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Kimberly D. Bose, Secretary

Federal Energy Regulatory Commission
888 First Street, N.E., Room 1A
Washington, DC 20426

RE: Study Requests for FERC project numbers P-{96¢on), P-1855 (Bellows
Falls), and P-1892 (Wilder).

Dear Secretary Bose:

As the agency responsible for protecting fish aildlifie resources in New
Hampshire, the New Hampshire Fish and Game Depatthe1FGD) monitors and attempts
to reduce the impacts of hydroelectric facilitiesfish and wildlife species and their habitats.
The mission of the New Hampshire Fish and Game eeat (NHFGD) is to conserve,
manage and protect the state’s fish, wildlife aradine resources and their habitats, and to
provide the public with opportunities to use angrapiate these resources. The NHFGD'’s
1998-2010 Strategic Plan contains four goals reletmthe relicensing process under the
Federal Energy Regulatory Commission (FERC). Tigesds are to ensure that New
Hampshire:

1) has a wide range of naturally occurring habitats famalthy, naturally functioning
ecosystems.

2) has abundant and varied fish, wildlife, and masipecies at levels that ensure
sustainable, healthy populations.

3) has fish, wildlife, and marine populations thatsog desirable levels of hunting,
trapping, fishing, and wildlife viewing.

4) Human activities and land uses are compatible detired population and
recreational goals for fish, wildlife, and marirgesies and the ecosystems that
sustain them.



Participation in the relicensing process for hytogic projects falls under one of the
many strategies outlined in New Hampshire’s Wikdiction Plan. Wildlife Action Plans,
completed in 2005, were required from each statidynited States Congress as a
proactive strategy to “conserve wildlife and vitaitural areas before they become more rare
and more costly to protect”. New Hampshire’s WiklAction Plan contains three objectives
relevant to the hydropower relicensing process.

Objective 507: Restore or maintain natural flowimess.
Objective 508: Restore and maintain watershedmaity.
Objective 701: Protect riparian / shoreland halaitat other wildlife corridors.

In addition to these objectives, the New HampsWilelife Action Plan identifies a
number of fish and wildlife species of concern, efhmay be impacted by the projects under
review. We hereby submit the New Hampshire Wiélhfction Plan to the FERC for
consideration in determining whether it qualifisscamprehensive plans pursuant to Section
10(a)(2)(A) of the Federal Power Act. The compld&v Hampshire Wildlife Action Plan is
available online at: http://www.wildlife.state.nk/Wildlife/wildlife_plan.htm.

The NHFGD has reviewed the Preliminary Applicatidocuments and Scoping
Documents for the relicensing of the following hydower projects owned by TransCanada
Corporation:

Vernon Hydroelectric Project
FERC Project No. 1904

Bellows Falls Hydroelectric Project
FERC Project No. 1855

Wilder Hydroelectric Project
FERC Project No. 1892

The NHFGD submits the following formal study reqses expand on the
information presented in each Pre-Application Doeat{PAD) and lead to informed
management decisions intended to reduce impadisloand wildlife. It is understood that
there is overlap between some of the requestedestiuahd where appropriate, the NHFGD
supports the combination of studies to reduce aodteffort as long as the goals and
objectives within each individual study proposa atill achieved.

Thank you for this opportunity to comment.
Sincerely,

M/L

Glenn Normandeau
Executive Director



Study Request 1a: Recreational Survey and Enhancement Study at Wilder
Hydroelectric Project (Docket Number p-1892)

Goal and Objective

The goal of this study is to determine if potenitlapacts from project operations at the Wilder
Hydroelectric facility support the goals of the Ni$h and Game Departments’ Public Boating
Access program and the Vermont Water Quality Statsdfor recreational uses, and to identify
operational modifications that could be performe@nhance recreational opportunities.

The objectives are to:

Survey recreational users and potential usersatatify to what extent existing recreational
opportunities are being utilized by the public witkhe project boundaries and why potential
recreational users are not using the resource.

Identify how project operations impact recreatiomsegrs and how operations could be modified
to improve recreational opportunities.

Identify how recreational opportunities in the wity of the project could be developed to
enhance future recreational opportunities, inclgdbut not limited to, boat access, primitive
camping sites, improvement in portage trails, etc.

Resource Management Goals

The Connecticut River is considered a Class B wa¥égrmont Water Quality Standards
requires that Class B waters be managed to prduideupport for all recreational uses,
including swimming and other primary contact forofisecreation and boating, fishing and other
recreational uses.

A mission of the New Hampshire Fish and Game Depamnt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstah, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.

Four goals from the NHFGD’s 1998-2010 StrategiolRMHFGD 1998); which are relevant to
this study request are:
5) New Hampshire has a wide range of naturally ocegriniabitats and healthy, naturally
functioning ecosystems.
6) New Hampshire has abundant and varied fish, vieldind marine species at levels
that ensure sustainable, healthy populations.
7) New Hampshire has fish, wildlife, and marine popates that support desirable levels
of hunting, trapping, fishing, and wildlife viewing
8) Human activities and land uses are compatible @éired population and recreational
goals for fish, wildlife, and marine species anel éicosystems that sustain them.



Our study request is intended to facilitate théeotilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public I nterest Consideration

The New Hampshire Fish and Game Department is stigqgethis study. The requestor is a
state natural resource agency.

Existing I nformation

The PAD provides information on the existing reticeeal resources, but does not provide
information on how project operations adverselgeffecreational opportunities or perception
of recreational users utilizing opportunities ie thcinity of the project.

Project Nexus

The project impounds 45 miles of river that woutdeswise be free flowing. The project
currently operates in a peaking mode, with allowafipoundment fluctuations of up to 5 feet,
with proposals to continue as such. The below-ptdjew requirement is equal to 0.20 csm
(675 cfs), but can increase rapidly during timepafier generation. Recreational resources and
opportunities can be affected by the operatiorth@hydropower project. The PAD provides
limited information on how project operations affeecreational users and opportunities within
the project impoundment and tailrace. The NHFGuests a study to assess how recreational
opportunities are impacted by normal daily/seasoparation of the project.

Proposed M ethodol ogy

The proposed study methodology should include aentory of all the recreational facilities and
opportunities within the project boundary, and tedaination of the number of recreational
users utilizing the resources. The study shoulthdeea component to survey an equal
proportion of recreational users utilizing diffetexctivities to determine how project operations
affect their recreational use and experience, dedtify any safety issues associated with project
operations or current recreational facilities. lAt# recreational users in the area should be
identified to determine why potential recreationsérs do not use the resource. An analysis of
the recreational facilities should be conductemiémtify future projects that could improve the
recreational resources and/or the need to impreistireg recreational facilities or access to the
resource.

Level of Cost and Effort



The cost and effort of this study will be moderduat is important to document the potential
impact operations on recreational opportunitiess tudy will also identify opportunities for
future enhancement of recreational resources initneity of the project.

Literature Cited:

NHFGD 1998. New Hampshire Fish and Game Departi@eategic Plan (1998-2010),
Concord, NH.



Study Request 1b: Recreational Survey and Enhancement Study at Bellows
Falls Hydroelectric Project (Docket Number p-1855)

Goal and Objective

The goal of this study is to determine if potenitlapacts from project operations at the Bellows
Falls Hydroelectric facility support the goals bétNH Fish and Game Departments’ Public

Boating Access program and the Vermont Water Qu8liandards for recreational uses, and to
identify operational modifications that could befpemed to enhance recreational opportunities.

The objectives are to:

Survey recreational users and potential usersaatify to what extent existing recreational
opportunities are being utilized by the public witkhe project boundaries and why potential
recreational users are not using the resource.

Identify how project operations impact recreatiomsgrs and how operations could be modified
to improve recreational opportunities.

Identify how recreational opportunities in the wity of the project could be developed to
enhance future recreational opportunities, inclgdbut not limited to, boat access, primitive
camping sites, improvement in portage trails, etc.

Resource Management Goals

The Connecticut River is considered a Class B wa¥égrmont Water Quality Standards
requires that Class B waters be managed to prduideupport for all recreational uses,
including swimming and other primary contact forofisecreation and boating, fishing and other
recreational uses.

A mission of the New Hampshire Fish and Game Depamnt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstsh, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.

Four goals from the NHFGD’s 1998-2010 StrategiolRMHFGD 1998), which are relevant to
this study request are:

1) New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2) New Hampshire has abundant and varied fish, vigldind marine species at levels
that ensure sustainable, healthy populations.

3) New Hampshire has fish, wildlife, and marine popates that support desirable levels
of hunting, trapping, fishing, and wildlife viewing

4) Human activities and land uses are compatible détired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.



Our study request is intended to facilitate théeotilon of information necessary to conduct
effects analyses and to develop reasonable an@mraednservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public I nterest Consideration

The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation

The PAD provides information on the existing reticeeal resources, but does not provide
information on how project operations adverselgetffecreational opportunities or perception
of recreational users utilizing opportunities ie thcinity of the project.

Project Nexus

The project impounds 26 miles of river that woutdeswise be free flowing. The project
currently operates in a peaking mode, with allowafipoundment fluctuations of up to 3 feet,
with proposals to continue as such. The below-ptdjew requirement is equal to 0.20 csm
(1083 cfs), but can increase rapidly during timiegawer generation. Recreational resources and
opportunities can be affected by the operatiorth@hydropower project. The PAD provides
limited information on how project operations affeecreational users and opportunities within
the project impoundment and tailrace. The NHFGuests a study to assess how recreational
opportunities are impacted by normal daily/seasoparation of the project.

Proposed M ethodol ogy

The proposed study methodology should include aentory of all the recreational facilities and
opportunities within the project boundary, and tedaination of the number of recreational
users utilizing the resources. The study shoulthdea component to survey an equal
proportion of recreational users utilizing diffetectivities to determine how project operations
affect their recreational use and experience, dedtify any safety issues associated with project
operations or current recreational facilities. At&d recreational users in the area should be
identified to determine why potential recreationsérs do not use the resource. An analysis of
the recreational facilities should be conductemiémtify future projects that could improve the
recreational resources and/or the need to impreistireg recreational facilities or access to the
resource.

Level of Cost and Effort



The cost and effort of this study will be moderduat is important to document the potential
impact operations on recreational opportunitiess tudy will also identify opportunities for
future enhancement of recreational resources initneity of the project.

Literature Cited:

NHFGD 1998. New Hampshire Fish and Game Departi@eategic Plan (1998-2010).
Concord, NH.



Study Request 1c: Recreational Survey and Enhancement Study at Vernon
Hydroelectric Project (Docket Number p-1904)

Goal and Objective

The goal of this study is to determine if potenitapacts from project operations at the Vernon
Hydroelectric facility support the goals of the NA$h and Game Departments’ Public Boating
Access program and the Vermont Water Quality Statsdfor recreational uses, and to identify
operational modifications that could be performe@nhance recreational opportunities.

The objectives are to:

Survey recreational users and potential usersaatify to what extent existing recreational
opportunities are being utilized by the public witkhe project boundaries and why potential
recreational users are not using the resource.

Identify how project operations impact recreatiomsegrs and how operations could be modified
to improve recreational opportunities.

Identify how recreational opportunities in the wity of the project could be developed to
enhance future recreational opportunities, inclgdbut not limited to, boat access, primitive
camping sites, improvement in portage trails, etc.

Resource Management Goals

The Connecticut River is considered a Class B wakérmont Water Quality Standards
requires that Class B waters be managed to prduideupport for all recreational uses,
including swimming and other primary contact forofisecreation and boating, fishing and other
recreational uses.

A mission of the New Hampshire Fish and Game Depamnt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstah, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.

Four goals from the NHFGD’s 1998-2010 StrategiolRMHFGD 1998), which are relevant to
this study request are:
1) New Hampshire has a wide range of naturally oaegriabitats and healthy, naturally
functioning ecosystems.
2) New Hampshire has abundant and varied fish, Wigldind marine species at levels
that ensure sustainable, healthy populations.
3) New Hampshire has fish, wildlife, and marine popates that support desirable levels
of hunting, trapping, fishing, and wildlife viewing



4) Human activities and land uses are compatible detired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théemtilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%aeq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public I nterest Consideration

The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation

The PAD provides information on the existing reticeeal resources, but does not provide
information on how project operations adverselgeffecreational opportunities or perception
of recreational users utilizing opportunities ie thcinity of the project.

Project Nexus

The project impounds 26 miles of river that woutdeswise be free flowing. The project
currently operates in a peaking mode, with allowairipoundment fluctuations of up to 8 feet,
with proposals to continue as such. The below-ptdjew requirement is equal to 0.20 csm
(1250 cfs), but can increase rapidly during timiegawer generation. Recreational resources and
opportunities can be affected by the operationth@hydropower project. The PAD provides
limited information on how project operations affeecreational users and opportunities within
the project impoundment and tailrace. The NHFGuests a study to assess how recreational
opportunities are impacted by normal daily/seasoparation of the project.

Proposed Methodology

The proposed study methodology should include aentory of all the recreational facilities and
opportunities within the project boundary, and tedwination of the number of recreational
users utilizing the resources. The study shoulthdeea component to survey an equal
proportion of recreational users utilizing diffetetivities to determine how project operations
affect their recreational use and experience, dedtify any safety issues associated with project
operations or current recreational facilities. iat# recreational users in the area should be
identified to determine why potential recreationsérs do not use the resource. An analysis of
the recreational facilities should be conductemiémtify future projects that could improve the
recreational resources and/or the need to impreistiey recreational facilities or access to the
resource.



Level of Cost and Effort

The cost and effort of this study will be moderduat is important to document the potential
impact operations on recreational opportunitiess tudy will also identify opportunities for
future enhancement of recreational resources initneity of the project.

Literature Cited:

NHFGD 1998. New Hampshire Fish and Game Departi@gategic Plan (1998-2010).
Concord, NH.



Study Request 2: Telemetry Study of Upstream and Downstream Migrating
Adult American Shad to Assess Passage Routes, Effectiveness, Delays, and
Survival (Docket Number p-1904)

Goals and Objectives

Assess behavior, approach routes, passage susgessgal, and delay by adult American shad
as they encounter the projects during both upstie@downstream migrations, under
permitted project operations conditions, propogeerational conditions, and study treatment
operational conditions at First Light Power’s TusEalls and Northfield Mountain Pumped
Storage projects and TransCanada’s Vernon Prdjaete are multiple fishways and issues
related to both upstream and downstream passagessuat the projects. Some of these issues
at the Turners Falls Project are similar to angéatain directly to the Northfield Mountain and
Vernon projects. Therefore, it is reasonable wress passage issues at all projects in a similar
manner.

Telemetry Study -This requested study requires use of radio tetignusing both radio and
Passive Integrated Transponder (PIT) tag typesawaqgte information to address multiple
upstream and downstream fish passage issues. lbwifa objectives shall be addressed in
these studies:

- Assessment of any migration delays resulting froengresence of the dam and peaking
flow operations of the Turners Falls Project;

- Determine route selection and behavior of upstreagnating shad at the Turners Falls
Project under various spill flow levels (e.g., mment to the dam, attraction to Cabot
Station, attraction to Station 1 discharge, moverbetween locations, delay, timing,
etc.). A plan and schedule for dam spill flow esdes will need to be developed that
provides sufficient periods of spill flow conditisnand various generating levels from
Turners #1 Station coupled with Cabot Station gatien flows (e.qg., treatments will
require multiple days of consistent discharge)al&ated spill flows should include
flows between 2,500 — 6,300 cfs, which relate tpasg flows identified as providing
spawning opportunities for shortnose sturgeon énldlver bypass reach at the Rock
Dam. (Kieffer and Kynard 2012). Sturgeon spawrangd upstream shad passage occur
concurrently;

- Assess near field, attraction to and entranceieffay of the Spillway Ladder by shad
reaching the dam spillway, under a range of spitiditions;

- Evaluate the internal efficiency of the Turnersl$8&lpillway Ladder;

- Continue data collection of Cabot Station Laddet @atehouse Ladder efficiency, to
include rates of approach to fishway entrancesyemio fishways, and passage through
them, under different operational conditions thatw in these areas;

- Evaluate modifications to the Cabot and/or Spilliakiways recommended by the
Service if they are implemented,;

- Assess upstream migration from Turners Falls to/mon Dam in relation to
Northfield Mountain’s pumping and generating operat and Vernon Project peaking
generation operations. Typical existing and proggeeject operation alterations should
be evaluated;



- Assess near field, attraction to and entranceieffay of the Vernon Dam Ladder;

- Assess internal efficiency of the Vernon Dam Lacdder

- Assess upstream passage past Vermont Yankee’sahdisoharge (also located on the
west bank of the river 0.45 mile upstream of fiatider exit)

- Assess upstream migration from Vernon Dam in r@heto the peaking generation
operations of the Bellows Falls Project. Typicalkérg and proposed project operation
alterations should be evaluated;

- Determine post-spawn downstream migration routectieh, passage efficiency, delays
and survival related to the Vernon Project, inahgdévaluation of the impact of the
Vermont Yankee heated water discharge plume on simaam passage route, migrant
delay/timing, efficiency and survival;

- Assess impacts of Northfield Mountain operationsippand downstream adult shad
migration, including delays, entrainment, and bébtray changes and migration direction
shifts under existing and proposed project openatio

- Determine downstream passage route selection,gigetay, and survival under varied
project operational flows into the power canal apdl flows at Turners Falls Dam;

- Determine downstream passage route selection,gigetay in the canal, Cabot Station
fish bypass facility effectiveness, and survivalOatbot-bypassed adult shad that enter the
Turners Falls Canal system;

- Compare rates and or measures of delay, movemdrguamival etc., among project
areas or routes utilized (e.qg., spill at dam vsvgrocanal) under the range of permitted
and proposed conditions; and

- Utilize available data sets and further analyze data (e.g., 2003- 2012 Conte Lab
Studies) where possible to address these questimhsmform power analyses and
experimental design.

Information to address all of these questions woellgl on the tagging of upstream migrating
adult shad at Holyoke Dam and releasing them toateghaturally from Holyoke through the
Turners Falls and Vernon projects and back dowastrafter spawning. Additional tagged
individuals would likely need to be released fartlypstream (Turners Falls Canal, upstream of
Turners Falls Dam, and upstream of Vernon Dam@gngure that enough tagged individuals
encounter project dams on both upstream and dosamstmigrations, that these individuals are
exposed to a sufficient range of turbine and oparat conditions to test for project effects, and
to provide adequate samples sizes for statistivallig data analyses to address the many
objectives listed. This study will require two yeaf field data collection to attempt to account
for inter-annual variability in river discharge awdter temperatures.

Evaluation of Past Study Dathn addition to collection and analysis of newetaktry data,
substantial data has already been collected aefsifralls from multiple years of passage
assessments conducted for First Light by U.S. Geadd Survey’s Conte Anadromous Fish
Research Center (Conte Lab) researchers and tieeadsa data from the 2011 and 2012 full
river study conducted by the Conte Lab that addfessers Falls, Northfield Mountain and
Vernon project migration and passage questionshtnag not yet been analyzed. These data
include several million records each year from ntbesn 30 radio telemetry receivers deployed
between Middletown, CT and Vernon Daifhis data will provide substantial information free




from the field data collection costs and therefheuld be analyzed as part of this study. This
data analysis should be completed in 2013 to métpm the design of subsequent field studies.

Evaluation of Methods to Get Shad Past Cabot 3tétioSpillway Passage at the Turners Falls
Dam-— The poor passage efficiency of the Cabot Ladterfirst and most used fishway
encountered by shad arriving at the Turners FabgeBt, and at the entrance to the Gatehouse
Ladder, which all Cabot fishway-passed fish must hss resulted in very poor overall shad
passage efficiency at the project. An alternativpassing fish at the Cabot Station is to install
fish lift at the dam that would put fish directiytd the Turners Falls pool, thereby eliminating
problems with the Cabot Fishways, and the Gatehbigtavay entrance and the variable
passage efficiency of the Gatehouse Fishways.thioto be effective, attraction of shad to the
Cabot Station discharge and associated delays weed to be overcome. It is possible that
spillway flow releases coupled with behavioral megas at Cabot Station that dissuade shad
from that tailrace could achieve this end. In otdeassess the possibilities, we recommend the
following study:

1. A literature search and desk-top assessment gfdbsible behavioral measures that
could be effective in getting shad to pass Cabati @t tailrace and continue upstream to
the dam.

2. Based on results of the desk-top assessment, fsstdduation of behavioral measures

that are likely to be effective.

3. Field evaluation of the effect of different levelsspill at the dam that would induce fish
to move past the Cabot Station into the bypassiraad up to the dam (as noted in
objectives).

Besides passage success and delays at passaijesattiese studies would assess the impacts
of project operations on migration passage detayte; timing, injury, mortality, and passage
structure attraction, retention, and success.pagticular interest will be fish behavior during
periods when flow releases from the project inadesm the required minimum flows to peak
generation flows and when flows subside from pesategation flows to minimum flows and the
operation of NMPS in pumping and generation modes.

Resource Management Goals

The Connecticut River Atlantic Salmon CommissioRAKSC) developedA Management Plan
for American Shad in the Connecticut River in 1992. Management Objectives in the plan inelud
the following

1. Achieve and sustain an adult population of 1.5 millon individuals entering the mouth of
the Connecticut River annually. (Table 1)

2. Achieve annual passage of 40 to 60% of the spawmingbased on a 5-year running
average) at each successive upstream barrier dotimgecticut River mainstem.



3. Maximize outmigrant survival for juvenile and spadult shad.

The Atlantic States Marine Fisheries Commission,eAdment 3 to the Interstate Fishery
Management Plan for Shad and River Herring (Ameri8had Management), approved in 2010
includes the following objective:

1. Maximize the number of juvenile recruits emigratingm freshwater stock complexes and
recommendations:

Upstream Passage —

1. American shad must be able to locate, enter, asd e passage facility with little effort
and without stress.

2. Where appropriate, improve upstream fish passafgcteeness through operational or
structural modifications at impediments to migratio

3. Fish that have ascended the passage facility sti@ugniided/routed to an appropriate area so
that they can continue upstream migration, anddabeing swept back downstream below
the obstruction.

Downstream Passage —

4. To enhance survival at dams during emigration, watal survival of post spawning and
juvenile fish passed via each route (e.g., turhjnepillage, bypass facilities, or a
combination of the three) at any given facilitydamplement measures to pass fish via the
route with the least delay and best survival rate.

Based on the CRASC plan, the New Hampshire FishGarde Department (NHFGD) seeks the
accomplishment of a number of resource goals ajettes through the relicensing process for
the Project. General goals include the following:

1. Ensure that protection, mitigation and enhancenmegdsures are commensurate with
Project effects and help meet regional fish andlf@ objectives for the basin.
2. Conserve, protect, and enhance the habitats forgdlife, and plants that continue to

be affected by the Project.

Specific to American shad movement and migratibe,NHFGD's goals are:

1. Minimize current and potential negative project rpien effects such as migration
delays, false attraction, turbine entrainment, isatvof project passage routes, and
trashrack impingement that could hinder managemeals and objectives.

A mission of the NHFGD relevant to this study resfus to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resources

Four goals from the NHFGD’s 1998-2010 StrategicnRMHFGD 1998) which are relevant to
this study request are:
1) New Hampshire has a wide range of naturallyoarg habitats and healthy, naturally
functioning ecosystems.
2) New Hampshire has abundant and varied fish lif@|c&aind marine species at levels that
ensure sustainable, healthy populations.



3) New Hampshire has fish, wildlife, and marine popatss that support desirable
levels of hunting, trapping, fishing, and wildl¥eswing.

4) Human activities and land uses are compatible wiésired population and
recreational goals for fish, wildlife, and maringesies and the ecosystems that
sustain them.

This study request is intended to facilitate thibection of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%aeq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public Interest

The New Hampshire Fish and Game Department is stiqgethis study, in order to collect
information holistically for the Connecticut Rivémpacts associated with the operation of all
the dams, both lower and upper on the ConnectiugrRdoes contribute to the success of the
State’s management goals for fish and wildlife emNHampshire. The requestor is a state
natural resource agency.

Existing I nformation

Passage of adult shad at the Turners Falls fistowmplex has been the subject of intense study
by the Conte Lab since before 1999. These stindies clearly demonstrated that passage
through the existing fishways at Cabot and Spillvgagoor (<10% in many years). Passage
through the Gatehouse fishway is better, butrstitly exceeds 80%, despite the short length of
this ladder. In addition to poor passage for &skering the ladders, shad that ascend the Cabot
Fishway experience extensive delays before entoytire Gatehouse Fishway. Shad that ascend
Spillway frequently fall back into the canal ané aiso subject to these upstream delays. A new
entrance to the Gatehouse Fishway installed in 2007 dramatic improvements in passage

out of the canal (from 5% to over 50% in 2011), passage still falls well short of management
goals. In addition, shad spend considerable tupdd several weeks) attempting to pass. These
delays likely influence spawning success and satvivAdult shad, unable to pass Gatehouse,
experience similar delays in downstream passagas after they have stopped trying to pass
Gatehouse. Without spill, all outmigrating shiadtthave passed Gatehouse must enter the
canal at the Gatehouse and may be subject to dekitysg the canal.

During the course of these studies a very largasgathas been compiled that could yield useful
information for further improving passage of shad af the canal in both the upstream and
downstream directions. A unique feature of thesa aa 2-dimensional array covering the
canal just downstream of Gatehouse, documentimgsitale movements and occupancy of this
zone. These data should be combined with computltfluid dynamics (CFD) and real-time
hydraulic data to determine how canal hydrauli¢sience the ability of shad to locate and enter
the fishway, and to identify modifications that &ikely to lead to improvements in approach
and entry rates. A separate CFD modeling studgqaested that includes modeling of the
Gatehouse Fishway entrance are at the head obtherganal.



In addition, whole-river shad telemetry studiesfgened in 2011 and 2012 will likely provide
useful information and should be analyzed. Theda should allow quantification of delay
below Turners Falls, and could help guide studéegsiested above. Preliminary analyses of data
through 2011 have been made available to Firstlaghtthe resource agencies (Castro-Santos
and Haro 2005; Castro-Santos and Haro 2010).

The whole-river studies have also shown that,agtlen 2011, most shad that pass Turners Falls
rapidly progress upstream to Vernon Dam where siterdelays also occur. Data from the
2012 study were not available at this time, but@astro-Santos stated similar patterns were
noted in the data between the years on the topipstieam delay (personal communication, Dr.
Theodore Castro-Santos). Similarly, concernsivdb the downstream passage of spent shad
also remain relative to delays, with existing urnmiied USGS telemetry data sets suggesting
this is an issue within the Turners Falls canal.

Since the first year of operation of the TurnerisRapstream fishways (1980), the percent
passage of American shad annually passed upstrie@oreers Falls Dam compared to the
number passed at the Holyoke Fish Lift has aver@gg¥ (1980-2012 data). The highest
values for this metric has not exceed 11% and ateb&low the noted CRASC Management
Plan target range for this objective noted eadged0-60% on a five year running average.

Since the first year of operation of the Vernon Dgvstream fish ladder (1981), the percent
passage of American shad annually passed at Veorapared to the number passed upstream
of Turners Falls Dam (Gatehouse counts) has aver2@d%, ranging from 0.42% to 116.4% (>
100% due to counting error at one or both facgitienknown).

Nexus to Project Operations and Effects

Existing project operations (peaking power genergtand limited bypass flows have a direct
impact on instream flow and zones of passage (tmgraorridors). Project flow releases affect
passage route selection, entry into fishways, aedte delays to upstream migration. Inefficient
downstream bypasses can result in migration delagisncreased turbine passage. Mortality of
adult shad passing through these turbines is exgéatbe high (Bell and Kynard 1985),
additional stresses associated with passage aay ohaly cause mortality as shad are unable to
return to salt water in a timely manner. The @ctf upstream and downstream passage
facilities need to be designed and operated toigeavmely and effective upstream and
downstream fish passage to meet restoration gbplassage to upstream habitat and maximize
post-spawn survival. These factors are all ciigdanportant to the success of restoration
efforts.

Methodology

Use of radio including passive-integrated transgorfBIT) telemetry is widely accepted as the
best method to assess fish migratory behavior asdgge success and has been used extensively
to assess migration and passage issues at Tumlersé well as other Connecticut River

projects. These studies include one conducte@1d 2nd 2012 by the Service and U.S.
Geological Survey’'s Conte Anadromous Fish Rese@astter, which has provided substantial



information related to some of the issues iderttifiere. The requested study will build and
expand on the information collected over the pastyears.

The study design must specify sample sizes, tafigtoations and receiver configurations, to
ensure that rates of entry and exit to the taibafishways, downstream bypasses, and the
bypassed reach can be calculated with sufficiegttipion to determine effectiveness of flow and
ensonification treatments (separate Study Requést)project assessments at Turners Falls
(e.g., Cabot, Spillway and Gatehouse ladder aitraeind entry, route selection, operational
effects), double tagged (radio and PIT) shad véltéquired for release from Holyoke Dam.
Additional shad must be released directly intoTheners Falls Canal to support assessment of
the various operational and structural conditionsffect, to be modified in this period, and
proposed conditions within the Turners Falls poegeral relative to entrances to the Gatehouse
fishway. A related request on CFD modeling in@abot Station tailrace, the upper power canal
near Gatehouse, and in the area around the entétioe Spillway Ladder will address related
project operational effects that will also addnelentified objectives in this telemetry request.
Shad captured at Holyoke and tagged and releaseapsof Turners Falls Dam, or tagged out
of Gatehouse Ladder, would help to ensure an adegaaple size for evaluations in the
vicinity of NMPS and to the Vernon Dam and the iptio address identified study objectives in
those project areas. Additional tagged shad grea®d to be required for release upstream of
the Vernon Dam, which should ensure adequate sampéeseparate study request, where shad
spawn upstream of Vernon Dam as well as ensurieig tis an adequate number of outmigrating
spent adults to address related study objectivesdiolt outmigrants. The required number of
tagged fish to address study objectives may besstjuaccordingly from area to area depending
on target numbers (i.e., best information on resulviable tagged fish and power analyses to
detect effects) to account for typical passagesregurvival rates, and handling effects as
examples.

Existing information on captured, handled, taggsh performance (e.g., percent that drop back,
unsuitable for tracking) and factors such as tinohtagging and potentially transport, must all
be carefully considered to ensure an adequate sssiz@ of healthy (e.g., viable to characterize
behavior, survival, etc.) tagged fish is availabl@ddress the many questions identified in this
request (as supported by a statistical power aisqlyadditionally, ensuring adequate
downstream adult fish sample sizes (to addresgegqreffect questions above) requires close
consideration as expected losses of healthy tafigleduring upstream passage, natural
mortality rates, and tagging related effects, apeeted to reduce sample sizes on downstream
passage objectives/questions as the season pregreBse use of single PIT tagged fish can
help improve sample sizes, but will be of limitexzeuo answer some of the passage questions we
have identified.

Due to environmental variability, two years of stwdork will be necessary. A large array of
stationary monitoring stations (radio and PIT) widl needed to address the issues identified
among the project areas. A sufficient level ofioagéceiver and PIT reader coverage will be
required, to provide an appropriate level of reBofy for data analyses, to answer these
guestions on project operational effects. Theystudl provide information on a variety of
structural and operational aspects of fish migmtielative to route selection, timing, survival,
and up and downstream passage attraction, retededtsy, efficiency, survival as some



examples at three projects (Turners Falls, NMP8 \&rnon). The use of video monitoring

may also be utilized for specific study areas sagkhe Spillway Ladder, to provide additional
information on shad entrance activity, with the ersianding of some data limitations associated
with this approach (fish identification, water \agity). This study will be coordinated with the
proposed study request to evaluate ensonificasanshad behavioral deterrent at the Cabot
Station tailrace which will be an additional treatmh of the telemetry study.

In addition to the tagging studies, use of videmitwing of the Spillway Fishway would
provide additional overall data on Spillway Fishwedficiency as all shad attempting to pass
could be monitored versus just those shad that bege tagged.

Level of Effort/Cost, and Why Alternative Studies will not suffice

The requested study is extensive and will requsalsstantial effort and cost to capture, PIT tag,
and radio tag a sufficient number of shad at Hodytukrelease at upstream locations. We are not
aware of any other study technique that would gteyaroject specific fish behavior and
migration information to adequately assess exigtiogect operations and provide insight in
possible alternative operations and measures neaedeftiress observed negative impacts to fish
migration success. Video monitoring of the Spiiishway would add a modest cost to this
study.

Due to the fact tagged shad will move throughoatléinger five project area, to varying degrees,
there will be expected cost savings (e.g., radis)téo both owner/operators, provided
cooperation in study planning and implementatiotucs.
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Study Request 3: Evaluation of Timing of Downstream Migratory
Movements of American E€ls on the Mainstem Connecticut River (Docket
Number p-1904) (Docket Number p-1855) (Docket Number p-1892)

Goals and Objectives

The goal of this study is to better understand atign timing of adult, silver-phase American
eels as it relates to environmental factors andadipas of mainstem hydropower projects on the
Connecticut River.

The objectives of this study are:

1. Quantify and characterize the general migratoryngnand presence of adult, silver-
phase American eels in the Connecticut Riverikagdb environmental factors and
operations of mainstem river hydroelectric projects

Resource Management Goals

The Atlantic States Marine Fisheries Commissiondesloped two documents related to the
management of American eel:
1. Interstate Fishery Management Plan for American Agtil 2000. Atlantic States
Marine Fisheries Commission.
2. Addendum Il to the Fishery Management Plan for Aozar Eel Atlantic States Marine
Fisheries Commission. Approved October 23, 200&.8

Objectives of the management plan include: (1)gmtodnd enhance American eel abundance in

all watershed where eel now occur; and (2) whesetfmal, restore American eel to those waters

where they had historical abundance but may noabisent by providing access to inland waters

for glass eel, elvers, and yellow eel and adegestapement to the ocean for pre-spawning adult
eel.

Addendum Il contains specific recommendationsrigsroving upstream and downstream
passage of American eel, including requestingrtiexnber states and jurisdictions seek special
consideration for American eel in the FERC relicegprocess.

In addition, the Connecticut River Atlantic SalmGommission (CRASC) developed A
Management Plan for American E@&hfQuilla rostrata) in the Connecticut River Basin 2005.
The goal of the plan is “to protect and enhanceathendance of the American eel resource to
ensure its continued role in the Connecticut RB@sin ecosystem...” Management objectives
in the plan include the following:

1. Protect and enhance eel populations where thegrdlyrexist;

2. Where practical, restore populations to waters wiieey had historical abundance;

3. Provide effective upstream and downstream fishggesaround dams and other barriers

within the species’ range in the basin; and
4. Comply with all requirements of the Fishery ManagetPlan of the ASMFC.




Based on these plans, the New Hampshire Fish amdeG2epartment (NHFGD) seeks the
accomplishment of a number of resource goals ajettes through the relicensing process for
the Project. General goals include the following:

1. Ensure that protection, mitigation and enhancenme@dsures are commensurate with
Project effects and help meet regional fish andlf@ objectives for the basin.
2. Conserve, protect, and enhance the habitats forigdlife, and plants that continue to

be affected by the Project.

Specific to downstream passage of American eelNtHEGD's goals are:

1. Minimize current and potential negative project rpien effects that could hinder
management goals and objectives.

2. Minimize project-related sources of downstream ggssdelay, injury, stress, and
mortality in order to maximize the number of silveels migrating to the spawning
grounds.

The American eegk also one of New Hampshire and Vermoi8fsecies of Greatest
Conservation Need (SGCN). The status for conservaeed in Vermont is listed as high
priority (Kart et al. 2005), and the species igelisas “vulnerable” in New Hampshire. As
identified in Vermont’'s Wildlife Action Plan (Kast al. 2005), threats to the species include the
construction of large dams on rivers which obstjuegénile fish access to critical rearing
habitats, as well as mortality associated with ipgsthrough hydroelectric facilities’ turbines
during their outmigration to sea.

A mission of the NHFGD relevant to this study resfue to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resources

Four goals from the NHFGD’s 1998-2010 StrategicnlRMHFGD 1998) which are relevant to
this study request are:
1) New Hampshire has a wide range of naturally oaegriabitats and healthy,
naturally functioning ecosystems.
2) New Hampshire has abundant and varied fish, wadahd marine species at levels
that ensure sustainable, healthy populations.
3) New Hampshire has fish, wildlife, and marine popatss that support desirable
levels of hunting, trapping, fishing, and wildl¥eswing.
4) Human activities and land uses are compatible @ésired population and
recreational goals for fish, wildlife, and marineesies and the ecosystems that
sustain them.

Our study request is intended to facilitate theéeotion of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%aeq.), and the
Clean Water Act (33 U.S.C. §128flseq.).



Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a

state natural resource agency.

Existing I nformation

Data on timing of downstream migratory movements iates of American eels in the mainstem
Connecticut River are sparse and relatively incetepl Preliminary data on presence of “eel-
sized” acoustic targets have been collected (Haah €998) within the Turners Falls Project’s
Cabot Station forebay that were somewhat confirlnedideo monitoring at the Cabot Station
downstream fish bypass; however, these were shorm-studies, with acoustic monitoring only
performed from 17 September to 5 October and videnitoring only conducted between 18
September to 22 October.

Some daily monitoring of the downstream bypassatiolyoke Dam (canal louver array) was
performed in 2004 and 2005 (Kleinschmidt, Inc. 200®6, Normandeau Associates 2007);
these studies also were of relatively short dunafgpanning from October 5 to November 10 in
2004 and September 9 to November 11 in 2005) andampler was only operated at night.

To date, no other directed studies of eel migratooyements have been conducted at any
location on the Connecticut River mainstem. Thisrimation gap needs to be filled, as it relates
directly to when downstream passage and proteateasures need to be operated.

We also note that within the past seven years,Uhged States Fish and Wildlife Service
(USFWS) has received two petitions to list the Aicear eel under the Endangered Species Act.
The first petition was receiveah November 18, 20040n July 6, 2005 the USFWS issued a
substantial 90-day finding on the petition andiaé&d a 12-month status review that concluded
on February 2, 2007 with a finding that listing wad warranted. The second petition was filed
on April 30, 2010 by the Council for Endangered Gge Act Reliability. On September 29,
2011 the USFWS issued a substantial 90-day findimdjinitiated a 12-month status review. It
is our understanding that the USFWS is still adogphew American eel information for the
ongoing status review.

Nexusto Project Operations and Effects

The timing of downstream migration of adult eelpa®rly defined for the Connecticut River;
therefore the general effects of hydroelectricgebpperations on eel survival to the ocean are
unknown. Although separate study requests have sadamitted to address project-specific
downstream passage route selection, delays, andlityoof eels, general characteristics of river
flow and environmental conditions may have sigaificrelationships with project operation and
eel migratory success and survival. For examls, may tend to move immediately before or
during periods of significant precipitation (or s@guently river flow); times at which projects
may be generating at maximum capacity or spillwigich may (or may not) present a higher
passage risk to eels. Conversely, periods of low fhay be associated with a significant
proportion of total river flow passing through turé units, which present additional (or
different) passage risk to eels. If discrete cbonds which promote eel downstream migration



are known, it may be possible to take actions vafpect to project operations which reduce or
minimize passage risk; i.e., operation of a bypassijction of intake approach velocities,
directed spillage through a “safe” route, etc. Ehstsidies should provide baseline information
on river-specific downstream migration to predi¢tem silver-phase eels are expected to be
migrating in the mainstem Connecticut River, frommiet project operations could be modified
to minimize passage risks.

The studies are proposed for a single or multifées sthe results will be relevant to all sites on
the Connecticut River mainstem.

Methodology Consistent with Accepted Practice

Quantification of downstream movements of Amerieals in river systems requires systematic
sampling of migrants throughout the migratory sea3tis can be accomplished with traditional
active trapping methods; i.e., fyke or stow net glamg, weirs, or eel racks, but these methods
are technically challenging on larger mainstemrayedue to the scale of flows that need to be
sampled, difficulties in operation throughout &M conditions, and high debris loading during
fall flows. Passive monitoring of migrant eels @ghydroacoustic methods offers an alternative
to active trapping. However, passive monitoringuies verification of potential acoustic targets
with some level of active (collection) or visualaditional optical or acoustic video) sampling.

Two potential locations offer opportunities to cantlsimultaneous passive and active sampling:
the Cabot Station (Turners Falls project) canadbary and the Holyoke Dam forebay and canal
louver/bypass system. Each location possessesaabdownstream passage which conducts a
significant proportion of river flow (Cabot canal&aHolyoke forebay or canal), and each has a
proximal bypass equipped with a sampler so thhtde be concentrated/collected from the
passage route and identified to species. Projesriatipns do influence the relative proportion of
flow (and thus numbers of downstream migrant ealggach passage route, so numbers of eels
sampled in each route represent only a proportidheototal number of eels migrating
downstream within the entire river. Because thehibs proportion of eels using a specific route
at any one time is unknown, numbers of eels quadtifithin a route must serve as a relative
index of the degree of migratory movement.

This study shall quantify eel movements in eithee,@r preferably both, locations for two
consecutive years (since environmental condititrmgly influence migratory timing of eels,
which can vary significantly from year to year; H&003). Eels will be quantified using
methods similar to Haro et al. (1999), by continglgunonitoring a fixed location at the projects
with hydroacoustics. Because eels tend to condentrareas of dominant flow (Brown et al.
2009, EPRI 2001), the zone to be monitored shoass @ dominant proportion of project flow
throughout most periods of operation (i.e., forelmagke area). Hydroacoustic monitoring shall
encompass the entire potential migratory seas@inibi@g in mid-August and ending in mid-
December, and shall operate 24 hours per day.\liHtiae recorded for later processing and
archiving.

Systematic active quantification of eels at dowesstn bypass samplers shall be performed
simultaneously with passive hydroacoustic monirio verify presence of eels and relative
abundance of eel-sized hydroacoustic targets fhanihydroacoustic data. Although daily



operation of the bypass sampler could be perform@dpre comprehensive technique is to
monitor eels entering the bypass with an acousticera (i.e. DIDSON, BlueView, etc.). The
acoustic camera will afford positive visual ideigttion of eels as they enter the bypass, which
is a concentration point for migrating eels. Adausamera monitoring will also allow
monitoring to be performed 24 hours a day, and vélrelatively unaffected by water turbidity
(which influences effectiveness of traditional optivideo monitoring). The acoustic camera
system will be operated during the same time peagdcoustic monitoring, and images will be
recorded for later processing and archiving.

Data analyses of hydroacoustic, acoustic camepgdsysampling, and environmental/
operational data will follow standard methodology.

Project operation (flows, levels, gate openingsnber of units operating and operation level)
and environmental conditions (river flow, temperatuurbidity, air temperature, precipitation)
will be monitored regularly (hourly measurementgagsible) throughout the duration of the
studies.

These methodologies are consistent with acceptadige.

Level of Effort/Cost, and Why Alternative Studies will not suffice

The level of cost and effort for the downstreamnaung eel migratory timing study would be
moderate, given the level of cost for instrumentatdeployment, and data review/analysis.

The applicant did not propose any studies to nteetieed in the PAD.
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Study Request 4: Impact of Project Operationson Shad Spawning, Spawning
Habitat, and Egg Deposition in the Project Areas of the Turners Falls,
Northfield M ountain Pumped Storage and Vernon Project Areas and
downstream from Bellow Falls Dam. (Docket Number p-1904)

Conduct a field study of spawning by American simatthe Connecticut River mainstem
downstream of Turners Falls Dam, in the TurnertsH2dm impoundment, in the Vernon Dam
Project area, and downstream of Bellows Falls Dadetermine if project operations (including
operations of the Northfield Mountain Pump Storagegatively impact shad spawning behavior,
spawning habitat use, areal extent and qualitha$¢ spawning areas, and spawning activity in
terms of egg deposition in those areas.

Goals and Objectives

Determine if project operations (under the perrditied proposed operational ranges) affect
American shad spawning site use and availabilggwnsing habitat quantity and quality, and
spawning activity in the river reaches downstréaym Cabot Station and in the project bypass
reach of Turners Falls Dam, in the Turners FallmD@&apoundment and in relation to Northfield
Mountain Pump Storage operations, downstream asulagm of the Vernon Dam, and in the
project area downstream of Bellows Falls Dam. Tdlleing objectives will address this
request:

» Determine areas utilized by American shad for spagvby conducting night-time visual
observation of spawning activity, identify and deflareas geospatially, and obtain data
on physical habitat conditions effected by prometrations (e.g., water depth, velocity,
discharge, substrate, exposure and inundationlofats);

» Determine project operation effects on observeavapay activity, under a range of
permitted or proposed project operation conditions;

* Quantify effects (e.g., water velocity, depths,ndation, exposure of habitats) of project
operation on identified spawning areas for a rasfgmnditions, over the complete
period of spawning activity;

* Quantify spawning activity as measured by nightetspawning/splash surveys and egg
collection in areas of spawning activity, and dotkesm of these areas, to further
determine project operation effects (location elxt#rexposure from changing water
levels and flows and on associated habitats frajept operations).

If it is determined that the Project operationsaateersely affecting the spawning activity of
American shad and impacting spawning area haluitenfify operational regimes that will
reduce and minimize impacts spawning habitat aa@vemg success, within the project
area. This study will require two years of fieldalto capture inter-annual variability to river
discharge and water temperatures and to allowauation of alternative flow regimes if
year one studies determine that the present pea&gime negatively affects spawning.

Resource Management Goals

63708.1



The Connecticut River Atlantic Salmon Commissioneleped A Management Plan for
American Shad in the Connecticut River in 1992. Management Objectives in the plan include
the following:

1. Achieve and sustain an adult population of 1.5 millon individuals entering the mouth of
the Connecticut River annually.

2. Achieve annual passage of 40% to 60% of the spamin (based on a 5-year running
average) at each successive upstream barrier d@otmgecticut River mainstem.

The Atlantic States Marine Fisheries Commission,eAdment 3 to the Interstate Fishery
Management Plan for Shad and River Herring (Amerishad Management), approved in 2010
includes the following objective:

2. Maximize the number of juvenile recruits emigratfngm freshwater stock complexesand
recommendations:

3. To mitigate hydrological changes from dams, consigeerational changes such as turbine
venting, aerating reservoirs upstream of hydrogteptants, aerating flows downstream, and
adjusting in-stream flows.

4. Natural river discharge should be taken into actadnen instream flow alterations are being
made to a river (flow regulation) because rivenflolays an important role in the migration
of diadromous fish.

5. Ensure that decisions on river flow allocation (eirgigation, evaporative loss, out of basin
water transport, hydroelectric operations) take axtcount instream flow needs for
American shad migration, spawning, and nursery aise minimize deviation from natural
flow regimes.

6. When considering options for restoring alosine tapinclude study of impacts and possible
alteration of dam-related operations to enhanex habitat.

The New Hampshire Fish and Game Department (NHF&d2ks the accomplishment of a
number of resource goals and objectives throughdleensing process for the Project. General
goals include the following:

1. Ensure that protection, mitigation and enhancenmee&sures are commensurate with
Project effects and help meet regional fish andhfé objectives for the basin.
2. Conserve, protect, and enhance the habitats forwadlife, and plants that continue to

be affected by the Project.

Specific to American shad, the NHFGD’s goals are:
1. Minimize current and potential negative project rapien effects on American shad
spawning and recruitment.

A mission of the NHFGD relevant to this study regjus to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resaurces

Four goals from the NHFGD’s 1998-2010 StrategicmRMHFGD 1998) which are relevant to
this study request are:



1) New Hampshire has a wide range of naturallyarg habitats and healthy,
naturally functioning ecosystems.

2) New Hampshire has abundant and varied fish, wéddhd marine species at levels
that ensure sustainable, healthy populations.

3) New Hampshire has fish, wildlife, and marine popates that support desirable
levels of hunting, trapping, fishing, and wildlWewing.

4) Human activities and land uses are compatible @ésired population and
recreational goals for fish, wildlife, and marineesies and the ecosystems that
sustain them.

Our study request is intended to facilitate théemtilon of information necessary to conduct
effects analyses and to develop reasonable an@mradnservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a

state natural resource agency.

Existing I nformation

Since the construction of the first fish lift fatylat Holyoke Dam in 1967, American shad have
had access to spawning and rearing habitat upstreamHolyoke Dam. A number of
improvements to the Holyoke fishway have occuriadesthat time, but while the numbers of
shad lifted at Holyoke have reached as much a823Bnd the overall shad population to the
river exceeded 1.6 million shad in 1992 (CRASC 196#tal shad population, and numbers of
shad passing Turners Falls and Vernon Dam, havemeb€RASC management plan objectives.
Population number and passage numbers past Hohaledeclined substantially from those
totals in recent years, with average Holyoke pgessambers over the last 10 years of 211,850.
Since historically, approximately half of the returg population of shad to the river passed
upstream of Holyoke, recent returns are far bel@magement goals. Effective upstream and
downstream passage and successful in-river spavamichguvenile production are necessary to
help achieve shad management goals for the Coouoe&tiver.

American shad broadcast spawn in congregationssthaiow flats and rocky or sandy
substrates (Davis et al, 1970, Mansuetti and KO3}, at depths less than 10 feet and often far
shallower with spawning fish swimming vigorouslyan¢he surface in a closely packed circle
(Marcy 1972, Mackenzie et al 1985). Fertilized®drift downstream until hatching
(Mackenzie et al 1985).

American shad are known to spawn downstream fr@ thrners Falls Project. Layzer (1974)
identified 6 spawning sites from an area belowrtioeith of the Deerfield River (river mile

191.9) to river mile 161.7 below the Mill River khatfield, MA. Kuzmeskus (1977) verified 16
different spawning sites ranging from downstrearthefCabot tailrace to just upstream of the
Holyoke dam (river mile 87.1). The only parametettall spawning sites had in common was



current (Kuzmeskus 1977). The NHFGD is not awaranyf more recent studies that document
whether these 16 sites are still viable spawnicgtions for shad. We are not aware of any
studies that have determined American shad spavahbiat or spawning sites upstream of
Vernon Dam to Bellows Fall Dam (historic extentugistream range).

First Light Power conducted studies in the laténgpand summer of 2012, examining habitat
conditions downstream of the Turners Falls Dame Sttudy documented that in low flow
conditions, Cabot Station project operations predutuctuations in water level elevations that
can range over 4 feet in magnitude (daily operatthe USGS Montague Gage Station, to
lower values of 2 to 3 feet at the Route 116 Bri®enderland, MA (PAD). Similar short-term,
limited monitoring in the upper Turners Falls Danpobundment identified water level changes
due to project operations that cyclically variedesal feet on a sub-daily frequency.

Nexus to Project Operations and Effects

American shad are known to spawn at five locatamsnstream from the Turners Falls Project
from an area below the mouth of the Deerfield R{viser mile 191.9) and ten other locations
downstream to river mile 161.7 below the Mill RiverHatfield (Layzer 1974, Kuzmeskus
1977).

Shad spawning is likely influenced by river flowhah fluctuates greatly due to the project’s
peaking mode of operation. These fluctuations mgpact shad spawning activity by altering
current velocities and water depth at the spawsitgg. Effects on spawning behavior could
include suspension of spawning activity, poor fiedtion, flushing of eggs into unsuitable
habitat due to higher peaking discharges, eggsptrgmut into unsuitable substrate and being
covered by sediment deposition, and/or eggs beapstmnded on dewatered shoal areas as
peak flows subside.

While a number of shad spawning and egg deposstiaties were conducted in the 1970s, that
research was aimed at assessing the potential irapdeveloping a nuclear power station in the
Montague Plains section of the Connecticut Riveale NHFGD is not aware of any studies
being conducted specifically designed to deternifiagelationship exists between spawning
behavior, habitat use, and egg deposition and giroperations effects of the Turners Falls,
Northfield Mountain Pump Storage and Vernon prigjend downstream of Bellows Falls
Dam..

The NHFGD is concerned that peaking operations lbesgltering spawning behavior and
contributing to the failure of the Connecticut Rishad population to meet CRASC
management targets.

Methodology

The first year of study should examine known spagr@ireas downstream of the Turners Falls
Dam project, to determine operation effects on spadvning behavior, activity, and success. In
areas upstream of Turners Falls Dam to the Bellalls Bam tailrace, the first year study should
identify areas utilized for spawning by Americamgh In the second year, should results from
year one determine project operations affected spapactivity, access to habitat, or success,
downstream of Turners Falls Dam, then an identitale detailed assessment (identified



objectives) should be conducted in spawning arpaseam of Turners Falls Dam to the
Bellows Falls Dam tailwater. Measures to reducelioninate any documented project operation
impacts should be explored and evaluated in yeay dewnstream of Turners Falls Dam.

Potential impacts to spawning behavior would besstihdied by night-time observations of
actual in-river spawning behavior (Ross et al. 99 oject discharge increases or decreases
during actual observed spawning activity will peiempirical evidence of change in behaviors.
The observational methodology should follow thetpeol specified in Layzer (1974) and/or as
described in Ross et al. (1993). The analysis shatilize the observational field data in
conjunction with operational data from the projgstsition generation and spill on a sub-hourly
basis). To assess the impacts of changes in gemeflaws, the study should include scheduled
changes in project operation to ensure that rogfameration changes that occur during the
nighttime spawning period affect downstream spaghiabitats selected for study while shad
are spawning. Stier and Crance (1985) providerggtivater velocities during spawning to
range between 1 to 3 ft/sec.

In areas used for spawning, the characteristitsasfe areas (e.qg., location, depth, flow,
substrate) should be recorded. The effect of pta@perations (discharge, water velocity,
inundation and exposure) should be assessed. Hatgtwill be used to collect eggs to quantify
egg production before and after flow changes asfavning site.

In the reaches above the Turners Falls dam, nigletabservations of splashing associated with
shad spawning should be performed in each reastffisient numbers of shad are passed above
each dam. Observations should be performed rdguiatil the end of the spawning season.

The use of radio-tagged adult shad from a sep&tatdy Request will aid in this effort. An
estimate of the total area used for spawning arnddex of spawning activity should be

recorded for each site.

Level of Effort/Cost, and Why Alternative Studies will not suffice

Neither First Light or TransCanada propose anyistuith meet this need. Estimated cost for the
study is expected to be moderate for each ownéhn,ttve majority of costs associated with
fieldwork labor.
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Study Request 5: Bellows Falls Bypass Flow (Docket Number p-1855)

Goals and Obijectives

The goal of this study is to determine an appragrigypass flows that will protect and enhance
the aquatic resources of the Bellows Falls bypaastr.

The objective of the study will be to evaluate tledationship between flow and habitat
suitability in the bypass reach.

Relevant Resource Management Goals

The New Hampshire Fish and Game Department (NHF&d2ks the accomplishment of a
number of resource goals and objectives througheteensing process for the Project. General
goals include the following:

1. Ensure that protection, mitigation and enhancenmegdsures are commensurate with
Project effects and help meet regional fish andlf@ objectives for the basin.
2. Conserve, protect, and enhance the habitats forddlife, and plants that continue to

be affected by the Project.

Specific to aquatic resources within the BellowBsHaypass reach, the NHFGD's goals are:

1. Protect, enhance, or restore, diverse high quatjtyatic and riparian habitats for plants,
animals, food webs, and communities in the watefshad mitigate for loss or
degradation of these habitats.

2. Provide appropriate flows in the bypass reach tieets the life history requirements of
resident fish and wildlife, including freshwater ssels and other benthic invertebrates.
3. Minimize current and potential negative project rapien effects on water quality and

aquatic habitat.

A mission of the NHFGD relevant to this study resfus to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resaurces

Four goals from the NHFGD’s 1998-2010 StrategicnlRMHFGD 1998) which are relevant to
this study request are:

1) New Hampshire has a wide range of naturally oaegriabitats and healthy, naturally
functioning ecosystems.

2) New Hampshire has abundant and varied fish, wéddhd marine species at levels
that ensure sustainable, healthy populations.

3) New Hampshire has fish, wildlife, and marine popates that support desirable levels
of hunting, trapping, fishing, and wildlife viewing

4) Human activities and land uses are compatible détired population and recreational
goals for fish, wildlife, and marine species anel écosystems that sustain them.



Our study request is intended to facilitate théeotilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Background and Existing Information

The Bellows Falls Project bypasses a 3,500 foafrkerction of the Connecticut River. Presently
this bypass reach only receives flow when infloweds the hydraulic capacity of the Bellow
Falls station. According to exceedance curves pexviin the PAD, on a monthly basis the
bypass reach receives flow the following amourttroé:

Month % timeflow Month % Time Flow
> 11,000 cfs >11,000 cfs

Jan. 15 July 10

Feb. 15 August 8

March 50 Sept. 4

April 90 Oct. 20

May 60 Nov. 35

June 20 Dec. 26

No information exists on the adequacy of the exgstbypass flow regime to protect water
quality and aquatic life. The bypass reach receilms less than 30% of the time on an annual
basis. The PAD provides no detailed descriptiothef physical or biological characteristics of
the bypass reach.

An empirical study is needed to provide informatwmnthe relationship between flow and habitat
in the bypass reach for the NHFGD to use in detarngiappropriate flows in the bypass reach.

Project Nexus

The Project includes a 3,500-foot-long bypass reAtisent a mandated discharge at the dam,
this habitat would reamin dewatered during thoseesi when inflow was within the hydraulic
capacity of the units (~70% of the time on an ahbaais). The existing license does not require
any flow through the bypass reach. The currenasin does not sufficiently protect the aquatic
resources inhabiting or potentially inhabiting thgass reach.

The Connecticut River in the project vicinity isndimated by sections that are impounded,
backwatered from downstream impoundments or otlserdeep and slow-flowing. In contrast,

the Bellows Falls bypass channel is very irregwdad diverse, consisting of both coarse
substrate of various sizes and in the more dowerstigegment, jagged, irregular ledge. Given an



adequate flow regime, the bypass could providetagtjpes that are now rare and therefore of
great importance.

Results of the flow study will be used by the NHFG® determine an appropriate flow
recommendation that will protect and/or enhancedtpgatic resources in the bypass reach for
the duration of any new license issued by the Casion.

Proposed methodology

The NHFGD requests a bypass flow study be condwttdte Project. Bypass flow habitat
assessments are commonly employed in developingrétease protocols that will reduce
impacts or enhance habitat conditions in reaches@f bypassed by hydroelectric projects.
Given the size of the bypass reach (3,500 feet)lamgl the rareness of the habitat types it
contains in this portion of the Connecticut Riueg believe a study methodology that utilizes an
IFIM approach is appropriate for this site. Thisnegprotocol was used during the relicensing of
the Housatonic River Project (FERC No. 25%#)d has been accepted by the Commission in
other licensing proceedings

Given the unique channel formation habitat modelising standard PHABSIM 1 dimensional
modeling may not be sufficient to assess the hiabit#ability in the bypass reach but rather 2
dimensional, 2D modeling may be needed to bettaradterize flows and velocities in this
reach. We recommend that the approach to habivaieimg be determined during the study
plan development stage based on consultations batthe applicant and the resource agencies.

Level of effort and cost

The expected level of effort and anticipated caegls be comparable to that experienced on
similar FERC relicensing projects of this size.

Field work for flow studies can be reasonably egiem but will depend on consultation with the
applicant on study methodology and on-site decssmmlocations for data collection and the
number of collection locations. Post-fieldworkaanhalysis would be a moderate cost and
effort. Field work associated with this study abbk done in conjunction with the Instream
Flow Study Request. We anticipate that the leveffurt and costs will be comparable to that
experienced on similar FERC relicensing projectg.(¢he Glendale Project, FERC No. 2801).
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Study Request 6: Shad Population M odel for the Connecticut River (Docket
Number p-1904) (Docket Number p-1855) (Docket Number p-1892)

Develop an American shad annual step, mathemaiicallation population model for the
Connecticut River to quantify how project operati@md potential restoration/mitigation
measures impact the population of shad in the Gz River.

Goals and Objectives

The goal of the model is to assess impacts of bpgtream and downstream passage at each of
the Connecticut River projects and potential maneege options for increasing returns to the
river.

Specific objectives include:

* Annual projections of returns to the ConnecticuteRri

* A deterministic and stochastic option for modelsun

» Life history inputs of Connecticut River shad

* Understanding the effect of upstream and downstig@ssage delay at projects

» Calibration of the model with existing data

* Analysis of the sensitivity of model inputs

* Analysis of sensitivity to different levels of uand downstream passage efficiencies at
all projects

* Multiple output formats including a spreadsheetwarly outputs for each input and
output parameter

Resource Management Goals

The Connecticut River Atlantic Salmon CommissioRKSC) developedA Management Plan
for American Shad in the Connecticut River in 1992. Management Objectives in the plan include
the following:

1 Achieve and sustain an adult population of 1.5 millon individuals entering the
mouth of the Connecticut River annually.

2 Achieve annual passage of 40 to 60% of the spawmimg@based on a 5-year running
average) at each successive upstream barrier dotheecticut River mainstem.

3 Maximize outmigrant survival for juvenile and spewlult shad.

The New Hampshire Fish and Game Department (NHF&d2ks the accomplishment of a
number of resource goals and objectives througheteensing process for the Project. General
goals include the following:

1 Ensure that protection, mitigation and enhancemegdsures are commensurate
with Project effects and help meet regional fiskl avildlife objectives for the
basin.

2 Conserve, protect, and enhance the habitats for fisldlife, and plants that
continue to be affected by the Project.

63708.1



Specific to American shad, the NHFGD’s goals are:
1 Minimize current and potential negative project ipien effects on American shad
spawning and recruitment.

A mission of the New Hampshire Fish and Game Depamnt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstah, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.

Four goals from the NHFGD’s 1998-2010 StrategicmnRMHFGD 1998) which are relevant to
this study request are:

1) New Hampshire has a wide range of naturally oacgriabitats and
healthy, naturally functioning ecosystems.

2) New Hampshire has abundant and varied fish, wddéhd marine
species at levels that ensure sustainable, hgadihylations.

3) New Hampshire has fish, wildlife, and marine popatss that support
desirable levels of hunting, trapping, fishing, avitdilife viewing.

4) Human activities and land uses are compatible @éired population
and recreational goals for fish, wildlife, and marspecies and the
ecosystems that sustain them.

Our study request is intended to facilitate théembilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@&keq.), the Federal Power Act (16 U.S.C. §7%&¢eq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a

state natural resource agency.

Existing I nformation

Since the construction of the first fish lift fatylat Holyoke Dam in 1967, American shad have
had access to spawning and rearing habitat upstreamHolyoke Dam. A number of
improvements to the Holyoke fishway have occuriadesthat time, but while the numbers of
shad lifted at Holyoke have reached as much a¥82Bnd the overall shad population to the
river exceeded 1.6 million shad in 1992 (CRASC 196#tal shad populations, and numbers of
shad passing Holyoke, Turners Falls and Vernon Bawe not met CRASC management goals.

Population and passage numbers past Holyoke halieetk substantially from those totals in
recent years, with average Holyoke passage nursbers 2000 of 229,876. Whole river
population estimates have shown that approximéizifyof the returning population of shad
pass upstream of Holyoke. Recent returns to Hayaok far below management goals.



Average passage efficiency of shad at Turners Falisehouse counts) and Vernon since 2000
has been 3.1 and 20.4 % respectively. These ®walt below the CRASC management goals.

Safe, timely and effective up- and downstream mgessdong with successful spawning and
juvenile production are necessary to help achibeel snanagement goals for the Connecticut
River.

Nexusto Project Operations and Effects

Existing project operations and fish ladder efiicies have a direct effect on shad populations in
the Connecticut River. Poor upstream passagdesfties and delays restrict river access to
returning shad. Fish unable to reach upriver sjiragvgrounds may not spawn or have reduced
fitness or survival of young. Poor downstream pgessurvival and downstream passage delays
affect outmigration and consequently repeat spagyran important ecological aspect of the
iteroparous Connecticut River shad population (Lengbet al. 2003).

The NHFGD is concerned that poor passage effiossnand delays at projects may be limiting
access to upstream reaches of the river, altepagising behavior, decreasing outmigration
survival and contributing to the failure of the @ewticut River shad population to meet
management targets (Castro-Santos and Letcher.2010)

Development of a population model will allow anessment of individual project impacts on
the population as well as the cumulative impactsioltiple projects. The model will allow
managers to direct their efforts in the most effitimanner toward remedying the conditions
that most impact the shad population.

Methodol ogy

Population models are commonly used to assessopatimorphic and natural impacts and are
consistent with accepted practice. A model simiathis request was constructed for the
Susquehanna River by Exelon (FERC #405, RSP 3H4¢. model is constructed in Microsoft
Access

Specific parameters that would be included in tloelah

» Upstream passage efficiency at Holyoke, Turnerks f&abot, Gatehouse and Spillway
Ladders), Vernon fishways, and any impacts assatiaith Northfield Mountain.

» Distribution of shad approaching the Turners Raltgect between the Cabot Ladder and
the spillway at the dam

» Downstream passage efficiencies at Vernon, NotfthMountain, Turners Falls, and
Holyoke projects for juveniles and adults

* Entrainment at Mount Tom and Vermont Yankee

» Sex ratio of returning adults

* The proportion of virgin female adults returningdab, 6, and 7 years

» The proportion of repeat spawning females at ;)b Aayears

* Spawning success of females in each reach

* Fecundity

* Percent egg deposition

» Fertilization success



» Larval and juvenile in-river survival

» Calibration factor to account for unknown parameterch as at sea survival

» Options for fry stocking and trucking as enhancemesasures

» Start year and model run years

» Start population

* Rates of movement to and between barriers

* Temperature, river discharge, and other variablafafence to migration and other life
history events

The model should be adaptable to allow the inputest data and other inputs.

Level of Effort/Cost, and Why Alternative Studies will not suffice

Neither First Light nor TransCanada have proposgaséudy to meet this need. Estimated cost
for the study is expected to be low to moderats.th® model describes the impacts of multiple
projects and two owners, both project owners wahlare the cost of model development.
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Study Request 7: American Ed Survey Upstream of the Vernon, Bellows
Falls, and Wilder Dams (Docket Number p-1904) (Docket Number p-1855)
(Docket Number p-1892)

Goals and Objectives

The goal of this study is to provide baseline datative to the presence of American eel
upstream of the Vernon, Bellows Falls, and Wildani3.

The objective of the study is to determine thetiedsabundance and distribution of American
eel upstream of the Vernon, Bellows Falls and Wildams in both riverine and lacustrine
habitat.

Relevant Resource Management Goals

The Atlantic States Marine Fisheries Commissiondesloped two documents related to the
management of American eel:
1 Interstate Fishery Management Plan for American Atil 2000. Atlantic States
Marine Fisheries Commission.
2 Addendum Il to the Fishery Management Plan for Aosr Eel Atlantic States Marine
Fisheries Commission. Approved October 23, 200&.8

Objectives of the management plan include: (1)gmiodnd enhance American eel abundance in
all watersheds where eel now occur; and (2) wheaetigal, restore American eel to those
waters where they had historical abundance butmoaybe absent by providing access to inland
waters for glass eel, elvers, and yellow eel aratjadte escapement to the ocean for pre-
spawning adult eel.

Addendum Il contains specific recommendationsrigorioving upstream and downstream
passage of American eel, including requestingrtiexnber states and jurisdictions seek special
consideration for American eel in the FERC relicegprocess.

In addition, the Connecticut River Atlantic SalmGammission (CRASC) developed A
Management Plan for American EAhfQuilla rostrata) in the Connecticut River Basin 2005.
The goal of the plan is “to protect and enhanceathendance of the American eel resource to
ensure its continued role in the Connecticut RB&sin ecosystem...” Management objectives
in the plan include the following:

1 Protect and enhance eel populations where thegrdlyrexist;

2 Where practical, restore populations to waters wiiaey had historical abundance;




3 Provide effective upstream and downstream fishggesaround dams and other barriers
within the species’ range in the basin; and
4 Comply with all requirements of the Fishery ManagetrPlan of the ASMFC.

Based on these plans, the New Hampshire Fish ant@epartment (NHFGD) seeks the
accomplishment of a number of resource goals ajettes through the relicensing process for
the Project. General goals include the following:

1. Ensure that protection, mitigation and enhancemeasures are commensurate with
Project effects and help meet regional fish andhfé objectives for the basin.
2. Conserve, protect, and enhance the habitats forvigdlife, and plants that continue to

be affected by the Project.

Specific to American eels, the NHFGD'’s goals are:

1. Protect, enhance, or restore, diverse high quadjtiatic and riparian habitats for plants,
animals, food webs, and communities in the waterstmel mitigate for loss or
degradation of these habitats.

2. Understand the baseline condition with respedbégpresence of American eel within
and upstream of the project area.
3. Minimize current and potential negative projectrapien effects on American eel

inhabiting the project area and/or moving throughdrea during upstream and
downstream migrations

The American eelAnguilla rostrata), is also listed as one of both New Hampshire’s and
Vermont'sSpecies of Greatest Conservation Need (SGCN).s@tes for conservation need in
Vermont is listed as high priority (Kart et al. Z)0and the species is listed as “vulnerable” in
New Hampshire. As identified in Vermont's Wildlifection Plan (Kart et al. 2005), threats to
the species include the construction of large damsvers which obstruct juvenile fish access to
critical rearing habitats, as well as mortalityasated with passing through hydroelectric
facilities’ turbines during their outmigration tea

As outlined in Vermont’'s Wildlife Action Plan (Kaet al. 2005), research and monitoring needs
for this SGCN include determining their distributiand abundance, as the contribution of eels
in northern regions to overall stock is unknowne@the conservation strategies for this
species is to support efforts to enhance accedmefican eels to Vermont waters by

minimizing impacts of dams and other obstructidos@the Richelieu, St. Lawrence, and
Connecticut Rivers.

A mission of the New Hampshire Fish and Game Depamnt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstah, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.

Four goals from the NHFGD’s 1998-2010 Strategicm®MHFGD 1998) which are relevant to
this study request are:



1) New Hampshire has a wide range of naturally oaegrhiabitats and healthy,
naturally functioning ecosystems.

2) New Hampshire has abundant and varied fish, wéddhd marine species at levels
that ensure sustainable, healthy populations.

3) New Hampshire has fish, wildlife, and marine popates that support desirable
levels of hunting, trapping, fishing, and wildlWewing.

4) Human activities and land uses are compatible @ésired population and
recreational goals for fish, wildlife, and marineesies and the ecosystems that
sustain them.

Our study request is intended to facilitate théeobion of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public I nterest

The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Background and Existing I nformation

According to the PADs, very few American eels weslected in the Fish Assemblage and
Habitat Assessment of the Upper Connecticut Rivedgr et al., 2009). In the Vernon Project
area upstream of the dam, only one eel was cotlenteeels were collected from the Bellows
Falls pool, and none were found upstream of thel®viDam. However, in 2012 over 200 eels
were documented using the upstream fish laddéreavérnon Project and the New Hampshire
Fish and Game Department has observed eels upstfedamBellows Falls and Wilder dams.
More recently, eels have been observed in Lake ¥ &fermont, which is located upstream of
Wilder Dam (Lael Will, VDFW, personal communicatjonTherefore, while it is clear that some
eels are passing all three dams (Vernon, Bellols,Fend Wilder), it remains unknown how
many eels may be rearing in the mainstem habitstregam of the dams or in tributaries and
lakes and ponds that feed into the mainstem river.

No targeted eel surveys have been conducted tongdagethe abundance and distribution of
American eels in riverine and lacustrine habitatttgam of the three projects. This information
gap needs to be filled so resource agencies cdmadggroperly the need for, and timing of,
downstream passage and protection measures forgvatimg silver phase eels.

We also note that within the past seven yearsthited States Fish and Wildlife Service
(USFWS) has received two petitions to list the Aicear eel under the Endangered Species Act.
The first petition was receivezth November 18, 20040n July 6, 2005 the USFWS issued a



substantial 90-day finding on the petition andiatéd a 12-month status review that concluded
on February 2, 2007 with a finding that listing wext warranted. The second petition was filed
on April 30, 2010 by the Council for Endangered Gge Act Reliability. On September 29,
2011 the USFWS issued a substantial 90-day findimtginitiated a 12-month status review. It
is our understanding that the USFWS is still adogptew American eel information for the
ongoing status review.

Project Nexus

The project configurations present problems wipeet to providing safe, timely and effective
passage for outmigrating eels. The intakes are deeépwhile no specification for the trashracks
were provided in the PADs, it is unlikely that theguld prevent impingement and/or
entrainment of eels. Existing anadromous downstneassage facilities at the projects also
would not be expected to be effective for eels;ténget anadromous species are surface-
oriented, while eels tend to move much deeperamntater column. If eels are utilizing habitat
upstream of the dams, then appropriate protectidrdawnstream passage measures will be
needed.

In order to understand the need for, and timinglofynstream eel passage at the projects, we are
requesting that TransCanada undertake eel suméfe iConnecticut River upstream of the

three dams and in tributaries feeding into the staim river within the project areas. Surveying
tributary habitat is necessary because surveyiagnhinstem alone may lead to an
underestimation of eel abundance, particularlizéiré are relatively short tributary streams that
lead to a lake or pond (where eels may accumué&sding to true high densities).

Proposed methodol ogy

The NHFGD requests an eel survey be conducteceimtkiinstem river and tributaries upstream
from the three projects. The methodology shouldib®lar to that used in the relicensing of the
Saluda Hydroelectric Project, FERC No. 516 (Appemi, the eel assessment for the
Merrimack River completed by the Service’s Centalv England Fishery Resources Office
(Appendix B), and the proposed study plan for #leensing of the Eastman Falls Project
(FERC No. 2457

In general, a combination of electroshocking (backpn wadeable rivers and boat-mounted in
larger rivers and lakes) and eel pots should bd teseollect eels and determine catch rates.
Sampled habitat should include: the mainstem Cdmmut®iver from upstream of Vernon Dam
to below the Ryegate Dam; tributaries to the Catioet within that stretch where eels have
been collected previously; and lakes and pondsi(aacbut not limited to, Spofford Lake and
Lake Morey), where eels have been collected prelyouSampling should occur during the
summer (July through September).

3 FERC Accession No. 20121214-5121



Level of effort and cost

The expected level of effort and anticipated cuslisbe comparable to that experienced on
similar FERC projects of this size. A study planawetly submitted for the Eastman Falls Project
(FERC No. 2457) on the Pemigewasset River in Nemp#hire, which is utilizing a similar
methodology, estimated that sampling a nine-miteglonpoundment with shocking and eel pots
would cost $25,000. They estimated the effort téviienights for the electrofishing survey.

Given the much larger area that will need to bepadwunder this request, we estimate moderate
cost and effort will be required (20 days of shagkmainstem habitat plus another 5-10 days for
tributaries and associated lake/pond habitat).
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Study Request 8: Channd M orphology and Benthic Habitat | mpactsat the
Vernon, Bellows Fallsand Wilder Projects (Docket Number p-1904) (Docket
Number p-1855) (Docket Number p-1892)

It is well known that dams interrupt the downstreantinuum of sediment supply and

transport, which in turn can affect channel morplggland limit the amount of coarse (i.e.
gravel/cobble) substrate available for aquaticebiofhe Vernon, Bellows Falls and Wilder
projects’ effects on fluvial processes, channainfation and associated anadromous and riverine
fish habitat, as well as aquatic invertebrate l@pis unclear. This study request aims to provide
information on coarse sediment supply and transgmit relates to aquatic benthic habitat (e.qg.
gravel bars). Results will be used to identifyhi@ques to minimize and/or mitigate impacts to
this valuable habitat.

Goalsand Objectives

The goal of this study is to understand how theggats affect bedload distribution, particle size
and composition as it relates to habitat availgb{kmount and size of coarse substrate material)
for different life-history stages of anadromougj(esea lamprey) and riverine fishes (e.qg.
walleye), as well as invertebrates (e.g., tigetlbeemussels- such as the federally-endangered
dwarf wedgemussel).

The study objectives include:

1. Assess the distribution and extent of the exissulgstrate types, including gravel and
cobble bars within the project affected areas.

2. lIdentify the current conditions of the channel d@etermine the stability of the present
substrate/benthic habitat and identify if flow edsnent measures are necessary to
improve the aquatic benthic habitat.

Resource Management Goals

The Connecticut River is classified by the stat¥@fmont as Class B cold water fish habitat.
Vermont Water Quality Standards state that Classirs should be managed to achieve and
maintain a level of quality that fully supports atja biota and habitat. Furthermore, the
Vermont Fish and Wildlife Department’'s (VTFWD) miss is “the conservation of all species
of fish, wildlife, and plants and their habitats tbe people of Vermont” (Kart et al. 2005).
Two of the VTFWD'’s planning goals are:

1. Conserve, enhance, and restore Vermont’'s natunatmeoities, habitats, and species and
the ecological processes that sustain them.

2. Provide a diversity of fish- and wildlife-basedigittes and opportunities that allow the
safe and ethical viewing, regulated harvesting, @iidation of fish, plant and wildlife
resources consistent with the North American moé@lésh and wildlife conservation.



A mission of the New Hampshire Fish and Game Depamt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstah, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.

Four goals from the NHFGD’s 1998-2010 Strategicl*NMHFGD 1998) which are relevant to
this study request are:
1 New Hampshire has a wide range of naturally oaegriabitats and healthy,
naturally functioning ecosystems.
2 New Hampshire has abundant and varied fish, wéddhd marine species at levels
that ensure sustainable, healthy populations.
3 New Hampshire has fish, wildlife, and marine popates that support desirable
levels of hunting, trapping, fishing, and wildlWewing.
4 Human activities and land uses are compatible @ésired population and
recreational goals for fish, wildlife, and marineesies and the ecosystems that
sustain them.

Gravel/cobble habitat is utilized by various riverifish species during different life history
stages and seasons, as it provides sites for spgweeding, and refuge (Gore and Shields
1995). Many fish species and aquatic invertebr@es, fresh water mussels, snails, worms, and
aguatic insects) live on or near gravel habitatabee it provides a source of food and cover
(Miller 1988). Gravel bars also play an importesie in water quality, hydrology, and
morphology of rivers (Lewis 2005).

As identified in Vermont's Wildlife Action plan (Kaet al. 2005), several state listed mussel
species are known to utilize gravel-type substr&@thermore, sea lampreetromyzon

marinus) spawning occurs over substrate composed of auneixdf sand, gravel and rubble. The
sea lampreywithin the Connecticut River drainage, is ondNefv Hampshire and Vermont’s
Species of Greatest Conservation Need (SGCN). dhgecvation status of sea lamprey in New
Hampshire is listed as “vulnerable.” One of the#its identified in Vermont’'s Wildlife Action
Plan (Kart et al. 2005) is degraded spawning hgbitiaich is second to habitat fragmentation.

In support of the VTFWD and the NHFGD’s missionsg ahe Vermont Water Quality
Standards, it is important to gain a better undeding of the benthic habitat present in project
affected areas and how projects operations mayféetiag this habitat.

Our study request is intended to facilitate théeobilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%aeq.), and the
Clean Water Act (33 U.S.C. 8§128flseq.).

Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.



Existing I nformation

The PAD generally focuses on erosional impactstdilee projects’ operations, but lacks
specific information on fluvial geomorphic processed substrate composition as it relates to
impacts to aquatic benthic habitat. Recent stuatsessing fluvial geomorphic process and
substrate composition in Connecticut River tribieshave documented the impacts of regulated
flows from dams on substrate composition, and tiesible impacts on the mainstem of the

river.

Curtis et al. (2010) utilized combination of historical aerial photographsinstem- and
tributary-channel pebble counts, and HEC-RAS floadeling in the West and White River
watersheds (tributaries to the Connecticut RivEngy documented the time series of post-
regulation channel narrowing and associated bavthrdue to the influx of tributary sediment.
In the West RiverSvendsen et al. (2009) quantified changes in chdr@temorphology as a
result of flow regulation. Utilizing bi-monthly css-section data from the gauging stations they
determined the mean water depth and bed elevairagaich cross-section measurement during
the pre-dam and post-dam periods. In addition, anpeak stream flow data for each station
were used to calculate the flood recurrence, arfd&igrain distributions at sampling sites
upstream and downstream of each tributary confle@sing Wolman pebble counts. They
found that the sediment load from tributaries arpacting the flow-regulated mainstem West
River rather than ameliorating conditions, and thase impacts are reflected in the benthic
community structure. These results indicate thairenmental flows that mimic the natural
hydrograph are needed in regulated reaches of river

Nexusto Project Operations and Effects

Dams have major impacts on geomorphic processe®mgcal function and in turn biotic
communities. Changes to substrate composition igaifisantly affect aquatic life including
stability of channel habitats, size distributiord@mbeddedness of substrate, and decreased
habitat diversity and heterogeneity. The projectgaund a large portion of the Connecticut
River that otherwise would be free flowing and wbtransport fine sediment downstream
leaving larger substrate material (gravel/cobbigjosed to be utilized by aquatic biota. By
interrupting the downstream continuum of sedimepipdy and transport, dams can result in
increased bed scour and bank erosion downstreanmd{{ioand Matthews 1993). Given the
large number of mainstem dams on the ConnectiotgrRany gravel coming in from tributaries
becomes very important to the system. However, no&tlye tributaries in the project reach
have also been dammed. Therefore, there is readmdoncerned about the effects the project
dams are having on river processes and physicébhab

Currently, the projects operate as hydro-peakiciijties as is evident from the USGS stream
flow gauge at North Walpole, NH; with large wateleases below the dam that increase shear
stress on the river bed, substrate is mobilizetidtierwise would only be moved during
seasonal high flow events. Operations of the exgstiransCanada hydroelectric projects likely
affect channel morphology and fluvial processetunliog substrate mobility and particle size
distribution. Project-induced changes to natutaliél processes and channel morphology and
substrate composition can have negative impactgjaatic resources. For example, changes in



sediment composition could relocate or decreaseritapt walleye or sea lamprey spawning
habitat. In a similar fashion, project-inducedmp@s could make some habitats unsuitable for
aquatic invertebrates, including the federally-erggaed dwarf wedgemussel. The NHFGD
requests a study investigating the impacts of ptaperations on fluvial processes, substrate
composition and stability as it relates to aqubénthic habitat. Results of this study will be
used to develop potential license requirementsdtept aquatic habitat in the project-affected
areas, and may be used to inform other studie®ttsiate project effects on related resources.
Possible mitigation measures could include graugh@entation, changes in flow regulation, and
instream channel restoration.

An example of the water level fluctuations thatwrda the Connecticut River due to
hydropower generation is shown below.
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M ethodology Consistent with Accepted Practice

Geomorphology studies are generally conducted dumyaroelectric relicensing projects to
determine channel condition, and substrate composind determine whether changes in
project operations or sediment measures are negessdlor whether channel restoration is
necessary to improve aquatic benthic habitat.

The NHFGD recommends a methodology similar to nesly approved FERC studies (FERC
No. 2246 and 2206). Specific study methods inclbdé are not limited tajtilizing a

combination of historical aerial photographs, peltdunts, and HEC-RAS flow modeling to
document and compare temporal changes in morphe@ledysediment transport dynamics in the
project affected areas.



Additional study methods can be found in the FER@eRt No. 2246, Yuba County Water
Agencies Study Plan Determination: Study 1.1. Lettsof2006) also conducted an empirical-
based study for the Yadkin-Pee Dee River HydroetePtroject No. 2206.

Level of Effort/Cost, and Why Alter native Studies will not suffice

At a minimum, the study would requirecambination of historical aerial photographs, pebbl
counts, and HEC-RAS flow modelinGross-section data from the gauging stations coald
used to determine the mean water depth and bedtelevor each cross-section measurement.
TransCanada has not proposed any studies to meeetd. Costs would be low to moderate.
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Study Request 9: Downstream American Eel Passage Assessment at Vernon,
Bellows Falls, and Wilder. (Docket Number p-1904) (Docket Number p-1855)
(Docket Number p-1892)

Goals and Objectives

The goal of this study is to determine the impd¢hecee hydroelectric projects on the
outmigration of silver eels in the Connecticut Riv&ntrainment at the conventional turbines at
the Vernon, Bellows Falls, and Wilder projects casult in mortality or injury. It is important

to understand the passage routes at each progthampotential for delay, injury, and mortality
to assess alternative management options to irecseasival.

The objectives of this study are:

1. Quantify the movement rates (including delays) eelative proportion of eels passing via
various routes at the projects (i.e. through theites, through the downstream bypasses; spilled
at the dams, etc.).

2. Evaluate instantaneous and latent mortalityiajudly of eels passed via each potential route.

Resource Management Goals

The Atlantic States Marine Fisheries Commissiondesloped two documents related to the
management of American eel:
5 Interstate Fishery Management Plan for American Aetil 2000. Atlantic States
Marine Fisheries Commission.
6 Addendum Il to the Fishery Management Plan for Aosar Eel Atlantic States Marine
Fisheries Commission. Approved October 23, 200&.8

Objectives of the management plan include: (1)gmiodnd enhance American eel abundance in

all watershed where eel now occur; and (2) whesetfmal, restore American eel to those waters

where they had historical abundance but may noabisent by providing access to inland waters

for glass eel, elvers, and yellow eel and adegestapement to the ocean for pre-spawning adult
eel.

Addendum Il contains specific recommendationsrigsroving upstream and downstream
passage of American eel, including requestingrtiexnber states and jurisdictions seek special
consideration for American eel in the FERC relicegprocess.

In addition, the Connecticut River Atlantic SalmGammission (CRASC) developed A
Management Plan for American E&hQuilla rostrata) in the Connecticut River Basin 2005.
The goal of the plan is “to protect and enhanceathendance of the American eel resource to
ensure its continued role in the Connecticut RB&sin ecosystem...” Management objectives
in the plan include the following:

1 Protect and enhance eel populations where thegrlyrexist;

2 Where practical, restore populations to waters wiieey had historical

abundance;




3 Provide effective upstream and downstream fishggesaround dams and other
barriers within the species’ range in the basi an
4 Comply with all requirements of the Fishery ManagetPlan of the ASMFC.

Based on these plans, the New Hampshire Fish amdeG2epartment (NHFGD) seeks the
accomplishment of a number of resource goals ajettes through the relicensing process for
the Project. General goals include the following:

1 Ensure that protection, mitigation and enhancenregsures are commensurate with
Project effects and help meet regional fish andlf@ objectives for the basin.

2 Conserve, protect, and enhance the habitats forwigdlife, and plants that continue
to be affected by the Project.

Specific to downstream passage of American eelNtHEGD’s goals are:
1 Minimize current and potential negative project rpien effects that could hinder
management goals and objectives.
2 Minimize project-related sources of downstream @gssdelay, injury, stress, and
mortality in order to maximize the number of silveels migrating to the spawning
grounds.

The American eelAnguilla rostrata), is also one of New Hampshire and Vermo8jsecies of
Greatest Conservation Need (SGCN). The statusdoservation need in Vermont is listed as
high priority (Kart et al. 2005), and the specigdisted as “vulnerable” in New Hampshire. As
identified in Vermont’s Wildlife Action Plan (Kaet al. 2005), threats to the species include the
construction of large dams on rivers which obstrjustenile fish access to critical rearing
habitats, as well as mortality associated with jp@sthrough hydroelectric facilities’ turbines
during their outmigration to sea.

As outlined in Vermont’'s Wildlife Action Plan (Kaet al. 2005), research and monitoring needs
for this SGCN include determining their distributiand abundance, as the contribution of eels
in northern regions to overall stock is unknowne@the conservation strategies for this
species is to support efforts to enhance acceamefican eels to Vermont waters by
eliminating or minimizing impacts of dams and otbbstructions along the Richelieu, St.
Lawrence, and Connecticut Rivers.

A mission of the NHFGD relevant to this study resfus to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resaurces

Four goals from the NHFGD’s 1998-2010 StrategicnRMHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.



2 New Hampshire has abundant and varied fish, vigldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible détired population and recreational
goals for fish, wildlife, and marine species anel écosystems that sustain them.

Our study request is intended to facilitate théeobion of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation

The PAD contains information on the biology and history of the American eel. It also
summarizes eel collection data within the Vernod Bellows Falls project areas. Eels have
been collected both upstream and downstream oféheon Project and also have been counted
passing the upstream anadromous fish ladder. Baldhiave been documented upstream of the
Bellows Falls and Wilder projects.

To date, no directed studies of eel entrainmemanality have been conducted at any of the
projects. These information gaps need to be faledesource agencies can assess the relative
and cumulative impact of project operations on ogtating eels and develop adequate passage
and protection measures to meet management gahlshgarctives.

We also note that within the past seven years,Uhged States Fish and Wildlife Service
(USFWS) has received two petitions to list the Aigaar eel under the Endangered Species Act.
The first petition was receiveah November 18, 20040n July 6, 2005 the USFWS issued a
substantial 90-day finding on the petition andiaéd a 12-month status review that concluded
on February 2, 2007 with a finding that listing wat warranted. The second petition was filed
on April 30, 2010 by the Council for Endangered Gge Act Reliability. On September 29,
2011 the USFWS issued a substantial 90-day findimgjinitiated a 12-month status review. It
is our understanding that the USFWS is still adogphew American eel information for the
ongoing status review.

Nexus to Project Operations and Effects

The Vernon, Bellows Falls, and Wilder projects @peras peaking facilities, except during
periods when inflow exceeds the hydraulic capaibiethe stations. Silver eels outmigrate
during the mid- summer through late fall, a timeye&r when flows are generally within the



operating capacities of the stations. Therefore pitojects would be expected to spill
infrequently during the silver eel outmigration.

The project configurations present problems wigpeet to providing safe, timely and effective
passage for outmigrating eels. The intakes likely deep and, while no specification for the
trashracks were provided in the PADs, it is unijkilat they would prevent impingement and/or
entrainment of eels. Existing anadromous downstrgassage facilities at the projects also
would not be expected to be effective for eels; tiget anadromous species are surface-
oriented, while eels tend to move much deeper énwhater column. Eels are known to occur
upstream of the dams; therefore, it is necessampderstand how eels move through the projects
and the level of injury or mortality caused by amiment through the projects’ turbines.

Methodology Consistent with Accepted Practice

In order to understand the movements of outmiggatitver eels as they relate to operations at
the Vernon, Bellows Falls, and Wilder projects,ioaglemetry technology should be utilized.
Radio telemetry is an accepted technology thabkas used for a number of studies associated
with hydropower projects, including at the MuddyrReroject (FERC No. 2355).

Studies should be designed to investigate rouezseh (i.e., entrainment vs. spill)
independently from estimation of mortality/injulyecause these metrics require different
telemetric methodologies. Studies also will likbnefit from data collected over both study
years (especially route selection studies, whicki beamore significantly affected by
environmental conditions during a given seasoni@tality/injury studies). It is also
envisioned that results from route selection s&idan guide design of turbine mortality studies.
Therefore, it is proposed, at a minimum, that ragiection studies be conducted in multiple
years, but mortality/injury studies may be condda#er the first year of route selection studies
has been completed.

1. Objective 1: Route Selection
This study will involve systematic releases of catiigged silver phase eels at strategic
points above areas of interest, to assess gewertakrof passage (i.e., via spill, bypass,
or turbines). Active downstream migrants shoulddiéected within-basin if possible (i.
e., Cabot or Holyoke bypass samplers), but fismcgalifrom out of basin may be
acceptable to meet sample size demands. Expeahfisht must meet morphometric
(e.g. eye diameter relative to body size) critewiansure they are migrant silver phase.
Collections should be made within the migratoryssea(late Aug to mid Oct), and eels
should be tagged and released within 21 days edigture, but preferably within seven
days (particularly if the test eels are from oubasin).

All telemetered eels will be radio and passivegraéed transponder (PIT) tagged. PIT
antennas will be installed at bypasses at VerndnBatlows Falls and monitored
continuously to verify passage of eels via byp&ssinels.

Vernon Project Route Selection Study

A minimum number of 50 telemetered eels (e.g.,fasEe groups of
approximately 10 eels each) will be required to iméze the data return. Tagged
eels should be released at least 5 km upstreahe aférnon project. Groups of




eels should be released during spill and non-ppiilods if possible. Telemetry
receivers and antennas should be located to gsassage via the following
potential routes: Vernon spillway; Fishway attrantivater intake (if
operational); Vernon downstream bypasses; and VieBtation turbines.

Eels from the Bellows Falls route studies migratmghe Vernon Dam may be
used to supplement (but not serve in lieu of) threkmse groups.

Bellows Falls Dam Route Selection Study:

A minimum number of 50 telemetered eels (e.g.,fasEe groups of
approximately 10 eels each) will be required to rméze the data return. Groups
of eels should be released during spill (if anyd aon-spill and during periods of
low, moderate, and high generation conditionspggible. Tagged eels should be
released at least 5 km upstream of the Bellows Edim. If significant spillage
occurs during releases, up to 50 additional ealslghoe released in the upper
canal and allowed to volitionally descend through ¢anal to assure that
sufficient number of eels are exposed to canalpaweerhouse intake conditions.
Telemetry receivers and antennas should be locgustieam and downstream of
the spillway, at the canal entrance, within theatainm the fish downstream fish
bypass entrance and turbine intakes and in mainsédonv Bellows Falls Station
to assess passage via the following potential soudatrainment into the canal;
passage over the spillway; into the upstream feshattraction water intake (this
should operated during the study to assess itbysels as it may be operational
in the future for riverine or eel passage as add@ in the Resident Fish Passage
study request); the downstream fish bypass; atwstturbines.

Eels from the Wilder route study migrating to thellBw Falls Project may be
used to supplement (but not serve in lieu of) thhekmse groups.

Wilder Project Route Selection Study:

A minimum number of 50 telemetered eels (e.g.,@as®e groups of
approximately 10 eels each) should be requiredaximmze the data return.
Tagged eels should be released at least 5 km apswéthe Wilder Project.
Groups of eels should be released during spillreordspill periods if possible.
Telemetry receivers and antennas should be lotatasksess passage via the
following potential routes: Wilder spillway; Fishwyattraction water intake (if
operational); Wilder downstream bypasses; and Wikdation turbines.

Mobile tracking (i.e., via boat) in river reache=tleen release sites and several km
downstream of Vernon Station will be performedegfuiar intervals during and after
releases to confirm routes and fates of passeddidish lost to follow-up.

Movement rates (time between release and deteaticadio antenna locations, and
between radio antenna locations) of eels passmg@ribjects by various routes will also
be quantified.



The route selection portion of this study shouldurén both study years.

2. Objective 2: Spill, Bypass, and Turbine Mortality/Injury Studies
Spill, bypass, and turbine mortality will be assekasing a radio-telemetric balloon tag
method. A minimum number of 50 tagged eels (e.gefarate groups of approximately
10 eels each) will be required at each locatiomn(dpillways, downstream bypasses, and
station turbines) to maximize the data return.

For spill mortality sites (dam spillways and doweam bypasses), tagged eels will be
injected or released into spill flow at points wiarater velocity exceeds 10 ft/sec, to
minimize the possibility of eels swimming upstresnto the headpond or canal. Passed
balloon-tagged eels will be recovered below aréapid and held for 48 hours in
isolated tanks for observation of injury and latewtrtality; unrecovered balloon-tagged
eels will be censored from the data.

For turbine mortality sites (Vernon, Bellows Falisid Wilder stations), tagged eels will
be injected into intakes of units operating at@amfull generation at points where intake
water velocity exceeds 10 ft/sec, to minimize thegibility of eels swimming back
upstream through the intakes. Passed balloon-taggjedvill be recovered in the tailrace
and held for 48 hours in isolated tanks for obsweof injury and latent mortality;
unrecovered balloon-tagged eels will be censor@u the data.

If the balloon tag mortality component of the stuatgurs in Study Year 1 then all
possible route selection sites would need to bliated. If the balloon tag mortality
component of the study occurs in Study Year 2, tesnlts from the route selection
study (Year 1) could be used to inform which siteed to be evaluated for mortality..
Eels recovered from balloon tag studies shouldoeaised for route selection studies.

Data analyses of route selection and turbine mtyrt@hstantaneous and latent) will follow
standard methodology.

Project operation (flows, levels, gate openingsnber of units operating and operation level)
and environmental conditions (river flow, temperatuurbidity, air temperature, precipitation)
will be monitored regularly (hourly measurementgagsible) throughout the duration of the
studies.

These methodologies are consistent with acceptadige.

Level of Effort/Cost, and Why Alternative Studies will not suffice

The level of cost and effort for the downstreampasdsage study would be moderate to high;
silver eels would need to be collected, tagged,ralehsed in several locations over the course
of the migration season. Antennas and receiversdameed to be installed at the intakes of all
stations as well as at the dam spillways and Stdtypasses, and monitored regularly. Data
would need to be retrieved periodically, then anatly A multi-site route selection study



conducted by the USGS Conte Lab on the Shetucketr iti Connecticut cost approximately
$75,000 for the first year of study.

The applicandid not propose any studies to meet this neederiPthD.
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Study Request 10: In-stream Flow Habitat Assessment Downstream of Wilder,
Bellows Falls, and Vernon Dams (Docket Number p-1904) (Docket Number
p-1855) (Docket Number p-1892)

Goals and Objectives

The goal of this study is to determine an apprdéeti@w regime that will protect and enhance
the aquatic resources below the Wilder, Bellowssi-ahd Vernon projects. Specifically, the
objective of this study is to conduct an instreégmwfhabitat study to assess the impacts of the
range of proposed project discharges on the wattesland optimal habitat for key species.

The study should include non-steady flow approathessess effects of within-day flow
fluctuations due to peaking power operations ogetafish species and benthic invertebrate
communities. Target species will include but aselimited to: American shad, fallfish, white
sucker, yellow perch, smallmouth bass, walleye, dmdrf wedge mussel.

Resource Management Goals

The New Hampshire Fish and Game Department (NHF&BIks the accomplishment of a
number of resource goals and objectives throughelimensing process for the Project. General
goals include the following:

* Ensure that protection, mitigation and enhancenmeaasures are commensurate with
Project effects and help meet regional fish andlf@ objectives for the basin.

» Conserve, protect, and enhance the habitats forfiddlife, and plants that continue to
be affected by the Project.

Specific to aquatic resources, the NHFGD'’s goads ar

» Protect, enhance, or restore diverse high quatjtyaic and riparian habitats for plants,
animals, food webs, and communities in the watershad mitigate for loss or
degradation of these habitats.

* Provide an instream flow regime that meets theHifory requirements of resident and
migratory fish and wildlife (including invertebratesuch as freshwater mussels)
throughout the area impacted by Project operations.

A mission of the New Hampshire Fish and Game Depamnt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstah, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.



Four goals from the NHFGD’s 1998-2010 StrategicmnRMHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vigldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible e@8ired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théeotion of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@&keq.), the Federal Power Act (16 U.S.C. §7%&¢eq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public | nterest

The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation

The distance from the upstream end of the Wildgrommdment downstream to the Vernon dam
is 120 miles. Atotal of 97 miles (81%) of thigyegent is impounded. The remaining riverine
habitat is within the 17 miles downstream of Wildem and the 6 miles downstream of Bellows
Falls. At the scoping meetings, FirstLight alsdigated that their project assessment may
provide evidence that the upstream extent of thradrs Falls impoundment may not reach all
the way to Vernon Dam. This would suggest thatetmeay be additional riverine habitat for a
presently unknown distance below the Vernon project

The Wilder, Bellows Falls, and Vernon projects eaeh operated as daily peaking facilities.
Total hydraulic capacity of each facility is 12,700,010, and 12,634 cfs, respectively. Each of
the PADs for these projects indicate that “Generatian vary during the course of any day
between the required minimum flow and full capadityigher flows are available” (p. 2-28, p.
2-29, and p. 2-30 in the Wilder, Bellows Falls af@inon PADs, respectively). Regular daily
fluctuations on the order of 9,000 cfs or greater@ammonly recorded at USGS gages
01144500 (Connecticut River at West Lebanon, bélder Dam) and 01154500 (Connecticut
River at North Walpole, NH, below Bellows Falls DanRequired minimum flows are 675,
1,083, and 1,250 cfs (or inflows if less) for edatility, respectively, though in practice
minimum flows are operated as 700, 1300, and 1&)0espectively. The PADs for these
projects do not indicate how these minimum flowuiegments were established or what specific



ecological resources they are intended to ben&fie NHFGD is not aware of any previously
conducted studies that have evaluated the ade@diglcys minimum flow in protecting aquatic
resources in the 23+ miles of riverine habitat ixefloese projects, nor project effects of daily
hydropeaking on riverine habitat. Therefore, idewrto fill this important information gap, an
empirical study is needed to provide informationtloa relationship between flow and habitat in
the Connecticut River downstream of the Wilder,|®&e$ Falls, and Vernon projects. Results
will be used by the NHFGD to determine an apprdgerieow recommendation.

Nexusto Project Operations and Effects

The Wilder, Bellows Falls, and Vernon projects emerently operated with a minimum flow
release that was not based on biological critarigetdl study. Further, the projects generate
power in a peaking mode resulting in substanti#thiwiday flow fluctuations between the
minimum and project capacity. The large and rapianges in flow releases from peaking
hydropower dams are known to cause adverse efiaai®wnstream habitat and biota (Cushman
1985, Blinn et al. 1995, Freeman et al. 2001). r&laee at least 23 miles of lotic (flowing)
habitat below the project’s discharge that are ictgxhby peaking operations from these
projects. This section of the Connecticut Rivantamns habitat that supports native riverine
species, including the federally endangered dwadge mussel, and could include spawning
and rearing habitat for migratory fish such as Anger shad. While the existing licenses of the
Wilder, Bellows Falls, and Vernon projects do regu continuous minimum flow of 675, 1,083,
and 1,250 cfs, respectively, we do not believefthis sufficiently protects the aquatic
resources, including endangered species, of thesereaches, especially in the context of the
magnitude, frequency, and duration of changes loitéathat likely occur due to hydropeaking
operations.

Results of the flow study will be used by the NHF@DQetermine an appropriate flow
recommendation that will protect and/or enhanceatheatic resources below the Project.

Methodology Consistent with Accepted Practice

In-stream flow habitat assessments are commonlyogmegh in developing operational flow
regimes that will reduce the impacts or enhancédiadonditions downstream of hydroelectric
projects.

The NHFGD requests a flow study be conducted irffahewing areas: in the approximately 17
miles between the Wilder Dam and the headwatetiseoBellows Falls pool, in the
approximately 6 miles between the Bellows Falls Ceand the headwaters of the Vernon pool,
and in the approximately 1.5 miles between Vernamand the downstream end of Stebbins
Island (or the upstream extent of the Turners Bealetermined by FirstLight, whichever river
length is greater).

Given the length of river reach (23+ miles) impadbg project operations, we believe a study
methodology that utilizes an IFIM approach is ajppiate for this context. Similar protocols
have been used and accepted by FERC in numeroasliognsing proceedings.



The study design should involve collecting wettedrpeter, depth, velocity, and substrate data
along transects in the deep, straight-channel arfethe specified river reaches mentioned
above. Two-dimensional hydraulic modeling showddcbnducted in the sections of river with
more complex features such as islands, braiditlg, &nd shallow-water shoals. The
measurements should be taken over a range of 8affisient to model the full extent of the
operational flow regime. This information shouhgh be synthesized to quantify habitat
suitability (using mutually agreed-upon habitatahility index (HSI) curves) over a range of
flows for target species identified by the fisheragencies. Data should be collected in such a
way that allows a dual-flow analysis and habitaietiseries or similar approaches that will
permit assessment of how quality and location ditaafor target species changes over the
range of flows that occur as part of the operatifina regime.

Level of Effort/Cost, and Why Alternative Studies will not suffice

Field work for instream flow studies can be readbpnaxtensive but will depend on consultation
with the applicant on study methodology and on-gé@eisions on locations for data collection
and the number of collection locations. Use oétaseasurements, GPS, and/or an Acoustic
Doppler Current Profiler (ADCP, if available) canprove efficiency and accuracy of field
measurements. Post-fieldwork data analysis woeld tmoderate cost and effort. We anticipate
that the level of effort and costs will be compé&eaio that of other FERC relicensing projects of
similar size to these projects.
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Study Request 11: Impactsof Water Fluctuations Downstream of the Vernon,
Bellows Fallsand Wilder Projects on Resident Fish Spawning (Docket
Number p-1904) (Docket Number p-1855) (Docket Number p-1892)

Goals and Objectives

The goal of this study is to determine if the falhge of project induced flow and water level
fluctuations in the project-affected areas belog/\ernon, Bellows Falls and Wilder Dams
negatively impact resident fish spawning (smallrhdesiss, common white sucker, walleye and
fallfish), and if impacts are found to occur, tovdp appropriate mitigation measures.

Specific objectives include:

1) Conduct field studies in the project-affectedaar downstream from the Vernon, Bellows Falls
and Wilder Dams to assess timing and locationstf §pawning. Nesting locations should be
mapped.

2) Conduct field studies in the Project affectegbarbelow the Vernon, Bellows Falls and
Wilder Dams to evaluate potential impacts of tHeraange of project induced water level
fluctuations on nest abandonment, spawning fispl@i®ment and egg dewatering. The study
should also evaluate if changes in fluctuation eawguld mitigate for identified impacts and/or
if other mitigative measures would lessen theseattyp

Resource Management Goals

A mission of both the New Hampshire Fish and Gamapddtment (NHFGD) and the Vermont
Fish and Wildlife Department is to protect and @ms fish and their habitats. Resident fish
species are an important component of the rivexogy and in some cases are the basis for a
sport fishery. This requested study will help podtand conserve resident fish species by
ensuring Project operations do not negatively impagr spawning success.

A mission of the NHFGD relevant to this study resfus to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resources

Four goals from the NHFGD’s 1998-2010 StrategicnlRMHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vieldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.



4 Human activities and land uses are compatible e@8ired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théembilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation
To our knowledge, no information exists relatedhis requested study.

Nexusto Project Operations and Effects

Project operations have the potential to impatt $igecies by influencing spawning success and
spawning habitat quality and quantity. For examfev and water level changes due to Project
operations could create conditions where fish eggexposed to air, where quality spawning
habitat is dewatered, and/or where fish abandots mesitaining eggs. A study of a regulated
river found temporal fluctuations of streamflow apped to be the most important abiotic factor
determining smallmouth bass nesting success aréafl.ukas and Orth 1995). Similarly, other
research suggests stream discharge during and iiat@lgchfter spawning could be important to
smallmouth bass recruitment success (Smith eD@b2 Current can also impact early survival
of walleye by moving eggs and larvae from spawsites (Humphrey et al. 2012).

Methodology Consistent with Accepted Practice

Common tools to evaluate fish spawning would beluseluding electrofishing, visual
observations, and telemetry. Specific areas ef@st are locations in project-affected areas
below the Vernon, Bellows Falls and Wilder Dams wehieis determined that the before
mentioned fish species spawn. A second year diyshay be required if first year data
collection is limited due to environmental or otleenditions, or if river discharge in the first
year prove to be atypical (outside of 25™f&®rcentile of average weekly flow values) during t
study period.

Level of Effort/Cost, and Why Alternative Studies will not suffice
TransCanada does not propose any studies to meeetd. Estimated cost for the study is

moderate.
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Study Request 12: Effects of the Wilder and Bellows Falls Projects on the
Dwarf Wedgemussel (Alasmidonta heterodon) (Docket Number p-1855)
(Docket Number p-1892)

Goals and Objectives

It has been well documented that the damming @irsican have detrimental impacts on
the mussel communities that inhabit areas bothregst and downstream of dams (Watters
1999, Layzer et. al. 1993, Moog 1993). The godhtH study is to evaluate the effects that the
Wilder and Bellows Falls hydroelectric projects @an populations of the federally-endangered
dwarf wedgemusseRl{asmidonta heterodon). In addition, the results of the study can beluse
develop measures to minimize adverse impacts tdwiaef wedgemussel in the future. The
specific objectives of the study are as follows:

Objective 1: Conduct an initial survey of the free flowing sttef the Connecticut River
from the Wilder Dam to the upstream end of the @l Falls impoundment
to determine the distribution of the dwarf wedgesali$n this reach.

Objective 2: Determine the best sites for intensive quantitase@pling of mussel
communities, with emphasis on the dwarf wedgemufxseh will be
collected to estimate density (mussels per und)aaad age class structure for
all species.

Objective 3: Lay the groundwork for a long-term monitoring pragjr.

Objective 4: Document instream behavior of mussels during varftow conditions.

Objective 5: Determine how availability and persistence of dweetigemussel habitat
changes with water level and flow fluctuations.

Relevant Resource Management Goals

It is the goal of the U. S. Fish and Wildlife Seei(USFWS) to recover the dwarf
wedgemussel so that it can be removed from theigyadad Species list in the future. According
to the Recovery Plan (USFWS 1993), the ConnecRougr dwarf wedgemussel population is
one that must be demonstrated to be viable in drefare the species can be downlisted to
threatened. The Upper Connecticut metapopulatitikaly the largest remaining population in
the world (USFWS 2007), and so its protection geasial to the recovery of the species as a
whole.

A mission of the New Hampshire Fish and Game Depamnt (NHFGD) relevant to this
study request is to conserve, manage and protectate’s fish, wildlife and marine resources
and their habitats, and to provide the public waipiportunities to use and appreciate these
resources.



Four goals from the NHFGD’s 1998-2010 Strategicn#MHFGD 1998) which are
relevant to this study request are:

1 New Hampshire has a wide range of naturally oaegriabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vigldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible e@8ired population and recreational
goals for fish, wildlife, and marine species anel élcosystems that sustain them.

Our study request is intended to facilitate theéeotion of information necessary to
conduct effects analyses and to develop reasoaabl@rudent conservation measures, and
protection, mitigation, and enhancement measuresipat to the Fish and Wildlife
Coordination Act, as amended (16 U.S.C. 8664q.), the Federal Power Act (16 U.S.C. 879143,
et seq.), and the Clean Water Act (33 U.S.C. §1264eq.).

Public I nterest

The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing Information and Need for Additional I nformation
Existing information

In 2011, Biodrawversity, LLC conducted a freshwaterssel survey throughout the
Vernon, Bellows Falls, and Wilder project areasofBawversity and LBG 2012). This survey
was semi-quantitative (i.e. timed searches werd)umsd the main goal was to assess the
distribution, abundance, demographics, and habittte dwarf wedgemussel in the project
areas. Dwarf wedgemussel were found in the Wilsroundment (all within a 14-mile stretch
of the river beginning 27 miles upstream of thed&flDam) and Bellows Falls impoundment
(located sporadically in the upper 17 miles ofithpoundment); none were found in the Vernon
project-affected area. These results corroborateeasults of other studies performed in the past
in these areas (Nedeau 2006a, Nedeau 2006b).

Need for additional information

The 2011 survey did not include the 17-mile fresvihg stretch of the Connecticut River
downstream of Wilder Dam. The dwarf wedgemusselinafie past, been found within this
river reach, although overall there has been lidn#iervey work in the area. A better
understanding of the distribution and abundandd@tiwarf wedgemussel in this stretch of the



river is required before an evaluation of how taendaffects this species can be madas need
isrepresented in Objective 1.

Since the 2011 survey was semi-quantitative, inoabe used as a basis for determining
population estimates or trends (Wicklow 2005).datf few if any of the past surveys performed
in the project-affected areas have employed quiviit methodology. In addition, there is little
guantitative information regarding the age classcstire, and therefore recruitment, of the
mussel communities in the area. In order to dematesthat a dwarf wedgemussel population is
viable according to the Dwarf Wedgemussel Recoiay (USFWS 1993), it must have a large
and dense enough population to maintain genetiahitity and annual recruitment must be
adequate to maintain a stable population. Thuswladge of population size and density as well
as a better understanding of age class structareésessary step in determining the baseline
status of dwarf wedgemussel populations. The 20idey and other surveys can be used to
determine the best sites for implementing a moimigpprogramT his need isrepresented in
Objective 2.

Once this baseline is established, it will be int@ot to monitor the sites so that
biologists can estimate and track changes to dwadiyemussel populations and/or evaluate any
project-related population impacts. Therefore,ehera need to develop long-term monitoring
plots that will be surveyed at regular interval;igsnethodology that is repeatable and yields
guantitative, statistically valid resultBhis need isrepresented in Objective 3.

Flow conditions that result from dam operations rakgr the behavior of individual
dwarf wedgemussels or individuals of other sped@sn operations affect streamflow,
temperature, and dissolved oxygen, and changéese tvariables can often be rapid. It is not
known how these rapid changes affect various aspéet mussel’s biology, including lure
display, shell position (open/closed), siphonintg rand vertical migratiorhisneed is
represented in Objective 4.

Dam operations can also affect the availabilithalbitat for mussels, and this availability
can change quickly as water levels fluctuate upéaking operations. The persistence of habitat
is a key element to the long-term success of sadeldtic organisms such as the dwarf
wedgemussel (Maloney et. al. 2012), which is un#blguickly move in response to rapid
changes in its environment and can thus becomedgidain areas of unsuitable habitat; however,
there is currently no information concerning thiatien of project operations to habitat
persistence within the Wilder and Bellows projeifeeted areasl hisneed isrepresented in
Objective5.

Project Nexus

The dwarf wedgemussel is known to occur within\iiller and Bellows Falls project
areas and operations of these two dams may affeatiability of this species in the Connecticut
River. This study plan will allow for a better umdanding of how sub-daily flow and water
level fluctuations influence dwarf wedgemussel alante, available habitat, and behavior. This



information can be used to inform the developmétitense requirements that can ensure the
continued existence of this species within thegubaffected areas.

Additionally, a long-term monitoring program ofpartant dwarf wedgemussel sites
within the project areas is necessary to evaluayeeoject-related population and/or behavioral
impacts that may occur. This information can bedusenform decision makers in the future.

Proposed Methodology

A survey of the 17-mile reach between the Belloaisimpoundment and the Wilder
Dam is the logical first step of the study pland &nis can be done in well less than one field
season. This may be treated as an extension &itigdeawversity and LBG (2012) survey and
the same semi-quantitative methodology may be @3ede completed, this survey will help fill
in the knowledge gap that exists in the distributod the dwarf wedgemussel within this reach of
the Connecticut Riveil his proposed methodology corresponds to Objective 1.

Next, quantitative study plots should be establisttesites throughout the two project-
affected areas that are known to support the dwadgemussel. Plots should be set up and
surveyed using methodology that will allow for #simation of population density and size.
Smith et. al. (2001) have developed such a metlggolvhich is also outlined in Strayer and
Smith (2003). It is based on a double-samplinggle6risual inspection of the substrate surface
plus excavation of a random subset of quadratsgud25 M quadrats that are placed
systematically with multiple random starts. Thistprcol has been used to monitor dwarf
wedgemussel populations at two sites on the Ash&l@r in Keene, NH (Nedeau 2004). A
number of other recent studies have also madefubkesgrotocol for different species of
mussels (Fulton et. al. 2010, Crabtree & Smith 2@adburn 2009).

Data to determine age class structure should @smwmlected at these selected sites. This
would involve measuring the length and estimathegage (through external annuli counts) of
each mussel sampled within a quadrat. Based oimfloisnation, an analysis of recruitment can
be made. This field work and analysis was perfororethe mussel community inhabiting the
lower Osage River in Missouri as part of the relgiag process of the Osage Hydroelectric
Project (FERC no. 459) (ESI 2003). The work don¢henOsage can be used as a template for
this study. Depending on how many plots are chasenphase of the study could take one or
two field seasonsl his proposed methodology correspondsto Objective 2.

The sites surveyed to meet Objective 2 should &erveyed using the same
methodology at regular intervals in the futurelsat any changes over time and/or over varied
flow regimes can be evaluated. In addition, a mradapture pilot study should be initiated to
evaluate the potential for using this methodolagyiéng-term monitoring of dwarf
wedgemussel abundance and survival. Mark-recaptathods provide statistically robust
estimates of population parameters that are supergimple count estimates in cases where it is
not practicable to count all individuals in a pagidn. Methods should be similar to those in
Peterson et al. (2011), Meador et al. (2011), aitidIM et al. (2004), but should focus on



differences among sampled sites. Sites shoul@leeted based on those sampled to meet
Objective 2, but should also include sites outsifdéne project area to fully evaluate project
effect and to account for any natural variabilltgtt may be independent of project effect.

A long-term mussel monitoring program was devisegart of the study plan for the
relicensing of the Lake Blackshear Hydroelectrigj€et (FERC no. 659) on the Flint River in
Georgia. According to the monitoring plan (Lake édshear Project 2009), three surveys will be
conducted five years apart, beginning five yeateradsuance of the FERC license. Surveys will
be quantitative (there is a qualitative aspechéoltake Blackshear mussel monitoring plan that
can be ignored) and will focus on evaluating changeecruitment and population size of the
purple bankclimberHlliptoideus sloatianus), a federally-listed species. A similar protocol
should be used to monitor dwarf wedgemussel papuakin the project-affected areas of the
Connecticut River post-license, although the nunabeurveys and the time between surveys
may require some research and discusdibis proposed methodology cor responds to
Objective 3.

In order to investigate the effects that the hydwogr projects have on mussel behavior,
individual mussels should be observed as flow tlatgs as a result of dam operations.
Researchers should measure changes in shell po@pen/closed), siphoning rate, lure display,
horizontal migration (movement across the subgtrated vertical migration (burrowing). Past
studies have quantified changes in vertical migratiue to flow fluctuations (Saha & Layzer
2008, DiMaio & Corkum 1997). This phase of the gtudll likely take two field seasons in
order to maximize the number of behavioral obs@&matso that any trends can be identified and
evaluatedThis proposed methodology corresponds to Objective 4.

At these same sites, an evaluation of flow fluctuest on dwarf wedgemussel habitat
persistence should be conducted following methodsas to those of Maloney et. al. (2012).
This will include the development of a two-dimemsbhydrodynamic model based on modeled
depth, velocity, Froude number, shear velocity, stimear stress. This model will be used to
guantify suitable dwarf wedgemussel habitat angetsistence over a range of flows, including
flows typically experienced under peaking operaiorhese methods are being employed to
evaluate persistence of dwarf wedgemussel habit#t@Delaware (Maloney et. al. 2012) and
Susquehanna (T. Moburg, The Nature Conservancgppal communication) rivers. Depending
on how many plots are chosen, this phase of tly stould take one or two field seasohhis
proposed methodology correspondsto Objective 5.

Level of Effort and Cost

The cost for collecting the data for this studgmgirely dependent on the number of
study sites selected, as well as how frequentlyesisrwill be conducted as part of the long-term
monitoring plan. The expected level of effort amti@pated costs will be comparable to that of
similar FERC relicensing projects of this size.
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Study Request 13: Deter mine the Fish Assemblagein Vernon, Bellows Falls
and Wilder Project-Affected Areas (Docket Number p-1904) (Docket
Number p-1855) (Docket Number p-1892)

Goals and Objectives

The goal of this study request is to determineoit®irrence, distribution, and relative abundance
of fish species present in the project-affectedsusd the Vernon, Bellows Falls and Wilder
Projects, which potentially includes Species ofddest Conservation Need (SGCN) for both
New Hampshire and Vermont.

Specific objectives include:
1) Document fish species occurrence, distributiosh @bundance within the project-affected
areas along spatial and temporal gradients.

2) Compare historical records of fish species aerwe in the project-affected areas to results of
this study.

Resource Management Goals

A mission of both the New Hampshire Fish and Garapddtment (NHFGD) and the Vermont
Fish and Wildlife Department is to protect and @mse fish and their habitats. Riverine fish
species are an important component of the rivexdogy and are the basis for the sport fishery.
Furthermore, several of the states’ SGCN have deenmented in the project-affected area.

Determining species occurrence, distribution andchdance will help address research and
monitoring needs for species whose populationpaoely known. For example, as outlined in
Vermont’'s Wildlife Action Plan (Kart et al.2005ksearch and monitoring needs for SGCN
include monitoring and assessing populations ahddta for current conditions and future
changes, and identifying and monitoring problemssfiecies and their habitats.

A study that aims to provide a comprehensive ingasbn that documents which fish species
are utilizing the project-affected areas in relatio spatial, temporal and environmental
gradients (i.e. temperature, dissolved oxygen,tpHbjdity) will allow for a fuller understanding
and examination of potential impacts that the Varrgellows Falls and Wilder Project’s
operations have on the species that reside theraoted below, there is little information
concerning riverine fish in the project-affectedas as related to this study request.

A mission of the NHFGD relevant to this study resfue to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resources



Four goals from the NHFGD’s 1998-2010 StrategicmnRMHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegriabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vieldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible e@8ired population and recreational
goals for fish, wildlife, and marine species anel élcosystems that sustain them.

Our study request is intended to facilitate théeotilon of information necessary to conduct
effects analyses and to develop reasonable an@mradnservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@&keq.), the Federal Power Act (16 U.S.C. §7%&¢eq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public I nterest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation

A thorough and comprehensive assessment of thasistmblage present in the project-affected
areas of the Bellows Falls and Wilder Projectaacking. The PAD for the Bellows Falls Project
acknowledges that, “Little comprehensive informati® available regarding characterization of
the fish community in relation to the Project.” fRAD for the Wilder Project states, “No
targeted studies have been conducted to charactaeZish community in relation to the
Project.”

The most relevant fish study related to the Bell&abs and Wilder project-affected areas is a
Connecticut River electrofishing survey conducte@008 (Yoder et al., 2009). While some
sampling was conducted in both project-affectedstiring the 2008 survey, this survey did
not have the same goals and objectives as thobeenliabove. Additionally, both the Bellows
Falls and Wilder PADs acknowledged that fish speemsemblage data are limited and that the
synthesized data may not be a full representafiepecies occurrence in the project-affected
areas. Although, fish data has been collecteddryniént Yankee for many years in the Vernon
Dam project-affected area, objectives and methapolor those fish surveys differ from those
stated here, and gear types were generally linbitdxbat electrofishing which may not be
suitable for properly assessing all species prasdaht project-affected areas. It is unknown if
other species may inhabit or utilize aquatic habitia the projects area that to this date have not



been documented by previous surveys. It follovas Without more information on the fish
community in the project-affected areas, projegacts on fish species are also unknown.

Nexus to Project Operations and Effects

Project operations have the potential to directlpact fish species life history requirements,
biological interactions, and habitat quantity amlgqy. For example, headpond and tailwater
water level fluctuations could dewater importardwping areas or change available habitat, thus
limiting productivity of important game fish spesiby direct impacts to their spawning success
or indirectly by limiting the spawning success oifdge fish species. Furthermore, several of
New Hampshire and Vermont's SGCN have been docledentthe project-affected area.
Accordingly, a thorough understanding of the curfesih assemblage structure and associated
metrics are needed in order to examine any potgrtgect-related impacts.

It should be noted that the NHFGD does periodicadigduct fish surveys on the Connecticut
River in the vicinity of these projects. Howeveast surveys were not spatially wide spread
enough nor conducted in a short enough time franmeetet the goals and objectives of this study
request.

Methodology Consistent with Accepted Practice

An accepted and robust field sampling design (aggdescribed in Pollock et al. 2002 or
MacKenzie et al. 2006) and accepted methods féeatolg fish species likely to be present in
the project-affected areas (Bonar et al. 2009) Ishio&i used to conduct field surveys.

Randomly sampling multiple habitat types using dtirgear approach will be required to ensure
that all fish species present are sampled. Thiasgaope of the study will be from the most
upstream area influenced by the Wilder Dam to tbstrdownstream area influenced by the
Vernon Project. Sampling should occur at eachcsadesite across multiple seasons (spring,
summer, and fall). Digital photographs shouldddesh to avoid misidentifying certain species
such as Cyprinids.

The sampling design should include replicate sasnjgleestimation of species detection
probability. Sample replicates may be gatheregteaily, using different methods, by
independent observers, or by randomly sampledapaplicates (MacKenzie et al. 2006). For
each replicate sample, data that may be importardescribing variation in species occurrence
and presence/absence should be collected and eel;@utch as gear type, mesohabitat type,
depth, velocity, flow, water temperature, substratee of day, day of year, presence of cover,
proportion of vegetation cover, size of individuaeddlected (juveniles may select different
habitat), and other factors as determined by afigdhbiologist. Species detection, occurrence,
and/or abundance as related to these parametersl sleestimated using methods as described



by Kery et al. (2005), MacKenzie et al. (2006), Wenand Freeman (2008), or Zipkin et al.
(2010).

Based on first year study results, specific studiemmining impacts of project operations on
specific fish species may be requested. A seceadqf study may be required if first year data
collection is limited due to environmental or otleenditions, or if river discharge in the first
year prove to be atypical (outside of 25" f&®rcentile of average weekly flow values) during t
study period.

Level of Effort/Cost, and Why Alternative Studies will not suffice

The cost of the study will be moderate to higheassnal sampling with several types of gear

will be required. However, cost will also be paltir dependent on the number of sites sampled,
the number of sample replicates, and the extetiteo€ovariate data that are measured. Provided
the collected data are of high quality, analysi$ synthesis should take approximately 10-20
days. TransCanada did not propose any studieffispltg addressing this issue

Literature Cited:

Bonar, S.A., W.A Hubert, and D.W. Willis, edito2009. Standard methods for sampling North
American freshwater fishes. American Fisheries&gpcBethesda,Maryland.

Kart, J., R. Regan, S.R. Darling, C. AlexanderC€x, M. Ferguson, S. Parren, K. Royar, B.
Popp, editors. 2005. Vermont's Wildlife Action Pl&ermont Fish & Wildlife
Department. Waterbury, Vermont.
http://lwww.vtfishandwildlife.com/swg_cwcs_repornef(Accessed September 10,
2012).

Kery, M., J.A. Royle, and H. Schmid. 2005. Modgliavian abundance from replicated counts
using binomial mixture models. Ecological Applicats 15:1450-1461.

MacKenzie, D.I., J.D. Nichols, J.A. Royle, K.H. Ralk, L.L. Bailey, and J.E. Hines. 2006.
Occupancy estimation and modeling: inferring pateand dynamics of species occurrence.
Elsevier: San Diego, California.

NHFGD 1998. New Hampshire Fish and Game Departi@eategic Plan (1998-2010).
Concord, NH.

Pollock, K.H., J.D. Nichols, T.R. Simons, G.L. Faworth, L.L. Bailey, and J.R. Sauer. 2002.
Large scale wildlife monitoring studies: statistio@ethods for design and analysis.
Environmetrics 13:105-119.



Wenger, S.J., and M.C. Freeman. 2008. Estimafdegies occurrence, abundance, and
detection probability using zero-inflated distrilomis. Ecology 89:2953-2959.

Yoder, C.O., L.E. Hersha, and B. Appel. 2009. Riskemblage and habitat assessment of the
Upper Connecticut River: preliminary results anthdaresentation. Final Project Report
to: U.S. EPA, Region 1, Boston, MA. Center for Apg Bioassessment & Biocriteria.
Midwest Biodiversity Institute. Columbus, OH.

Zimmerman, J.K.H. 2006. Response of physicalgsses and ecological targets to altered
hydrology in the Connecticut River basin. The Nat@onservancy, Connecticut River
Program, Northampton, MA.

Zipkin, E.F., J.A. Royle, D.K. Dawson, and S. Bat@910. Multi-species occurrence models to
evaluate the effects of conservation and manageantions. Biological Conservation
134:479-484.



Study Request 14: Modd River Flowsand Water Levels Upstream and
Downstream from the Wilder, Bellows Falls, and Vernon Stations and
Integration of Project M odeling with Downstream Project Operations (Docket
Number p-1904) (Docket Number p-1855) (Docket Number p-1892)

Goals and Objectives

The goal of this study is to develop river flow netglthat permit the evaluation of the
hydrologic changes to the river caused by the glygsiresence and operation of the Wilder,
Bellows Falls, and Vernon Hydroelectric Projectd #me interrelationships between the
operation of all five hydroelectric projects up feficensing and river inflows. Specific
objectives of this study include:

1. Conduct quantitative hydrologic modeling of the toldgic influences and interactions
that exist between the water surface elevationkeotVilder, Bellows Falls, and Vernon
project impoundments and discharges from the WiBeHows Falls, and Vernon
projects and the downstream hydroelectric projectsiding:

a. Inflows into the Wilder, Bellows Falls, and Vernonpoundments from the
Fifteen Mile Falls Project, FERC No. 2007, and otwurces;

b. Existing and potential discharges from the Wildxzllows Falls, and Vernon
project generating facilities and spill flows, inding existing and potential
minimum flow and other operational requirements;

c. Existing and potential water level fluctuation regtons (maximum and
minimum pond levels) of the Wilder, Bellows Falisid Vernon impoundments,
and consequent changes in downstream project dgediaand

d. Incorporation of the potential effects of climateeeed flows on project
operations over the course of the license.

2. Assess how existing and potential operations of#fider, Bellows Falls, and Vernon
projects affect the operations of the Northfielduvitain and Turners Falls Projects,
including:

a. How Wilder, Bellows Falls, and Vernon flow fluctimts affect pool levels of the
Turners Falls impoundment; and

b. How operations of the Wilder, Bellows Falls, and M projects affect Turners
Falls discharges.

Resource Management Goals

The New Hampshire Fish and Game Department (NHF&d2ks the accomplishment of a
number of resource goals and objectives througheleensing process for the projects. General
goals include the following:

1. Ensure that protection, mitigation and enhancenmea@asures are commensurate with
Project effects and help meet regional fish andhfé objectives for the basin.
2. Conserve, protect, and enhance the habitats forddlife, and plants that continue to

be affected by the Project.

63708.1



Specific to aquatic resources, the NHFGD’s goads ar

1. Protect, enhance, or restore, diverse high quatjtyatic and riparian habitats for plants,
animals, food webs, and communities in the watefshad mitigate for loss or
degradation of these habitats.

2. Provide an instream flow regime that meets theHifory requirements of diadromous
fish and resident fish and wildlife (including imebrates such as freshwater mussels)
throughout the area impacted by Project operations.

3. Minimize current and potential negative project rapien effects on water quality and
aguatic habitat.

A mission of the NHFGD relevant to this study regjus to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resources

Four goals from the NHFGD’s 1998-2010 Strategicm®MHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vieldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible detired population and recreational
goals for fish, wildlife, and marine species anel éicosystems that sustain them.

Our study request is intended to facilitate théeotilon of information necessary to conduct
effects analyses and to develop reasonable an@mraednservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. 8§128flseq.).

Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a

state natural resource agency.

Existing I nformation

Available information in the PAD does not indicataw project operations have altered the
hydrology downstream from each of these facilitiesich may affect resident and migratory

fish, macroinvertebrates, rare, threatened anchregeted species, aquatic plants and other biota



and natural processes in the Connecticut Riveis dlso unclear how operations at one facility
affect the operations at another.

Nexus to Project Operations and Effects

The Wilder, Bellows Falls, and Vernon projects @aeh currently operated with required
minimum flows of 675, 1,083, and 1,250 cfs (oramik if less) for each facility, respectively,
though in practice minimum flows are operated &; 7800, and 1600 cfs, respectively. There
is presently no required minimum flow for the bygped reach of the Bellows Falls Project. Each
of the projects operates as a daily peaking fgcsgiich that “Generation can vary during the
course of any day between the required minimum #ow full capacity if higher flows are
available” (p. 2-28, p. 2-29, and p. 2-30 in thddAf, Bellows Falls and Vernon PADs,
respectively). Total hydraulic capacity of eactilfty is 12,700, 11,010, and 12,634 cfs,
respectively. Regular daily fluctuations on thdesrof 9,000 cfs or greater are commonly
recorded at USGS gages 01144500 (Connecticut Riwdlest Lebanon, below Wilder Dam) and
01154500 (Connecticut River at North Walpole, NHlov Bellows Falls Dam). Daily
fluctuations in headpond elevation are approxinya2eb’ (382’ to 384.5’ MSL), 1.2 (289.9'to
291.1'’MSL), and 1.2’ (218.6’ to 219.8' MSL) at tNdlder, Bellows Falls, and Vernon
impoundments, respectively.

These described changes affect biotic habitat &td bpstream and downstream of each
project. Project operations and potential chatngegperations to mitigate impacts at each
facility are influenced by inflows and operatiorfsupstream projects. Results of river flow
analyses will provide necessary information regagdihanges that can be made to the Wilder,
Bellows Falls, and Vernon Project flow releases/andater level restrictions, how such
changes may be constrained by inflows and upstprajact operations, and how these changes
potentially affect downstream resources. Thisnmiation will then be used to develop flow-
related license requirements and/or other mitigatn@asures.

Methodol ogy Consistent with Accepted Practice

River hydrology statistics and hourly flow modeliage commonly employed at hydroelectric
projects to assess implications of project openatian the river environment.

Level of Effort/Cost, and Why Alternative Studies will not suffice

Level of effort and cost of model development afpeeted to be moderate as much of the
baseline modeling has already been completed unming of various scenarios through the
model(s) will be needed throughout the relicengirgress to assess the implications of changes
to the operations of each project on other projactsother resources. The modeling exercise
will also require coordination and cooperation le#w TransCanada and the downstream
licensee to assure that the model inputs and autiaut be accurately related.



We would anticipate that the expected level of kfémd anticipated costs will be comparable to

that experienced on similar FERC relicensing ptsjed this size (e.g., Conowingo, FERC No.
405).
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Study Request 15: Impacts of Water Level Fluctuationson Aquatic
Vegetation, Including Invasive Species, in the Vernon, Bellows Falls and
Wilder Project Impoundments and Riverine Reaches (Docket Number p-
1904) (Docket Number p-1855) (Docket Number p-1892)

Goals and Objectives
The goal of this study is to determine if the falhge of water level fluctuations from the

Vernon, Bellows Falls and Wilder Hydroelectric Rxcts negatively impact emergent aquatic
vegetation (EAV) and submerged aquatic vegeta#\/() and their habitats in the
impoundments and riverine reaches below the dams.

The objective is to conduct field studies in maanstittoral zones, tributaries and backwaters to
determine if EAV and SAV species distribution atdiadance, and their habitats, are impacted
by current water level fluctuations permitted untter TransCanada Projects’ licenses and
whether aquatic vegetation and its habitats caenbanced by modifications to project
operations or other mitigation measures and whéekiege is any unique or important shoreline
or aquatic habitats that should be protected. Restithis study may also be used to help
determine the adequacy of existing downstream mimrflow requirements.

The specific objectives of the field study, at aimium, include:

* Quantitatively describe and map wetland types wi#00 feet of the shoreline, and
describe associated wildlife;

» Delineate, quantitatively describe, and map allavet types including invasive species
and wildlife observed (e.g., bald eagle nestingewBwl nesting) within 200 feet of the
shoreline, and the extent of this habitat if iteexds beyond 200 feet; and

* Quantitatively describe (e.g., substrate compasitegetation type and abundance) and
map shallow water aquatic habitat types subjeptdgect operation inundation and
exposure, noting and describing additional areasrevtvater depths at lowest operational
range are wetted to a depth less than one foos,(fl@ar shore areas, gravel bars, with
very slight bathymetric change);

A second year of study may be required should iNszharge in the first year prove to be
atypical (outside of 25-75percentile of average weekly flow values) during study period.

The field study should produce a habitat inventeport that includes:

* The results of the field study in the form of mapsl descriptions;

* An assessment of project effects on wetland, @patittoral zone vegetation and shallow
water habitats, invasive plant species, and wédti&bitat at the project; and

» Recommendations for any necessary plant, habjat ty wildlife, protection and/or
invasive species control measures.



Resource Management Goals
A mission of both the New Hampshire Fish and Garapddtment (NHFGD) and the Vermont

Fish and Wildlife Department is to protect and @me fish and their habitats. Riverine fish
species are an important component of the rivextdogly and in some cases are the basis for a
sport fishery. Aquatic vegetation is crucial fisdbitat as the majority of fish in the project
impoundments utilize EAV and SAV at some point dgriheir life history. This requested
study will help enhance EAV and SAV in the projeaspoundments.

The New Hampshire Department of Environmental Sewis responsible for ensuring that
surface water quality standards are met in allesgrfvater bodies. The surface water quality
criteria for Biological and Aquatic Community Intéy (Env-Wq 1703.19) are:

(a) The surface waters shall support and maintainanieal, integrated, and adaptive
community of organisms have a species compositimeysity, and functional
organization comparable to that of similar natinabitats of a region.

(b) Differences from naturally occurring conditions klhe limited to non-detrimental
differences in community structure and function.

Aquatic vegetation, such as EAV and SAV, is an inga component of the ecology of the
Connecticut River. Aquatic vegetation in the araffscted by the project should be studied to
demonstrate compliance with Env-Wq 1703.19.

A mission of the NHFGD relevant to this study resjus to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resaurces

Four goals from the NHFGD’s 1998-2010 StrategicnFMHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, igldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible détired population and recreational
goals for fish, wildlife, and marine species anel écosystems that sustain them.

Our study request is intended to facilitate théeotilon of information necessary to conduct
effects analyses and to develop reasonable an@mraednservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as



amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. 8§128flseq.).

Public I nterest

The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation

Existing information in the PADs does not quanii#V and SAV. However, the applicant

acknowledges that water level fluctuations causethé project have the potential to affect
fringing wetland and littoral areas:
“The average daily water level fluctuation of 2.5 vertical feet has resulted in a zone of
spar se vegetation along most of the shorelines of the impoundment. Wetland and littoral
resourcesin this zone are limited by the frequent wetting and drying.” (Wilder PAD, p.3-
104, see also similar language in the Bellows R p. 3-115 and the Vernon PAD p.
3-143)

An example of the water level fluctuations thaturcio the Lower Connecticut River due to
hydropower generation is shown below.
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Nexusto Project Operations and Effects
Water level fluctuations due to project operatibage the potential to influence fish species life

history requirements, biological interactions, &adbitat quantity and quality by impacting EAV
and SAV. For example, water level changes dued@gt operations could create conditions



where EAV and SAV abundance is diminished, thustiegly impacting a habitat used by
riverine fish for spawning, rearing, feeding, amder. Additionally, water level fluctuations due
to project operations could influence EAV and SAAbhat in the project impoundments and
promote invasive plants over native species. $tudy needs to take into account existing and
potential future limits on impoundment level fluations intended to limit recreation impacts,
and the interactions of any changes in pond lduetdation range or frequency and discharge
changes.

Methodology Consistent with Accepted Practice

Vegetation mapping and mapping of littoral zonegeiation to water level fluctuations are
common tools for identifying EAV and SAV that mag impacted by changes in water levels.
The study should include field surveys designedescribe the characteristics of each mapped
wetland, riparian, littoral and shallow water habinhcluding plant species composition, relative
abundance/density, habitat quality, and land 0geese surveys should be conducted to describe
these habitats at the lowest water level operdtiamge permitted on a daily operation schedule,
under low flow conditions. Information collecteldosild include:

* Plant species composition, and their relative aband/density and condition/structure
(e.g., seedlings)

» Surveying for the federally Endangered Northeadbaifrush Ecirpus ancistrochaetus);

» Structured data, including estimates of averagghteiand aerial cover of each
vegetation layer (specifically denoting invasivesps);

* Aquatic habitat substrate composition, quanti®. (ipercent types and area), wood
structure (relative abundance measure applieddn) awvater depths (inundated,
exposed, and water less than one foot);

* Predominate land use(s) associated with each tgver

* Wildlife sightings should be noted;

» Field verified wetland, riparian, and littoral asidallow water habitats and invasive
species occurrences, should be geo-referencedyapps and overlain on orthophoto at
a suitable scale.

» Identification (mapped location, total area) of &AN, SAV or other fish habitat (i.e.
wood, rocks, etc) that is dewatered at the lowedemlevel operational range permitted
on a daily operation schedule, under low flow ctiods.

Bathymetric mapping of the littoral zone will beedled to model the extent of this zone that will
be affected by different water fluctuation scenswio

The study area is from the most upstream areaeinfled by the Wilder Dam to the most
downstream area influenced by the Vernon Dam. Wewel fluctuations caused by the projects
may affect not only the impoundments, but alsodinnstream river reaches below the dams.
Studies would occur in the main river littoral zaared in backwater areas during spring, summer
and fall. A second year of study may be requiféuist year data collection is limited due to



environmental or other conditions, or if river disgge in the first year prove to be atypical
(outside of 25-78 percentile of average weekly flow values) during study period.

Level of Effort/Cost, and Why Alternative Studies will not suffice

Although the PAD’s acknowledge that project openati have the potential to impact littoral
resources, TransCanada did not propose any sttaliegrning aquatic vegetation. Analysis as
described above is needed to understand potemjpeldats of the projects on these resources.
Estimated cost for the study is moderate due tméeel for field assessment.

Literature Cited:

NHFGD 1998. New Hampshire Fish and Game Departi@gategic Plan (1998-2010).
Concord, NH.



Study Request 16: Impactsof the Vernon, Bellows Falls and Wilder Project
Impoundment Water Fluctuations on Resident Fish Spawning (Docket
Number p-1904) (Docket Number p-1855) (Docket Number p-1892)

Goals and Objectives

The goal of this study is to determine if the falhge of water level fluctuations in the Vernon,
Bellows Falls and Wilder Hydroelectric Projects atgely impact resident fish species
(smallmouth bass, largemouth bass, yellow per@gtkotrappie, common sunfish, bluegill, chain
pickerel, northern pike, golden shiner, common wBiicker, spottail shiner, walleye and
fallfish) in the impoundments, and if impacts avarid to occur, to develop appropriate
mitigation measures.

Specific objectives include:
1) Conduct field studies in the mainstem, tribiamnd backwaters of project affected areas to
assess timing and location of fish spawning. Medbcations should be mapped.

2) Conduct field studies in the mainstem, tribwgsrand backwaters of project-affected areas to
evaluate potential impacts of impoundment flucturaton spawning habitat, nest abandonment,
spawning fish displacement and egg dewatering. stiy should also evaluate if changes in
impoundment fluctuation range would mitigate foentified impacts and if other mitigative
measures would lessen these impacts.

Resource Management Goals

A mission of both the New Hampshire Fish and Gamapditment (NHFGD) and the Vermont
Fish and Wildlife Department is to protect and @ms fish and their habitats. Resident fish
species are an important component of the rivextdogly and in some cases are the basis for a
sport fishery. This requested study will help podtand conserve resident fish species by
ensuring project operations do not negatively inhpfa@r spawning success.

The New Hampshire Department of Environmental Sewis responsible for ensuring that
surface water quality standards are met in alleserfivater bodies. The surface water quality
criteria for Biological and Aquatic Community Int&y (Env-Wq 1703.19) are:

(a) The surface waters shall support and maintain anlsat, integrated, and adaptive
community of organisms have a species compositimesity, and functional
organization comparable to that of similar natinabitats of a region.

(b) Differences from naturally occurring conditions ke limited to non-detrimental
differences in community structure and function.

Resident riverine fish are important componentthefecology of the Connecticut River. Fish
populations and habitats in the areas affectedhéyptoject should be studied to demonstrate
compliance with Env-Wq 1703.19.



A mission of the NHFGD relevant to this study resfus to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resaurces

Four goals from the NHFGD’s 1998-2010 StrategiclRMHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegriabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, igldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible détired population and recreational
goals for fish, wildlife, and marine species anel écosystems that sustain them.

Our study request is intended to facilitate théeotion of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%aeq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation
To our knowledge, no information exists relatedhis requested study.

An example of the water level fluctuations thaturcio the Lower Connecticut River due to
hydropower generation is shown below.
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Nexus to Project Operations and Effects

Project operations have the potential to impatt $isecies by influencing spawning success and
spawning habitat quality and quantity. For exampiater level changes due to project
operations could create conditions where fish eggsexposed to air, where quality spawning
habitat is dewatered, and/or where fish abandots mwesitaining eggs. The New Hampshire Fish
and Game Department has received several callsinsprings regarding “acres” of yellow
perch eggs being dewatered in the Bellows Fallsolmgment.

The projects operate within normal, permitted dodd-condition reservoir fluctuation limits

that include during high flow events, the droppaigtantion bays that cannot be raised without
a subsequent drawdown of the impoundment beyondaiqroject operating ranges. The full
range of reservoir fluctuations, including periodrawdowns for stantion bay replacement, need
to be addressed in this study.

Methodology Consistent with Accepted Practice

Common tools to evaluate fish spawning and hahitatld be used including, but not limited,
electrofishing, visual observations, telemetry hatitat measurements. The study area for this
request includes all impounded waters, includiitmutaries and backwaters, within the project-
affected areas of the Vernon, Bellows Falls andd#fiHydroelectric Projects. A second year of
study may be required if first year data collecti®timited due to environmental or other



conditions, or if river discharge in the first ygapve to be atypical (outside of 25%7percentile
of average weekly flow values) during the studyiqukr

Level of Effort/Cost, and Why Alternative Studies will not suffice
TransCanada does not propose any studies to meeetd. Estimated cost for the study is
moderate to high but is dependent on the amouifldfstudy that is needed.

Literature Cited:

NHFGD 1998. New Hampshire Fish and Game Departi@gategic Plan (1998-2010).
Concord, NH.



Study Request 17: Impacts of the Vernon, Bellows Fallsand Wilder Project
Operationson Tributary and Backwater Area Accessand Habitats. (Docket
Number p-1904) (Docket Number p-1855) (Docket Number p-1892)

Goals and Objectives

One goal of this study is to determine if watereleluctuations from the Vernon, Bellows Falls
and Wilder Hydroelectric Projects result in a ben(s) to fish movement in and out of tributaries
and backwaters to the impoundments and riverinehesabelow dams.

A second goal is to determine if water level flittans in the Vernon, Bellows Falls and Wilder
Project impoundments impact water levels, availéiBlehabitat and water quality in tributaries
and backwaters to the impoundments and riverinehemsabelow dams, and if impacts are found,
to ascertain how spatially far reaching they ame @evelop mitigation measures.

Results of this study may also be used to helpahete the adequacy of existing downstream
minimum flow requirements.

Specific objectives include:

1) Conduct a field study of tributaries and baclexstincluding water velocity and habitat data
where appropriate, to evaluate potential impacismpbundment fluctuation on fish access to
tributaries and backwater areas. The study shelatilevaluate if changes in impoundment
fluctuation range would mitigate for any identifisdpacts and if other mitigative measures
would improve access.

2) Conduct a field study to examine potential intpad impoundment fluctuations on water
levels, available habitat and water quality indtdries and backwaters. The evaluation should
also evaluate if changes in impoundment fluctuatéorge would mitigate for identified impacts
and if other mitigative measures would lessen thmapacts.

Resource Management Goals

A mission of both the New Hampshire Fish and Gamapditment (NHFGD) and the Vermont
Fish and Wildlife Department is to protect and @ms fish and their habitats. Diadromous and
resident riverine fish species are an importantgmment of the river’s ecology and in some
cases are the basis for a sport fishery. Furthernteo of the states’ Species of Greatest
Conservation Need (SGCN) that would potentiallyrbpacted have been documented in the
project-affected areas.



The New Hampshire Department of Environmental Sewis responsible for ensuring that
surface water quality standards are met in allesgrfvater bodies. The surface water quality
criteria for Biological and Aquatic Community Int#g (Env-Wq 1703.19) are:

a) The surface waters shall support and maintainaniead, integrated, and
adaptive community of organisms have a species ositign, diversity, and
functional organization comparable to that of sanitatural habitats of a
region.

b) Differences from naturally occurring conditions ke limited to non-
detrimental differences in community structure &mtttion.

Diadromous and resident riverine fish are importamhponents of the ecology of the
Connecticut River. Fish populations and habitatheareas affected by the Project should be
studied to demonstrate compliance with Env-Wq 1783.

This requested study will help promote tributaryg dackwater access and protect valuable fish
habitat and maintain appropriate water quality ¢oons for diadromous and riverine fish
species in project-affected areas. Maintainingheativity between the mainstem of the
Connecticut River and tributaries and backwatexst# to the fish populations in these systems,
as many fish species utilize these areas for spaynearing, refuge, and feeding.

A mission of the NHFGD relevant to this study resjus to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resaurces

Four goals from the NHFGD’s 1998-2010 StrategianRMHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vieldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible detired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théemtilon of information necessary to conduct
effects analyses and to develop reasonable an@mrednservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@&keq.), the Federal Power Act (16 U.S.C. §7%&¢eq.), and the
Clean Water Act (33 U.S.C. §128flseq.).



Public I nterest

The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation
To our knowledge, no information exists relatedhis requested study.

An example of the water level fluctuations thaturcio the Lower Connecticut River due to
hydropower generation is shown below.
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Nexus to Project Operations and Effects

Project operations have the potential to impatt $isecies life history requirements, biological
interactions, and habitat quantity and qualityr &mample, water level changes due to project
operations could create conditions that could inefegle movement of fish between
tributaries/backwaters and the mainstem of the €aiicut River, thus limiting access to
spawning habitat and/or growth opportunities. Aiddilly, water level changes could also alter
tributary and backwater fish habitat quality, quigneand also water quality, thus decreasing
productivity and available habitat. Furthermowe bf New Hampshire and Vermont’'s SGCN
that could be impacted have been documented iprtject-affected areas.



Methodology Consistent with Accepted Practice

Common tools to evaluate water level impacts wa@dised including: bathymetnmicapping,
substrate, depth and velocity measurements, aret eaality information (dissolved oxygen,
temperature, turbidity, and pH). Studies shoulddducted throughout the year.

The study area for tributary and backwater fishigarg should cover all tributaries and
backwaters within the project-affected areas ofMbeon, Bellows Falls and Wilder
Hydroelectric Projects. A second year of study tpayequired if first year data collection is
limited due to environmental or other conditionsifaiver discharge in the first year prove to be
atypical (outside of 25-5percentile of average weekly flow values) during study period.

Level of Effort/Cost, and Why Alternative Studies will not suffice

TransCanada does not propose any studies to meeetd. Estimated cost for the study is
relatively low.

Literature Cited:

NHFGD 1998. New Hampshire Fish and Game Departi@gategic Plan (1998-2010).
Concord, NH.



Study Request 18: Impingment and Entrainment of Resident Fish Species at
the Wilder, Bellows Fallsand Vernon Intakes (Docket Number p-1904)
(Docket Number p-1855) (Docket Number p-1892)

Goals and Objectives

The goal of this study is to assess the adequathedhtakes at Bellows Falls, Wilder, and
Vernon projects to minimize fish mortality resuliifrom impingement and entrainment of
resident fishes residing in the Connecticut Riaed to recommend appropriate mitigative
measures as necessary.

Specific objectives include:

» Describe the configuration of the intake at ead)qut, including the forebay
characteristics, size of the intakes, trashrackisgaand extent of coverage if the intakes,
approach velocities and the influence of trashdethris and cleaning protocols..

» Estimate the mortality rates for resident fish gpeand life stages that may result from
impingement on project trashracks.

» Estimate the mortality rates for resident fish gpeand life stages that may result from
entrainment and passage through the project tisbReview existing Vermont Fish and
Wildlife Department’'s (VTFWD) fish passage datartorease sample size and gain a
better understanding of temporal variability.

» Determine structural and operational measurescthdtl be reduce resident fish
mortality.

Resource Management Goals

Vermont Water Quality Standards (VWQS) seek to plewigh quality aquatic habitat
necessary to support healthy aquatic communitidgl@associated uses such as fishing.

The Vermont Fish and Wildlife Department’s goalsired to aquatic natural resources and
pertinent to this study request are to:

1. Provide for healthy, self-sustaining fish comiities.

2. Minimize the potential negative effects of pajeperation on resident fish populations,
and mitigate for losses.

A mission of the New Hampshire Fish and Game Depamt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstah, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.



Four goals from the NHFGD’s 1998-2010 StrategicmnRMHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vigldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible e@8ired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théembilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. 8§128flseq.).

Public I nterest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation

The Connecticut River and the project impoundmeuagport a variety of resident fish species as
well as angling. However, there is no informatidsoat resident fish mortality and the

population effects resulting from project impingerhand entrainment. The project PADs
contain almost no information about the projecstiracks. During the ILP site visits held in
October 2012 the Agency was informed that the spacing was in most cases four inches (on
center) and as much as six inches in some casgkeFuhese trashracks do not cover the entire
intake area in all cases. No information on apgnoagocities has been provided. Mortality rates
of resident fish passing through the turbines ateknown.

Nexus to Project Operations and Effects

The Bellows Falls, Wilder and Vernon dams spansstbe Connecticut River, acting as a
physical impediment to fish passage. Fishes liuntipe impoundments will at times enter
project forebays and come in close proximity tojgebintakes. Impingement or entrainment is
certainly occurring but the extent of this impactinknown. The wide rack spacing is likely to
result in entrainment.



The projects include downstream fish passage fi@silbut their use and effectiveness for
resident fish species is unknown. These facildiesoperated seasonally and therefore will not
mitigate impingement and entrainment at all times.

Methodology Consistent with Accepted Practice

Impingement, entrainment and turbine mortality stadhave been conducted at numerous other
hydropower projects and can be used to assesstipbfesh mortality based on results from
other projects with similar configurations.

Approach velocities can be calculated and actualstnements can be taken to quantify
variability by location and verify calculated retsul

Turbine mortality should be assessed by releasiggetd fish for downstream recovery. The
details of this type of study should be addressethd the study plan stage.

The contribution of existing downstream fish passtagilities to reducing impingement and
entrainment of resident fishes should also be asdes

Level of Effort/Cost, and Why Alternative Studies will not suffice

The expected level of effort and anticipated cuslisbe comparable or less than those
experienced on similar FERC projects of this size.

Literature Cited:

NHFGD 1998. New Hampshire Fish and Game Departi@eategic Plan (1998-2010).
Concord, NH.



Study Request 19: Assessment of Adult Sea Lamprey (Petromyzon marinus)
Spawning within the Wilder, Bellows Falls, and Vernon Project Areas.
(Docket Number p-1904) (Docket Number p-1855) (Docket Number p-1892)

Perform a study to investigate potential impactthefWilder, Bellows Falls and Vernon
Project’s operations on sea lamprey spawning sacces

Goals and Objectives

Assess the level of spawning activity by sea lamppreéhe Wilder, Bellows Falls, and Vernon
project areas and determine whether operatiortsesttProjects are affecting the success (i.e
survival to emergence) of this activity.

Identify areas within the Wilder, Bellows Falls,da¥ernon project areas where suitable
spawning habitat exists for sea lamprey.

Conduct a telemetry study of sea lamprey during testream migration period in the spring,
focusing on areas of suitable spawning habitat,aaads of known spawning.

Conduct spawning ground surveys to observe thigatibn of this habitat for spawning
purposes, and hence, confirm suitability.

Obtain data on redd characteristics including ocatsize, substrate, depth and velocity.

Determine if the operations at the Wilder, Belldvadls and Vernon projects are adversely
affecting these spawning areas (i.e. if flow alierss are causing dewatering and/or scouring of
sea lamprey redds). If it is determined that therations of the projects are adversely affecting
the spawning success of sea lamprey, identify dipei regimes that will reduce and minimize
impacts to sea lamprey spawning habitat and spansuocess within the project area.

Resource Management Goals
The sea lampreyPgtromyzon marinus), within the Connecticut River drainage, is onéNefv

Hampshire and VermontSpecies of Greatest Conservation Need (SGCN)cdhservation
status of sea lamprey in New Hampshire is listetyalserable.” One of the threats identified in
Vermont’s Wildlife Action Plan (Kart et al. 2005 degraded spawning habitat, which is second
to habitat fragmentation.

As outlined in Vermont’'s Wildlife Action Plan (Kaet al. 2005), research and monitoring needs
for SGCN include monitoring and assessing populatend habitats for current conditions and
future changes, and identifying and monitoring peots for species and their habitats.



One of the conservation strategies identified & Wermont Wildlife Action Plan, is protecting
and restoring aquatic and riparian habitats thraogitoved water quality; flow, water level and
temperature regimes; sediment reduction; estabéshwof streamside buffers; and suitable
aquatic habitat structure, diversity and complexity

In support of conservation strategies and reseagelds listed above, identifying potential
impacts that the Wilder, Bellows Falls, and Verionjects have on sea lamprey spawning is
paramount. Results of the study will be used teetig flow-related license requirements and/or
other mitigation measures that will optimize spavgnhabitat for a New Hampshire and Vermont
SGCN.

A mission of the New Hampshire Fish and Game Depamnt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstesh, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.

Four goals from the NHFGD’s 1998-2010 StrategicnlRMHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegriabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, igldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible détired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théeotion of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@&keq.), the Federal Power Act (16 U.S.C. §7%&¢eq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.



Existing I nformation

It is known that sea lamprey spawn in the Connattver main stem at least as far upstream
as Wilder Dam, as well as tributary waters inclgdine West, Williams, Black and White

Rivers (Kart et al. 2005).

The PAD discusses sea lamprey distribution as: “K2082) lists the current upstream extent of

sea lamprey range as Bellows Falls Dam, notinggvew that reproduction has been
documented as far north as the White River, Vermarthe Wilder Project area. In certain years
hundreds to thousands of sea lamprey have beerdegtpassing upstream of Bellow Falls
dam, and in at least one year (2008) sea lamprey edacumented passing upstream via the
Wilder Dam fish ladder. In 2008 surveys, Yoderle{2009) documented sea lamprey just
downstream of the confluence of the White River.”

In 2012 at total of 99 sea lamprey were observagdipg the Bellows Falls Dam, and a total of
696 sea lamprey were observed passing the Vernon Da

To date no studies have been conducted that aidemndify spawning habitat and spawning
activity of sea lamprey within in the Wilder, BeNs Falls, and Vernon project areas and
whether Project operations are affecting theseities.

Nexusto Project Operations and Effects

The operation of the Wilder, Bellows Falls and \@rprojects including minimum flows and
large and rapid changes in flow releases from #me dave the potential to cause direct adverse
effects on spawning habitat and spawning activaymistream of the dam. If adult sea lampreys
are actively spawning in the project area, it ip@mant to assess whether operations of the
projects are having any adverse effects (i.e. denwvaf and scouring) on these activities.

Methodol ogy Consistent with Accepted Practice
Although a relatively new practice, the tagging #nagking of adult Pacific lamprey to

determine final destination, has been successtoiglucted in the Columbia River (Noyes et al.
2012). Similarly, from 2005-2009, radio telemetry was usedetermine adult lamprey
overwintering and spawning habitats, and spawmignm the lower Deschutes River Subbasin
(Fox et al. 2009).

In Vermont, factors affecting sea lamprey survivare examined (Smith and Marsden 2009). It
was found that predation, water currents, and decgyhent of eggs from the nest, played a role in
survival. As part of the Wells Hydroelectric praj¢dEERC No. 2149), Pacific lamprey spawning
ground surveys were conducted to determine preféetts on spawning success.

In 2010, redd surveys were completed in Shitike Beaver Creeks to identify recent redds for
placement of an experimental redd cap. The purpbsapping lamprey redds was to enumerate
emerging larvae and to document timing of emergevitterespect to estimated date of redd
construction and water temperature (Fox et al. 20ll@erefore, to determine project effects on
the spawning success of sea lamprey methods sfalae Fox et al. (2010).



Level of Effort/Cost, and Why Alternative Studies will not suffice
The estimated level of effort and costs for thisoramended study is expected to be moderate to

high. The applicant did not propose any altermasitiidies in its PAD to address this specific
issue.
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Study Request 20: Deter mine Upstream Passage Needsfor Riverine Fish
Speciesin the Bellows Falls, Wilder and Vernon Fishways (Docket Number p-
1904) (Docket Number p-1855) (Docket Number p-1892)

Goals and Objectives

The goal of this study is to determine the adequditle existing Bellows Falls, Wilder, and
Vernon fish ladders in passing riverine speciesdetdrmine the appropriate operation period
for these fishways to pass riverine and diadronfisis

Specific objectives include:
» |dentify the utilization and temporal distributionf passage through the Bellows Falls,
Wilder, and Vernon fishways by riverine and diadowrs fish species
» Review existing Vermont Fish and Wildlife DepartrtisifVTFWD) fish passage data to
increase sample size and gain a better understantiiemporal variability.
» Operate and monitor the fishways year-round (oit otiterwise infeasible) to assess
fishway use over a longer period than the fishwaase traditionally been operated to:

1. Determine the appropriate operating windows offigtevays for riverine species

2. Determine the appropriate operating windows offigtevays for diadromous
species such as American eel and sea lamprey.
Resource Management Goals
The VTFWD’s mission is “the conservation of alespes of fish, wildlife, and plants and their
habitats for the people of Vermont” (Vermont's Wifld Action Plan 2005).

Two of the Department’s planning goals are:
1. Conserve, enhance, and restore Vermont’s natunatemities, habitats, and
species and the ecological processes that subtaim t

2. Provide a diversity of fish- and wildlife-basediaittes and opportunities that
allow the safe and ethical viewing, regulated hsting, and utilization of fish,
plant and wildlife resources consistent with thetN@merican model of fish and
wildlife conservation.

Vermont Fish and Wildlife Department’s StrategiaP(2002 -2010) focuses towards four major
areas of concern: resource conservation, fish alife-based recreation and use, human health
and safety, efficient operations, and effective ag@ament.

A mission of the New Hampshire Fish and Game Depamt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstsh, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.



Four goals from the NHFGD’s 1998-2010 StrategicmnRMHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vigldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible e@8ired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

In order to be consistent with both Department’sgiains and goals, and to promote healthy fish
populations, connectivity within a river systenmingportant. By allowing fish to move through
the fishway during different times of the year, ahding different life history stages, access to
available riverine aquatic habitat is increasedhfre able to seek the best available habitat and
food resources, as well as avoid predator inteyastiFurthermore, movement within a river
system promotes genetic diversity. Currently upstreesident fish passage at the Bellows Falls,
Wilder, and Vernon dams is precluded most of trer gele to fishway closure.

Our study request is intended to facilitate théeobion of information necessary to conduct
effects analyses and to develop reasonable an@mraednservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public I nterest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation

No such information exists that will allow for araprehensive assessment of existing year round
fishway utilization by resident species. The VTFW&s several years (2007-2012) of seasonal
passage data that have not yet been analyzed. @htsare in the form of .avi files, but only
include the spring and summer months (typically Mayly).

The PAD acknowledges that “Resident species haeelaen recorded using the Bellows Falls
and Wilder fish ladder”. Those data are availdfden the Vermont Fish & Wildlife

Department. Fish passage video data that havefdreeassed should be available for
distribution in the future (Lael Will, Vermont Fish Wildlife, personal communication)”.
Although not comprehensive, analysis of these datad assist in filling this data gap.

In 2012, VTFWD staff documented resident speciassage at the Vernon fishway. Species
observed utilizing the fishway included bluegill €\b55), common carp (N = 209), channel
catfish (N = 37), trout sp. (N = 2), walleye (N #)5white sucker (N = 102), and American eel



(N =262). However, these analyses were conduciddgione year and did not include any
monitoring outside of the spring spawning run.

Nexusto Project Operations and Effects

The Bellows Falls, Wilder and Vernon dams spanstbe Connecticut River, acting as a
physical impediment to fish passage. Therefore ptioject has a direct impact on fish passage
and limits fish from accessing available aquatibited located upstream of the dam.

The PAD acknowledges that “river fragmentation gastuce or obstruct fish and aquatic
community connectivity and therefore genetic diitgrand stock structure. However, those
impacts are reduced by the provision of fish passagl the length of the impoundment.
Upstream and downstream fish passages, designédldmtic salmon, are likely used by other
migratory and resident species, providing connégtitowever, fish counts are limited,
unknown or unavailable for resident species”.falet, it is known that riverine and diadromous
species use the fishways, but there has been diraitalysis of this data and fishway monitoring
was limited to spring period.

Therefore, in order to determine the level of rinerfish passage through the existing fishways,
and the appropriate operation period for the fighyuaview of existing data and , further
monitoring of the fishways is warranted.

Methodology Consistent with Accepted Practice
Fishway monitoring has been conducted annually BFWD dating back to 1985. Monitoring

was focused on Atlantic salmon, American shad amgécan eel. Resident species were
recorded periodically, but were not monitored algghe spring anadromous fish migration
period

Fishway monitoring has been used to assess exatitigproposed project operations, and to
develop appropriate operating windows for fisheressurces.

In addition to fish window count data, monitorintgpsild include monitoring of the hydraulic
conditions in the fishways and fishway entrances, eriodic fish observations should be made
over the length of the fishways. If count databservations of the fishways indicate the need
for fishway operation changes or for more spedaifformation on fish movement through the
fishways, changes to the monitoring plan for yeardhitoring would need to be implemented.

Level of Effort/Cost, and Why Alternative Studies will not suffice

This study will require video monitoring equipmeappropriate software (e.g. salmon soft), and
personal to read to files, and manage the equipnt&ome information already exists in the
form of .avi files and past count data and areitgadailable from VTFWD. No other tool (e.g.
radio telemetry) is more appropriate or cost effector these types of assessments. Cost is
relatively low.
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Study Request 21a: Wilder Hydrodectric Project: Shoreline and downstream
erosion from water level fluctuation in the impoundment and downstream
from peaking operations (Docket Number p-1892)

1. Goalsand Objectives
The goal of this study is to determine how propgm¢rations contribute to the shoreline

erosion and riverbank failure within the impoundinamnd downstream of the Wilder
Hydro Project.

The objectives of this study are to:

1. determine how water level fluctuations within thenimum and maximum operating
range and discharges from peaking operations adMlder hydroelectric project
contribute to shoreline erosion;

2. identify and determine the effects of shorelinekoarosion and riverbank failure on
other resources (i.e. riparian areas and shorel@tkands, rare plant and animal
populations, water quality, aquatic and terrestsiddlife habitat, etc.);

3. identify techniques that could be used to mitighteeffects of project operations or
other mitigation techniques that could be develdpe@duce on riverbank erosion
within the impoundment and downstream of the tedra

2. Resource Management Goals
The Connecticut River is considered Class B wayehb states of Vermont and New

Hampshire. Vermont lists the section of the ConnatRiver below the Wilder dam on
the Section 303(d) impaired water list due to flaerations resulting in the
destabilization and eroding of shoreline impairaggatic life and habitat. In Class B
waters, Vermont’'s water quality standards statewlader level fluctuation and flow
alterations can only occur to the extent that jipsrts all uses and does not lead to
degradation of the water resource or habitat.

New Hampshire’s surface water quality regulaticiasesthat “unless the flows are caused
by naturally occurring conditions, surface wateauwfity shall be maintained at levels
adequate to protect existing and designated u@esv-Wq 1703.01(d)). The specific

New Hampshire water quality criteria for turbidityClass B waters is not to exceed
naturally occurring conditions by more than 10 NTHav-Wq 1703.11).

A mission of the New Hampshire Fish and Game Depamt (NHFGD) relevant to this
study request is to conserve, manage and protestaite’s fish, wildlife and marine
resources and their habitats, and to provide tiigwith opportunities to use and
appreciate these resources.



Four goals from the NHFGD’s 1998-2010 StrategicnFMHFGD 1998) which are
relevant to this study request are:

New Hampshire has a wide range of naturally ocegrniabitats and healthy, naturally
functioning ecosystems.

New Hampshire has abundant and varied fish, dieldlind marine species at levels that
ensure sustainable, healthy populations.

New Hampshire has fish, wildlife, and marine popatss that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

Human activities and land uses are compatible egired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théemtilon of information necessary to
conduct effects analyses and to develop reasoaabl@rudent conservation measures,
and protection, mitigation, and enhancement measuwuesuant to the Fish and Wildlife
Coordination Act, as amended (16 U.S.C. 8664q.), the Federal Power Act (16 U.S.C.
§791aget seq.), and the Clean Water Act (33 U.S.C. §1264eq.).

. Public I nterest Consideration

The New Hampshire Fish and Game Department is stiggethis study. The requestor
is a state natural resource agency.

. Existing Information
The PAD references several studies pertainingdoetine erosion within the

Connecticut River, including a study by US Army gof Engineers (Simion et al.
1979). This study evaluated the shoreline witha\tilder impoundment and identified
water level fluctuation and periodic high flow et®as causes of shoreline erosion. The
PAD also discusses the erosion survey that Trare{2ainitiated in 2010 to inventory
sites where erosion is occurring within the Wildepoundment (Kleinschmidt 2011).
Bank slumping was identified as the major typehaireline erosion within the project
impoundment. Bank slumping can occur when fluviasenal forces known as soil
piping are acting on the toe of the bank slopagasing the angle between the slope of
the bank and water surface. The PAD did not addressproject related operations
contribute to shoreline erosion, could be changeditigate impacts on shoreline
erosion, or discuss the impacts of shoreline erosioother resources (i.e. riparian areas
and shoreline wetlands, rare plant and animal @ajouis, water quality, aquatic and
terrestrial wildlife habitat, etc.).

Repetitive water level fluctuations and flow alteyas caused by hydroelectric peaking
operations are known to be a major contributohtwraline erosion (Lawson 1985).
Sediment from shoreline erosion and riverbank faila one of the major contributors
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negatively affect water quality and habitat by easing the turbidity and sedimentation,
smothering aquatic habitat in United States. VernSurface Water Management
Strategy identifies sediment from excessive chaaredion as a stressor on Vermont
water and aquatic habitat. Additionally, Vermostdithis section of the Connecticut
River on the Vermont Section 303(d) impaired wégtrdue to flow alterations resulting
from the destabilization and eroding of shorelimpairing aquatic life and habitat.

An example of the water level fluctuations thaturce Lower Connecticut River due to
hydropower generation is shown below.
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5. Project Nexus

Wilder Hydroelectric Project operations currentgult in daily water level fluctuation in
the impoundment by as much as 2.5 feet, which &ffgworeline erosion in the
impoundment by increasing the rate of soil pipifilge project is currently permitted to
water level fluctuation in the impoundment by 5Stf@dditionally the project “peaking”
operation could contribute to bank erosion dowmstref the dam by increasing the
shear stress on the bank toe. Furthermore, rivéilgopperations during high flow events
minimize overland flow by drawing down impoundmenior to high flows containing
high velocity flows to the river channel, possibigreasing shoreline erosion rate within
the impoundment. TransCanada is not proposing hagges to project operations.

Proposed Methodology
The NHFGD recommends TransCanada complete a sitmdgrsto the study completed
by Kleinschmidt (2011). The study should be degigioebuild on erosion survey that



was previously completed by determining the procassing erosion at a site, the extent
erosion is negatively affecting other resources (iparian areas and shoreline wetlands,
rare plant and animal populations, water qualigyadic and terrestrial wildlife habitat,
etc.), and determining how erosion could be stadxlior mitigated by changing project
operations. This study can be completed perforrthedollowing tasks.

Task 1: Determine erosion and riverbank failurecpss at identified sites

Shoreline erosion areas and riverbank failure sve® identified during the

Kleinschmidt (2011) survey. Erosion sites that widetified during the previous survey
should be revisited when the water level in thedmmment is at its lowest elevation, to
collect information on erosion forces acting on s$ite, document if any additional
erosion has occurred, and identified new sitegagien within the impoundment.

Erosion processes will be determined by field obetszns and applying site appropriate
geology, geomorphic and hydrological principlest &ach erosion site, the following
erosion process element will be identified by datamg soil type and subsoil
characteristics (i.e. depth to bedrock, texturek mntent, signs of soil piping), reservoir
water levels at the time of observation, water l@uetuation, climatic conditions,

ground water seepage, wind-driven waves, boat wawebsrecreation. Additional site
characteristic to identify and record in the erossarvey will include but not be limited

to an estimate of the length and average heigtiteoérosional area, slope of the site,
dominant vegetation cover types present, associ@getation cover types present, an
ocular estimate of total plant cover and total edweplant class (tree, shrub, herbaceous)
in surrounding undisturbed areas. Data from eaohetihe erosion site will be recorded
on a field form and entered into a database. Iitiadda photograph or photographs will
be taken of each site. Completion of this evalunatudl allow for a determination as to
whether the erosion is Project related, and ihssy Project operations may be impacting
the site.

Task 2: Determining the effects of erosion on otlespurces

The effects of shoreline erosion and riverbanlufailon other resources should be
determined. This will required coordination betwatindies to determine the effects of
erosion on riparian areas and shoreline wetlarads,plant and animal populations, water
quality, aquatic and terrestrial wildlife habitatyd recreation. Erosion sites identified as
having an impact on resources will be assess &rmete if project operations are
causing erosion and a mitigation plan to proteetrésource of interest should be
developed.

Task 3: Development of a Shoreline Management Plan



The information that is collected during the ststhpuld be used to develop a Shoreline
Management Plan for the impoundment. Sites thatlet@rmined to impact important
resources should be further evaluated to deterihthere is a feasible way to reduce or
stabilize the area. This feasibility analysis Wil based on field observations and
knowledge of current erosion control and slopeufailstabilization methods that may be
suitable for the site. The analysis will providpraliminary list of potential control
measures necessary to reduce erosion at theseDstasled analyses for final design and
construction of erosion and slope stabilizationte@measures will not be part of the
study. As part of this process, the landowner ghbelidentified for each of the erosion
site and future mitigation and stabilization tecfu@s should be presented.

The study area for the shoreline erosion studylghextend from the upstream end of the
impoundment above the Wilder Dam to the beginnintp® impoundment below the
Wilder Dam. Water level fluctuations caused byRmeject may affect not only the
impoundment but also the downstream river reackisiwbthe dam.

7. Level of Effort and Cost
The cost and effort of this study will be moderdtat is important to document the

potential impact project operations on shoreliresien and riverbank failure, and to
determine how this may impact other resources.
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Study Request 21b: Bellows Falls Hydr oelectric Project: Shorelineand
downstream erosion from water level fluctuation in theimpoundment and
downstream from peaking operations (Docket Number p-1855)

1. Goalsand Objectives
The goal of this study is to determine how progmrations contribute to the shoreline

erosion and riverbank failure within the impoundinamd downstream of the Bellows
Falls Hydroelectric Project.

The objectives of this study are to:

1. determine how water level fluctuations within thenimum and maximum operating
range and discharges from peaking operations atfilter hydroelectric project
contribute to shoreline erosion;

2. identify and determine the effects of shorelinekoarosion and riverbank failure on
other resources (i.e. riparian areas and shorel@ilands, rare plant and animal
populations, water quality, aquatic and terrestsiddlife habitat, etc.);

3. identify techniques that could be used to mitighteeffects of project operations or
other mitigation techniques that could be develdpe@duce on riverbank erosion
within the impoundment and downstream of the tedra

2. Resource Management Goals
The Connecticut River is considered Class B wayehb states of Vermont and New

Hampshire. Vermont list the section of the ConmettRiver above and below Bellows
Falls dam on the Section 303(d) impaired waterdlist to flow alterations resulting in
the destabilization and eroding of shoreline impgiaquatic life and habitat. In Class B
waters, Vermont’'s water quality standards statewlader level fluctuation and flow
alterations can only occur to the extent that jpsurts all uses and does not lead to
degradation of the water resource or habitat. Nampthire’s surface water quality
regulations state that “unless the flows are cabyathturally occurring conditions,
surface water quantity shall be maintained at kadlequate to protect existing and
designated uses.” (Env-Wq 1703.01(d)). The spebifiev Hampshire water quality
criteria for turbidity in Class B waters is notérceed naturally occurring conditions by
more than 10 NTUs (Env-Wq 1703.11).

A mission of the New Hampshire Fish and Game Depamt (NHFGD) relevant to this
study request is to conserve, manage and protestdte’s fish, wildlife and marine
resources and their habitats, and to provide tiigwith opportunities to use and
appreciate these resources.



Four goals from the NHFGD’s 1998-2010 Strategicn#MHFGD 1998) which are
relevant to this study request are:

1) New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2) New Hampshire has abundant and varied fish, vieldind marine species at levels
that ensure sustainable, healthy populations.

3) New Hampshire has fish, wildlife, and marine popates that support desirable levels
of hunting, trapping, fishing, and wildlife viewing

4) Human activities and land uses are compatible detired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théembilon of information necessary to
conduct effects analyses and to develop reasoaabl@rudent conservation measures,
and protection, mitigation, and enhancement meaguesuant to the Fish and Wildlife
Coordination Act, as amended (16 U.S.C. 8664q.), the Federal Power Act (16 U.S.C.
§791aget seq.), and the Clean Water Act (33 U.S.C. §1264eq.).

. Public Interest Consideration

The New Hampshire Fish and Game Department is stiggethis study. The requestor
iS a state natural resource agency.

. Existing Information
The PAD references several studies pertainingaoetine erosion within the

Connecticut River, including a study by US Army gof Engineers (Simion et al.
1979). This study evaluated the shoreline witha\tilder impoundment and identified
water level fluctuation and periodic high flow et®as causes of shoreline erosion. The
PAD also discusses the erosion survey that Trarexf2ainitiated 2010 to inventory sites
where erosion is occurring within the Bellows Faitgppoundment (Kleinschmidt 2011).
Bank slumping was identified as the major typehaireline erosion within the project
impoundment. Bank slumping can occur when fluvias®nal forces known as soil
piping are acting on the toe of the bank slopagasing the angle between the slope of
the bank and water surface. The PAD did not addressproject related operations
contribute to shoreline erosion, could be changeditigate impacts on shoreline
erosion, or discuss the impacts of shoreline erosioother resources (i.e. riparian areas
and shoreline wetlands, rare plant and animal @djouis, water quality, aquatic and
terrestrial wildlife habitat, etc.).

Repetitive water level fluctuations and flow alteyas caused by hydroelectric peaking
operations are known to be a major contributohtwraline erosion (Lawson 1985).
Sediment from shoreline erosion and riverbank faila one of the major contributors
negatively affect water quality and habitat by easing the turbidity and sedimentation,



smothering aquatic habitat in United States. VernSurface Water Management
Strategy identifies sediment from excessive chaaradion as a stressor on Vermont
water and aquatic habitat. Additionally, Vermostdithis section of the Connecticut
River on the Vermont Section 303(d) impaired wégtrdue to flow alterations resulting
from the destabilization and eroding of shorelimpairing aquatic life and habitat.

An example of the water level fluctuations thaturco Lower Connecticut River due to
hydropower generation is shown below.
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5. Project Nexus
Bellows Falls Hydroelectric Project operations euatly result in daily water level

fluctuation in the impoundment by approximatelye2tf which affects shoreline erosion
in the impoundment by increasing the rate of siping. The project is currently
permitted to water level fluctuation in the impoumeht by 3 feet. Additionally the
project “peaking” operation could contribute to kamosion downstream of the dam by
increasing the shear stress on the bank toe. FFartine, river profile operations during
high flow events the project impoundment is opeatateminimize overland flow by
drawing down impoundment prior to high flows contag high velocity flows to the
river channel, possibly increasing shoreline emosaie within the impoundment.
TransCanada is not proposing any changes to prapecations.

6. Proposed Methodology



The NHFGD recommends TransCanada complete a sitmdgrsto the study completed
by Kleinschmidt (2011). The study should be desilgioebuild on erosion survey that
was previously completed by determining the processing erosion at a site, the extent
erosion is negatively affecting other resources (iparian areas and shoreline wetlands,
rare plant and animal populations, water qualityadic and terrestrial wildlife habitat,
etc.), and determining how erosion could be stadxalior mitigated by changing project
operations. This study can be completed perforrthedgollowing tasks.

Task 1: Determine erosion and riverbank failurecpss at identified sites

Shoreline erosion areas and riverbank failure svier® identified during the

Kleinschmidt (2011) survey. Erosion sites that widentified during the previous survey
should be revisited when the water level in thedmmment is at its lowest elevation, to
collect information on erosion forces acting on site, document if any additional
erosion has occurred, and identified new sites@gien within the impoundment.

Erosion processes will be determined by field obestssns and applying site appropriate
geology, geomorphic and hydrological principlest &ach erosion site, the following
erosion process element will be identified by daiamg soil type and subsoil
characteristics (i.e. depth to bedrock, texturek mntent, signs of soil piping), reservoir
water levels at the time of observation, water l@uetuation, climatic conditions,

ground water seepage, wind-driven waves, boat wawebsrecreation. Additional site
characteristic to identify and record in the erassarvey will include but not be limited

to an estimate of the length and average heigtiteoérosional area, slope of the site,
dominant vegetation cover types present, associagetation cover types present, an
ocular estimate of total plant cover and total edweplant class (tree, shrub, herbaceous)
in surrounding undisturbed areas. Data from eaohefihe erosion site will be recorded
on a field form and entered into a database. litiadda photograph or photographs will
be taken of each site. Completion of this evaluetid| allow for a determination as to
whether the erosion is Project related, and ihssy Project operations may be impacting
the site.

Task 2: Determining the effects of erosion on otlespurces

The effects of shoreline erosion and riverbanlufailon other resources should be
determined. This will required coordination betwastundies to determine the effects of
erosion on riparian areas and shoreline wetlards,plant and animal populations, water
quality, aquatic and terrestrial wildlife habitatd recreation. Erosion sites identified as
having an impact on resources will be assess &rmete if project operations are
causing erosion and a mitigation plan to proteetrésource of interest should be
developed.



Task 3: Development of a Shoreline Management Plan

The information that is collected during the ststhpuld be used to develop a Shoreline
Management Plan for the impoundment. Sites thatleiermined to impact important
resources should be further evaluated to deterihthere is a feasible way to reduce or
stabilize the area. This feasibility analysis Wi based on field observations and
knowledge of current erosion control and slopeufailstabilization methods that may be
suitable for the site. The analysis will providpraliminary list of potential control
measures necessary to reduce erosion at theseDstasled analyses for final design and
construction of erosion and slope stabilizationte@measures will not be part of the
study. As part of this process, the landowner ghbelidentified for each of the erosion
site and future mitigation and stabilization tecfu@s should be presented.

The study area for the shoreline erosion studylshextend from the upstream end of the
impoundment above the Bellows Falls Dam to therb@gg of the impoundment below
the Bellows Falls Dam. Water level fluctuations sdi by the Project may affect not
only the impoundment but also the downstream nigaches below the dam.

7. Level of Effort and Cost
The cost and effort of this study will be moderdtat is important to document the

potential impact project operations on shoreliresien and riverbank failure, and to
determine how this may impact other resources.

Literature Cited

Kleinschmidt (Kleinschmidt Associates, Inc.). 20Lawer Connecticut River Shoreline Survey
Report — 2010: Bellows Falls Project (FERC No. )858ilder Project (FERC No.
1892), Vernon Project (FERC No. 1904). Draft Repdarch 2011. Prepared for
TransCanada Hydro Northeast Inc.,Westborough, MA.

Lawson, D.E., 1985, Erosion of northern reservbarses: An analysis and application of
pertinent literature: US Army Corps of Engineerddd®egions Research and
Engineering Laboratory Monograph 85-1, 198 p.

NHFGD 1998. New Hampshire Fish and Game Departi@gategic Plan (1998-2010).
Concord, NH.

Simons, D.B., Andrews, J.W., Li, R.M., and Alawatf.A. 1979. Connecticut River
Streambank Erosion Study Massachusetts, New Hanepsimd Vermont. Prepared for
USACE, New England Division.



Study Request 21c: Vernon Hydroelectric Project: Shoreéine and downstream
erosion from water level fluctuation in the impoundment and downstream
from peaking operations (Docket Number p-1904)

1. Goalsand Objectives
The goal of this study is to determine how promgmrations contribute to the shoreline

erosion and riverbank failure within the impoundmamnd downstream of the Vernon
Hydroelectric Project.

The objectives of this study are to:

1. determine how water level fluctuations within thenimum and maximum operating
range and discharges from peaking operations atfilter hydroelectric project
contribute to shoreline erosion;

2. identify and determine the effects of shorelinekoarosion and riverbank failure on
other resources (i.e. riparian areas and shorel@ilands, rare plant and animal
populations, water quality, aquatic and terrestxiddlife habitat, etc.);

3. identify techniques that could be used to mitighteeffects of project operations or
other mitigation techniques that could be develdpe@duce on riverbank erosion
within the impoundment and downstream of the tedra

2. Resource Management Goals
The Connecticut River is considered Class B wayehb states of Vermont and New

Hampshire. Vermont lists the section of the ConnatRiver above and below Vernon
dam on the Section 303(d) impaired water list duiolw alterations resulting in the
destabilization and eroding of shoreline impairatgatic life and habitat. In Class B
waters, Vermont’'s water quality standards statewlader level fluctuation and flow
alterations can only occur to the extent that jpsurts all uses and does not lead to
degradation of the water resource or habitat. Nampthire’s surface water quality
regulations state that “unless the flows are cabyathturally occurring conditions,
surface water quantity shall be maintained at kadlequate to protect existing and
designated uses.” (Env-Wq 1703.01(d)). The spebifiev Hampshire water quality
criteria for turbidity in Class B waters is notérceed naturally occurring conditions by
more than 10 NTUs (Env-Wq 1703.11).

A mission of the New Hampshire Fish and Game Depamt (NHFGD) relevant to this
study request is to conserve, manage and protestdte’s fish, wildlife and marine
resources and their habitats, and to provide tiigpwith opportunities to use and
appreciate these resources.



Four goals from the NHFGD’s 1998-2010 Strategicn#MHFGD 1998) which are
relevant to this study request are:

1) New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2) New Hampshire has abundant and varied fish, vieldind marine species at levels
that ensure sustainable, healthy populations.

3) New Hampshire has fish, wildlife, and marine popates that support desirable levels
of hunting, trapping, fishing, and wildlife viewing

4) Human activities and land uses are compatible detired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théemtilon of information necessary to
conduct effects analyses and to develop reasoaabl@rudent conservation measures,
and protection, mitigation, and enhancement meaguesuant to the Fish and Wildlife
Coordination Act, as amended (16 U.S.C. §664q.), the Federal Power Act (16 U.S.C.
§791aget seq.), and the Clean Water Act (33 U.S.C. §1264eq.).

. Public Interest Consideration

The New Hampshire Fish and Game Department is stiggethis study. The requestor
iS a state natural resource agency.

. Existing Information
The PAD references several studies pertainingaoetine erosion within the

Connecticut River, including a study by US Army gof Engineers (Simion et al.
1979). This study evaluated the shoreline witha\tilder impoundment and identified
water level fluctuation and periodic high flow et®as causes of shoreline erosion. The
PAD also discusses the erosion survey that Trarexf2ainitiated 2010 to inventory sites
where erosion is occurring within the Vernon impdonent (Kleinschmidt 2011). Bank
slumping was identified as the major type of shineeérosion within the project
impoundment. Bank slumping can occur when fluvias®nal forces known as soil
piping are acting on the toe of the bank slopagasing the angle between the slope of
the bank and water surface. The PAD did not addressproject related operations
contribute to shoreline erosion, could be changeditigate impacts on shoreline
erosion, or discuss the impacts of shoreline erosioother resources (i.e. riparian areas
and shoreline wetlands, rare plant and animal @djouis, water quality, aquatic and
terrestrial wildlife habitat, etc.).

Repetitive water level fluctuations and flow alteyas caused by hydroelectric peaking
operations are known to be a major contributohtwraline erosion (Lawson 1985).
Sediment from shoreline erosion and riverbank faila one of the major contributors
negatively affect water quality and habitat by easing the turbidity and sedimentation,



smothering aquatic habitat in United States. VernSurface Water Management
Strategy identifies sediment from excessive chaaradion as a stressor on Vermont
water and aquatic habitat. Additionally, Vermostdithis section of the Connecticut
River on the Vermont Section 303(d) impaired wégtrdue to flow alterations resulting
from the destabilization and eroding of shorelimpairing aquatic life and habitat.

An example of the water level fluctuations thaturco Lower Connecticut River due to
hydropower generation is shown below.
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5. Project Nexus
Vernon Hydroelectric Project operations currendgult in daily water level fluctuation
in the impoundment by approximately 2 feet, whitfees shoreline erosion in the
impoundment by increasing the rate of soil pipifilge project is currently permitted to
water level fluctuation in the impoundment by 8tfedditionally the project “peaking”
operation could contribute to bank erosion dowrstref the dam by increasing the
shear stress on the bank toe. TransCanada isomiging any changes to project
operations.

6. Proposed Methodology
The NHFGD recommends TransCanada complete a sitmdgrsto the study completed
by Kleinschmidt (2011). The study should be desigioebuild on erosion survey that
was previously completed by determining the procassing erosion at a site, the extent
erosion is negatively affecting other resources (iparian areas and shoreline wetlands,
rare plant and animal populations, water qualigyadic and terrestrial wildlife habitat,



etc.), and determining how erosion could be stadxlior mitigated by changing project
operations. This study can be completed perforrthedgollowing tasks.

Task 1: Determine erosion and riverbank failurecpss at identified sites

Shoreline erosion areas and riverbank failure sve® identified during the

Kleinschmidt (2011) survey. Erosion sites that wdentified during the previous survey
should be revisited when the water level in theaomqmment is at its lowest elevation, to
collect information on erosion forces acting on site, document if any additional
erosion has occurred, and identified new sitesagien within the impoundment.

Erosion processes will be determined by field obetgwns and applying site appropriate
geology, geomorphic and hydrological principlest €ach erosion site, the following
erosion process element will be identified by daiamg soil type and subsoil
characteristics (i.e. depth to bedrock, texturek mntent, signs of soil piping), reservoir
water levels at the time of observation, water l@uetuation, climatic conditions,

ground water seepage, wind-driven waves, boat wawvekrecreation. Additional site
characteristic to identify and record in the erassarvey will include but not be limited

to an estimate of the length and average heigtiteoérosional area, slope of the site,
dominant vegetation cover types present, associagetation cover types present, an
ocular estimate of total plant cover and total edyeplant class (tree, shrub, herbaceous)
in surrounding undisturbed areas. Data from eaohetihe erosion site will be recorded
on a field form and entered into a database. Iitiadda photograph or photographs will
be taken of each site. Completion of this evalunatudl allow for a determination as to
whether the erosion is Project related, and ihsay Project operations may be impacting
the site.

Task 2: Determining the effects of erosion on otlespurces

The effects of shoreline erosion and riverbanlufailon other resources should be
determined. This will required coordination betwatundies to determine the effects of
erosion on riparian areas and shoreline wetlards,plant and animal populations, water
quality, aquatic and terrestrial wildlife habitahd recreation. Erosion sites identified as
having an impact on resources will be assess &rméte if project operations are
causing erosion and a mitigation plan to proteetrésource of interest should be
developed.

Task 3: Development of a Shoreline Management Plan

The information that is collected during the ststipuld be used to develop a Shoreline
Management Plan for the impoundment. Sites thatlet®rmined to impact important



resources should be further evaluated to deterihthere is a feasible way to reduce or
stabilize the area. This feasibility analysis Wil based on field observations and
knowledge of current erosion control and slopeufailstabilization methods that may be
suitable for the site. The analysis will providpraliminary list of potential control
measures necessary to reduce erosion at theseDstasled analyses for final design and
construction of erosion and slope stabilizationte@measures will not be part of the
study. As part of this process, the landowner ghbelidentified for each of the erosion
site and future mitigation and stabilization tecjug@s should be presented.

The study area for the shoreline erosion study lghextend from the upstream end of the
impoundment above the Vernon Dam to at least thve N@mpshire / Massachusetts
border. Water level fluctuations caused by theddtapnay affect not only the
impoundment but also the downstream river reackkswbthe dam.

7. Level of Effort and Cost
The cost and effort of this study will be moderduat is important to document the

potential impact project operations on shoreliresien and riverbank failure, and to
determine how this may impact other resources.
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Study Request 22a: Continuouswater temper ature monitoring (15 minute
intervals) at variouslocationswithin the Wilder Hydr oelectric Project
Impoundment and Tailrace, and Connecticut River downstream of the Wilder
Dam (Docket Number p-1892)

Goals and Objectives
The goal of this study is to determine the potéiigacts (both project specific and cumulative)

of the Wilder Hydroelectric Project operations auHy/daily temperature fluctuations and
spatial thermal distribution within the Wilder Hylectric Project Impoundment and Tailrace
and the Connecticut River downstream of the Wilklam.

The objectives of this study are to:

1. Obtain continuous temperature data (every 15 miaevarious locations and depths
throughout the project impoundment, tailrace, aodrstream Connecticut River using
temperature loggers;

2. Analyze data for hourly/daily shifts in temperatoegime and thermal distribution
(aquatic isotherm maps) associated project speaiiiccumulative impacts associated
with project operations; and

3. Determine if any shifts in hourly temperature regiar thermal distribution are
impacting aquatic habitat within the project impdorent and tailrace and lower
Connecticut River (e.g., thermal blocks to migmatithermal stress, habitat degradation).
Resource Management Goals
Temperature is an important habitat consideratbomfany aquatic species including migratory

fish and rare, threatened, endangered species.ératupe influences the distribution, behavior,
metabolism, growth, reproduction, and survivalishés (Diana 2004). The Connecticut River
is considered a Class B waters cold water fishthabfermont Water Quality Standards state
that Class B waters should be managed to achievenamtain a level of quality that fully
supports aquatic biota and habitat. Additionally Yfermont Water Quality Standards states that
in Class B cold water fish habitat, the total ira=® in from any activity or discharge should not
result in a temperature increase that exceeds .1.0°F

A mission of the New Hampshire Fish and Game Depamnt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstsh, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.

Four goals from the NHFGD’s 1998-2010 Strategicm®MHFGD 1998) which are relevant to
this study request are:



1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vigldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible détired population and recreational
goals for fish, wildlife, and marine species anel écosystems that sustain them.

Our study request is intended to facilitate théeotilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a

state natural resource agency.

Existing I nformation
The PAD provides limited information on impactspobject operations (“daily run-of-river”) on

temperature in the project impoundment, tailrackower Connecticut River. Hourly/daily
temperature shifts associated with project opematai Wilder Dam can impact aquatic habitat
rendering it unsuitable for some organisms. Thermation in the PAD does not define the
spatial extent of temperatures (aquatic isotherip)madthin the impoundment, lower
Connecticut River. The PAD mainly indicates thagémeral, temperature did increase from
upstream to downstream while dissolved oxygen dsed reflecting the impacts of the
impoundment.

Nexus to Project Operations and Effects
The project impounds 45 miles of river that woutbdeswise be free flowing. It currently

operates in a peaking mode, with allowable impousriuctuations of up to 5 feet, with
proposals to continue as such. The below-projett fequirement is equal to 0.20 csm (675
cfs). Water temperature can be affected by theabipgr mode of a hydropower project. The
impounded water increases the water surface aréee oiver reach containing the project. The
increased surface acts as a large solar radiaditector and the thermal mass of the impounded
water acts a heat sink storing heat from solamatamh. At night the increased surface area may
act as convective radiator that releases heatethegthese attributes may contribute to
unnatural thermal properties in the project impouadt that may impact natural temperature
regime and influence habitat conditions for fishigiife and plant resources (temperature
tolerance, life cycle timing (e.g., reproductionnaigration), and food availability).



The project discharges regulated Connecticut Rlgers (“daily run-of-river”) from the
impoundment to the downstream seventeen mile refitte Connecticut River. The project can
sporadically release large volumes of impoundmeatenthat may be of a different temperature
than the receiving water downstream of the damndtlrral and rapid shifts in temperature
regimes in the downstream water can impact fistdlifé and plant resources and instream
habitat. The NHFGD requests that more recent teatyper data is collected in a more intensive,
systematic and scientific manner in order to aspegect specific and cumulative impacts on
fish, wildlife and plant resources at the projéatsults from this study may be used to directly
inform the evaluation of project effects on relategources, such as a fish and other aquatic
species.

Methodol ogy Consistent with Accepted Practice
Use of temperature loggers to gain informationt@rrmal trends has been a standard technique

to look at impacts of water storage associated ytiroelectric projects. We recommend that
transects be established in the upper, middle|amer project impoundment, as well as in the
tailrace and downstream project. An additionalsemnt should be established in the free flowing
section of river above the impoundment to serva ‘asference site”. Inexpensive temperature
loggers should be deployed along each transeetsnatimum of three locations: at depths of 1
meter subsurface, mid-depth, and 1 meter off thbo(on buoy lines) where water depths
permit. The temperature loggers should be depléged April 1 — November 15 and be set to
record temperature at 15 minute intervals. Thetgature loggers should be checked and the
data downloaded on the monthly basis. The data fhe loggers should then be used to
develop hourly/daily aquatic isotherm maps, andoerature change and distribution as a result
of project and cumulative impacts should be assesse

Level of Effort/Cost, and Why Alternative Studies will not suffice
The effort and cost of this study is expected torloelerate to high, but the potential project

specific and cumulative thermal alteration impdEtge never been studied in a comprehensive
manner and their potential impacts to aquatic laabnd fish, wildlife, and resources has not
been adequately studied.
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Study Request 22b: Continuouswater temperature monitoring (15 minute
intervals) at variouslocationswithin the Bellows Falls Hydr oelectric Project
Impoundment and Tailrace, and Connecticut River downstream of the
Bellows Falls Dam (Docket Number p-1855)

Goals and Objectives
The goal of this study is to determine the potéiigacts (both project specific and cumulative)

of the Bellows Falls Hydroelectric Project opera@n hourly/daily temperature fluctuations
and spatial thermal distribution within the Bellofalls Hydroelectric Project Impoundment and
Tailrace and the Connecticut River downstream of the BellGais Dam.

The objectives of this study are to:

1. Obtain continuous temperature data (every 15 miatevarious locations and depths
throughout the project impoundment, tailrace, aodristream Connecticut River using
temperature loggers.

2. Analyze data for hourly/daily shifts in temperatoegime and thermal distribution
(aquatic isotherm maps) associated project speaiiiccumulative impacts associated
with project operations.

3. Determine if any shifts in hourly temperature regiar thermal distribution are
impacting aquatic habitat within the project impdorent and tailrace and lower
Connecticut River (e.g., thermal blocks to migmatithermal stress, habitat degradation).

Resource Management Goals
Temperature is an important habitat consideratbomfany aquatic species including migratory

fish and rare, threatened, endangered species.ératape influences the distribution, behavior,
metabolism, growth, reproduction, and survivalishés (Diana 2004). The Connecticut River
is considered a Class B waters cold water fishthabfermont Water Quality Standards state
that Class B waters should be managed to achievenamtain a level of quality that fully
supports aquatic biota and habitat. Additionally Yfermont Water Quality Standards states that
in Class B cold water fish habitat, the total iram® in from any activity or discharge should not
result in a temperature increase that exceeds .1.0°F

A mission of the New Hampshire Fish and Game Depamnt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstsh, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.

Four goals from the NHFGD’s 1998-2010 StrategicnRMHFGD 1998) which are relevant to
this study request are:



1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vigldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible détired population and recreational
goals for fish, wildlife, and marine species anel écosystems that sustain them.

Our study request is intended to facilitate théeotilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a

state natural resource agency.

Existing I nformation
The PAD provides limited information on impactspobject operations (“daily run-of-river”) on

temperature in the project impoundment, tailrackower Connecticut River. Hourly/daily
temperature shifts associated with project opemnatad Bellows Falls Dam can impact aquatic
habitat rendering it unsuitable for some organisifise information in the PAD does not define
the spatial extent of temperatures (aquatic isatheap) within the impoundment, lower
Connecticut River. The PAD mainly indicates thagémeral, temperature did increase from
upstream to downstream while dissolved oxygen dsed reflecting the impacts of the
impoundment.

Nexus to Project Operations and Effects
The project impounds 26 miles of river that woutbeswise be free flowing. It currently

operates in a peaking mode, with allowable impousriuctuations of up to 3 feet, with
proposals to continue as such. The below-projett fequirement is equal to 0.20 csm (1083
cfs). Water quality can be affected by the opegatihode of a hydropower project. The PAD
provides limited information on how project opeoats affect water quality within the project
impoundment, bypass reach and tailrace. Water textyye can be affected by the operating
mode of a hydropower project. The impounded wateases the water surface area of the
river reach containing the project. The incream@diace acts as a larger solar radiation collector
and the thermal mass of the impounded water dutmbsink storing heat from solar radiation.
At night the increased surface area may act asexbive radiator that releases heat. Together
these attributes may contribute to unnatural thepraperties in the project impoundment that
may impact natural temperature regime and infludrad®tat conditions for fish, wildlife and



plant resources (temperature tolerance, life cyaiang (e.g., reproduction or migration), and
food availability).

The project discharges regulated Connecticut Rlgers (“daily run-of-river”) from the
impoundment to the downstream seventeen mile refitte Connecticut River. The project can
sporadically release large volumes of impoundmeatenthat may be of a different temperature
than the receiving water downstream of the damnadtlral and rapid shifts in temperature
regimes in the downstream water can impact fistdlif@ and plant resources and instream
habitat. The NHFGD requests that more recent teatyper data is collected in a more intensive,
systematic and scientific manner in order to asgagect specific and cumulative impacts on
fish, wildlife and plant resources at the proj&sults from this study may be used to directly
inform the evaluation of project effects on relategources, such as a fish and other aquatic
species.

Methodology Consistent with Accepted Practice
Use of temperature loggers to gain informationhmrrnal trends has been a standard technique

to look at impacts of water storage associated ytiroelectric projects. We recommend that
transects be established in the upper, middle|amer project impoundment, as well as in the
tailrace and downstream project. An additional$eat should be established in the free flowing
section of river above the impoundment to serva ‘asference site”. Inexpensive temperature
loggers should be deployed along each transeetsnimum of three locations: at depths of 1
meter subsurface, mid-depth, and 1 meter off thbo(on buoy lines) where water depths
permit. The temperature loggers should be depléged April 1 — November 15 and be set to
record temperature at 15 minute intervals. Thetrature loggers should be checked and the
data downloaded on the monthly basis. The data the loggers should then be used to
develop hourly/daily aquatic isotherm maps, andoe@ature change and distribution as a result
of project and cumulative impacts should be assesse

Level of Effort/Cost, and Why Alternative Studies will not suffice
The effort and cost of this study is expected toroelerate to high, but the potential project

specific and cumulative thermal alteration impdse never been studied in a comprehensive
manner and their potential impacts to aquatic aabind fish, wildlife, and resources has not
been adequately studied.
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Study Request 22c. Continuouswater temper ature monitoring (15 minute
intervals) at variouslocationswithin the Vernon Hydroelectric Project
Impoundment and Tailrace, and Connecticut River downstream of the
Vernon Dam (Docket Number p-1904)

Goals and Objectives
The goal of this study is to determine the potéiigacts (both project specific and cumulative)

of the Vernon Hydroelectric Project operations onrty/daily temperature fluctuations and
spatial thermal distribution within the Vernon Hegetectric Project Impoundment and Tailrace
and the Connecticut River downstream of the Veiam.

The objectives of this study are to:

1. Obtain continuous temperature data (every 15 miatevarious locations and depths
throughout the project impoundment, tailrace, aoristream Connecticut River using
temperature loggers.

2. Analyze data for hourly/daily shifts in temperatoegime and thermal distribution
(aquatic isotherm maps) associated project speaiiiccumulative impacts associated
with project operations.

3. Determine if any shifts in hourly temperature regiar thermal distribution are
impacting aquatic habitat within the project impdorent and tailrace and lower
Connecticut River (e.g., thermal blocks to migmatithermal stress, habitat degradation).
Resource Management Goals
Temperature is an important habitat consideratbomfany aquatic species including migratory

fish and rare, threatened, endangered species.ératape influences the distribution, behavior,
metabolism, growth, reproduction, and survivalishés (Diana 2004). The Connecticut River
is considered a Class B waters cold water fishtaabfermont Water Quality Standards state
that Class B waters should be managed to achievenamtain a level of quality that fully
supports aquatic biota and habitat. Additionally Yfermont Water Quality Standards states that
in Class B cold water fish habitat, the total ira=® in from any activity or discharge should not
result in a temperature increase that exceeds .1.0°F

A mission of the New Hampshire Fish and Game Depamnt (NHFGD) relevant to this study
request is to conserve, manage and protect thesstah, wildlife and marine resources and
their habitats, and to provide the public with ogipoities to use and appreciate these resources.

Four goals from the NHFGD’s 1998-2010 Strategicmn®MHFGD 1998) which are relevant to
this study request are:



1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vigldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible détired population and recreational
goals for fish, wildlife, and marine species anel écosystems that sustain them.

Our study request is intended to facilitate théeotilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a

state natural resource agency.

Existing I nformation
The PAD provides limited information on impactspobject operations (“daily run-of-river”) on

temperature in the project impoundment, tailrackower Connecticut River. Hourly/daily
temperature shifts associated with project opematai Vernon Dam can impact aquatic habitat
rendering it unsuitable for some organisms. Thermation in the PAD does not define the
spatial extent of temperatures (aquatic isotherip)madthin the impoundment, lower
Connecticut River. The PAD mainly indicates thagémeral, temperature did increase from
upstream to downstream while dissolved oxygen dsed reflecting the impacts of the
impoundment.

Nexus to Project Operations and Effects
The project impounds 26 miles of river that woutbeswise be natural free-flowing. It currently

operates in a peaking mode, with allowable impousriuctuations of up to 8 feet, with
proposals to continue as such. The below-projett fequirement is equal to 0.20 csm (1250
cfs). Water temperature can be affected by theabipgr mode of a hydropower project. The
impounded water increases the water surface aréee oiver reach containing the project. The
increased surface acts as a larger solar radiedibector and the thermal mass of the impounded
water acts a heat sink storing heat from solamatamh. At night the increased surface area may
act as convective radiator that releases heatethegthese attributes may contribute to
unnatural thermal properties in the project impouadt that may impact natural temperature
regime and influence habitat conditions for fishigiife and plant resources (temperature
tolerance, life cycle timing (e.g., reproductionnaigration), and food availability).



The project discharges regulated Connecticut Rlgers (“daily run-of-river”) from the
impoundment to the downstream seventeen mile refitte Connecticut River. The project can
sporadically release large volumes of impoundmeatenthat may be of a different temperature
than the receiving water downstream of the damndtlrral and rapid shifts in temperature
regimes in the downstream water can impact fistdlifé and plant resources and instream
habitat. The NHFGD requests that more recent teatyper data is collected in a more intensive,
systematic and scientific manner is needed to agsegect specific and cumulative impacts on
fish, wildlife and plant resources at the projéatsults from this study may be used to directly
inform the evaluation of project effects on relategources, such as a fish and other aquatic
species.

Methodol ogy Consistent with Accepted Practice
Use of temperature loggers to gain informationt@rrmal trends has been a standard technique

to look at impacts of water storage associated ytiroelectric projects. We recommend that
transects be established in the upper, middle|amer project impoundment, as well as in the
tailrace and downstream project. An additionalsemnt should be established in the free flowing
section of river above the impoundment to serva ‘asference site”. Inexpensive temperature
loggers should be deployed along each transeetsnatimum of three locations: at depths of 1
meter subsurface, mid-depth, and 1 meter off thbo(on buoy lines) where water depths
permit. The temperature loggers should be depléged April 1 — November 15 and be set to
record temperature at 15 minute intervals. Thetgature loggers should be checked and the
data downloaded on the monthly basis. The data fhe loggers should then be used to
develop hourly/daily aquatic isotherm maps, andoerature change and distribution as a result
of project and cumulative impacts should be assesse

Level of Effort/Cost, and Why Alternative Studies will not suffice
The effort and cost of this study is expected torloelerate to high, but the potential project

specific and cumulative thermal alteration impdEtge never been studied in a comprehensive
manner and their potential impacts to aquatic laabind fish, wildlife, and resources has not
been adequately studied.
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Study Request 23: Project Effects on Populations of Tessellated Darter,
Etheostoma olmstedi (Docket Number p-1904) (Docket Number p-1855)
(Docket Number p-1892)

Goals and Objectives

The goal of this study is to evaluate the effe€tsroject operations on populations of
tessellated darteEtheostoma olmstedi), a New Hampshire species of greatest conservation
concern and known host species for the federallaegered dwarf wedgemussalgsmidonta
heterodon). The specific objectives of the study are to:

Objective 1: Determine the distribution and abundance of testselldarter within
project-affected areas; and

Objective 2: Determine the effects of project operations ondis&ibution and
abundance of tessellated darter.

Relevant Resource Management Goals and Public I nterest Considerations

The tessellated darter is one of only three fisgtis in the Upper Connecticut River that
serve as hosts for the glochidia of the federatigraangered dwarf wedgemussel, the others being
the slimy sculpin Cottus cognatus) and the Atlantic salmorsélmo salar) (Wicklow 2005).
Tessellated darters may be the most important hastee dwarf wedgemussel in the Upper
Connecticut for the following reasons:

— The USFWS has decided to end its program of stgdkaichery-reared salmon in the
Connecticut River basin and accordingly it is ualikthat salmon parr will be available
as potential hosts.

— The tessellated darter appears to be more widesghaa the slimy sculpin in the Bellow
Falls and Wilder project areas where the dwarf veeugssel is known to exist. Yoder et.
al. (2009) found the darter in the project areagtrg|am and downstream of both dams,
while the sculpin was not found in either projecaa

It is the goal of the USFWS to recover the dwarflgemussel so that it can be removed
from the Endangered Species list in the future uRdgnNs in the Upper Connecticut River are
dependent on healthy tessellated darter populatamtstherefore a better understanding of how
dam operations affect the darter is crucial tordwvery of the dwarf wedgemussel.

A mission of both the New Hampshire Fish and Garapddtment (NHFGD) and the
Vermont Fish and Wildlife Department is to protand conserve fish and wildlife and their
habitats. Riverine fish species are an importantgonent of the river’'s ecology. Tessellated
darter is identified by New Hampshire as a Speaidsreatest Concern.



Four goals from the NHFGD’s 1998-2010 Strategicm®MHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vigldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible e@8ired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théembilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%agq.), and the
Clean Water Act (33 U.S.C. 8§128flseq.).

Existing Information and Need for Additional I nformation

In the Preliminary Application Documents (PADs) the Wilder, Bellows Falls, and Vernon
projects, the applicant acknowledges that tesselldarter is one of the confirmed hosts of dwarf
wedgemussel. It also identifies the occurrendessellated darter both upstream and
downstream of each project. However, studiesgpatifically target small-bodied benthic
species are lacking in project-affected areass therefore likely that results of previous
investigations are biased and underestimate trpalation size. An effective evaluation of
project effects on a population will require rohustbiased estimates of population parameters
such as abundance or occupancy and similar essroafopulation parameters under known
conditions of low to no effect.

Existing literature indicates that tessellated etarimay be found in a variety of habitats
(Scott and Crossman 1979, Van Snik Gray and Stal®@9, Hartel 2002, Van Snik Gray et al.
2005, Henry and Grossman 2008), but these hahitatsot necessarily equal in their ability to
support the population or its function as hostwad wedgemussel. We cannot be certain that
habitat use infers preference, nor that habitatnibée consistent from basin to basin.
Therefore, habitat use within project-affected arglaould be evaluated, and should be evaluated
in concert with population parameters. By estin@population parameters (e.g., abundance,
occupancy, extinction/colonization) as functionsabitat, we may determine whether habitat
contributes to any differences in populations drshj what specific habitat is preferred for
stable and persistent populations.

Project Nexus



Operations at the Wilder, Bellows Falls, and Verpoojects alter natural river flow and
consequently cause changes in the availabilitpstféam habitat on which the tessellated darter
and other lotic species depend. Habitat for teseel darters is directly related to project
operations in terms of flow (water depth and vedg@and their timing, duration, frequency, and
rate of change) as well as the interactions of flath other habitat variables such as substrata,
vegetation, and cover. Operations both upstre&ign@es to the reservoir) and downstream
(changes to the flow regime) may affect habitat] ey consequently lead to changes in the
distribution, abundance, and behavior of tesselldtters that could in turn potentially affect
the federally-endangered dwarf wedge mussel, foclwthe tessellated darter is a host species.

The information collected for this requested studlyhelp determine whether project
operations have a substantial effect on populatdnsssellated darter, or whether population
parameters are consistent with those of other adipuak in the region. If there is an effect of
project operations on darter populations, studyltesvill also permit identification of those
habitat components related to operations that ast important for maintenance of stable and
persistent populations of tessellated darter. Whlisn turn provide information that will assist
the development of recommendations aimed to maip@pulations of dwarf wedgemussel.

Proposed Methodol ogy

Using an accepted and robust field sampling de®gn, as described in Pollock et al. 2002
or MacKenzie et al. 2006) and accepted methodsditecting tessellated darters and other
similar small-bodied fishes, conduct a field surf@ytessellated darters within all project-
affected areas from the headwaters of the Wildefl gownstream to the Vernon dam, as well as
in selected areas outside of the project-affectedsawith known stable populations of
tessellated darter and/or dwarf wedgemussel. &wampling design should include replicate
samples for estimation of species detection praiabiFor each replicate sample, collect and
record data that may be important for describirifgainces in populations of tessellated darter,
such as presence or abundance of other speciesd{gagf wedgemussel, slimy sculg@ottus
cognatus), depth, velocity, water temperature, substratee of day, presence of cover,
proportion of vegetation cover, size of individuaeddlected (juveniles may select different
habitat; larger individuals may outcompete smafidividuals for preferred habitat), and other
factors as determined by a qualified biologistclude also as covariates any relevant flow
characteristics (Zimmerman 2006) that may diffeoagsites.

Using methods as described by Kery et al. (200%)cHK&nzie et al. (2006), or Wenger and
Freeman (2008), determine whether population ettsnaf tessellated darter are different in
project-affected areas and, if so, which measusetbfs or flow characteristics are most
important in describing these differences.

Level of Effort and Cost



The cost for collecting the data for this studgmgirely dependent on the number of sites,
number of sample replicates, and the extent oftivariate data that are measured, all of which
and should be determined during the developmetiteo$tudy plan in consultation with fishery
agencies and other parties, and may be adjusté@tgdtie course of field sampling. In general,
if a species is common and easily captured, felWcaps and many sites produce the best
estimates, whereas more replicates and feweraiegreferable for rare species. In general, the
more replicates added, the lower the errors inatiete probability, and the more sites sampled,
the lower the errors in population parameters. dimaber of people required in the field will be
dependent on the sampling method that is selelbtédghould be at least two individuals.
Provided the collected data are of high qualitylgsis and synthesis should take at most 5-10
days.
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Study Request 24: Upstream American Eel Passage Assessment at Vernon,
Bellows Fallsand Wilder Projects (Docket Number p-1904) (Docket Number
p-1855) (Docket Number p-1892)

Goals and Objectives

This study has two objectives:

1. Conduct systematic surveys of eel presence/aburdsdrtailrace and spillway locations
at the Vernon, Bellows Falls, and Wilder projectsdentify areas of concentration of
eels staging in pools or attempting to ascend wedtieictures that would potentially
establish the most effective locations to placerneps eel passage facilities.

2. Collect eels with temporary trap/pass devices fasaas identified from surveys as
potential locations of eel concentration to assdssther eels can be collected/passed in
substantial numbers, and whether locations ardevsites for permanent eel trap/pass
structures.

Resource Management Goals

The Atlantic States Marine Fisheries Commissiondesloped two documents related to the
management of American eel:
1 |Interstate Fishery Management Plan for American Agtil 2000. Atlantic States
Marine Fisheries Commission.
2 Addendum Il to the Fishery Management Plan for Aozar Eel Atlantic States Marine
Fisheries Commission. Approved October 23, 200&.8

In addition, the Connecticut River Atlantic SalmGammission (CRASC) developed the draft
document: A Management Plan for American Beiglilla rostrata) in the Connecticut River
Basinin 2005. The goal of the plan is “to protect antance the abundance of the American eel
resource to ensure its continued role in the Cammed®iver Basin ecosystem...” Management
objectives in the plan include the following:

1 Protect and enhance eel populations where thegrlyrexist;

2 Where practical, restore populations to waters wiieey had historical abundance;

3 Provide effective upstream and downstream fishggesaround dams and other barriers

within the species’ range in the basin; and
4 Comply with all requirements of the Fishery ManagetrPlan of the ASMFC.

Based on these plans, the New Hampshire Fish amdeG2epartment (NHFGD) seeks the
accomplishment of a number of resource goals ajettes through the relicensing process for
the three projects. General goals include theiotig:

1. Ensure that protection, mitigation and enhancenmeeasures are commensurate with
Project effects and help meet regional fish andhfé objectives for the basin.
2. Conserve, protect, and enhance the habitats forddlife, and plants that continue to

be affected by the Project.

Specific to upstream passage of American eel, tHE®D’s goals are:



1. Minimize current and potential negative project rapen effects that could hinder
management goals and objectives.

2. Minimize project-related sources of upstream passkeday, injury, and stress in order to
facilitate access to historical rearing habitat.

The American eelAnguilla rostrata), is also one of New Hampshire and Vermo8jsecies of
Greatest Conservation Need (SGCN). The statusdoservation need in Vermont is listed as
high priority (Kart et al. 2005), and the specigdisted as “vulnerable” in New Hampshire. As
identified in Vermont’s Wildlife Action Plan (Kaet al. 2005), threats to the species include the
construction of large dams on rivers which obstrustenile fish access to critical rearing
habitats, as well as mortality associated with ipgsthrough hydroelectric facilities’ turbines
during their outmigration to sea.

As outlined in Vermont’'s Wildlife Action Plan (Kaet al. 2005), research and monitoring needs
for this SGCN include determining their distributiand abundance, as the contribution of eels
in northern regions to overall stock is unknowne@the conservation strategies for this
species is to support efforts to enhance acce8mefican eels to Vermont waters by
eliminating or minimizing impacts of dams and otbbstructions along the Richelieu, St.
Lawrence, and Connecticut Rivers.

A mission of the NHFGD relevant to this study resfue to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resources

Four goals from the NHFGD’s 1998-2010 StrategiclRMHFGD 1998) which are relevant to
this study request are:

1 New Hampshire has a wide range of naturally oaegriabitats and healthy, naturally
functioning ecosystems.

2 New Hampshire has abundant and varied fish, vieldind marine species at levels that
ensure sustainable, healthy populations.

3 New Hampshire has fish, wildlife, and marine popates that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

4 Human activities and land uses are compatible detired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théemtilon of information necessary to conduct
effects analyses and to develop reasonable an@miradnservation measures, and protection,
mitigation, and enhancement measures pursuangtbish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@&keq.), the Federal Power Act (16 U.S.C. §7%&¢eq.), and the
Clean Water Act (33 U.S.C. §128flseq.).



Public Interest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a
state natural resource agency.

Existing I nformation

The PAD contains no information relative to aredeme eels seeking to move upstream
concentrate downstream of the three dams, or amumalbers of eels attempting to ascend past
the dams. While eels have been known to ascenddtreon and Bellows Falls fish ladders, their
efficiency for passing eels is unknown, and theyanly operated during the American shad
passage season (from April 15 through July 15) Bed currently able to pass Vernon, Bellows
Falls, and Wilder dams (as evidenced by documemiesknce of eels upstream), but the total
number of eels attempting to pass all three damglaproportion successfully passing each
project is unknown (but suspected to be low). Tonertstream Holyoke Project has operated
upstream eel passage facilities since 2004. Lastthese facilities passed over 40,000 juvenile
eels. While the next dam upstream (the Turners Ralbject; FERC No. 1889) has no dedicated
upstream eel passage facilities, eels have beemrktiascend the Cabot Station fish ladder (A.
Haro, U.S. Geological Survey, pers. comm.). Althotlgere is rearing habitat in between the
Turners Falls and Vernon dams, some eels will gitémncontinue upstream, and passage needs
to be provided so these fish can access histdratatat.

These information gaps need to be filled so resagencies can determine the best locations to
site upstream eel passage facilities and assesbavloperating the existing anadromous ladders
would be an effective mechanism to move juvenile epstream past the projects.

We also note that within the past seven years,Uhged States Fish and Wildlife Service
(USFWS) has received two petitions to list the Aigaar eel under the Endangered Species Act.
The first petition was receiveah November 18, 20040n July 6, 2005 the USFWS issued a
substantial 90-day finding on the petition andiaé&d a 12-month status review that concluded
on February 2, 2007 with a finding that listing wast warranted. The second petition was filed
on April 30, 2010 by the Council for Endangered Gge Act Reliability. On September 29,
2011 the USFWS issued a substantial 90-day findimgjinitiated a 12-month status review. It
is our understanding that the USFWS is still adogphew American eel information for the
ongoing status review.

Nexus to Project Operations and Effects

The three projects generate hydropower on the tieded by the Vernon, Bellows Falls, and
Wilder dams. These dams create barriers to upstneignating eels. While some eels are able to
pass dams, some are not, and the passabilityigéa dam depends on factors such as its height,
hydraulics, presence of climbable surfaces, presehpredators, risk of exposure to heat or
drying while climbing a dam, etc. All three dams &igh (Vernon: 58 ft. high; Bellows Falls: 30
ft. high; and Wilder: 60 ft. high), and the majgraf the dam faces are dry during most of the
upstream eel passage season. Design of the dawmisagrrently amenable to passage of eels by
climbing. As mentioned earlier, the existing anadoos passage facilities are not designed to
pass eels, and even if some eels are able to agdwefatiders, they may incur delays (in



attraction or passage rates), be size-selectige\(elocity barrier for small eels presented by ~8
ft/sec flow through weirs and orifices), presepiogential predation risk (predators in or near the
fishways), and are not operated throughout thereg@st eel passage season.

Methodol ogy Consistent with Accepted Practice

1. Objective 1: Systematic Surveys
Surveys of eel presence and relative abundancédshewconducted at regular intervals
throughout the eel upstream migratory season (=L tbla15 October, or when river
temperatures exceed 10 C). Surveys should corfsiggual inspection and trapping in
likely areas where eels may concentrate as thegnattto climb structures wetted by
significant spill or leakage flow below the damslassociated structures. These
locations include: the upstream fish ladders athaéle projects (dewatered state) and
leakage or overflow points along the downstreamedauf all three dams, including
spillways. Methods should include visual surveys foot, from a boat, or snorkeling)
and trapping using small mesh (< 1/8” clear openbagted eel pots. Visual surveys
should be performed once per week, at night, peatelly during precipitation events.
Trap sets should be performed once per week, withvarnight soak time. Recorded
data should include location, observation of egtegence, absence, relative numbers,
relative sizes, behaviors, time/date of observatiand survey method.

2. Objective 2: Trap/Pass Collections
Areas identified from Systematic Surveys as hasiggificant number of eels present
should be targeted as potential areas for permasmtap/passes, and should be initially
assessed using temporary/portable trap passesnAimum (regardless of survey
results), temporary trap passes should be instatlatlling basins and/or lower sections
of fishways supplied with minimal attraction flo®.5-1.0 cfs) during dewatered
conditions at all three projects , as these looatimay be supplemented with additional
attraction flow and have high potential for beircentration points for upstream
migrant eels. Similarly, traps should also be piaaespillway or bypass channel
locations where eels have a potential to climb egee.g., via leakage) flow zones, at the
highest points where eels are able to climb teyluere otherwise feasible. Temporary
trap/passes should be purpose-designed and budaéd location, and operated
throughout the eel upstream migratory season (~1tld$ October, or when river
temperatures exceed 10° C). Ramp-type traps wyplementary attraction flow are
preferred temporary trap/pass designs. Traps slopdcate daily, with catches quantified
every 2-3 days. Recorded data should include lmgatrapping interval, absolute
numbers of eels trapped, relative eel sizes, addalajic and environmental conditions
during the trapping period.

All collected eels from surveys should be releasetieir point of capture; those eels collected
from trap/pass collections should be transporteghtbreleased into the headponds upstream of
where they were collected.

These methodologies are consistent with acceptedige.



Level of Effort/Cost, and Why Alternative Studies will not suffice

The level of cost and effort for the survey compured the study would be low for each
individual project (moderate for all three projectsnbined); a minimal number of personnel
may be able to conduct the weekly surveys. Theégess component would require low to
moderate cost and effort.

The NHFGD is not aware of any previously conduaedngoing studies related to upstream eel
passage. The applicant did not propose any sttmlieget this need in the PAD.
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Study Request 25a: Wilder Hydroeectric Project: Water quality monitoring
within the project impoundment and tailrace (Docket Number p-1892)

1. Goal and Objective
The goal of this study is to determine if the opieral impacts of the Wilder

Hydroelectric Project are causing or contributiogyiblations of New Hampshire and/or
Vermont state water quality standards.

The objective of this study will be to collect watemperature, dissolved oxygen,
specific conductance, pH, nutrients, and chlorophylata at multiple locations in the
project area. This monitoring effort will constdtboth instantaneous measurements and
continuous data collected via multi-parameter dagérs. Data should be collected
under normal operating conditions and ambient dardi that include periods of low

flow and higher water temperatures. Weekly profdad grab samples should reflect
various flow conditions. The water quality datalwié compared to both Vermont and
New Hampshire water quality standards to deternfitie project is causing or
contributing to water quality standard violations.

2. Resource Management Goals
The Connecticut River is classified by the stat¥@fmont as Class B cold water fish

habitat. Vermont Water Quality Standards state @ass B waters should be managed to
achieve and maintain a level of quality that fidlypports aquatic biota and habitat.
Vermont lists the section of the Connecticut Rivelow the Wilder dam on the Section
303(d) impaired water list due to flow alterati@agpatic life and habitat.

All sections of the Connecticut River related te fitoject are classified by New
Hampshire as Class B. It should be noted thabagh the classification name is the
same as Vermont's, New Hampshire surface watar@itor Class B waters, are in
some cases, different from Vermont's.

New Hampshire surface water quality standards (Bfv1703.01) state that the surface
water quality criteria for all surface waters shmdlrestored to meet the water quality
criteria for their designated classification, indikg existing and designated uses, and to
maintain the chemical, physical, and biologica¢grity of surface water.

A mission of the New Hampshire Fish and Game Depamt (NHFGD) relevant to this
study request is to conserve, manage and protestaite’s fish, wildlife and marine
resources and their habitats, and to provide tiigwith opportunities to use and
appreciate these resources.



Four goals from the NHFGD’s 1998-2010 Strategicn#MHFGD 1998) which are
relevant to this study request are:

New Hampshire has a wide range of naturally ocegrniabitats and healthy, naturally
functioning ecosystems.

New Hampshire has abundant and varied fish, deldéind marine species at levels that
ensure sustainable, healthy populations.

New Hampshire has fish, wildlife, and marine popatss that support desirable levels of
hunting, trapping, fishing, and wildlife viewing.

Human activities and land uses are compatible e@gired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théembilon of information necessary to
conduct effects analyses and to develop reasoaabl@rudent conservation measures,
and protection, mitigation, and enhancement meaguesuant to the Fish and Wildlife
Coordination Act, as amended (16 U.S.C. 8664q.), the Federal Power Act (16 U.S.C.
§791agt seq.), and the Clean Water Act (33 U.S.C. §1264eq.).

. Public I nterest Consideration

The New Hampshire Fish and Game Department is stiggethis study. The requestor
is a state natural resource agency.

. Existing Information
The PAD contains information on water quality monitg that was completed between

June 20, 2012 and September 11, 2012 in the taitad just upstream of the dam. The
data indicated that Vermont Water Quality Stand&wdslissolved oxygen were not met
during a seven day period in August. The PAD da#gprovide information on the water
quality throughout the impoundment or how waterligu&s affected by project
operations. The PAD does indicate that in generaperature, specific conductance, and
pH did increase from upstream to downstream whisalved oxygen decreased,
reflecting the impacts of the impoundment.

. Project Nexus
The project impounds 45 miles of river that woutbeswise be free flowing. It currently

operates in a peaking mode, with allowable impousrfiuctuations of up to 5 feet,
with proposals to continue as such. The below-ptdjew requirement is equal to 0.20
csm (675 cfs). Water quality can be affected byapperating mode of a hydropower
project. The PAD provides limited information orvhproject operations affect water
quality within the project impoundment and tailrace



Operations of the project must conform to Vermant Alew Hampshire water quality
standards. The NHFGD requests a study that willigeothe data needed to determine if
the Connecticut River in the vicinity of the Wildeydroelectric Project is or is not
attaining the water quality standards of both state

. Proposed Methodol ogy
The methodology for this study should be similaftansCanada’s water quality

monitoring in 2012 including weekly vertical prefd within the impoundment, weekly
water quality samples of nutrients and chloroplaylér laboratory analysis and the
deployment of multi-parameter continuous dataloggemultiple locations within the
impoundment and tailrace. An additional site shdagdnonitored in the free flowing
section of the river above the impoundment to sesva “reference site”. At each
designated datalogger monitoring location at Ié@slays of data should be collected at
15 minute increments during a period of low flovB (< 7Q10) and high temperatures
(preferably over 23 degrees C) between June 1 aptéber 30. Dataloggers deployed
in the impoundment should be set at the bottorh@fpilimnion (if stratified) or at 25%
depth if not stratified. A vertical dissolved oxygend water temperature profile should
be conducted at the time of deployment of dataloggethe impounded section to
determine if river is stratified and thus the agprate depth for deployment. Water
quality results should be graphically compareddthistate water quality standards and
project operations, including the generation statapoundment elevation, and
discharge.

If low flow conditions are not met the first yedrthe study, a second year of data may
be necessary.

It is preferable that the water quality monitorfiog all three projects be coordinated so
that sampling can occur at each location withirhgaoject during the same period of
time and under the same operational, flow, andrenmental conditions.

. Level of Effort and Cost

The cost and effort of this study will be moderdat is important to document the
potential impact operations have on water quality determine if they meet Vermont
and New Hampshire water quality standards.
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Study Request 25b: Bellow Falls Hydroelectric Project: Water quality
monitoring within the project impoundment, bypass, and tailrace (Docket
Number p-1855)

1. Goal and Objective
The goal of this study is to determine if the opieral impacts of the Bellows Falls

Hydroelectric Project are causing or contributiogyiblations of New Hampshire and/or
Vermont state water quality standards.

The objective of this study will be to collect watemperature, dissolved oxygen,
specific conductance, pH, nutrients, and chlordphylata at multiple locations in the
project area. This monitoring effort will constdtboth instantaneous measurements and
continuous data collected via multi-parameter dafgérs. Data should be collected
under normal operating conditions and ambient dardi that include periods of low

flow and higher water temperatures. Weekly profdad grab samples should reflect
various flow conditions. The water quality datalwi compared to both Vermont and
New Hampshire water quality standards to deterntfitie project is causing or
contributing to water quality standard violations.

2. Resource Management Goals
The Connecticut River is classified by the stat¥@fmont as Class B cold water fish

habitat. Vermont Water Quality Standards state @ass B waters should be managed to
achieve and maintain a level of quality that fidlypports aquatic biota and habitat.
Vermont list the section of the Connecticut Rivieoe and below Bellows Falls dam on
the Section 303(d) impaired water list due to flaterations impairing aquatic life and
habitat.

All sections of the Connecticut River related te groject are classified by New
Hampshire as Class B. It should be noted thabagh the classification name is the
same as Vermont's, New Hampshire surface water@itor Class B waters, are in
some cases, different from Vermont's.

New Hampshire surface water quality standards (&fv1703.01) state that the surface
water quality criteria for all surface waters shmdlrestored to meet the water quality
criteria for their designated classification, irdilg existing and designated uses, and to
maintain the chemical, physical, and biologica¢arity of surface water.

A mission of the New Hampshire Fish and Game Depamt (NHFGD) relevant to this
study request is to conserve, manage and protestaite’s fish, wildlife and marine



resources and their habitats, and to provide tidigwith opportunities to use and
appreciate these resources.

Four goals from the NHFGD’s 1998-2010 Strategicn#MHFGD 1998) which are
relevant to this study request are:

1) New Hampshire has a wide range of naturally oaegriabitats and healthy, naturally
functioning ecosystems.

2) New Hampshire has abundant and varied fish, Wigldind marine species at levels
that ensure sustainable, healthy populations.

3) New Hampshire has fish, wildlife, and marine popates that support desirable levels
of hunting, trapping, fishing, and wildlife viewing

4) Human activities and land uses are compatible détired population and recreational
goals for fish, wildlife, and marine species anel écosystems that sustain them.

Our study request is intended to facilitate théemtilon of information necessary to
conduct effects analyses and to develop reasoaabl@rudent conservation measures,
and protection, mitigation, and enhancement meaguesuant to the Fish and Wildlife
Coordination Act, as amended (16 U.S.C. 8664q.), the Federal Power Act (16 U.S.C.
§791agt seq.), and the Clean Water Act (33 U.S.C. §1264eq.).

. Public Interest Consideration

The New Hampshire Fish and Game Department is stiggethis study. The requestor
iS a state natural resource agency.

. Existing Information
The PAD contains information on water quality monitg that was completed between

June 20, 2012 and September 12, 2012 in the tajltapass reach and just upstream of
the dam. Additionally, weekly water column profileere collected at three locations
within the impoundment. The data indicated thativamt and New Hampshire water
guality standards for dissolved oxygen were notiméte bypass reach and in the
impoundment. Furthermore, pH readings collectedater profile measurements
indicated that in two different locations duringohseparate events in the impoundment
did not meet Vermont and New Hampshire water quaténdards. The PAD does not
provide information on the continuous water quaiitsoughout the impoundment or how
water quality is affected by project operationse HAD indicates that in general
temperature, specific conductance, and pH did asgdrom upstream to downstream
while dissolved oxygen decreased, reflecting theaicts of the impoundment.

. Project Nexus
The project impounds 26 miles of river that woutdeswise be free flowing. It currently

operates in a peaking mode, with allowable impousriuctuations of up to 3 feet,



with proposals to continue as such. The below-gtdjew requirement is equal to 0.20
csm (1083 cfs). Water quality can be affected leydperating mode of a hydropower
project. The PAD provides limited information orvhproject operations affect water
quality within the project impoundment, bypass reand tailrace.

Operations of the project must conform to Vermant Alew Hampshire water quality
standards. The NHFGD requests a study that woNige the data needed to determine if
the Connecticut River in the vicinity of the Wildeydroelectric Project is or is not
attaining the water quality standards of both state

. Proposed Methodology
The methodology for this study should be similaftansCanada’s water quality

monitoring in 2012 including weekly vertical predd within the impoundment, weekly
water quality samples of nutrients and chloroplaylbr laboratory analysis and the
deployment of multi-parameter continuous dataloggemultiple locations within the
impoundment, the bypass reach, and tailrace. Artiaddl site should be monitored in
the 17 mile free flowing section of the river abdkie impoundment to serve as a
“reference site”. At each designated dataloggeritaong location at least 10 days of
data should be collected at 15 minute incrementsigla period of low flow (8 x 7Q10)
and high temperatures (preferably over 23 degrédeeen June 1 and September 30.
Dataloggers deployed in the impoundment shoulcebatshe bottom of the epilimnion
(if stratified) or at 25% depth if not stratifiedl.vertical dissolved oxygen and water
temperature profile should be conducted at the tfrdeployment of dataloggers in the
impounded section to determine if river is stratifiand thus the appropriate depth for
deployment. Water quality results should be greglhi compared to both state water
guality standards and project operations, includiregggeneration status, impoundment
elevation, and discharge.

If low flow conditions are not met the first yedrthe study, a second year of data may
be necessary.

It is preferable that the water quality monitorfieg all three projects be coordinated so
that sampling can occur at each location withirhgaoject during the same period of
time and under the same operational, flow, andrenmental conditions.

. Leve of Effort and Cost

The cost and effort of this study will be moderdtat is important to document the
potential impact operations have on water quality determine if they meet Vermont
and New Hampshire water quality standards.
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Study Request 25c: Vernon Hydroelectric Project: Water quality monitoring
within the project impoundment and tailrace (Docket Number p-1904)

1. Goal and Objective
The goal of this study is to determine if the opieraal impacts of at the Vernon

Hydroelectric Project are causing or contributiogyiblations of New Hampshire and/or
Vermont state water quality standards.

The objective of this study will be to collect watemperature, dissolved oxygen,
specific conductance, pH, nutrients, and chlorophylata at multiple locations in the
project area. This monitoring effort will constdtboth instantaneous measurements and
continuous data collected via multi-parameter dagérs. Data should be collected
under normal operating conditions and ambient dardi that include periods of low

flow and higher water temperatures. Weekly profdad grab samples should reflect
various flow conditions. The water quality datalwié compared to both Vermont and
New Hampshire water quality standards to deternfitie project is causing or
contributing to water quality standard violations.

2. Resource Management Goals
The Connecticut River is classified by the stat¥@fmont as Class B cold water fish

habitat. Vermont Water Quality Standards state @ass B waters should be managed to
achieve and maintain a level of quality that fidlypports aquatic biota and habitat.
Vermont lists the section of the Connecticut Rigkove and below Vernon dam on the
Section 303(d) impaired water list due to flow edteons impairing aquatic life and
habitat.

All sections of the Connecticut River related te groject are classified by New
Hampshire as Class B. It should be noted thabagh the classification name is the
same as Vermont's, New Hampshire surface water@itor Class B waters, are in
some cases, different from Vermont's.

New Hampshire surface water quality standards (Bfv1703.01) state that the surface
water quality criteria for all surface waters shmdlrestored to meet the water quality
criteria for their designated classification, indikg existing and designated uses, and to
maintain the chemical, physical, and biologicaggrtty of surface water.

A mission of the New Hampshire Fish and Game Depamt (NHFGD) relevant to this
study request is to conserve, manage and protestdte’s fish, wildlife and marine
resources and their habitats, and to provide tidigwith opportunities to use and
appreciate these resources.



Four goals from the NHFGD’s 1998-2010 StrategicnRMHFGD 1998) which are
relevant to this study request are:

1) New Hampshire has a wide range of naturally oaegriabitats and healthy, naturally
functioning ecosystems.

2) New Hampshire has abundant and varied fish, vieldind marine species at levels
that ensure sustainable, healthy populations.

3) New Hampshire has fish, wildlife, and marine popates that support desirable levels
of hunting, trapping, fishing, and wildlife viewing

4) Human activities and land uses are compatible détired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théemtilon of information necessary to
conduct effects analyses and to develop reasoaabl@rudent conservation measures,
and protection, mitigation, and enhancement meaguresuant to the Fish and Wildlife
Coordination Act, as amended (16 U.S.C. 8664q.), the Federal Power Act (16 U.S.C.
§791aget seq.), and the Clean Water Act (33 U.S.C. §1264eq.).

. Public I nterest Consideration

The New Hampshire Fish and Game Department is stiggethis study. The requestor
is a state natural resource agency.

. Existing Information
The PAD contains information on water quality monitg that was completed between

June 20, 2012 and September 11, 2012 in the taiiad just upstream of the dam.
Temperature data indicated that it reached lewalsvwould be critical threshold for
salmonids, and above the natural regime for therrithe PAD does not provide
information on the water quality throughout the oupdment or how water quality is
affected by project operations. The PAD does indg#hat in general temperature,
specific conductance, and pH did increase fromrapst to downstream while dissolved
oxygen decreased, reflecting the impacts of theimgment on increase travel time in
the river.

. Project Nexus
The project impounds 26 miles of river that woutdeswise be natural free-flowing. It

currently operates in a peaking mode, with allowatsipoundment fluctuations of up to
8 feet, with proposals to continue as such. Theveglroject flow requirement is equal to
0.20 csm (1250 cfs). Water quality can be affettgthe operating mode of a
hydropower project. The PAD provides limited inf@ton on how project operations
affect water quality within the project impoundmend tailrace.



Operations of the project must conform to Vermant Alew Hampshire water quality
standards . The NHFGD requests a study that wolNide the data needed to determine if
the Connecticut River in the vicinity of the Wilddydroelectric Project is or is not
attaining the water quality standards of both state

. Proposed Methodol ogy
The methodology for this study should be similaftansCanada’s water quality

monitoring in 2012 including weekly vertical prefd within the impoundment, weekly
water quality samples of nutrients and chloroplaylér laboratory analysis and the
deployment of multi-parameter continuous dataloggemultiple locations within the
impoundment and tailrace. An additional site shdagdnonitored in the free flowing
section of the river above the impoundment to sesva “reference site”. At each
designated datalogger monitoring location at lé@slays of data should be collected at
15 minute increments during a period of low flovB (< 7Q10) and high temperatures
(preferably over 23 degrees C) between June 1 aptéber 30. Dataloggers deployed
in the impoundment should be set at the bottorh@fpilimnion (if stratified) or at 25%
depth if not stratified. A vertical dissolved oxygend water temperature profile should
be conducted at the time of deployment of dataloggethe impounded section to
determine if river is stratified and thus the agprate depth for deployment. Water
quality results should be graphically compareddthistate water quality standards and
project operations, including the generation statapoundment elevation, and
discharge.

If low flow conditions are not met the first yedrthe study, a second year of data may
be necessary.

It is preferable that the water quality monitorfiog all three projects be coordinated so
that sampling can occur at each location withirhgaoject during the same period of
time and under the same operational, flow, andrenmental conditions.

. Leve of Effort and Cost

The cost and effort of this study will be moderdtat is important to document the
potential impact project operations have on watlity and determine if they meet
Vermont and New Hampshire water quality standards.
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Study Request 26: Impact of Vernon Project Operations on Downstream
Migration of Juvenile American Shad (Docket Number p-1904)

Conduct a field study of juvenile American shadnoigration at the Vernon Dam to determine if
project operations negatively impact juvenile skacvival and production.

Goals and Objectives

Determine if project operations affect juvenile Atoan shad outmigration survival,
recruitment, and production. The following objeeswvill address this request:

» Assess project operation effects of Vernon Damhertiming, routes, migration rates,
and survival of juvenile shad;

» Determine the proportion of juvenile shad that @eanstream passage route choose or
are directed to existing downstream bypass stresf@ate structures, or are entrained
into the station turbines and assess delay, suytinang, and related impacts with these
locations under a full range of operational cowdis, over the period of outmigration;

* Determine survival rates for juvenile shad entrdiim#o Vernon Station units.

If it is determined that the project operationsedated effects are adversely affecting juvenile
shad survival, migration timing, or other deletasgopulation effects are noted, identify
operational solutions or other solutions that vaétluce and minimize impacts, within the project
affected area. This study will require two yearsiell data to capture inter-annual variability of
river discharge, water temperature, and variahitityun size and juvenile production (and
timing of developmental stages) and variabilitputmigration timing which may relate to
spring, summer and fall conditions.

Resource Management Goals

The Connecticut River Atlantic Salmon Commissiomeleped A Management Plan for
American Shad in the Connecticut River in 1992. Management Objectives in the plan include
the following:

1. Achieve and sustain an adult population of 1.5 millon individuals entering the
mouth of the Connecticut River annually.

2. Maximize outmigrant survival for juvenile and spexult shad.

The Atlantic States Marine Fisheries Commission Adment 3 to the Interstate Fishery
Management Plan for Shad and River Herring (Ameri8had Management), approved in 2010
includes the following objective:

1. Maximize the number of juvenile recruits emigratingm freshwater stock complexes.

The New Hampshire Fish and Game Department (NHF&d2ks the accomplishment of a
number of resource goals and objectives througheteensing process for the Project. General
goals include the following:
1) Ensure that protection, mitigation and enhancenreg@sures are commensurate with
Project effects and help meet regional fish andlf@ objectives for the basin.
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2) Conserve, protect, and enhance the habitats torvigdlife, and plants that continue
to be affected by the Project.

Specific to American shad, the NHFGD’s goals are:
1. Minimize current and potential negative project rapien effects on juvenile American
shad survival, production, and recruitment.

A mission of the NHFGD relevant to this study regjus to conserve, manage and protect the
state’s fish, wildlife and marine resources andrthabitats, and to provide the public with
opportunities to use and appreciate these resources

Four goals from the NHFGD’s 1998-2010 StrategicmnRMHFGD 1998) which are relevant to
this study request are:

1) New Hampshire has a wide range of naturally oaegrabitats and healthy, naturally
functioning ecosystems.

2) New Hampshire has abundant and varied fish, vieldind marine species at levels
that ensure sustainable, healthy populations.

3) New Hampshire has fish, wildlife, and marine popates that support desirable levels
of hunting, trapping, fishing, and wildlife viewing

4) Human activities and land uses are compatible detired population and recreational
goals for fish, wildlife, and marine species anel ésosystems that sustain them.

Our study request is intended to facilitate théemtilon of information necessary to conduct
effects analyses and to develop reasonable an@mraednservation measures, and protection,
mitigation, and enhancement measures pursuangteish and Wildlife Coordination Act, as
amended (16 U.S.C. 86@%keq.), the Federal Power Act (16 U.S.C. 87%aeq.), and the
Clean Water Act (33 U.S.C. §128flseq.).

Public I nterest
The New Hampshire Fish and Game Department is stiggethis study. The requestor is a

state natural resource agency.

Existing I nformation

Adult shad are counted annually as they pass theoviecDam. Juvenile American shad
production has been monitored upstream of the \feBam and immediately downstream of
that dam by Vermont Yankee Nuclear as part of amualhmonitoring program using both boat
electrofishing (since 1991) and beach seining &R2@00). A seasonal average annual index of
juvenile American shad standing crop in Vernon mesie has been calculated since 2000.
Estimates of juvenile shad growth rates in the ¥arimpoundment have been calculated
annually beginning in 2004, and also in a studydcoted in 1995 (Smith and Downey 1995).

Although there were numerous studies of downstreassage facilities at the Vernon Project for
Atlantic salmon smolts, passage studies for Amargtead were limited to tests in 1991 and



1992 of a high frequency sound field to guide fishhe fish pipe, the primary downstream
fishway (RMC 1993). Although the studies were dednmcomplete, the technology indicated
some level of response by juvenile shad. Howeldespite that conclusion, there is no indication
that this technology or other downstream passaghest with juvenile shad were subsequently
pursued.

Nexus to Project Operations and Effects

Juvenile American shad production occurs in therrreach between the Vernon Dam and the
Bellows Falls Dam, which is thought to be the histapstream limit of the shad migration in
the Connecticut River. Juvenile American shad megs@fe and timely downstream passage
measures to have the opportunity to contribut@éaestoration target population size.

There is little information available regarding tiogéal impact of the Vernon project on
downstream migration of juvenile shad. Migratiadays, increased predation, mortality during
passage over the dam or through turbines, and esangoute selection under different flow
conditions are potential influences of the Vernan®on the juvenile shad population in the
upper Connecticut River. Effective upstream andrtkiream passage and successful in-river
spawning and juvenile production are necessargho &ichieve shad management restoration
goals for the Connecticut River, particularly i thpstream reaches. Delays in juvenile
American shad outmigration may affect survival satethe transition to the marine environment
(Zydlewski et al. 2003).

Methodol ogy Consistent with Accepted Practice

The impact to juvenile shad outmigrants would b& B&udied by a combination of approaches
including hydroacoustics, radio telemetry (inclgipassive integrated transponder (PIT)
telemetry), and turbine balloon tags. Projectlisge adjustments at the dam should be
examined relative to timing, duration, and magretod juvenile shad migration to and through
the dam, with hydroacoustic equipment for naturgd/\fish information. In addition, study fish
should be collected and tagged (PIT, radio, ball@aorthen empirically determine rates of
survival for fish passed through the project undeied operations, from minimum flows up to
full spill conditions. The release of tagged f(sidio, PIT) at a number of potential sites will
provide data on delay and route selection as jlreshiad move through the Vernon project area.
The number and location of release sites will ddpmnthe availability of tagged fish.

Additional hydroacoustic assessment immediatelyraps and downstream of the Vernon Dam
will provide information on the timing of migratiad and through this area. A more focused
survival study, using balloon tags, PIT tags, tveotappropriate methods, should be conducted
in the second year based upon the first year ofydindings relative to the frequency,
magnitude, timing, and route selection of juveiiteerican shad through the Vernon project.

Level of Effort/Cost, and Why Alternative Studies will not suffice

TransCanada does not propose any studies to neeetd. Estimated cost for the study is
expected to be high with the majority of costs agged with equipment (hydroacoustic gear,
radio tags, radio receivers, and PIT readers) aladed fieldwork labor.
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