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Entergy Nuclear Vermont Yankee, LLC, and Entergy |
Nuclear Operations, Inc. Compliance Status 

and Consultation Correspondence

Consultation correspondence related to the evaluation of the renewal of the operating license |
for Vermont Yankee Nuclear Power Station (VYNPS) is identified in Table E-1.  Copies of the
correspondence are included at the end of this appendix.

The licenses, permits, consultations, and other approvals obtained from Federal and State |
authorities for VYNPS are listed in Table E-2.

Table E-1.  Consultation Correspondence

Source Recipient Date of Letter

U.S. Nuclear Regulatory
Commission (R.L. Franovich)

National Marine Fisheries Service |
(P. Kurkul)

May 5, 2006

U.S. Nuclear Regulatory
Commission (R.L. Franovich)

U.S. Fish and Wildlife Service
(M. Moriarty)

May 5, 2006

U.S. Nuclear Regulatory
Commission (R.L. Franovich)

Director, Advisory Council on Historic
Preservation (D. Klima)

May 8, 2006

U.S. Nuclear Regulatory
Commission (R.L. Franovich)

Vermont State Historic Preservation Officer
(J. Lendway)

May 8, 2006

U.S. Nuclear Regulatory
Commission (R.L. Franovich)

Boldwing Clan (N. Bolding) May 10, 2006(a)

U.S. Nuclear Regulatory
Commission (R.L. Franovich)

U.S. Fish and Wildlife Service
(M. Moriarty)

July 21, 2006

U.S. Fish and Wildlife Service
(M.J. Amaral)

U.S. Nuclear Regulatory Commission
(R.L. Franovich)

August 10,
2006

National Marine Fisheries Service |
(L.A. Chiarella)

U.S. Nuclear Regulatory Commission
(R.L. Franovich)

September 15,
2006

U.S. Nuclear Regulatory |
Commission (P.T. Kuo) |

National Marine Fisheries Service (P. Kurkul) |December 12, |
2006 |

U.S. Nuclear Regulatory |
Commission (R.L. Franovich) |

U.S. Environmental Protection Agency |December 13, |
2006 |
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|
Table E-1.  (contd)|

|

Source| Recipient| Date of Letter|
U.S. Nuclear Regulatory|
Commission (R.L. Franovich)|

Vermont State Historic Preservation Officer |
(J. Lendway)|

December 13,|
2006|

National Marine Fisheries Service|
(P.D. Colosi)|

U.S. Nuclear Regulatory Commission|
(P.T. Kuo)|

January 4,|
2007|

U.S. Environmental Protection|
Agency (R.W. Varney)|

U.S. Nuclear Regulatory Commission| March 2, 2007|

U.S. Department of the Interior|
(A.L. Raddant)|

U.S. Nuclear Regulatory Commission|
(M. Lesar)|

March 6, 2007|

(a)  Similar letters were sent to seven other Native American Tribes listed in Appendix C.

In the letter to the National Marine Fisheries Service (NMFS) dated May 5, 2006, the NRC|
requested that the NMFS determine if any species needed to be evaluated under the essential
fish habitat (EFH) provisions of the Magnuson-Stevens Fishery Conservation and Management|
Act for the VYNPS license renewal review.  In the letter to the NRC dated September 15, 2006,|
the NMFS indicated that the Connecticut River and tributaries are designated essential fish
habitat for Atlantic salmon; therefore, the NMFS instructed the NRC to evaluate the impact of
the operation of VYNPS on the essential fish habitat of the Atlantic salmon.  The NRC staff’s
assessment of impacts to essential fish habitat for the Atlantic salmon is included in this|
appendix for review by the NMFS.  The draft SEIS, which included the EFH assessment, was|
submitted to the NMFS by letter dated December 12, 2006, requesting concurrence on the|
determination.  The NMFS stated in a letter dated January 4, 2007, that it would be unable to|
undertake an EFH consultation for the VYNPS license renewal review.|
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(a) The GEIS was originally issued in 1996.  Addendum 1 to the GEIS was issued in 1999.  Hereafter, all
references to the “GEIS” include the GEIS and its Addendum 1.
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1.0  INTRODUCTION

The Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA), which was
reauthorized and amended by the Sustainable Fisheries Act of 1996, sets forth the essential
fish habitat (EFH) provisions designed to protect important habitats of Federally managed
marine and anadromous species.  The Act requires the eight regional fishery management
councils to describe and identify EFH, and to minimize the adverse effects of fishing on EFH. 
Pursuant to the Act, Congress has defined EFH as “those waters and substrate necessary to
fish for spawning, breeding, feeding, or growth to maturity.”   Federal agencies that fund, permit,
or undertake activities that may adversely affect EFH are required to consult with the National
Marine Fisheries Service (NMFS) regarding the potential effects of their actions on EFH, and
respond in writing to NMFS’s conservation recommendations.  For the purpose of consultation,
an adverse effect includes any impact that reduces the quality and/or quantity of EFH.  The
consultation document must include the following information:

C A description of the proposed action;

C An analysis of the potential adverse effects of the action on EFH and the managed
species;

C The Federal agency’s conclusions regarding the effects of the action on EFH; and

C Proposed mitigation, if applicable.

On January 25, 2006, Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operations,
Inc. (Entergy), submitted an application for renewal of the operating license (OL) of the Vermont
Yankee Nuclear Power Station (VYNPS) to the U.S. Nuclear Regulatory Commission (NRC)
(Energy 2006a).  The current OL expires at midnight on March 21, 2012.   As part of the
application, Entergy submitted an Environmental Report (ER) (Entergy 2006b) prepared in
accordance with the requirements of Title 10, Part 51, of the Code of Federal Regulations (10
CFR Part 51).

On April 21, 2006, the NRC staff published a Notice of Intent (NRC 2006a) to prepare a plant-
specific supplement to the Generic Environmental Impact Statement for License Renewal of
Nuclear Plants (GEIS) (NRC 1996,1999).(a)  During the development of the Supplemental
Environmental Impact Statement (SEIS), the NRC staff visited the site, visited the Conte
Anadromous Fish Lab, met with members of Federal and State regulatory agencies, spoke to
local citizens, interviewed individuals who had conducted environmental research in the
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Connecticut River, and reviewed a variety of technical reports, journal articles, and other
relevant information to determine whether renewal would result in adverse environmental
impacts.  This information and other sources relevant to EFH issues were consulted during the
development of this document.  This EFH assessment has been developed to fulfill the NRC
requirement under the MSFCMA for the VYNPS license renewal review.

2.0  PROPOSED FEDERAL ACTION

The proposed Federal action is renewal of the OL for VYNPS, a nuclear power plant that is
located in southeastern Vermont in the town of Vernon, Windham County, on the western shore
of the Connecticut River at River Mile (RM) 142.  VYNPS is a single-unit plant with a boiling
water reactor manufactured by General Electric.  The unit was originally licensed for a reactor
core power of 1593 megawatts-thermal (MW[t]), with a net electrical capacity of 540 megawatts-
electric (MW[e]).  VYNPS submitted, and the NRC approved, a power uprate to increase the
maximum core power level to 1912 MW(t) on March 2, 2006.  The gross electrical output at this
core power level would be approximately 650 MW(e).  The Connecticut River is the source for
cooling water for the main condensers at the VYNPS.  Cooling river water can be circulated
through the system in one of three modes of operation:  closed-cycle, open-cycle (also referred
to as once-through cooling), or hybrid-cycle.  Cooling towers are used when the plant operates
in closed- or hybrid-cycle modes.  The current OL for VYNPS expires on March 21, 2012.  On
January 25, 2006, Entergy submitted an application (Entergy 2006a) to the NRC to renew the
OL for an additional 20 years of operation (i.e., until March 21, 2032). 

3.0  ENVIRONMENTAL SETTING

VYNPS is located in southeastern Vermont, approximately 5 mi southeast of Brattleboro,
Vermont and 28 mi north of Amherst, Massachusetts (Figure 1).  The plant site is located on the
western shore of the Connecticut River (Figure 2).  VYNPS is located 0.75 mi upstream of the
Vernon Dam, which is located at RM 142 (Figure 3).  Two other dams, Turners Falls (RM 123)
and Holyoke (RM 86) are also downstream of VYNPS on the main stem of the Connecticut
River.  The area upstream of Vernon Dam is known as Vernon Pool.  Vernon Pool covers 2250
acres (at full-pond elevation of 220.13 ft behind the Vernon Dam) and extends upstream to
Bellows Falls Dam at RM 174. Maximum water depth at Vernon Dam is 40 ft (Entergy 2006b). 
The Connecticut River near Vernon Dam is about 0.5 mi wide (AEC 1972).  The minimum
sustained flow from the Vernon Dam is 1250 cfs, or the inflow, if river flow is less than this. 
Average daily flow is about 10,500 cfs with an average annual flow of 3.3 x 1011 ft3 (Entergy
2006b).  During 2004, the lowest daily river discharge at Vernon Dam was 1757 cfs and the
highest was 50,618 cfs.  Monthly flow rate averages from 6347 cfs in August to 23,570 cfs in
April (Normandeau 2005).
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Figure 1.  Location of Vermont Yankee Nuclear Power Station, 50-mi Region
(Source:  Entergy 2006b)
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Figure 2.  Location of Vermont Yankee Nuclear Power Station, 
6-mi Region (Source:  Entergy 2006b)



Appendix E

August 2007 E-73 NUREG-1437, Supplement 30

Figure 3.  Location of Vernon Dam and River Monitoring Stations 3 and 7
Relevant to VYNPS (Source: Entergy 2006b)
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Yearly ambient water temperatures in the vicinity of VYNPS vary from 32 to 84EF with daily
variations rarely exceeding 2EF (Entergy 2006b).  During 2004, the monthly average daily river
temperature upstream of VYNPS ranged from a low of 32.5EF in February to 72.7EF in July.
The lowest daily river temperature was 32.4EF on February 22, 2004 while the highest daily
river temperature was 76.4EF on August 5, 2004 (Normandeau 2005).

A number of physical and chemical stresses have caused major changes and modifications to
the aquatic resources within the Connecticut River.  The major industrial use of the river is the
12 hydroelectric dams (9 are upstream of VYNPS) and 4 storage dams (3 are upstream of
VYNPS) located on the mainstream of the river.  Vernon Dam creates a lentic (lake-like)
condition above the dam and a lotic (flowing) condition below the dam.  A fishway was
constructed at Vernon Dam in 1981.  Prior to that time, the dam was a barrier to fish movement. 
The fishway is a concrete structure that consists of a vertical slot ladder from the tailrace to a
fish trap and viewing gallery.  An Ice Harbor-style ladder provides passage from there to Vernon
Pool.  The fishway is supplied with a flow of 65 cfs while it operates.  An attraction flow of 40 cfs
is also discharged near the foot of the ladder (Normandeau 2004a).  A downstream fish conduit
was first operated in 1991 (Normandeau 2004a).  The primary downstream conduit, located in
the center of the powerhouse, has a 350-cfs bypass flow through a 9-ft by 6-ft gate and tube
that narrows to a 4-ft by 5-ft opening at its discharge end.  An alternative or supplemental pipe
that supplies the 40 cfs attraction flow at the foot of the fishway was converted to a “fish pipe” in
1994 for additional downstream passage of fish (Normandeau 2004a).  Both warmwater and
coolwater fish exist upstream and downstream of Vernon Dam.  Fish are routinely sampled
upstream and downstream of Vernon Dam as part of the National Pollutant Discharge
Elimination System (NPDES) permit monitoring requirements (VANR 2006).

4.0  PLANT COOLING WATER SYSTEM DESCRIPTION

The Connecticut River is the source for cooling water for the main condensers at the VYNPS. 
Cooling river water can be circulated through the system in one of three modes of operation:
closed-cycle, open-cycle (also referred to as once-through cooling), or hybrid-cycle.  Cooling
towers are used when the plant operates in closed- or hybrid-cycle modes.  Unless otherwise
noted, the discussion of the circulating-water system was obtained from the Final Environmental
Statement for VYNPS operations (AEC 1972) and the applicant’s ER (Entergy 2006b,c).

In all three modes, the circulating water exits the condenser and flows into the discharge
structure.  In the open-cycle mode, after entering the discharge structure the water returns to
the river through an aerating structure.  The cooling towers are not used in the open-cycle mode
of operation.  In both the closed-cycle and hybrid cycle, after entering the discharge structure,
the circulating water is pumped up to the cooling towers.  After being cooled, the water returns
to a weir collection chamber in the discharge structure.  A gate inside this chamber allows all or
a portion of the water to return to the intake structure.  In the closed-cycle mode all of the tower
cooled water is returned to the intake structure for re-use in the condenser.  In the hybrid cycle
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mode of operation a portion of the water returns to the intake structure while the remainder is
returned to the river through the aerating structure.  The exact amount of water returned to both
the intake structure and the river in hybrid mode depends on seasonal variation in
environmental parameters, particularly the temperature in the Connecticut River.  Blowdown
from the circulating water system is discharged to the river through piping near the discharge
structure.  Make-up water lost from blowdown and evaporation from the cooling towers is
withdrawn from the river.  VYNPS has two mechanical draft cooling towers, one of which has a
deep basin holding 1.4 million gal of water for emergency cooling (VDEC 2003, VDEC 2006a,
Entergy 2004). 

The concrete intake structure has three pump bays for three circulating pumps and two service
water bays for four service water pumps and two fire water pumps.  All bays are provided with
trash racks and traveling water screens to remove debris in the intake water.  Water treatment
equipment at the intake structure delivers biocides to both the circulating water and service
water pump bays to minimize biofouling of the system.  Corrosive control agents and chemicals
to adjust pH are also added (Entergy 2004).

Cooling water for the main condensers is drawn from the Connecticut River using three vertical
circulating water pumps, which provide a total maximum flow capacity of 360,000 gpm (802 cfs)
(during once-through operation) and a minimum of 10,000 gpm (22 cfs) (during closed-cycle
operation).  Approach velocities at the intake trash racks are about 1.2 ft/s at a low water level
of 215 ft mean sea level (MSL) and 1.0 ft/s for the normal water level of 220 ft MSL, while intake
velocities at the traveling screens are 1.96 ft/s for an extreme low water level of 212 ft MSL,
1.73 ft/s for a low water level of 215 ft MSL, and 1.57 ft/s for a normal water level of 220 ft MSL. 

Water is also drawn from the river for the plant’s service water system, which provides water for
turbine and reactor auxiliary equipment cooling, reactor shutdown cooling, and miscellaneous
services.  Four vertical, two-stage, turbine-like pumps, located at the north end of the intake
structure, supply water to the service water system, providing a total flow capacity of 13,400
gpm.  Additionally, two pumps with a total flow capacity of 5000 gpm, which are operated
infrequently, are located at the north end of the intake structure to withdraw water from the river
for fire protection (Entergy 2006b).

Cooling water discharge to the Connecticut River flows through an aerating discharge structure
located near the riverbank. The structure is about 199 ft long by 108 ft wide by 46 ft deep.  An
aerating spillway, consisting of three rows of dissipating concrete blocks with approximately
nine blocks per row, is adjacent to and downstream of the discharge structure. It provides air
entrainment, energy dissipation, and warm water dispersion of the discharged cooling water. 
Sheet piling is used to prevent scouring of the aerating apron (Entergy 2004).  NPDES-permit
established limitations for circulating water discharges are 543 million gpd for open- and hybrid-
cycle modes and 12.1 million gpd for the closed-cycle mode (NRC 2006c).
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5.0  POTENTIAL IMPACTS OF PLANT OPERATION
ON BIOTA AND HABITAT

The cooling water system associated with VYNPS utilizes water from the Connecticut River and
may potentially affect EFH in the following ways:

C Impingement of juvenile and adults life stages and/or their larger prey items;

C Entrainment of eggs and larvae and/or planktonic prey items;

C Withdrawal of water from the water column; and

C Discharge of heated cooling water.

These impacts are discussed in this section.

5.1  IMPINGEMENT

As part of its NPDES permit requirements, Entergy is required to monitor fish impingement at
VYNPS.  Routine impingement sampling is conducted from April 1 through June 15 and from
August 1 through October 31.  Limits are established for the number of Atlantic salmon (Salmo
salar) and American shad (Alosa sapidissima) that can be impinged.  The impingement limit for
Atlantic salmon is set at 0.1 percent of the estimated smolt-equivalents (estimated number of
smolts from a population that successfully emigrate from a specified area) migrating past
VYNPS.  If the limit is exceeded, the plant must run in a closed-cycle mode until June 15.
American shad impingement limit is set at one impinged shad for each adult shad that passes
the Vernon Dam fishway and/or is transported by State or Federal fisheries personnel upstream
of Vernon Dam (Aquatec 1990).  Impingement numbers below those established for the two
anadromous fish species are considered by the Environmental Advisory Committee(a)

(comprised of representatives from the Vermont Department of Environmental Conservation,
Vermont Department of Fish and Wildlife, New Hampshire Department of Environmental
Services, New Hampshire Department of Fish and Game, Massachusetts Department of
Environmental Protection, Massachusetts Division of Fish and Wildlife, and the U.S. Fish and
Wildlife Service (FWS) Coordinator of the Connecticut River Anadromous Fish Program) to be
impingement losses that are not adverse to the populations of these species (Entergy 2006a). 
To date, the NPDES permit limits established for these species have not been exceeded.
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During the initial FWPCA Section 316 Demonstration (Aquatec 1978), an average of 23 fish per
day was impinged during 685 days of once-through operation.  The Turners Falls and Vernon
Dam fishways were not in place until the early 1980s therefore, no Atlantic salmon or American
shad were impinged prior to this period (Aquatec 1990).  During the impingement sampling
periods of the 1980s, an average of 26 fish were impinged per day (Aquatec 1990).  Over 80
percent were small sunfish, rock bass (Ambloplites rupestris), minnows, and yellow perch
(Perca  flavescens).  During the 1980s, 59 juvenile Atlantic salmon and one American shad
were impinged (Aquatec 1990).

Table 1 presents some results of impingement collections that have been made at VYNPS since
1988.  Impingement collections at VYNPS are generally made from April 1 through June 15 and
August 1 through October 31 each year, as dictated by NPDES permit stipulations.  In general,
the common warmwater residents within Vernon Pool were predominant in impingement
collections.  These included sunfish, rock bass, and yellow perch.  The numbers of American
shad and Atlantic salmon impinged at VYNPS were lower than the yearly NPDES permit limits
set for these species.  For example, the permit limits were set at 1666 American shad and 231
Atlantic salmon, but only 25 American shad and 9 Atlantic salmon were impinged in 2001
(VYNPS and Normandeau 2002).  In 2003, 13 American shad and 28 Atlantic salmon were
impinged, while the permit limits for that year were set at 1140 and 364, respectively (Entergy
and Normandeau 2004).  In 2004, 73 American shad and no Atlantic salmon were impinged; the
NPDES permit impingement limits for 2004 were set at 1005 American shad and 252 Atlantic
salmon (Normandeau 2005).

Based on riverine and impingement collections of resident and anadromous fish that have been
ongoing since VYNPS began withdrawing water from Vernon Pool, no observable adverse
impacts to any fish species or to the overall fish community due to the operation of VYNPS has
been demonstrated (Aquatec 1978, 1990; Normandeau 2004a, 2005; Entergy 2006b). 

5.2  ENTRAINMENT

Entrained fish eggs and larvae experience thermal stress and mechanical and hydraulic forces
during transport through a plant’s cooling system.  In a study of the Haddam Neck Plant, a
nuclear plant with once-through cooling that formerly operated on the lower Connecticut River,
Marcy (2004c (1976c) and references cited therein) found mechanical damage to be the main
cause of entrainment mortality, while thermal shock was responsible for only about 20 percent 

Table 1.  Percentages (and Numbers) of Fish Species
Impinged at VYNPS(a)

Collection Period

Species
1988 and
1990-1997 2001 2003 2004



Appendix E

NUREG-1437, Supplement 30 E-78 August 2007

Sea lamprey
(Petromyzon marinus)

0.9 (130)(b) 34.4 (241) 0.2 (2) 0.0 (0)

American shad
(Alosa sapidissima)

2.6 (387) 3.6 (25) 1.1 (13) 30.8 (73)

Atlantic salmon
(Salmo salar)

1.4 (202) 1.3 (9) 2.5 (28) 0.0 (0)

Chain pickerel
(Esox niger)

0.2 (31) 0.4 (3) 1.0 (11) 0.8 (2)

Golden shiner
(Notemigonus crysoleucas)

1.1 (161) 2.1 (15) 0.6 (7) 0.4 (1)

Spottail shiner
(Notropis hudsonius)

7.7 (1139) 0.3 (2) 0.8 (9) 2.1 (5)

Yellow bullhead
(Ameiurus natalis)

1.5 (227) 0.0 (0) 3.4 (39) 0.4 (1)

Rock bass
(Ambloplites rupestris)

10.8 (1599) 4.7 (33) 9.5 (108) 9.7 (23)

Pumpkinseed
(Lepomis gibbosus)

5.8 (853) 1.7 (12) 14.2 (162) 2.5 (6)

Bluegill
(Lepomis macrochirus)

19.9 (2937) 28.7 (201) 32.6 (372) 28.3 (67)

Unidentified sunfish
(Lepomis spp.)

20.1 (2967) 0.0 (0) 0.0 (0) 0.0 (0)

Smallmouth bass
(Micropterus dolomieu)

1.9 (279) 1.0 (7) 2.4 (27) 3.8 (9)

Largemouth bass
(Micropterus salmoides)

0.9 (134) 0.6 (4) 5.1 (58) 1.3 (3)

Black crappie
(Pomoxis nigromaculatus)

0.01 (1) 1.7 (12) 11.0 (126) 4.2 (10)

Yellow perch
(Perca flavescens)

15.2 (2247) 18.3 (128) 15.0 (171) 8.4 (20)

Other species
(including unidentifiable fishes)

28.3 (4184) 1.1 (8) 0.8 (9) 7.2 (17)

Totals 100 (14,778) 100 (700) 100 (1142) 100 (237)

(a) Data presented represent a portion of the impingement data collected at this facility.
(b) The percent of the total number of fish followed by the total number of fish impinged in parantheses 
     for each species during the collection period. 
Sources: Normandeau 1999; VYNPS and Normandeau 2002; Entergy and Normandeau 2004;
Normandeau 2005.

of the mortality.  While some entrainment survival occurs, 100 percent mortality is normally
assumed as a conservative estimate of entrainment losses for all operational modes.  When
ichthyoplankton are at their peak in the Connecticut River (e.g., late spring through early
summer), VYNPS is generally operating in an open-cycle or hybrid mode.  The NPDES permit
requires larval fish sampling to be done weekly during this period (Normandeau 2005).
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The portion of Vernon Pool near VYNPS was found not to be a good fish spawning area due to
daily water level fluctuations, a steep shoreline, and a silty sand substrate.  Therefore, the
amount of ichthyoplankton entrained in the area would be expected to be limited.  Overall,
densities of ichthyoplankton near the VYNPS intake were <1 fish/m3, which were much lower
than densities in littoral areas estimated by Aquatec (1990).  For example, minnow densities
near the VYNPS intake were <0.6 larvae/m3, whereas densities in shallow, slow-moving
nearshore areas were as high as 3000/m3 (Aquatec 1990).  Monitoring results indicate that
larval fish densities are low in the VYNPS area and the impact of entrainment has been minimal
(Entergy 2006a).

Table 2 presents some of the results of entrainment collections that have been made in the
Connecticut River in the vicinity of the VYNPS intake since 1988.  Entrainment collections at
VYNPS are generally made from early May through early to mid July each year, as dictated by
the NPDES permit.  In general, the common warmwater species that are resident within Vernon
Pool were predominant in entrainment collections.  These included the spottail shiner (Notropis
hudsonius), white perch (Morone americana), and centrarchids. No Atlantic salmon has been
collected in entrainment samples, and one American shad has been collected in entrainment
samples. 

5.3  THERMAL RELEASES

The discharge of heated water from VYNPS creates elevated temperatures in the Connecticut
River and produces a thermal plume that varies in extent and magnitude based on operational
characteristics of the plant, ambient air and water temperatures, and hydrodynamic
characteristics of the river.  The maximum discharge flow temperature for VYNPS is 100EF,
although this seldom occurs (Normadeau 2004a).  Thermal discharges have the potential to
affect food web dynamics, alter fish behavior, or produce acute or chronic impacts on
temperature-sensitive species.

5.3.1  Temperature Requirements under the Current NPDES Permit 

The current NPDES permit (VDEC 2003) defines two seasonal periods (winter, from October 15
through May 15; and summer, from May 16 through October 14) and sets limits for the increase
in temperatures at River Monitoring Station 3, less than a mile downstream of Vernon Dam
(Figure 3). These are presented in detail in Table 3.

Table 2.  Percentages (and Numbers) of Fish Eggs and Larvae by Species 
                               Entrained at VYNPS
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Species

Collection Period

1988 and
1990-1997 2001 2003 2004

Common carp
(Cyprinus carpio)

0.3(a) (18) 0.2 (3) 2.2 (27) 0.5 (5)

Spottail shiner
(Notropis hudsonius)

0.03 (2) 57.9 (978) 71.6 (875) 25.4 (269)

Notropis spp. 49.6(b) (2850) 0.0 (0) 0.0 (0) 0.0 (0)

Cyprinidae 13.7(b) (788) 0.0 (0) 0.0 (0) 0.0 (0)

White sucker
(Catostomus commersoni)

0.02 (1) 37.9 (640) 0.2 (2) 1.0 (11)

White perch
(Morone americana)

20.7 (1191) 1.8 (31) 14.6 (178) 3.4 (36)

Sunfish
(Lepomis spp.)

10.9 (628) 1.8(c) (31) 8.2(c) (100) 68.7 (726)

Largemouth bass
(Micropterus salmoides)

0.07 (4) 0.0(d) (0) 0.0(d) (0) 0.0 (0)

Yellow perch
(Perca flavescens)

4.2 (244) 0.1 (2) 3.2 (39) 0.5 (5)

Walleye
(Sander vitreus)

0.14 (8) 0.1 (2) 0.1 (1) 0.2 (2)

Other species
(including unidentifiable fishes)

0.1(e) (2) 0.0 (0) 0.3(e) (3)

Total 100 (5747) 100 (1690) 100 (1222) 100 (1057)
(a)   The percent of the total number collected followed by the total number of entrained in 
        parentheses for each species during the collection period. 
(b) Based on entrainment sample identifications done in the subsequent years and fish species 

known from lower Vernon Pool, most individuals identified as only Notropis spp. or Cyprinidae 
were probably spottail shiners.

(c) Listed as Centrarchidae and therefore may also include some largemouth bass.
(d)   See footnote (c) - likely that some largemouth bass eggs and larvae were entrained.
(e) The Other species category is almost entirely the tessellated darter (Etheostoma olmstedi).

Sources: Normandeau 1999; VYNPS and Normandeau 2002; Entergy and Normandeau 2004;
Normandeau 2005
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NPDES permits are issued for five years at a time.  On July 11, 2001, VDEC issued a renewed
permit for VYNPS with an expiration date of March 31, 2006, and the permit was amended on
June 9, 2003 (VDEC 2003).  On February 20, 2003, Entergy applied to the VDEC to amend the
permit for VYNPS to increase the temperature of the Connecticut River by 1EF as determined at
River Monitoring Station 3 (downstream monitoring station) during the NPDES summer period
(May 16 through October 14).  On March 30, 2006, VDEC issued an amendment to the permit
for VYNPS; however, the amended permit only authorized the requested temperature increase
for the period from June 16 through October 14 (VDEC 2006a).  VDEC concluded that
additional information was needed to evaluate the impacts of the temperature increase on
migrating salmon smolt during the May 16 through June 15 portion of the NPDES summer
period, since it marks the end of the smolt outmigration period.  The permit would have expired
on March 31, 2006; however, Entergy submitted an application for a renewed permit on
September 29, 2005 (Entergy 2005e).  By letter dated September 30, 2005, VDEC informed
Entergy that the renewal application was timely and that the permit would remain valid under an
administrative extension until VDEC completes the review of the permit renewal application
(VDEC 2005a).

In May 2006, the New England Coalition (NEC) appealed the NPDES permit amendment that
was issued on March 30, 2006.  The amendment was stayed by the State of Vermont
Environmental Court on August 28, 2006.  At the time this SEIS was published, VYNPS was
operating under the NPDES permit as issued on June 9, 2003 (VDEC 2003).  The future status
of the permit depends on the outcome of the NEC appeal.  If the appeal is upheld, an increase
in thermal discharge will not be granted and the discharge requirements in the current permit
(issued June 9, 2003) will continue until a new permit is issued.  If the appeal is denied, the
NPDES permit as amended March 30, 2006, will be reinstated and remain in effect until a new
permit is issued by VDEC (NRC 2006d).  The temperature requirements of the current and
amended NPDES permits are presented in Table 3.

The NRC staff’s evaluation of the environmental impact in the SEIS and this assessment of
essential fish habitat considered the 1EF increase for the time period May 16 through October
14.  This evaluation would be bounding if the VDEC grants Entergy the 1EF increase in the May
16 through June 14 time period or the NEC appeal is denied or the NEC appeal is upheld.

5.3.2  Methods of Demonstrating Compliance

The NPDES permit requirements, as of the date of this SEIS, are described below.  The permit
requires that during the winter period (October 15 through May 15), the plant-induced
temperature at downstream River Monitoring Station 3 shall not exceed 65EF (Table 3).  The
plant-induced temperature increase is calculated using the equation published in the executive
summary of the 1978 demonstration report (Aquatec 1978). The equation is based on the
principle of energy conservation and takes into account the heat content of the plant’s
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(a) The heat content of the circulating water system and cooling towers is calculated on the basis of the
change in condenser inlet temperatures over a specified time interval.  The heat content of the cooling
water discharge is calculated on the basis of the number and pumping capacity of circulating water
intake pumps, the difference between condenser inlet and outlet temperatures, the number of
circulating intake and cooling tower booster pumps, and the cooling tower outlet temperatures all over
a specified time interval (Normandeau 2005).
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circulating water system and cooling towers, the heat content of the plant’s cooling water
discharge to the river, and the average discharge (flow) of the Connecticut River as measured 
at Vernon Dam.(a)  Measurement and cooling system data are linked to a process computer that
allows plant personnel to adjust operations on the basis of continual real-time data to meet the
thermal requirements of the permit (Normandeau 2005).

The Vernon Dam regulates the river discharge to maintain a minimum sustained flow of
1250 cfs.  At 1250 cfs, the permitted theoretical maximum increase in temperature at River
Monitoring Station 3 due to the plant’s thermal discharge is 12.9EF.  In effect, the plant can
operate in an open-cycle cooling mode (without cooling tower operation) when ambient river
temperatures as measured at the upstream River Monitoring Station 7 are less than 52.1EF (i.e.,
65EF minus 12.9EF) during the winter period.  At ambient temperatures equal to or greater than
52.1EF, the plant’s heat discharge can be reduced by using the cooling towers to dissipate heat
to the atmosphere (especially during periods of low river flow) (Normandeau 2005).  The
NPDES permit requires that the plant-induced increase in temperature never exceeds 13.4EF
and that the rate of increase never exceeds 5EF per hour.  

Table 4 summarizes the maximum simulated river temperature increases at River Monitoring
Station 3 and the flows at which they occurred during the winter period (October 15 through
May 15) for the years 2000 through August 2006. 

Table 5 summarizes the maximum simulated river temperature increases at the station and the
flows at which they occurred during the summer period for the years 2000 through 2006. 

Exceedences occurred in each of the years between 2000 and 2004, but in each case were
less than 1 hr in duration:

C On July 16 and 21, 2000, two 59-minute exceedences occurred (2.74EF and 0.03EF,
respectively) when Vernon Dam went to minimum flow as a result of a loss of offsite
power caused by a lightning strike (Normandeau 2001).  

C On July 5, 2001, a 59-minute exceedence of 0.12EF occurred because plant
operators did not shift to closed-cycle mode quickly enough to respond to changing
river conditions.
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    Table 4.  Maximum Simulated River Temperature Increase at River
Monitoring Station 3 during the NPDES Winter Period (October 15
through May 15)

Year Day
Maximum

Temperature Increase
Permit
Limit

River Flow
(cfs)

Exceeded
5EF/hour?

2006(a) March 12   6.03EF 13.4EF 2958 No

2005 February 10 12.91EF 13.4EF 1285 No

2004 February 2 12.90EF 13.4EF 1331 No

2003 January 25 13.16EF 13.4EF 1308 No

2002 January 23 12.70EF 13.4EF 1367 No

2001 December 21 12.67EF 13.4EF 1250 No

2000 November 26 12.60EF 13.4EF 1275 No
(a)   Data through August 2006.
Source:  Normandeau 2001, 2002, 2003, 2004b, 2005; DeWald 2005a, 2006b

Table 5.  Maximum Simulated River Temperature Increase at River
Monitoring Station 3 during the NPDES Summer Period (May 16
through October 14)

Year Day

Maximum
Temperature Increase

(Permit Limit)
Permit
limit

River Flow
(cfs)

Exceeded
5EF/hour?

2006(a) August 15 2.94EF 3.0EF 3168 No

2005 July 1 1.97EF 2.0EF 6760 No

2004 July 6 2.06EF 2.0EF 3483 No

2003 September 19 2.16EF 2.0EF 2802 No

2002 October 5 2.05EF 2.0EF 1697 No

2001 July 5 2.12EF 2.0EF 3923 No

2000 July 16 2.74EF 2.0EF 6571 No
(a)   Data through August 2006.
(b)   There was an exceedence on July 21, 2000, but it was not the maximum for the year 2000.
Source:  Normandeau 2001, 2002, 2003, 2004b, 2005; DeWald 2005b, 2006c
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 C On October 5, 2002, a 60-minute exceedence of 0.05EF occurred because of
unreliable automated input associated with new equipment (Normandeau 2003).

C On September 19, 2003, an 11-minute exceedence of 0.16EF occurred because
plant operators shifted operating parameters in anticipation of an increase in river
flow (reported by the Wilder Hydroelectric Dam).  The increase in river flow
occurred, but not to the degree anticipated (Normandeau 2004b).

C On July 6, 2004, a 45-minute exceedence of 0.06EF occurred when the plant
was brought back on-line after an outage caused by a transformer fire
(Normandeau 2005).

There were no exceedences in 2005 or 2006 through August.

5.3.3  Temperatures in the Connecticut River

The monthly variation in river temperatures as measured at River Monitoring Stations 3
(downstream) and 7 (upstream) over a 5-year period (2000 to 2004) are shown in Figures 4 and
5, respectively.  Over this period, monthly averages ranged from 34.5EF in January to 75.5EF in
July at River Monitoring Station 3 and from 33.4EF in February to 73.3EF in August at River
Monitoring Station 7.

Figure 6 is a plot of the difference in average monthly temperatures between River Monitoring
Stations 3 and 7 (i.e., Station 3 temperature minus Station 7 temperature) in 2000 through 2004. 
There is an increasing trend throughout the spring, peaking in May, with Station 3 having an
average temperature that was 5.9EF higher than that at Station 7, with a decreasing trend
throughout the summer.  In most months during this summer period, the average monthly
temperatures at the downstream station were greater than those at the upstream station.  
However, in September and December, the average monthly temperatures at River Monitoring 
Station 7 were higher than River Monitoring Station 3 (1.4EF and 0.4EF, respectively).  The
average temperature difference between the stations was less than 1EF in January and March
(Normandeau 2001, 2002, 2003, 2004b, 2005).

In June, July, and August of 2002, temperature measurements were taken from thermistor
stations along three bank-to-bank transects across Vernon Pool perpendicular to the river flow,
as part of a study to characterize the circulation and distribution of heated water in the area
between the VYNPS discharge structure and Vernon Dam (Figure 7; ASA 2004). Temperatures
were measured at three depths at each of the three stations along each transect (Figure 7;
Table 6). The June-July sampling period was chosen to represent expected conditions; August
was chosen to represent low-flow, high-temperature conditions, usually considered the worst-
case for potential impacts to aquatic biota. 
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Figure 4.  Seasonal Variation in Temperature at River Monitoring Station 3,   
Located about 0.65 miles Downstream of Vernon Dam (2000-2004)
(Source: Normandeau 2001, 2002, 2003, 2004b, 2005)

Figure 5.  Seasonal Variation in Temperature at River Monitoring Station 7,
Located 4 Miles Upstream of VYNPS (2000-2004) (Source:
Normandeau 2001, 2002, 2003, 2004b, 2005)
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Figure 6.  Difference in Average Monthly Temperatures     
between River Monitoring Stations 3 (downstream) and 7 (upstream)
(Source: Normandeau 2001, 2002, 2003, 2004b, 2005)

Table 6.  Total Water Depth and Temperature Sampling Depths
          in Vernon Pool

Station Total 
Water Depth

(ft)
Surface

Depth (ft)
Middle Depth

(ft)
Bottom Depth

(ft)
C1/C2 17 1 8.5 16

C3/C4 17 1 8.5 16

C5/C6 14 1 7 13

D1/D2 20 1 10 19

D3/D4 14.1 1 7 13

D5/D6 23 1 11.5 22

E1/E2 39 1 19.5 38

E3/E4 13 1 6.5 12

E5/E6 5 1 2.5 4

F1/F2 13 1 6.5 12

F3/F4 21 1 10.5 20
Source:  ASA 2004
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Figure 7.  Locations of Thermistor Stations at Vernon Pool (Source:  ASA 2004)
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The June-July measurements showed that temperature ranges were fairly similar along each
transect between the VYNPS discharge structure and Vernon Dam:  67.1EF to 81.5EF at C
stations, 67.3EF to 82.9EF at D stations, and 66.7EF to 81.9EF at E stations (Figure 7).
Temperatures were generally lower at the F stations (67.1EF to 77.0EF), located upgradient of
the VYNPS intake structure, during the same sampling period (Figure 7).

In the June-July sampling period, thermal stratification of the water column was greatest (up to a
6.3EF difference across the thermocline) near the VYNPS intake structure and had a decreasing
trend toward the dam.  Measurements at the E stations near Vernon Dam showed  little
stratification of the water column; however, the diurnal variation in surface temperature, due to
fluctuations in river flow and the effects of solar heating, was as high as 1.8EF. 

Significant spatial gradients in the surface water temperature of Vernon Pool were also detected
in the June-July sampling period. Temperatures across the transects varied as much as 5.4EF
to 7.2EF, with the higher temperatures recorded near the west bank.  Temperature variations
were least pronounced during periods of high river flow.  The average temperature difference
between the upstream River Monitoring Station 7 and the downstream River Monitoring Station
3 during the June-July sampling period was 4.3EF.

The August temperature measurements also showed similarities along each transect between
the VYNPS discharge structure and Vernon Dam:  75.2EF to 85.1EF at C stations, 75.2EF to
84.7EF at D stations, and 75.9EF to 86.6EF at E stations.  Temperatures were generally lower at
the F station (74.8EF to 83.8EF), located upgradient of the VYNPS intake structure, during the
same sampling period.

The August diurnal variation in temperature due to fluctuations in river flow and the effects of
solar heating was most pronounced at the surface (upper 1 ft) in Vernon Pool, with the highest 
variation (3.6EF) occurring near the VYNPS discharge structure (Station C1/C2); diurnal
variation was less pronounced at the upstream location (Transect F), with a variation of about
1.5EF at the surface.

There was little spatial variation in temperature across the bank-to-bank transects in Vernon
Pool during the August sampling period.  Although temperatures were slightly higher near the
VYNPS discharge structure, thermistor temperatures were within about 1.8EF of each other
across a single transect at any given time.  The average temperature difference between the
upstream River Monitoring Station 7 and the downstream River Monitoring Station 3 during the
August sampling period was 2.9EF (ASA 2004).

No fish mortalities or delays in fish migration have been observed due to the VYNPS thermal
discharge.  VYNPS operations have not been observed to have caused fish mortality or been a 
barrier to fish migration due to thermal releases or delays in the movement of migratory fish
species due to the thermal plume (Aquatec 1990; Normandeau 2004b).
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6.0  POTENTIAL EFFECTS OF THE PROPOSED ACTION
ON DESIGNATED ESSENTIAL FISH HABITAT

6.1  EVALUATION OF SPECIES REQUIRING EFH CONSULTATION

During the development of this EFH assessment, NMFS websites (NMFS 2006a,b) were
consulted to develop an initial list of candidate fish species that would be considered for EFH
consultation.  On May 5, 2006, the NRC contacted the NMFS and requested information on
EFH under the MSFCMA (NRC 2006d).  In NMFS’s response on September 15, 2006, NMFS
stated that the Connecticut River and tributaries are designated EFH for Atlantic salmon and
that the potential impacts from VYNPS operation on Atlantic salmon and their habitat should be
fully evaluated in the SEIS (NMFS 2006c).  This EFH Assessment is in support of the NRC’s
initiation of an EFH consultation with NMFS regarding the potential license renewal of VYNPS. 

6.2  ATLANTIC SALMON

6.2.1  Life History of Atlantic Salmon

Atlantic salmon are anadromous and have a complex life history that includes spawning in
freshwater rivers and feeding migrations in the Atlantic Ocean.  Most Atlantic salmon of United
States origin spend two years (ranging from one to three or more years) in the ocean before
returning to their natal rivers to spawn.  Spawning of Atlantic salmon in New England typically
occurs in late October and November.  Eggs are deposited by the females in nests constructed
out of river rocks; the nests are referred to as redds.  A typical female lays about 7000 eggs,
which are then fertilized by the males.  Although some adults survive to spawn in subsequent
years, most die following spawning.  Those that do return to sea, do so either immediately after
spawning or during the following spring (FWS 2002).  Few Atlantic salmon live to be more than
eight or nine years old (Bigelow and Schroeder 2002).  The eggs overwinter in the gravel and
hatch the following spring, usually in March and April.  Newly hatched sac fry (alevins, the
beginning of larval stage) remain in the gravel and use the energy reserves in their yolk sacs to
continue development.  Once the yolk sacs become depleted the fry emerge from the gravel
and begin feeding on plankton and small invertebrates.  Fry emergence generally occurs from
March through June (FWS 2002).  They inhabit shallow riffles with moderate currents
(McCormick et al. 1998)

About early December, the fry disperse into riffles with faster currents and coarse substrates
(McCormick et al. 1998).  The fry develop markings along their sides; at this point, the young
Atlantic salmon are called parr (beginning of juvenile stage).  Parr inhabit cool, swift-flowing
streams with riffles and gravel-cobble substrates.  As they mature, they will also inhabit slower-
moving waters with pools and vegetation (Kart et al. 2004; NHFGD 2005).  They may also move
into small tributaries during their first summer as parr and remain there until they leave as
smolts (McCormick et al. 1998).  Parr are opportunistic feeders, feeding mostly on aquatic
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insects; they in turn fall prey to fish and bird species (FWS 2002).  The parr stage lasts for one
to three years.  During this period, they reach a length of about 4 in. (10 cm).  After reaching this
size, most parr undergo a developmental change during the spring (smoltification) to become
smolts; however, some parr will become sexually mature before smoltification and are capable
of fertilizing the eggs of returning females (Henry and Cragg-Hine 2003).  Some of these mature
parr can undergo smoltification in the following spring (McCormick et al. 1998).  As smolts, the
juvenile Atlantic salmon begin migrating toward the ocean.  During their migration, they begin
schooling and develop a tolerance to salt water necessary before they enter the ocean. 

Once in the ocean, they eventually migrate toward their major feeding grounds in the North
Atlantic near Greenland and Iceland.  While in the ocean, Atlantic salmon prey upon various fish
species and large zooplankton and are preyed upon by seals, sharks, tuna, striped bass
(Morone saxatilis), bluefish (Pomatomus saltatrix), and other predators (FWS 2002).  After
spending one to three or more years at sea, adult salmon migrate back to their natal streams to
spawn.  In New England, the migration generally occurs from May through October with May
through July being the primary time period.  Spawning normally occurs from late October
through November in New England (FWS 2002).  Once they enter freshwater, adult Atlantic
salmon cease feeding and will not feed again until they re-enter the ocean some six months to a
year later (FWS 2002).  Adults that do not die after spawning will overwinter in the river before
migrating back to sea. 

6.2.2  EFH for Atlantic Salmon

EFH for Atlantic salmon is described as all waters currently or historically accessible to Atlantic
salmon within Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, and Connecticut
(NMFS 1998).  The Connecticut River and its tributaries are considered EFH for all life stages of
the Atlantic salmon (eggs, larvae, juveniles, adults [those that are in-migrating to spawning
sites, overwintering, or out-migrating to the sea], and spawning adults).  The following EFH
requirements are applicable for the specific life stages of the Atlantic salmon (NMFS 1998):

C Eggs.  Substrates within a gravel or cobble riffle above or below a pool in rivers and
streams.  Generally, the water temperature in the excavations that Atlantic salmon
construct for egg-laying (i.e., redds) is below 50EF and consists of clean, well-
oxygenated freshwater.  Atlantic salmon eggs are most frequently present in redds
between October and April.

C Larvae.  Substrates within a gravel or cobble riffle above or below a pool in rivers and
streams.  Generally, Atlantic salmon larvae ( i.e., alevins and fry) occur in locations with
clean, well-oxygenated freshwater and water temperatures below 50EF.  Atlantic salmon
alevins and fry occur most frequently observed between March and June.
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C Juveniles.  Shallow gravel or cobble riffles interspersed with deeper riffles and pools of
rivers and estuaries.  Generally, Atlantic salmon juveniles (e.g., parr) are found in areas
with clean, well-oxygenated freshwater; water temperatures below 77EF, water depths of
4 to 24 in.; and water flows of 12 to 36 in./s.  As they grow, parr transform into smolts. 
Atlantic salmon smolts require downstream access to make their way to the ocean. 
Upon entering the sea, “post-smolts” become pelagic and range from Long Island Sound
north to the Labrador Sea.

C Adults.  For adult Atlantic salmon returning to spawn, EFH includes habitats with resting
and holding pools in rivers and estuaries.  Returning Atlantic salmon require access to
their natal streams and access to the spawning grounds.  Generally, conditions where
returning Atlantic salmon adults are found migrating to the spawning grounds include
water temperatures below 73EF and dissolved oxygen levels above 5 parts per million
(ppm).  Oceanic adult Atlantic salmon are primarily pelagic and range from the waters of
the continental shelf off southern New England north throughout the Gulf of Maine.

C Spawning adults.  EFH for spawning adults includes gravel or cobble substrates of riffles
above or below a pool of specific rivers and streams that currently support or historically
supported Atlantic salmon spawning.  Generally, conditions where spawning Atlantic
salmon are found include water temperatures below 50EF; water depths of 12 to 24 in.;
water flows around 24 in./s; and clean, well-oxygenated freshwater.  Spawning Atlantic
salmon adults are most frequently observed during October and November.

EFH regulations also direct the fishery management councils to consider a second, more limited
habitat designation for each species in addition to EFH.  Habitat areas of particular concern
(HAPCs) are described in the regulations as subsets of EFH that are rare, particularly
susceptible to human-induced degradation, especially ecologically important, or located in an
environmentally stressed area.  Designated HAPCs are not afforded any additional regulatory
protection under the MSFCMA.  However, Federal projects with potential adverse impacts on
HAPCs are more carefully scrutinized.  In addition to identifying general EFH for Atlantic
salmon, the New England Fishery Management Council also identified HAPC for adult Atlantic
salmon in 11 coastal watersheds in Maine that support unique and important populations of
Atlantic salmon.  Thus, those HAPCs would not be affected by VYNPS operations.

6.2.3  Atlantic Salmon in the Connecticut River

Prior to damming of the Connecticut River watershed, Atlantic salmon spawning runs occurred
as far upstream as Beecher Falls (near the Vermont-Canadian border, about RM 370) (NHFGD
2005).  Spawning runs mostly occurred in the spring, but a small number of Atlantic salmon also
migrate upriver in the early fall.  Those that return in the spring spend the summer in deep, cold
pools of their natural streams before spawning in fall (Connecticut River Atlantic Salmon
Commission 1998).  The optimal temperature range for migratory adults is 57.2 to 68EF
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(Krisweb.com undated).  Since the installation of fishways on the Connecticut River, Atlantic
salmon have reached as far upstream as the Ammonoosuc River, downstream of the Ryegate
Dam (RM 273) (FWS undated).  Historically, little of the mainstem of the Connecticut River
downstream of the present-day site of the Ryegate Dam supported Atlantic salmon rearing
habitat (Gephard and McMenemy 2004).  Spawning habitat primarily occurs in the Connecticut
River tributaries (Gephard and McMenemy 2004).  Artificial barriers (e.g., dams and faulty
culverts) and natural barriers (e.g., waterfalls > 10 ft high) pose problems for adults migrating to
their spawning areas (Kart et al. 2004).  Most returning Atlantic salmon are captured for
broodstock, although about 10 percent are released upstream of Holyoke Dam to spawn
naturally (Connecticut River Atlantic Salmon Commission 1998).  In 2004, nearly 7.8 million fry,
parr, and smolts were stocked in the Connecticut River watershed (U.S. Atlantic Salmon
Assessment Committee 2005).

In 2004, it was estimated that 183,000 smolts were produced above Holyoke Dam (RM 87)
(U.S. Atlantic Salmon Assessment Committee 2005).  Smolt passage efficiency at Bellows
Falls, Vernon, Turners Falls, and Holyoke Dams has been estimated at 80 percent at each dam
(Boubee and Haro 2003).

Optimal spawning temperature is 41 to 46.4EF (Krisweb.com undated).  Spawning habitat
consists of coarse, clean gravel stretches that are at least 3 to 10 ft long and 3 ft wide with
water depths 1 to 2 ft.  Self-sustaining populations of Atlantic salmon do not currently occur
within the Connecticut River watershed are therefore, dependent on a multi-state stocking effort
(Kart et al. 2004).  Juvenile Atlantic salmon have been stocked in streams as far north as the
Nulhegan River, Vermont, about 350 mi upstream on the Connecticut River (FWS undated).

Annual spawning runs in the Connecticut River have numbered in the hundreds but more
recently have declined to less than one hundred.  For example, in 2004 there were only 69
documented Atlantic salmon returns to the river, and only 1635 to all rivers in the United States
(U.S. Atlantic Salmon Assessment Committee 2005).  Spawning run declines have been
occurring throughout the range during the last 30 years (Gephard and McMenemy 2004).  There
is a no-take policy for Atlantic salmon in the Connecticut River (NHFGD 2005).  The Connecticut
River Atlantic Salmon Commission establishes annual schedules for the passage of migratory
fish species for a number of dams on the Connecticut River (FWS 2006).  The 2006 schedule
for upstream passage operations at Vernon Dam was May 15 through July 15 and September
15 through November 15 for Atlantic salmon; the 2006 schedule for downstream Atlantic salmon
passage was April 1 through June 15 for smolts and October 15 through December 31 for
adults (FWS 2006).  The number of Atlantic salmon that have annually passed upstream of
Vernon Dam from 1981 to 2006 has ranged from 0 to 13.  Four passed the dam in 2006 (FWS
2006).

A variety of factors, including stream hydrology, water temperatures, pH, dissolved oxygen,
streambed characteristics, availability of food, competition, predation, pollution, and recreational
and commercial fishing, interact to affect the survival of the various life stages of Atlantic salmon
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in rivers and streams (Maine Atlantic Salmon Task Force 1997).  In addition to turbine mortality
and other passage issues at dams, dams and their impoundments can delay migration of
Atlantic salmon smolts and increase water temperature, which can lead to a loss of smolt
characteristics.  This can have a negative impact on the capacity of smolts to survive in
seawater and return as adults (McCormick et al. 1999).  Extended residency in impoundments
can also increase predatory pressure to smolts.  Low pH due to acid deposition appears to be
detrimental to outmigrating smolts.  Water temperature fluctuations in the Atlantic Ocean over
the past ten years may be contributing to reduced adult salmon returns throughout much of their
range (Kart et al. 2004).  Atlantic salmon recovery is also hindered by degraded water quality
parameters, siltation in tributary streams, and predation of early life history stages by a variety of
species including the striped bass.

The results of studies conducted at VYNPS suggest that no eggs and larvae or any life stage of
Atlantic salmon are entrained. There are no records of adults being impinged.  Each year low
numbers of smolts are impinged at VYNPS.  These losses are inconsequential when compared
to the total number of smolts in the river. The number of smolts impinged has been a small 
portion of the applicant’s NPDES permit limit for Atlantic salmon (Aquatec 1978, 1990; Entergy
2006a; Entergy and Normandeau 2004; Normandeau 1999, 2004a, 2005; VYNPS and
Normandeau 2002). 

The only life stages of the Atlantic salmon exposed to the VYNPS thermal plume are smolts
(during spring) and migrating adults (during spring and fall).  The schedule for upstream fish
passage operations at Vernon Dam is from mid May to mid July and from mid September to mid
November for adult salmon.  The downstream fish passage operations are from about April 1
through mid June for smolts and mid October to the end of December for adults (FWS 2006).  

Few adults pass by VYNPS as adult spawning runs in the Connecticut River are small and 90
percent of the adults that reach Holyoke Dam are captured for broodstock.  Adult Atlantic
salmon passage at Vernon Dam occurs during mid June (VFWD 2006).  

The optimum temperature range for adult Atlantic salmon migration is 57.2 to 68EF with the
highest temperature for normal upstream migration being about 80.6EF, depending upon
acclimation and duration of exposure (Fay et al. 2006).  The optimum temperature range for
smolt migration is 44.6 to 57.7EF with the highest temperature being about 66.2EF (Fay et al.
2006). 

In 2004, river temperatures of VYNPS averaged about 42.9EF in April, 57.3EF in May, and
65.7EF in June, while at the downstream monitoring Station 3 they averaged about 43.3EF in
April, 59.5EF in May, and 67.5EF in June.  Average daily temperatures at the Vernon Dam
fishway from mid May through the end of June ranged from 55.5EF(May 27) to 70.6EF (June 15)
(Normandeau 2005).  Thus, river temperatures near the VYNPS are within the tolerance limits
of migrating adult Atlantic salmon and, most often, for migrating smolts.  June appears to be the
only month during which water temperatures exceed tolerance limits for outmigrating smolts;
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therefore smolt migration could potentially be affected during June.  No blockages of adult
Atlantic salmon past Vernon Dam due to VYNPS operations were observed during Project
SAVE (Save Available Vermont Energy) (Aquatec 1990).  Seventy-five percent of the adult
Atlantic salmon that passed Turners Falls Dam passed the Vernon Dam fishway, while
radiotelemetry studies of smolts revealed that downstream movement into and through the
VYNPS thermal plume occurred without any observed delays (Aquatec 1990).  Most Atlantic
salmon smolt migrate past VYNPS before the upper limit for survival of 82EF is exceeded
(Normandeau 2004a).  Atlantic salmon smolts migrating past VYNPS would not be subjected to
elevated temperatures for more than 12 hr, and could avoid the warmest waters by swimming
around or under the plume (Normandeau 2004a).  Therefore, there may be a slight habitat
squeeze in the migration corridor in the vicinity of VYNPS, but studies indicate that most smolts
successfully complete their downstream migration. 

Although prey items for Atlantic salmon are entrained or impinged in the VYNPS cooling
system, there is no indication that prey populations have been measurably affected and that
prey populations near VYNPS are not limited by station operation.  The NRC staff concludes 
VYNPS operations would likely have a minimal adverse effect on Atlantic salmon EFH (See
Table 7 for a summary of potential adverse effects).

7.0  MITIGATION MEASURES

Four categories of impacts related to VYNPS operations that could influence EFH for the
Atlantic salmon are: (1) entrainment of Atlantic salmon early life stages; (2) impingement of
juvenile or adult Atlantic salmon; (3) discharge of heated cooling water; and (4) mortality of
Atlantic salmon prey species due to impingement, entrainment, or thermal effects.   The
applicant’s NPDES permit contains operational and temperature limits to protect water quality
and minimize impacts to aquatic biota.  The State of Vermont has established limits on the
increase in water temperature above ambient in the Connecticut River due to station operations. 
These limits were established, in part, to minimize impacts to Atlantic salmon during the
spawning migration and outmigration of smolts.  Additionally, the VYNPS intake is located in an
area devoid of unique spawning habitat for Atlantic salmon so entrainment of eggs and larvae
are not a concern.  Should impingement of smolts prove to be a problem in the future,
particularly if the Connecticut River salmon population increases substantially, the licensee
could install a fish return system or operate the station in the closed-cycle cooling mode during
the period of time the smolts are outmigrating.
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Table 7.  Impacts of VYNPS Operations on EFH of the Atlantic Salmon
Life

Stage EFH Description
Expected Effect

of VYNPS Operations on EFH

Eggs Bottom habitats with gravel or cobble
riffles above or below a pool in rivers;
clean, well-oxygenated water with
water temperatures <50EF and water
depths of 30 to 61 cm (1 to 2 ft); occur
most frequently between October and
April.

No Adverse Effect.  No spawning habitat near
plant.  Additionally, eggs incubate in gravel and are,
therefore, not subject to entrainment.  Spawning
areas not affected by thermal discharges.

Larvae Bottom habitats with gravel or cobble
riffles above or below a pool in rivers;
clean, well-oxygenated water with
water temperatures <50EF; occur most
frequently between March and June for
alevins/fry.

No Adverse Effect.  No spawning habitat near the
plant so no thermal effects.  Additionally, alevins
remain buried in gravel and once fry emerge from
the redd they tend to remain in their natal stream.
Therefore, larvae are not subject to entrainment.

Juveniles Shallow gravel/cobble habitats
interspersed with deeper riffles and
pools in rivers and estuaries; clean,
well-oxygenated water with water
temperatures 77EF; prefers water
depths of 10 to 61 cm (0.3 to 2 ft) and
water velocities of 30 to 92 cm/s (1 to 3
ft/s).

Minimal Adverse Effect.  Parr habitat no present in
immediate area of VYNPS therefore no thermal
effects.  Smolts not commonly impinged;
impingement numbers well below yearly NPDES
permit limits.  Prey items are entrained or impinged
at VYNPS, but prey population size not affected.
Smolts move into and through the VYNPS thermal
plume without observed delays. 

Adults Areas with resting and holding pools in
rivers and estuaries for adults returning
to spawn; water temperatures <73EF
and with dissolved oxygen levels >5
ppm; oceanic adults are mainly pelagic
and range from the continental shelf off
southern New England north
throughout the Gulf of Maine.

Minimal Adverse Effect.  Very few returning
Atlantic salmon allowed to continue upstream
spawning migrations past Holyoke Dam.  Generally,
those that pass Turners Falls Dam also pass Vernon
Dam, and most of those subsequently pass Bellows
Falls Dam. Few post-spawning adults expected to
pass the VYNPS area. Generally, impingement of
adults would be unlikely.  Adults do not feed while in
freshwater; thus, other fish species impinged at
VYNPS do not comprise a loss of prey items for
adult Atlantic salmon.  Thermal effects on adults not
observed and unlikely.

Spawning
Adults

Bottom habitats with gravel or cobble
riffles above or below a pool in rivers;
clean, well-oxygenated water with
temperatures <50EF, depths of 30 to
61 cm (1 to 2 ft), and velocities about
61 cm/s (2 ft/s); spawning most
frequently occurs in October and
November.

No Adverse Effect. No spawning habitat near the
plant so no adverse effect due to thermal discharges
or impingement. 

Sources:  Maine Atlantic Salmon Task Force 1997; NMFS 1998, 2006a; Scott and Crossman 1973
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8.0  CONCLUSION

For each life stage, VYNPS operations were evaluated to determine whether they resulted in
(1) no adverse impact, (2) minimal adverse impacts, or (3) substantial adverse impact on
Atlantic salmon EFH.  These impact categories follow the standards used by the Northeast
Regional Office of the NMFS.  The expected impacts of VYNPS operations on EFH for the
Atlantic salmon are summarized in Table 7.  Because VYNPS operates for a portion of the year
in a once-through mode, it has the potential to have an adverse impact on EFH for the Atlantic
salmon due to withdrawal from the Connecticut River.  However, the low level of interactions
between the Atlantic salmon and the facility, as well as current mitigation measures in place at
VYNPS, reduce the potential adverse effect on the various life stages of the Atlantic salmon and
their respective EFHs.  The 316(a) and (b) Demonstration that has been conducted at VYNPS,
coupled with results of annual impingement, entrainment, and riverine sampling of fish required
by NPDES permit stipulations, have demonstrated that VYNPS operations do not have an
adverse effect on the aquatic biota in the Connecticut River, including the movement of
migrating Atlantic salmon smolts and adults (Aquatec 1978, 1990; Entergy 2006a; Entergy and
Normandeau 2004; Normandeau 1999, 2004a, 2005; VYNPS and Normandeau 2002).  The
affected area from VYNPS operations would not affect any habitats in or near bays, estuaries,
or offshore areas. Accordingly, there would be no adverse effects on EFH or Federally 
managed species in such areas.  The NRC staff concludes that license renewal of VYNPS for
an additional 20 years of operation would result in a minimal adverse effect on EFH of the
Atlantic salmon.
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