X XX XX - -
QSh“e'OtSM' 18 | 58| 329002 256| 126 | - | X XX XX - -
?Sh“e'°t574' 16 | 52| 312|014 205| 116 | - | X XX XX - -
QSh“e'OtSM' 12 | 52| 316 |019] 1.74] 096 | - | X XX XX - -
QSh“e'OtSM' 06 | 45| 246 (034|243 149 | - | x | xx | xx ] ]
’f‘gh“e'OtSM' 14 | 15| 145 |12 | 172] 137 | - | X XX XX - -
1Hatf'e'd130' 28 | 79| 424|141 284] 208 | - | X X X ] ]
2Hatf'e'd130' 39 | 39| 39 [154] 161] 157 | - | X X X ; -
3Hatf'e'd130' 35 | 35| 35 |17 | 175 1.72 | - | X X X ; ;
Z'atf'e'dlso' 42 | 42| 42 |166] 18] 174 | - | X X X ] ]
Stebbins182 13 | 73| 37 |108] 365| 268 | - | X X XX ; ;
Stebbins217 26 | 88 | 524 [1.77| 443] 311 | - | X X XX ; ;
Stebbins219 17 | 86| 503 |011] 56| 32 | - | X X XX - -
fmbb'”smg' 18 | 82| 426|022 426| 256 | - | X X XX - -
Stebbins220 23 | 83| 527 085] 6.08| 33 | - | X X XX ; ;
Stebbins221 24 | 73| 43 |205| 43 321 | - | X X XX - -
Stebbins222 20 | 75 | 433 143|427 29 | - | X X XX ; ;
Falll 07 | 34| 115 |011| 238] 083 | X | X XX XX - -
Fall2 06 | 48 | 191 |002] 1.69] 082 | X | X XX XX ; ;

*Site identification based on GPS waypoint
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3.3.3.1.2.2.5 American Eel

The American Eel is a catadromous species. Young eels enter estuarine or freshwater to feed and mature,
and then the adults return to the sea to spawn. After spending five (5) to 20 years in fresh or coastal waters,
eels migrate to spawning grounds in the Sargasso Sea of the South Atlantic Ocean (Collette & Klein-
MacPhee, 2002). Eggs are released and fertilized in the water column. The eggs and larvae are pelagic,
drifting via the Florida current and the Gulf Stream to coastal North America and Europe. The young eels
ultimately leave these currents and move shoreward and either reside in estuarine coastal waters or move
into fresh water, following cues that are not well understood.

Juvenile Eel Migration

Eels moving into the estuaries are referred to as glass eels because of their transparent appearance. Once
they develop pigment, they are referred to as elvers until they gain the yellow cast typical of juvenile eels.
Eels may reside in an estuary throughout their entire life or move upstream into freshwater during the first
few years. At maturation, the species undergoes another transformation including a color change to the
silver eel stage and migrates downstream, usually at night during fall.

Beginning in 2014, the Licensee conducted studies to assess the presence of juvenile eels in the Project
area, determine locations for siting upstream passage facilities, understand the timing and route(s) of
downstream passage, and determine relationships with environmental conditions and Project operations.
During upstream migration, which typically spans June through October when water temperatures range
from 10 to 20°C (Haro and Krueger, 1991), nighttime surveys revealed the majority of observations (94%)
occurred at the base of the Turners Falls Dam as compared to other wetted structures/areas (e.g., Cabot
Station discharge area and fishway, Station No. 1 discharge area, various canal discharge areas in the
bypassed reach) throughout the Project area (Table 3.3.3.1.2.2.5-1).

The following year, installation of temporary eel passes and Medusa traps that were monitored from July
through early October yielded similar results, with nearly 88% of observations occurring at the Turners
Falls Spillway Fishway (Table 3.3.3.1.2.2.5-2). Peak observations occurred toward the end of July. Water
temperature at the onset of the monitoring period was 21.7°C (July 10) and decreased to 14.9°C on the last
day eels were observed (October 4). Most of the eels measured between 10 and 20 cm (total length). No
correlation between the rate of eel collection and precipitation (r=-0.1962) or daily river flow (r=0.0429)
was identified.

Adult Eel Emigration Timing

Radio-telemetry monitoring indicated that the majority (69%) of the eels migrated toward the power canal
(i.e., follow flow) at night following rain events. DIDSON monitoring of eel passage into the canal occurred
sporadically throughout the study period during both years of study, peaking in early August during 2015
and mid-October in 2016.

A petition to list American Eel as threatened under the federal ESA of 1973 (16 U.S.C. §1531 et seq., ESA)
was submitted to the USFWS and NMFS on November 18, 2004. After initially finding that the petition
presented substantial information indicating that listing the American Eel may be warranted, the USFWS
made a final determination in February 2007 that listing of the eel under the ESA was not warranted. On
April 30, 2010, the Council for ESA Reliability submitted another petition to list American Eels as
threatened under ESA. Upon completion of this status review in October 2015, USFWS determined that
listing was not warranted.
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Table 3.3.3.1.2.2.5-1: Summary of Eel Observations during 2014 Nighttime Surveys

Station 6/11 |6/26 | 7/2 7/10 | 7/17 7/31 | 8/7 | 8/21 | 9/4 | 9/16 | 10/9 | TOTAL
Cabot Lower Gate 0 0 12 5 16 0 0 0 0 0 0 33
Cabot Emergency Spillway 0 0 0 53 173 60 33 5 6 2 0 332
Cabot Fishway 0 0 18 0 0 0 0 0 0 0 0 18
Conte Discharge 0 0 0 0 0 0 0 0 0 0 0 0
Station No. 1 0 0 2 0 1 0 0 0 0 0 0 3
Mill Hydro Discharge? 0 0 0 0 0 - - - - - - 0
Outfall 12 0 0 0 0 0 - - - - - - 0
Qutfall 22 0 0 0 0 0 - - - - - - 0
Qutfall 32 0 0 0 0 0 - - - - - - 0
Paper Mill Discharge? 0 0 0 0 0 - - - - - - 0
Spillway Attraction Water Stilling Basin | 0 0 0 6 3P 0 0 1 0 0 0 10
Spillway Fishway 0 20 | 2,401 | 1,629 [1,614° 64 95 23 7 12 2 5,867
Tainter Gates 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL | O 20 2,433 | 1,693 |1,807 124 | 128 29 13 14 2 6,263

2 Discontinued surveying these locations on July 31, 2014 because of a lack of eel and safety concerns.
® Due to access issues, these locations were surveyed on July 21, 2014.
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Table 3.3.3.1.2.2.5-2: Summary of Eel Collections at Temporary Ramps during 2015 Monitoring Period

Number of Eels Trapped
i Cabot .
Date of Collection Spillway Ladder Emergency Cabot Ladder '\itatlon MY,
Spillway edusa Traps

July 10 2 0 0 -
July 13 117 10 15 -
July 15 702 6 23 -
July 17 182 11 17 -
July 20 280 1 29 -
July 22 602 88 51 -
July 24 520 59 13 0
July 27 135 3 7 0
July 29 119 102 10 0
July 31 308 8 24 0
August 3 264 7 29 0
August 5 89 17 19 0
August 7 148 6 1 0
August 10 187 7 1 0
August 12 130 4 0 0
August 14 162 10 0 0
August 17 135 7 14 0
August 19 7 12 10 0
August 21 10 11 15 0
August 24 155 5 0 0
August 26 116 7 0 0
August 28 137 12 2 0
August 31 173 6 0 0
September 2 178 2 4 0
September 4 35 4 2 0
September 8 197 12 15 0
September 10 38 2 2 0
September 14 14 2 3 0
September 16 6 0 1 0
September 18 9 0 0 0
September 21 6 0 1 0
September 25 11 0 0 0
September 28 1 1 0 0
September 30 5 0 0 0
October 1 45 2 4 0
October 4 10 0 1 0
October 14 0 0 0 0
October 19 0 0 0 0
October 26 0 0 0 0
November 2 0 0 0 0

Total 5,235 424 313 0
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3.3.3.1.2.2.6 Shortnose Sturgeon

SNS is a federally listed endangered species that typically inhabits slow moving riverine waters or near
shore marine waters and periodically migrates into faster moving freshwater areas to spawn. They are long-
lived (30-40 years) and mature at late ages (5-13 years for males and 7-18 years for females) in the northern
extent of their range (Dadswell et al., 1984; SSSRT, 2010). SNS exhibit three distinct movement patterns
associated with spawning, feeding, and overwintering activities. In spring, as water temperatures rise above
8 °C, pre-spawning SNS move from overwintering grounds to spawning areas. Spawning occurs from April
to May and may last from a few days to several weeks depending upon water temperature, photoperiod
(day-length) and bottom water velocity (Dadswell et al. 1984; Kynard et al., 2012. SNS migrations are
characterized by rapid, directed and often extensive upstream movement (NMFS, 1998). Female SNS are
thought to spawn every three to five years while males spawn every two years, but they may spawn annually
in some rivers (Kieffer & Kynard, 1996). Fecundity estimates range from 27,000 to 208,000 eggs/female
(Dadswell et al., 1984).

SNS eggs become adhesive after fertilization and larvae begin downstream migrations at about 15-mm total
length (Kynard, 1997; SSSRT, 2010). Laboratory studies suggest that young SNS move downstream in two
steps; a 2 to 3-day migration by larvae followed by a residency period by YOY, then a resumption of
migration by yearlings in the second summer of life (Kynard, 1997).

Adults normally depart from their spawning grounds soon after spawning and movements include rapid,
directed movements to downstream feeding areas in spring followed by local meandering in summer and
fall (Dadswell et al., 1984; Buckley & Kynard, 1985; O’Herron et al. 1993). Post-spawning migrations are
associated with rising spring water temperature and river discharge (Kieffer & Kynard, 1993).

Historically in the Connecticut River, Turners Falls is believed to mark the extent of the upstream range of
SNS due to the height of the natural falls upon which the Turners Falls Dam sits. Completion of the
downstream Holyoke Dam in 1849 blocked SNS from migrating beyond RM 87. The first successful
fishway to pass fish upstream, an elevator, was installed at the tailrace at Holyoke in 1955. In 1976, the
existing tailrace fish lift at Holyoke was improved, and a lift was installed in the bypass area at the Holyoke
Dam. These improvements allowed SNS to pass above Holyoke Dam and access the Connecticut River up
to their historic limit at Turners Falls; however, over the past decade or so NMFS would not allow SNS to
be lifted above Holyoke Dam until safe downstream passage was in place. When a SNS would enter the
lift, it was manually removed from the fish lift flume and placed downstream of the dam. A new downstream
fish passage system has been constructed at Holyoke Dam, and SNS have been passed upstream starting in
2017, with over 200 SNS passed upstream between 2017 and 2020.

Researchers have found five distinct sites used year after year by wintering SNS in the Connecticut River
between Holyoke Dam and Turners Falls Dam: Whitmore (RM 113.7), Second Island (RM 111.8), S-turn
(RM 105.6), Hatfield (RM 105.6), and Elwell Island (RM 98.2; SSSRT, 2010; Kynard et al., 2012). Among
the five areas, the most prominent was the Whitmore site. This area was located near the Montague
spawning site and had both the greatest numbers of adults (as observed with an underwater video camera)
and the greatest concentration of pre-spawning adults (as observed with radio tracking).

During summer, the SNS population above Holyoke Dam congregates near the confluence of the Deerfield
River; this group overwinters a few miles downstream from Cabot Station. The concentration area used by
adult fish in the Connecticut River is in reaches where natural or artificial features cause a decrease in river
flow, possibly creating suitable substrate conditions for freshwater mussels (Kieffer & Kynard, 1993), a
major prey item for adult SNS (Dadswell et al., 1984). Both adults and juveniles have been found to use
the same river reaches in the Connecticut River and have ranges of about 10 km during spring, summer and
fall (Savoy, 1991; Seibel, 1991). In the winter, SNS move less than 2 km and assemble together in deep
water (Seibel, 1991). The migration of juvenile and adult SNS from the Holyoke impoundment to points
downstream of the Holyoke Dam appears to be a natural event coincidental with increased river discharges
(Seibel, 1991; Kynard, 1997).
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SNS in the upper river population spawn from the last week of April to mid-May, after the spring freshet
(Taubert, 1980; Buckley & Kynard, 1985; Kynard, 1997). The spawning period is estimated to last from
three to 17 days, occurring during the same 26-day period each year (April 27 — May 22), which corresponds
to the time of year when photoperiod ranges from 13.9 to 14.9 h (Kynard et al., 2012). SNS are believed to
spawn at discrete sites within the river (Kieffer & Kynard, 1993) in channel habitats containing gravel,
rubble, or rock-cobble substrates (Dadswell et al., 1984; NMFES, 1998). Additional environmental
conditions associated with spawning activity include decreasing river discharge following the spring
freshet, water temperatures ranging from 6.5-15.9°C, daily mean discharge ranged from 121-901 m?/s
(4,273-31,819 cfs), depth ranging from 1.2-5.2 m (3.9-17.0 ft), and bottom water velocities of 0.3 to 1.2
m/s (0.98-3.9 fps) (Dadswell et al., 1984; NMFES, 1998; SSSRT, 2010). The SNS Status Review Team
(SSSRT) (2010) indicated that while temperature and river discharge affect spawning, photoperiod was the
dominant factor influencing the timing of spawning.

Successful spawning has been documented at two sites in Montague, located about 4 km (~2.5 miles)
downstream of the Turners Falls Dam near the Cabot Station tailrace (SSSRT, 2010). The main site in the
Cabot tailrace was estimated to be 2.7 ha (6.7 acres) and the smaller site at Rock Dam was estimated to be
about 0.4 ha (1 acre) in area. These sites are just downstream of the species’ historical limit in the
Connecticut River at Turners Falls (RM 122) (NMFES, 2005). SNS eggs and larvae were captured at the
sites in 1993, 1994, and 1995 (Vinogradov, 1997). These sites are within the 0.9 mi reach that spans from
Rock Dam to 656 feet downstream of Cabot Station, where all common types of river habitat are present.
Much of the river bottom in the area is rock and rubble. The 0.3-mi.-long reach downstream of Cabot
Station contains rubble/boulder shoals that can be exposed briefly in spring during low river discharge and
low Cabot Station generation (Kieffer & Kynard, 2007).

SNS spawning in this area typically occurs from late April to mid-May and the egg incubation period is
about two weeks when water temperatures are between 8 and 12 °C. Upon hatching, larval SNS hide for
about 15 days under available cover at the spawning site while absorbing the yolk-sac, before migrating
downstream to deeper water between the mouth of the Deerfield River and Holyoke (SSSRT, 2010).

In August 2017, an angler reported catching and releasing an adult-sized SNS below the VVernon Dam (the
upper end of the TFI). This was the first documented report of a SNS being collected upstream of the
Turners Falls Dam. Since the existence of a population of ESA listed SNS in the TFI could have
implications for license conditions, FirstLight worked to proactively address this reported capture. To
answer the question of whether the single capture of a SNS indicated the presence of a population in the
TFI, FirstLight investigated scientific methods which could determine the existence of such a population.
Since SNS are federally endangered and collection requires an ESA Section 10 research permit, netting for
SNS was not an option. However, environmental DNA (eDNA) is a sampling method for detecting aquatic
species which can provide a measure of species presence, density and distribution without having to collect
the fish. Fish release DNA into their surrounding environment via slime, scales, epidermal cells or feces.

FirstLight collected a total of 170 water samples which were filtered during the two surveys on July 18 and
19 and August 14, 2018. There were no SNS detected in the TFI; however, they were detected downstream
in an area that SNS are known to occupy in the summer. The samples taken below Vernon Dam and the
TFI did not detect the presence of SNS and thus there is no evidence of the existence of a population in the
TFI and the best available information is that no population exists. A report entitled Environmental DNA
Sampling for Shortnose Sturgeon summarizing the eDNA findings was filed with FERC on November 8,
2018.
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3.3.3.1.2.3 Fish Passage
3.3.3.1.2.3.1 Upstream Passage of Migratory Fish

Upstream passage facilities for Connecticut River migratory fish are provided at several hydroelectric
projects. Migrating fish first encounter the Holyoke Project (RM 87) where they are passed upstream
through a fish lift. Turners Falls Dam is the second dam on the Connecticut, 37 miles upstream of Holyoke.
The Deerfield River is a major tributary entering the Connecticut River below Cabot Station and provides
an additional migration route. Fish passing the Turners Falls Project (RM 122) can continue upstream
migrating through the TFI, passing the Northfield Mountain Project (RM 127) before encountering the
Vernon Hydroelectric Project (RM 142), 20 miles upstream of Turners Falls Dam. Fish passage facilities
at the Vernon Project allow migrants to continue upstream.

Upstream fish passage facilities began operating in 1980 at the Turners Falls Project pursuant to a
Settlement Agreement signed by FirstLight’s predecessor, Western Massachusetts Electric Company, state
and federal resource agencies, and non-government organizations. There are three fish ladders at the
Turners Falls Project: the Cabot Fish Ladder adjacent to Cabot Station; the Spillway Fish Ladder at Turners
Falls Dam; and the gatehouse fish ladder at the upstream end of the power canal. The Cabot and Spillway
Fish Ladders are modified "lce Harbor" designs and the gatehouse fish ladder is a vertical slot ladder. These
fish ladders were designed in consultation with state and federal resource agencies, based on Columbia
River salmon fish ladder designs. The CRASC?® establishes an annual schedule for the operation of upstream
fish passage facilities at the Connecticut River dams. The schedules are based on the projected movement
of migratory fish and may be adjusted in season to address actual observations.

The dates of peak passage have varied throughout the years, ranging from early to mid-May to mid to late
June. American Shad and Sea Lamprey have been the dominant anadromous species observed at the
passage facilities through the period of record (Table 3.3.3.1.2.3.1-1). Substantial Blueback Herring passage
was recorded for the 15-year period from 1983 to 1997, but few herring have been recorded since 1997.
Use of the passage facilities by Atlantic Salmon has been low since most are collected downstream at
Holyoke Dam; salmon were noted in 28 of the 31 years, but few individuals were recorded (1 —29 annually).
The 31-year period of record does not show any usage of the facilities by SNS (Table 3.3.3.1.2.3.1-1).

Fish ascending the Cabot Fish Ladder enter the power canal, then pass through the gatehouse fishway into
the TFI. Passage rates for this route were evaluated using radio and PIT tracking studies for American Shad,
as described in Section 3.3.3.2.3.1. Additionally, FirstLight studied conditions near the Cabot fishway
entrance as part of Relicensing Study No. 3.3.8 Computational Fluid Dynamics Modeling in the Vicinity of
the Fishway Entrances and Powerhouse Forebays (FirstLight, 2016g). The study report was filed with
FERC on March 1, 2016. At low flows (2-4 units operating at Cabot), velocities tended to be highest around
the riffle located on river left approximately halfway downstream of Smead Island, while velocities were
generally lower around the Cabot tailrace. At moderate flows (at Cabot Station capacity), velocities were
high in the riffle area as well as near the Cabot Station tailrace, and the water appeared to be more turbulent
near the Cabot Station tailrace and fishway entrance. At the highest modeled flows (at Cabot Station
capacity and higher bypass reach flows), hydraulic controls from downstream began to backwater the riffle
area, reducing water velocities through most of the study reach compared to lower flows, and the flow
conditions around the Cabot Station tailrace and fishway entrance showed they were being influenced by
the upstream bypass reach flows. Eddies and areas of flow circulation were observed throughout all model
conditions, though the intensity and location of these areas changed with flow.

As an alternative to the Cabot Fish Ladder, fish can swim up the bypass reach to the base of the Turners
Falls Dam, ascend the Spillway Fish Ladder, pass through the gatehouse collection gallery that crosses the
power canal, and enter the TFI through the gatehouse fishway, along with the fish passed through the Cabot

5 CRASC membership consists of the USFWS, NMFS, and state fishery agencies from CT, MA, NH, and VT.
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Fishway. Passage rates for this route were evaluated using radio and PIT tracking studies for American
Shad, as described in Section 3.3.3.2.3.1. Additionally, FirstLight studied conditions near the Spillway
fishway entrance as part of Relicensing Study No. 3.3.8 Computational Fluid Dynamics Modeling in the
Vicinity of the Fishway Entrances and Powerhouse Forebays (FirstLight, 2016g). Under low flows, with
the exception of the area near Bascule Gate No. 1 (closest to the gatehouse) and the Spillway fishway
entrance, water velocities were generally slower (~4 fps or less) throughout much of the study reach. Under
higher discharges from Bascule Gate No. 1 the velocities increased throughout most of the reach; some
areas had velocities in the 6-9 fps range. Under the highest modeled discharge®, velocities throughout the
modeled reach increased, with some areas near Bascule Gate No. 2 and Bascule Gate No. 4 approaching
20 fps. Eddies and areas of flow circulation were observed throughout all modeled conditions, though the
intensity and location of these areas changed drastically with flow.

6 The highest flow scenario included 7,500 cfs from Bascule Gate No. 1, 7,500 cfs from Bascule Gate No. 2, 4,960 cfs from
Bascule Gate No. 4, 10,000 cfs from the tainter gates, and 318 cfs from the spillway fishway for a total flow of 30,278 cfs.
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Table 3.3.3.1.2.3.1-1: Anadromous Fish Passage Recorded at the Turners Falls Fish Passage Facilities,
Connecticut River, Massachusetts, 1980 to 2019

American Blueback Striped Sea Atlantic Gizzard*
Year Location Shad Herring Bass Lamprey Salmon Shad
1980 Cabot 687 0 11 187 0
Spillway 5 0 0 0 0
Gatehouse 298 0 1 66 1
1981 Cabot 224 0 0 1,622 7
Spillway** - - - i .
Gatehouse 200 0 0 935 8
1982 Cabot - - - - -
Spillway** - - - - -
Gatehouse 11 4 0 210 0
1983 Cabot 26,697 106 6 859 0
Spillway 263 1 1 649 0
Gatehouse 12,705 28 703 0
1984 Cabot 1,831 4 0 334
Spillway 4,563 12 0 851
Gatehouse 4,333 21 0 683
1985 Cabot 31,000 1,726 0 3,198
Spillway 843 243 0 3,185
Gatehouse 3,855 301 0 1,809
1986 Cabot 22,144 7,091 0 1,424 5
Spillway 5,857 6,248 0 2,230 4
Gatehouse 17,858 9,578 0 1,961 10
1987 Cabot 33,114 2,866 0 1,324 2
Spillway 3,679 2,841 0 2,921 3
Gatehouse 18,959 5,091 0 2,590 12
1988 Cabot 28,546 349 0 335
Spillway 3,354 865 0 1,912
Gatehouse 15,787 1,079 0 1,175
1989 Cabot 14,403 199 0 578 1
Spillway 1,494 279 0 947 0
Gatehouse 9,511 510 1 868 2
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American Blueback Striped Sea Atlantic Gizzard*
Year Location Shad Herring Bass Lamprey Salmon Shad
1990 Cabot 31,056 711 0 1,304 8 1
Spillway 5,898 768 0 1,013 2 0
Gatehouse 27,908 1,585 0 1,301 16 13
1991 Cabot 87,168 6,433 1 2,089 2 0
Spillway 6,282 2,718 0 3,026 2 0
Gatehouse 54,656 7,522 3 4,090 4 1
1992 Cabot 94,046 1,765 1 1,836 9 0
Spillway 11,760 884 0 3,275 6 0
Gatehouse 60,089 2,157 2 2,710 14 7
1993 Cabot 21,045 243 0 711 0
Spillway 898 90 0 2,082 0
Gatehouse 10,221 278 0 1,637 0
1994 Cabot** - - - - - -
Spillway 1,507 17 0 1,740 1 0
Gatehouse 3,729 97 0 1,702 5 0
1995 Cabot 33,938 4,234 0 1,417 2 1
Spillway 543 31 0 1,372 0 0
Gatehouse 18,369 2,957 0 1,813 4 4
1996 Cabot** - - - - - -
Spillway 2,293 13 0 2,651 4 0
Gatehouse 16,192 515 0 4,556 3 3
1997 Cabot 22,518 231 0 2,374 2 4
Spillway 3,473 15 0 2,219 1 3
Gatehouse 9,216 128 0 2,265 2
1998 Cabot 14,947 2 0 8,707 6 1
Spillway 4,721 0 0 8,642 2 2
Gatehouse 10,527 4 0 7,579
1999 Cabot 11,501 5 0 2,014 543
Spillway 4,215 0 8 1,449 440
Gatehouse 6,751 2 0 916 275
2000 Cabot 12,289 0 0 1,455 0 9
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American Blueback Striped Sea Atlantic Gizzard*
Year Location Shad Herring Bass Lamprey Salmon Shad
Spillway 2,240 0 0 1,962 4 358
Gatehouse 2,590 0 0 1,350 5 199
2001 Cabot 20,933 0 0 3,678 0 0
Spillway 2,344 0 0 5,280 0 0
Gatehouse 1,540 0 0 2,144 0 0
2002 Cabot 7,922 0 0 14,709 0 0
Spillway 5,372 0 0 12,367 4 7
Gatehouse 2,870 0 0 10,160 4 2
2003** - - - - - - -
2004 Cabot 5,933 0 0 13,352 0 0
Spillway 1,980 0 0 5,821 0 0
Gatehouse 2,192 0 0 8,418 0 0
2005 Cabot 5,404 2 7 12,974 5 0
Spillway 1,626 0 7 9,990 1 2
Gatehouse 1,581 2 2 215,843 5 0
2006 Cabot 11,991 1 198 5,377 4 9
Spillway 2,577 0 153 5,133 8 0
Gatehouse 1,810 0 46 3,005 7 0
2007 Cabot 11,130 w* wx 11,061 5 0
Spillway 1,793 X wx 5,555 3 0
Gatehouse 2,248 wx *x 15,438 5 0
2008 Cabot 15,089 w* wx wx 6 wx
Spillway 627 X wx wx 5 wx
Gatehouse 3,995 wx *x 32,035 10 wx
2009 Cabot 13,391 w* faled faled 0 ol
Spillway 919 wx wx wx 5 wx
Gatehouse 3,814 wx ke 8,296 8 wox
2010 Cabot 30,232 wx ol ol 2 ol
Spillway 2,735 wx wx wx 4 wx
Gatehouse 16, 768 wx fale 6,352 8 wx
2011 Cabot 27,077 wx wx wx 2 wx
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American Blueback Striped Sea Atlantic Gizzard*
Year Location Shad Herring Bass Lamprey Salmon Shad
Spillway 1,966 *k ok ok 6 fal
Gatehouse 16,798 ** ** 2,032 7 **
2012 Cabot 51,901 *k ok ok 2 fal
Spillway 10,608 fale fale fale 3 *x
Gatehouse 26,727 *k ok 4,503 2 fal
2013 Cabot 46,886 *k ok ok 0 fal
Spillway 10,571 o w o 1 bl
Gatehouse 35,494 *k ok 6,016 0 fala
2014 Cabot 40,666 *k ok ok 3 fal
Spillway 24,262 o bl bl 8 fala
Gatehouse 39,914 *k ok 5,553 11 fal
2015 Cabot 47,588 *k ok ok 1 fal
Spillway 41,835 ok ok ok 1 *x
Gatehouse 58,079 ok ok 8,423 0 fal
2016 Cabot 34,709 0 0 ok 0 0
Spillway 19,399 0 0 ol 0 0
Gatehouse 54,760 0 0 15,128 0 0
2017 Cabot 43,269 0 0 el 0 0
Spillway 16,741 0 0 ** 0 0
Gatehouse 48,727 0 0 9,223 0 0
2018 Cabot 24,031 0 0 faled 0 0
Spillway 32,593 0 0 fale 2 0
Gatehouse 43,146 1 0 4,010 2 0
2019 Cabot 21,804 3 0 1,151 0 0
Spillway 13,150 4 0 7,918 1H** 0
Gatehouse 22,649 1 0 3,700 1x** 0

* Observations of Gizzard Shad using ladders was first reported in 1990.
** not monitored
*** assumed to be landlocked salmon

(Slater, 2011; Robert Stira, per. comm., 2015; S. Leach, per. comm., 2019).
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3.3.3.1.2.3.1.1 American Shad

FirstLight conducted a long-term frequency analysis on daily ladder counts at Holyoke and Turners Falls
dams (1989 — 2019) to describe the timing, magnitude, and duration of American Shad passage on the
Connecticut River. The statistic of interest was the cumulative percentage of run total, which makes it
possible to compare among years. In the Connecticut River, mature adults move into the river typically
during late March or April, reaching Cabot Station in late April or early to mid-May. During the upstream
migration, river water temperatures generally range from 12 to 20°C, with spawning occurring from 14 to
23°C (Collette and Klein-MacPhee 2002). River flow is generally declining from the spring peak during
the passage season.

Most upstream migrating American Shad are passed at the Turners Falls Project between mid-May to mid-
June, at both Turners Falls and Holyoke (Figure 3.3.3.1.2.3.1.1-1). The highest median counts on average
occurred in mid-May at Holyoke and two weeks later at Turners Falls (Figure 3.3.3.1.2.3.1.1-1).

Most of the American Shad passage (90%) at the Cabot Ladder has historically occurred within just 20
days, and most passage occurs between mid-May and early-June, specifically, May 21 to June 9 based on
available data.

The magnitude of the run at the gatehouse ladder is related to the magnitude of the run at Holyoke (Figure
3.3.3.1.2.3.1.1-2). Generally, as the run at Holyoke gets larger, so does the run at the gatehouse ladder.
Higher passage rates at the Turners Falls Project in recent years resulted from several modifications made
to the Gatehouse Fishway in consultation with the resource agencies. Passage improvements at Holyoke
have also resulted in more fish passing into the Connecticut River between Holyoke and Turners Falls. The
proportion of Holyoke fish that passed Cabot Station has increased since 2000, and the timing of run
milestones has come earlier at Cabot Station suggesting delay has been decreasing due to improved passage
efforts at the Turners Falls Project. Over that 15-year range, Cabot Station went from passing just 2% of
the Holyoke count to passing over 14% of the Holyoke total.

The majority of American Shad upstream passage occurs within a short amount of time at each passage
facility, with the middle 50% of the run occurring over few days (Table 3.3.3.1.2.3.1.1-1; Table
3.3.3.1.2.3.1.1-2). However, the initial portion of the run takes weeks to reach 25% of the total count and
the final 25% of the run also takes multiple weeks (Table 3.3.3.1.2.3.1.1-1; Table 3.3.3.1.2.3.1.1-2). On
average, over the last 18 years, most of the run occurred between May 9 and June 9. Holyoke’s passage
season is less variable than that of the Turners Falls facilities. However, the timing of the run at Turners
Falls (especially that of the gatehouse) appears to have occurred earlier in more recent years, suggesting
that delay of passage at the Turners Falls Project has been decreasing with time due to management actions
(Figure 3.3.3.1.2.3.1.1-2).

Based on a comparison of passage counts since 2012, over 60% of adult American Shad that have migrated
upstream through the Turners Falls Project have continued upstream through the Vernon Project (Table
3.3.3.1.2.3.1.1-3).
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Table 3.3.3.1.2.3.1.1-1: Identifies specific run milestones at Cabot Ladder (2000 - 2017)

25" Percentile 25t - 50t Percentile 50t - 75" Percentile 75t - 90t Percentile 90t - 100t Percentile
Year First Last Duration First Last Duration| First Last Duration| First Last Duration First Last | Duration

Day Day (d) Day Day (d) Day Day (d) Day Day (d) Day Day (d)

2000 May 10 Junl 22 Jun 2 Jun 3 1 Jun 4 Jun 12 8 Jun 13 Jun 20 7 Jun 21 Jul 2 11
2001 May 14 | May 23 9 May 24 | June 28 4 May 29 Jun 1 3 Jun 2 Jun 14 12 Jun 15 Jun 25 10
2002 May 10 | May 28 18 May 29 | May 31 2 Junl Jun 2 1 Jun 3 Jun 4 1 Junb Jul 1 26
2004 May 5 | May 15 10 May 16 | May 18 2 May 19 | May 22 3 May 23 | Jun9 17 Jun10 | Jun 26 16
2005 May 13 | May 22 9 May 23 Jun 6 14 Jun7 Jun 9 2 Jun 10 Jun 11 1 Jun 12 Jun 17 5
2006 May 6 May 29 23 May 30 | May 31 1 Junl Jun 9 8 Jun 10 Jun 19 9 Jun 20 Jun 29 9
2007 | May 13 | May 26 13 May 27 | May 29 2 May 30 | May 30 0 May3l | Jun7 7 Jun 8 Jul 1 21
2008 May 14 | May 18 4 May 19 | May 26 7 May 27 Jun 1 5 Jun 2 Jun 6 4 Jun7 Jun 29 24
2009 May 9 May 22 13 May 23 | May 24 1 May 25 Jun 5 11 Jun 6 Jun 10 4 Jun 11 Jun 30 19
2010 May 4 | May 22 18 May 23 | May 26 3 May 27 | May 31 4 Jun 1 Jun 7 6 Jun 8 Jul 6 28
2011 May 13 | May 23 10 May 24 | May 27 3 May 28 Jun 6 9 Jun7 Jun 8 1 Jun 9 Jul 6 27
2012 | Apr18 | May 19 31 May 20 | May 23 3 May 24 | May 26 2 May 27 | May 28 1 May 29 | Jun2 34
2013 May 3 | May8 5 May 9 | May 12 3 May 13 | May 20 7 May 21 | Jun2 12 Jun3 | Jun28 25
2014 May 11 | May 15 4 May 16 | May 26 10 May 27 Jun 5 9 Jun 6 Jun 9 3 Jun 10 Jul'l 21
2015 May 6 | May 11 5 May 12 | May 18 6 May 19 | May 27 8 May 28 | May 31 3 Junl | Jun27 26
2016 | Apr26 | May 14 18 May 15 | May 25 10 May 26 | May 30 4 May 31 | Jun3 3 Jund | Jul7 33
2017 May 1 May 20 19 May 21 | May 24 3 May 25 Jun 10 16 Jun 11 Jun 15 4 Jun 16 Jul 6 20
Min 4 1 0 1 5
Median 13 3 5 3 21

Mean May-8 May-21 13.6 May-22 | May-27 4.4 May-28 Jun-3 59 Jun-4 Jun-9 5.6 Jun-10 Jul-1 20.9
Max 31 14 16 17 34
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Table 3.3.3.1.2.2.1.1-2: Identifies specific run milestones at Holyoke (2000 - 2017)

25t Percentile

25t _ 50t Percentile

50t - 75t Percentile

75t - 90t Percentile

90t - 100t Percentile

Year First Last Duration First Last Duration First Last Duration First Last Duration First Last Duration

Day Day (d) Day Day (d) Day Day (d) Day Day (d) Day Day (d)
2000 Apr-17 | May-18 31 May-19 | May-26 7 May-27 Jun-2 6 Jun-3 Jun-10 7 Jun-22 Jul-7 26
2001 May-7 | May-10 3 May-11 | May-15 4 May-16 | May-22 6 May-23 | May-29 6 May-30 | Jul-6 37
2003 Apr-18 | May-11 28 May-12 | May-25 13 May-26 | May-30 4 May-31 Jun-2 2 Jun-3 Jul-11 38
2002 Apr-3 | May-18 45 May-19 | May-24 5 May-25 Jun-2 8 Jun-3 Jun-8 5 Jun-9 Jul-15 36
2004 Apr-21 | May-12 21 May-13 | May-16 3 May-27 | May-20 3 May-21 Jun-3 13 Jun-4 Jul-7 28
2005 Apr-20 | May-15 25 May-16 | May-19 3 May-20 | Jun-03 14 Jun-4 Jun-6 2 Jun-7 Jul-18 41
2006 Apr-4 May-8 34 May-9 | May-27 18 May-28 | May-30 2 May-31 | Jun-14 14 Jun-15 | Jul-14 29
2007 May-2 | May-23 21 May-24 | May-25 1 May-26 | May-27 1 May-28 | May-31 3 Jun-1 Jul-15 44
2008 Apr-29 | May-15 16 May-16 | May-19 3 May-20 | May-25 5 May-26 | May-31 5 Jun-1 Jul-11 40
2009 Apr-23 | May-16 23 May-17 | May-21 4 May-22 | May-29 7 May-30 | Jun-6 7 Jun-7 Jul-24 47
2010 Apr-9 | May-13 34 May-14 | May-17 3 May-18 | May-23 5 May-24 | May-31 7 Jun-1 Jul-13 42
2011 May-5 | May-13 8 May-14 | May-24 10 May-25 Jun-2 8 Jun-3 Jun-4 1 Jun-5 Jul-15 40
2012 Apr-5 May-7 32 May-8 | May-19 11 May-20 | May-25 5 May-26 Jun-1 6 Jun-2 Jul-8 36
2013 Apr-18 | May-8 20 May-9 | May-16 7 May-17 | May-21 4 May-22 Jun-2 11 Jun-3 Jul-17 44
2014 Apr-25 | May-16 21 May-17 | May-25 8 May-26 Jun-2 7 Jun-3 Jun-7 4 Jun-8 Jul-15 37
2015 Apr-29 | May-11 12 May-12 | May-17 5 May-18 | May-25 7 May-26 | May-6 11 Jun-7 Jun-21 14
2016 Apr-1 | May-12 41 May-13 | May-17 4 May-18 | May-25 7 May-26 | May-31 5 Jun-1 Jul-15 44
2017 Apr-24 | May-21 27 May-22 | May-27 5 May-28 Jun-3 6 Jun-4 Jun-12 8 Jun-13 | Jul-14 31
Min 3 1 1 1 14

Median 24 5 6 6 37.5

Mean Apr-20 | May-15 24.6 May-16 | May-22 6.33 May-23 | May-29 5.8 May-30 | Jun-5 6.5 Jun-6 Jul-13 36.3
Max 45 18 14 14 47
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Table 3.3.3.1.2.3.1.1-3: Total number of American Shad Passed Annually at Turners Falls and Vernon Dams

Percent of Turners
Falls Passed Shad
that were Passed at

Year | Turners Falls Vernon Vernon

2012 26,727 10,386 39%

2013 35,293 18,220 52%

2014 39,914 27,706 69%

2015 58,079 39,771 68%

2016 54,069 35,513 66%

2017 48,727 28,682 59%

2018 43,146 31,725 74%

2019 22,575 12,490 55%
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Figure 3.3.3.1.2.3.1.1-1: Box and whisker plots of count by calendar week and fishway.
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3.3.3.1.2.3.1.2 Sea Lamprey

As indicated in Table 3.3.3.1.2.3.1-1, adult Sea Lamprey have been documented using the three Turners
Falls fish passage facilities over the past four decades. Historical count records suggest that passage of
lamprey at the gatehouse fishway exhibited an overall increasing trend through the mid-1990s, with the
peak occurring in 2005, when 21,584 individuals were observed. Although no counts were recorded for Sea

Lamprey in 2008, passage at gatehouse has ranged from about 2,000 to over 15,000 individuals per year
since the 2005 peak.
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3.3.3.1.2.3.1.3 American Eel

Upstream passage of American Eel has not historically been monitored at the Project, but the species is
known to use the fish passage facilities in small numbers. With an ability to ascend damp surfaces, juvenile
American Eels are also capable of transcending barriers, such as dams and gates, without the aid of passage
facilities. The presence of American Eel in the TFI, as documented in 2015 and previous fish assemblage
survey efforts (see Section 3.3.3.1.2.1), confirms that they are passing upstream of the Turners Falls Project.
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3.3.3.1.2.3.2 Downstream Passage

Migratory fish in the TFI or entering the TFI after passing downstream of the VVernon Project move past the
Northfield Mountain Project tailrace/intake, downstream through the Turners Falls Project and thence to
the Holyoke Project as they migrate to the ocean. These migratory fish include post-spawning adult and
juvenile American Shad, juvenile Sea Lamprey, and adult American Eel. Other possible downstream
migrants include Atlantic Salmon smolts and post-spawning adults, and post-spawning adult and juvenile
Blueback Herring, and post-spawning and juvenile Striped Bass, but downstream passage of these three
species would be uncommon as few adults have migrated upstream of the Turners Falls Project in recent
years. Resident species could also pass downstream through the Turners Falls Project or encounter the
Northfield Mountain Project tailrace/intake.

Fish passing downstream leave the TFI either by passing over the Bascule Gates or beneath the Tainter
gates at Turners Falls Dam to the bypass reach or by exiting through the gatehouse into the power canal.
Migrants entering the power canal have three primary avenues of outmigration: 1) Station No. 1 turbines,
2) Cabot Station turbines or 3) a log sluice adjacent to the Cabot Station’. It is possible that fish could also
pass downstream via the Spillway Fishway attraction water system, though this has not been identified as
a significant route of passage.

From the power canal there is an approximate 700-foot-long by 100-foot-wide branch canal. At the end of
the branch canal is the entrance to Station No. 1, consisting of eight bays, each 15 feet wide for a total
intake width of 120 feet. Trashracks are angled across the entire entrance, totaling 120 feet wide by 20.5
feet high. With a normal canal elevation of approximately 173.5 feet, the effective trashrack opening is
approximately 114 feet wide by 15.9 feet high, resulting in a gross area of 1,812.6 square feet (ft?). The bar
thickness is 0.375 inches, and the bars are 3 inches on center, thus the clear spacing between bars is 2.625
inches. At full hydraulic capacity (2,210 cfs), the calculated average approach velocity in front of the
trashracks is approximately 1.2 feet per second (fps). More detailed information on velocities was collected
for Relicensing Study 3.3.8 Computational Fluid Dynamics Modeling in the Vicinity of the Fishway
Entrances and Powerhouse Forebays (FirstLight, 2016g) which demonstrated that, under maximum
generation flow at Station No. 1, 91% of the rack face had approach velocities of less than 2.0 fps.

Cabot Station is located at the downstream terminus of the power canal. The trashrack opening is 217 feet
wide by 31 feet high, resulting in a gross area of 6,727 ft2. The trashracks are angled and include upper and
lower racks. The top 11 feet of the upper racks have clear-bar spacing of 0.94 inches (15/16-inch), and the
bottom 7 feet of the upper racks have clear-bar spacing of 3.5625 (3-9/16) inches. The entire 13 feet of the
lower racks have clear-bar spacing of 3.5625 (3-9/16) inches. At full hydraulic capacity, the calculated
approach velocity in front of the trashracks is approximately 2.0 fps. More detailed information on
velocities was collected for Relicensing Study 3.3.8 Computational Fluid Dynamics Modeling in the
Vicinity of the Fishway Entrances and Powerhouse Forebays (FirstLight, 2016g) which demonstrated that
velocities across the rack were not uniform and, under maximum generation flow, 32% of the rack area had
velocities less than 2.0 fps. The highest approach velocities were in front of penstock no. 6 (the most
upstream area of the intake) and nearest to the bottom.

The downstream fish passage facility is located at Cabot Station, at the downstream terminus of the power
canal. Assuming no spill is occurring at Turners Falls Dam, fish moving downstream pass through the
gatehouse (which has no racks) and into the power canal. The downstream fish passage facilities at Cabot
Station consist of: reduced bar-spacing in the upper 11 feet of the intake racks; a broad-crested weir with
an elliptical floor developed specifically to enhance fish passage at the log sluice; the log sluice itself, which
has been resurfaced to provide a passage route; above-water lighting; and a sampling facility. Although the
log sluice gate is approximately 16 feet wide, there is an 8-foot-wide weir that is inserted in the sluice

7 Other passage routes include the Hilton Milton, LLC hydro project (formerly PaperLogic, no FERC license) and the Turners
Falls Hydro Project (FERC No. 2622) owned by Eagle Creek Renewable Energy.
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opening during downstream fish passage season. The sluiceway is 6 feet high and 180 feet long. With the
weir in place, the amount of flow conveyed downstream varies based on the power canal elevation, but
typically ranges from 110 to 253 cfs. During fish passage season, the gate is set 3.5 feet open if/when the
weir is removed, which results in a flow of approximately 130 cfs.

As described for upstream passage, the CRASC also establishes an annual schedule for the operation of
downstream fish passage facilities at the Connecticut River dams (Table 3.3.3.1.2.3.2-1).
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Table 3.3.3.1.2.3.2-1: Downstream Fish Passage Schedule

Downstream Hours of
Development Fish Species Life Stage | Dates of Operation o .
: peration
Passage Exit
Turners Falls | Log/trash sluice | salmon smolt Not required 24 hours/day
salmon adult Oct 15-Dec 31! 24 hours/day
shad adult Apr 72-Jul 31 24 hours/day
shad juvenile Aug 1-Nov 15 24 hours/day
eels adult Sep 1-Nov 15 24 hours/day
'Downstream passage operation for adults will only be required if 50 or more adults are documented as passing
upstream of a dam/facility.
2Downstream passage measures should be operational for American Shad at the same time as upstream passage is
initiated

Source: CRASC letter to FirstLight, 3/2/2020
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3.3.3.1.3 Macroinvertebrates
3.3.3.1.3.1 Odonates

As part of Relicensing Study 3.3.10 — Assess Operational Impacts on Emergence of State-Listed Odonates
in the Connecticut River (FirstLight, 2016i), several surveys over the span of three years (2014-2016)
provided information on the presence and distribution of odonate species in Project-affected areas.
Qualitative surveys were conducted in 2014 on June 2, 6, 9, and 20 (2014). Barton Cove and the Route 116
Bridge were also checked twice in May 2014 to determine if emergence had begun early. However, the
spring of 2014 was cooler than average, river flows were higher than average, and emergence was not
detected until early June. Quantitative surveys were performed in 2015 and 2016 at several locations and
on multiple dates throughout the emergence season (Tables 3.3.3.1.3.1-1 and 3.3.3.1.3.1-2).

Species Assemblage

In 2014, approximately 250 exuviae were collected across the eight survey sites. A total of 622 individuals
representing 16 species were collected during the 2015 season. In 2016, 156 individuals representing four
species were observed during eclosure and collected. The genera and species collected from 2014 to 2016
are listed in Table 3.3.3.1.3.1-3.

Barton Cove

Epitheca princeps, a species common in lentic habitats, was the most common species collected in Barton
Cove. The Barton Cove survey sites contain mostly lentic habitat with submerged and emergent vegetation.
Other species that can tolerate this type of environment (e.g., Perithemis tenera and Libellula sp.) were
found in Barton Cove, but not found at any of the survey sites in the bypass reach or downstream of Cabot
Station.

Bypass Reach and Downstream from Cabot Station

Sites in the bypass reach and downstream of Cabot Station were riverine and generally more lotic. Species
found most frequently in these areas included Gomphus vastus (~55% of total), Stylurus spiniceps (~13%
of total), and Boyeria vinosa (~12% of total). Less common taxa include Ophiogomphus rupinsulensis,
Neurocordulia yamaskanensis, Gomphus abbreviatus, and Dromogomphus spinosus. Rare taxa included
Macromia illinoiensis, Gomphus ventricosus, Stylurus amnicola, Hagenius brevistylus, and Basiaeschna
janata.

Timing of Emergence

In 2015, emergence was first detected early in the fourth week of May, which prompted quantitative
sampling to begin on May 26. Counts were low for all species during the first round of sampling, reached
a peak in early June, then dropped and remained consistent through July and early August before
diminishing to very low numbers during the final two sampling events in late August and early September
(Figure 3.3.3.1.3.1-1).

In 2016, surveys targeting state-listed species in late May to mid-July were performed. Sites were checked
starting in mid-May to determine the onset of emergence; emergence was detected in the last week of May
and peaked in early June at sites downstream from the dam, but despite fair weather, was spotty throughout
the survey period. At the site in the TFI, emergence was very sparse and there were few exuviae.

Crawl Distances and Heights

This analysis focuses on 2015 and 2016 data, which included species-level identification of exuviae. In
2015, crawl distance and height data were collected for 622 individuals and 16 species, with sample sizes
per species ranging from 1 to 219. In 2016, crawl distance and height data were collected for 156 individuals
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and four species. Crawl height is the vertical height from the water’s surface to the eclosure location and
crawl distance is the horizontal distance from the edge of the water to the eclosure location, both recorded
at the time of the observation.

There was little difference in median crawl heights in 2015 and 2016, but median crawl distances were
higher in 2016 (Table 3.3.3.1.3.1-4). For this analysis, the 2015 and 2016 crawl distance and height data
are combined, which served to increase sample sizes for the four species that were observed in 2016 (G.
vastus, D. spinosus, S. amnicola, and S. spiniceps). For all species combined, larvae crawled a median
distance of 12.5 ft from the edge of the water and a median vertical height of 5.5 ft. There was considerable
variation within and among species, as shown in Table 3.3.3.1.3.1-4.

Critical height percentiles, which represent heights protective of a given percentage of individuals within a
species or species group, are shown in Table 3.3.3.1.3.1-4. The more lentic species collected in Barton Cove
(i.e., Perithemis tenera, Libellula sp., Epitheca princeps), which tend to emerge on aquatic vegetation,
crawled shorter vertical heights from the water’s surface than the riverine species that were more prevalent
in the bypass each and downstream of Cabot Station. Among the riverine species, crawl height was greatest
for Macromia illinoiensis, Gomphus abbreviatus, and Gomphus vastus; each of these species crawled a
median vertical height of near or above 7 ft. Riverine species that crawled the shortest median vertical
height from the water’s surface included Stylurus amnicola (2.2 ft), Stylurus spiniceps (3.4 ft), and
Ophiogomphus rupinsulensis (3.5 ft).

Of the species that had a sample size of > 10 individuals, Boyeria vinosa crawled the longest distances from
the edge of the water, with a median of 16.2 ft, and one individual had crawled 58.9 ft before stopping to
eclose. Average crawl distance was usually between 10 and 15 ft for most species, with maximum distances
often 3-4 times greater than the average. Shortest crawl distance was for Perithemis tenera (a lentic species
that prefers to emerge on aquatic vegetation) and Stylurus amnicola. Considering crawl height and crawl
distance together, the riverine species that tended to eclose closest to the water were Stylurus amnicola and
Ophiogomphus rupinsulensis.

Substrate Selection

In general, species eclosed on a wide variety of available surfaces. In Barton Cove, this included large
amounts of emergent aquatic vegetation, detritus, rock, trees, and roots. In the bypass reach and downstream
of Cabot Station, emergent aquatic vegetation was mostly absent and species eclosed on bare sediment
(from silt to coarse rock); ground-level cover such as moss, roots, and detritus; and on vertical surfaces
such as stems of herbaceous plants, vines, trees, and vertical rock faces.

Emergence and Eclosure Speed

With the 2015 and 2016 data combined, a total of 180 individuals, representing eight taxa, were observed
during part or all of the emergence process. This included observations of two state-listed species, Gomphus
abbreviatus (sample size = 1), and S. amnicola (sample size = 7). Emergence and eclosure information were
gathered for various species, and were also pooled into two species groups (Table 3.3.3.1.3.1-5 and Table
3.3.3.1.3.1-6): Gomphus Group (Gomphus sp. and D. spinosus; sample size = 137) and Stylurus Group (S.
amnicola and S. spiniceps; sample size = 32). For the combined 2015-2016 data, the average duration of
“Start to Free” (i.e., start of eclosure to free from the larval exoskeleton) was 18 minutes (range: 7 to 30
minutes) (Table 3.3.3.1.3.1-7). The average duration of “Free to Flight” (i.e., free from larval exoskeleton
to flight) was 39 minutes (range: 7 to 96 minutes). Together, these two time periods comprise the critical
timeframe from when a larva stops to start eclosing to when it flies away (“Start to Flight”). The average
duration of “Start to Flight” was 58 minutes and ranged from 24 to 126 minutes for all species combined.
Variation among species seemed related more to sample sizes than species-specific differences. Among
species or species groups with relatively large sample sizes, “Start to Flight” durations ranged from 28 to
105 minutes for G. vastus (sample size = 122), from 24 to 85 minutes for S. spiniceps (sample size = 25),
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from 28 to 118 minutes for the Gomphus Group (sample size = 129), and from 24 to 85 minutes for the
Stylurus Group (sample size = 31).

Critical Protective Rates

Based on eclosure speeds and crawl heights, various Critical Protective Rates (CPRs) were developed for
various species and groups of odonates (Table 3.3.3.1.3.1-7). Because each species had a range of heights
and crawl times, the rates were based on how much of the population would be protected given a maximum
hourly water level change. For example, a CPR-95 would be the water level increase (per hour) that would
not affect 95% of the population, based on the distribution of crawl heights and flight times documented.
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Table 3.3.3.1.3.1-1: Survey Sites and Dates for the Phase 2 Quantitative Odonate Surveys in the Connecticut

River, 2015
Site | Location Town Date Surveyed
1 Route 116 Sunderland May 30. June 10, 20, 25, 30. July 7, 18, 21. August 5, 20.
Sept 1.
2 MADFW conservation Montague May 30. June 11, 23. July 6, 14, 21. August 4, 20. Sept 1.
lands upstream from the
Sawmill River
confluence
3 Poplar Street boating Montague May 29. June 12, 22. July 9, 17, 20. August 3, 19, 31
access area across from
Deerfield River
confluence
4 Rock Dam in the bypass | Montague May 29. June 11, 22. July 9, 17, 20, August 3, 19, 31.
reach; 2 transects
upstream and 4
downstream from the
Rock Dam
5 Barton Cove Gill May 27. June 8, 19. July 2, 8, 25. August 5, 18. Sept 2.

Table 3.3.3.1.3.1-2: Survey Sites and Dates for the Phase 3 Quantitative Odonate Surveys in the Connecticut

River, 2016
Site Location Town Date Surveyed (2016)
1 Mt. Holyoke College Crew South Hadley June 11
Docks (below Cabot Station)
2 Hatfield Boat Ramp (below Hatfield May 31, June 3, June 14, June 17, July
Cabot Station) 7
3 Route 116 Bridge, West Side South Deerfield | May 27, June 2, June 4, June 7, June
(below Cabot Station) 13, June 17, June 20, June 24, July 5,
July 6
4 Route 116 Bridge, East Side Sunderland June 4, June 7, June 20, June 22, June
(below Cabot Station) 24, June 27, July 7, July 13
5 MADFW Conservation Lands Montague May 27, May 31, June 6, June 13, June
(below Cabot Station) 22
6 Poplar Street (below Cabot Montague July 6
Station)
7 Rock Dam (Bypass Reach) Montague June 6, June 9, June 14, June 24, July
6
8 Mt. Hermon School (TFI) Gill June 4, June 9

E-298



This page is intentionally left blank



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project

EXHIBIT E- ENVIRONMENTAL REPORT

Table 3.3.3.1.3.1-3: Odonates Documented in the Study Areas during Odonate Surveys, 2014-2016

S Abbreviation State Statis Phase 1 (2014) Survey Site Phase 2 (2015) Survey Site Phase 3 (2016) Survey Site Total
112 |3|4|5|6|7|8| 1 2 3| 4 5 |12 3|4 |5 |67 |8]|(2015-2016)
Arigomphus furcifer ArFu P 0 0 0|0 0 |0Jj0OJO|O|0|0|]O0]|O 0
Basiaeschna janata Bala 0 0 0|0 2 |0j]0O|JO|O|0O0|0O|O0]|O 2
Boyeria vinosa BoVi P P|P|P|P|P| 58 3 |11]| 6 0 |0jO|JO|O|O|0O|O0]|O 78
Cordulegaster maculata CoMa 0 0 0|1 0 |0j]O|JO|O|O0|0|O0]|O 1
Dromogomphus spinosus DrSp 3 10 | 1 | 2 2 |0|1|2|0|0|0|0]|O0 21
Epitheca princeps EpPr P|P|P|P|P 0 0 0|1 (100/0(0O] 0| O0)|O0|0O|O0]O 102
Gomphus abbreviatus GoAb Special Concern PIP|P|P|P| 2 4 0 (24| 0 |O|O] O | O |O0|O0O|O0]|O 20
Gomphus vastus GoVa P|{P|P|P|P| 70 |129 | 2 |18 | O [0 |3 |19 (53|35 |0|19|0 348
Gomphus ventricosus GoVe Threatened P 0 0 0|0 0 |0jO|JO|O|O|0O|O0]|O 0
Hagenius brevistylus HaBr 2 1 1|0 0O (0j]O|O]|]O|O0O]0O]O0]O 4
Libellula sp. Lisp 0 0 0|0 6 [0/0|] 0| 0|0 (|O0O|O0]|O 6
Libellulinae (unidentified) Li 0 0 0|0 |12 |0O|O0O|]O0O|O0}| 00| 0|0 12
Macromia illinoiensis Mall P|IP|P|P|P|P|P|P| 3 2 6 2 1 0(0] 0 0 0 |0| 0|0 14
Neurocordulia yamaskanensis NeYa P|(P|P|P|P|P|P|P| 3 8 4 | 6 2 (0|00 O|O0O]O]O0]O 23
Ophiogomphus rupinsulensis OpRu P|{P|P|P|P| 5 20 | 0 | O 0O (0OjO|O]|O|O]O]O]O 25
Perithemis tenera PeTe P|{P|P|P|P| O 0 0 0|27 |0|0| O 0 0 |00 |0 27
Stylurus amnicola StAm Endangered 3 1 510 0O (0|04 ]| 0|O0]0]O0]O 13
Stylurus spiniceps StSp P 23 | 25 | 9 | b5 0 (0|0 |13| 8| 0]|0|]O0]O 83
Total | 172 | 203 | 39 |55 [ 153 | 0 (4 |38 |61 |35 |0 (19| 0 779

Note: 2014, 2015, and 2016 site numbers and locations differ and are included below. No quantitative surveys were performed in 2014, presence is indicated by a “P”

Phase 1 (2014) surveys sites included:
Sites 1 — 3: Barton Cove
Site 4: Bypass Reach above and below Rock Dam
Site 5: Downstream from Railroad Bridge at Montague
Site 6: Between Railroad Bridge and Third Island
Site 7: Upstream from Third Island
Site 8: Route 116 Bridge, Boat Ramp

Phase 2 (2015) survey sites included:

Site 1: Eastern shore near the Route 116 Bridge (Sunderland)

Site 2: Massachusetts Division of Fisheries and Wildlife conservation lands on the eastern
shore upstream from the Sawmill River confluence (Montague)

Site 3: Area from bike path bridge to Montague City Road, opposite the Deerfield River

confluence (Montague)
Site 4: Upstream and downstream from the Rock Dam in the bypass reach (Montague)
Site 5: Barton Cove (Gill)

. Colors in the table indicate relative location (Blue = TFI, Orange = Bypass Reach, Green = Downstream Areas

Phase 3 (2016) survey sites included:
Site 1: Near the Mt. Holyoke College crew dock (South Hadley)
Site 2: Western shore upstream and downstream from the Hatfield Boat ramp (Hatfield)
Site 3: Western shore near the Route 116 Bridge (Sunderland)
Site 4: Eastern shore near the Route 116 Bridge (Sunderland)
Site 5: MADFW conservation lands on the eastern shore upstream from the Sawmill River
confluence (Montague)
Site 6: Area from bike path bridge to Montague City Road, opposite the Deerfield River
confluence (Montague)
Site 7: Upstream and downstream from the Rock Dam in the bypass reach (Montague)
Site 8: Mt. Hermon School crew dock, including both the western shore and the eastern shore
(Gill and Northfield)
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Table 3.3.3.1.3.1-4: Summary of Vertical Crawl Heights, Critical Height Percentiles, and Horizontal Crawl Distances for Odonate Species and Species Groups
Collected in 2015 and 2016.

Statistic Species Groups
BaJa BoVi DrSp EpPr GoAb GoVa HaBr Li Mall NeYa OpRu PeTe StAm StSp | Aeshnidae Gomphus Libellulidae Stylurus
Vertical Crawl Height (ft)

Sample Size 2 78 21 102 20 348 4 18 14 23 25 27 13 83 80 389 45 100
Average 65 59 52 42 71 74 57 31 71 66 33 25 24 40 5.9 7.2 2.8 3.9
StDev 127 288 437 217 269 333 453 159 488 466 245 131 239 357 2.85 3.39 1.45 3.51
Minimum 56 03 01 06 30 00 01 05 02 02 04 03 00 00 0.3 0.0 0.3 0.0

25th Percentile 6.1 42 24 24 52 48 33 22 34 33 12 19 04 16 4.3 4.7 1.9 1.2
Median 65 55 28 40 71 73 59 29 70 56 35 24 22 34 55 7.2 2.5 3.3

75th Percentile 70 74 88 58 86 96 82 39 104 93 43 28 29 55 7.4 9.5 3.1 5.4
Maximum 74 145 133 100 138 175 108 6.6 175 175 115 65 7.2 222 14.5 17.5 6.6 22.2

Critical Height Percentiles (ft)
5% 569 151 013 093 335 181 077 127 075 112 043 107 0.15 0.09 1.52 1.69 1.00 0.08
10% 578 226 015 146 351 3.07 142 147 160 171 0.79 146 0.27 0.18 2.30 2.81 1.44 0.17
20% 596 3.96 184 212 505 442 270 19 314 269 111 174 037 1.01 3.99 4.15 1.78 0.67
30% 6.14 453 250 260 522 559 399 241 367 4.03 131 192 075 224 4.58 5.26 1.94 2.14
50% 650 547 283 400 7.08 734 588 290 6.98 563 345 240 217 3.35 5.51 7.23 2.50 3.29
Horizontal Crawl Distance (ft)

Sample Size 2 77 21 102 20 348 4 18 14 23 25 27 13 83 79 389 45 96
Average 136 172 118 124 128 171 155 110 165 132 102 7.7 65 14.2 17.1 16.6 9.0 13.1
StDev 023 9.86 7.26 7.62 1099 1162 10.05 6.21 13.23 10.52 6.95 5.18 6.45 11.34 9.75 11.47 5.78 11.10
Minimum 135 15 03 03 10 02 05 36 13 07 00 13 00 00 15 0.2 13 0.0

25th Percentile 135 115 69 7.9 3.4 87 151 50 58 45 52 36 13 39 11.5 8.4 4.3 2.9
Median 136 16.2 112 116 8.2 144 202 11.2 130 121 85 6.7 41 125 16.1 13.8 7.9 11.8

75th Percentile 137 223 166 131 23.0 243 206 135 250 203 135 113 125 226 22.3 23.3 12.8 21.7
Maximum 138 58.9 246 394 331 499 213 249 433 37.1 285 200 18.7 58.1 58.9 49.9 24.9 58.1

Note: Aeshnidae combines Basiaeschna janata (BaJa) and Boyeria vinosa (BoVi). Libellulidae combines Libellulinae (Li) and Perithemis tenera (PeTe). Gomphus combines Gomphus vastus
(GoVa), Gomphus abbreviatus (GoAb), and Dromogomphus spinosus (DrSp). Stylurus combines Stylurus amnicola (StAm) and Stylurus spiniceps (StSp)
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Table 3.3.3.1.3.1-5: Eclosure Duration and Sample Sizes for Odonate Species.

) o Eclosure Period
SRR ST Start-Free Free-Flight Start-Flight
Boyeria vinosa
Sample Size 1 1 1
Min Time 0:30 0:54 1:24
Max Time 0:30 0:54 1:24
Average Time 0:30 0:54 1:24
Dromogomphus spinosus
Sample Size 6 6 6
Min Time 0:10 0:21 0:41
Max Time 0:30 1:28 1:58
Average Time 0:22 0:47 1:10
Gomphus abbreviatus
Sample Size 1 1 1
Min Time 0:30 0:46 1:16
Max Time 0:30 0:46 1:16
Average Time 0:30 0:46 1:16
Gomphus vastus
Sample Size 130 122 122
Min Time 0:08 0:14 0:28
Max Time 0:30 1:34 1:45
Average Time 0:17 0:43 1:00
Libellulidae
Sample Size 3 2 2
Min Time 0:30 0:25 0:55
Max Time 0:30 1:36 2:06
Average Time 0:30 1:00 1:30
Stylurus amnicola
Sample Size 7 6 6
Min Time 0:09 0:15 0:29
Max Time 0:30 0:30 1:00
Average Time 0:21 0:24 0:43
Stylurus spiniceps
Sample Size 25 25 25
Min Time 0:07 0:16 0:24
Max Time 0:30 0:55 1:25
Average Time 0:13 0:28 0:41
Ophiogomphus rupinsulensis
Sample Size 7 7 7
Min Time 0:30 0:07 0:37
Max Time 0:30 0:52 1:22
Average Time 0:30 0:20 0:50
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Table 3.3.3.1.3.1-6: Eclosure Duration and Sample Sizes for Odonate Species Groups.

) o Eclosure Period
SIEEEIER ST Start-Free Free-Flight Start-Flight
Gomphus Group
Sample Size 137 129 129
Min Time 0:08 0:14 0:28
Max Time 0:30 1:34 1:58
Average Time 0:17 0:43 1:01
Stylurus Group
Sample Size 32 31 31
Min Time 0:07 0:15 0:24
Max Time 0:30 0:55 1:25
Average Time 0:14 0:27 0:42
All Species
Sample Size 180 170 170
Min Time 0:07 0:07 0:24
Max Time 0:30 1:36 2:06
Average Time 0:18 0:39 0:58
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Table 3.3.3.1.3.1-7: Critical Protective Rates Developed for Odonate Species in the Project Areas

Critical Protective

Critical Protective

Rate
Species/Group Percentile  ft/hr
G. abbreviatus CPR-95% 1.67
CPR-90% 1.76
CPR-80% 2.52
CPR-70% 2.61
CPR-50% 3.54
G. vastus CPR-95% 0.91
CPR-90% 1.53
CPR-80% 2.21
CPR-70% 2.79
CPR-50% 3.67
Gomphus Group  CPR-95% 0.85
CPR-90% 1.41
CPR-80% 2.07
CPR-70% 2.63
CPR-50% 3.62
S. amnicola CPR-95% 0.07
CPR-90% 0.13
CPR-80% 0.18
CPR-70% 0.37
CPR-50% 1.08
Stylurus Group CPR-95% 0.04
CPR-90% 0.08
CPR-80% 0.34
CPR-70% 1.07
CPR-50% 1.65
N. yamaskanensis CPR-95% 0.56
CPR-90% 0.86
CPR-80% 1.34
CPR-70% 2.02
CPR-50% 2.82

Rate
Species/Group Percentile  ft/hr
D. spinosus CPR-95% 0.06
CPR-90% 0.08
CPR-80% 0.92
CPR-70% 1.25
CPR-50% 1.42
O. rupinsulensis  CPR-95% 0.22
CPR-90% 0.40
CPR-80% 0.56
CPR-70% 0.65
CPR-50% 1.73
M. illinoiensis CPR-95% 0.38
CPR-90% 0.80
CPR-80% 1.57
CPR-70% 1.83
CPR-50% 3.49
E. princeps CPR-95% 0.47
CPR-90% 0.73
CPR-80% 1.06
CPR-70% 1.30
CPR-50% 2.00
Aeshnidae Group CPR-95% 0.76
CPR-90% 1.15
CPR-80% 1.99
CPR-70% 2.29
CPR-50% 2.76
Libellulidae Group CPR-95% 0.50
CPR-90% 0.72
CPR-80% 0.89
CPR-70% 0.97
CPR-50% 1.25
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Figure 3.3.3.1.3.1-1: Total Counts of Odonate Exuviae and Tenerals for each Sampling Period, for all Transects Combined at each of the Survey Sites

(2015 Data Only)

Note: The dates of each sampling period at each site is listed in Table 3.3.3.1.3.1-1.
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3.3.3.1.3.2 Freshwater Mussels

Freshwater mussels are part of the benthic fauna in the TFI, bypass reach, power canal, and downstream
areas. The Eastern Elliptio is the dominant species forming expansive beds along much of the TFl and in
downstream areas. Recent surveys for mussels in the Project areas, and beyond, include:

e 2011 — Assessment of the distribution, abundance, and habitat of freshwater mussels in the TFlI,
bypass reach, power canal, and areas downstream of Cabot Station to the Deerfield River
confluence.

e 2014 — Delineated populations of state-listed mussels and suitable habitat from Cabot Station
downstream to the Route 116 Bridge in Sunderland.

e Freshwater mussel studies in the Holyoke Dam Impoundment over the course of several years
between 2003 and 2014, from Dry Brook (Sunderland) to the Holyoke Dam.

Figure 3.3.3.1.3.2-1 shows the locations of these surveys.

Impoundment, Bypass Reach, Power Canal, and nearby Downstream Areas

In 2011, a freshwater mussel survey was conducted in a 20-mile reach of the TFI, and a 3.5-mile reach from
Turners Falls Dam to the confluence with the Deerfield River (2.5 of the 3.5 miles is in the bypass reach),
as well as 2.1 miles of the power canal. The study objective was to assess the distribution, abundance, and
habitat of freshwater mussels. The TFI and bypass reach surveys were conducted during low flow in August
and the power canal survey was conducted during the September canal drawdown. Five freshwater mussel
species were found, including the Eastern Elliptio, Alewife Floater, Eastern Lampmussel, Eastern Floater,
and Triangle Floater. The Eastern Elliptio was found at 96.2% of the 52 sites sampled and was 100 to 1,000
times more abundant than other species. Over 400 Alewife Floaters were found with the highest densities
in the upstream end of the TFI. Of the few Eastern Lampmussel that were found, they were mostly found
in the TFI and not in the bypass reach or power canal. A total of eight Eastern Floaters were found in the
TFI and in the power canal. One Triangle Floater was found near the mouth of the Deerfield River. Mussels
were found in a wide range of water depths, flow conditions, and substrate conditions.

The Alewife Floater was broadly distributed in the survey area but in low densities in the power canal,
bypass reach, and lower two-thirds of the TFI. The Eastern Lampmussel was found in limited numbers
throughout the survey area. The Triangle Floater was listed as Special Concern in MA until 2012 when it
was removed from the list. Triangle Floaters are numerous in many Connecticut River tributaries including
the Ashuelot and Millers Rivers which flow into the TFI. No state listed or federally threatened or
endangered mussel species were found during the 2011 survey.

Cabot Station to Sunderland (Downstream Areas)

Based on surveys performed in 2014 (FirstLight, 2016n) , the mussel community in the nine-mile reach
from Cabot Station to the Route 116 Bridge is strongly dominated by Eastern Elliptio, as no live mussels
of other species were found (Table 3.3.3.1.3.2-1; Figure 3.3.3.1.3.2-2). Eastern Elliptio are common to
abundant in a wide range of habitat types, and the presence of a relatively high proportion of juveniles
(which are usually underrepresented in qualitative surveys) suggests recruitment success is high. The
presence of more than 30 Alewife Floater shells suggest that live Alewife Floater may also exist within this
reach, but at very low population densities and possibly confined to small patches that were undetected in
the 2014 survey. Only relic shells of state listed Yellow Lampmussel (1) and Eastern Lampmussel (2) were
found.
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Holyoke Impoundment

Surveys for mussels in areas of the Holyoke Impoundment, between Sunderland and the Holyoke Dam,
focused on state listed species. Information regarding the distribution of state listed mussel species in this
area is provided in Threatened and Endangered Species section of this AFLA.
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Table 3.3.3.1.3.2-1:

Mussel Species Found at Each of the 26 Survey Sites below Cabot Station, 2014.

Mussel Species
Site Eastern Eastern Alewife Yellow
Elliptio Lampmussel Floater Lampmussel
1 100s
2 1,000s 1(S) 1(S)
3 150
4 64
5 1,000s 2(S) 1(S)
6 100
7 1,000s
8 100s
9 1,000s
10 100s
11 1,000s
12 150
13 100s
14 1,000s
15 1,000s 30(S)
16 1,000s
17 1,000s 1(S)
18 1,000s
19 1,000s
20 1,000s
21 1,000s
22 1,000s
23 1,000s
24 100s
25 100s
26 53
S=shell only
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3.3.3.1.4 Environmental Effects

Several issues pertaining to fish and aquatic resources were identified in the scoping process for the
Northfield Mountain Project and Turners Falls Project. In SD2, the following issues were identified:

o Effects of Project operations and maintenance (including fluctuations in water levels, and
downstream releases) on aquatic habitat and resources in the Projects’ vicinity (e.g., resident and
migratory fish populations; fish spawning, rearing, feeding, and overwintering habitats; mussels
and habitat).

o  Effects of Project facilities and operations, (including reservoir fluctuations, and generation
releases) on fish migration through and within Project fishways, canals, bypassed reaches,
reservoirs, and the downstream riverine corridors.

e  Effects of entrainment on fish.

3.3.3.1.5 Agquatic Habitat

Project operations affect aquatic habitat by altering flows, which affects water levels and velocities.
Pumping and generation at the Northfield Mountain Project can raise and lower TFI WSELSs and result in
changes to river flows in the TFI. Additionally, generation and dam spillway controls at the Turners Falls
Project affect water levels in TFI, along with flows in the power canal, bypass reach, and areas downstream.

3.3.3.1.5.1 Turners Falls Impoundment

The Licensee completed Study No. 3.3.14 Aquatic Habitat Mapping of the Turners Falls Impoundment
(FirstLight, 2015a) to determine the types of aquatic habitats present within the TFI, and the distribution
and abundance of those habitats, and to identify any potential effects of operations of the Turners Falls
Project and Northfield Mountain Project on those habitats. Study Report No. 3.3.14 was filed on June 30,
2015. This study described how TFI WSELs fluctuate due to the inflows from the Vernon Project,
tributaries, Northfield Mountain Project pumping and generation, Turners Falls Dam operations, naturally
high flows, and boat wakes and the resulting effect on littoral aquatic habitat and aquatic species. The TFI
was classified into two geomorphic units:

e The upstream reach (~13 miles) is riverine with alluvial substrates ranging from fines to gravels
and cobbles. In general, object cover in this reach is poor and limited to occasional patches of
woody debris or fringe SAV beds.

e The downstream reach (~7 miles) is bedrock controlled, with more variability relative to cover,
substrate, and bed profile. Cover is generally submerged or emerging aquatic vegetation beds,
boulders, and ledge crevasses and adjacent areas of deeper water that provide relatively good cover.

The Licensee completed Study No. 3.3.13 Impacts of the Turners Falls Project and Northfield Mountain
Project on Littoral Zone Fish Habitat and Spawning Habitat (FirstLight, 20161) which identified the timing
and locations of fish spawning in the littoral zone of the TFIl. This study also qualitatively described the
shallow water habitat types (i.e., substrate composition, vegetation presence and type, elevation, water
velocity, etc.) during field efforts of 2015.

Both of these studies used Study No. 3.2.2 Hydraulic Study of Turners Falls Impoundment, Bypass Reach,
and Below Cabot to help determine the WSEL fluctuation throughout different locations of the TFI during
historic hourly modeled conditions for January 1, 2000, to September 30, 2014. As part of the process for
preparation of the AFLA, the TFI Hydraulic model was used to determine the hourly WSEL variations
under baseline and FirstLight’s proposed operation conditions. As shown in the modeled hourly TFI
elevation duration curves and histograms in Section 3.3.2 (Water Resources), only very limited differences
in the fluctuations of TFI WSELSs are likely under FirstLight proposed conditions as compared to baseline
conditions.
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3.3.3.1.5.1.1 American Shad Spawning

For the TFI, the only observed spawning of American Shad in the TFI occurred near Stebbins Island over
a range of conditions. The impact of operations on American Shad spawning habitat in the Stebbins Island
location were evaluated by GRH as part of its instream flow study below Vernon Dam, with a study report
filed on May 20, 2019 (GRH, 2019). The habitat near Stebbins Island is a function of both VVernon Project
discharges and TFI water levels (see Figure 3.3.3.2.1.1.1-1). Flows from Vernon Dam have a greater effect
on habitat suitability than TFI water levels overall, and the effect of TFI water levels declines with
increasing flow when flows are above 6,000 cfs. Typical spring spawning period flows would be higher
than 6,000 cfs, providing a high percentage of the suitable habitat area that is driven by Vernon flow and is
not heavily dependent on TFI water levels.
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3.3.3.1.5.1.2 Sea Lamprey Spawning

As indicated in Section 3.3.3.1.2.2.4, FirstLight identified spawning locations within the Project area and
monitored redds in 2015 to assess whether operations of GRH’s Vernon Project and the Turners Falls and
Northfield Mountain Projects could potentially impact these spawning areas near Stebbins Island. Effects
of operations in the TFI are evaluated below.

Habitat Suitability Criteria

Upon review of habitat suitability criteria used from the literature for habitat modeling, it was determined
that Sea Lamprey spawning redds were built in 2015 at depths and velocities outside of the published habitat
suitability index (HIS) recommended by the agencies and other stakeholders in Relicensing Study No. 3.3.1
Instream Flow Habitat Assessments in the Bypass Reach and below Cabot Station (FirstLight, 2016a).
Following study report meetings conducted by FirstLight with resource agencies and other stakeholders on
October 31 and November 1, 2016, the FERC issued its Determination on Requests for Study Modifications
and New Studies on February 17, 2017. In its Determination Letter relative to Study No. 3.3.1, FERC
discussed HSI curves for Sea Lamprey based on depth and velocity data collected at nest locations.
Stakeholders requested that the HSI curves originally developed from existing literature be modified based
on the site-specific depth and velocity data collected at five Sea Lamprey nesting sites in the Connecticut,
Ashuelot and Millers Rivers. FERC’s Determination Letter stated:

“Because this site-specific habitat data is specific to the project area and would be useful for adjusting or
verifying the HSI curves taken from the literature, we recommend FirstLight consult with the agencies and
use the data collected at documented sea lamprey spawning sites in study 3.3.15 to make adjustments to
(or verify) the literature-based curves. If use of this data result in adjustments to the HSI curves, we
recommend that FirstLight incorporate the new curves into the PHABSIM model and produce revised
estimates of WUA for sea lamprey spawning in the bypassed reach and downstream of Cabot Station and
file an addendum to the study by May 15, 2017".

FirstLight consulted with stakeholders on a method for developing the Sea Lamprey spawning curves and
in May of 2018 submitted to FERC the Addendum No. 4 (Relicensing Study 3.3.1) New Sea Lamprey
weighted usable area curves based on agency proposed habitat suitability index curves. The revised habitat
suitability curves are provided in Figure 3.3.3.2.1.1.2-1 and Figure 3.3.3.2.1.1.2-2). There was no change
to the substrate criteria (Figure 3.3.3.2.1.1.2-3).

Spawning Habitat in the Upper TFI

As part of the relicensing process for Vernon, GRH conducted an instream flow study of this area to
determine suitable Vernon releases for sea lamprey spawning. The results of GRH’s Instream Flow
Incremental Methodology (IFIM) study were summarized in its Study 9: Instream Flow Study — Revised
Final Report, filed on May 20, 2019(GRH, 2019). GRH’s instream flow study of the Stebbins Island Area
shows the combined effects of Vernon releases and TFI water levels on Sea Lamprey spawning habitat
(Figure 3.3.3.2.1.1.2-4). Except for extremely high Turners Falls Dam water levels (i.e. 185 feet), the
amount of variability in habitat suitability varies relatively little with changing Turners Falls Dam water
levels in comparison to changes in flow from Vernon Dam (Figure 3.3.3.2.1.1.2-4). Further, flows during
the spring spawning period are often considerably higher than 6,000 cfs, which would result in lower
amounts of habitat due to higher river flows and less of an impact from Turners Falls Dam water levels
(Figure 3.3.3.2.1.1.2-4). At higher flow rates, habitat is driven primarily by flow from Vernon Dam and is
not dependent on TFI water levels.
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Spawning Habitat in the Ashuelot and Millers River near the Connecticut River
As noted in Addendum No. 1 (Relicensing Study 3.3.15) Assessment of Sea Lamprey Spawning Within

Turners Falls Project and Northfield Project Area, hydraulic models of the redd locations on the Ashuelot
and Millers Ashuelot Rivers do not exist. However, as observed in 2015 and summarized in Study 3.3.15,
the location of the Ashuelot River redds only experienced backwater conditions when Vernon discharges
were 35,000 cfs and above when constrictions at the French King Gorge and elsewhere control the WSEL
at the upper end of the TFI. Such high inflows are also outside of the Projects’ capacity to control®. The
Millers River redds were located about 2,150 feet upstream of the confluence with the Connecticut River
and outside of backwater effects from the TFI. Redds found in both tributaries are outside of the effect of

either the Northfield Mountain Project or the Turners Falls Project.
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Figure 3.3.3.2.1.1.2-1 Lamprey Spawning Habitat Suitability Curve — Velocity

8 The Turners Falls Project has a total hydraulic capacity of approximately 15,938 cfs. When inflows exceed approximately 15,938
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3.3.3.1.5.2 Tributary Streams

FirstLight performed systematic surveys in the spring, summer, and fall of 2014 as part of Study No. 3.3.17
Assess the Impact of Project Operations of the Turners Falls Project and Northfield Mountain Project on
Tributary and Backwater Area Access and Habitat (FirstLight, 2015b) to assess the effects of operations
of the Turners Falls Project and Northfield Mountain Project on tributary and backwater area habitat and
access to that habitat under a range of hydrologic conditions.

The confluences of 19 tributaries to the Connecticut River located between VVernon Dam and the Route 116
Bridge in Sunderland, MA were surveyed to determine if water level fluctuations from the operation of the
Turners Falls Project and Northfield Mountain Project resulted in reductions of available aquatic habitat.
During field sampling the maximum and minimum water levels ranged from 184.2 feet to 178.33 feet as
measured at the Turners Falls Dam. Potential barriers to migration/movement were observed at three of the
19 tributaries, namely Merriam Brook, Pine Meadow Brook, and Fourmile Brook; however, it appeared
that the barriers were attributable to natural phenomena, such as woody debris accumulation, sediment
deposition, or seasonal flow characteristics, rather than to Project-related water level fluctuations. As the
observed barriers appeared temporary and localized, it appears that Project operations do not substantially
impact access to and habitat within the tributaries.

3.3.3.1.5.3 Power Canal

Water levels in the power canal are operated within a narrow elevation range, though flows can vary
between full Project capacity and no flow. As such, habitat in the canal can change drastically with changes
in operations. However, no specific habitat evaluations were performed in the canal, given that habitat
would be more limited than other reaches of the Project areas, and the canal is primarily used as a migratory
pathway for species such as American Shad and American Eel.

FirstLight performs week-long annual canal drawdowns to facilitate inspections and maintenance, typically
during late September or early October. The Licensee conducted a canal drawdown study during the 2014
drawdown (Study No. 3.3.18 Impacts of the Turners Falls Canal Drawdown on Fish Migration and Aquatic
Organisms). The Canal Drawdown report was filed with FERC on March 1, 2016 (FirstLight, 2015¢).

A field survey was conducted in the lower portion of the canal during the 2014 drawdown to gain an
understanding of the effects of the drawdown on aquatic species. Since the upper portion of the canal, just
before it widens, remains wetted for the duration of the outage, the aquatic species survey was performed
only in the lower portion of the canal, where it begins to widen along Migratory Way. The topography of
the lower portion of the canal varies with large areas of silt deposits, areas of exposed bedrock, and areas
with fines and cobble.

A survey was performed in the soft sediments in the lower portion of the power canal during the 2014
drawdown to document the presence of ammocoetes and to determine if the annual drawdown of the canal
exposes Sea Lamprey burrowing substrate. Thirty-two 1 m x 1 m quadrats were sited within soft sediments
and systematically searched for the presence of lamprey ammocoetes. The quadrat sampling was performed
on the day immediately following the release of water from the canal (initial survey), as well as the day
prior to rewatering. Of the 64 quadrats sampled (32 during initial survey and 32 during day-prior-to-
rewatering survey), only 11 ammocoetes and one transformer (individuals transitioning from ammocoete
to juvenile stage) were identified, all of which were alive. The lamprey specimens were all found buried in
the substrate, which likely serves to prevent desiccation and support survival until the canal is refilled.

In addition to lamprey ammocoetes, quadrat sampling identified mudpuppies and two species of mussels,
Eastern Elliptio and Alewife Floaters. Almost all mussels found were Eastern Elliptio (n=534); only one
Alewife Floater was observed. Mussels tended to be concentrated at sites proximal to the canal’s thalweg.
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All mussels observed during the sampling events were alive, and 2 of the 3 mudpuppies observed were
dead.

The pools that remain in the lower portion of the canal during the drawdown were sampled by electrofishing
or seining. Twenty-two fish and one amphibian species were observed in the pools. Spottail Shiner,
Tessellated Darter, and juvenile American Shad were the most abundant fish species observed. All fishes
captured in the pools were alive at the time of collection, suggesting that observed mortalities at the time
of sample processing were likely due to handling and temporary holding associated with sampling.

Based on results of the 2014 sampling effort, it appears that the annual drawdown has little effect on
Connecticut River aquatic species. As the canal drawdown is initiated, the turbine bays at Cabot Station
and Station No. 1, as well as various gates within the canal allow egress for fish. Canal geometry is such
that the upper portion of the canal, just before it widens, remains wetted for the duration of the drawdown,
and Keith’s Tunnel is open with substantial flow through it during the duration of the drawdown. This area
provides a refuge area for fishes that remain following the release of water from the lower canal. In addition,
a series of pools remain in the lower portion of the canal that provide wetted habitat for fishes and mussels
that remain trapped within the canal for the week-long drawdown. Although the size of some of the pools
decreased over the course of the week spanning the drawdown, most of the pools (11 of the 14 identified)
were observed to be hydraulically connected and allowed fish to progress downstream toward a larger pool
upstream of the Cabot Station intake, which remained for the duration of the drawdown.

Results of the meander survey conducted in the lower portion of the canal during the 2014 drawdown
revealed an estimated 766 fish, representing nine species, were stranded following release of the canal
water. American Shad and sunfish species (e.g., Bluegill, Pumpkinseed, Largemouth Bass, and Rock Bass)
accounted for nearly 50% of the observed stranded fishes. Overall, these results suggest minor impacts to
Connecticut River fish populations, and the absence of freshly dead mussels suggests that the drawdown
does not adversely affect Connecticut River mussel populations.

3.3.3.1.5.4 Bypass Reach and below Cabot Station

Flows in the bypass reach and downstream are important for several aquatic resources and are a major focus
of FirstLight’s proposal. As a major part of developing the proposed flow rates, FirstLight evaluated the
habitat-flow relationships of key species such as American Shad and the federally listed SNS.

Per the FERC license, a continuous minimum flow of 200 cfs is maintained in the bypass reach starting on
May 1 and increases to 400 cfs when fish passage starts by releasing flow through a bascule gate. The 400
cfs continuous minimum flow is provided through July 15, unless the upstream fish passage season has
concluded early in which case the 400 cfs flow is reduced to 120 cfs to provide a zone of passage for
Shortnose Sturgeon. The 120 cfs continuous minimum flow is maintained in the bypass reach from the date
the fishways are closed (or by July 16) until the river temperature drops below 7°C, which typically occurs
around November 15.

Under the current FERC license for the Turners Falls Project, a continuous minimum flow of 1,433 cfs or
inflow, whichever is less below the Turners Falls Project. FirstLight typically maintains the minimum flow
requirement through discharges at Cabot Station and/or Station No. 1.

FirstLight’s proposal is substantially different, with seasonal bypass reach minimum flows of:

e 6,500 cfs, or the natural routed flow (NRF®), whichever is less, with 4,290 cfs from Turners Falls
Dam and 2,210 from Station No. 1 from April 1 through May 31. Minimum proposed flows
downstream of the Project during this period is 6,500 cfs, or the NRF, whichever is less.

9 The Naturally Routed Flow= Vernon Project Discharge + Ashuelot River flow + Millers River flow. The Ashuelot and Millers
Rivers are equipped with USGS gages.
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e 4,500 cfs, or the NRF, whichever is less, with 2,990 cfs from Turners Falls Dam and 1,510 from
Station No. 1! from June 1 through June 15. Minimum proposed flows downstream of the Project
during this period is 6,800 cfs, or the NRF, whichever is less.

e 3,500 cfs, or the NRF, whichever is less, with 2,280 cfs from Turners Falls Dam and 1,220 from
Station No. 1! from June 16 through June 30. Minimum proposed flows downstream of the
Project during this period is 5,800 cfs, or the NRF, whichever is less.

e 1,800 cfs, or the NRF, whichever is less, with 670 cfs from Turners Falls Dam and 1,130 from
Station No. 1 from July 1 through August 31. Minimum proposed flows downstream of the
Project during this period is 1,800 cfs, or the NRF, whichever is less.

e 1,500 cfs, or the NRF, whichever is less, with 500 cfs from Turners Falls Dam and 1,000 from
Station No. 1! from September 1 through November 30. Minimum proposed flows downstream
of the Project during this period is 1,500 cfs, or the NRF, whichever is less.

e 1,500 cfs, or the NRF, whichever is less, with 300 cfs from Turners Falls Dam and 1,200 from
Station No. 1! from December 1 through March 31. Minimum proposed flows downstream of the
Project during this period is 1,500 cfs, or the NRF, whichever is less.

1 The Turners Falls Hydro (TFH) project (FERC No. 2622) and Milton Hilton, LLC project (unlicensed) are located
on the power canal and discharge into the bypass reach upstream of Station No. 1. The hydraulic capacity of the TFH
project and Milton Hilton, LLC project is 289 and 113 cfs, respectively. If the TFH project is operating, FirstLight
will reduce its Station No. 1 discharge by 289 cfs. If the Milton Hilton, LLC project is operating, FirstLight will
reduce its Station No. 1 discharge by 113 cfs.

The proposed bypass flow regime would be implemented starting in Year 1 of the license, while other
operational measures (flow regime below Cabot such as up- and down-ramping) would be implemented
starting in Year 4.

In addition to the bypass flows and flow below Cabot Station, FirstLight is proposing to up- and down-
ramp Cabot Station at 2,300 cfs/hour, 24 hours/day, from April 1 to May 31 to protect SNS.

FirstLight has conducted instream flow studies (Study No. 3.3.1 Instream Flow Studies in Bypass Channel
and below Cabot Station) in the following locations: a) in the bypass reach from the Turners Falls Dam to
the Montague USGS Gage, and b) from the USGS Gage to the Sunderland Bridge (below Cabot Station).
In addition, in the reach between the Sunderland Bridge and the Dinosaur Footprints Reservation, a habitat
assessment was conducted for state listed mussels.

Aguatic habitat suitability was evaluated using IFIM techniques developed by the National Ecology
Research Center of the National Biological Survey (Bovee, 1982; Bovee, et al., 1998; Milhouse et al. 1989).
These techniques included standard field procedures and Physical Habitat Simulation (PHABSIM)
modeling. The IFIM quantifies habitat for selected species over a range of flows using habitat suitability
index (HSI) criteria that are based on depth, velocity and substrate.

The study reaches identified in consultation with stakeholders were:

e Reach 1: Turners Falls Dam downstream to the tailrace of Station Number 1 (~0.75 miles)
Reach 2: Tailrace of Station No. 1 downstream to Rock Dam (~1 mile)

e Reach 3: Rock Dam downstream to the confluence with the Deerfield River (including Cabot
tailrace) near the Montague USGS stream flow gage (~1.5 miles)

e Reach 4: USGS Montague Gage downstream to Route 116 in Sunderland, MA (~9 miles)

e Reach 5: Sunderland Bridge downstream to Dinosaur Footprint Park (~22 miles)
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Based on the results of literature reviews and consultation with stakeholders, HSI criteria were established
for several target species and life stages identified in consultation with resource agencies.

In Reach 1 and Reach 2, a one-dimensional model was developed to predict changes in depth and velocity
as discharge varies. In addition, a two-dimensional model was developed to simulate hydraulics in the
lowermost extreme of Reach 2, and also Reach 3 (the vicinity of the Cabot Station tailrace, from the
upstream end of Rawson Island downstream to just below the Deerfield River confluence). Data collected
to calibrate the model, included hydraulic data, bed profiles, substrate and cover data, and velocity/current
data. Reaches 4 and 5 were modeled using applicable one-dimensional modeling approaches.

A summary of the effects of flows on aquatic habitat in Reaches 1-4 are provided below for target species
and life stages. Analyses in Reach 5 pertained only to state-listed mussel species and are included in Section
3.3.5 Threatened and Endangered Species. Additionally, an evaluation of the effects of the Project on SNS
is included Section 3.3.5 Threatened and Endangered Species.

3.3.3.1.5.4.1 Fish Spawning and Early Life Stage Habitat

The Connecticut River below Turners Falls Dam is populated by several spring-spawning species, including
American Shad, Fallfish, Sea Lamprey, White Sucker, Walleye, and the federally listed SNS. The effects
of the Project on Shortnose Sturgeon habitat are evaluated Section 3.3.5 Threatened and Endangered
Species. When river flows are within Project control (~<15,938 cfs), habitat amounts in the upper portions
of the bypass reach are consistent with that provided by the current minimum flows, which is no minimum
flow in April, 200 cfs starting May 1%, and 400 cfs during the fish passage season (Table 3.3.3.2.1.4.1-1).
Proposed bypass flows for the spring are substantially higher than currently licensed. Absent spillage, fish
species that begin pre-spawn staging and movements, along with those that begin spawning in April or May
such as White Sucker, Walleye, and the federally endangered SNS will encounter substantially higher
minimum flows under proposed conditions. However, this is a time when the Turners Falls Project is often
spilling due to high flows. Additionally, proposed increases to bypass flows, and proposed flow splits
between Turners Falls Dam and Station No. 1 are anticipated to increase the amount of spawning and early
life stage habitat in the bypass reach for several species when river flows are within the hydraulic capacity
of the Project to control (Table 3.3.3.2.1.4.1-1). Specifically, American Shad and Walleye spawning habitat
amounts would increase substantially under FirstLight’s proposal, with some benefits to White Sucker,
Fallfish, and Sea Lamprey spawning as well. These increased flows do substantially reduce habitat
suitability for various species of fry, especially White Sucker fry (Table 3.3.3.2.1.4.1-1). This is not
surprising, since velocities that would typically support spawning are likely too high for most fry. Declines
in habitat suitability in the bypass reach are not likely to result in declines in the populations of these species,
however, given that fry of these species typically swim up in the water column and drift to downstream
areas. Also, high natural spill flows in the bypass reach would result in limited suitable habitat for fry during
most years. In these cases, fry could drift downstream and settle into suitable habitats in downstream
reaches, as is consistent with their life history.

Reach 3 habitat is complex, given the interactions between bypass reach flows and Cabot Station flows. In
general, higher Cabot Station flows backwater habitats to a greater degree up to the Rawson Island Complex
and Rock Dam while higher bypass reach flows would result in swifter velocities in these areas, and more
flow through the various channels around Smead Island. Proposed minimum flows are expected to provide
benefits to several species in this reach (Table 3.3.3.2.1.4.1-2). However, Cabot Station generation also
affects habitat. Descriptions of operational effects on fish habitats that include a combination of bypass
reach minimum flows and Cabot Station generation include:

e American Shad — Spawning and adult habitat amounts are highest at a combination of high bypass
and high generation flows, and lowest at low bypass and low generation flows (Figures
3.3.3.2.1.4.1-1 and 3.3.3.2.1.4.1-2). Proposed minimum bypass flows, and baseloading one Cabot
Station unit in June (~2,300 cfs), would substantially increase the amounts of habitat relative to
existing licensed conditions.
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o Fallfish — Spawning habitat is highest at approximately 1,000 cfs bypass flows and 6,000 cfs at
Cabot Station (Figure 3.3.3.2.1.4.1-3). Fry habitat exhibits a similar pattern with flow (Figure
3.3.3.2.1.4.1-4). Current minimum bypass reach flows would provide lower amounts of these
habitats at low and high Cabot Station flows. Higher proposed bypass flows will result in the
greatest amount of fallfish spawning and fry habitat at low Cabot Station flows, with decreasing
habitat amounts with increasing Cabot Station flows.

o White Sucker — Spawning habitat is relatively limited compared to the other species that could
spawn in Reach 3. The greatest amounts of spawning habitat would be available at approximately
3,500 cfs and limited to no flow from Cabot Station (Figure 3.3.3.2.1.4.1-5). Higher proposed
bypass flows would result in less habitat at higher Cabot Station flows than under current minimum
flow conditions. Fry habitat is less affected by Cabot Station, but will be substantially lower at
higher proposed bypass flows (Figure 3.3.3.2.1.4.1-6). However, there would still be relatively high
amounts of habitat (> 1,000,000 ft?) for fry at all Cabot Station and bypass reach flows.

o Walleye — Spawning habitat is highest between 6,000-8,000 cfs bypass reach flows coupled with
2,000-4,500 cfs generation flows from Cabot Station (Figure 3.3.3.2.1.4.1-7). Proposed higher
bypass reach flows will increase the amount of spawning habitat for Walleye substantially, and
across all Cabot Station flows. Alternatively, the amount of habitat available for Walleye fry is
expected to be reduced by higher proposed bypass reach flows, given that the greatest amount of
fry habitat is available at the combination of very low bypass reach flows and moderate to high
Cabot Station generation flows (Figure 3.3.3.2.1.4.1-8).

e Sea Lamprey — Spawning habitat is highest at a combination of high bypass reach flows and high
Cabot Station generation flows (Figure 3.3.3.2.1.4.1-9). Proposed minimum bypass flows, and base
loading one Cabot Station unit in June, would substantially increase the amounts of habitat relative
to existing licensed conditions.

e Shortnose Sturgeon — Spawning and rearing habitat for Shortnose Sturgeon in Reach 3 is complex
and is evaluated in detail in the draft BA. Overall, the proposed bypass reach flows are expected to
provide high amounts of spawning habitat in Reach 3, and the proposed downstream minimum
flows that extend through June would provide high amounts of habitat for sturgeon eggs/embryos.
The downstream minimum flows also protect shoal areas below the Project, where sturgeon
eggs/embryos could be present, from becoming dewatered.

Reach 4 is nine miles long and covers a relatively large area. Depending on inflow, flows in Reach 4 in the
spring can vary between the current minimum capacity of 1,433 cfs and considerably high flows above the
Project capacity, plus flows from the Deerfield River. When flows are low, under the baseline minimum
flow of approximately 1,433 cfs, there are relatively large amounts of habitat for several spring spawning
species and early life stages, particularly SNS fry, White Sucker Fry, American Shad adults, American
Shad spawning, Fallfish fry, and Fallfish spawning/incubation (Figure 3.3.3.2.1.4.1-10; Table 3.3.3.2.1.4.1-
3). The higher minimum flows that are proposed during the spring spawning period would yield
substantially greater amounts of suitable habitat for American Shad (spawning and adults), and Walleye
(spawning and fry) (Figure 3.3.3.2.1.4.1-10; Table 3.3.3.2.1.4.1-2). The proposed minimum flows would,
however, result in substantially less habitat for the applicable springtime life stages of White Sucker and
Fallfish, with a slight reduction in Sea Lamprey spawning habitat (Table 3.3.3.2.1.4.1-1). This reduction in
habitat may not apply much of the time, given that typical springtime flow rates are often higher than the
current minimum flow.

Operating Cabot Station to meet peak demand would typically result in a range of flows that occur each
day. When flows are within the hydraulic capacity of the Project to control, but with enough flow to operate
at maximum generation capacity, habitat for most spring-spawning species would decline with increasing
flow, except for American Shad (Figure 3.3.3.2.1.4.1-10). This pattern is similar for baseline and proposed
conditions. However, for proposed operations, the day-to-day operational range will often be constrained
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due to a combination of increases in minimum flows, baseloading of a Cabot Station unit, and up- and
down-ramping rate restrictions. Thus, the full range of daily Project flows would not always occur.

E-323



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

Table 3.3.3.2.1.4.1-1: Area of Suitable Habitat for Spring Spawning Species in the Upper Portions of the Bypass Reach

Area of Suitable Habitat in Reaches 1 & 2 at Minimum Flows (square feet)
Baseline Operations Proposed Operations
May 1 to
Months Passage Passage

Species Lifestage Present April Season* Season* | April-May | June 1-15 | June 16-30
Shortnose Sturgeon | Spawning April-May - 255,439 419,106 1,305,646 - -
Shortnose Sturgeon | Egg/Embryo April-June - 923,087 1,232,100 | 3,377,958 | 3,349,794 | 3,312,290
American Shad Spawning/Incu | May-June - - 489,293 2,034,085 | 1,755,374 | 1,528,867
American Shad Adult May-June - - 462,866 1,594,864 | 1,305,009 1,109,372
Fallfish Spawn/Incu May-June - 18,742 18,685 26,523 39,116 43,561
Fallfish Fry May-June - 98,462 104,430 39,467 60,207 80,216
Walleye Spawning/Incu | April-May - 60,745 109,930 598,732 - -
Walleye Fry April-May - 15,682 17,284 10,928 - -
White Sucker Spawn/Incu April-May - 1,201 1,540 6,646 - -
White Sucker Fry May-June - 1,066,876 | 1,130,971 144,251 267,442 514,838
Sea Lamprey Spawning May-June - - 142,700 221,785 253,167 257,610

Note: Habitat amounts are approximate, based on models nearest to the actual flow rates, and averaged models for certain flow rates, from Study No. 3.3.1. For baseline operations,
there are currently no minimum flows in April. Zero flow in the bypass reach was not modeled as part of relicensing studies. Habitat increases for the proposed condition are

depicted in blue.

*The Connecticut River Atlantic Salmon Commission establishes an annual schedule for the operation of upstream fish passage facilities at the Connecticut River dams. Therefore,
the exact dates of the “Passage Season” may vary from year-to-year but would typically start in May.
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Table 3.3.3.2.1.4.1-2: Minimum Area of Suitable Habitat for Spring Spawning Species in Reach 3

Minimum Area of Suitable Habitat in Reach 3 at Minimum Flows (square feet)

Existing Operations

Proposed Operations

Months May 1 to Passage

Species Life Stage Present | April | Passage Season* | Season* | April-May June 1-15 June 16-30
Shortnose Sturgeon | Spawning April-May - 42,978 54,406 143,820 - -
Shortnose Sturgeon | Egg/Embryo April-June - 132,194 144,436 228,194 232,809 229,583
American Shad Spawning/Incu | May-June - - 902,050 1,981,674 1,925,569 1,767,126
American Shad Adult May-June - - 1,302,531 2,300,221 2,307,139 2,139,341
Fallfish Spawn/Incu May-June - 220,742 231,305 104,886 147,397 179,481
Fallfish Fry May-June - 316,767 326,356 162,598 199,993 227,006
Walleye Spawning/Incu | April-May = 277,669 332,559 572,221 - -
Walleye Fry April-May - 140,889 128,886 120,472 - -
White Sucker Spawn/Incu April-May - 11,420 14,815 25,131 - -
White Sucker Fry May-June - 1,946,281 1,849,393 994,909 11,180,965 1,204,539
Sea Lamprey Spawning May-June - - 270,872 1,108,106 975,092 840,598

Note: Habitat amounts are approximate, based on models nearest to the actual flow rates, and averaged models for certain flow rates, from Study No. 3.3.1. For baseline operations,
there are currently no minimum flows in April. Zero flow in the bypass reach was not modeled as part of relicensing studies. Habitat increases for the proposed condition are

depicted in blue.

*The Connecticut River Atlantic Salmon Commission establishes an annual schedule for the operation of upstream fish passage facilities at the Connecticut River dams. Therefore,
the exact dates of the “Passage Season” may vary from year-to-year but would typically start in May.
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Table 3.3.3.2.1.4.1-3: Area of Suitable Habitat for Spring Spawning Species in Reach 4 (Downstream Areas)

Area of Suitable Habitat in Reach 4 at Minimum Flows (square
feet)
Months Baseline Proposed

Species Life Stage Present Minimum Flow April-May June 1-15 June 16-30
Shortnose Sturgeon Fry May-June 12,314,447 16,128,365 16,056,977 16,257,214
American Shad Spawning/Incu | May-June 7,169,286 12,879,109 13,013,709 12,595,627
American Shad Adult May-June 14,884,729 24,336,843 24,569,327 23,822,383
Fallfish Spawn/Incu May-June 4,230,052 1,508,510 1,388,633 1,767,075
Fallfish Fry May-June 6,682,346 1,938,259 1,832,162 2,171,864
Walleye Spawning/Incu | April-May 1,634,274 2,394,329 - -
Walleye Fry April-May 781,469 849,060 - -
White Sucker Spawn/Incu April-May 647,509 65,312 - -
White Sucker Fry May-June 15,488,036 6,432,174 6,308,923 6,658,176
Sea Lamprey Spawning May-June 5,561,317 4,446,423 4,189,692 4,725,831

Note: Habitat amounts are approximate, based on models nearest to the actual flow rates, and averaged models for certain flow rates, from Study No. 3.3.1. Habitat increases for
the proposed condition are depicted in blue. Shortnose Sturgeon spawning and rearing are not known to occur in this reach, but sturgeon fry is a critical life stage that drifts into

this reach from areas near and above Cabot Station.
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Figure 3.3.3.2.1.4.1-1: American Shad Spawning Habitat for Minimum Bypass Flows and Ranges of Cabot Station Operation in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is the current minimum flow during the fish passage season. The black dotted line indicates proposed operations
in April/May, the purple dotted line indicates proposed operations in early June, and the yellow dotted line indicates proposed operations in late June.
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Figure 3.3.3.2.1.4.1-2: American Shad Adult Habitat for Minimum Bypass Flows and Ranges of Cabot Station Operation in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is the current minimum flow during the fish passage season. The black dotted line indicates proposed operations
in April/May, the purple dotted line indicates proposed operations in early June, and the yellow dotted line indicates proposed operations in late June.
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Figure 3.3.3.2.1.4.1-3: Fallfish Spawning Habitat for Minimum Bypass Flows and Ranges of Cabot Station Operation in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is the current minimum flow during the fish passage season. The black dotted line indicates proposed operations
in April/May, the purple dotted line indicates proposed operations in early June, and the yellow dotted line indicates proposed operations in late June.
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Figure 3.3.3.2.1.4.1-4: Fallfish Fry Habitat for Minimum Bypass Flows and Ranges of Cabot Station Operation in Reach 3
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Note: Model includes Deerfield River at 200 cfs. The red dotted line is the current minimum flow during the fish passage season. The black dotted line indicates proposed operations
in April/May, the purple dotted line indicates proposed operations in early June, and the yellow dotted line indicates proposed operations in late June.
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Figure 3.3.3.2.1.4.1-5: White Sucker Spawning Habitat for Minimum Bypass Flows and Ranges of Cabot Station Operation in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted lines are the current minimum flows during the April/May time period. The black dotted line indicates proposed
operations in April/May.
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Figure 3.3.3.2.1.4.1-6: White Sucker Fry Habitat for Minimum Bypass Flows and Ranges of Cabot Station Operation in Reach 3
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Note: Model includes Deerfield River at 200 cfs. The red dotted lines are the current minimum flows during the April/May time period. The black dotted line indicates proposed

operations in April/May.
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Figure 3.3.3.2.1.4.1-7: Walleye Spawning Habitat for Minimum Bypass Flows and Ranges of Cabot Station Operation in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted lines are the current minimum flows during the April/May time period. The black dotted line indicates proposed
operations in April/May.
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Figure 3.3.3.2.1.4.1-8: Walleye Fry Habitat for Minimum Bypass Flows and Ranges of Cabot Station Operation in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is the current minimum flow during the fish passage season. The black dotted line indicates proposed operations
in April/May, the purple dotted line indicates proposed operations in early June, and the yellow dotted line indicates proposed operations in late June.
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Figure 3.3.3.2.1.4.1-9: Sea Lamprey Spawning Habitat for Minimum Bypass Flows and Ranges of Cabot Station Operation in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is the current minimum flow during the fish passage season. The black dotted line indicates proposed operations
in April/May, the purple dotted line indicates proposed operations in early June, and the yellow dotted line indicates proposed operations in late June.

E-335



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

30,000,000 0 0

[ 11 : -

| 11 : :

< 25,000,000 { | _ S
& I i E
Pt .
= [ 11 3
S 20,000,000 { | I 5
=) .
< | 11 :
> I I :
< 15,000,000 A :
g :
2 :
~ »
= 10,000,000 -
& .
= -
o H
= :
& 5,000,000 A :

0 1 1 I-. T Ll 41—7
0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000
Flow (cfs)
~—Fallfish Spawn/Incu ~—Fallfish Fry Sea Lamprey Spawn/Incu
American Shad Adult ——American Shad Spawning —— Walleye Spawning
——Walleye Fry ——White Sucker Spawn/Incu —— White Sucker Fry

~——Shortnose Sturgeon Fry

Figure 3.3.3.2.1.4.1-10: Spring Spawning/Rearing Habitat at Minimum Flows in Reach 4
Notes: Deerfield flows are not included, but could add between 200-1,445 cfs at flows within the control of Deerfield Station No. 2

The vertical dashed orange line is the current minimum flow (1,433 cfs), the vertical dashed blue line is the approximate proposed minimum flows below the Project from April
through mid-June (6,500-6,800 cfs), and the vertical dashed purple line is the approximate proposed minimum flow in the second half of June (5,800 cfs). For flows within Project
control, and based on combined minimum spill and maximum generation capacity, the vertical dotted orange line is the current maximum peak flow from the Project (16,338 cfs),
the vertical dotted green line is the proposed maximum peak flow in April/May (20,228 cfs) and the vertical dotted purple line is the approximate proposed maximum peak flow in
June (18,928 cfs in early June, 18,218 cfs in late June).
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3.3.3.1.5.4.2 Effects of Operations on Sea Lamprey Redds

At no time were any of the 29 Sea Lamprey redds dewatered during the 2015 study period. Sea Lamprey
die after spawning, and the same exact locations will not necessarily be used each year by other Sea
Lamprey. Spawning locations chosen by Sea Lamprey could vary depending on the flow conditions
encountered and the amount of habitat provided to Sea Lamprey would be consistent with the IFIM results.

Redds in the Fall River near the Turners Falls Dam

During the 2015 field study associated with Study Report 3.3.15, one redd location was observed in the Fall
River, upstream of the confluence with the Connecticut River. Fall River enters Reach 1 of the Bypass
Reach, just below the Turners Falls Dam. During the field study it was determined that this area is only
affected by backwater during substantial spillage from Turners Dam, which occurs when river flows are
above the Project’s capacity to control.

Redds at the Hatfield S Curve below the Turners Falls Project

Transect and depth information of the redd location at the Hatfield S Curve about 15 miles downstream of
Cabot Station is limited as described in the Study 3.3.15. As such, a habitat versus flow model was not
developed for this specific area. However, this area is within Reach 4, which was evaluated as part of
Relicensing Study 3.3.1 (see Section 3.3.3.2.1.4.1).
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3.3.3.1.5.4.3 Effects of Operational Changes on Spawning American Shad

American Shad are broadcast, batch spawners and eggs are semi-buoyant, drifting downstream with river
currents before settling to the bottom (Stira, 1976 as cited in Savoy et al., 2004). This suggests that effects
on spawning habitat would not necessarily impact egg deposition.

Throughout the 2015 study period, shad spawning areas comprised approximately 106 acres in the
downstream reach between Cabot Station and the Route 116 Bridge. Based on the changes in Cabot Station
generation that were assessed (increasing and decreasing generation by 1 and 2 units), the surface areas of
the downstream spawning sites exhibited little to no changes, with an estimated maximum decrease in
spawning area of 2% at Site 10. Layzer (1974) reported that although water levels fluctuated up to 6 ft
throughout the 1972 spawning period, with corresponding changes in water velocity, shad continued to
spawn at these sites. It should be noted that Cabot Station and Station No. 1 have no ability to regulate flow
when Montague Gage readings exceed approximately 18,000 cfs as this represents the hydraulic capacity
of the power canal.

WSEL, velocity and depth at the spawning sites were affected by flows from the Turners Falls Project;
when flows were higher, WSEL, velocity, and depths were also higher. Depths of the spawning areas varied
at the times of observation as well as throughout the spawning period. Measured depths at spawning
locations, which were typically recorded closer to the banks, ranged from 5.5 to 9.5 ft and modeled mean
channel depths were estimated to range from 7.0 to 25.2 ft at the downstream spawning sites. With previous
research documenting spawning at a variety of depths, it is likely that depth is not a critical factor in site
selection for spawning shad. Stier and Crance (1985) indicate the optimum depth range for all life stages
(spawning, egg, incubation, larvae, and juvenile) is approximately 4.9 to 20 ft.

Physical habitat variables, such as depth, velocity, and substrate vary longitudinally and laterally within
rivers, and spawning was documented at a wide range of physical conditions, including flow changes.
Photoperiod and time since sunset were found to be more influential on spawning activity than physical
changes at spawning sites related to Project operations. American Shad appeared to spawn over large areas,
both longitudinally and laterally, often encompassing a range of conditions. Further, given natural
variability in river flows, the locations that shad choose to spawn can vary from year-to-year.
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3.3.3.1.5.4.4 Juvenile Shad, Resident Fish, Guilds, and Benthic Macroinvertebrates

During the summer and fall low flow periods, current minimum flows in the bypass reach of 120 cfs, from
the end of fish passage season (or July 16) until water temperatures fall below 7°C (typically mid-
November) provides habitat for various species and life stages of fish and aquatic macroinvertebrates in the
upper portion of the bypass reach. Proposed flows in the bypass reach (1,800 cfs with 670 cfs from Turners
Falls Dam in July/August and 1,500 cfs with 500 cfs from Turners Falls Dam in September through
November) would substantially increase the amount of habitat for nearly all species and life stages in
Reaches 1 and 2 evaluated during this period (Table 3.3.3.2.1.4.4-1). The only species that would not
benefit from the proposed minimum flows in Reaches 1 and 2 of bypass reach is Walleye, for which suitable
habitat amounts for adult Walleye would be approximately 40-45% less than for the baseline condition.

Reach 3 habitat is complex, given the interactions between bypass reach flows and Cabot Station flows. In
general, higher Cabot Station flows backwater habitats to a greater degree up to the Rawson Island Complex
and Rock Dam while higher bypass reach flows would result in swifter velocities of these areas, and more
flow through the various channels around Smead Island. When river flows are within the capacity of the
Turners Falls Project to control, Project operations could affect juvenile American Shad and several resident
aquatic species, including:

e American Shad — Juvenile American Shad habitat is highest between 1,500-3,000 cfs bypass flows,
when combined with high (10,000 cfs or more) generation at Cabot Station (Figure 3.3.3.2.1.4.4-
1). Proposed higher bypass flow rates in the summer and fall will provide more habitat to juvenile
American Shad at the range of Cabot Station generation flows.

o Fallfish — Adult Fallfish habitat is highest at approximately 1,000 cfs bypass flows, when combined
with relatively high (8,000 cfs or more) generation at Cabot Station (Figure 3.3.3.2.1.4.4-2).
Proposed higher bypass flow rates in the summer and fall will provide more habitat to adult Fallfish
at the range of Cabot Station generation flows. Juvenile Fallfish habitat is highest at between
approximately 300-2,000 cfs bypass flows, when combined with moderate (5,000-9,000 cfs)
generation at Cabot Station (Figure 3.3.3.2.1.4.4-3). Proposed higher bypass flow rates in the
summer and fall will provide more habitat to juvenile Fallfish at the range of Cabot Station
generation flows.

e Longnose Dace — Adult Longnose Dace habitat is highest at approximately 2,000 cfs bypass flows,
when combined with relatively low (6,000 cfs or less) generation at Cabot Station (Figure
3.3.3.2.1.4.4-4). Proposed higher bypass flow rates in the summer and fall will provide more habitat
to adult Longnose Dace at the range of Cabot Station generation flows, with the greatest
improvement at Cabot Station flows less than 8,000 cfs. Juvenile Longnose Dace habitat area is
more limited in Reach 3, though habitat versus flow relationships are similar to adults; similarly,
some improvements are expected under the range of Cabot Station flows for proposed conditions
(Figure 3.3.3.2.1.4.4-5).

e Tessellated Darter — Tessellated Darter habitat is highest at approximately 2,000 cfs bypass flows,
when combined with 2,000 cfs generation at Cabot Station (Figure 3.3.3.2.1.4.4-6). Proposed
higher bypass flow rates in the summer and fall will provide slightly more habitat to Tessellated
Darter at the range of Cabot Station generation flows, particularly when Cabot Station is generating
between 2,000 and 4,000 cfs.

o Walleye — Adult Walleye habitat is highest at low (~400 cfs) bypass reach flows and maximum
Cabot Station generation (Figure 3.3.3.2.1.4.4-7). As such, proposed increases to bypass reach flow
rates is expected to decrease the amount of habitat available to adult Walleye, though the amount
of habitat would remain above 300,000 ft? under all generation conditions. Juvenile Walleye habitat
area is more limited in Reach 3, though habitat versus flow relationships are similar to adults;
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similarly, decreases in habitat are expected under the range of Cabot Station flows for proposed
conditions (Figure 3.3.3.2.1.4.4-8).

o White Sucker — Adult/Juvenile White Sucker habitat is highest within narrow flow ranges at low
(~500 cfs) bypass reach flows and moderate to high Cabot Station generation (7,000-11,000 cfs)
(Figure 3.3.3.2.1.4.4-9). Proposed increases to bypass reach flow rates are expected to provide a
similar amount of habitat available to White Sucker.

e Macroinvertebrates — Macroinvertebrate habitat in Reach 3 is affected more by bypass flows than
Cabot Station generation, with increases in habitat at higher bypass reach flows (Figure
3.3.3.2.1.4.4-10). Proposed increases in bypass flows would therefore provide more habitat to
macroinvertebrates during the summer and fall low flow period.

e Shallow-Slow Guild — Habitat for the Shallow-Slow Guild is greatest at bypass flows of less than
1,000 cfs combined with 3,000-7,000 cfs generation flows from Cabot Station (Figure 3.3.3.2.1.4.4-
11). Proposed increases to bypass reach flows are expected to slightly decrease the amount of
habitat for species within this guild.

o Shallow-Fast Guild — Habitat for the Shallow-Fast Guild is greatest at bypass flows of less than
2,000 cfs combined with 4,000-7,000 cfs generation flows from Cabot Station (Figure 3.3.3.2.1.4.4-
12). Proposed increases to bypass reach flows are expected to provide a similar amount of habitat
for species within this guild.

o Deep-Slow Guild — Habitat for the Deep-Slow Guild is greatest at bypass flows of less than 1,000
cfs combined with high (more than 7,000 cfs) generation flows from Cabot Station (Figure
3.3.3.2.1.4.4-13). Proposed increases to bypass reach flows are expected to provide less habitat for
species within this guild, though overall habitat amounts would remain high, at above 1,400,000
ft? at all Cabot Station flows.

o Deep-Fast Guild — Habitat for the Deep-Fast Guild is greatest at bypass flows of 4,000 cfs combined
with moderate amounts of generation flow from Cabot Station (Figure 3.3.3.2.1.4.4-14). Proposed
increases to bypass reach flows are expected to provide more habitat for species within this guild.

Because the minimum flows below Cabot Station would not be considerably different than current
conditions, low flow habitat conditions below Cabot Station in Reach 4 would be similar for the various
species and life stages evaluated (Figure 3.3.3.2.1.4.4-15). Additionally, reductions in habitat for most
species during Cabot Station peaking conditions would occur in a similar manner under proposed conditions
as currently, given that the overall capacity of the Project would not have changed considerably. For
example, the current capacity of the Project, including minimum bypass flows, is 16,058 cfs whereas the
proposed capacity during the summer would be 16,608 cfs (670 cfs from Turners Falls Dam, 2,210 cfs from
Station No. 1, and 13,728 cfs from Cabot Station).
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Table 3.3.3.2.1.4.4-1:

Area of Suitable Habitat for Fish Species the Bypass Reach during Summer/Fall

Area of Suitable Habitat in Reaches 1 & 2
at Minimum Flows (square feet)
Months Baseline Proposed

Species Lifestage Present July-Nov July-August Sept-Nov
American Shad Juvenile June-Oct 454,252 1,395,470 1,285,773
Fallfish Juvenile Year Round 312,914 741,635 690,959
Fallfish Adult Year Round 554,982 1,191,536 1,221,745
Longnose Dace Juvenile Year Round 125,890 329,355 266,447
Longnose Dace Adult Year Round 180,939 600,235 483,130
White Sucker Adult/Juvenile | Year Round 364,156 589,979 690,899
Walleye Juvenile Year Round 10,897 11,844 11,865
Walleye Adult Year Round 100,504 54,960 60,228
Tessellated Darter | Adult/Juvenile | Year Round 66,938 244,305 191,878
Macroinvertebrates | Larvae Year Round 96,841 777,118 552,044
Shallow Slow Shallow Slow | Year Round 623,916 1,494,525 1,529,471
Shallow Fast Shallow Fast | Year Round 262,058 820,671 691,944
Deep Slow Deep Slow Year Round 786,435 1,128,612 1,418,195
Deep Fast Deep Fast Year Round 44,388 334,433 272,511

E-341



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

WUA(ft)
10000
8000 2500000
@
2
Z 6000 2000000
.
-—
2
5
oL
o
g 4000 1500000
.
-
(40]
2000
1000000

0 2000 4000 6000 8000 10000 12000 14000

Cabot Station Flow (cfs)

Figure 3.3.3.2.1.4.4-1: Summer/Fall Habitat for Juvenile American Shad in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-2: Summer/Fall Habitat for Adult Fallfish in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-3: Summer/Fall Habitat for Juvenile Fallfish in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-4: Summer/Fall Habitat for Adult Longnose Dace in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-5: Summer/Fall Habitat for Juvenile Longnose Dace in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-6: Summer/Fall Habitat for Adult/Juvenile Tessellated Darter in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).

E-347



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

WUA(ft)
10000
900000
8000 800000
-
) 700000
2 6000
£
= 600000
g
(-4
§ 4000 500000
a
=y
400000
2000
300000
200000

0 2000 4000 6000 8000 10000 12000 14000

Cabot Station Flow (cfs)

Figure 3.3.3.2.1.4.4-7: Summer/Fall Habitat for Adult Walleye in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-8: Summer/Fall Habitat for Juvenile Walleye in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-9: Summer/Fall Habitat for Adult/Juvenile White Sucker in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-10: Summer/Fall Habitat for Benthic Macroinvertebrates in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-11: Summer/Fall Habitat for the Shallow Slow Guild in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-12: Summer/Fall Habitat for the Shallow Fast Guild in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-13: Summer/Fall Habitat for the Deep Slow Guild in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-14: Summer/Fall Habitat for the Deep Fast Guild in Reach 3

Note: Model includes Deerfield River at 200 cfs. The red dotted line is operations given the current minimum flow during the
summer (120 cfs). The purple dotted line indicates operations given proposed bypass flows in July and August (1,800 cfs), and the
orange dotted line indicates operations given proposed bypass flows in September through November (1,500 cfs).
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Figure 3.3.3.2.1.4.4-15: Summer/Fall Habitat for Aquatic Species in Reach 4

Note: The vertical dashed orange line is the current minimum flow (1,433 cfs), the vertical dashed purple line is the approximate proposed minimum flows below the Project in July and August
(1,800 cfs), and the vertical dashed green line is the approximate proposed minimum flow (1,500 cfs) from September through November.
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3.3.3.1.5.4.5 Winter Habitat

In New England rivers, base flows during the winter tend to be relatively low, with much of the precipitation
in the watershed being retained as snowpack. Habitat suitability criteria for various species and life stages
during the warmer months do not apply during winter, and relatively little is known about the habitat needs
of many aquatic species and life stages during the winter months. Therefore, no habitat versus flow
relationships were developed for the winter period as part of FirstLight’s instream flow studies. Generally,
fish that reside in flowing waters will move to areas of deeper, slow water in the winter. Smaller fish will
typically seek out crevices in the substrate where they can hide.

There is currently no minimum flow in the bypass reach during the winter. Without flow in the bypass
reach, there would be little, if any, velocity in most places within the bypass reach. Further, areas of the
upper bypass reach with standing water would likely exhibit ice cover during no-flow conditions, which
would then change rapidly at the onset of spill conditions at the Turners Falls Dam during winter and
springtime thaw events.

Proposed minimum flows would represent a substantial change, with 300 cfs spilling over Turners Falls
Dam and 1,200 cfs released from Station No. 1. Based on an analysis of cross-sections surveyed and water
levels modeled in Reaches 1 and 2 (Figure 3.3.3.2.1.4.5-1), these flows would maintain riverine habitat
characteristics, with flow through the main channel and consistent inundation of off-channel areas (Figures
3.3.3.2.1.4.5-2 through 3.3.3.2.1.4.5-12). The proposed flows would therefore be anticipated to provide
more heterogeneous lotic habitat than would be present during the current minimum flow in upper bypass
reach areas. Passing this flow rate would prevent many areas from freezing and would be beneficial to
overwintering fish and aquatic macroinvertebrate species by maintaining depth and wetted area where they
could find shelter in slower, deeper habitats or take shelter within the inundated substrate.

Proposed minimum flow conditions would result in additional heterogeneity in the lower bypass reach,
between the Rawson Island Complex and Cabot Station, which would have been subjected primarily to
backwatering from Cabot Station operations in the absence of flow from the upper bypass reach.
Downstream of Cabot Station, the overall minimum winter flow is not substantially different between
baseline (1,433 cfs) and proposed (1,500 cfs) conditions; therefore, no substantial changes in winter
minimum flows would be expected in downstream areas.
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Figure 3.3.3.2.1.4.5-2: Wetted Area and Average Main Channel Velocities during Proposed Winter Flow in the Bypass Reach at T11

Note: Models assumed backwatering from Station No. 1, which will result from proposed minimum flows also being released from Station No. 1.
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Figure 3.3.3.2.1.4.5-3: Wetted Area and Average Main Channel Velocities during Proposed Winter Flow in the Bypass Reach at T10

Note: Models assumed backwatering from Station No. 1, which will result from proposed minimum flows also being released from Station No. 1.
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Figure 3.3.3.2.1.4.5-4: Wetted Area and Average Main Channel Velocities during Proposed Winter Flow in the Bypass Reach at T9
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Figure 3.3.3.2.1.4.5-5: Wetted Area and Average Main Channel Velocities during Proposed Winter Flow in the Bypass Reach at T8
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Figure 3.3.3.2.1.4.5-6: Wetted Area and Average Main Channel Velocities during Proposed Winter Flow in the Bypass Reach at T7
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Figure 3.3.3.2.1.4.5-7: Wetted Area and Average Main Channel Velocities during Proposed Winter Flow in the Bypass Reach at T6
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Figure 3.3.3.2.1.4.5-8: Wetted Area and Average Main Channel Velocities during Proposed Winter Flow in the Bypass Reach at T5
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Figure 3.3.3.2.1.4.5-9: Wetted Area and Average Main Channel Velocities during Proposed Winter Flow in the Bypass Reach at T4
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Figure 3.3.3.2.1.4.5-10: Wetted Area and Average Main Channel Velocities during Proposed Winter Flow in the Bypass Reach at T3
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Figure 3.3.3.2.1.4.5-11: Wetted Area and Average Main Channel Velocities during Proposed Winter Flow in the Bypass Reach at T2
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Figure 3.3.3.2.1.4.5-12: Wetted Area and Average Main Channel Velocities during Proposed Winter Flow in the Bypass Reach at T1

E-369



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

3.3.3.1.6 Fish Passage of Resident Species

Current Project operations have no documented impacts on upstream passage of resident fish species. Any
proposed PM&E measures or flow release changes are assumed to have no adverse effects on the passage
of resident species through and within Project facilities.

3.3.3.1.7 Fish Passage of Migratory Species

Migratory fish species in Connecticut River moving in the vicinity of the project area include juvenile and
adult stages of American Shad, Sea Lamprey, and American Eel. Movement within the Project area includes
upstream migration and downstream emigration, which vary with seasonality and life stage. Along with
the various consideration to providing aquatic habitat, FirstLight is proposing several measures pertaining
to fish passage that would allow more migrating fish to pass through the Project areas.

3.3.3.1.7.1 Upstream Fish Passage

Along with providing fish habitat, flows at the Turners Falls Project are an important component of
providing fish passage. FirstLight studied upstream fish passage of American Shad extensively at the
Project. Upstream migrating shad were a key species identified at the Project that also required specific
amounts of flow to encourage passage to and into the Project fishways.

3.3.3.1.7.1.1 American Shad

FirstLight performed several years of study regarding upstream passage of American Shad. This included:

e 2015 — As part of Relicensing Study No. 3.3.2 — Evaluate Upstream and Downstream Passage of
Adult American Shad (FirstLight, 2016b) FirstLight tagged 397 adult shad with both radio and PIT
tags, plus an additional 396 fish with only PIT tags. These fish were released in multiple locations to
satisfy several goals and objectives regarding upstream and downstream passage at and around the
Turners Falls and Northfield Mountain Projects. Additionally, 154 adult shad were released by
TransCanada (now GRH), into and upstream of the Project areas. A total of 551 shad were detected
by FirstLight during the 2015 study efforts. The study report was filed with FERC on October 14,
2016. Addendum 1 to the study was filed with FERC on May 1, 2017, with several analyses
superseding those in the original report.

e 2016 — As part of Relicensing Study No. 3.3.19 — Evaluate the Use of an Ultrasound Array to
Facilitate Upstream Movement to Turners Falls Dam by Avoiding Cabot Station Tailrace (FirstLight,
2017b), FirstLight tagged 118 adult shad at Holyoke Dam with both radio and PIT tags. Additional
fish were tagged by Normandeau Associates and released upstream and downstream of Holyoke
Dam. The purpose of the study was to evaluate the potential for an ultrasound array installed at Cabot
Station to reduce delay for fish attracted to Cabot Station, and to promote passage into the bypass
reach. As such, most telemetry receivers were between Montague and the lower portions of the bypass
reach, though some antennae were placed in various locations at the Turners Falls Dam (i.e. spillway
and gatehouse areas). A total of 58 fish were detected in the Project areas, which was a lower
percentage than anticipated (18.65% of available fish), though useful data were gathered from these
fish that guided future evaluations of the ultrasound array. The study report was filed with FERC on
March 1, 2017.

e 2018 — As part of a continuation of Relicensing Study No. 3.3.19, FirstLight radio tagged 250 adult
shad and 137 entered the Project area. The focus of the study was on passage from Cabot Station into
the bypass reach, given the ultrasound array in place, though information was also gathered pertaining
to passage through the bypass reach. The study report was filed with FERC in March 2019.
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e 2019 — As part of a continuation of Relicensing Study No. 3.3.19, FirstLight radio tagged 463 adult
shad, of which 241 were released at Holyoke, 198 were released into the Turners Falls canal alive,
and 24 euthanized shad were released into the Cabot Station forebay. The goals in 2019 included
evaluating passage beyond Cabot Station without the ultrasound array in place, along with providing
a better understanding of upstream passage through the bypass reach and downstream mortality
through Cabot Station. As such, the overall telemetry network deployed was more extensive than in
2016 and 2018, with additional receivers added in the bypass reach and in downstream areas. The
study report was filed with FERC on March 31, 2020.

These various tagging and tracking efforts have resulted in detailed understanding of fish passage through
the Project areas.

Cabot Ladder, Power Canal, and Gatehouse Fishway

The probability that a tagged adult American Shad will ascend the Cabot Ladder was quantified in 2015
via radio and Passive Integrated Transponder (PIT) telemetry with a Cormack Jolly Seber (CJS) live
recapture model. The entrance efficiency passage rate between the tailrace and entrance antenna was 66.8%.
All shad that entered passed to the next antenna upstream in the ladder (T29), but only 15.3% passed through
the remainder of the ladder between T29 and ladder exit. The overall efficiency of passage at the Cabot
Ladder, including entrance efficiency, was 10.2%.

In 2015, FirstLight assessed movement within the canal via dual tagged fish released from Holyoke or into
the canal. Overall passage through the canal to downstream of the gatehouse was estimated at 40.7% (Table
3.3.3.2.3.1.1-1). Areas within the lower and mid-canal appear to contain bottlenecks to passage. Further,
shad will make multiple attempts to move upstream in the canal, falling back all the way to the forebay at
times before making another attempt at upstream movement. This results in delay for fish that make
multiple attempts in the canal. For perspective, the fastest fish to traverse the canal to the gatehouse ladder
did so in 0.20 hours, but other fish took up to 8.1 days to traverse the canal. The reasons for this behavior
are not known.

Once at the head of the canal, 61% of the shad that had traversed the canal successfully entered the
gatehouse fishway. For those that entered the gatehouse fishway, approximately 87% passed (internal
efficiency), though the sample size was relatively small and confidence intervals were wide. A broader
analysis of the internal efficiency of gatehouse ladder was estimated at 76.9% with a CJS mark recapture
model. Overall, only 21% of fish passed at Cabot Station would be expected to pass into the TFI (Figure
3.3.3.2.3.1.1-1)

A series of Cox Proportional Hazard regression models were fit to the upstream canal movement data to
assess the factors that may be contributing or inhibiting movement for fish passing through the canal into
the gatehouse ladder. Shad that passed from the canal to the gatehouse ladder did so throughout the day
with a peak in the late afternoon (Figure 3.3.3.2.3.1.1-2, top left panel). Shad approached the ladder at canal
flows ranging between 0 and 14,000 cfs, which encompasses most of the typical canal flow operating range
(Figure 3.3.3.2.3.1.1-2, bottom left panel). The most movement from the canal into the gatehouse ladder
occurred when flows were around 4,000 cfs.

Given the low passage rates through the Cabot Ladder, passage bottlenecks and delay in the canal, and
continued issues with entrance efficiency of the gatehouse ladder, FirstLight is proposing to decommission
the Cabot Ladder, which would preclude fish from needing to traverse the canal and enter the gatehouse
ladder to reach suitable spawning areas further upstream in the TFI and beyond. Instead, FirstLight
proposes to install an ultrasound array in the Cabot Station tailrace to move adult shad into the bypass and
to construct a new state-of-the-art Spillway Lift, as described in the following subsection.
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Bypass Reach, Spillway Ladder, and Gatehouse Fishway

The proportion of shad arriving at the Project that continue through the bypass to the Turners Falls Dam
spillway was consistent among years. Although bypass flows greatly differed among years, there was no
difference between the percent that entered the bypass reach in 2019 (30.6%) or 2015 (30.8%) in the
absence of an ultrasound array system. Cabot Station tailrace flows can attract upstream migrating shad,
resulting in delay prior to entry into the bypass reach. However, there are also flow conditions that facilitate
attraction toward and movement into the bypass reach. Radio telemetry data and associated modeling from
2019 suggests that most fish moving from Cabot Station tailrace into the bypass reach did so when Cabot
Station flows were less than 2.5 times the magnitude of the bypass reach flow.

After passing Cabot Station tailrace, shad need to traverse the heterogeneous bypass reach to reach the
Turners Falls Dam and Spillway area. FirstLight tracked the movements of American Shad within the
bypass reach in 2015, 2016, 2018 and 2019. Each year, the fixed telemetry monitoring station upstream of
the Conte discharge (Conte receiver) was designated as the entrance to the bypass reach. Raw telemetry
data suggested that 37%, 46%, 35% and 50% of fish detected at the Conte receiver reached the Turners
Falls Dam spillway in 2015, 2016, 2018, and 2019, respectively. The median transit time for all fish that
moved from Conte receiver to the Spillway was 19.8 hours, with a minimum of 2.24 hours and a maximum
of 307.8 hours.

The single covariate model that best described the aggregated dataset of movement within the bypass reach
included accumulated thermal units (ATU) (10°C). The model incorporating ATU had the lowest Akiki
Information Criteria (AIC) (993.8) and was highly significant (p<0.001) with a hazard ratio of 0.57,
suggesting that the number of days that water temperatures increase past 10°C, the likelihood of fish moving
up to the Spillway area decreases significantly. Because shad would typically enter the river at around 10°C,
this is relevant to the biology of the species as an approximate measure of how long fish would have been
expected to be in the river and moving upstream.

Given the potentially difficult terrain that shad would encounter in the bypass reach, FirstLight studied
passage at specific study flow rates, along with available flows that would occur as the result of spill.
Seasonality and temperature appear to be more important than specific flows, with multiple years of
telemetry studies show fish moving through the bypass reach at various flows and temperatures (Figure
3.3.3.2.3.1.1-3). Further, analyses of test flows at 400 cfs, 3,500 cfs, 4,500 cfs, and 6,500 cfs showed slight
increases in the proportion of shad passing through the bypass reach to the spillway, in slightly less time,
with increased flow, though passage at these test flows was statistically similar (Figure 3.3.3.2.3.1.1-4)

At the upper end of the bypass reach is the Turners Falls Dam and the Spillway Ladder. In 2015, FirstLight
assessed the overall efficiency of the Spillway Ladder with a CJS mark recapture model. The spillway
entrance efficiency (of the dual tagged and PIT tagged only fish known to be in the spillway) was estimated
at 91.5%. The passage rate from the entrance to the first PIT reader (P23SL) was 64.7%. The rate from
P23SL to the turning pool (P23TP) was 61.3%. Ninety percent of the fish arriving at the turning pool passed
to P24, and from P24 to P25, passage rate was 100%. The internal efficiency of the ladder was 35.7%.
Overall, the ladder had an efficiency of 32.7% including entrance efficiency (Table 3.3.3.2.3.1.1-2).

At the upper end of the Spillway Ladder, fish enter the internal portions of the gatehouse ladder. The
internal efficiency of gatehouse ladder was estimated at 76.9% with a CJS mark recapture model.

Much has been learned about shad movement and behavior at the Turners Falls Project and specifically in
the bypass reach since 2015. Based on study findings, FirstLight is proposing PME measures that will lead
to positive effects for upstream migrating adult American Shad as listed below.

o Install and operate a permanent Ultrasound Array in the Cabot Station Tailrace. In 2016 and
2018, an ultrasound array was employed as a deterrent from the Cabot Station tailrace and to
encourage movement further upstream into the bypass reach. Testing of the ultrasound array in 2016

E-372



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

showed reduced counts at the Cabot ladder in the hours directly following activation. However,
counts would increase after a short period, suggesting that shad were becoming acclimated to the
sound. The ultrasound array was tested again in 2018 using an arrangement of devices across the
tailrace with an ‘always-on’ configuration. The results of the 2018 study indicated that the ultrasound
array was effective in preventing a proportion of migrating shad from entering the Cabot Station
tailrace and facilitating movement into the bypass reach. However, two elements (additional flow in
the bypass reach and the ultrasound array) were both added as part of the 2016 and 2018 studies, and
it was not possible to ascertain which contributed to the increased number of fish that moved upstream
and entered the bypass reach. As a result, a 2019 study was conducted to test varying flows in the
bypass reach without an ultrasound array present. FirstLight compared the movement data from the
four years of telemetry and ultrasound studies to understand movement from the Cabot Station
tailrace and upstream through the bypass reach. Based on data from the combined study years,
FirstLight determined that when the ultrasound array was present in the Cabot Station tailrace, fish
were more than 3.82 times more likely to move into the bypass reach. Most fish that passed from the
Cabot Station tailrace to the bypass reach in less than five hours did so when the ultrasound array was
operational. Additional information pertaining to the Ultrasound Array can be found in the 2019
Report for Study No. 3.3.19 (Ultrasound Array Control and Cabot Station Shad Mortality Study).

Release higher minimum flows in the bypass reach. FirstLight is also proposing higher minimum
flows within the bypass reach during the upstream migration season. From April 1 — May 31,
FirstLight proposes to release 6,500 cfs or inflow, whichever is less, in the bypass reach. This period
would cover approximately 75% of the shad run. Given that shad are attracted to the bypass reach
when the Cabot Station to bypass reach flow ratio is 2.5 or less, this flow in the bypass reach would
be attractive to shad, as it would provide a ratio of no more than 2.1. From June 1 —June 15, FirstLight
proposes to lower the bypass release to 4,500 cfs or inflow, whichever is less. By the end of this
period, historical run timing suggests that the run would be approximately 90% complete. Flows of
4,500 cfs were tested in 2015, 2016, 2018 and 2019, and a viable zone of passage for American Shad
in the bypass reach was demonstrated. In 2018, a combination of proposed bypass flows and the
ultrasound array led to the first ever observation of a higher count at the Spillway Ladder as compared
to the Cabot Ladder. When compared to the current minimum flow release of 400 cfs, all proposed
releases will result in more shad expecting to reach the spillway in a shorter amount of time (Figure
3.3.3.2.3.1.1-4).

Construct a new Spillway Lift with Palisade Entrance. The Spillway Lift will include a single
hopper that will lift fish approximately 39 feet to an exit trough that connects into the top of the
existing Spillway Fish Ladder for fish to exit into the headpond through the existing gatehouse fish
ladder. The lift will also utilize the existing entrance structure of the Spillway Fish Ladder for the
entrance to the lift. A V-trap and brail system will be used instead of a crowder channel to capture
fish in the hopper.

These proposed measures would benefit adult American Shad as they migrate past the project. The array
reduces delay within the Cabot Station tailrace, which means that fish will move upstream into the bypass
reach sooner, and in better physiological condition for the migratory challenges that lay ahead within the
bypass reach. Proposed bypass reach minimum flows will provide for a combination of attraction from
Cabot Station tailrace to the bypass reach, along with passage routes through the reach to the spillway.
Once fish arrive in the spillway area, FirstLight’s proposed Spillway Lift would provide safer, more
efficient passage with less delay. This means that adult American Shad will arrive at upstream spawning
habitats in better physiological condition than they currently do.
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Turners Falls Impoundment

Adult shad radio telemetry studies conducted by FirstLight and TransCanada (how GRH) in 2015
demonstrate high rates of passage through the TFI. Data from 105 shad from multiple release cohorts that
passed upstream of the lower TFI areas were determined to be migrating non-fallback fish. The shad tracked
within the TFI were from three different release locations: Holyoke, Cabot Canal and the TFI, with the
majority having been released directly into the TFI.

One hundred of the tagged fish (95.2%) were detected at Shearer Farms (Table 3.3.3.2.3.1.1-3). Most of
these fish had passed beyond the Northfield Mountain Project intake/tailrace without being detected there,
indicating that they were traversing the area on the opposite side of the river. Eighteen (17.1%) were
detected at the Northfield Mountain Project intake/tailrace (Table 3.3.3.2.3.1.1-3), most of which were also
detected further upstream at Shearer Farms. Those 18 fish made a total of 47 transitions into the Northfield
Mountain Project intake/tailrace area from the lower TFI or from Shearer Farms (Table 3.3.3.2.3.1.1-4),
indicating some degree of attraction for fish that encountered the area, though generally these fish moved
there relatively few times and did not remain for extended periods. Sixty-two of the 100 fish at Shearer
Farms made movements to the lower TFI before returning to reach Shearer Farms, suggesting that shad
were making some larger-scale back-and-forth movements within the TFI (Table 3.3.3.2.3.1.1-4). The
median transition time from the lower TFI to Shearer Farms was 0.90 days; therefore, passage to areas
upstream of Northfield Mountain Project intake/tailrace from the Turners Falls Project would typically take
less than a day for upstream migrating shad. Shad that encountered the Northfield Mountain Project
intake/tailrace area typically did so between the hours of 6:00 and 12:00, when Northfield was not pumping,
and no upstream migrating adult shad were entrained at the Northfield Mountain Project.

Additionally, radio telemetry monitoring performed by TransCanada (now GRH) indicated that 75% of the
tagged shad released above Turners Falls Dam into the TFI successfully arrived at the Vernon Dam fishway.
(Normandeau, 2016, ILP Study 22) This reduction from the number that reached Shearer Farms could be
explained by spawning activity documented near Stebbins Island.

The percentages of tagged shad reaching Vernon Dam are likely underestimates compared to the actual
migrating population, given the potential for some tagging effects and imperfect detection. Therefore,
despite the presence of spawning areas near Stebbins Island, a large proportion of fish passed at the Turners
Falls Dam are reaching Vernon Dam.
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Table 3.3.3.2.3.1.1-1: CJS estimated survival between canal reaches (¢), 95% confidence intervals,
and cumulative arrival probabilities for shad migrating upstream through the Power Canal.

Lower Upper Cumulative Arrival
Redcn ¢ 95% 95% Probability
Release: Lower Canal 1.00 0.96 1.00 1.000
Lower Canal: Mid Canal 0.64 0.51 0.76 0.633
Mid Canal: d/s Station No. 1 0.85 0.71 0.95 0.541
d/s Station No. 1: Upper Canal 0.82 0.65 0.93 0.444
Upper Canal: d/s Gatehouse 0.92 0.76 0.99 0.407
d/s Gatehouse: Gatehouse Ladder 0.61 0.39 0.81 0.247
Gatehouse Ladder: Impoundment 0.87 0.47 1.00 0.214
Table 3.3.3.2.3.1.1-2: Spillway Fishway passage estimates.
Lower 95% Upper 95%
Standard Confidence Confidence
Parameter Passage (%) | Error (%) Interval Interval
Spillway - Entrance+T30 915 13.5 69.5 100
Entrance -P23SL 64.7 11.6 45.8 84.2
P23SL - P23TP 61.3 10.0 42.0 82.7
P23TP - P24 90.0 9.5 62.8 99.4
P24 -P25 100 0 88.7 100
P25 -Passage 100 0 88.7 100
Passage through the Spillway
Fishway 32.7

Table 3.3.3.2.3.1.1-3: Counts of dual tagged shad detected within each state by release date

Northfield
Release T Mour_mtain Shearer
Release Date : Turners Falls Project
e Impoundment Intake/ el
Tailrace
5/6/2015 Holyoke 5 - 5
5/12/2015 Holyoke 2 1 2
5/13/2015 Cabot 5 - 5
5/15/2015 Impoundment 22 4 22
5/16/2015 Impoundment 20 5 19
5/19/2015 Cabot 2 1 2
5/19/2015 Holyoke 1 - 1
5/22/2015 Impoundment 23 1 20
5/23/2015 Impoundment 24 6 23
6/8/2015 Holyoke 1 - 1
Total 105 18 100
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Table 3.3.3.2.3.1.1-4: Total number of movements (m) by all fish between reaches, the number of
fish (n) that made those movements and the expected number of movements that a fish will make
for each transition. The diagonal counts the number of fish detected within each reach.

Northfield
Lower Turners Mountain
To-> Falls Project Intake/ Shearer Farms
Impoundment -
Tailrace
From
n. 16 n: 99
Lower Turners n: 105 m: 29 m: 219
Falls ' Min: 1 Min: 1
Impoundment Median: 1.5 Median: 2
Max: 5 Max: 11
Northfiel n. 14 n. 14
Mc:)tfntaeir(:I m-: 28 m. 13
Project Intake/ Mln:_l n: 18 Mln:_l
Tailrace Median: 2 Median: 1
Max: 4 Max: 4
n: 62 n: 9
m: 131 m: 18
Shearer Farms Min: 1 Min: 1 n: 100
Median: 2 Median: 2
Max: 8 Max: 4
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Figure 3.3.3.2.3.1.1-1: Overall probability of upstream passage through the Power Canal for all
release cohorts combined.
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Canal to Gatehouse Ladder Event-Time Conditions, n=13, m= 21
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Figure 3.3.3.2.3.1.1-2: The environmental conditions at event time for fish (n = 13) moving
between the Canal and Gatehouse Ladder (m = 21).
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Expected Bypass Passage after 5 Days
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Figure 3.3.3.2.3.1.1-4: Expected passage through the Bypass to Spillway after 5 days given Total

Bypass Flow Rates.
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3.3.3.1.7.1.2 Sea Lamprey

Sea Lamprey populations migrating upstream through the Connecticut River are some of the largest found
on the east coast (Beamish 1980). Lamprey have benefited from the construction of multiple fish passage
facilities designed for other species on the Connecticut River. Currently, there are no restoration programs
in place to increase lamprey populations (USFWS 2010). According to the USFWS historic fish count data,
the number of Sea Lamprey passing through Holyoke Dam and Turners Falls Dam has remained stable in
recent years. Proposed measures such as a new Spillway Lift will likely lead to increased passage of
upstream migrating adult Sea Lamprey.

3.3.3.1.7.1.3 American Eel

Currently, there are no passage facilities for American Eel at the Turners Falls Project although some young
eels apparently enter the TFI by ascending the fishways or other wetted structures associated with the
Project. In 2014, the Licensee performed a study to assess the likely location of upstream American eel
passage at the Turners Falls Project, described above in Section 3.3.3.1.2. Nighttime visual surveys revealed
that the majority (94%) of observed juvenile American eels were congregating at the base of the Turners
Falls Dam. The following year, temporary eel traps were installed at three locations (within the Turners
Falls Dam Spillway fishway, within the Cabot Station fishway, and at Gate No. 10 of the emergency
spillway that is adjacent to the Cabot powerhouse) to assess whether eels could be passed, and which site(s)
would be viable for permanent passage structures. The traps generally consisted of a wooden ramp (incline
ranging from 34 to 43 degrees depending on location) overlain with 1-inch Milieu substrate, a collection
tank, and an attraction/conveyance flow system. In addition, 2 Medusa-style traps were positioned in the
Station No. 1 tailrace to assess recruitment to this area. The traps were installed in July and monitored every
few days through November 2, 2015. All eels were released into the TFI about 1,500 feet upstream of the
Turners Falls Dam.

Results confirmed the 2014 nighttime survey findings, with about 88% (n=5,235) of eel collections
occurring at the Turners Falls Dam Spillway fishway, followed by 7% at the Cabot Station fishway, and
5% at the emergency spillway trap. Eels were observed in the traps as soon as they became operational in
early July. Therefore, the upstream migration of juvenile eels commenced earlier than study efforts.
Available literature suggests that migration is triggered when water temperatures increase to between 10
and 14°C (Greene et al., 2009). Data collected at the Project revealed that water temperature reached 10-
14°C in early to mid-May. Given this, it is likely that migration began in May at the Project. The peak
period of migration during the 2015 trapping effort at Turners Falls was mid-July. Monitoring at Holyoke
in 2015 revealed that peak migration occurred in July as well, with a secondary peak occurring in mid-
September (Normandeau Associates, Inc. 2016).

Based on the observations and data collected, FirstLight is proposing to construct a permanent eelway
adjacent to the Turners Falls Dam Spillway fishway following completion of other upstream and
downstream passage facilities proposed. The eelway will consist of similar components as the traps that
were deployed during the 2015 assessment of upstream passage at the Project. The proposed eelway will
be “permanent” in that it will be installed and operated every season following installation, yet it is likely
that some components of the structure will need to be removed annually at the end of the upstream passage
season to avoid potential damage or weathering during winter conditions.

In addition to the existing fishways and wetted structures throughout the Project, the new eelway will
provide juvenile American Eel access to the TFI and habitat that exists between the Turners Falls Dam and
Vernon Dam. To maximize eel passage, the Licensee proposes to operate the eelway from May 1 through
October 31 annually. The eelway will extend the opportunity for upstream eel passage beyond the time in
which fishways designed for other species are operational, with the intent of passing eels in greater numbers
for a longer period of time.
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3.3.3.1.7.2 Downstream Fish Passage

3.3.3.1.7.2.1 Adult American Shad

Turners Falls Impoundment

Based on radio telemetry data, adult shad that were tracked to areas upstream of the Northfield Mountain
Project intake/tailrace are finding their way downstream to the lower portions of the TFI quickly during
their post-spawn emigration, suggesting the fish are motivated to move downstream. Based on radio
telemetry data collected in 2015, shad emigrating from upstream of the Northfield Mountain Project to
Turners Falls Dam, over 95% of tagged fish successfully passed downstream, and 75% of them did so in
half of a day or less (Table 3.3.3.2.3.2.1-1; Table 3.3.3.2.3.2.1-2). Most emigrating shad moved to the
lower portions of the TFI in the early morning and late afternoon, into the evening (Figure 3.3.3.2.3.2.1-1).
Tagged shad also had a greater likelihood of moving downstream at higher river flows.

Relatively few emigrating shad were detected at the Northfield Mountain Project intake/tailrace (Table
3.3.3.2.3.2.1-1). Those that were detected near the intake tended to approach the area during the early
morning hours when the Northfield Mountain Project was pumping (Figure 3.3.3.2.3.2.1-2). As pumping
flow increased, they were more likely to be attracted to the intake; however, as river flow increased, the
likelihood of movement to the intake area decreased. Despite some potential attraction to the intake area
that was exhibited by a relatively small number of individual fish, no downstream migrating adult shad
were entrained at Northfield Mountain Project intake/tailrace. There were two fish last detected at the
intake monitoring station with no subsequent detections at any telemetry stations to follow, meaning they
were at risk of entrainment, but their fate was unknown.

Turners Falls Project

Once downstream migrating shad reach Turners Falls Dam, they can pass into the bypass reach via spill or
enter the power canal. Tagged shad were identified passing via both routes, favoring the power canal,
though the probability of choosing one route versus another depended on flow, with fish more likely to pass
via a given route at higher flows (Tables 3.3.3.2.3.2.1-3 through 3.3.3.2.3.2.1-5).

Passage via Dam Spillway

Though relatively few emigrating adult shad passed via the dam spillway, passage there is possible,
especially if spill flows are high. FirstLight is proposing to construct a plunge pool below Bascule Gate No.
1. The plunge pool will include two concrete walls to create an approximately 110-foot-wide by 65-foot-
long box below Bascule Gate No. 1 — one wall parallel to flow between Bascule Gate No. 1 and Bascule
Gate No. 2, and one wall perpendicular to the flow from the end of the first wall to the fish lift entrance.
Flow will pass from the pool either through a palisade structure adjacent to the fish lift entrance or by
spilling over the downstream wall of the box. The flow from the palisade structure will also be used for
attraction flow to the Spillway Lift.

This measure will reduce the chance of injuries and increase survival rates for adult shad during their
emigration over the dam spillway at the Turners Falls Project.

Passage via Power Canal

Downstream migrating shad were tagged and tracked as they migrated downstream through the canal in
2015. Passage through the bypass log sluice accounted for 41 fish (~49%), followed by 30 fish (~36%) that
escaped via the Cabot Station powerhouse, 8 fish (~10%) escaped via unknown avenues, and 4 fish (~5%)
remained in the canal (Table 3.3.3.2.3.2.1-6). Shad exited the canal relatively quickly, with a median
passage time of 0.32 days for fish passed through the powerhouse and 0.42 days for fish passed through the
log sluice (Table 3.3.3.2.3.2.1-7). However, the maximum times for escapement through the powerhouse,
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bypass log sluice and unknown routes were 23.63, 18.84 and 29.51 days respectively, meaning some
emigrating fish were present for nearly a month in the canal before passing downstream. These fish were a
small portion of the fish tagged and could have been exhibiting symptoms of spawning stress and tagging
effects. As such, passage through the canal is expected to occur swiftly for most emigrating adult shad.

A series of Cox Proportional Hazards regression models identified that the tagged shad were more likely to
pass through the powerhouse as discharge in the canal and at Cabot Station increased, and less likely to use
the log sluice as Cabot Station flows was increasing (Table 3.3.3.2.3.2.1-8 and Table 3.3.3.2.3.2.1-9).

In 2019, FirstLight released 198 fish into the canal to further evaluate delay within the forebay, choice of
route of passage, and downstream passage survival. FirstLight also conducted a dead drift study of
euthanized fish injected into the penstock at Cabot Station Unit 2, to aid in identification of dead fish that
could drift. The dead drift study determined that dead shad do not drift swiftly or far from Cabot Station,
typically settling between the Cabot Station tailrace and the Deerfield River confluence, and occasionally
reaching the Fourth Island area. Patterns of movement for dead drift fish were distinctly different from live
fish for fish passed through both routes (Cabot Station and log sluice) in the lower canal (Figure
3.3.3.2.3.2.1-3 and Figure 3.3.3.2.3.2.1-4)

The survival estimates generated from the live recapture-dead recovery (LRDR) modeling are an
improvement over those generated with traditional CJS modeling because information from known
mortalities are incorporated. With traditional CJS modeling, it is not possible to distinguish if a fish has
died or if it has emigrated from the study area. By incorporating information from dead recoveries, survival
can be more accurately estimated. The LRDR mark recapture estimates were generated in MARK (software
package). Three LRDR models were constructed: (1) powerhouse passage survival, (2) log sluice passage
survival, and (3) overall canal downstream survival. The MARK input files are provided in Appendix D of
the 2019 Report for Study No. 3.3.19 Ultrasound Array Control and Cabot Station Shad Mortality Study.

Mortality was observed in the Cabot Station forebay with 58 of the 198 fish released (29%) exhibiting an
11-second mortality pulse rate before transitioning into the tailrace; these fish were excluded from the initial
and latent survival analysis as there is no way to determine if they died from natural or handling mortality.

In total, 76 fish were known to have passed through the powerhouse alive, 38 passed via the log sluice, and
26 of the tagged fish went undetected after release. The proportion of fish exiting via the canal or the log
sluice varied between the 2015 and 2019 data. This suggests that there could be some variability in route
selection choice depending on the conditions encountered by emigrating fish in the canal upon reaching the
Cabot Station forebay.

For the 2019 study, no fish were recovered dead within one week in the stretch of river from Fourth Island
to the Hatfield Wastewater Treatment Plant (\WWTP). During mobile tracking, six fish that passed via the
powerhouse were recovered dead including four in the Deerfield River confluence and two between the
Montague WWTP and Fourth Island. Once turbine-passed fish entered the tailrace, the median travel time
to Montague WWTP was only 0.62 hours (37.2 minutes). Approximately 69% of turbine-passed fish
survived to reach Montague WWTP. Of those fish that survived until reaching Montague, 96% survived to
the southern tip of Fourth Island at Nourse Farms; half of these fish traversed the distance in 18 minutes or
less. The LRDR model also found that 99% of the fish that survived to Nourse Farms survived to reach
Hatfield WWTP, nearly 15 miles downriver from the Project.

Overall, the cumulative survival rate (48-hr after passage) of fish known to pass via the powerhouse was
65.6% (Table 3.3.3.2.3.2.1-10). Additionally, passage downstream for fish that survived turbine passage
was relatively swift. Thirty-eight shad in the canal passed via the log sluice, which is considered the
downstream bypass fishway. Cumulative survival (48-hr) via the log-sluice (n = 38) was 89.2% (Table
3.3.3.2.3.2.1-10).

The cumulative canal downstream survival estimate for adult shad was 65%, given that more shad had
passed through the turbines where mortality was lower in comparison to the log sluice (Table 3.3.3.2.3.2.1-
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10). However, if more fish had passed through the log sluice as had the tagged fish in 2015, the survival
estimate would have been higher.

Though emigrating adult shad were not identified as using Station No. 1 as a route of passage out of the
canal, there is the potential for greater mortality there than at other locations given the turbine configuration
(higher revolutions per minute), as has been shown for other migratory species. FirstLight proposes to
install a bar rack, with %-inch clear spacing, at the location where flow from the main power canal is
diverted into the Station No. 1 forebay. The rack will be approximately 58 feet wide across the entrance of
the forebay and 21 feet tall. The bar rack will exclude outmigrating adult shad from entering the forebay
and being entrained through the Station No. 1 units. By excluding them from entrainment at Station No. 1,
overall survival rates for fish passing downstream through the canal would be reflective of current
condition, as described above.

Several of FirstLight’s proposed operational changes are expected to work together to improve the
likelihood of downstream migrating shad finding the log sluice and passing there instead of through Cabot
Station. Releasing substantially higher minimum flows to the bypass reach at Turners Falls Dam and
Station No. 1 will reduce the total flow available to be passed through Cabot Station. Additionally,
FirstLight’s operational proposal of up- and down-ramping Cabot Station at 2,300 cfs/hour, 24/7, from
April 1 to May 31, baseloading of one Cabot Station unit in June, along with up-ramping Cabot Station at
2,300 cfs/hour for odonates in June (8:00am to 2:00pm), will provide fewer periods where flow through
Cabot Station is increasing rapidly. These combined limitations on Cabot Station operation during periods
when adult post-spawn shad would be emigrating through the canal would increase the attraction of the log
sluice relative to Cabot Station. More shad would therefore be anticipated to pass via the log sluice, where
survival is highest.
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Table 3.3.3.2.3.2.1-1: Raw recaptures within each state from the impoundment by release date

Northfield
Mountain
Upper Project Lower
Release Release Turners Falls Intake/ Turners Falls | Unknown
Date Location Impoundment | Tailrace | Impoundment Intake
5/6/2015 | Holyoke 2 1 2 -
5/12/2015 | Holyoke 1 - 1 -
5/13/2015 | Cabot 2 2 2 -
5/15/2015 | Impoundment 15 4 15 -
5/16/2015 | Impoundment 14 3 14 -
5/19/2015 | Cabot 1 - 1 -
5/19/2015 | Holyoke 1 - 1 -
5/22/2015 | Impoundment 13 2 12 1
5/23/2015 | Impoundment 16 6 15 1
Total 65 18 63 2

Table 3.3.3.2.3.2.1-2: Descriptive statistics of event times (days) from the upper Turners Falls
Impoundment to the lower Turners Falls Impoundment or the Northfield Mountain Project
intake/tailrace area

Event Min 25% Median 75% Max
Lower Turners Falls 0.000046 0.0427 0.19 0.50 30.67
Impoundment

Northfield Mountain

Project Intake 0.0087 0.015 0.016 0.084 0.22

Table 3.3.3.2.3.2.1-3: Raw recaptures within each state from the Route Choice at the Turners Falls
Dam by release date

Lower
Release Turners Falls Bypass Reach Did Not
Release Date Location Impoundment Canal (Spill) Pass

5/6/2015 Holyoke 2 2 0 0
5/12/2015 Holyoke 1 0 1 0
5/13/2015 Cabot 2 1 0 1
5/15/2015 Impoundment 15 8 3 4
5/16/2015 Impoundment 16 13 1 2
5/19/2015 Cabot 1 1 0 0
5/19/2015 Holyoke 1 0 1 0
5/22/2015 Impoundment 15 6 3 6
5/23/2015 Impoundment 15 8 3 4

Total 68 39 12 17
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Table 3.3.3.2.3.2.1-4: Cox Proportional Hazards output for Time-to-Canal route selection

Model LR Hazard
ID Covariates AIC Test Ratio SE p (+/-)
1 Diurnal (day) 274.69 0.86 0.95 0.33 0.865 (0.49, 1.80)
2 Canal Flow (kcfs) 264.09 | 0.001 1.10 0.03 0.001 (1.04, 1.16)
3 TFD Spill (kcfs) 274,51 0.64 1.02 0.04 0.64 (0.94, 1.10)

Table 3.3.3.2.3.2.1-5: Cox Proportional Hazards output for Time-to-Bypass route selection

Model LR Hazard
ID Covariates AIC Test Ratio SE p (+/-)
1 Diurnal (day) 63.58 0.07 3.10 0.68 0.10 (0.82, 11.75)
2 Turners Falls Dam 59.78 0.006 1.18 0.06 0.006 (1.05, 1.32)
Spill (kcfs)
3 Canal Flow (kcfs) 65.15 0.21 1.07 0.06 0.22 (0.96, 1.20)

Table 3.3.3.2.3.2.1-6: Raw recaptures within each state from the Canal by release date

Release Bypass | Remained | Unknown
Release Location Canal | Powerhouse | Sluice | in Canal | Escapement
5/6/2015 Holyoke 3 1 1 0 1
5/13/2015 Cabot 21 5 14 1 1
5/15/2015 Impoundment 9 5 2 1 1
5/16/2015 Impoundment | 14 6 3 2 3
5/19/2015 Cabot 21 7 13 0 1
5/19/2015 Holyoke 1 0 1 0 0
5/22/2015 Impoundment 6 3 3 0 0
5/23/2015 Impoundment 8 3 4 0 1
Total 83 30 41 4 8
Table 3.3.3.2.3.2.1-7: Descriptive statistics of event times (days) from the Canal to Downstream
Event Min 25% Median 75% Max
Powerhouse 0.03 0.16 0.32 1.49 23.63
Bypass Sluice 0.01 0.11 0.42 2.68 18.84
Unknown Route 0.03 0.27 1.03 13.39 29.51

Table 3.3.3.2.3.2.1-8: Cox Proportional Hazards output for time-to-Powerhouse passage

Model LR | Hazard
ID Covariates AIC Test Ratio SE p (+/-)
1 Diurnal (Day) 21455 | 0.61 1.22 0.40 0.61 (0.55, 2.68)
2 Cabot Ops (kcfs) 203.72 | <0.001 | 1.17 0.05 | 0.002 | (1.06,1.29)
3 Canal (kcfs) 201.85 | <0.001 | 1.16 0.04 | 0.001 (1.07,1.27)
4 Delta Cabot Ops (ft3/s?) | 204.32 | 0.48 0.81 0.29 0.47 (0.46, 1.43)
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Table 3.3.3.2.3.2.1-9: Cox Proportional Hazards output for time-to-Sluiceway passage

Model Covariates AIC LR Hazard | SE p (+/-)
ID Test Ratio
1 Diurnal (Day) 291.16 | 0.22 0.68 0.32 0.22 | (0.37,1.26)
2 Cabot Ops (kcfs) 292.32 | 0.58 1.02 0.03 0.58 | (0.95,1.10)
3 Canal (kcfs) 292.25 | 0.56 1.02 0.03 0.56 | (0.96,1.10)
4 Delta Cabot Ops (ft3/s?) | 289.61 | 0.08 0.74 0.14 0.04 | (0.56, 0.98)

Table 3.3.3.2.3.2.1-10: Survival estimates for LRDR downstream survival Mark
Recapture model

Whole Project

(Canal)

Powerhouse

Log Sluice

Forebay - Tailrace

0.95 (0.87 - 1.0)

1(0.97 - 1.0)

1(1.0-1.0)

Tailrace - Confluence

0.71 (0.61 — 0.81)

0.69 (0.57 — 0.88)

0.92 (0.81 — 0.98)

Confluence - Montague

0.97 (0.91 — 0.99)

0.96 (0.89 — 0.99)

0.97 (0.88 — 0.99)

Nourse Farms - Hatfield

1(0.0-1.0)

0.99 (0.0 — 0.99)

1(1.0-1.0)

Cumulative

0.654265

0.655776

0.8924
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Figure 3.3.3.2.3.2.1-1: The environmental conditions at event time for fish (n = 53) moving
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between the Shearer Farms and the lower Turners Falls Impoundment (m = 62).
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Shearer Farms to Intake, n=13, m=13
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Figure 3.3.3.2.3.2.1-2: The environmental conditions at event time for fish (n = 13) moving between the
Shearer Farms and the Northfield Mountain Project intake/tailrace (m = 13).
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Figure 3.3.3.2.3.2.1-3: Time until Smead Island arrival for fish with known status when passing
downstream via Cabot powerhouse
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Figure 3.3.3.2.3.2.1-4: Time until Montague arrival for fish with known status when passing
downstream via Cabot powerhouse

E-390



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

3.3.3.1.7.2.2 Juvenile American Shad

Turners Falls Impoundment

Juvenile American Shad begin their emigration out of the river in the fall, when water temperatures reach
approximately 19°C degrees, with peak emigration between 14-9°C degrees and ending somewhere around
10-8°C (O’Leary and Kynard, 1986). Emigrating shad in the TFI pass the Northfield Mountain Project
intake/tailrace and continue downstream by either spilling over the Turners Falls Dam into the bypass reach
or entering the power canal for subsequent downstream passage through Station No. 1, through Cabot
Station powerhouse, or via the log sluice bypass.

FirstLight attempted to track the downstream movements of juvenile shad in the TFI using radio telemetry
technology in 2015. Juvenile shad are notoriously sensitive to stress; and transporting, handling, holding,
and tagging are problematic. A tagging control study was performed that revealed tagging mortality was
high and tagged fish swam irregularly. The results of the juvenile shad telemetry study were deemed invalid
and there was no way to definitively determine downstream route choice selection and travel times. In
addition, FirstLight used split beam sonar at the Northfield Mountain Project intake/tailrace structure but it
was not optimal for estimating entrainment since installing the equipment behind the trash racks was not
an option. While fish attributes such as size, three-dimensional position and direction of travel were
guantified, it is not certain that fish detected passed through the trashracks and were subjected to
entrainment. FirstLight held study report meetings on October 31 and November 1, 2016 indicating that the
radio tagging and hydroacoustic components of the juvenile shad study did not provide enough information
to satisfy the study objectives.

In a FERC determination letter on requests for study modifications dated May 31, 2018, FirstLight
suggested that data collected during an entrainment study conducted at Northfield Mountain Project
intake/tailrace in 1992 (LMS, 1993) would be suitable for evaluating juvenile shad entrainment at the
Project under current operating conditions. FirstLight indicated that the LMS (1993) entrainment estimate
is likely conservative (i.e., that more fish were entrained in 1992 than would be under current conditions)
because a similar number of adult shad migrated upstream of the Turners Falls Dam in 1992 and 2015, and
because the Northfield Mountain Project operated in pumping mode frequently in 1992. As such, FERC
deemed the LMS study sufficient for an analysis of the rate of juvenile shad entrainment at the NMPS
during downstream emigration. Juvenile American Shad entrainment impacts at the Northfield Mountain
Project were deemed negligible by the study (LMS, 1993).

Despite negligible impacts on juvenile shad, FirstLight is proposing the installation of a barrier net at the
Northfield Mountain Project intake/tailrace intake to prevent entrainment impacts to juvenile shad during
pumping operations. FirstLight proposes to have the barrier net in place from August 1 to November 15
each year to coincide with the downstream migration season of juvenile American Shad and silver phase
American Eel. Previous barrier net efficiency studies at other intake facilities have proven effective in
reducing fish passage and subsequent impingement and entrainment impacts, given continual maintenance,
cleaning and repair (Patrick et al. 2014, EPRI 2006).

E-391



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

Turners Falls Project

As juvenile shad pass further downstream, they face a route choice to either spill over the Turners Falls
Dam or enter the power canal and move downstream through Station No.1, Cabot Station, or the Cabot
Station log sluice.

Passage via Dam Spillway

Survival of juveniles spilling over the Bascule Gates of the Turners Falls Dam was assessed by Normandeau
Associates in 2015 using Hi-Z tagging technology. The 1-hour direct survival rate of juvenile shad passing
over the Turners Falls Dam via Bascule Gate No. 1 (BG 1) was 69.4%, 47.7% and 75.6% during flow
releases of 1,500 cfs, 2,500 cfs and 5,000 cfs, respectively, with an overall survival rate of 63% (FirstLight,
2016f). The study suggested that the shallower depth of water below the spillway at BG 1 under low flow
conditions (1,500 cfs) does not provide much protection for fish passing over BG 1.

FirstLight is proposing the installation of a plunge pool below BG 1 that will provide enough water depth
for fish to safely spill over the dam without directly contacting any rock or concrete structures at all flows.
These measures will likely increase the survival of juvenile shad and other species/lifestages passing
downstream into the bypass reach via spill over BG 1.

Passage via Power Canal

If juvenile shad enter the power canal during downstream passage, they will subsequently pass downstream
through Station No.1, Cabot Station powerhouse, or the log sluice (fish bypass) at Cabot Station. Historical
studies that investigated downstream passage of Atlantic Salmon smolts and juvenile Clupeids (Harza &
RMC 1992a, 1992b, 1994a, 1994b; Nguyen & Hecker, 1992; NUSCO 1994, 1995, 1998a, 1998b; RMC,
1994, 1995) indicated that 90% of juvenile Clupeids that entered the power canal exited through the log
sluice and would not have been subjected to entrainment.

Survival rates (1 hr) for juvenile shad passing through the Francis units at Station No. 1 were 67.8% and
76.6%, respectively (Study Report 3.3.3). FirstLight is proposing to install an %z-inch spaced angled bar
rack at the entrance of the Station No. 1 forebay to reduce the likelihood of entrainment of juvenile shad
during their emigration and encourage shad to migrate further downstream through the canal where
downstream passage survival rates are higher at Cabot Station and the log sluice. Juvenile shad that pass
downstream through Cabot Station exhibited 95% survival (1 hr) through the Francis turbine at Cabot
Station Unit 2, which was near the median value of 94.7% for juvenile herring and shad obtained for 19
studies conducted at other hydroelectric projects (FirstLight, 2016f).
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3.3.3.1.7.2.3 American Eel

After spending five (5) to 20 years in riverine habitat, maturing American Eel, referred to as silver phase
eels, begin migrating downstream to reach spawning grounds in the Atlantic Ocean, somewhere in or near
the Sargasso Sea. Downstream migration usually occurs at night from August through November.
Outmigrating eels encounter obstacles including potential entrainment at the Northfield Mountain Project,
and several route selections at the Turners Falls Dam, through the power canal, and past the Station No. 1
and Cabot Station powerhouses.

Downstream passage of outmigrating silver eels has not been historically monitored at the Project. As such,
the Licensee conducted a study to assess downstream passage of adult outmigrating silver American Eel
(Study No. 3.3.5 Evaluate Downstream Passage of American Eel) to better understand migration timing as
it relates to environmental factors and operations at Turners Falls and Northfield Mountain Projects.

Turners Falls Impoundment

Based on radio telemetry data, silver phase American Eel migrating downstream are susceptible to
entrainment at the Northfield Mountain Project intake during pumping operations. Pumping at this facility
typically occurs nightly. A total of 164 eels were tracked in the TFI, two of which were identified as
becoming entrained at the Northfield Mountain Project intake. Cox Proportional Hazard regression models
revealed that another 34 eels were lost while near the Northfield Mountain Project intake, indicating
possible entrainment. Cox Proportional Hazards regression indicated that those 34 fish were lost at night
when the Northfield Mountain Project was in pumping mode, supporting the theory that these fish had
become entrained. Susceptibility for eel entrainment increased with increasing pumping (i.e., as more
pumps are engaged), particularly when intake flow surpassed river flow.

FirstLight is proposing the installation of a barrier net in front of the Northfield Mountain Project
intake/tailrace to prevent downstream migrating eels from being entrained during pumping operations.
FirstLight proposes to install the barrier net from August 1 to November 15 each year to coincide with the
downstream migration season of juvenile American Shad and silver phase American Eel. The barrier net
will prevent downstream migrating eels from becoming entrained at the Northfield Mountain Project, which
will increase their survival during downstream passage as they pass the Northfield Mountain Project.

Turners Falls Project

Once past the Northfield Mountain Project migrating eels are faced with two possible egress pathways past
the Turners Falls Dam: over the Turners Falls Dam with spill to the bypass reach, or through the gatehouse
and into the power canal. Radio-telemetry monitoring documented 69% of eels passing into the power
canal.

Passage via Dam Spillway

Though most eels were documented passing into the canal, rainy nights triggered eels to pass over the
Turners Falls Dam spillway into the bypass reach. For eels that pass via the Turners Falls Dam spillway
instead of entering the canal, HI-Z Turb’N Tag testing found high 48-h survival rates of 86.8% and 88.4%
for eels passing through BG land BG 4, respectively.

FirstLight is proposing the construction of a plunge pool below BG 1 to improve survival of emigrating
adult eels passing over the Turners Falls Dam.
Passage via Power Canal

Once in the power canal, emigrating adult silver-phased American Eel can select multiple routes to pass
downstream of the Project. They can exit the canal via either the Station No. 1 powerhouse, the Cabot
Station powerhouse, or the adjacent downstream bypass sluice. Radio-telemetry tracking revealed that fish
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overwhelmingly (~83%) exited the canal through the Cabot Station powerhouse, followed by the
downstream bypass sluice (~10%) and then the Station No. 1 powerhouse (~4%). Most fish moved through
the canal quickly and exited within 6 hours of entering the canal. Statistical analysis suggested that the most
important factors influencing escapement from the canal via the Cabot Station powerhouse were diurnal
cues and canal flow as eels were more likely to escape the canal via Cabot Station powerhouse for every
1,000 cfs increase in canal flow at night. Rapid flow changes (i.e., acceleration of flow or ramping effects
due to Cabot Station operations) did not appear to be a significant factor influencing migration time through
the canal.

Based on HI-Z Turb’N Tag testing, turbine passage survival estimates were greatest when passing via the
Cabot Station powerhouse (96% based on 48-hour survival) as opposed to Station No. 1 (90% for Unit 1
and 62% for Units 2 and 3). The lower survival estimate for Units 2 and 3 at Station No. 1 is due to the
station configuration and higher turbine rpms. A common penstock leads to Units 2 and 3, with Unit 2 being
much smaller and having a faster runner speed than Units 1 and 3.

FirstLight proposes to install a %:-inch spaced bar rack at the entrance of the Station No. 1 forebay. The bar
rack will prevent outmigrating eels in the canal from entering the Station No. 1 forebay and encourage
movement downstream to Cabot Station where passage survival rates are higher. This measure will reduce
the likelihood of injuries and increase survival rates for adult American eel during their emigration through
the power canal at the Turners Falls Project.
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3.3.3.1.8 Entrainment and Impingement

Resident and migratory fish may be subject to entrainment and turbine passage. At the Turners Falls Project,
fish may pass through the turbines at Station No. 1 or Cabot Station. At the Northfield Mountain Project,
fish entrained during pumping operations pass through the intake tunnel and turbine(s) before being
discharged to the Upper Reservoir. Features that determine the likelihood of entrainment include the
velocity at the intakes, and the fish species and habitat available in the area. As fish pass through the
turbines, mortality may occur due to (1) collision with blades, wicket gates, or vanes; (2) shear forces;
and/or (3) pressure changes. Turbine passage mortality of resident fish was assessed in studies approved by
FERC and by using empirically validated blade strike models to estimate potential mortality (Franke et al.
1997). The results of these analyses are provided below, with additional details provided in the report for
Relicensing Study 3.3.7 — Fish Entrainment and Turbine Passage Mortality Study, which was filed with
FERC on October 14, 2016. Field studies of adult American Eel and adult and juvenile American Shad
provided empirical data regarding entrainment rates and survival at the Projects.

Turners Falls Project

Fish passing downstream leave the TFI either by passing over the spillway (Bascule Gates) or via the
Tainter gates at Turners Falls Dam to the bypass reach or by exiting through the gatehouse into the power
canal. Fish entering the power canal have three avenues of downstream passage: 1) Entrainment through
Station No. 1 turbines, 2) Entrainment through Cabot turbines or 3) Passage via a log sluice adjacent to the
Cabot Station.

From the power canal there is an approximate 700-foot-long by 100-foot-wide branch canal. At the end of
the branch canal is the entrance to Station No. 1, consisting of eight bays, each 15 feet wide for a total
intake width of 120 feet. Trashracks are angled across the entire entrance, totaling 120 feet wide by 20.5
feet high. With a normal canal elevation of approximately 173.5 feet, the effective trashrack opening is
approximately 114 feet wide by 15.9 feet high, resulting in a gross area of 1,812.6 square feet (ft?). The bar
thickness is 0.375 inches, and the bars are 3 inches on center, thus the clear spacing between bars is 2.625
inches. At full hydraulic capacity (2,210 cfs), the calculated average approach velocity in front of the
trashracks is approximately 1.2 feet per second (fps). More detailed information on velocities was collected
for Study No. 3.3.8 Computational Fluid Dynamics Modeling in the Vicinity of the Fishway Entrances and
Powerhouse Forebays which demonstrated that, under maximum generation flow at Station No. 1, 91% of
the rack face had approach velocities of less than 2.0 fps.

Cabot Station is located at the downstream terminus of the power canal. The trashrack opening is 217 feet
wide by 31 feet high, resulting in a gross area of 6,727 ft2. The trashracks are angled and include upper and
lower racks. The top 11 feet of the upper racks have clear-bar spacing of 0.94 inches, and the bottom 7 feet
of the upper racks have clear-bar spacing of 3.5625 inches. The entire 13 feet of the lower racks have clear-
bar spacing of 3.5625 inches. At full hydraulic capacity, the calculated approach velocity in front of the
trashracks is approximately 2.0 fps. More detailed information on velocities was collected for Study No.
3.3.8 Computational Fluid Dynamics Modeling in the Vicinity of the Fishway Entrances and Powerhouse
Forebays which demonstrated that velocities across the rack were not uniform and, under maximum
generation flow, 32% of the rack area had velocities less than 2.0 fps. The highest approach velocities were
in front of penstock no. 6 (the most upstream area of the intake) and nearest to the bottom.

Northfield Mountain Project

The Northfield Mountain Project tailrace serves as the intake during pumping and is located inshore from
the Connecticut River. An excavated 700-feet-long channel serves as a forebay/tailrace. The channel lacks
instream cover, providing limited fish habitat. When operating in a pumping mode, the approximate
hydraulic capacity of the station is 15,200 cfs (3,800 cfs/pump). Alternatively, when operating in a
generation mode, the approximate hydraulic capacity is 20,000 cfs (5,000 cfs/turbine).
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The trashrack opening is trapezoidal in shape and has a gross area opening of 4,400 ft2. The bar thickness
is 0.75 inches, with a clear-spacing of 6 inches. Under maximum pumping conditions of 15,200 cfs, the
calculated velocity in front of the rack is 3.5 fps. Velocities were field measured in this area as part of
Relicensing Study No. 3.3.9 Two-Dimensional Modeling of the Northfield Mountain Pumped Storage
Project Intake/Tailrace Channel and Connecticut River Upstream and Downstream of the Intake/Tailrace.
The results indicated that during four units pumping, velocities across the channel were typically 3-4 ft/s.

3.3.3.1.8.1 Resident Species

Some resident fish in the Project areas may be subject to impingement and entrainment at Cabot Station,
Station No. 1, or the Northfield Mountain Project (during pumping). Most resident species are littoral,
shoreline- and cover-oriented, and due to the paucity of these habitat features in the Northfield Mountain
Project intake/tailrace channel, the likelihood of entrainment or impingement of these fishes is reduced. In
addition, these resident species do not typically undertake large river-wide movements that require passing
downstream at the Turners Falls Project where they would encounter either the Cabot Station or Station
No. 1 intakes. Such fish reside or forage locally within the intake area and encounter velocities that may
exceed their sustained swim speed. Some localized movements of individuals, or small schools during
foraging or random exploration in the immediate vicinity of the project intake could result in periodic,
small-scale entrainment events.

Impingement feasibility for each species was identified based on fish size relative to trashrack spacing
(Table 3.3.3.2.4.1-1). In general, larger species could be impinged, particularly at the upper narrow-spaced
racks at Cabot Station, but these fish would also generally have greater swim speeds than smaller fish that
could pass through the racks and become entrained. A qualitative scale of entrainment potential ranging
from “Low” to “High” was developed for each resident fish species documented in the TFI during the
baseline fish assemblage assessment. Overall entrainment risk to resident species is slightly higher at Cabot
Station than at Station No. 1 (Tables 3.3.3.2.4.1-2 and 3.3.3.2.4.1-3). The primary factor that raises the
Cabot Station risk level is the proximity of habitat that is attractive to some species. Fringe shoal areas
exist upstream from the Cabot Station intake featuring a limited amount of object cover such as logs and
debris, as well as scattered rooted and submerged aquatic vegetation beds. These features are absent from
the Station No. 1 forebay area. Although not in the immediate vicinity of the Cabot Station intake, these
habitat pockets may provide shelter for cover-oriented species. Residents of these areas may approach the
Cabot Station intake during localized foraging or exploration movements.

Most resident species are at moderate to low risk at Cabot Station at the individual animal level, and none
are at a high risk. Species scoring as low risk included Bluegill, Pumpkinseed and Smallmouth Bass. Five
species are at moderate risk to entrainment loss at Station No. 1 at the individual animal level, and the
remainder are at a low risk; none are at a high risk. Entrainment of resident fish is confined to individual
movements of a limited number of fishes, and therefore is not expected to materially affect spawning
or YOY recruitment. In general, most resident fish entrainment loss has been shown to be dominated
by YOY and small juvenile fish that exhibit swimming speeds less than intake velocities (EPRI, 1997).
However, turbine survival of smaller fish tends to be relatively high when compared to adults, as smaller
fish are less likely to encounter blades, vanes and get caught in shear zones than larger fish (Franke et al.
1997). Natural mortality rates generally exert a more significant effect on YOY and juveniles than does
entrainment mortality (Franke et al., 1997; EPRI, 1997).

Operation of the Northfield Mountain Project may impact fishes due to entrainment. However, pumping
operations generally only occur over short periods, on the order of a few hours at a time, limiting the
timeframe that fish could be subjected to entrainment. All species evaluated are at low or moderate risk to
entrainment loss at the individual level and although intake velocities are generally greater than swimming
capabilities of many of the species in the TFI, the lack of habitat features likely limits the frequency of
fish entering the intake/tailrace channel (Table 3.3.3.2.4.1-4).
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Overall, entrainment is not anticipated to affect the populations of resident species (Tables 3.3.3.2.4.1-2
through 3.3.3.2.4.1-4). However, PM&E measures designed for migratory species such as the barrier net at
the Northfield Mountain Project and the %-inch spaced angled bar rack at the entrance of the Station No. 1
would protect individuals of resident species from entrainment.
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Table 3.3.3.2.4.1-1: Feasibility of resident fish impingement based on comparison of mean fish body width and trashrack spacing.

Minus sign indicates less susceptible to impingement and plus sign indicates a species is susceptible.
TL = total length; BW = body width

Smith 1985 (mm) Measured TL (mm) Estimated BW (mm) Impingement Feasibility

Northfield Station No. 1 Cabot Station Cabot Station
Common Name TL BW BW:TL Mean Min  Max Mean Min Max (152.4 mm)* (66.7 mm)* (upper, 23.9 mm)* (lower, 90.5 mm)*

Banded Killifish 120.1 142 0.118 47.5 30 67 5.6 35 7.9 - - - -
Black Crappie 133.8 13.3 0.099 223.4 87 280 | 22.2 86 2758 - - - -
Bluegill 126.8 16.8 0.132 159.9 30 225 21.2 4.0 29.8 - - - -
Brown Bullhead 123.8 20.6 0.166 340.0 325 355 56.6 541 59.1 - - + -
Chain Pickerel 1165 10.3 0.088 431.8 410 477 38.2 36.2 422 - - + -
Channel Catfish 121.3 227 0.187 330.0 76 622 61.8 142 1164 - - + -
Common Carp 1259 204 0.162 735.3 585 930 119.1 948 150.7 - + + +
Common Shiner 1241 133 0.107 375 30 45 4.0 3.2 4.8 - - - -
Fallfish 1247 16.1 0.129 139.7 56 430 18.0 7.2 55.5 - - - -
Golden Shiner 123.3 13.0 0.105 98.0 57 212 10.3 6.0 224 - - - -
Largemouth Bass 1234 165 0.134 128.4 25 410 17.2 3.3 54.8 - - - -
Longnose Dace 123.3 17.2 0.139 57.0 57 57 8.0 8.0 8.0 - - - -
Mimic Shiner 1255 127 0.101 58.4 53 64 5.9 5.4 6.5 - - - -
Northern Pike 1186 9.2 0.078 355.6 197 780 27.6 153 605 - - + -
Pumpkinseed 1298 16.1 0.124 152.9 75 205 19.0 9.3 254 - - - -
Rock Bass 1246 194 0.156 142.3 32 257 22.2 5.0 40.0 - - - -
Rosyface Shiner 1153 11.0 0.095 61.0 61 61 5.8 5.8 5.8 - - - -
Smallmouth Bass 1236 158 0.128 152.2 29 470 195 3.7 60.1 - - - -
Spottail Shiner 128.4 18.0 0.140 92.0 45 165 12.9 6.3 23.1 - - - -
Tessellated Darter 1216 169 0.139 53.2 19 85 7.4 2.6 11.8 - - - -
Walleye 120.2 150 0.125 261.5 146 530 32.6 18.2 66.1 - - + -
White Perch 1235 176 0.143 109.0 109 109 155 155 155 - - - -
White Sucker 1219 178 0.146 117.8 35 530 17.2 5.1 77.4 - - - -
Yellow Perch 1234 141 0.114 143.6 15 360 16.4 1.7 41.1 - - - -

* Indicates trashrack spacing.
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Table 3.3.3.2.4.1-2: Entrainment risk scores for resident species at Cabot Station.

Habitat & Swim Population Risk
Species Biology Speed Survival Likelihood Impact Score*
Banded Killifish 1 2 2 1 0 6

Black Crappie
Bluegill

Brown Bullhead
Chain Pickerel
Channel Catfish
Common Carp
Common Shiner
Fallfish

Golden Shiner
Largemouth Bass
Longnose Dace
Mimic Shiner
Northern Pike
Pumpkinseed
Rock Bass
Rosyface Shiner
Smallmouth Bass
Spottail Shiner
Tessellated Darter
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Walleye
White Perch
White Sucker
Yellow Perch 1 0
Habitat & Population
Score Biology Swim Speed Survival Likelihood Impact
greater than
0 intake 90-100% no impact
velocity
equal to
1 "unlikely" intake 80-90% "unlikely" "minimal”
velocity
"habitat less than si n:?i?:)z:\ntl
2 preference intake 70-80% "moderate™ gre duce y
present" velocity .
spawning
may
3 "very likely" <70% "likely" significantly
impact YOY

*Note: Category scores were summed to generate an entrainment risk score on a scale of 0 to 15. Summed scores of 0-5 represent
“low” entrainment risk, scores of 6-10 represent “moderate” risk and 11-15 equate to “high” risk.
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Table 3.3.3.2.4.1-3: Entrainment risk scores for resident species at Station No. 1.

Habitat & Swim Population Risk
Species Biology Speed Survival Likelihood Impact Score*
Banded Killifish 1 2 1 0 5

Black Crappie
Bluegill

Brown Bullhead
Chain Pickerel
Channel Catfish
Common Carp
Common Shiner
Fallfish

Golden Shiner
Largemouth Bass
Longnose Dace
Mimic Shiner
Northern Pike
Pumpkinseed
Rock Bass
Rosyface Shiner
Smallmouth Bass
Spottail Shiner
Tessellated Darter
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Walleye
White Perch
White Sucker
Yellow Perch 1 0
Habitat & Population
Score Biology Swim Speed Survival Likelihood Impact
greater than
0 intake 90-100% no impact
velocity
equal to
1 "unlikely" intake 80-90% "unlikely" "minimal”
velocity
"habitat less than si n:?i?:)z:\ntl
2 preference intake 70-80% "moderate™ gre duce y
present" velocity .
spawning
may
3 "very likely" <70% "likely" significantly
impact YOY

*Note: Category scores were summed to generate an entrainment risk score on a scale of 0 to 15. Summed scores of 0-5 represent
“low” entrainment risk, scores of 6-10 represent “moderate” risk and 11-15 equate to “high” risk.
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Table 3.3.3.2.4.1-4. Entrainment risk scores for resident species at the Northfield Mountain Project.

Species Habitat & Population
Biology = Swim Speed Survival Likelihood Impact  Risk Score*
Banded Killifish 1 3 1 0 7

Black Crappie
Bluegill

Brown Bullhead
Chain Pickerel
Channel Catfish
Common Carp
Common Shiner
Fallfish

Golden Shiner
Largemouth Bass
Longnose Dace
Mimic Shiner
Northern Pike
Pumpkinseed
Rock Bass
Rosyface Shiner
Smallmouth Bass
Spottail Shiner
Tessellated Darter
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Walleye
White Perch
White Sucker
Yellow Perch 1 0
Score Ha_bltat & Swim Speed Survival Likelihood Population
Biology Impact
0 . greater ‘haT‘ 90-100% no impact
intake velocity
1 nunlikelyr  eaual tointake g 500, "unlikely” "minimal”
velocity
"habitat . may
2 preference s!lghtly less than 70-80% "moderate" significantly
" intake velocity )
present reduce spawning
may
3 "very likely" <70% "likely" significantly
impact YOY

*Note: Category scores were summed to generate an entrainment risk score on a scale of 0 to 15. Summed scores of 0-5 represent
“low” entrainment risk, scores of 6-10 represent “moderate” risk and 11-15 equate to “high” risk.
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3.3.3.1.8.2 Migratory Species
3.3.3.1.8.2.1 American Shad
Northfield Mountain Project

Ichthyoplankton

Entrainment of American Shad eggs and larvae was estimated after site specific ichthyoplankton sampling
at the Northfield Mountain Project in 2015 and 2016. Based on the entrainment estimates and published
survival fractions, the number of equivalent juvenile and adults lost to entrainment as eggs and larvae at the
Northfield Mountain Project was estimated to be 696 juvenile shad or 94 adult American Shad in 2015 and
2,093 juvenile shad or 578 adult American Shad in 2016. To put these numbers into perspective, the number
of American Shad passed annually in 2015 and 2016 at the Turners Falls gatehouse fishway were 58,079
and 54,069, respectively and the Vernon fishway were 39,771 and 35,807, respectively. Equivalent adult
lost to entrainment in 2015 and 2016 at the Northfield Mountain Project ranged from 0.1% to 1.1% of the
Turners Falls gatehouse passage. Though entrainment of shad eggs and larvae is occurring, the effects of
entrainment on the population of shad is minimal.

Juvenile Emigration

Determining the rate of entrainment at the Northfield Mountain Project was an objective of Relicensing
Study 3.3.3 Evaluate Downstream Passage of Juvenile American Shad (FirstLight, 2016c). Hydroacoustic
and radio telemetry methods were used to achieve this objective. However, the objective was not fully met
due to a high level of milling observed in the hydroacoustic data and poor survival and tag retention for
radio-tagged control fish.

FirstLight’s estimates of juvenile shad entrainment at the Northfield Mountain Project are therefore based
on a previous robust netting study conducted in 1992. The numbers of adult shad that passed Turners Falls
at the time of the study were similar to current passage numbers, and the Northfield Mountain Project
pumping was also similar. Therefore, FirstLight believes the previous entrainment study conducted at the
Northfield Mountain Project in 1992 is still applicable.

In 1991 and 1992, a number of methods were used to assess the impact of the operation of the Northfield
Mountain Project on juvenile American Shad in the Connecticut River, including trawls, seining,
electrofishing, and netting in the Upper Reservoir (LMS 1993). The objectives were to determine the
temporal and spatial distribution of juvenile American Shad in the vicinity of the Northfield Mountain
Project intake and to estimate entrainment of juvenile shad during pumping operations. Of the study
methods, netting in the Upper Reservoir was used to determine an entrainment estimate.

The netting study had a robust sampling scheme with 23 entrainment samples collected from August 9 to
October 27, 1992 by deploying a 5° x 34’ framed net at the opening of the discharge tunnel in the Upper
Reservoir during pumping operations. The area of the net represented about 11% of the area of the tunnel
opening, such that only a portion of the total volume of water pumped was filtered through the net. The net
was maintained at the same elevation for the duration of the sampling program. The net was deployed after
pumping began (typically near 23:30) and continued to sample for up to 5.5 hours. Eight flow meters
mounted in the mouth of the frame allowed the volume of sampled water to be calculated.

The efficiency of the net frame was also assessed based on 13 sampling events in which marked juveniles
(both alive and dead) were introduced into plant flow and the number recaptured was recorded. The net
efficiency calculation accounted for the percentage of water that was sampled by the net relative to total
volume pumped and was ultimately used to adjust the juvenile entrainment estimate.
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Throughout the entrainment sampling events, it was determined that the net sampled about 6.5-13.9% of
the pumping cycle flow. During the 80.2 hours and 8,204,756 m? of water sampled, 331 juvenile shad were
collected during sampling events from August to late October. For net efficiency testing, 262 shad overall,
or 8.2% of the marked fish released, were recaptured in the entrainment net during the 13 efficiency
sampling events. The extrapolation of counts based on the total volume of water pumped and net efficiency
yielded an estimate of 37,260 juvenile shad that were entrained during the late summer to fall migration
season of 1992,

The overall mean volume of water filtered through the net (11.7%) was close to the percent of the outlet
area occupied by the net frame, indicating that the net was fishing effectively. While there was variability
in the weekly entrainment net catch rate, the peak catch rate coincided with the expected seasonal peak of
the shad migration. Juvenile catch was greatest in mid-October corresponding to a period of decreasing
water temperatures, consistent with O’Leary and Kynard (1986). The estimated entrainment of juvenile
shad at the Northfield Mountain Project was 37,260 individuals (standard error = £11,900), which included
a 74% adjustment for net efficiency. The sampling design consisted of several sampling events over the
duration of the migration period and allowed for a reduction of bias in the sampling results. The consistency
of the net recovery results and the volume of the Northfield Mountain Project flow that was filtered during
each sampling event supports the reliability of the entrainment estimate for juvenile shad at the Northfield
Mountain Project.

To demonstrate that the 1992 juvenile shad entrainment estimate at the Northfield Mountain Project
described above is still applicable today, the numbers of adult American Shad in the TFI and the Northfield
Mountain Project operations were compared between the two periods. The juvenile entrainment assessment
of 1992 occurred during August, September and October, which included the typical period of outmigration
of juvenile shad from rearing areas in rivers to the ocean. Mean monthly discharge of the Connecticut River
as reported for USGS Gage No. 01170500 (Connecticut River at Montague City, MA) ranged from 5,545
cfs in August to 6,926 cfs in October 1992 and between 4,975 cfs in September and 10,100 cfs in October
2015.

Additionally, the numbers of adult American Shad that passed into the TFI were similar in 1991-1992
(54,656 and 60,089) and 2015-2016 (58,079 and 54,069). This would most likely result in comparable
numbers of juvenile shad passing the Northfield Mountain Project tailrace during these two periods,
assuming similar larval and juvenile survival.

FirstLight has filed information (Supplemental Information Relevant to U.S. Fish and Wildlife Service
Notice of Study Dispute at 2, Project Nos. 1889-081 and 2485-063, filed Mar. 28, 2014) into the record to
clarify that there has been less overall utilization of the Northfield Mountain Project since the 1992 study
was conducted and consequently a decrease in the amount of pumping, and that there has been no significant
change in pump discharge since the Project was constructed. Overall pumping between 1992 and 2015
during the emigration of juvenile American Shad (August through October) was higher in 1992 than 2015.
In 1992, pumping typically extended approximately an hour further into the morning, and also occurred
occasionally with one-unit during the daytime hours. Alternatively, no pumping occurred during the day in
August-October 2015. Using the 1992 study results thus provides an estimate of entrainment that overstates
the actual amount of entrainment at the Project today and is conservative.

Since the number of adult shad in the TFI was similar and the Northfield Mountain Project generation in
2015 as compared to 1992 was less, assessing the impact of the operation of the Northfield Mountain Project
on emigrating juvenile American Shad using the 1992 study results would provide a conservative estimate
of juvenile American Shad entrainment. FERC agreed in a letter dated May 31, 2018.

FirstLight proposes to install a barrier net at the Northfield Mountain Project intake/tailrace annually
between August 1 to November 15. The barrier net will prevent entrainment of juvenile American shad
emigrating downstream past the Project. Barrier net technology has been considered an acceptable industry
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standard for successfully reducing the risk of impingement at other pumped storage facilities including the
Ludington plant (Patrick et al. 2014). The effectiveness of the barrier net in previous studies is contingent
on-site specific applications and the importance of continual maintenance of the net due to potential
biofouling.

Adult Migration

During upstream passage, a large proportion of migrating adult American Shad that entered the TFI have
successfully migrated through the project area to the Vernon Dam. A small percentage are attracted towards
the Northfield Mountain Project intake, but they proceed through that area relatively quickly. No adult shad
(upstream or downstream migrating) were documented in the Northfield Mountain Project Upper Reservoir.

Turners Falls Project

Juvenile Emigration

Juvenile shad that migrate down the canal have multiple avenues of escapement. They can pass downstream
via the entrainment at Cabot Station or Station No. 1, or via the log sluice, avoiding entrainment. Historical
studies that investigated downstream passage of Atlantic Salmon smolts and juvenile Clupeids (Harza &
RMC 1992a, 1992b, 1994a, 1994b; Nguyen & Hecker, 1992; NUSCO 1994, 1995, 1998, 1999; RMC, 1994,
1995) indicated that 90% of juvenile Clupeids that entered the power canal exited through the log sluice
and were not subjected to entrainment.

Impacts to juvenile shad outmigration at the Turners Falls Project were evaluated using a combination of
methodologies and technologies including hydroacoustics, radio telemetry and HI-Z Turb’N tags. Analysis
of hydroacoustic data collected at the Cabot Station intakes from August 1 to November 14, 2015 suggested
1,660,166 juvenile shad were entrained at Cabot Station. Impacts to these fish are likely far less substantial
because of high turbine passage survival; NAI reported a 95.0% immediate survival of juvenile shad passed
through Cabot Station Unit 2 and recaptured using HI-Z Turb’N tags (FirstLight, 2016f). Units 1, 3, 4, 5
and 6 are identical to Unit 2, so similarly high survival is expected at these units as well. The immediate
survival rates for the smaller Francis units at Station No. 1 (67.8% and 76.6%) were lower, but radio
telemetry results (Study 3.3.3) suggest that a proportionally small number of the shad that enter the canal
passed via Station No. 1, as evidenced by the fact that of the 16 radio tagged juvenile shad that emigrated
through the power canal, only one was detected at the Station No. 1 forebay and was not entrained during
the 2015 monitoring study (FirstLight, 2016c).

Under FirstLight’s flow proposal, more consistent flows would be released to the bypass reach via Station
No. 1 than historically, which would increase their potential for entrainment and mortality there. FirstLight
proposes the installation of a bar rack, with %-inch clear spacing, at the entrance to the Station No. 1 forebay
where flows are diverted from the main power canal. The bar rack will deter outmigrating juvenile shad
from entering the forebay and being entrained through the Station No. 1 units. The location of the bar rack
will encourage shad movement downstream to Cabot Station where passage via the bypass log sluice and
higher entrainment survival rates through the Cabot Station units would provide a greater success rate for
shad exiting the canal.

Adult Emigration

Adult post-spawn shad tended to pass downstream via the Turners Falls power canal, within which there
are multiple downstream passage routes. They can pass downstream via the entrainment at Cabot Station
or Station No. 1, or via the log sluice, avoiding entrainment. As described in Section 3.3.3.2.3.2.1, the
proportion of tagged shad passed via the log sluice and Cabot Station varied depending on the flow through
Cabot Station, and none passed through Station No. 1. Their 48-hour survival was highest through the log
sluice (89.2%), relative to Cabot Station (65.6%). Though emigrating adult shad were not identified as

E-404



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

using Station No. 1 as a route of passage out of the canal, there is the potential for greater mortality there
than at other locations given the turbine configuration, as has been shown for other migratory species.

Under FirstLight’s flow proposal, more consistent flows would be released to the bypass reach via Station
No. 1 than historically, which would increase their potential for entrainment and mortality there. FirstLight
proposes the installation of a bar rack, with ¥-inch clear spacing, at the entrance to the Station No. 1 forebay
where flows are diverted from the main power canal. The bar rack will exclude outmigrating adult shad
from entering the forebay and being entrained through the Station No. 1 units. The location of the bar rack
will encourage shad movement downstream to Cabot Station where a bypass log sluice and higher survival
rates through the units would provide a greater success rate for shad exiting the canal.

3.3.3.1.8.2.2 Sea Lamprey

Once hatched, Sea Lamprey larvae, known as ammocoetes, will burrow into muddy, sandy/silty bottoms
of streams or rivers (Beamish 1980, Moser et al. 2007). Once settled in the substrate, ammocoetes can
remain in this sedentary life stage for up to 3-7 years (Moser et al. 2007). Ammocoetes undergo several
stages of metamorphosis during their sedentary stage before emerging from silt beds to begin feeding
parasitically and transitioning into their adult life stage (Auer, 1982). Due to their unique life history
characteristics, it is unlikely that Sea Lamprey are susceptible to the risk of entrainment or impingement at
the Project facilities until they emigrate from the river during the “transformer” stage. However, at this
stage they are relatively small and would likely exhibit high survival rates. Because adults that return to the
river die after spawning, entrainment effects are not an issue for this life stage.

3.3.3.1.8.2.3 American Eel

Northfield Mountain Project

Entrainment of outmigrating adult silver American Eel at the Northfield Mountain Project intake was
estimated using radio telemetry techniques in fall of 2015. Tagged eels were released about 5 km upstream
of the Northfield Mountain Project intake/tailrace just before pumping began, as well as about 6 km
upstream of the Turners Falls Dam. Releases occurred in batches over a range of operating conditions. Eel
were subsequently tracked by fixed station receivers and mobile receivers until tagged eel left the area or
water temperatures dropped to 5°C.

FirstLight tagged and released 132 eels with radio telemetry tags at two sites in the TFI, one site above
(n=72) and one below (n=60) the Northfield Mountain Project intake. TransCanada (now GRH) released
an additional 165 eel above Vernon Dam as part of a concurrent relicensing study. A series of fixed radio
telemetry stations were installed to monitor the downstream movements of tagged eel from just upstream
of the Northfield Mountain Project intake, through project features, and down to the Montague WWTP,
which is located downstream of Cabot Station tailrace. A CJS mark recapture model revealed 164 eels were
recaptured in the TFI, two of which were entrained at the Northfield Mountain Project intake. Cox
Proportional Hazard regression models revealed that another 34 eels were lost while at the Northfield
Mountain Project intake, indicating possible entrainment.

The Licensee proposes to install a barrier net at the Northfield Mountain Project intake/tailrace annually
between August 1 to November 15. The barrier net will prevent entrainment of silver phase American Eels
migrating downstream past the Project.

Turners Falls Project

Impacts to adult silver American eels outmigrating at the Turners Falls Project were evaluated using a
combination of technologies including radio telemetry and HI-Z Turb’N tags. Turbine passage survival
evaluations were conducted in the fall of 2015. HI-Z Turb’N tags were used to evaluate passage survival
of 50 adult eels at Cabot Station Unit 2 and 60 adult eels were injected into the turbines of Station No. 1.
Testing revealed high 48-h survival rate of 96% for eel passing through Cabot Station powerhouse. Eels
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also fared well (approximately 90% survival and little injury) passing the larger of the Francis units at
Station No. 1. However, results indicate that the units with a common penstock leading to both a larger
and smaller unit at Station No. 1 inflict up to 40% mortality.

Eels used in these studies were imported from a commercial fisher in Newfoundland in accordance with
state and Federal law and as stipulated in Permit Number 088.15LP issued by MADFW on October
20, 2015. Eels were held at each project in tanks, continuously supplied with ambient river water. Water
temperature ranged from 7.5 to 9.1°C during the study. Fish tagging, release, and recapture techniques
were similar to those used for adult fish in numerous other passage survival studies.

The treatment eels ranged from 400-960 mm in total length with a mean of 692 mm. Control eels ranged
from 560-920 mm with a mean of 715 mm. Recapture rates for the treatment eels at Cabot Station Unit 2,
Station No. 1 Unit 1, and Units 2/3, were 98.0, 86.7, and 63.3%, respectively. The estimated immediate
(1 h) survivals for Cabot Station Unit 2 and Station No. 1 Units 1 and 2/3 were 98.0, 90.0, and 62.1%,
respectively.

The estimated 48-h survivals for Cabot Station Unit 2 and Station No. 1 Units 1 and 2/3 were 96.0, 90.0,
and 62.1%, respectively. All the post-turbine passage recaptured treatment fish were examined for injuries.
The total treatment fish that had visible injuries for Cabot Station Unit 2 and Station No. 1 Units 1 and
2/3 were 2, 0, and 3, respectively. None of the control fish had visible injuries. Fish free of visible injuries
and loss of equilibrium, were designated a malady-free status. Malady-free estimate rates were adjusted
by any maladies incurred by control fish. The adjusted malady-free estimates for recaptured fish at Cabot
Station Unit 2, Station No. 1 Unit 1 and Units 2/3, and BG 1 and BG 4 at 1,500, 2,500, and 5,000 cfs were
generally greater than 95%, with the exception of Units 2/3 of Station No. 1 (malady-free estimate of
79.0%). The study results indicate that adult eels should incur little mortality or injury passing the Francis
units except for the smaller units at Station No. 1.

Under the proposed condition, more consistent flows would be released to the bypass reach via Station No.
1 than historically, which would increase their potential for entrainment and mortality there. FirstLight
proposes the installation of a bar rack, with %-inch clear spacing, at the entrance to the Station No. 1 forebay
where flows are diverted from the main power canal. The bar rack will exclude outmigrating silver phase
eels from entering the forebay and being entrained through the Station No. 1 units. The location of the bar
rack will encourage eel movement downstream to Cabot Station where a bypass log sluice and higher
survival rates through the units would provide a greater success rate for eels exiting the canal.
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3.3.3.1.9 Odonates

The speed with which odonate larvae ascend the riverbanks, find a spot to eclose, complete the eclosure
process, and take flight is important for understanding potential effects of water level fluctuations. Once
the eclosure process begins, the insect is susceptible to rising water levels, wind, waves, and predators.
Species that select eclosure sites far enough or high enough from the water to avoid inundation will be more
successful at avoiding inundation and potential mortality. If larvae select eclosure sites within the zone that
may be inundated as water levels rise, then it would need to complete the process and fly away prior to
inundation.

In terms of understanding potential effects of water level fluctuations, the concern is for those species and
individuals that remain close to the water’s edge, especially in areas of the river where daily and hourly
water level fluctuations and rates of change are greatest. Water level fluctuations and rates of change,
resulting from Project operations, may affect odonate emergence.

Although most other riverine odonate species did, on average, crawl far enough and high enough from the
water to escape risks of fluctuating water levels, a small proportion of all species eclosed close enough that
inundation during eclosure was a risk to some individuals.

Turners Falls Impoundment

In the Barton Cove area of the TFI, the most abundant species documented was Epitheca princeps, a species
common in lentic habitats. Based on water level timeseries data, developed from the operations model and
the hydraulic model in the TFI, water level increases that could occur when the NRF is within Project
control and when this species is eclosing are always below the CPR-90 level, and reaches the CPR-95 level
3.6% of the time under baseline conditions (Figure 3.3.3.2.5-1). Given that the CPR-95 level would protect
95% of eclosing individuals, the probability of water levels affecting eclosing Epitheca princeps has been
minimal. The second-most abundant species documented in Barton Cove was Perithemis tenera. CPRs for
this species, along with some other less-common species found in the TFI, were represented by the
Libellulidae group. Similarly, water levels would reach the CPR-95 level for this group only 2.2% of the
time under baseline conditions, with minimal effects on this odonate group (Figure 3.3.3.2.5-2).

FirstLight is proposing to limit the rate of water level rise in the TFI, as measured at the Turners Falls Dam
to 0.9 feet/hr, subject to certain exceptions discussed in Section 2.2. Though this magnitude of increase
does not typically occur in the TFI today, the limitation will prevent increases that could affect odonates in
the future. Given the similarities between the baseline and proposed water level changes in the TFI relative
to the eclosure characteristics of odonates residing there, effects of proposed operations on odonates in the
TFI will also be minimal (Figure 3.3.3.2.5-1 and Figure 3.3.3.2.5-2).

Bypass Reach

In the bypass reach, the most abundant species documented were from the Gomphus group, specifically
Gomphus vastus and the state listed Gomphus abbreviatus. The Gomphus group exhibits high climbing
behaviors relative to many of the other species/groups. Changes in flows to the bypass reach primarily result
from changes in spill over the Turners Falls Dam. Station No. 1 is operated for relatively long periods,
either on or off, and is not a peaking plant; therefore, increases in water levels that could affect odonates
would occur only during brief periods when Station No. 1 is turned on or re-set at a higher flow rate. When
the river flows are within the Turners Falls Project capacity, it is in FirstLight’s interest to pass the water
through Cabot Station, when possible, and avoid spilling. Therefore, increases in flows to the bypass reach
that could affect odonates would typically occur under natural high flow events when spill flows over the
dam increase. Proposed whitewater flow releases would occur during periods when odonates would be
emerging (i.e. once in July, and once in August), and would reflect an increase of 1,000 cfs or less from the
proposed minimum flows at these times.
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Downstream Areas

In the downstream areas, the most abundant odonates observed were in the Gomphus group. Based on
water level timeseries data at Montague (River Mile 118.5), which were developed from the operations
model and the hydraulic model below Cabot Station, water level increases that could occur when this
species is eclosing reaches the CPR-95 level 17.6% of the time under baseline conditions (Figure 3.3.3.2.5-
3). This suggests that 5% of the Gomphus group population could be susceptible to impacts periodically.

FirstLight is proposing to limit Cabot Station upramping to 2,300 cfs/hr from 8:00am to 2:00pm, from June
1 through August 15 to protect odonates, subject to certain exceptions discussed in Section 2.2. Further,
other operational conditions such as increased bypass flow rates would be expected to lower the extent of
water level increases during periods when Gomphus may be eclosing. Water level analyses show less
impacts on Gomphus under proposed operations, with the CPR-95 level being reached approximately 3.5%
of the time at Montague. Effects would be even less downstream, given flow attenuation. Therefore, the
probability of water levels affecting eclosing Gomphus under proposed operations will be minimal, which
is an improvement upon the baseline condition.

The second-most abundant odonate species documented downstream were in the Stylurus group. Members
of this group tend to eclose between mid-June through mid-August, which tends to be later than Gomphus.
This group does not tend to climb as high as Gomphus and could be more susceptible to water level
increases due to Project operations. Water level analyses suggest that water level increases from Cabot
Station would not affect 70% of Stylurus individuals most of the time. However, individuals within the
Stylurus group that do not climb as high could be affected, especially the 10% of the population that barely
climbs above the water surface, which could be affected approximately 30% of the time given baseline
operations, between Cabot Station and the Route 116 Bridge, approximately 9 miles downstream (Figure
3.3.3.2.5-4 through Figure 3.3.3.2.5-8). Proposed operational conditions are anticipated to affect this small
(10%) proportion of the population 5-10% less of the time across the nine-mile river reach (Figure 3.3.3.2.5-
4 through Figure 3.3.3.2.5-8).

Though the Project currently has infrequent effects on the few individuals of this species that barely climb
above the water surface, these effects would likely occur even in the absence of peaking operations. The
10% of Stylurus individuals at the most risk of operational-related effects only climbed 0.08 feet
(approximately one inch). Given their proximity to the water while eclosing, these individuals would also
be prone to inundation from natural water level increases, natural waves/chop, and boat wakes.
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Figure 3.3.3.2.5-1: Water Level Duration Curves Compared to Critical Protective Rates for E. princeps in the
Turners Falls Impoundment

Note: Data were filtered to include average daily naturally routed flows within Turners Falls Project of less than 16,000 cfs. Data
were also filtered to include periods when most individuals of this species would be emerging/eclosing, between 8:00am and
2:00pm, May 15 through July 31.
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Figure 3.3.3.2.5-2: Water Level Duration Curves Compared to Critical Protective Rates for Libellulidae in

the Turners Falls Impoundment

Note: Data were filtered to include average daily naturally routed flows within Turners Falls Project of less than 16,000 cfs. Data
were also filtered to include periods when most individuals of this species would be emerging/eclosing, between 8:00am and
2:00pm, May 15 through July 31.
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Figure 3.3.3.2.5-3: Water Level Duration Curves Compared to Critical Protective Rates for Gomphus spp.
Below Cabot Station at Montague (River Mile 118.5)

Note: Data were filtered to include river flows within Turners Falls Project generating capacity plus the design generating capacity
from Deerfield River Project No. 2 of 1,450 cfs and other smaller inflows. (Avg. Daily Montague Flow < 18,000 cfs). Data were
also filtered to include periods when Gomphus spp. would be emerging/eclosing, between 8:00am and 2:00pm, May 15 through
July 31.

E-411



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

fj = — Proposed

— Baseline
- = CPR-50%
g I e e R A - = CPR-70%
o8 = ] ~ —~  CPR-80%
% CPR-90%
2 ~ = CPR-95%

June 16 through August 15, 8:00am-2:00pm

Hourly Water Surface Elevation Chan
-0.5

-1.0

| | | [ I [ | | | I I
0 10 20 30 40 50 60 70 80 90 100
% of Time WSE Change Equalled or Exceeded

Figure 3.3.3.2.5-4: Water Level Duration Curves Compared to Critical Protective Rates for Stylurus spp.
Below Cabot Station at Montague (River Mile 118.5)

Note: Data were filtered to include river flows within Turners Falls Project generating capacity plus the design generating capacity
from Deerfield River Project No. 2 of 1,450 cfs and other smaller inflows. (Avg. Daily Montague Flow < 18,000 cfs). Data were
also filtered to include periods when Stylurus spp. would be emerging/eclosing, between 8:00am and 2:00pm, June 16 through
August 15.
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Figure 3.3.3.2.5-5: Water Level Duration Curves Compared to Critical Protective Rates for Stylurus spp.
Below Cabot Station at River Mile 116.8

Note: Data were filtered to include river flows within Turners Falls Project generating capacity plus the design generating capacity
from Deerfield River Project No. 2 of 1,450 cfs and other smaller inflows. (Avg. Daily Montague Flow < 18,000 cfs). Data were
also filtered to include periods when Stylurus spp. would be emerging/eclosing, between 8:00am and 2:00pm, June 16 through
August 15.
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Figure 3.3.3.2.5-6: Water Level Duration Curves Compared to Critical Protective Rates for Stylurus spp.
Below Cabot Station at River Mile 115.07

Note: Data were filtered to include river flows within Turners Falls Project generating capacity plus the design generating capacity
from Deerfield River Project No. 2 of 1,450 cfs and other smaller inflows. (Avg. Daily Montague Flow < 18,000 cfs). Data were
also filtered to include periods when Stylurus spp. would be emerging/eclosing, between 8:00am and 2:00pm, June 16 through
August 15.
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Figure 3.3.3.2.5-7: Water Level Duration Curves Compared to Critical Protective Rates for Stylurus spp.
Below Cabot Station at River Mile 113.17

Note: Data were filtered to include river flows within Turners Falls Project generating capacity plus the design generating capacity
from Deerfield River Project No. 2 of 1,450 cfs and other smaller inflows. (Avg. Daily Montague Flow < 18,000 cfs). Data were
also filtered to include periods when Stylurus spp. would be emerging/eclosing, between 8:00am and 2:00pm, June 16 through
August 15.
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Figure 3.3.3.2.5-8: Water Level Duration Curves Compared to Critical Protective Rates for Stylurus spp.
Below Cabot Station at River Mile 109.52

Note: Data were filtered to include river flows within Turners Falls Project generating capacity plus the design generating capacity
from Deerfield River Project No. 2 of 1,450 cfs and other smaller inflows. (Avg. Daily Montague Flow < 18,000 cfs). Data were
also filtered to include periods when Stylurus spp. would be emerging/eclosing, between 8:00am and 2:00pm, June 16 through
August 15.
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3.3.3.1.10 Freshwater Mussels

Studies and associated analyses of Project effects of freshwater mussels focused on state listed species,
which are included in the Threatened and Endangered Species section of the AFLA.
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3.3.3.2 Cumulative Effects
Cumulative effects for the Projects that were identified in FERC’s Scoping Document 2 include:

o Effects of Project operations and maintenance (including fluctuations in water levels, and
downstream releases) on aquatic habitat and resources in the Projects’ vicinity (e.g., resident and
migratory fish populations; fish spawning, rearing, feeding, and overwintering habitats; mussels and
macroinvertebrate populations and habitat).

o Effects of Project facilities and operations, (including reservoir fluctuations, and generation releases)
on fish migration through and within project fishways, canals, bypassed reaches, reservoirs, and the
downstream riverine corridors.

e Effects of entrainment on fish.

The cumulative impact of the Project on aquatic habitat occurs within the context of the presence of a series
of hydroelectric facilities that have the potential to collectively affect the water quantity of the Connecticut
River. The Project contributes to the alternation of the Connecticut River’s hydrology, particularly in terms
of water levels and flow regime. As such, habitats are not only affected directly by the Projects, but are
affected cumulatively given inflow from upstream projects and water level changes occurring downstream
at Holyoke Dam.

Cumulative effects of hydropower dams in the context of migratory fish species has been well-documented.
Even with fish passage measures in place, upstream passage at dams’ results in some degree of reduced
passage success, along with delays and effects to fish health. These effects can be encountered at varying
degrees at consecutive dams. As the second dam upstream on the Connecticut River, the fish passing
upstream at the Turners Falls Project have initially passed Holyoke Dam, having encountered stressors and
delay there. The species that could then pass upstream through Turners Falls include American Shad,
Blueback Herring, American Eel, and Sea Lamprey. Once above the Turners Falls Project, they could then
pass upstream through the Vernon, Bellows Falls, and Wilder Projects. Downstream migration could then
occur as post-spawned fish (American Shad and Blueback Herring), progeny (American Shad, Blueback
Herring, and Sea Lamprey), or mature adults (American Eel). During downstream migration, cumulative
impacts would also include reductions in numbers, delays, and reductions in fitness of individual fish at
each dam. Entrainment mortality and injuries could be part of these cumulative impacts to migratory
species. Several measures proposed by FirstLight to improve upstream and downstream fish passage would
result in more individuals with better fitness reaching the next dam. If other projects on the river also
improve fish passage, these proposed measures would be cumulatively beneficial.

In general, the effects of Project maintenance are minimal for aquatic resources. The primary effects of
maintenance result from the annual drawdown of the Turners Falls power canal each year. The primary
cumulative effect of the canal drawdown would pertain to migratory species, such as American Shad
(juveniles), American Eel, and Sea Lamprey, which could be residing in or migrating through the canal
during drawdown. As described above, given the migratory life history of these species, losses or delays
due to canal drawdown could result in cumulative impacts during emigration through Holyoke Dam and
out of the Connecticut River. Based on data collected, loss of these species due to the drawdown would be
minimal, as many would have passed downstream or remained in pool areas. However, some delays to
passage could occur for those that become stranded in the drawn-down canal.
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3.3.3.3 Proposed Environmental Measures
3.3.3.3.1 Habitat

Turners Falls Impoundment

FirstLight will limit the rate of rise of the TFI water level, as measured at the Turners Falls Dam, to be
less than 0.9 feet/hour from May 15 to August 15 between the hours of 8:00 am and 2:00 pm for the
protection of odonates.

Turners Falls Bypass Reach

Proposed increases to bypass reach flows that vary seasonally will provide more spawning and rearing
habitat to migratory fish species, including the federally endangered SNS, along with habitat for several
resident fish species and macroinvertebrates during the remainder of the year.

Downstream of Cabot Station

Proposed increases to minimum flows below the Turners Falls Project during the spring will provide more
spawning and rearing habitat to American Shad, Walleye, and Sea Lamprey when flows are within the
capacity of the Turners Falls Project to control.

3.3.3.3.2 Fish Passage

Upstream Migration

Proposed increases to bypass reach flows during the upstream migration season will promote passage of
American Shad, and possibly other migratory species such as Sea Lamprey, into and through the bypass
reach to the Turners Falls Dam. The proposed spillway lift will provide improved passage at Turners Falls
Dam, and the upstream passage route through the Cabot ladder and canal will be discontinued. In general,
promoting passage through the bypass reach to a lift at the spillway is anticipated to be a major improvement
to fish passage relative to current conditions.

Downstream Migration

Proposed installation of a plunge pool below BG 1 at the Turners Falls Dam will provide a safe route of
passage for fish that choose to pass via spill, which may become more common during proposed conditions
given the higher proposed minimum flows from Turners Falls Dam.

Proposed installation of a bar rack, with 32-inch clear spacing, at the entrance to the Station No. 1 forebay,
will deter emigrating adult and juvenile American Shad, and American Eels from becoming entrained in
Station No. 1. This will encourage them to move downstream to the lower canal, where they can pass via
routes with higher survival (i.e. Cabot Station or log sluice).

Proposed continuation of measures in place at Cabot Station will provide for downstream passage at the
lower end of the canal. Fish migrating down the canal to Cabot Station will encounter an existing 31-foot
high rack structure. The top 11 feet of the upper racks have clear bar spacing of 0.94 inches (15/16-inch),
and the bottom 7 feet of the upper racks have clear bar spacing of 5 inches. The entire 13 feet of the lower
racks have clear bar spacing of 5 inches. Cabot Station is already outfitted with a downstream fish passage
facility with a state of the science uniform flow acceleration weir and an attraction flow varying between
110 and 253 cfs depending on the power canal elevation.

Proposed installation of a barrier net at the Northfield Mountain Project will limit entrainment of emigrating
juvenile American Shad and adult American Eel. Data gathered at the Project provided the foundation for
CFD models, which were used to inform the design and feasibility of the barrier net.
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3.3.3.3.3 Entrainment/Impingement

Proposed installation of a barrier net at the Northfield Mountain tailrace from August 1 through November
15 will prevent entrainment of emigrating American Eel and juvenile American Shad.

Proposed installation of a bar rack, with %2-inch clear spacing, at the entrance to the Station No. 1 forebay,
will deter emigrating adult and juvenile American Shad, and American Eels from becoming entrained in
Station No. 1. This would also reduce entrainment of resident fish at Station No. 1.

3.3.3.3.4 Odonates

FirstLight is proposing restrictions that limit the rate of water level increases at the Project to protect state-
listed odonates (Section 3.3.5), subject to certain exceptions discussed in Section 2.2. These include:

e Downstream: Up to 2,300 cfs per hour up-ramping at Cabot Station from 8:00am to 2:00pm, June
1 through August 15

e Impoundment: A limit on the rate of rise of the TFI, as measured at the Turners Falls Dam, to less
than 0.9 feet/hr from May 15 to August 15 between the hours of 8:00am to 2:00pm

These measures would be anticipated to benefit a variety of odonate species by providing suitable eclosing
conditions.
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3.3.3.4 Unavoidable Adverse Impacts

To provide benefits to specific species in the bypass reach via proposed increases in bypass flow rates, other
species will be impacted by a decline in habitat suitability relative to current operations. Particularly, those
that prefer areas with low water velocities, such as fry life stages and Walleye. Further, proposed minimum
flows are on an “or inflow, whichever is less” basis, meaning that if the NRF is lower than the minimum
flows, the NRF would be released. The Projects cannot control river inflow from upstream. Upstream
storage and hydropower projects affect inflows to the Turners Falls Project. The Vernon Project is one of
three GRH projects also undergoing relicensing in parallel to the Turners Falls and Northfield Mountain
Projects. The other two projects are the Bellows Falls and Wilder Projects which are located immediately
upstream of the Vernon Project. All three GRH facilities are used to meet peak demand and, thus, control
the inflows to the Turners Falls and Northfield Mountain Projects. Upstream of the Wilder Project is the
Fifteen Mile Falls Project including the Moore, Comerford and McIndoes Developments which are also
owned by GRH and were licensed in April 2002. These developments have significant storage capacity
and their operations influence flows to the Wilder Project and eventually to the Turners Falls and Northfield
Mountain Projects.

Similarly, the Holyoke Project is downstream of the Turners Falls Project, and affects water levels over
many miles of river upstream of the Holyoke Dam. Water level fluctuations at Holyoke Dam have been
demonstrated to affect PTB habitat.

Cabot Station peaking operations, under FirstLight’s proposed action, would continue to alter flow on an
intra-daily time step in the Connecticut River below Cabot Station. These effects would be most apparent
during summer/fall low flow periods, when the range of Project operations could be widest. The amount of
habitat available to certain aquatic species would be reduced during periods of Cabot Station peaking,
though specific PM&E measures have been taken to prevent negative effects to several aquatic resources.

Entrainment of migratory and resident fish through Cabot Station will continue to occur, though likely at
lower frequencies due to proposed increases in bypass flows and other operational changes that will reduce
the amount of flow passed through Cabot Station and increase attraction toward the log sluice. Though
mortality from entrainment was found to be low at Cabot Station for each species evaluated, mortality and
injuries will occur.
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3.3.4 Terrestrial Resources

The Project provides habitat for a variety of wildlife and botanical species. Studies of the terrestrial
resources in the Project area provide information on the type and quantity of habitat potentially affected by
Project operations. Biologists collected information on the distribution of invasive species, characterized
habitats, and developed a plant census in 2014 and 2015 to determine if Project operations affect existing
wildlife and botanical resources. As part of the relicensing process, three terrestrial resources studies were
conducted as follows:

e Study No. 3.4.1 Baseline Inventory of Terrestrial, Wildlife and Botanical Resources (FirstLight,
2016a)

e Study No. 3.4.2 Effects of Northfield Mountain Project-Related Land Management Practices and
Recreation use on Terrestrial Habitats (FirstLight, 2015a)

e Study No. 3.5.1 Baseline Inventory of Wetland, Riparian and Littoral Habitat in the Turners Falls
Impoundment and Assessment of Operation Impacts on Special-Status Species!® (FirstLight,
2016b)

o Addendum 1: October 2016
o Addendum 2: April 2017
o Addendum 3: March 2019

A report for Study No. 3.4.2 was filed with FERC on September 14, 2015. Reports for Study Nos. 3.4.1
and 3.5.1 were filed with FERC on March 1, 2016.

3.3.4.1 Affected Environment

Background

The physiographic settings of the Project, with its relatively large tracts of undisturbed terrestrial habitats,
provide a wide variety of habitats for terrestrial wildlife. There are several parks and conservation lands in
and around the Project area. Notable areas include (but are not limited to): Connecticut River Greenway
State Park, Westwood Wildlife Sanctuary, Rocky Mt. Park, King Phillips Hill, Brush Mt. Conservation
area, Pauchaug Brook area, Bennett Meadow Wildlife Management Area (WMA), Cabot Woods, the
Erving State Forest, and the Northfield State Forest. FirstLight also manages recreational resources at the
Project as part of its FERC license and agreement with the State of MA. The Northfield Mountain Project
has many recreational features (e.g., a trail system with over 26 miles of trails, observation area, picnic
areas) that are available for public use.

The study area for the Project covers the following areas:

e Upland areas along the TFI including areas within the Project Boundary and areas up to 200
feet from shore where the Project Boundary is along the shoreline;

e Upland areas adjacent to the bypass reach, defined as extending from the Turners Falls Dam to
the Cabot Station tailrace;

e The Connecticut River from the Cabot Station tailrace to the Route 116 Bridge in Sunderland;
and

e Approximately 2,011 acres of land of Northfield Mountain, of which approximately 405-407
acres constitute the Upper Reservoir.

10 On October 14, 2016 FirstLight filed Addendum 1 which addressed comments on Puritan and Cobblestone Tiger Beetles and
state-listed plants. On April 3, 2017, FirstLight filed Addendum 2 which addressed comments on Puritan and Cobblestone Tiger
Beetles, state-listed plants and invasive plant species. On March 1, 2019 FirstLight filed Addendum 3, which addressed Puritan
and Cobblestone Tiger Beetles,
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FERC Relicensing Studies

As noted above, FirstLight has conducted several studies to gather information necessary to understand the
potential effects of land management practices and recreational use on wildlife and botanical resources
within the Turners Falls Project and Northfield Mountain Project study area. The goal of these studies was
to characterize and describe the terrestrial wildlife and botanical resources that use representative upland
habitats within and adjacent to the Project boundary. Specific objectives were:

e Survey and inventory overall upland wildlife habitats;

¢ Note the occurrence of wildlife sighting during the course of the surveys;

e Survey and inventory vegetation communities and land use; and

e Survey and inventory the nature and extent of upland invasive, exotic vegetation species.
Wildlife
Mammals

Table 3.3.4.1-1 provides a list of the 35 mammal species that were directly and indirectly observed in the
Project area during 2014 field surveys, as well as species that are likely to exist in the study area. The list
of mammals likely to occur is inferred from available habitat types documented in the study area cross
referenced with life history of mammals that are known to occur within the region as referenced by DeGraaf
and Yamasaki (2001). The diverse vegetated communities within the study area provide a range of habitat
niches for species typical of the highlands of central to western MA and the Connecticut River valley. The
majority of the species are habitat generalists with a known tolerance for habitat modifications and
adaptations.

Some of the furbearing animals that are known to inhabit the study area include beaver, red fox, gray fox,
muskrat, Virginia opossum, and striped skunk. Aquatic furbearers like beaver and muskrat primarily use
inundated habitats and the immediately surrounding areas, whereas generalists like opossum and skunk use
a wider range of terrestrial habitat types such as woodland, wetland, scrub-shrub or early successional areas,
and grassland areas. Use of these areas may shift during different life stages and/or times or year.

Reptiles and Amphibians

According to the MADFW, 45 inland native species of amphibians and reptiles are known to occur in MA
(Cardoza & Mirick, 2009). Of these, 23 species of amphibians and reptiles were observed during 2014
field surveys or are likely to occur within the study area. Included are nine frogs and toads, four
salamanders, three turtles, and seven snakes. These inland native species include terrestrial and semi-
aquatic amphibians and reptiles. A list of reptiles and amphibians recorded or likely to occur in the study
area is provided in Table 3.3.4.1-2.

Avian Species

The Connecticut River provides important habitat to a variety of bird species. During the spring and
summer, many species (including those observed during this survey) breed and nest along the river. In
spring and fall, the river is a major migratory flyway, and, generally, in the winter, it provides habitat for
species of waterfowl that nest further north. Throughout the year the river is a source of food for foraging
birds.

Sixty-four (64) species of birds were observed on or near the river (Table 3.3.4.1-3). Most species were
found in the surrounding upland floodplain, rather than utilizing aquatic habitat. Species associated with
the river include: Double-crested Cormorant, Canada Goose, Common Merganser, Mallard, Mute Swan,
Wood Duck, Bank Swallow, Northern Rough-winged Swallow, Spotted Sandpiper, and Belted Kingfisher.
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Fifty-nine (59) species of birds were observed within the study area of Northfield Mountain (Table 3.3.4.1-
3). The northwest slope had the greatest species richness, with 47 species, while the northeast slope had
only 17 observed species. This is likely a reflection on the relative sizes of the various sections, rather than
differing habitats. A few open habitat species occurred only in the mowed areas and power line right-of-
ways of the northwest slope, but the majority of species were found in more than one slope section (e.g.,
Ovenbird).

Vegetative Communities

The region encompassing the study area is characterized by a diversity of terrestrial botanical resources that
are influenced by geological features, soil type, hydrology, climate, and historic and current land use.
Biologists documented 390 plant species within the study area in 2014 and 2015. An overall plant census
list of all recorded plant species identified during the 2014 and 2015 field season is provided in Table
3.3.4.1-4. Field surveys were conducted in September 2015 to confirm vegetative communities. One plant
community, the calcareous rock cliff community, was identified during survey work, but this habitat was
not mapped as the aerial signature and habitat size did not allow for identification using available aerial
imagery. Four disturbed or mostly unvegetated cover types; agricultural, development, bypass reach, and
transmission right-of-way, were mapped, but these are not described by the Natural Heritage and
Endangered Species Program (NHESP). Located in the Connecticut River valley, with adjacent high
elevations of Northfield Mountain, the study area has characteristics of both Northeastern Highlands and
Northeastern Coastal Zone ecoregions (Swain & Kersey, 2011).

The Connecticut River, during its course between Vernon Dam and Turners Falls Dam (the TFI), regains
the appearance of a river even though it is impounded. The wide and fertile plains on both sides of the
Connecticut River are terminated by terraces rising to forest uplands to the east and west. Examples of
geologic and geomorphic features influencing the area’s botanical communities include:

the Connecticut River valley and remnant floodplains;

the confluence of the Connecticut River and major tributaries (e.g., Millers River);
bedrock and alluvial islands within the Connecticut River; and

the high elevations of Northfield Mountain.

The primary upland plant communities (Table 3.3.4.1-5) include:

Remnant/transitional floodplain forest

Northern hardwoods-hemlock-white pine forest
Successional northern hardwood forest
Hemlock ravine

White pine - oak forest

Calcareous rock cliff (not mapped)
Circumneutral rock cliff (not mapped),

Oak - hickory forest (not mapped),

Agricultural lands (not described by NHESP)
High-energy shore (not described by the NHESP)
Development (not described by NHESP)

Right of way (not described by NHESP)

Remnant/Transitional Floodplain Forests
Soils in this zone generally experience annual flooding and are either silt loams or very fine sandy loams,
and soil mottling is generally present within two feet of the soil surface. A surface organic layer is typically
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absent. Silver maple, sycamore, cottonwood, red maple, ash, American elm, and willow are the dominate
tree species. A shrub layer is generally lacking; however, saplings of overstory trees are common. The
herbaceous layer is typically an even mixture of wood-nettle, ostrich fern, sensitive fern and false nettle.
Within the study area, these transitional floodplain forests are the dominant forest type present along the
main stem of the Connecticut River, islands, and its major tributaries (Figure 3.3.4.1-1).

Successional Northern Hardwoods

Successional northern hardwoods in the study area vary from forest communities with thick young sprouts
and little diversity to mature, diversifying forests with undergrowth of more shade-tolerant trees. The
canopy is seldom completely closed, and undergrowth may be dense or open. Areas of successional forest
are associated with past disturbance such as cutting or blow-down/ storm damage. Aspen, white birch, black
birch, red maple, and /or black cherry tend to be common throughout the community. The understory of
more mature successional forests is comprised of young, more shade-tolerant trees (typically less than 10"
at diameter at breast height). Shrubs and herbaceous species are variable and includes species common to
edge habitat and open areas such as sumac, goldenrod, Joe-pye weed and blackberry (Figure 3.3.4.1-2).
Successional northern hardwood forests are found intermingled throughout the study area and are typical
of transition areas and edge habitat around developed areas and agricultural lands.

Northern Hardwoods-Hemlock-White Pine Forest

Northern hardwoods - hemlock - white pine forest is the dominant vegetated community along the shoreline
from Barton Cove upstream to the French King Bridge and on the northwestern and northeastern slopes of
Northfield Mountain. This forest type is associated with a closed canopy forest of a mixture of deciduous
and evergreen trees, with sparse shrub and herbaceous layers (Figure 3.3.4.1-3). The forest is dominated by
a mix of sugar maple, American beech, yellow birch, and red oak in variable proportions, with eastern
hemlock and white pine intermingled throughout. American beech tends to dominate in upland areas. Black
cherry, white birch, red maple, and other early successional tree species are often scattered, with
occurrences in the subcanopy with stripped maple, and sometimes ironwood. The shrub layer is usually
open, with clumps of hobblebush, honeysuckle and Japanese barberry. The diverse but sparse herb layer
includes Christmas fern, Canada mayflower, club mosses, asters, and false nettle.

Hemlock Ravine

Hemlock ravine communities are dominated by the dense overstory canopies of eastern hemlock trees.
These cool moist habitats are located in topographic draws and drainage ways in the landscape. In the
Project area, this heavily shaded habitat is characterized by little growth in the understory. The forest floor
typically has little vegetation and is covered by needles, twigs, and small branches of hemlocks.
Occasionally deciduous trees that grow along with hemlock occur at very low percentages and include; a
mixture of oak species, (red, white and black), yellow birch, and red maple. Generally, the shrub layer is
sparse, with occasional individuals of the canopy species and small patches of mountain laurel. Hemlock
ravines communities attract wildlife that depend on mature dense evergreen forests and typically host a
variety of songbirds that nest high in the canopy. Several hemlock forested areas and ravines are found
along hillsides and lowlands at Barton Cove campgrounds and throughout the northern and southern slopes
of Northfield Mountain (Figure 3.3.4.1-4). As with other parts of MA and adjacent states to the south and
west, hemlock is in poor health and declining in the study area due to hemlock woolly adelgid and is in the
process of being replaced by other species.

White Pine- Oak Forest

The white-pine oak forests within the study area are limited. The forest has a partial closed canopy with
sporadic understory shrub coverage. The overstory is dominated by white pine and red oak with the shrub
layer dominated by red maple, low bush blueberry, and mountain laurel. Herbaceous vegetation includes
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bracken fern, Canada mayflower, and wintergreen. White pine — oak forests are found at lower elevations
of the northwest and southern slope of Northfield Mountain (Figure 3.3.4.1-5).

Calcareous Rock Cliff Community

Rock Cliff Communities all occur on a more or less vertical bedrock cliff faces. They have extremely sparse
scattered vascular plants on ledges and in crevices. Calcareous rock cliffs have vegetation that is more
distinct and specific to the habitat. Purple cliff brake, maidenhair spleenwort, blunt-lobed cliff-fern, and
columbine are characteristic of calcareous cliffs. Of these species, purple cliff brake and columbine were
both seen within the Project area. Surrounding vegetation tends to be northern hardwood forest. This is a
more uncommon community in MA and is host to several unusual plants. A Calcareous Rock Cliff
community exists on the western bank of the TFI extending upstream and downstream of the French King
Bridge (Figure 3.3.4.1-6).

Circumneutral Rock Cliff Community

This community type is found along the summit and higher elevations of the southeastern slope of
Northfield Mountain (Figure 3.3.4.1-7). Rose ledge and the Farley ledges are notable examples where
sparse, scattered vascular plants are found in ledges and small crevices within vertical cliff faces. Lichens
are occasionally dense on cliff faces. These communities can be variable in moisture, but generally consist
of areas of significant rock outcroppings that are well shaded by trees of the surrounding forest. Species of
dry open areas, including pale corydalis, bearberry, plantain-leaved pussytoes, columbine, marginal wood-
fern little bluestem grass, ebony spleenwort, rusty cliff fern, and mosses. In the area, chestnut oak, scrub
oak, and witch hazel are sporadically observed.

Oak — Hickory Forest

This community consists of hardwood forests dominated by a mixture of oaks, with hickories mixed in at
a lower density. The canopy is dominated by one or several oak species including red, white, and black oak.
Mixed in are lower densities of one or several hickory species. Other trees include ash, birch, sassafras, and
red maple. The subcanopy commonly includes ironwood, flowering dogwood, shadbush, and witch-hazel.
Low shrubs are common and often diverse; blueberries, dogwoods, and viburnums are characteristically
present. The herbaceous layer is also richer than in many oak forests. Plants typical of the herbaceous layer
include hepatica, goldenrod, tick-trefoil, wild sarsaparilla, and false Solomon’s seal. This variable forest
community is found at higher elevations on the Northfield Mountain range, most notably in a strip of
deciduous forest between the northwestern slope and southeast slope, and adjacent to the upper elevations
to Rose ledge (Figure 3.3.4.1-8).

Agricultural Lands

Land use along the corridor of the Connecticut River is primarily rural and agricultural. In the study area,
approximately 25% of the land use is classified as agricultural/open field habitat. These lands are managed
and transition through several vegetative changes within a growing season. The edge habitat of agricultural
lands can be vulnerable to the introduction of invasive species. Invasive species also favor these edges as a
result of abundant sunlight which promotes favorable growing conditions. Most agricultural land within the
study area is a mosaic of various croplands, with few lands used for active livestock pasture. There were
relatively few instances where agricultural fields were cleared to the river's edge. Typically, there exists a
narrow buffer of forested land which offers erosion protection along the shoreline (Figure 3.3.4.1-9).

High-energy Shore

High-energy riverbank communities are associated with steep gradient, fast-moving water, alluvial
deposition, and scour. These environments have limited plant growth and cover and were observed in the
bypass reach and on the upstream ends of riverine islands — specifically, Sunderland Islands in Deerfield,
MA (Figure 3.3.4.1-10). The upper reaches of some island communities transitioned into a band of invasive
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shrubs and vines, then transitioned further upland into floodplain and hardwood communities, previously
described.

The bypass reach is approximately 2.5 miles long. Fall River, located near the head of the bypass channel,
discharges into the bypass reach. Station No. 1 discharges into the bypass reach approximately 0.9 miles
downstream of the TFD. The bypass is a unique habitat comprised of a mosaic of high-energy shoreline
and exposed bedrock. The eastern side of the bypass is occupied by historic industrial developments with
numerous discharge locations that supported the historic industries that were built on the canal. The western
side of the bypass is steeply sloping woodlands of Rocky Mountain Park. Rocky Mountain Park is part of
the Pocumtuck Ridge and is the northernmost subrange of the Metacomet Ridge mountain range of southern
New England known for its continuous high cliffs, scenic vistas, and microclimate ecosystems containing
species common to the northern hardwoods’ ecosystem types. Hemlock crowd narrow ravines, blocking
sunlight and creating damp, cool growing conditions with associated cool climate plant species. Talus
slopes are especially rich in nutrients and support several calcium-loving plants uncommon in the region.

Development

Portions of the upland habitat within the study area are dominated by maintained spaces (i.e., residential,
commercial, or transportation corridors) and sporadic shrub or overstory vegetation, such as solitary white
pines or other species. The primary vegetation in these areas is comprised of shrub and herbaceous layer
vegetation. Herbaceous vegetation is dominated by mowed areas of Kentucky bluegrass. Shrub layer
vegetation may include glossy buckthorn, Russian olive, and several species of northern hardwood saplings.

Right-of-Way

This community was identified within the portion of the study area that is crossed by electric transmission
right-of-ways. These areas are maintained by periodic vegetation management which limits the growth of
large woody vegetation. The dominant communities are shrub and herbaceous communities. Shrub layer
vegetation is dominated by white pine saplings, glossy buckthorn, red cedar, and meadowsweet. The
herbaceous community is extensive and includes several weedy species such as chicory, mullein, and pearly
everlasting. Additional herbaceous vegetation includes bracken fern, sensitive fern, Joe pye weed, and
milkweed. Portions of these areas include gravel access roads (Figure 3.3.4.1-11).

Wetlands

Biologists led by a Professional Wetland Scientist field-verified National Wetland Inventory (NWI)-
mapped wetlands within the Northfield Mountain Project study area. These areas were not formally
delineated, but the boundaries were refined to provide a better level of detail. Thirty (30) NWI-mapped
wetlands were field verified, and an additional 18 non-NWI mapped wetlands were also identified and
mapped. Dominant wetland communities within the study area include:

e Hemlock swamp
e Red maple swamp
e Woodland vernal pool

In 2014 and 2015, NWI wetlands within the TFI study area were verified. If new wetlands (not occurring
in the mapped NWI data) were located, the approximate boundaries were identified. Verified wetlands
account for approximately 1,382 acres of wetland and include emergent, scrub-shrub, and forested wetland
types. Biologists also identified an additional 55.7 acres of wetlands that were not captured in current NWI
wetland mapping. In total, the TFI study area includes approximately 1,438 acres of wetland habitat with
shrub dominated wetlands and freshwater ponds being most common. In general, the principle functions
and services of wetlands within the study area are flood attenuation, wildlife habitat, shoreline stabilization,
fish and shellfish habitat, visual quality, and recreation.
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Hemlock Swamp

Hemlock is a major or co-dominant canopy species in hemlock swamps within the study area. In some
cases, hemlock forms dense stands, but more commonly hemlock is associated with a mixture of white
pine, red maple and yellow birch. The understory tends to be sparse to moderately vegetated with highbush
blueberry, winterberry, and mountain laurel. Ferns are common, especially cinnamon fern, along with a
hummaocky floor covered with sphagnum moss. Notable hemlock swamp habitat is found down gradient of
the Farley ledges situated in a well -defined saddle in the landscape. These areas can provide year-round
habitat and breeding (i.e. vernal pools) for amphibian species (Figure 3.3.4.1-12).

Red Maple Swamp

Red maple dominates the overstory of red maple swamps in the study area and can often provide up to 90%
of the canopy cover. A variable mixture of subordinate tree species co-occurs with red maple, including
yellow birch, black gum, white ash, white pine, elm, hemlock, pin oak, and swamp white oak. The shrub
layer of red maple swamps is usually dense and well developed with greater than 50% cover, but it can be
variable. Sweet pepperbush, highbush blueberry, winterberry, spicebush, alder and viburnum species often
dominant the shrub stratum. The herbaceous stratum can be variable, but ferns are unusually abundant.
Cinnamon fern is common with other ferns including but not limited to; sensitive fern, royal fern and marsh
fern. Gaminoides are common, mixed in with a variety of other herbaceous species commonly including;
skunk cabbage, false hellebore, spotted touch-me-not, swamp dewberry, and marsh marigold (Figure
3.3.4.1-13).

Palustrine Emergent Wetlands

Palustrine emergent wetlands within the study area occur, primarily, as fringe wetlands along the shoreline.
The largest examples of these wetlands occur near the Turners Falls Dam and the Barton Cove area. Large
expanses of emergent and deep emergent marshes occur in these areas. Dominant species within these
wetlands include American bulrush, sweet flag, soft-stem bulrush, arrowhead, pickerelweed, bur-reed, and
cattail. Palustrine emergent wetlands within the study area provide several functions, primarily as wildlife
habitat and also through sediment and toxicant retention (FirstLight, 2016a).

Palustrine Scrub-Shrub Wetlands

Generally, palustrine scrub-shrub wetlands occur in association with larger emergent or forested wetland
complexes. These wetlands occur along the fringes of emergent wetlands or intermixed in open canopy
areas adjacent to or within forested communities. Dominant shrub vegetation within these wetlands includes
alder, button bush, winterberry, red-osier dogwood, elderberry, silky dogwood, highbush blueberry, and
saplings of over story species. Herbaceous vegetation varies depending on light penetration, but may
include sensitive fern, horsetails, jewelweed, ostrich fern, royal fern, cinnamon fern, and interrupted fern.
Functionally these wetlands provide primarily wildlife habitat. Depending upon landscape position, these
wetlands may also aid in flood storage, shoreline stabilization, and sediment retention (FirstLight, 2016a).

Palustrine Forested Wetlands

Palustrine forested wetlands within the study area are primarily forested floodplains. Excellent examples
of these forested wetland systems are present near the Pauchaug boat launch. Dominant overstory species
include silver maple, red maple, American basswood, American elm, willow, and cottonwood. The shrub
layer in these systems is limited, but occasional alders and dogwoods occur. Herbaceous vegetation includes
sensitive fern, ostrich fern, skunk cabbage, blue flag iris, clearweed, false nettle, and stinging nettle. Several
islands within the study area also contain similar forested floodplains. In some cases, Japanese knotweed
has invaded the understory of these systems. Forested wetland systems within the study area provide several
important functions and services, most importantly flood storage, wildlife habitat, shoreline stabilization,
and sediment retention (FirstLight, 2016a).

E-435



Turners Falls Hydroelectric Project and Northfield Mountain Pumped Storage Project
EXHIBIT E- ENVIRONMENTAL REPORT

Woodland Vernal Pool

Woodland vernal pools are typically small, shallow depressions that are isolated from other surface waters.
They usually flood in spring and sometimes in fall, and generally hold water for a minimum of two months
but are dry in summer. Because vernal pools are temporary bodies of water, they do not support fish
populations. When dry, woodland vernal pools can be often be recognized by a layer of water-stained gray
leaves covering the pool's basin and distinct waterline marks on the base of tree buttresses. These
temporarily flooded areas provide important breeding habitat for amphibians. Due to prolonged standing
water, woodland vernal pools often have sparse-to-little shrub and herbaceous vegetation within the pool
basin. Red maple and hemlock, along with lesser quantities of various wetland tree species, are found in
the canopy cover, similar to hemlock swamp and red maple swamp communities. Vernal pools are tracked
as a separate community type because of the important habitat they provide for amphibians and
invertebrates.

Biologists located and documented 13 woodland vernal pools in the Northfield Mountain study area (Figure
3.3.4.1-14) and one vernal pool along the TFI (Table 3.3.4.1-6). Commonly observed egg masses of
obligate vernal pool indicator species included spotted salamanders and wood frogs. Wood frogs and four
local species of mole salamanders have evolved breeding strategies intolerant of fish predation on their
eggs and larvae; the lack of fish populations is essential to the breeding success of these species. Other
amphibian species use vernal pools, but they do not depend on them including American toads, green frogs,
and red-spotted newts. It should be noted that green frogs and red-spotted newts feed on obligate vernal
pool species eggs and larval and can have negative effects on other amphibian population dynamics. Vernal
pools also support a diverse invertebrate fauna, including obligate indicator species like fairy shrimp which
complete their entire life cycle in vernal pools (Burne, 2001).

Invasive Species
Biologists identified 25 invasive plants in the Turners Falls Project and Northfield Mountain Project study
areas including:

The MA Invasive Plant Advisory Group (MIPAG) listed non-native invasive plants, one MIPAG watch list
species (coltsfoot), one United States Department of Agriculture (USDA) Forestry Service early detection
species (Spotted knapweed), and, for consistency with other studies, European alder (see Table 3.3.4.1-7).
Locations of invasive species within the study area observed during 2014 field reconnaissance surveys are
shown in Figure 3.3.4.1-15. This figure illustrates the relative abundance and distribution of invasive plants
along the TFI using estimated cover classes of <5%, 6-25%, 26-50%, > 50%. The following five (5) exotic
and invasive plant species were found to be common within the study area during the 2014 field surveys:

o Oriental Bittersweet - found throughout the study area, particularly ubiquitous along the edge
of the river where there is abundant sunlight. Highest concentrations were noted in the TFI
north of Pauchaug Brook where the TFI transitions to a more dynamic riverine environment.
In the upper reaches