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EXECUTIVE SUMMARY

Entergy Nuclear Vermont Yankee, LLC has prepared this §316(a) Demonstration Report in support
of a pending request for a nominal increase in certain temperature limits during the summer period of
May 16 through October 14 at the Vermont Yankee Nuclear Power Station (Vermont Yankee or
Station), which is located on the western shore of the Connecticut River at Vernon, Vermont. The
proposed new limits for the summer period change the existing NPDES permit limits only by adding
one degree Fahrenheit to the calculated temperature rise (Delta T) that is presently allowed at certain
temperatures. No change is proposed during the summer period when ambient Connecticut River
water temperatures are above 78°F or below 55°F. :

_ The request allows Vermont Yankee to improve power-generation efficiency by increasing operating

flexibility, particularly during periods of reduced Connecticut River flow, and to reduce evaporative
losses (i.e. water consumption). Vermont Yankee discharges heated non-contact cooling water to the
Connecticut River subject to and with the benefit of a NPDES Permit VT0000264, No. 3-1199, which
was issued by the Vermont Agency of Natural Resources, Department of Environmental
Conservation (VANR) on 29 August 2001 and expires on 31 March 2006.

Consistent with USEPA guidance, this Demonstration Report details a Type III assessment of the
potential effects of the proposed nominal increase in the thermal-discharge limitation, as it relates to
nine (9) species of fish identified as Representative Important Species (RIS): American shad (4/osa
pseudoharengus), Atlantic salmon (Salmo salar), spottail shiner (Notropis hudsonius), smallmouth
bass (Microperus dolomieu), yellow perch (Perca flavescens), walleye (Sander vitreus, formerly
Stizostedion vitreum), largemouth bass (Microperus salmoides), fallfish (Semotilus corporalis), and
white sucker (Catostomus commersoni). The first six (6) of these RIS were included in the most
recent previous 316(a) demonstration document. These six RIS represent the selected species based
upon nearly 30 years of monitoring data and, therefore, allow an effective determination. The
remaining three fish species (largemouth bass, fallfish, and white sucker) were added to the current
Demonstration Report at the request of VANR.

This Demonstration Report is considered a Type III demonstration because a combination of
retrospective and predictive evaluations is used to interpret the biological effects (if any) of the
predicted river thermal regime and habitat changes under the proposed new limits compared to the
existing (baseline) conditions. Predictive evaluations were used to forecast the changes in the river
thermal regime and the associated fish habitats under the existing and proposed new summer Delta T
limits. Predictions were made for the downstream compliance point, for lower Vernon Pool of the
Connecticut River, and for the Vernon Dam fishway. Retrospective evaluations involved an
examination of the recent (1991 —2002) biological monitoring data from lower Vernon Pool and from
the Connecticut River in the Vernon Dam tailrace area for evidence of prior appreciable harm to the
benthic macroinvertebrate and fish communities, and confirmed the absence of any such harm.

The hydrological and thermal regime in the Connecticut River during the summer periods (May 16 —
October 14) of 1998 - 2002 were analyzed to establish recent river flow conditions, confirm that such
conditions accord the historical period of record, and project thermal conditions under the proposed
new limits. Projections were made of the predicted increase in Connecticut River water temperature
at the downstream compliance monitoring location (Station 3) under existing and proposed new
permit limits. Analysis of the probability of occurrence of flow and temperature conditions was used
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to establish average case (50% occurrence) and extreme case (1% occurrence) reference conditions. \
Monthly and seasonal flows for the period 1998 — 2002 were representative of a wide range of flow
conditions found in the historic (1973 through 2001) period of record. Recent summer seasons were
unusually dry, particularly during 2001 and late summer 2002, with a corresponding reduction in
river flow. Based upon analysis of the air temperature data from Vermnon Dam as a surrogate for
water temperatures during the period 1952 through 1997, it was concluded that monthly temperatures
experienced during the recent five years (1998-2002) are representative of a wide array of historic
monthly temperatures. The very high temperature month observed in August 2001 was nearly as
extreme as can be expected for lower Vernon Pool, and analyses based at least in part on these high
temperature conditions should be equally as extreme. Therefore, the use of both the recent (1998-
2002) river water temperatures and Vernon Dam flow records are conservative with respect to
evaluation of the proposed new permit thermal discharge limits for Vermont Yankee.

A three-dimensional time varying model was used to predict the extent of Vermont Yankee’s thermal
plume in lower Vernon Pool under existing and proposed new summer thermal discharge limits for
the average (50% occurrence) case and extreme (1% occurrence) case conditions of flow and
upstream ambient temperature. Potential fish habitat changes due to the proposed new thermal
regime were quantified based on volume and river bottom area in lower Vernon Pool predicted to be
at or above certain specified summer water temperatures drawn from the thermal effects literature for
the RIS and supplemental fish species. The hydrothermal model was also used to predict changes that
may occur in Vernon Dam fishway water temperatures due to the proposed new thermal discharge
limits. This evaluation of the predicted changes found that Vermont Yankee’s thermal discharge will
ensure protection of the RIS and supplemental fish species for both the average and extreme case
conditions of Connecticut River flow and upstream ambient temperature.

The Request, as proposed, would result in only slightly higher summer water temperatures in the
Connecticut River downstream from Vernon Dam. The maximum calculated downstream
temperature would only slightly exceed 81°F, which is virtually identical in terms of temperature to
existing conditions. Likewise, the frequency of occurrence of temperatures greater than 81°F would

.be slightly higher under the proposed conditions (0.39%), compared to 0.11% of the time for existing

conditions (14 hours per summer period, versus 4 hours), respectively. Under the Request, the
percent of the time that the calculated Downstream Station 3 temperature would exceed any given
temperature would increase, compared to current permit conditions, but that increase would be
variable, depending on the temperature.

Similarly, the expected maximum temperature measured at Downstream Station 3 (Maximum Station
3 with Proposed Permit Delta T) is predicted to have exceeded 85°F for 0.15% of the time (about 6
hours per season) compared to no exceedances of 85°F under the existing permit. River water
temperature measured at Downstream Station 3 would be expected to exceed 84°F for 0.57% or 21
hours per summer season compared to 0.06% or 2 hours under existing permit conditions.
Exceedances under proposed permit conditions of other measured temperatures within the historic
temperature range at Downstream Station 3 would be expected to increase from existing permit
conditions by less than 1% at low temperature (<55°F) to a maximum of about 11.5% at 76°F.

This §316(a) Demonstration Report reflects the review of the Vermont Agency of Natural Resources
(VANR), the technical advisory committee consisting of regional regulators (EAC), and Versar, Inc.,
a leading national consultant selected by VANR because of its expertise in addressing the
hydrothermal and biological considerations in §316(a) demonstrations. As such, this §316(a)
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"Demonstration Report already reflects comprehensive consideration of, and response to, these

reviews. Lastly, this Demonstration Report provides a retrospective evaluation of the results of the
VANR- and EAC-approved benthic macroinvertebrate and fish monitoring studies performed during
1991 through 2002, a period following adoption of the incrementally higher temperature discharge
limits requested in Vermont Yankee’s 1990 §316(a) Demonstration.” The results of these studies
demonstrate that the existing discharge has not caused appreciable harm to these biological
communities.
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1.0 INTRODUCTION

On behalf of Entergy Nuclear Vermont Yankee, LLC (Vermont Yankee or the Applicant), this
§316(a) Demonstration Report supports the Applicant’s pending request (Request) for a nominal

" increase in certain temperature limits during the period of May 16 through October 14 at the Vermont
Yankee Nuclear Power Station (Vermont Yankee or Station), which is located on the western shore of
the Connecticut River (River) in Vernon, Vermont (Figure 1-1). The proposed new limits would
allow Vermont Yankee to improve power-generation efficiency by increasing Station flexibility,
while reducing evaporative losses attributable to cooling-tower use in an environmentally beneficial
manner, particularly during periods of reduced River flow.

Under §316(a) of the Clean Water Act, a permit holder such as the Applicant, is entitled to pursue and
receive a variance from otherwise applicable thermal-discharge limits, where it provides reasonable
assurances, based upon information reasonably available, that the proposed alternative limit
adequately “assure[s] the protection and propagation of a balanced, indigenous population of
shellfish, fish and wildlife in and on the body of water into which the discharge is to be made ...” 33
U.S.C. §1326(a); see also 40 C.F.R. §125.73.

Vermont Yankee discharges heated non-contact cooling water to the River subject to and with the
benefit of a NPDES Permit VT0000264, No. 3-1199 (the Permit), which was issued by the Vermont
Agency of Natural Resources, Department of Environmental Conservation (VANR) on August 29,
2001 and expires on March 31, 2006. The Permit governs discharges to the River from the Station,
and specifies certain annual monitoring requirements that assure compliance with applicable
limitations, including §316(a). More particularly, extensive and comprehensive environmental
monitoring has been performed in the River in the vicinity of Vermont Yankee during each year since
the late 1960s. The studies have covered a wide range of River temperature and flow conditions, and
have included all major aquatic community components, including phytoplankton, zooplankton,
benthic macroinvertebrates and resident and migratory fish. The monitoring has been performed
under all thermal-discharge conditions, ranging from closed cycle to once-through cooling.

Monitoring results are scrutinized by VANR and the Environmental Advisory Committee (EAC),
which meets at least once annually to review and evaluate the monitoring performed and results in
accordance with the Permit requirements. The EAC is comprised of representatives of the Vermont
Department of Environmental Conservation, Vermont Department of Fish and Wildlife, New
Hampshire Fish and Game Department, New Hampshire Department of Environmental Services,
Massachusetts Office of Watershed Management, Massachusetts Division of Fisheries and Wildlife,
and Coordinator of the Connecticut River Anadromous Fish Program for the U.S. Fish and Wildlife
Service. Significantly, no substantial adverse impacts to aquatic biota have been identified by the
EAC in their annual reviews of the results of the Permit’s monitoring program. Further, several
changes that have been made to the monitoring program over the years have had the concurrence of
the EAC, subject to VANR’s approval.

1.1 CIIRONOLOGY

A §316(a) Demonstration Report in support of Nuclear Vermont Yankee’s request for a nominal
increase in certain temperature limits during the period of May 16 through October 14 at the Station
was first prepared by Normandeau Associates, Inc. (Normandeau) and submitted by Vermont Yankee
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to VANR in February 2003. In late February 2003, Versar, Inc. (Versar) was selected to provide a
third-party review of the Demonstration Report on behalf of and under the direction of VANR.
Versar’s final third-party review was provided to VANR on 9 May 2003 (Versar 2003). VANR then
synthesized their review of the February 2003 Demonstration Report and Versar’s final third-party
review into a request for supplemental information dated 11 July 2003. Subsequent meetings and
correspondence ensued among Vermont Yankee, their consultants, VANR, and various members of
the EAC, to foster the exchange of information satisfying VANR’s 11 July 2003 request. This
§316(a) Demonstration Report dated April 2004, hereafter referred to as the Demonstration Report,
incorporates the information supplied to VANR into the original February 2004 Demonstration
Report. '

1.2 ORGANIZATION OF THIS DEMONSTRATION REPORT

The U.S. Environmental Protection Agency’s (USEPA’s) draft 1977 316(a) Interagency Technical
Guidance Manual and Guide for Thermal Effects Sections of Nuclear Facilities Environmental
Impact Statements (the 1977 Technical Guidance), the operative guidance document (although it
remains in draft), sets forth three types of demonstrations that a §316(a) variance applicant may use to
establish that a discharge is appropriately protective of the balanced indigenous population. See
generally the 1977 Technical Guidance; see also April 18, 1974 USEPA Draft Proposal Guidelines
for Administration of the 316(a) Regulations (April 1974 Draft Guidelines); September 1974 USEPA
316(a) Technical Guidance — Thermal Discharges (September 1974 Draft Guidance) (superceded by

“the 1977 Technical Guidance); December 1974 USEPA/NRC/FWS (316(a) Technical Guidance
Manual and Guide for Thermal Effects Sections of Nuclear Power Plant Environmental Impact
Statements) (1975 Draft Guidance). Indeed, USEPA suggests that state regulators, such as VANR,
employ the 1977 Technical Guidance or confirm any deviations with USEPA (1977 Technical
Guidance, p. 9). ‘ :

As these documents provide, a Type III demonstration, such as this Demonstration Report, is a
combination of predictive and empirical assessment methods and data (April 1974 Draft Guidelines,
pp. 34-35). More particularly, a Type III demonstration properly entails reasonably: (1) identifying
the water-body segments occupied by the relevant aquatic biological communities; (2) identifying any
critical function zone in that area; (3) identifying biotic categories potentially impacted by the thermal
plume; (4) selecting representative important species (“RIS™) within impacted biotic categories; and
(5) evaluating the potential impacts, if any, of the identified thermal plume on the selected
representative important species (RIS). This Demonstration Report tracks EPA’s suggested decision
train above, all in a manner consistent with EPA’s guidance for Type III demonstrations, particularly
the 1977 Technical Guidance. In particular, Chapter 3 of the Demonstration identifies the
Connecticut River (“River”) segment relevant to the Demonstration, and Chapter 5 presents the
aquatic communities relevant in that segment of the River. Chapter 4 identifies the critical function
zone, equating the area with the locations subject to thermal influence. Chapter 2 details the
identified RIS and supports the selection criteria, based upon the extensive biological data set
developed over the last several decades (Chapter 6). Chapters 3 through 5, as well as the
accompanying hydrothermal assessment (Appendix 3), detail the absence of potential impacts on the
relevant aquatic communities, as determined by the identified RIS, attributable to the proposed
thermal increase. At the request of VANR, the organization of the April 2004 Demonstration Report

5

19585 Vermont Yankee 316a 4-30-04.doc 5 Normandeau Associates, Inc.



Y
¢ [}

P,

Entergy Nuclear Vermont Yankee Summer 316(a) Demonstration

.....

was not changed with respect to the structure of the February 2003 Demonstration Report other than

as needed to accommodate the information supplied.
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Figure 1-1.  Connecticut River in the Vicinity of Vernon Pool.
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2.0 SELECTION OF REPRESENTATIVE IMPORTANT SPECIES

This Demonstration Report details an assessment of the potential effects of the proposed nominal
increase in the thermal-discharge limitation, as it relates to nine (9) species of fish identified as
Representative Important Species (RIS) for this Demonstration: American shad (4losa
pseudoharengus), Atlantic salmon (Salmo salar), spottail shiner (Notropis hudsonius), smallmouth
bass (Microperus dolomieu), yellow perch (Perca flavescens), walleye (Sander vitrus, formerly
Stizostedion vitreum), largemouth bass (Microperus salmoides), fallfish (Semotilus corporalis), and
white sucker (Catostomus commersoni). The first six (6) of these RIS were included in the most
recent previous 316(a) demonstration document (Downey et al. 1990). These six RIS represent the
selected species based upon nearly 30 years of monitoring data and, therefore, allow an effective
determination. These fish species continue to be appropriate and representative species for assessment
of potential thermal impact consistent with the concept of RIS, as established by the USEPA (1977),
e.g., commercial or recreational value, representative members of the balanced indigenous community,
an important food item for other RIS, or capable of becoming localized nuisance species. White perch
{(Morone americana) was a seventh RIS in the previous 316(a) demonstration (Downey et al. 1990)
that, at the request of VANR, was not included in this Demonstration Report. Three additional fish
species (gizzard shad, Dorosoma cepedianum; American eel, Anguilla rostrata; and sea lamprey,
Petromyzon marinus) were considered in addition to the RIS in the February 2003 Demonstration
Report but were also not included as RIS in this Demonstration Report at the request of VANR.
Because no threatened or endangered aquatic species are known to exist in the Connecticut River in the
vicinity of Vermont Yankee, none are included as RIS. '

It was considered important to VANR to have both lentic and lotic habitat guilds of fish as RIS in
addition to anadromous species. The remaining three (3) fish species (largemouth bass, falifish, and
white sucker) were added as RIS for the current Demonstration Report to balance the RIS between
lentic and lotic guilds at the request of VANR. The lentic guild of fish represents the community
inhabiting slow-flowing or ponded areas of the River like lower Vernon Pool. The lotic guild of fish
represents the community inhabiting the rapid-flowing or turbulent areas of the River like the Vernon
Dam tailrace. Therefore, the lentic guild of RIS for this Demonstration Report is represented by
largemouth bass and yellow perch, while smallmouth bass and fallfish represent the lotic guild (Table
2-1). Walleye, white sucker, and spottail shiner are considered generalists that occupy both lentic and
lotic guilds (Table 2-1). American shad and Atlantic salmon are both anadromous species, with the
adults passing through both lentic and lotic habitats in the vicinity of Vermont Yankee during the
spawning migration, while their egg, larval and juvenile life stages inhabit the lentic and lotic (shad)
or lotic (shad and salmon) habitats at certain times of the year until they migrate to the sea (Table 2-
1). Largemouth bass replaced white perch among the RIS as a lentic piscivore that is intermediate in
its tolerance to non-specific environmental stressors (Table 2-1). Because of the taxonomic, trophic, 1
and tolerance similarities between largemouth bass and smallmouth bass (same genus), the
replacement of white perch with largemouth bass provides a similar pair of RIS that differ primarily
in their habitat preference.

The nine RIS and other fish species present in the River near Vermont Yankee were also classified
into trophic and tolerance guilds based on their feeding habits and tolerance to non-specific
environmental stressors (Barbour et al. 1999). Although most fish species pass through several
trophic guilds as they develop from larvae to adults, the majority of time during their life in
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freshwater is typically spent as adults. Therefore, the trophic guild assignments and tolerance by
Barbour et al. (1999) and used in this Demonstration Report (Table 2-1) are based primarily on the
reported feeding habits and tolerance of the adult life stage, unless noted otherwise. Exceptions to the
primary trophic guild or tolerance classifications occurred when there was disagreement among one
or more of the seven references used to select the primary designation, and are noted in Table 2-1.

American shad, valued by anglers in some areas of the Connecticut River, is being restored to the
upper River through fish passage improvements and a limited trap and transport program (CRASC
1998), and is commercially harvested in the lower Connecticut River and elsewhere on the East
Coast. American shad represent the insectivore trophic guild that is intermediate in pollution
tolerance (Table 2-1). They are typically found both in the lentic habitat of lower Vernon Pool and in
backwater areas like the New Hampshire setback and Cersosimo Lake, and in the lotic waters of the
Vemon Dam tailrace. Atlantic salmon (parr and smolts) would typically be found in the lotic habitat
(Vernon Dam tailrace) when present in the vicinity of Vermont Yankee during the early part of the
summer period, and also represent the insectivore trophic guild of fish that is intermediate in pollution
tolerance (Table 2-1). Atlantic salmon is also the object of an on-going restoration effort in the
Connecticut River and in other New England rivers to develop a self-sustaining population that may
eventually support sport fisheries. Spottail shiner is a numerically important member of the balanced
indigenous community and is a significant prey item for several top carnivore species such as
walleye, yellow perch, largemouth bass, and smallmouth bass. Spottail shiner is found in both lentic
and lotic habitats in the River near Vermont Yankee, and also represents the insectivore trophic guild
that is intermediate in pollution tolerance (Table 2-1). Fallfish is a large minnow species found
predominantly in lotic habitat such as that located in the Vernon Dam tailwaters. Fallfish is
considered a generalist in its trophic classification, feeding on a wide variety of organisms including
insects, fish, crayfish and algae. Fallfish is considered intermediate in its pollution tolerance (Table 2-
1). White sucker is an adaptable member of the sucker family that is found in both lentic and lotic
habitats in the River near Vermont Yankee. White sucker is considered an omnivore that is tolerant
of pollution (Table 2-1). Both smallmouth and largemouth bass are numerically important members
of the resident fish community in the vicinity of Vermont Yankee that are valued by anglers as
gamefish. Smallmouth bass typically inhabits lotic habitats in the River near Vermont Yankee like
the Vernon Dam tailrace, while largemouth bass live in lentic habitats like that found in lower Vernon
Pool (Table 2-1). Both smallmouth and largemouth bass are considered to be piscivorous predators
that are intermediate in their pollution tolerance (Table 2-1). Yellow perch is a lentic insectivore that
is numerous in the River in lower Vernon Pool (Table 2-1). Yellow perch is a recreationally
important panfish, as well as a non-migratory species that is reported to be intermediate in its
pollution tolerance (Table 2-1). Although the fish monitoring data indicate that walleye is not
numerous in the vicinity of Vermont Yankee, this piscivore is reported to be intermediate in its
pollution tolerance, and is a non-migratory species found in both lentic arid lotic habitats that is
valued by anglers (Table 2-1). As RIS, these nine fish species also represent other non-RIS fishes in
the same habitat and trophic guilds, with the same pollution tolerance classifications, found in the
River near Vermont Yankee. Therefore, conclusions in this Demonstration Report about the
interaction of each RIS with the existing and proposed new Vermont Yankee thermal limits both
embodies USEPA’s requirements for the RIS selected by VANR, and are also sufficiently
representative of the other members of the fish community within the same habitat guild, trophic
guild, and tolerance classification.
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Table 2-1. Habitat' and Trophic? Guilds, and Tolerance Classifications for Connecticut River
Fish Species Present in the 1991-2002 Fish Samples from Lower Vernon Pool and
the Vernon Dam Tailrace.

Representative Important Habitat Trophic Tolerance
Species Guild Guild Trophic Exceptions Tolerance  Exceptions
American shad Lenticand  Insectivore Filter feeder Intermediate
Lotic
Atlantic salmon (parr and smolts) Lotic Insectivore Intermediate  Intolerant
Spottail shiner Lenticand  Insectivore Generalist Intermediate  Intolerant
Lotic
Fallfish Lotic Generalist Intermediate
White sucker Lentic and Omnivore Insectivore, Generalist Tolerant
- Lotic
Smallmouth bass Lotic Piscivore Insectivore Intermediate  Intolerant
Largemouth bass Lentic Piscivore Insectivore Intermediate ~ Tolerant
Yellow perch Lentic Insectivore Piscivore, Generalist ~ Intermediate
Walleye Lentic and Piscivore Intermediate
Lotic
Habitat .  Trophic Tolerance
Other Fish Species Present at VY Guild Guild Trophic Exceptions Tolerance  Exceptions
Sea lamprey (ammocetes) Lentic Filter feeder Intermediate
American eel Lentic Piscivore Generalist Intermediate Tolerant
Blueback herring Lentic Filterfeeder Intermediate
Gizzard shad Lentic Omnivore  Filter feeder; Herbivore Intermediate Tolerant
Goldfish . Lentic Omnivore Generalist , Tolerant
Common carp Lentic Omnivore Generalist Tolerant
Eastern silvery minnow Lentic Herbivore Omnivore Intermediate  Intolerant
Common shiner Lenticand  Insectivore Generalist Intermediate
Lotic
Golden shiner Lentic Omnivore Insectivore,Generalist Tolerant
Spotfin shiner Lentic Insectivore Intermediate ~ Tolerant
Mimic shiner Lentic Insectivore Generalist Intolerant  Intermediate
Yellow bullhead Lentic and Insectivore Omnivore,Generalist Tolerant Intermediate
' Lotic
Brown bullhead Lentic Insectivore Generalist Tolerant Intermediate
Northern pike Lentic Piscivore Intermediate  Intolerant
_ Chain pickerel Lentic Piscivore Intermediate
Brook trout Lentic and Piscivore Insectivore Intermediate  Intolerant
Lotic .
Banded killifish Lentic Insectivore Tolerant Intermediate
White perch Lentic Piscivore Insectivore Intermediate '
Rock bass Lotic Piscivore Insectivore Intermediate  Intolerant
Redbreast sunfish Lotic Insectivore Generalist Intermediate
Pumpkinseed Lentic Insectivore Piscivore,Generalist Intermediate
Bluegill | Lentic Insectivore Generalist Intermediate Tolerant
Black crappie Lentic Piscivore Insectivore,Invertivore  Intermediate
Tessellated darter Lentic Insectivore Intermediate

!Source: Scarola, J.F. 1987. Freshwater Fishes of New Hampshire. NH Fish and Game Department. 132 p.

*Source:  Appendix C in: Barbour et al, 1999. Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers. Second Edition.
EPA 841-B-99-002.

Note: Exceptions were taken when there was disagreement in one or more of the seven references regarding the trophic guild or
tolerance classification of a species; the alternatives are shown
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3.0 HYDROLOGICAL AND THERMAL EXPERIENCE OF THE
CONNECTICUT RIVER NEAR VERNON, VT: 1998 —- 2002

31 BACKGROUND

3.1.1 The Vermont Yankee Cooling System

Vermont Yankee is located 0.75 miles upriver of Vernon Dam on a reach of the Connecticut River
known as Vernon Pool. Vernon Pool extends upstream about 25 miles to the foot of the Bellows
Falls Dam in Bellows Falls, VT and comprises 2,481 surface acres and 0.19366 billion cubic feet of
water retained at a full-pond elevation of 220.13 ft behind the Vernon Dam and Hydroelectric Station.

Cooling water is withdrawn by Vermont Yankee (Figure 1-1) from the lowermost reach of Vernon
Pool. All, a portion, or none of the cooling water may be returned to Vernon Pool as heated effluent,
depending on the mode of operation of Vermont Yankee. Under open cycle, the plant is operated in a
“once through” cooling mode, with all cooling water passing through the condenser cooling system
and then discharged to lower Vernon Pool. Under closed cycle, all cooling water is pumped through
an array of mechanical draft cooling towers, then returned to the intake area for reuse as cooling
water, until a portion is discharged to the River as cooling tower blowdown. Under hybrid cycle,
Vermont Yankee may modify the amount of cooling water that passes through the cooling towers and
the amount that is recirculated, such that the discharge to the River may vary in both temperature and
volume.

The typical range in temperature of the heated effluent during the warmer summer months is
approximately 80 to 90°F, with a very infrequent worst-case maximum of about 100°F. Discharge
volume may vary anywhere between a closed cycle volume of 0 cfs to the maximum once-through
cooling water pumping capacity of slightly over 800 cfs. ‘

3.1.2 Connecticut River Discharge

Connecticut River flows are highly controlled by hydroelectric generation activities both upstream
and downstream of Vermont Yankee. There are nine hydroelectric dams and three storage dams on
the mainstem Connecticut River upstream of Vernon Dam, and there are three hydroelectric dams and
one pumped-storage facility downstream. Although storage in the Vernon headpond provides some
flexibility of flow release from Vernon Dam, independent of inflow, the upriver hydro stations and
Vernon Station are generally operated more or less in unison to maximize power output during times
of peak power demand. The hourly flow record for Vernon Dam provides direct evidence of the
highly regulated nature of the whole River (for example, see Johnston 1984).

Vemon Station, a 26.4 MW hydroelectric generating facility owned and operated by a U.S. Gen New
England entity (PGE), is located on the west (VT) side of the 1,200-ft long Vernon Dam. When
River discharge approaches or exceeds station capacity (about 13,280 cfs), the station generates
continuously, with any surplus flow spilled from crest gates or deep gates. When River discharge is
less than Vernon Station’s capacity, all of the River discharge past Vernon Dam is controlled by the
facility. The stipulated minimum flow at Vernon Station is 1,250 cfs or inflow if less than 1,250 cfs.
This situation leads to two characteristic patterns of regulated discharge: one of high and gradually
varying flow, and one of frequent (two or more flow changes during each 24-hour period) cycling

19585 Vermont Yankee 316a 4-30-04.doc 11 " Normandeau Associates, Inc.
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between lower and higher flows characterized by rapid transitions. The duration and magnitude of
both the lower and higher flow during periods of cycling is determined largely by the availability of
water from upstream sources. Vernon Station has nine hydroelectric units that range in maximum
capacity from 1,280 to 1,970 cfs. “Lower” flows are maintained by operating one unit and may
likewise vary from 1,250 (the permitted minimum flow) to 1,970 cfs. “Higher” flows are generated
by operating multiple units and may vary from 2,560 to 13,280 cfs. Typically, “lower” flows would
be maintained for a period of several hours during each day, while “higher” peaking power flows
would be maintained the rest of the time. However, under very low flow conditions, PGE may
operate Vernon Station continuously at or near 1,250 cfs for several consecutive days.

Because the amount of heat Vermont Yankee can discharge to the Connecticut River is highly
dependent on River flow, PGE’s operation of Vernon Station and the upstream hydroelectric stations,
in conjunction with “ambient” River water temperature, determine to a large extent how much heat
Vermont Yankee can discharge while maintaining compliance with its NPDES permit.

3.1.3 Vernon Dam Fish Passage Facilities

At Vernon Station, PGE also owns and operates for certain periods during each year a fish ladder
(“fishway”) and a downstream fish passage conduit to facilitate both the upstream and downstream
passage of anadromous fishes, including Atlantic salmon and American shad. The fishway was
installed and became operational in 1981, and the downstream fish conduit (tube) was first operated
in 1991. The fishway, located near the western bank of the Connecticut River, is typically run from
mid-May through the end of June of each year. The fishway is a concrete structure consisting of a
vertical slot ladder from the tailrace leading up to a fish trap and viewing gallery, and an Ice Harbor
style ladder that provides passage from the trap up to Vernon Pool. The fishway is supplied with a
continuous flow of 65 cfs during the period of operation, and an attraction flow of 40 cfs is also
discharged near the foot of the ladder. The “pipe” supplying the additional 40 cfs of attraction flow
for the fishway was converted in 1994 into a “fish pipe” and is presently used as an alternate or
supplemental downstream fish passage device. The primary downstream fish passage conduit (fish
tube) is located in the center of the powerhouse, and 350 cfs of bypass flow is supplied through a 9-ft
by 6-ft gate and tube that constricts to a 4-ft by 5-ft opening at the discharge end. The downstream
fish passage conduit and the fish tube are operated continuously from April through July and from
September through October of each year. ’

3.1.4 Thermal Discharge Limits

Temperature limits established by VANR in the existing NPDES permit coincide with two
compliance periods: May 16 — October 14 (“summer”) and October 15 — May 15 (“winter”).
Compliance with the thermal limits established for both summer and winter periods is determined by
calculating the plant-induced increase in Connecticut River water temperature above ambient
conditions using Equation 1-1, which was initially proposed in the Station’s 1978 §316(a)
demonstration (Binkerd et al. 1978), as accepted by VANR, and has been the operative formula in
every subsequent renewed NPDES permit, including the current NPDES permit.

This compliance equation is given below:
ATr=H/pCpQ)  (Equation1-1)

Where: ATr = the discharge-induced temperature increase in the Connecticut River
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H = the heat rejection rate to the Connecticut River
p = the density of water
Cp = the specific heat of water
Qr = the Connecticut River flow rate at Vernon Dam

Ambient River temperature is monitored at Upstream Station 7, a location 3.5 miles upriver of
Vermont Yankee on the Vermont shore and well beyond any potential thermal effect of the Vermont
Yankee cooling water discharge (Figure 1-1). The actual change in River temperature due to
Vermont Yankee discharges, as well as atmospheric influences, is monitored at Downstream Station
3, located 0.65 miles downstream from Vernon Dam and 1.4 miles downstream from Vermont
Yankee.

The River in the vicinity of Upstream Station 7 is approximately 700 feet wide and about 34 feet
deep. The intake for this monitoring station is located at a depth of approximately 17 feet and is
sufficiently upriver of Vermont Yankee as to be unaffected by operation of the Station. During
periods of low River flow, the Connecticut River at Upstream Station 7 is reasonably quiescent and
may stratify thermally, particularly during the summer daytime periods. The temperature difference
between surface and bottom can be as much as 5°F, and lateral temperature differences of 1°F have
been observed. Nevertheless, it is expected that the placement of the intake at mid-depth was
intended to monitor waters that are representative of the average River temperature in this portion of
the River. Thermal modeling of the Vernon headpond established that temperatures measured at
Upstream Station 7 are typically representative of column-weighted average temperatures
(Appendix 3).

Downstream Station 3 is located 1.4 miles downstream from Vermont Yankee and about 3,400 feet
(0.65 miles) downstream of Vernon Dam. Here the Connecticut River is about 400 feet wide and up
to 30 feet deep. Water temperatures measured at Downstream Station 3 are more spatially
homogenous than those observed at Upstream Station 7 because of the turbulence in the Vernon
tailrace, and because the flow becomes thoroughly mixed as it passes through the Vernon
Hydroelectric Station or over Vernon Dam. The intake depth for this monitoring station is at about 8
feet, but depth is of little consequence here, given the well-mixed nature of the River in this location.
The cyclical pattern of operation of the hydroelectric facility and the daily cycles of atmospheric
heating and cooling induce corresponding cyclical patterns in temperature at Downstream Station 3.

The Connecticut River experiences significant natural changes in temperature from Upstream Station
7 to the Station and to Downstream Station 3, as discussed below. The travel time for water flowing
from Upstream Station 7 to Downstream Station 3, a distance of approximately five miles, although it
depends on River discharge, is typically between 10 and 30 hours.

"The following chart shows the current temperature increase limitation at Station 3 as defined in the

NPDES permit, and the proposed new limits, during the summer period of May 16 through
October 14.

19585 Vermont Yankee 316a 4-30-04.doc 13 Normandeau Associates, Inc.
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Calculated Temperature Increase Above
Upstream Station 7 Ambient at Downstream Station 3
Ambient Temperature Present Limits | Proposed New Limits
>78 °F ‘ 2°F 2°F
>63 °F, <78 °F 2°F 3°F
>59°F, <63 °F 3°F 4°F
>55°F, <59°F , 4°F 5°F
<55°F 5°F 5°F

Therefore, the proposed new limits for the summer period would change the existing NPDES permit
limits only by adding one degree Fahrenheit to the calculated temperature rise that is presently
allowed. No change is proposed during the summer period when ambient Connecticut River water
temperatures are above 78°F or below 55°F.

3.2 RECENT HYDROLOGICAL AND THERMAL EXPERIENCE OF THE
CONNECTICUT RIVER IN THE VICINITY OF VERMONT YANKEE

Hydrological and thermal conditions in the River have been monitored since the late 1960s, providing
a significant data set. Detailed discussions of historic River flows and temperatures are provided in
numerous technical reports prepared in support of the previous §316 demonstrations (e.g., Binkerd et
al. 1978, Johnston 1984, Luxemberg 1990a, 1990b). The present hydrological and thermal analysis
examines the hydrological and thermal conditions in the River during the summer periods (May 16 —
Oct. 14) of 1998 - 2002 to establish recent River flow conditions, confirm that such conditions accord
the long-term data set, and allow a sound basis for determining how in-River thermal conditions
might change under the proposed Request. It also provides technical support for other related
modeling and biological investigations that were undertaken in support of the proposed change in
summer period thermal discharge limits at Vermont Yankee, and reported in this document.

3.2.1 Historic and Recent Hydrologic Record for the Summer Period (May 16 — Oct. 14)

3.2.1.1 Historic and Recent Monthly and Seasonal Flow Record

Near- and far-field temperature predictions of the anticipated consequences of the Request are based,
in part, on the recent (1998 —2002) flow and temperature record of the Connecticut River in the
vicinity of Vermont Yankee. Therefore, it is important to demonstrate how the recent record
compares to longer-term historical conditions. The long-term flow record for the Vermont Yankee
area was generated from historical data for the North Walpole, NH gauging station', located less than
25 miles upstream of Vernon Station and operated by the United States Geological Survey (USGS).

Flow data were transformed using log Pearson type III statistical methods, consistent with USGS

protocols for developing streamflow statistics. Vernon flow data (generated by Vernon Station) were
then compiled to allow comparison with the North Walpole data. Hourly flow data were averaged to

' AUSGS gauging station immediately below Vernon dam was abandoned in 1973 due to backwater effects
from downstream hydroelectric operations. Vernon Station also maintains a record of flow, but the majority of
these data are not stored in a readily usable format. Consequently, a source of long-term flow data was needed
and the USGS gauging station at North Walpole was selected as a surrogate. Although the flow record for the
Connecticut River at North Walpole dates from the 1940s, it has been only since 1973 that minimum flows
were maintained at 1200 cfs or higher. For that reason, only the flow record from 1973 to 2001 was used to
generate the flow duration curves.
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produce average daily flow. These data were then corrected based on differences in watershed area
between North Walpole and Vernon (5,493 and 6,266 square miles, respectively, for a difference of
773 square miles) to allow direct comparison with the North Walpole data. Since the River is heavily
regulated, particularly during low flow periods, and the 773 square mile tributary area is not, it was
decided not to simply prorate flow based on the ratio 5,493/6,266. Instead, we took that portion of
the 773 square mile of watershed that is gauged by USGS (West River at Jamaica, VT, which
accounts for 179 square miles) and prorated this flow to estimate flow differences between North
Walpole and Vernon Dam (772/179 = 4.32; and Vernon flow minus (4.32 times West River flow) =
North Walpole flow. Thus, the corrected average daily flows for Vernon Station for each year from
1998 — 2002 were generated for comparison to the historical (1973 —-2001) flow record. From these
data, the average monthly (i.e., average of the daily averages for the month) and average seasonal
(i.e., average of the daily averages for the season) Vernon Station flows for the same period of record
were generated and compared to the historical monthly and seasonal flow record.

Results indicate that monthly and seasonal flows for the period 1998 — 2002 were generally
representative of a wide range of flow conditions found in the historic period of record (Figures 3-1,
3-2a-c and Table 3-1). However, very recent summer seasons were unusually dry, particularly during
2001 and late summer 2002. This “representiveness”, in conjunction with the recent examples of
extreme low flow, supports the use of actual River flow data from the recent (1998-2002) summer
periods to examine the potential impact of the Request, while ensuring confidence in the analysis.
The very low flow months were nearly as extreme as can be expected for Vernon Pool, and analyses
based on these low-flow conditions should be equally as extreme. Therefore, the use of the recent
(1998-2002) Connecticut River flow record is conservative with respect to our evaluation of the
proposed new permit thermal discharge limits for Vermont Yankee.

Figures 3-1 and 3-2a-c illustrate the historic seasonal and monthly flow duration curves for mid-May
through mid-October. Table 3-1 presents a tabular summary of these data. Figure 3-1 shows the
seasonal flow duration curve (May 16 — Oct. 14) for the historical period of record (1973 -2001). Itis
readily apparent from the figure (and from Table 3-1) that seasonal flows for 1998 — 2002 were
generally normal, with the probability of occurrence clustering around the 50" percentile mark. As
discussed above, the exception was 2001, which was exceptionally dry for the summer season and
was greater than the 95" percentile (less than 1 year out of 20) for the summer season.

Figures 3-2a-c present the monthly flow duration curves for the months of May (16" - 31*!) through
October (1! — 14"™). These data are also summarized in Table 3-1. In May and June (Figure 3-2a),
flows for 1998 —~ 2002 ranged widely, with historic flows being greater than recent flows in about
25% (May 2000) to about 90% of the years (May 1998) and in less than 10% (June 2002) to about
97% (June 1999) of the years. This means that recent flows for the month of June (and May as well,
but to a lesser extreme) ranged from being quite wet to quite dry, when compared to the historic
record.

Similar flow patterns were observed during all other months, as displayed in Figures 3-2b-c and Table
3-1, except that some flows were more extreme. In all months (except July), as many as two years
either closely approached or exceeded the 90" percentile which means that these were very low flow
months. In fact, average daily flow for August and October 2001 was less than what would be
expected once in 100 years.
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3.2.1.2 Recent (1998-2002) Hourly Flow Record

The analyses of flow data presented above are based on average daily flows, as derived from the
North Walpole gaging station and Vernon Dam. Use of average daily flow is consistent with USGS
methods. However, in regulated rivers, particularly rivers where flows cycle widely over a 24-hour
period, as here, hourly flow may provide additional information about the frequency of occurrence of
a particular flow. This is especially important for Vermont Yankee, because its thermal discharge is
directly linked to flow and its NPDES permit requires hourly reporting. Figure 3-3 presents the flow
duration curve for Vernon Dam based on recent hourly data for the entire summer seasons of 1998 —
2002. For comparison, the summer season five-year curve based on average daily flow data is also
included. Although these curves largely follow one another, it can be seen that the average daily and
the hourly flow duration curves are somewhat different at times, particularly in the 80" to 20®
percentile range. The average daily curve reflects the general availability of water within the
watershed (and from storage) on a daily basis. The hourly curve reflects that water is manipulated
during a 24-hour period to achieve power generation objectives. These differences are reflected in
Figure 3-3 and, as expected, hourly flow is actually lower than daily flow for 30% of the time
(between the 80™ and 50™ percentiles) and higher than daily flow for another 30% of the time
(between the 50™ and 20" percentiles). Thus, these data provide a more accurate presentation of the
typical flow constraints under which Vermont Yankee operates.

Table 3-2 presents in tabular form the information from Figure 3-3 for selected probabilities. Table 3-
2 indicates that Vernon Dam flow as operated by PGE was greater than 1,275 cfs 99% of the time on
both an hourly and daily basis. However, at the 90% probability level, hourly flow was greater than
1,412 cfs, whereas daily flow was greater than 1,507 cfs. Similarly, at a 75% probability level, hourly
flow exceeded 1,688 cfs, while daily flow exceeded 2,206 cfs. This disparity between daily and
hourly flows is typical of rivers where flow is regulated for hydroelectric power, and is often most
pronounced in those rivers regulated for peaking power. At both higher and lower probabilities
(>95%, < 20%), River flows for both hourly and daily events are more equal since in both ranges of
flow, there is less opportunity for manipulating flow to achieve hydroelectric power generation
objectives.

In conclusion, recent and historic flow patterns on the River are highly variable on hourly, daily,
monthly and seasonal bases. However, recent (1998 —2002) conditions were similar to those during
at least the last 30 years.
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Figure 3-1.  Historic Flow Duration Curve for the Connecticut River at North Walpole, NH -

Summer Season (May 16 — October 14).
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Figure 3-2a. Historic Flow Duration Curve for the Connecticut River at North Walpole, NH —
May (16-31) and June.
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Figure 3-2b. Historic Flow Duration Curve for the Connecticut River at North Walpole, NH —

July and August.
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Figure 3-3.  Recent (1998-2002) Summer Season (May 16 — October 14) Hourly and Daily
Flow Duration for the Connecticut River at Vernon Dam.
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Table 3-1. Probability (Percent of Time) that Average Monthly and Seasonal Connecticut
River Flow is Greater than Listed Values During the Summer Period (May 16 —

October 14). .
Probability
that Flow is
Greater than
Listed Flow May October
(%) (16-31) June July August | September (1-14) Seasonal
1460 (°01) 1382 (°01)
99 3563 2678 1908 1529 1157 1936 3156
3003 (°99) 1462 (°01) | 2164 (C02) | 3595 (’01)
95 4644 3404 2158 1797 1561 2329 3631
1914 (’99) | 1837 (°02) | 2750 (’00)
90 5998 4311 2470 2133 2065 2820 4225
6000 (°98) 2146 (02)
6150 (01)
75 7988 5568 3119 2734 2769 3732 4957
8106 (C99) | 6914 (°98) | 3197 (99) 2919 (C00) | 3832 (’98) | 5287 (’99)
7529 (C00) | 3452 (°01) 5665 (°98) 3
7662 (C01) | 3550 (C00) 3550 (°98) |
50 11305 7663 4201 3735 3943 5253 6178 ‘
15416 5045 (C02) | 4854 (’98) 6416 (C02)
C02) -
5328 (C00) 7387 (’99) | 6718 (C00)
25 17476 11297 7534 6340 5881 9427 8108
18230 8891 (*98)
C00)
10 21178 13477 9534 7903 7044 11931 9266
13551 8113 (’99)
(02)
2 30825 18847 18285 13715 9690 21711 11975 |
1 35164 21190 23705 16976 10784 27351 13141 !
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Table 3-2. Probability (Percent of Time) that Average Hourly and Daily Connecticut River
Flow is Greater than Listed Values During the Summer Period (May 16 — October

14).
Probability (%) | Hourly flow (cfs) | Daily Flow (cfs)
.99 1275 1275
95 1317 1333
90 1412 1507
75 1688 2206
50 4234 4163
25 8425 7716
10 13725 13550
1 30137 28250
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3.2.2 Historic and Recent (1998 - 2002) Thermal History for the Summer Period (May 16 —
October 14)

3.2.2.1 Historic and Recent Monthly and Seasonal Atmospheric Temperature Conditions at
Vernon Dam (Historic) and Vermont Yankee (Recent)
Because projections of the proposed increase in permit Delta T are based in part on recent River
temperature data, we determined that, to maximize confidence in the analysis, it was appropriate to
evaluate recent data within the context of a longer term temperature baseline, in a'manner similar to
the analysis of River flow that was presented in Section 3.2.1.1. However, Vermont Yankee has only
been operating under its existing allowable Delta T values since 1991. Further, while River
temperature has been recorded at Upstream Station 7 and Downstream Station 3 since the late 1960s,
much of these data are not in a readily usable format for this analysis. Consequently, a preferred
alternative method for evaluating temperature was selected. Because River temperature is directly
related to ambient air temperature and because air temperature is widely available, historic average
seasonal and monthly air temperatures were developed for a nearby station. Vernon Dam,
cooperatively operated by Vernon Dam personnel and the National Climate Center, was selected, due
to nearby location and to the length of the temperature record. Daily temperatures were available for
1952 —1997. Vermont Yankee air temperature data were compiled for the summer period (May 16 —
Oct. 14) for 1998 —- 2002, for comparison with the historic data.

Figure 3-4 presents the historic and recent seasonal data in the form of probability versus temperature,
in much the same way the River flow data were presented. The average seasonal temperature for
each recent year is plotted on the temperature probability line to facilitate the determination of how
seasonal air temperature in recent years compared to the historical temperature record. As is evident
in Figure 3-4, average seasonal temperature for the last five years is well distributed along the historic
frequency occurrence curve. Seasonal temperatures for the 1998 through 2002 periods range from
about 95% (historic seasonal temperatures were greater in 95% of the years) to approximately 20%
(historic seasonal temperatures were greater in only about 20% of the years). This means that recent
seasonal temperatures ranged from being quite cold (2000) to quite warm (1999) with respect to
historic seasonal temperatures. The other recent seasonal temperatures were well distributed between
the two extremes, which demonstrates that recent seasonal air temperature were representative of the
range of air temperatures documented in nearly fifty years of historic record.

Similarly, all monthly comparisons exhibit wide variability (Figures 3-5a-c). For example, the June
1999 average temperature was exceeded by only about 7% of the historic June temperatures, which

means this was a very warm month. Conversely, both July 2000 and 2001 were exceeded by about

93% of the historic Julys, making these two months very cold from a historic perspective.

"Interestingly, August 2001 was the warmest August on record, which has a statistical probability of

occurrence of about once in 200 years.

Based upon analysis of the air temperature data, we conclude that monthly temperatures experienced
during 1998 through 2002 are representative of a wide array of historic monthly temperatures. Again,
this combination of representiveness, in conjunction with occasional exceptionally warm months,
further supports the use of actual River water temperature data from the recent (1998-2002) summer
periods to-examine the potential impact. The very high temperature month observed in August 2001
was nearly as extreme as can be expected for lower Vernon Pool, and analyses based at least in part
on these high temperature conditions should be equally as extreme. As with River flow, the use of
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the recent (1998-2002) river temperature record is conservative with respect to our evaluation of the
proposed new permit thermal discharge limits for Vermont Yankee.

3.2.2.2 Measured and Calculated Temperature Response

Pursuant to its NPDES permit, Vermont Yankee’s compliance with NPDES permit thermal limits is
determined by calculating the temperature rise that would result after complete mixing of the
discharge with the River, using Equation 1-1 (Section 3.1.4). During the summer period, the current
allowable temperature increase in °F is given in Section 3.1.4.

Ambient River water temperatures are measured continuously to the nearest 0.1°F at Upstream
Station 7, located 3.5 miles upriver of (Figure 1-1). Although not strictly related to compliance, River
temperatures are also measured continuously to the nearest 0.1°F after complete mixing at
Downstream Station 3, located approximately 0.65 downstream from Vernon Dam and 1.4 miles
downstream of Vermont Yankee (Figure 1-1).

During the summer period, measured temperatures at Downstream Station 3 are almost always higher
than at Upstream Station 7. More importantly, and as discussed in detail below, they are usually
higher than can be explained by Vermont Yankee’s discharge. Diel data trends in both Downstream
Station 3 and in fishway temperature data support the conclusion that atmospheric heating of the
Vemon Pool causes the difference.

Figures 3-6a-¢ present the measured Delta T at Downstream Station 3, representing how much
warmer the measured River temperature is below Vernon Dam, compared to the water temperature
measured upstream from Vermont Yankee at Upstream Station 7 (i.e., Downstream Station 3 minus
Upstream Station 7). These figures also present the existing Delta T, based on the actual waste heat
discharge rate from Vermont Yankee under the existing permit limits and River flow (calculated
using Equation 1-1), and the difference between the two (measured Delta T minus existing Delta T)
for the summer periods of 1998 — 2002.

The existing Delta T is almost always less than 2°F, and well within Vermont Yankee’s NPDES
permit limits (Figures 3-6a-e€). However, measured Delta T (at Downstream Station 3) is almost
always greater than 2°F, except occasionally during late spring/early fall when high River flows and
low temperatures allow higher Delta Ts pursuant to Vermont Yankee’s discharge permit. This is
consistent with historic monitoring data throughout the 1970s and 1980s, when Downstream Station 3
was typically 1 — 2°F higher than Upstream Station 7, even though during the *70s Vermont Yankee
was not discharging heat to the River during the summer period and during the *80s heat was
discharged only experimentally (Johnston 1984; Luxenberg 1990). These data further support the
observation that some other source of heat is contributing to downriver temperatures. Because there
are no other thermal discharges between Vermont Yankee and Downstream Station 3, the only other
source of heat is atmospheric. Similar conditions are displayed for each of the recent years of record
(1998 - 2002). Measured Delta T is consistently 1 — 2°F (and occasionally 3 — 4°F) higher than what
can be attributed to Vermont Yankee’s discharge. Differences are generally greatest during the
earlier (June and July) part of the summer season, the time when solar insolation reaches its annual
maximum, which provides further evidence that atmospheric inputs heavily influence Downstream
Station 3 temperatures.

Figures 3-7a-e present the hourly average temperatures for the fishway at Vernon Dam during the
times the fishway was in operation for the years 1998 —2002. For comparison purposes, Downstream
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Station 3, Upstream Station 7, and calculated Station 3 with Existing Permit Delta T are also plotted
on the same graphs. These plots clearly establish a periodicity in the recorded temperature associated
with measured Delta T and fishway temperatures that is not reflected in either the existing Delta T or
Upstream Station 7. Due to differences in scale between Figures 3-6a-¢ and Figures 3-7a-¢, this
observation is most evident in the fishway data. Careful examination indicates that this periodicity is
largely diel and therefore appropriately linked to atmospheric heating or cooling of River water.
Upstream Station 7 and Calculated Station 3 with Existing Permit Delta T show only minor diurnal
temperature changes. In addition, fishway temperatures are frequently higher than Downstream
Station 3 temperatures (typically by 1 — 2°F, but occasionally by 3 — 4°F). This difference is most
apparent during the daytime and less so during the night. Because water supplying the fishway is
skimmed off the surface (approximately upper 10 feet), these data strongly support the conclusion
that atmospheric influences are affecting the temperature patterns in Vernon Pool.

In contrast, fishway temperatures for 2001, as presented in Figure 3-7d, were consistently lower than
Downstream Station 3 temperatures for most of the period that the fishway was operated. This is

inconsistent with other years, but it was confirmed by duplicate monitoring. We have no explanation
for this inconsistency. Consequently, we simply present the data as collected and without discussion.

Based on the temperature differences displayed in both sets of figures (3-6a-e and 3-7a-e), the
Vermont Yankee discharge generally accounts for less than 50% of the temperature increases
measured in the fishway and at Downstream Station 3 during the summer season, when compared to
Upstream Station 7. '
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Figure 3-4.  Historic Average Summer Season (May 16 — October 14) Air Temperature

Duration Curve at Vernon Dam.
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Figure 3-5a. Historic Average (May 16 — 31) and June Air Temperature Duration Curve at
Vernon Dam.
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Figure 3-5b. Historic Average July and August Air Temperature Duration Curve at Vernon

Dam.

19585 Vermont Yankee 316a 4-30-04.doc

29

Normandeau Associates, Inc.




Entergy Nuclear Vermont Yankee Summer 316(a) Demonstration

90 -
September - Historic
® 1998 - Vermont Yankee
e 1999 - Vermont Yankee
80 4 ® 2000 - Vermont Yankee
- 2001 - Vermont Yankee

& 2002 - Vermont Yankee

~
o
1

=23
(=]
1

Temperature in °F

o

50
40 T 1 1 T ¥ 1 1) 1
99.9 99 90 70 50 30 10 1 0.1
Percent of Time that Historic and Recent Scasonal Air Tﬁnpmmres at Vemon Dam and Vermont
Yankee, Respectively, are Greater than Corresponding Y-axis Value.
90 A
October - Historic
¢ 1998 - Vermont Yankee
¢ 1999 - Vermont Yankee
80 - ® 2000 - Vermont Yankee
2001 - Vermont Yankee
® 2002 - Vermont Yankee
&
= 70 1
£
B
Q
£
-~ 60 < /
50 4
40 ] 1 T 1 1 ¥ ) 1
99.9 99 90 70 50 30 10 1 0.1

Percent of Time that Historic and Recent Seasonal Air Temperatures at Vemon Dam and Vermont
Yankee, Respectively, are Greater than the Corresponding Y-axis Value.

Figure 3-5c. Historic Average September and October (1-14) Air Temperature Duration
Curve at Vernon Dam.
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Figure 3-6a.
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Figure 3-6b. Measured Delta T (Downstream Station 3 Minus Upstream Station 7) Compared
to Existing Permit Delta T — 1999 Hourly Data.
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Figure 3-6¢c. Measured Delta T (Downstream Station 3 Minus Upstream Station 7) Compared
to Existing Permit Delta T — 2000 Hourly Data.
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Figure 3-6d. Measured Delta T (Downstream Station 3 Minus Upstream Station 7) Compared
to Existing Permit Delta T — 2001 Hourly Data.
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Figure 3-6e. Measured Delta T (Downstream Station 3 Minus Upstream Station 7) Compared
to Existing Permit Delta T — 2002 Hourly Data.
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Figure 3-7a. Hourly Temperature at Selected Monitoring Stations in the Vicinity of Vernon
Dam during Period of Fishway Operation — 1998.
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Figure 3-7b. Hourly Temperature at Selected Monitoring Stations in the Vicinity of Vernon
Dam during Period of Fishway Operation — 1999,
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Figure 3-7c.  Hourly Temperature at Selected Monitoring Stations in the Vicinity of Vernon
Dam During Period of Fishway Operation — 2000.
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Figure 3-7d. Hourly Temperature at Selected Monitoring Stations in the Vicinity of Vernon
Dam During Period of Fishway Operation — 2001.
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Figure 3-7e. Hourly Temperature at Selected Monitoring Stations in the Vicinity of Vernon
Dam During Period of Fishway Operation — 2002.
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3.2.3 Probability of Temperature Exceedance at Downstream Station 3 and Upstream Station
7 under Existing and Proposed Conditions of Thermal Discharge during the Summer
Season

3.2.3.1 Analysis of 1998 -2002 Summer Seasons (May 16 — October 14) Combined in a Single
Data Set
A key measure of the historic (and anticipated) thermal regime is a statistical determination of
probability of occurrence of a particular temperature, often expressed as the probability of
exceedance. Figures 3-8 through 3-10 present the temperature duration curves (probability of
exceedance, based on hourly temperature data) for the recent past (1998 — 2002 summer seasons) for
selected stations (both actual and calculated) and similar curves for the predicted temperature
exceedances that would result if the allowable Permit Delta T were increased, as presented in Section
3.1.4. We also show the 50" and 1* percentile lines and associated temperatures to assist the reader
in interpreting the plots. For example, Figure 3-8 shows that at Upstream Station 7, the measured
River water temperatures were greater than 69.8°F for 50% of the time (for the summer seasons of
1998 — 2002), while a temperature of 78.5°F was exceeded only 1% of the time. Similarly, the 50®
and 1* percentile temperature values measured at Downstream Station 3 were 72.4°F and 82.4°F,
respectively, which indicates that a given temperature is exceeded a greater percent of the time at
Downstream Station 3 than at Upstream Station 7. In addition to actual measured temperatures,
Figure 3-8 presents the calculated temperature at Downstream Station 3 (based on Measured
Upstream Station 7 and the Existing Permit Delta T from Vermont Yankee’s discharge) and the
Estimated Downstream Station 3 Temperature without Vermont Yankee’s discharge (determined by
subtracting the Existing Permit Delta T from Measured Downstream Station 3). Figure 3-9 presents
similar information for predicted temperatures and probabilities and exceedance, based on Vermont
Yankee’s Request. Figure 3-10 presents a summary of some of the data presented in Figures 3-8 and
3-9. '

Table 3-3 presents the same data contained in Figures 3-8 through 3-10 for select temperatures and
associated probabilities to facilitate numerical comparisons of existing and predicted temperature
occurrences. All probability determinations are based on hourly data for the entire five years of
recent record, which means that there were more than 17,000 data points for each station location. In
addition, the anticipated number of hours of exceedance for a summer season is also presented to
assist the reader in determining the significance of percent of time exceedance.

The measured River water temperature did not exceed 80°F at Upstream Station 7 at any time during
the last five years (Figures 3-8 and 3-9; Table 3-3). Upstream Station 7 (first column in Table 3-3)
temperatures were higher than 75°F for 10.19% of the time and higher than 70°F for 49.18% of the
time. If the effects of the Vermont Yankee discharge (second column in Table 3-3: calculated
Station 3 with Existing Permit Delta T, which was determined by adding Measured Upstream Station
7 plus Existing Permit Delta T) are added to the temperature probabilities, temperature (after
complete mixing of the discharge and the River flow) would have been greater than 80°F for 0.87% of
the time during the last five years or about 32 hours for each summer period. Similarly, as seen in
Table 3-3, the Vermont Yankee discharge would be expected to cause River temperature to be higher
than 75°F for 19.04% (as compared to 10.19% of the time with no thermal discharge), and 70°F for
57.58% of the time (as compared to 49.18% of the time with no thermal discharge).
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Actual temperatures, displayed as Measured Downstream Station 3 (third column in Table 3-3), were
considerably higher than would have been predicted by calculated Station 3 with Existing Permit
Delta T. In Table 3-3, the measured temperature at Downstream Station 3 was greater than 80°F for
7.58% of the time or about 6.71% more of the time than accounted for by Vermont Yankee’s
discharge (277 hours per season versus 32 hours).

The observed maximum temperature at Downstream Station 3 actually was greater than 84°F, but the
temperature exceeded 84°F only 0.06 % of the time (about two hours during each summer period),
and the temperature never exceeded 85°F. Similarly, Table 3-3 indicates that the probability of
exceedance at Downstream Station 3 for all temperatures listed was substantially higher than could be
explained by Vermont Yankee’s discharge (third column compared to the second column in Table 3-
3). For example, Downstream Station 3 was greater than 75°F for 36.04% of the time (versus a
calculated 19.04% of the time), and was greater than 70°F for 64.73% of the time (versus an expected
57.58%).

As discussed previously, atmospheric heating of the Vernon head pond accounts for virtually all of
the difference between the expected (existing) temperature response at Downstream Station 3 and the
measured response. The magnitude of atmospheric heating can be conservatively estimated by
subtracting Existing Permit Delta T from Downstream Station 3 measurements (this assumes no
cooling of the thermal plume between the point of discharge and Downstream Station 3). Table 3-3
presents these estimates in the fourth column, which shows that, if there were no discharge from
Vermont Yankee, the temperature at Downstream Station 3 would be:

¢ higher than 80°F for 2.63% of the time (versus the actual of 7.58% of the time),
¢ higher than 75°F for 25.39% of the time (versus the actual of 36.04% of the time), and
* higher than 70°F for 55.22% of the time (versus the actual of 64.73% of the time).

Thus, the thermal discharge from Vermont Yankee increased the amount of time that River
temperature was greater than naturally occurring values by about 10% or less for the temperature
range expected during the summer season. It should be noted that at higher temperatures (above
77°F), predicted increases are significantly less than 10%. As shown above, it is predicted that river
temperature would have been greater than 80°F 2.63% of the time at Downstream Station 3 without
waste heat discharged by Vermont Yankee (compared to an actual exceedance of 7.58% with the
existing permit conditions and discharge). This is an increase in time of exceedance of only 4.95%.
The observed maximum temperature for the 1998-2002 summer periods of record was slightly above
84°F at Downstream Station 3, and temperatures above 80°F were observed for just 10 hours during
the entire five-year summer period (average of two hours per summer season).

Vermont Yankee’s Request would increase the temperature of the River during the summer season
after complete mixing only by as much as 1°F. This proposed temperature compliance schedule is
presented in Section 3.1.4. Figure 3-9 and Table 3-3 (fifth and sixth columns) present the predicted
temperature regime that would be expected if Vermont Yankee were operatlng under the proposed
new discharge limits provided for in the Request.

With Permit Delta Ts as proposed in the Request, the calculated maximum complete mixed
temperature in the River (Calculated Station 3 with Proposed Permit Delta T) would be expected to
be similar to existing conditions (i.e., maximum temperature would exceed 81°F but would not
exceed 82°F). However, the frequency of occurrence of temperatures greater than 81°F would be
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slightly higher under proposed conditions (0.39%), compared to 0.11% of the time for existing
conditions (14 hours per season versus 4 hours). The calculated temperature would exceed 80°F for
2.78% of the time. This compares to 0.87% of the time for existing conditions and represents an
increase of about 70 hours per season. It is further predicted that the calculated maximum
temperature would be greater than 75°F for 32.63% of the time and greater than 70°F for 64.67% of
the time, compared to 19.04% and 57.58% of the time, respectively, under existing conditions.

Similarly, the expected maximum temperature at Downstream Station 3 (Table 3-3, column 6 —
Maximum Station 3 with Proposed Permit Delta T) would have exceeded 85°F 0.15% of the time
(about six hours per season compared to no exceedances of 85°F under the existing permit).
Temperatures would be expected to exceed 84°F 0.57% of the time (21 hours compared to an existing
two hours). Exceedances under proposed permit conditions of other temperatures within the expected
temperature range are projected to increase from existing permit conditions by less than 1% at low
temperature (<55°F) to as much as 11.5% at 76°F.

In summary, the proposed increase in Permit Delta T of as much as 1°F (depending on ambient
temperature) would result in only slightly higher summer temperatures in the Connecticut River
downstream from Vernon Dam. The maximum calculated Station 3 temperature (based on Upstream
Station 7 plus the proposed Permit Delta T) would only slightly exceed 81°F, which is virtually
identical to existing conditions. Under the proposed new summer period permit limits, the increase in
the percentage of the time that the calculated Downstream Station 3 temperature would exceed any
given temperature would vary, depending on the temperature. The biological effects of temperature
increases of this magnitude, as discussed in detail in Section 5, are expected to be inconsequential.

3.2.3.2 Analysis of Individual Summer Seasons (May 16 — October 14) for the Years 1998 — 2002

The statistical analyses presented in the previous section indicate annual expectations for certain
temperature exceedances. In reality, specific temperatures may not be exceeded at all in some years
while in others, exceedances may be more numerous than expected. Accordingly, the frequency of
occurrence of the hourly temperature records for each year, 1998 — 2002, will be presented that
illustrate the percent of time that measured and predicted river temperatures exceeded (or were
expected to exceed) each one-degree temperature value. Each table and figure contains both annual
and five-year data (Tables 3-4a through 3-4¢) and plots (Figures 3-11a through 3-11e for existing
permit thermal limits and Figures 3-12a through 3-12¢ for proposed new permit thermal limits),
respectively, to allow easy comparison between the two.

From Table 3-4a, it can be seen that maximum 1998 water temperatures, for both existing and
proposed permit conditions, were considerably lower than for the five-year database taken as a whole.
For example, measured River water temperature was never greater than 76°F at Upstream Station 7
during 1998, yet 76°F was exceeded 5.6% of the time there when considering the entire five-year data
set. Similarly, measured River water temperature at Downstream Station 3 did not exceed 80°F
during 1998, but for the five-year period of study, 80°F was exceeded 7.6% of the time. Where the
thermal influence of the proposed increase in the Permit Delta T is predicted (proposed new permit
values shown in the two right-hand columns of Table 3-4a), similar patterns are seen between 1998
and the five-year period. '

While maximum summer temperatures during 1998 were among the lowest recorded during the entire
1998 — 2002 period, the frequency of occurrence of river temperatures greater than 65°F was actually
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higher during 1998 than for the five-year study period. At Upstream Station 7, the measured River
water temperature exceeded 65°F 81.6% of the time during 1998 versus 71.3% of the time during all
of 1998 — 2002 (Table 3-4a). Similarly, River water temperature measured at Downstream Station 3
was greater than 65°F 84.4% of the time compared to 76.5% for the five-year period (Table 3-4a,
Figure 3-11a). Therefore, lower maximum summer River water temperatures during any particular
year do not necessarily mean that average summer River water temperatures will also be low in that
same year. Similarly, higher than “average” maximum summer temperatures do not necessarily mean
the River temperature for the entire summer will also be above average.

The rest of the individual years may be summarized as follows: maximum temperatures during 1999
(Table 3-4b) had percent of time exceedances that were highly comparable to the five-year study
period for both existing and proposed permit conditions. Nevertheless, River water temperatures in
the 70°F and above range (up to but not including the maximum) occurred more frequently during
1999 when compared to 1998 — 2002 period. Even so, the probability of occurrence of temperatures
greater than 65°F was actually somewhat less than the average, which implies that, during 1999,
River temperature rose very rapidly through the 60s into the 70s. The rapid rise in River water
temperature is highly visible in Figure 3-11b, which is a plot of the data presented in Table 3-4b.

During 2000 (Table 3-4c, Figures 3-11c and 3-12c¢), River water temperatures were unusually cool
compared to the 1998-2002 summer period of data evaluated, especially for maximum temperatures.
Measured River water temperature at Upstream Station 7 in 2000 did not exceed 73°F during the
entire summer. In contrast, temperature exceeded 73°F more than 24% of the time for the entire 1998
—2002 period. '

The summer season of 2001 (Table 3-4d, Figures 3-11d and 3-12d) was very warm as determined by
River temperature. Measured River water temperature at Upstream Station 7 exceeded 79°F 1.8% of
the time (versus 0.4% for the entire five-year data base). Maximum River water temperatures
measured at Downstream Station 3 exceeded 84°F 0.3% of the time, compared to 0.1% for the whole
five-year database. However, temperatures at this downstream monitoring location exceeded 80°F
25.4% in 2001 compared to 7.6% for the five-year period. Also from Table 3-4d, temperatures at
Downstream Station 3 under the proposed discharge compliance criteria are predicted to exceed 85°F
0.5% of the time versus 0.2% of the time for the whole five-year period. Nevertheless, Downstream
Station 3 River water temperatures would not have exceeded 86°F under either existing or proposed
conditions.

Finally, maximum River water temperatures during 2002 were again somewhat lower than the
average condition observed for the five-year period 1998-2002 for both existing and proposed permit
conditions, although not as low as during 2000 (Table 3-4e, Figures 3-11e and 3-12¢). Even though
maximum temperatures were relatively low, temperatures greater than 65°F occurred with somewhat
greater frequency during 2002 than for the entire five-year period. As noted above for 1998, this
again implies that maximum temperatures are not necessarily closely related to seasonal temperatures
trends.

Figures 3-11a — 3-11e (existing permit thermal limits) and Figures 3-12a — 3-12e (proposed new
permit thermal limits) present the same data that are discussed above (from Tables 3-4a — 3-4¢), but
in graphical form. In addition, as shown in Figures 3-8 and 3-9, these figures also display the
temperatures that correspond to 50™ and 1 percentile frequency of exceedance. The 50" and 1
percentile frequency of exceedance values for the overall period 1998-2002 were used, respectively,
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to represent “average case” and “extreme case” thermal modeling input conditions (Section 4-of the
Demonstration) to predict the bottom area and water column volume differences between existing and
proposed new permit conditions. The effects, if any, of the “average case” and “extreme case”
changes were subsequently interpreted with respect to the balanced indigenous population,
represented by Representative Important Species of fish on Section 5 of the Demonstration. For
purposes of comparison, and consistent with the structure of Tables 3-4a through 3-4e, the plot for
each individual year is shown in the bottom panel of Figures 3-11a — 3-11e and Figures 3-12a — 3-
12e, with the plots for the pooled five-year data base (1998-2002) shown in the top panel.

The information presented in Figures 3-11a through 3-11e (existing permit thermal limits) and
Figures 3-12a through 3-12¢ (proposed new permit thermal limits) can be summarized as follows:

1) 1998 (Figures 3-11a and 3-11¢) was somewhat cooler than “normal” (as represented by the
entire *98 —’02 data base) in both the 50" and 1% percentages of exceedance (0.7 — 1.0°F
lower and 3.0 — 3.5°F lower, respectively);

2) 1999 (Figures 3-11b and 3-12b) was almost identical to the five-year data base for the 1*
percentage of exceedance (0.0 — 0.3°F warmer), but was as much as 2.8°F warmer for the 50"
percent exceedance values;

3) 2000 (Figures 3-11c and 3-12c) was exceptionally cool, with the 1* percentage exceedance
values being about 6°F lower than the five-year data base and the 50" percentage exceedance
values being more than 2°F lower;

4) 2001 (Figures 3-11d and 3-12d) was slightly warmer than “normal™ at the 1* percentage level
(< 1.0°F), but as much as almost 5°F warmer at the 50" percentage level.

5) 2002 (Figures 3-11e and 3-12¢) was considerably cooler than “normal” at the 1* percentage
exceedance level (1.3 to 3.4°F), but was slightly warmer than normal at the 50™ percent level
(0.2 to 1.2°F).

3.2.3.3 Analysis of Consecutive Exceedances

The previous analyses have evaluated expected temperature exceedances without regard to whether
the occurrences are scattered throughout the data set or are consecutive. Exceedances are simply
summed for the entire 1998-2002 summer periods being investigated (five summer seasons combined
or each season individually) with the total number of hours of exceedance presented in Tables 3-3 and
3-4a through 3-4e. It is believed that this method of accounting for thermal exceedances represents
an extreme-case analysis since the reader may interpret the results to be consecutive occurrences. In
fact, extreme occurrences of consecutive hours with warm water temperatures are far less frequent.
This section provides an analysis of consecutive exceedances to provide the reader with a better
perspective of the extent to which particular River temperatures would be expected to be exceeded
under the proposed new permit limits. This analysis focuses on the expected highest seasonal
temperatures since maximum temperatures may be of the greatest concern.

Figures 3-13a though 3-13c present the four-week period that had the highest average hourly River
water temperature for each individual year, 1998 through 2002. Data are plotted for hourly River
water temperature measured at Upstream Station 7 and Downstream Station 3, and the maximum
predicted Downstream Station 3 that would have occurred if Vermont Yankee had been operating
under the proposed new thermal discharge criteria (maximum Station 3 with Proposed Permit Delta
T). Figure 3-13a displays data for 1998 and 1999. In 1998, it can be seen that Downstream Station 3
River water temperatures were greater than 74°F and less than 80°F for the entire four-week period.
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With the proposed new thermal discharge criteria, temperatures at Downstream Station 3 are
predicted to have been greater than 75°F and less than 82°F for the entire four-week period of 1998.
However, the highest hourly River water temperature measured at Downstream Station 3 exceeded
79°F for only seven hours during the entire four-week period. Significantly, only four of these hours
were consecutive. Predicted maximum temperature under the proposed new permit limits would have
exceeded 81°F for a total of three hours, none of which would have been consecutive. That maximum
temperatures do not occur for extended periods of time is directly related to the influence of
atmospheric conditions on River water temperature behavior. It can easily be seen in Figure 3-13a
(and Figures 3-13b and 3-13c) that temperature at Downstream Station 3 cycles from relative lows to
relative highs on a daily (diel) basis. This daily temperature fluctuation is typically about 2°F but is
occasionally as little as 0.5°F and as much as 4°F. Consequently, maximum temperatures on both
daily and seasonal bases occur for very short durations, generally only 1 — 2 consecutive hours. A
more appropriate measure of biologically important temperature might be daily average or daily
minimum temperature, but we conservatively provide maximum temperatures for assessing potential
impact as a limiting factor.

In the bottom panel of Figure 3-13a, 1999 was somewhat warmer than 1998. The hourly River water
temperature measured at Downstream Station 3 was continuously above 76°F but less than 84°F for
the entire four weeks. Under proposed new permit thermal limits, Downstream Station 3
temperatures would have ranged between 77°F and 86°F. Highest measured Downstream Station 3
River water temperature exceeded 83°F for four hours, all of which were consecutive. Similarly,
predicted proposed maximums exceeded 85°F for six hours, four of which would have been
consecutive.

Figure 3-13b presents hourly River water temperature data for 2000 and 2001. Interestingly, 2000
had the lowest “warm” temperatures of the five-year period while 2001 had the highest. In 2000, the
maximum measured River water temperature at Downstream Station 3 only briefly reached 78°F and
exceeded 77°F for only nine hours, all of which were consecutive. The maximum River water
temperature under proposed new permit thermal limits at Downstream Station 3 would not have
reached 80°F and would have exceeded 79°F for only five hours, all of which would have been
consecutive. In contrast, measured River water temperatures at Downstream Station 3 during 2001
were above 78°F for the almost the entire four-week period (except for a few hours during the end of
the period). Even so, maximum measured River water temperatures at Downstream Station 3 never
exceeded 85°F and only exceeded 84°F for eight hours during 2001 (only four were consecutive).
Similarly, River water temperatures predicted under proposed new permit thermal limits at
Downstream Station 3 would have exceeded 85°F for twelve hours and never for more than five
consecutive hours.

Finally, Figure 3-13c presents 2002 data, a year that was generally representative of the average
conditions for the 1998-2002 period. River water temperatures measured at Downstream Station 3 in
2002 ranged between 75°F and slightly greater than 82°F, and River water temperature predicted
under proposed new permit thermal limits for Downstream Station 3 would have ranged between
76°F and slightly greater than 83°F. Measured Downstream Station 3 River water temperatures in
2002 would have exceeded 82°F for five hours, three of which were consecutive, while River water
temperature predicted under proposed new permit thermal limits for Downstream Station 3
temperatures would have exceeded 83°F for 15 hours, six of which would have been consecutive.
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Figure 3-8.  Temperature Duration Curves for the Summer Period (1998-2002) for Selected
Connecticut River Monitoring Stations — Existing Vermont Yankee Discharge
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Figure 3-9.  Temperature Duration Curves for the Summer Period (1998-2002) for Selected
Connecticut River Monitoring Stations — Proposed Vermont Yankee Discharge
Conditions.
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Figure 3-10. Comparison of Projected Temperature Response in the Connecticut River for
Background, Existing and Proposed Vermont Yankee Discharge Conditions.
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Figure 3-11a. Temperature Duration Curves for the 1998-2002 and 1998 Summer Periods for
Selected Connecticut River Monitoring Stations — Existing Vermont Yankee
Discharge Conditions.
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Figure 3-11b. Temperature Duration Curves for the 1998-2002 and 1999 Summer Periods for
Selected Connecticut River Monitoring Stations — Existing Vermont Yankee
Discharge Conditions.
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Figure 3-11c. Temperature Duration Curves for the 1998-2002 and 2000 Summer Periods for
Selected Connecticut River Monitoring Stations — Existing Vermont Yankee
Discharge Conditions.
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Figure 3-11d. Temperature Duration Curves for the 1998-2002 and 2001 Summer Periods for
Selected Connecticut River Monitoring Stations — Existing Vermont Yankee

Discharge Conditions.
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Figure 3-11e. Temperature Duration Curves for the 1998-2002 and 2002 Summer Periods for
Selected Connecticut River Monitoring Stations — Existing Vermont Yankee
Discharge Conditions.
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Figure 3-12a. Temperature Duration Curves for the 1998-2002 and 1998 Summer Periods for
Selected Connecticut River Monitoring Stations — Proposed Vermont Yankee
Discharge Conditions.
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Figure 3-12b. Temperature Duration Curves for the 1998-2002 and 1999 Summer Periods for
Selected Connecticut River Monitoring Stations — Proposed Vermont Yankee
Discharge Conditions.
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Figure 3-12¢c. Temperature Duration Curves for the 1998-2002 and 2000 Summer Periods for
Selected Connecticut River Monitoring Stations — Proposed Vermont Yankee
Discharge Conditions.
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Figure 3-12d. Temperature Duration Curves for the 1998-2002 and 2001 Summer Periods for
Selected Connecticut River Monitoring Stations — Proposed Vermont Yankee
Discharge Conditions.
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