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Introduction

Entergy Nuclear Vermont Yankee, LLC, and Entergy Nuclear Operations, Inc. (hereafter referred
to as "Entergy") submit this Environmental Report in conjunction with the application to the U.S.
Nuclear Regulatory Commission (NRC) to renew the operating license for Vermont Yankee
Nuclear Power Station (VYNPS) for twenty years beyond the end of the current license. In
compliance with applicable NRC requirements, this ER analyzes potential environmental impacts
associated with renewal of the VYNPS operating license. This ER is designed to assist the NRC
staff with the preparation of the VYNPS specific Supplemental Environmental Impact Statement
required for license renewal.

The VYNPS ER is provided in accordance with 10 CFR 54.23, which requires license renewal
applicants to submit a supplement to the ER that complies with the requirements of Subpart A of
10 CFR 51. This report also addresses the more detailed requirements of NRC environmental
regulations in 10 CFR 51.45 and 10 CFR 51.53, as well as the underlying intent of the National
Environmental Policy Act, 42 U.S.C. §4321 et seq. For major federal actions, the NEPA requires
federal agencies to prepare a detailed statement that addresses significant environmental
impacts, adverse environmental effects that cannot be avoided if the proposal is implemented,
alternatives to the proposed action, and irreversible and irretrievable commitments of resources
associated with implementation of the proposed action.

Supplement 1 to Regulatory Guide 4.2, 'Preparation of Supplemental Environmental Reports for
Applications to Renew Nuclear Power Plant Operating Licenses," was used as guidance on the
format and content of this ER. The level of information provided on the various topics and issues
in this ER are commensurate with the environmental significance of the particular topic or issue.

Based upon the evaluations discussed in this ER, Entergy concludes that the environmental
impacts associated with renewal of the VYNPS operating license are small. No major plant
refurbishment activities have been identified as necessary to support the continued operation of
VYNPS beyond the end of the existing operating license term. Although normal plant
maintenance activities may later be performed for economic and operational reasons, no
significant environmental impacts associated with such refurbishments are expected.

The application to renew the operating license of VYNPS assumes that licensed activities are
now conducted, and will continue to be conducted, in accordance with the facility's current
licensing basis (e.g., use of low enriched uranium fuel only). Changes made to the current
licensing basis of VYNPS during the staff review of this application are to be made in accordance
with the Atomic Energy Act of 1954, as amended, and in accordance with Commission
regulations.
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1.0 PURPOSE AND NEED FOR THE PROPOSED ACTION

For license renewal, the NRC has adopted the following definition of purpose and need, stated in
Section 1.3 of NUREG-1437, Generic Environmental Impact Statement for License Renewal of
Nuclear Plants: "The purpose and need for the proposed action (renewal of an operating license)
is to provide an option that allows for power generation capability beyond the term of a current
nuclear power plant operating license to meet future system generating needs, as such needs
may be determined by State, utility, and, where authorized, Federal (other than NRC) decision
makers."

Nuclear power plants are licensed by the NRC to operate up to 40 years, and the licenses may
be renewed [10 CFR 50.51] for periods up to 20 years. As stated in 10 CFR 54.17(c), "[a]n
application for a renewed license may not be submitted to the Commission earlier than 20 years
before the expiration of the operating license currently in effect."

The proposed action is to extend the operating license for VYNPS for a period of 20 years
beyond the current operating license expiration date. For VYNPS (Facility Operating License
DPR-28), the requested renewal would extend the existing license expiration date from midnight
March 21,2012, until midnight March 21,2032.
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2.0 SITE AND ENVIRONMENTAL INTERFACES

2.1 Location and Features

Vermont Yankee Nuclear Power Station is located in the town of Vernon, Vermont, in Windham
County on the west shore of the Connecticut River immediately upstream of the Vernon
Hydroelectric Station. The site contains approximately 125 acres owned by Entergy and a
narrow strip of land between the Connecticut River and the east boundary of the VYNPS
property to which Entergy has perpetual rights and easements from its owner. This land is
bounded on the north, south, and west by privately-owned land and on the east by the
Connecticut River [Reference 2-8, Section 2.2.1]. The nearest urban area within 10 miles of the
site is the town of Brattleboro, Vermont, which is located approximately 5 miles upriver
[Reference 2-8, Section 2.2.3]. The location of the site is shown in Figure 2-1 and Figure 2-2.

The immediate area around the station is completely enclosed by a fence with access to the
station controlled at a security gate. Access to the site is possible from either Governor Hunt
Road (main entrance), a local road or from a spur of the Central Vermont Railroad [Reference 2-
8, Section 1.6.1.1.4]. The site is surrounded by a 0.17-mile radius exclusion area as shown in
Figure 2-3 [Reference 2-8, Section 2.2.4]. The nearest residences lie outside the site boundary to
the southwest at 0.26 miles [Reference 2-7, Table 1].

The nearest towns with populations of 25,000 or more are Northampton, Massachusetts, and
Amherst, Massachusetts, located south of VYNPS at approximately 30 miles and 28 miles,
respectively [Reference 2-8, Section 2.2.2]. The region within ten miles of the site includes the
city of Brattleboro, the nearest urbanized area. The areas adjacent to the station are primarily
farm and pasture lands. Downstream of the plant are the Vernon Hydroelectric Station and the
town of Vernon, Vermont. The area within a 5-mile radius is predominantly rural with the
exception of a portion of the town of Brattleboro, Vermont, and the town of Hinsdale, New
Hampshire. Between 75% and 80% of the area within 5 miles of the station is wooded. The
remainder is occupied by farms and small industries. [Reference 2-8, Section 1.6.1.1.5]

There are no Native American lands within a 50-mile radius of VYNPS [Reference 2-25]. State
and federal lands within a 50-mile radius of VYNPS are shown in Figure 2-4.

VYNPS features include the containment building, auxiliary building, turbine building, intake
structure, discharge structure, cooling towers, switchyard, and associated transmission lines.
Figure 3-1 shows the general features of the VYNPS site. Section 3.2 describes key features of
VYNPS, including reactor and containment systems, cooling and auxiliary water systems,
radwaste system, and transmission facilities.

2.2 Aquatic and Riparian Ecological Communities

The Connecticut River and its riverine ponds are used by industry, chiefly for hydroelectric peak
power generation, and, to some extent, by the general public for recreational purposes.
Recreational uses include canoeing, boating, water skiing, swimming and sport fishing. There
are no public water supply intakes located on the Connecticut River downstream of VYNPS. In
addition, there are no commercial fisheries on the Connecticut River near VYNPS.
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The lower Connecticut River (Vermont Planning Basin No. 13) at VYNPS meets the criteria and
designated uses of Class B waters in Vermont (see Section 4-13 of the Vermont Water Quality
Standards). Based on Section 3-04 of the Vermont Water Quality Standards, Class B waters
include the following designated uses: aquatic biota, wildlife, and aquatic habitat; aesthetics;
public water supply; irrigation of crops and other agricultural uses; swimming and other primary
contact recreation; and boating, fishing, and other recreational uses. This reach of the
Connecticut River is not an Outstanding Resource Water as defined by the Vermont Water
Resources Board.

VYNPS 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, Vermont, and comprises 2,250 acres of water retained at a full-pond
elevation of 220.13 feet behind the Vernon Dam and Hydroelectric Station. [Reference 2-15,
Section 3.1.1]

Connecticut River flows are highly controlled by hydroelectric generation activities both upstream
and downstream of VYNPS. There are nine hydroelectric dams and three storage dams on the
main-stem Connecticut River upstream of Vernon Dam, and there are three hydroelectric dams
and one pumped-storage facility downstream [Reference 2-15, Section 3.1.2]. Although storage
in the Vernon head-pond 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 entire river.

Vernon Dam, licensed by the Federal Energy Regulatory Commission (FERC) as Project No.
1094, is one of a series of dams constructed on the Connecticut River for hydroelectric and flood
control purposes [Reference 2-8, Section 2.4.1]. The Vernon Dam and Hydroelectric Station is
owned and operated by TransCanada. Since 1979, FERC has required the operators to
maintain a minimum sustained flow of 1,250 cfs, or the inflow, if it is less than 1,250 cfs
[Reference 2-8, Section 2.4.4]. The Northfield Mountain Hydroelectric Project is a pump-back
storage facility located approximately 20 miles downstream from Vernon Dam. The Connecticut
Light and Power Company owns and operates the facility. The nearest dam upstream from the
VYNPS site is located at a distance of about 25 miles. Further upstream at distances of 150 and
260 miles are two large storage reservoirs. The drainage area upstream of Vernon Dam is 6,266
square miles.

Average and extreme stream flows at Vernon Dam for the period 1944-1988 are shown in
Table 2-1 [Reference 2-8, Table 2.4. 1.]. The highest recorded flow of the Connecticut River near
VYNPS was 176,000 cfs, which occurred during the flood of March 1936 [Reference 2-2, Section
II.E.2].

Water temperature as measured near VYNPS varies from 320F to 840F with the daily variations
rarely exceeding 21F. From December through March the water temperature averages 351F,
and from July through September it averages between 700F to 770F [Reference 2-2, Section
II.E.2]. Based on a 316(a) demonstration conducted in support of a request for increased
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discharge temperature limits, it was determined that thermal stratification was highly unlikely
[Reference 2-15, Section 3.2.4].

Table 2-1
Connecticut River Average and Extreme Stream Flow Values

Below Vernon Dam, 1944-1988

Average Monthly Highest Average Lowest Average Lowest Average
MF cMonthly Flow Monthly Flow Weekly Flow

Flw()(cfs) (cfs) (cfs)

October 6,571 20,201 1,646 1,475

November 9,033 20,450 3,366 2,159

December 9,486 24,326 2,934 2,494

January 7,655 17,338 2,589 2,283

February 8,187 24,428 2,935 2,135

March 15,544 36,245 5,308 4,373

April 30,799 51,210 14,980 11,523

May 18,047 38,790 7,262 3,118

June 8,768 21,890 3,387 2,424

July 4,911 21,790 1,841 1,033

August 4,005 13,615 1,805 1,223

September 4,159 15,610 1,650 1,138

Source: Reference 2-8, Table 2.4.1

VYNPS has conducted extensive environmental studies at the site for over 30 years. Many of
these studies have specifically addressed potential impacts to macroinvertebrates, larval fish,
adult fish and anadromous fish populations. Summarized below is information which was
obtained during studies conducted between 1968 through 2004.

2.2.1 Macroinvertebrate Communities

An important component of the aquatic environment is the population of macroinvertebrates,
which are small animals without backbones that can be seen with the naked eye. Examples of
macroinvertebrates include organisms such as aquatic insects, snails, worms and crayfish.

Macroinvertebrate populations in the Connecticut River upstream and downstream of Vernon
Dam have been routinely sampled since 1988. Sampling is conducted in June, August and
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October at four stations using both dredge and artificial substrate methods. During a monitoring
period of 1988-1997, a total of 93,295 organisms were collected representing nine invertebrate
phyla. These phyla included Crustacea, Diptera, Ephemeroptera, Gastropoda, Hydrazoa,
Oligochaeta, Pelecypoda, Trichoptera and Tricladida. The major composition of the
macroinvertebrate community consisted of dipterans (39%), oligochaetes (21%), and pelecypods
(10%) [Reference 2-13, Section 2.0]. Although the abundance of each phyla varied throughout
the year at each station, relative numbers of organisms were similar at stations located in pools
above and below Vernon Dam.

In 2001, specific monitoring programs were implemented to detect the possible presence of
Asiatic clams (Corbicula fluminea) and zebra mussels (Dnssenia polymorpha) in the Connecticut
River near VYNPS [Reference 2-14, Section 6.0]. These non-native mollusks are of interest due
to their potential to foul water intake and piping systems. Monitoring of planktonic larval stages of
Asiatic clams and zebra mussels was conducted by collecting filtered, 1000-liter samples of the
river water between May and October. The presence of juvenile and adult stages of Asiatic
clams was monitored by collecting river bottom substrate samples with a ponar dredge. Juvenile
and adult zebra mussels were monitored using settling plates suspended in the water column.
Through 2004, no Asiatic clams or zebra mussels have been detected in the Connecticut River
near VYNPS.

2.2.2 Fish Communities

Few studies of resident fish populations in the Connecticut River near VYNPS were conducted
prior to 1969 [Reference 2-2, Section II.F.7]. Based on preoperational studies conducted for
VYNPS in 1969 and 1970, thirty-one species of fish were reported to occur in the river.

The most commonly sampled fish were smallmouth bass (Micropterus dolomieu), white sucker
(Catostomus commersonfi), yellow perch (Perca flavesens) and rock bass (Centropristis
philadelphica).

During more intensive studies conducted for VYNPS from 1968 through 1989, 3,500 fish
collections yielded nearly 83,000 juvenile and adult fish [Reference 2-4, page 35-1]. Collected
fish were aged, weighed, measured and identified. During this period of monitoring, as required
by the NPDES permit, thirty-nine species of fish were collected. Sampling stations were divided
into two groups: upstream of Vernon Dam and downstream of Vernon Dam. Until 1981 when a
fish ladder was constructed, the dam represented a barrier to the movement of fish between the
upstream and downstream areas. Collections upstream and downstream of the dam revealed
both warm-water and cool-water fish existed in both areas.

Sunfishes, including largemouth bass (Micropterus salmoides) and smallmouth bass,
represented approximately 30% of the total number of fish collected in both areas. White
suckers, yellow perch and white perch were also important components.

Downstream of Vernon Dam, white suckers, smallmouth bass and rock bass were dominant taxa
representing about 50% of the total fish collected. Yellow perch and white perch composed
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about 5 to 10% of the total number of fish collected at downstream stations. Walleye
(Stizostedion vitreum) represented less than 5% of the catch.

Upstream of Vernon Dam, yellow perch, white perch and white suckers were numerically
dominant taxa. The relative abundance of the two populations of perch was cyclic and tended to
be numerically out of phase with each other. Walleye and smallmouth bass were typically
collected in low but consistent numbers, each representing about 5% of the total number of fish
collected. After fish ladders were constructed at downstream dams in the 1980s, juvenile
American shad (Alosa sapidissima) were abundant in upstream samples.

A summary report of the required NPDES monitoring of the fish communities between 1986 and
1997 indicated that fish sampling resulted in the collection of 30,302 fish representing 30
species. The most common fish collected were yellow perch (26%); rock bass (11%);
pumpkinseed (Lepomis gibbosus) (10%); spottail shiner (Notropis hudsonius) (9%); and white
sucker (9%) [Reference 2-13, Section 3.0]. The environmental monitoring program continues
annually in cooperation with the U.S. Fish and Wildlife Service and the States of Vermont, New
Hampshire and Massachusetts.

Two important anadromous species occur in the Connecticut River near VYNPS, American shad
and Atlantic salmon (Salmo salar). Both were extirpated after dams were constructed on the
Connecticut River in the 18th, 19th and 20th centuries. Both species are currently undergoing
restoration as part of the Anadromous Fish Restoration Program. This program is a cooperative
effort among the states of Connecticut, Massachusetts, New Hampshire and Vermont, as well as
the United States Bureau of Sport Fisheries and Wildlife and the United States Bureau of
Commercial Fisheries. The construction of fish ladders around these dams has facilitated the
return of these important species in the upper Connecticut River. Studies have shown that
American shad typically begin migrating up the Connecticut River from April through July and
spawn in open water. Young shad migrate downstream to the sea in the late summer and fall.
The migration and successful spawning of American shad in the vicinity of VYNPS has been
monitored since 1981. [Reference 2-5; Reference 2-16]

Although Atlantic salmon have also benefited from the construction of fish ladders at dams on the
Connecticut River, the current population is essentially maintained only by stocking of fry and
smolts. Other anadromous species observed in low numbers near VYNPS include blueback
herring (Alosa aestivalis), sea lamprey (Petromyzon marinus) and American eel (Anguilla
rostrata).

Overall, the fish community of the Connecticut River has remained relatively stable during an
extensive period of study since 1968 [Reference 2-4, page 35-1]. The community is typically
dominated by species such as yellow perch, white perch and white suckers. Sunfishes, including
Lepomis sp., largemouth bass and smallmouth bass, are also common.

2.2.3 Plankton Communities

Plankton is composed of microscopic free-living forms of plants (phytoplankton) and animals
(zooplankton). Limited studies of the phytoplankton communities in the Connecticut River near
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VYNPS showed the most abundant population occurred in August, September and October.
The density of organisms ranged from 20,000 to 74,000 per liter. The ten most abundant taxa
were Microspora stagnorum, Pediastrum spp., Scenedesmus spp., Tribonema bombycinum,
Dinobryon cylindricum, Melosira varans, Tabellaria spp., Fragillaria crotonensis, Asterionella
formosa, and Ceratium hirudinella [Reference 2-2, Section IL.F.4].

Similar studies revealed forty-two genera of zooplankton in the Connecticut River. The highest
diversity and density of organisms occurred in June through October. The lowest densities
occurred in October and November. The most common groups of zooplankton were rotifers,
daphnia and nauplii [Reference 2-2, Section II.F.5].

2.2.4 Vascular Aquatic Plants

Approximately 160 species of vascular plants are known to occur along the shoreline and
marshes of Vernon Pond [Reference 2-2, Section II.F.3]. Two small marshes are located along
the west bank of the river approximately one-half mile upstream and downstream from the
VYNPS facility. The dominant flora in these marshes includes water horsetail (Equisetum
fluvaiatile), bedstraw (Galium palustre), cattail (Typha glauca), sedge (Carex crinita) wool grass
(Scirpus pedicellatus), water smartweed, (Polygonum punctatum) and sweet flag (Acorus
calamus).

2.3 Groundwater Resources

VYNPS is situated on a glacially derived river terrace, located approximately 30 to 50 feet above
the current floodplain of the Connecticut River. This terrace, comprised of glaciolacustrine and
fluvial sediments deposited during the last glacial ice age, and have been subsequently incised
by the river channel [Reference 2-6, Section 2.2.11. Groundwater at the site occurs under
unconfined conditions within both unconsolidated glacial overburden sediments and underlying
fractured bedrock [Reference 2-6, Section 2.3.2].

The local water table level fluctuates differentially depending on the amount of precipitation and
is affected by level changes in the Connecticut River. River flooding will cause a temporary
reversal in the flow direction of groundwater, so that the local water table will be considerably
higher than usual during periods when the river level is high. Natural subsurface drainage is over
the rock surface [Reference 2-8, Section 2. 4.2.3.2].

Groundwater levels vary between about 5 feet to 18 feet below ground surface in the northern
portion of the site. In the vicinity of the major plant structures, groundwater is approximately
20 feet below ground surface. Along the southern portion of the site, depth to groundwater is
approximately 30 feet. Although these levels may vary throughout the year, they do provide a
general indication of site area groundwater levels [Reference 2-8, Section 2.4.2.3.2].

Because the river is the natural low point and drainage channel for the region, the groundwater
table can be expected to slope toward the river. Surface drainage also will flow toward the river.
Thus, it is unlikely that any liquids discharged to the river from the site would mix with domestic
water supplies in the area. [Reference 2-8, Section 2.4.8]

2-6



Vermont Yankee Nuclear Power Station
Applicant's Environmental Report

Operating License Renewal Stage

At VYNPS, potable water is supplied to various locations from four onsite wells as shown in
Table 2-2. These wells are classified as non-transient, non-community public water systems and
are permitted and regulated by the State of Vermont Based on well rating capacity and
assuming the wells operate simultaneously, groundwater pump rate could be as high as 123.2
gpm. However based on actual pump rate and measured water usage during 2002 and 2003,
maximum rate from all wells was 8.54 gpm. In addition, an estimate of the groundwater demand
that would be needed for 1,700 employees on the VYNPS site during a refueling outage was also
calculated. Based on this calculation, the maximum groundwater demand would be 35.4 gpm as
shown in Table 2-2 [Reference 2-21, Exhibit EN-SAS-71.

VYNPS also has a network of monitoring wells located on the site that are associated with the
septic leach fields, existing and proposed landfarm and VYNPS septic spreading fields, and an
underground diesel fuel oil release near the turbine building. However, none of these wells are
equipped with a pump that withdraws groundwater.

Table 2-2
VYNPS Potable Water Wells

Well Rating Maximum Water
Well Areas Served (gpm)a Demand (gpm)

Construction Office Building Construction Office Building 9 6.4

Southwest Secondary/backup source for 10.5
West Well

West Main Building complex, Gate 73.7 25.0
House I & 2, South
Warehouse, and Govemor
Hunt House

Plant Support Building Support Building 30 4.0

TOTAL GPM 123.2 35.4

a Reference 2-9, Table 1

2.4 Critical and Important Terrestrial Habitats

VYNPS and the New England transmission line right-of-way lies within the hemlock-white
pine-northern hardwoods biome of the eastern deciduous forest. This biome ranges from
forests of hemlock (Tsuga spp.), fir (Abies spp.), and white pine (Pinus spp.) to mixed deciduous
habitat containing species such as maple (Acer spp.), beech (Fagus spp.), and birch (Betula
spp.) [Reference 2-191.
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Land cover at the site includes mixed softwood and hardwood, and disturbed and early
successional habitat. Two small marshes are located along the west bank of the river
approximately one-half mile upstream and downstream from the VYNPS facility. The New
England transmission line rights-of-way cross the river and a number of small streams and
wetlands in addition to forests and farmland.

Mammals in the local area and the New England transmission line rights-of-way include moose
(Alces Americana), white-tailed deer (Odocoileus virginianus), raccoon (Procyon rotor), American
mink (Mustela vison), eastern gray squirrel (Sciurus caroflinensis), red squirrel (Sciurus
hudsonicus), eastern chipmunk (Tamias striatus), eastern coyote (Canis latrans), red fox (Vulpes
vulpes), grey fox (Urocyon cinereoargenteus), black bear (Euarctos americanus) and a variety of
mice and voles.

The open water of the Connecticut River and emergent wetland habitat supports a number of
migrant waterfowl species, including mallard (Anas platyrhyncos), Canada goose (Branta
Canadensis) and American black duck (Anas rubripes). In addition, osprey (Pandion haliaetus)
and bald eagle (Haliaeetus leucocephalus) utilize the river areas near the VYNPS site
[Reference 2-3].

2.4.1 State Listed Critical or Important Habitats

The Vermont Nongame and Natural Heritage Program (VNNHP) were contacted (see
Attachment A) regarding any state-listed critical or important habitats within a 50-mile radius of
VYNPS. Critical and important habitats are those areas managed by the state for species of
interest. Examples include wintering areas for deer, areas near heron rookeries, and isolated
habitats for black bear, amphibians and reptiles. Within Windham County, VNNHP has identified
several forested areas within and near the Roaring Brook State Wildlife Management Area as
important wintering areas for deer. The nearest area to VYNPS is located along Interstate 1-91
approximately two miles west of the plant.

2.4.2 Federal Listed Critical or Important Habitats

As addressed in Section 2.5 below, eleven federally-listed threatened and endangered species
potentially occur in the vicinity of VYNPS. Although critical habitat has been designated for the
Indiana bat [Reference 2-27] and the gray wolf [Reference 2-28] in portions of the United States,
no critical habitat for these species has been designated near VYNPS or any of the nine
remaining federally-listed species based on consultation with the Vermont Department of Fish
and Wildlife and the U.S. Fish and Wildlife Service (see Attachment A and Attachment B).

2.5 Threatened or Endangered Species

Eleven plant and animal species currently protected under the Endangered Species Act have
geographic ranges that extend to the vicinity of the VYNPS site. Animal species are represented
by two mammals, one bird, one reptile, one fish, one mussel, and two insects. These include the
bald eagle, gray wolf (Canis lupus), Indiana bat (Myotis sodalis), bog turtle (Clemmys
muhlenbergii), shortnose sturgeon (Acipenser brevirostrum), dwarf wedgemussel (Alasmidonta
heterodon), Puritan tiger beetle (Cicindela puritana), and Kamer blue (Lycaeides melissa
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samuelis). Plant species include Jesup's milk-vetch (Astragalus robbinsil var. jesupi),
northeastern bulrush (Scirpus ancistrochaetus), and small whorled pogonia (Isotria
medeoloides). Of these species the bald eagle, gray wolf, bog turtle, Puritan tiger beetle and
small whorled pogonia are listed as threatened; the remaining species are listed as endangered.

Bald eagles are known to occur throughout virtually the entire area near the VYNPS facility. The
bald eagle is known to nest along the Connecticut River in New Hampshire and Massachusetts.
The closest nesting pair of bald eagles is in New Hampshire, less than one mile south of the
facility. The State of Vermont has no known nesting pairs of bald eagles, but the bald eagle is a
winter transient throughout the three states [Reference 2-29]. Habitat for wintering bald eagles is
generally described as large open waters, i.e., large rivers and lake suitable for foraging. Habitat
near the facility would possibly support wintering bald eagles because of the location of the site
being near the Connecticut River.

There are historic records of the gray wolf within the area near VYNPS. However, there are no
recent records of this species within the area [Reference 2-29].

The Indiana bat is known to occur within Rutland and Bennington Counties, Vermont, which are
about 30 miles northwest and west of the site, respectively. There are historic records for this
species in Massachusetts and New Hampshire. However, there are no current listed
occurrences in the remainder of the area within 50 miles of the plant [Reference 2-29].

Massachusetts lists the bog turtle as occurring within Berkshire County, which is located
approximately 50 miles southwest of the VYNPS site. There are no element occurrences of the
bog turtle elsewhere near the plant [Reference 2-29].

The shortnose sturgeon has been recorded from the Connecticut River and Merrimack River in
Franklin, Hampden and Hampshire Counties, Massachusetts. This anadromous species enters
large rivers, such as the Connecticut, to spawn during mid to late spring. Currently three
populations are known, i.e., two from the Connecticut River, and one from the Merrimack River.
These populations are located at least 20 miles south of the VYNPS facility, downstream of the
Turners Falls Hydroelectric Station in Tumers Falls, Massachusetts.

The Puritan tiger beetle is known to only occur along beaches of the Connecticut River and has
been observed in Massachusetts, i.e., Hampshire County [Reference 2-29]. This species is
possibly extirpated in Vermont and New Hampshire, where only historical records are listed.
This species is found within the sand and clay cliffs associated with the Connecticut River, where
little vegetation is present. As previously noted, only one active colony of the Puritan tiger beetle
is known to occur in the region and it is located approximately 30 miles south of the VYNPS
facility.

The Kamer blue requires dry, sandy areas of open woods in oak savannas where wild lupine
(Lupinus perennis) is known to occur. The only records for this butterfly near VYNPS are from
Merrimack County, New Hampshire, which is about 40 miles northeast of the facility.

The dwarf wedgemussel exists in the Connecticut River in Hampshire and Franklin Counties,
Massachusetts; Cheshire and Sullivan Counties, New Hampshire; and Windham and Windsor
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Counties, Vermont. Suitable habitats for the dwarf wedgemussel are well-oxygenated streams
and rivers with sandy or gravelly bottoms and slow to moderate current [Reference 2-11].
Negative impacts to the species in relation to the facility are unlikely since (1) recent surveys
between the Bellows Falls Dam and Vernon did not discover any wedgemussels, and (2) the
southernmost finding was in muddy habitat near Rockingham, Vermont, just north of Bellows
Falls Dam, which is upstream of VYNPS by about 30 miles. [Reference 2-40]

Jesup's milk-vetch is only known to occur within the Connecticut River valley of both Vermont
and New Hampshire, specifically Sullivan County, New Hampshire, and Windsor County,
Vermont [Reference 2-29]. Only four individual populations of this plant are known and the total
population is estimated to be less than 1,000 individuals. The entire population is known from a
15-mile stretch of the Connecticut River, of which the plants occupy a specific ecotome best
described as a disturbed area, which is both ice covered and flooded during portions of the year
[Reference 2-12]. Since these populations lie approximately 40 miles north of the VYNPS
facility, the possibility of occurrence near the site is unlikely.

Northeastern Bulrush is known to occur in the following counties and states near WNPS:
Sullivan County, New Hampshire; Franklin County, Massachusetts; and Windham County,
Vermont. Habitat for this species is described as open herb-dominated wetland areas
[Reference 2-121. Although this species is documented as occurring in Windham County,
Vermont, there are only limited areas near the VYNPS facility that could contain suitable habitat
for the species.

Small whorled pogonia is listed as occurring within Merrimack County, New Hampshire, and
Hampshire, Hampden, and Middlesex Counties, Massachusetts [Reference 2-29]. This species
is associated with rich, acidic soils and is often encountered in areas that also contain witch hazel
(Hamamelis virginiana), beech (Fagus grandifolia), and red maple (Acer rubrum) [Reference 2-
12]. Since there are no known records of this species within 20 miles of the VYNPS facility, the
possibility of occurrence near the site is unlikely.

As discussed in Section 2.4, critical habitat has not been designated for any federally listed
threatened and endangered species within the vicinity of VYNPS.

2.6 Reaional Demography

2.6.1 Regional Population

The Generic Environmental Impact Statement for License Renewal of Nuclear Plants presents a
population characterization method that is based on two factors: "sparseness and "proximity"
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[Reference 2-17, Section C.1.4]. 'Sparseness" measures population density and city size within
20 miles of a site and categorizes the demographic information as follows.

Demographic Categories Based on Sparseness

Category

Most sparse 1. Less than 40 persons per square mile and no community with 25,000
or more persons within 20 miles

2. 40 to 60 persons per square mile and no community with 25,000 or
more persons within 20 miles

3. 60 to 120 persons per square mile or less than 60 persons per square
mile with at least one community with 25,000 or more persons within
20 miles

Least sparse 4. Greater than or equal to 120 persons per square mile within 20 miles

Source: Reference 2-17

"Proximity" measures population density and city size within 50 miles and categorizes the
demographic information as follows.

Demographic Categories Based on Proximity

Category

Not in close proximity 1. No city with 100,000 or more persons and less than 50 persons per
square mile within 50 miles

2. No city with 100,000 or more persons and between 50 and 190
persons per square mile within 50 miles

3. One or more cities with 100,000 or more persons and less than 190
persons per square mile within 50 miles

In close proximity 4. Greater than or equal to 190 persons per square mile within 50 miles

Source: Reference 2-17
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The GEIS then uses the following matrix to rank the population in the vicinity of the plant as low,
medium, or high.

GEIS Sparseness and Proximity Matrix

Proximity

1 I 1 2 1 3 1 4
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Low Medium High
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Area Area Area

Source: Reference 2-17

Entergy used 2000 census data from the U.S. Census Bureau (USCB) to determine
demographic characteristics in the VYNPS vicinity. These data were processed at the state,
county, and census block levels using ESRI ArcView® geographical information system (GIS)
software.

The 2000 census data indicates that approximately 153,409 people live within a 20-mile radius of
VYNPS, which equates to a population density of 122.1 persons per square mile. According to
the GEIS sparseness index, VYNPS is classified as Category 4 sparseness (having greater than
or equal to 120 persons per square mile within 20 miles).

The 2000 census data indicates that approximately 1,513,282 people live within 50 miles of
VYNPS, which equates to a population density of 192.6 persons per square mile. According to
the GEIS proximity index, VYNPS is classified as Category 4 proximity (greater than or equal to
190 persons per square mile within 50 miles).

According to the GEIS sparseness and proximity matrix, the combination of sparseness
Category 4 and proximity Category 4 results in the conclusion that VYNPS is located in a "high"
population area.
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The area within 50 miles of VYNPS includes portions of four states and seventeen counties as
shown in Figure 2-1. According to the 2000 census, the total population of these counties was
approximately 4,141,377 as shown in Table 2-3. The total permanent population of these
counties within 50 miles of VYNPS was estimated to be approximately 1,513,282 [Reference 2-
10].

Projected populations for each county are shown in Table 2-3 through 2032, which is the end of
the license renewal period. The total population (including transient populations) of these
counties within 50 miles of VYNPS was projected to be approximately 2,347,880 [Reference 2-
10].
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Table 2-3
State and County Population - 50-Mile Radius Within VYNPS

State and County 2000 Population 2032 ProJected Population

Massachusetts 3,031,326 3,244,935

Berkshire 134,953 111,566

Franklin 71,535 77,231

Hampden 456,228 458,216

Hampshire 152,251 171,085

Middlesex 1,465,396 1,525,102

Worcester 750,963 901,735

New Hampshire 631,349 865,891

Cheshire 73,825 96,895

Hillsborough 380,841 519,744

Merrimack 136,225 195,622

Sullivan 40,458 53,630

New York 276,674 248,971

Columbia 63,094 53,578

Rensselaer 152,538 134,620

Washington 61,042 60,593

Vermont 202,028 213,687

Bennington 36,994 38,106

Rutland 63,400 65,995

Windham 44,216 48,941

Windsor 57,418 60,645

TOTAL POPULATION 4,141,377 4,573,304
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Towns near VYNPS include Brattleboro, Vermont (Windham County), Keene, New Hampshire
(Cheshire County), and Greenfield, Massachusetts (Franklin County). According to the 2000
census, the populations of these towns were approximately 12,005, 22,563, and 18,168,
respectively. In 2003, Windham, Cheshire, and Franklin Counties had a combined total
population of approximately 191,548 (refer to Table 2-4).

From 1990 to 2000, the average annual growth rates for these counties were 0.6% for Windham
County, 0.5% for Cheshire County, and 0.2% for Franklin County. All three counties had slower
growth rates than rates of their respective states during the same period. From 1990 to 2000,
the state-level average annual growth rates were 0.8% for Vermont, 1.1 % for New Hampshire
and 0.5% for Massachusetts [Reference 2-241.

Table 2-4 shows estimated total populations and average annual growth rates between each
census for the three counties with the greatest potential to be socioeconomically affected by
license renewal activities at VYNPS. Average annual growth rates for 2003 are based on
comparison against 2000 population data and rates for 2032 are based on comparison against
2003 population data.

Table 2-4
Windham County (VT), Cheshire County (NH) & Franklin County (MA)

Population Growth, 1990-2032

Windham County, VT Cheshire County, NH Franklin County, MA

Average % Average % Average %
Year Population Annual Population Annual Population Annual

Growth Growth Growth

1990a 41,588 - 70,121 - 70,092 -

20001 44,216 0.6 73,825 0.5 71,535 0.2

2003' 44,379 0.1 75,965 0.9 72,204 0.3

2032d 48,941 0.3 96,895 0.7 77,231 0.2

a Reference 2-22

b Reference 2-23

c Reference 2-24
d Reference 2-10
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2.6.2 Minority and Low-Income Populations

2.6.2.1 Background

The NRC performs environmental justice analyses utilizing a 50-mile radius around the plant as
the environmental "impact site" and the state as the "geographic area" for comparative analysis.
This approach is presented below. Since VYNPS is located in close proximity to New Hampshire
and Massachusetts, an alternative approach is also addressed which uses a geographic area of
New Hampshire, Massachusetts, and Vermont. Both approaches were used for assessing
minority and low-income population criteria.

NRC guidance suggests using the most recent USCB decennial census data. The 2000 census
population data and TIGER/Line data for Massachusetts, New York, New Hampshire and
Vermont were obtained from the USCB web site and processed using ESRI ArcView® GIS
software (version 8.1). Population data at the census block level were used to identify the
minority and low-income population data within 50 miles of VYNPS. A total of 1,253 census
blocks groups were found in this area. The results were compiled and maps were produced
showing the geographic location of minority and low-income populations in relation to VYNPS.
Information for these block groups was then reviewed with respect to the Nuclear Reactor
Regulation criteria [Reference 2-18] for minority and low-income populations.

2.6.2.2 Minority Populations

The NRC Procedural Guidance for Performing Environmental Assessments and Considering
Environmental Issues defines a 'minority" population as American Indian or Alaskan Native;
Asian, Native Hawaiian or Pacific Islander; Black races; other; multi-racial; the aggregate of all
minority races; or Hispanic ethnicity [Reference 2-18, page D-8]. The guidance indicates that a
minority population exists if either of the two following conditions exists:

Exceeds 50 Percent - the minority population of the environmental impact site exceeds
50 percent, or

More than 20 Percentage Points Greater - the minority population percentage of the
environmental impact site is significantly greater (typically at least 20 percentage points)
than the minority population percentage in the geographic area chosen for comparative
analysis.

The 2000 census data indicate that 3.2% of the population in Vermont and 12.9% of the
population within the three-state area was composed of minorities as shown in Table 2-5. When
Vermont is used as the geographic area, any census block group within a 50-mile radius of
VYNPS with minority citizens equal to or greater than 23.2% of the total block group population
would be considered a "minority population." Using this criterion, 164 of the 1,253 census block
groups (13.1%) within 50 miles of VYNPS have minority population percentages which exceed
23.2%. These census block groups are located 30 to 50 miles south and southeast from the site
in the areas of Springfield/Northampton and Worcester, Massachusetts, as shown in Figure 2-5.
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When the three state areas are used as the geographic area, any census block group within a
50-mile radius of VYNPS with minority citizens equal to or greater than 32.9% of the total block
group population would be considered a "minority population." Using this criterion, 115 of the
1,253 census block groups (9.2%) within 50 miles of VYNPS have minority population
percentages which exceed 32.9%. These census block groups are located 30 to 50 miles south
and southeast of the site in the areas of Springfield/Northampton and Worcester, Massachusetts,
as shown in Figure 2-6.

Table 2-5
Minority Population Criteria Using Two Geographic Areas

Geographic White Minority Total Percent Minority
Area Population Population Population Minority Criterion

Vermont 589,345 19,482 605,553 3.2% 23.2%

Massachusetts 7,140,686 1,053,024 8,193,710 12.9% 32.9%
New Hampshire
Vermont

Overall, minority populations within the 50-mile radius "impact site" were a small percentage of
the overall population. The percentage of census block groups exceeding the minority
population criteria was 9.2% when a three-state geographic area was used or 13.1% when only
Vermont was used as the geographic area. All minority populations were located between 30
and 50 miles from the site.

2.6.2.3 Low-Income Populations

NRC guidance defines "low-income" using USCB statistical poverty thresholds [Reference 2-18,
page D-8]. The guidance identifies an area as a low-income population area if the percentage of
households below the poverty level is significantly greater (at least 20 percentage points) than
the low-income household percentage in the area chosen for comparative analysis. As
addressed above with minority populations, two alternative geographic areas (Vermont and
Massachusetts/New HampshireNermont) were used in this analysis.

The 2000 census data indicate that 9.4% of the population in Vermont and 8.9% of the
population within the three-state area was low-income as shown in Table 2-6. When Vermont is
used as the geographic area, any census block group within a 50-mile radius of VYNPS with low-
income population equal to or greater than 29.4% of the total block group population would be
considered a "low-income population." Using this criterion, 82 of the 1,253 census block groups
(6.5%) within 50 miles of VYNPS have low-income population percentages. Most of these
census block groups are located in the area of Springfield/Northampton, Massachusetts, as
shown in Figure 2-7. Most of the other low-income populations are dispersed across
Massachusetts, while Vermont and New Hampshire each had one low-income population block.
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When the three-state area is used as the geographic area, any census block group within a
50-mile radius of VYNPS with low-income populations equal to or greater than 28.9% of the total
block group population would be considered a "low-income population." Using this criterion, 86
of the 1,253 census block groups (6.9%) within 50 miles of VYNPS have low-income population
percentages which exceed 28.9%. These census block groups are also located in Springfield/
Northampton, Massachusetts, area, while one low-income population block occurred in Vermont
and one in New Hampshire as shown in Figure 2-8.

Table 2-6
Low-Income Population Criteria Using Two Geographic Areas

Geographic Total Number Number of Persons Below Low-Income
Area of Households Persons Below Poverty Level Criterion

Poverty Level (Percent)

Vermont 240,634 22,619 9.4% 29.4%

Massachusetts 3,158,820 280,722 8.9% 28.9%
New Hampshire
Vermont

Overall, low-income populations within the 50-mile radius "impact site" were a small percentage
of the overall population. The percentage of census block groups exceeding the low-income
population criteria was 8.9% when a three-state geographic area was used or 9.4% when only
Vermont was used as the geographic area.

As a general matter, there are relatively few low income populations in the geographic areas,
most in the Springfield/Northampton area, and none in close proximity to the site.

2.7 Taxes

The Town of Vernon, with a population of 2,119, is the principal local jurisdiction that receives
direct tax revenue from VYNPS. As shown inTable 2-7, Entergy pays approximately $1 million
per year in property tax to Vernon. In fiscal year 2005, property tax from VYNPS contributed
about 40% of Vernon's General Fund, which is utilized for police, fire, roads and other town
services.

Little of the property tax paid by Entergy is utilized for the Vernon School District. Education
taxes are paid directly to the State of Vermont (see Table 2-7), which funds much of the local
school district budget. For the 2005 - 2006 school year, the State of Vermont contributed
approximately two-thirds of the Vernon School District's budget of $5.5 million. Most of this
education tax funding from the State is allocated by the town to the Vernon School District for the
Vernon Elementary School, which is located across Governor Hunt Road from the entrance to
VYNPS. A portion of the education tax fund is also allocated for Vernon students attending the
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Brattleboro Union High School District #6, which includes the Brattleboro Area Middle School
and the Brattleboro Union High School.

Real estate and personal property taxes (see Table 2-7) totaling approximately $150,000 per
year are also paid to the local town of Brattleboro, Vermont. These taxes are paid on the
assessed value of the Entergy corporate office and training facility located in Brattleboro and are
distributed by the town into its general municipal and education funds. No taxes are assessed by
Brattleboro on the VYNPS facility.

VYNPS also pays annual taxes to the State of Vermont. These taxes include an electric
generation tax, electric generation education tax, income, franchise, sales, excise and use taxes.
The electric generation and electric generation education taxes, totaling about $4.5 million in
2005, are assessed according to a rolling 3-year average of the annual net megawatt production
at VYNPS. Both taxes are assessed on power plants with generation ratings over 200
megawatts. VYNPS is the only power plant in Vermont in this tax category.

Taxes paid by Entergy have a positive impact on the fiscal condition of Vernon, and continued
operation of the plant would provide a significant continuing source of tax revenues to the local
community.

Table 2-7
Entergy Estimated Tax Distribution, 2003-2005

Tax 20031 20041 20051

State Electric Generation 2,577,328 2,600,000 2,600,0002

State Electric Generation Education 1,874,419 1,887,209 1,900,0002

State Income, Franchise, Sales, Use & 1,575,764 1,799,894 1,698,5212
Excise (Combined)

Vernon Township Property Tax 3  1,094,520 1,155,960 1,226,944

Brattleboro Township Real Estate & 190,152 165,486 143,347
Personal Property Tax4

Total 7,312,183 7,608,549 7,568,812

1. Fiscal year extends from July 1st through June 30th of the subsequent year.
2. Projected tax based on mid-year estimates
3. Vernon taxes in 2003 were for calendar year. A property tax of $532,770 was paid

for first 6 months of 2004. Town began fiscal year on July 1, 2004.
4. Taxes for Entergy Nuclear Vermont Yankee, LLC corporate office in Brattleboro.
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2.8 Land Use Plannina

Land use planning focuses on Windham County, Vermont, since the operation of VYNPS and its
associated tax base is important to the economy of the county. In Cheshire County, New
Hampshire, and Franklin County, Massachusetts, the plant has less influence on land use
because the plant has relatively less economic and social affect and does not directly contribute
to the tax base of these counties.

2.8.1 Existing Land Use Trends

Windham County occupies roughly 789 square miles (504,958 acres) and major land uses
consist of woodland (56%), cropland (29%), pasture land (8%) and other uses (7%) [Reference
2-33]. Windham County is mountainous and hilly with elevations ranging from approximately
4,000 feet above sea level at Mt. Stratton in the northwestern corner of the county to
approximately 200 feet above sea level along the Connecticut River in the southeastern corner of
the county. Except for narrow alluvial valleys, the area is too steep for intensive farming and
development so much of the county is used for woodland and pasture.

Land use trends in Vermont are similar to many areas of the United States where rural lands and
farms are being converted to areas of residential, commercial and transportation development.
The amount of developed land in Vermont increased 25% between 1982 - 1992, while the state's
population grew by only 10%. Forty percent of this new development occurred on what had been
cropland or pastureland [Reference 2-36].

Conversion of land to development is less intense in Windham County as compared to state-
wide trends. According to the 2002 USDA Census of Agriculture, 397 farms were located in
Windham County, which is a 3% increase since 1997. Land acreage associated with farms
increased 21 % during this period with a total acreage increasing about 20% to over 60,000
acres. The average size of farms also increased 17%, from 133 to 155 acres from 1997 to 2002.
Farming commodities include truck crops (melons, potatoes and vegetables), berries and
nursery products. The major crop in the county is hay and silage. The major farm commodities
in Windham County are cattle and dairy products. [Reference 2-26]

The town of Vernon occupies 19.4 square miles (12,400 acres). Land use in the town has
changed little over the last 20 to 30 years. From 1970 to 1990, approximately 425 acres of forest
land was converted to non-forested land and 260 acres was developed for the other land uses.
The town of Vernon has no zoning ordinances, subdivision ordinances, or a development review
board. The town, however, has a Municipal Plan which is reviewed and approved by the
Windham Regional Planning Commission. The purpose of the plan is to outline the community's
plan for future growth and development. [Reference 2-33]

2.8.2 Future Land Use Trends

Urban sprawl and its associated conversion of forest and farm lands to commercial and
residential development is an important issue in Vermont. Since 1970, land use and
development in Vermont have been regulated by the State Land Use and Development Law,
known simply as Act 250 [Reference 2-20, page 3]. This law created the Vermont Environmental
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Board and nine District Environmental Commissions, which conduct a quasi-judicial review of
proposed development plans that could have significant environmental, aesthetic, and/or
community impacts. Act 250 was intended to provide a balance between economic development
and the interests of citizens and government authorities in protecting the environment.
Applicants for land use permits must address potential impacts of the project on ten specific
criteria. These criteria include adverse affects on a wide range of potential issues including, but
not limited to, water and air pollution, water supplies, soil erosion, traffic, education services,
wildlife habitat, government services, aesthetics, wetlands and other issues. Act 250 Land Use
Permits are required for commercial and industrial construction projects on more than one acre.
In some communities, permits are only required for projects of 10 or more acres.

Windham County has experienced low-to-moderate population growth and land use changes in
the last 10 years. Most land use changes have occurred in southeastern Vermont and have
been associated with recreational facility, resort and vacation home development [Reference 2-
35, page 4].

Taxes paid by VYNPS contribute in maintaining the tax rates in Windham County and the Town
of Vernon lower than would otherwise be needed to fund the county and local government's
current level of public infrastructure and services. This effect could enhance the area's
attractiveness as a place to live and possibly influence overall growth and development trends in
the county.

2.9 Housina

As of December 2003, VYNPS has a permanent staff of approximately 678 employees. The
majority of the employees live in the three-county area of Windham County, Vermont; Cheshire
County, New Hampshire; and Franklin County, Massachusetts. As shown in Table 3-1, 289
employees live in Windham County, 172 in Cheshire County and 114 in Franklin County. The
remainder of the employees lives in outlying counties in the three-state area, and a few in towns
located in Connecticut and New York.

Between 1990 and 2000, the total population of the three counties near VYNPS has increased
(Table 2-4). The total population increased approximately from 41,588 to 44,216 in Windham
County, from 70,121 to 73,825 in Cheshire County, and from 70,092 to 71,535 in Franklin
County. During this same period, the number of housing units increased at about the same pace
as the increase in population. In the three-county area near VYNPS, total housing units
increased approximately 5% as shown in Table 2-8. Total housing units increased from 25,796
to 27,039 in Windham County, from 30,350 to 31,876 in Cheshire County, and from 30,394 to
31,939 in Franklin County.

The vacancy rates in the three counties changed little from 1990 to 2000 as shown in Table 2-8.
Windham County had the highest vacancy rate of approximately 32% in 2000, an increase of
18.1% since 1990. The vacancy rate in Cheshire County decreased from 14.8 to 11.2% and the
vacancy rate in Franklin County dropped from 9.1 to about 7.7%. The larger vacancy rate in
Windham County was likely due to the larger percentage of units in the county which are
designated as having seasonal, recreational and occasional uses.
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With the exception of Cheshire County, median home values increased between 1990 and 2000
as shown in Table 2-8. Values increased 12.6% in Windham County and 4.3% in Franklin
County. Cheshire County median home values decreased 4.8%. The median monthly rent
(contracted) in Windham County increased 22.7% in the 10-year period, while the increase was
lower in Cheshire County (12.6%) and Franklin County (14.9%).

Overall, little discernible change in housing availability has occurred in the three-county area
near VYNPS since 1990. Vacancy rates have remained relatively stable and the number of
available units has kept pace with the low to moderate growth in the area population. Home
values and rental rates in the area have remained relatively stable as well.

2-22



Vermont Yankee Nuclear Power Station
Applicant's Environmental Report

Operating License Renewal Stage

Table 2-8
Windham County (VT), Cheshire County (NH) & Franklin County (MA)

Housing Statistics, 1990-2000

19901 20002 % Change
Windham County, VT

Total Housing Units 25,796 27,039 4.8

Occupied Units 16,264 18,375 13.0

Vacant Units 9,532 8,664 (9.1)

Vacancy Rate (%) 27.1 32.0 18.1

Median House Value ($) 97,200 109,500 12.6

Median Rent ($/month) 383 470 22.7

Cheshire County, NH

Total Housing Units 30,350 31,876 5.0

Occupied Units 25,856 28,299 9.5

Vacant Units 4,494 3,577 (20.4)

Vacancy Rate (%) 14.8 11.2 (24.3)

Median House Value ($) 110,600 105,300 (4.8)

Median Rent ($/month) 449 523 12.6

Franklin County, MA

Total Housing Units 30,394 31,939 5.1

Occupied Units 27,640 29,466 6.6

Vacant Units 2,754 2,473 (10.2)

Vacancy Rate (%) 9.1 7.7 (15.4)

Median House Value ($) 114,100 119,000 4.3

Median Rent ($/month) 402 462 14.9

1. U.S. Census Bureau. State and County Quick Facts: Windham County, VT, Cheshire
County, NH; Franklin County, MA. Table DP-1 (General Population and Housing Char-
acteristics: 1990).

2. U.S. Census Bureau. State and County Quick Facts: Windham County, VT; Cheshire
County, NH; Franklin County, MA. Tables DP-1 (Profile of General Demographic Char-
acteristics: 2000), QT-H1 (General Housing Characteristics:2000), GCT-H9 (Financial
Housing Characteristics:2000), QT-H12 (Contract Rent and Gross Rent:2000)
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2.10 Social Services and Public Facilities

2.10.1 Public Water Supply

VYNPS does not utilize public water supplies for plant operations but instead relies on surface
water from the Connecticut River and groundwater from onsite potable wells.

Community water systems within 10 miles of VYNPS utilize both groundwater and surface water
sources. Groundwater is the primary source for community water systems serving 60% of the
population in the region [Reference 2-37, page 1]. Vermont's groundwater water quality is
generally good, but contamination can and does occur locally. Major contaminants include
bacteria and nitrates.

Table 2-9 lists source and capacity information on major community water supply systems within
10 miles of the site [Reference 2-8, Section 2.4.2.3.11. Large areas of rural Windham County,
Vermont; Cheshire County, New Hampshire; and Franklin County, Massachusetts, are not
served by community water supplies. Private water supplies rely on groundwater and springs as
sources. Within a 1-mile radius of the VYNPS site, over 50 wells, ranging in depth from
approximately 15 feet to over 350 feet, supply water for domestic and farm use [Reference 2-8,
Table 2.4.5].

Table 2-9
Major Community Water Supply Systems Within 10-Mile Radius of VYNPS

Public Water System Source Capacity (GPD)

Brattleboro, Vermont Lake and Reservoir 3,000,000

Brattleboro, Vermont - Supplemental Wells 3,218,400

Hinsdale, New Hampshire Wells 1,036,800

Winchester, New Hampshire Wells 600,000

Northfield, Massachusetts Reservoir Wells 244,000

Bernardston, Massachusetts Wells 1,121,200

In the vicinity of the site there is also a considerable amount of groundwater which several
municipalities utilize as one source of water supply. [Reference 2-8, Section 1.6.1.1.8] However,
there is sufficient groundwater in the area to provide wells for public as well as private use.
[Reference 2-8, Section 2.4.2.1] As already discussed, VYNPS utilizes surface water from the
Connecticut River and groundwater from onsite potable wells.
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2.10.2 Transportation

2.10.2.1 Windham County

The major highway system in Windham County, Vermont, is Interstate 1-91, which runs north and
south along the Connecticut River valley (Figure 2-2). In addition, two-lane U.S. Highway 5 runs
parallel to 1-91. The primary state highways in Windham County include Highways 9 and 30.
Highway 9 connects Brattleboro with Bennington, Vermont, to the west. Highway 30 winds
northwest from Brattleboro through the Green Mountains and connects with U.S. Highway 7 in
western Vermont. Access to the VYNPS site is from State Highway 142, which follows the
Connecticut River between Brattleboro and the Massachusetts state line. Highway 142 provides
access to the VYNPS site from two intersections with Governor Hunt Road (Figure 2-2).

The Vermont Agency of Transportation (VAT) provides biennial updates on traffic counts of state
highways [Reference 2-32]. A summary of VAT estimates for average annual daily traffic counts
on Highway 142 north and south of the VYNPS site is shown in Table 2-10.

Table 2-1 0
Average Annual Daily Traffic Counts on Highway 142 Near VYNPS, 1990-2002

Location 1990 1992 1994 1996 1998 2000 2002

State Hwy 142 between the 3,440 2,895 2,940 4,400 4,500 5,300 5,100
north end of Governor Hunt
Road and Tyler Hill Road

State Hwy 142 between the 3,160 2,660 2,700 2,500 2,600 2,600 2,500
south end of Governor Hunt
Road and Lily Pond Road

2.10.2.2 Cheshire and Franklin Counties

Cheshire County, New Hampshire, is not served by an interstate highway system but has ready
access to Interstate 1-91 to the west and Interstate 1-89 to the east. Major roads in the county
include State Highways 9, 10, 12 and 101. Highway 9 connects the Interstate 89/U.S. Highway
202 area near Concord, New Hampshire, with Keene, New Hampshire, and crosses the
Connecticut River near Brattleboro, Vermont. Highways 10 and 12 connect Keene, New
Hampshire, with Interstate 1-91 near Northfield, Massachusetts, and Westminster, Vermont,
respectively.

Franklin County, Massachusetts, is served by the north-south Interstate 1-91 corridor, as well as
U.S. Highway 5 which parallels the interstate highway. State Highway 2, the major east-west
highway in the area, connects Greenfield, Massachusetts, with New York to the west and the
Orange/Athol, Massachusetts, area to the east.
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2.11 Meteorological and Air Quality

VYNPS is located in the town of Vernon, Vermont, in Windham County on the west shore of the
Connecticut River immediately upstream of the Vernon Hydroelectric Station [Reference 2-8,
Section 2.2.11. The Connecticut River traverses the area near the site from north to south, along
the eastern side of the Vernon area, geographically separating the states of Vermont and New
Hampshire at this point. A strip of lowlands and terraces, about one mile in width, borders the
river in the area. There are naturally dissected uplands with an average local relief of several
hundred feet east and west of the lowlands. Wantastiguet Mountain, 0.5 mile east of Brattleboro,
is the highest point in the area with an elevation of 1351 feet MSL. The lowest point is on the
Connecticut River near Northfield, Massachusetts, with an elevation of 175 feet MSL.
[Reference 2-8, Section 2.5.2.4.1]

Windham County is mild in the summer and extremely cold in the winter. Based on previous
climatological records for the Vernon area, mean daily maximum temperatures range from about
341F in January to about 831F in July with mean daily minimum temperatures ranging from about
110F in January to about 561F in July [Reference 2-8, Table 2.3.2]. Precipitation averages
43 inches per year and is distributed rather evenly throughout the 12-month period [Reference 2-
8, Section 2.3.5.2]. Although the Vernon area is subjected to a wide range of snowfall which may
be as little as 30 inches or as much as 118 inches since it is located in the northeastern part of
the United States, snowfall amounts typically average approximately 60 inches per year
[Reference 2-8, Section 2.3.5.3]. Based on the "Index of Tornado Damage Potential," the
probability of a tornado striking the site is small [Reference 2-8, Section 2.3.6.3].

Vermont is in attainment with the National Ambient Air Quality Standards [Reference 2-1]. The
nearest non-attainment areas due to the one-hour ozone standard are Hillsborough County, New
Hampshire, approximately 30 miles northeast of VYNPS, and the entire state of Massachusetts,
approximately 5 miles south of VYNPS.

The Lye Brook Wilderness Area, which is the only wilderness area within a 50-mile radius of the
VYNPS site and within the State of Vermont, is designated in 40CFR81.41 as a mandatory
Class I Federal area in which visibility is an important value. The Lye Brook Wilderness Area is
approximately 35 miles northwest of the VYNPS site.

VYNPS has house heating boilers, waste oil furnaces and diesel generators located on-site.
Since emissions from the boilers and furnaces are less than 10 tons per year and the generators
operate less than 100 hours per year, these sources are regulated under an Air Source
Registration issued by the VDEC in accordance with the Vermont Air Pollution Control
regulations. This registration limits the fuel usage and hours of operation of these emission
sources.

2.12 Historic and Archaeological Resources

The Vermont Division of Historic Preservation (VDHP) reviews proposed projects for potential
impacts to historic buildings and structures, historic districts, historic landscapes and settings
[Reference 2-34] under three regulations:

2-26



Vermont Yankee Nuclear Power Station
Applicant's Environmental Report

Operating License Renewal Stage

* Section 106 of the National Historic Preservation Act of 1966. The VDHP reviews
projects when a federal agency is involved with the project. It is the federal agency's
responsibility to seek comments about the project from the VDHP.

* 22 V.S.A. 14, the Vermont Historic Preservation Act, on behalf of the Vermont Advisory
Council on Historic Preservation. The VDHP reviews projects when a state agency is
involved with the project. It is the state agency's responsibility to seek comments about
the project from the VDHP.

* Criterion 8, 10 V.S.A., Chapter 151 (Act 250). The VDHP reviews Criterion 8 of Act 250
permit applications. If a project requires an Act 250 permit, the VDHP will review project
information submitted directly by a permit applicant or will review the information
contained in the original application submitted to the Agency of Natural Resources.

The VDHP is the primary contact for the two historic registers that track Vermont's historic
resources. The National Register of Historic Places (NRHP) is the official federal listing of
significant historic, architectural, and archaeological resources. The Vermont State Register of
Historic Places is the list of significant historic and prehistoric resources throughout Vermont.

2.12.1 Prehistoric Era

The area around the VYNPS site has a long period of prehistoric and historic Native American
and historic Euroamerican resources. The Connecticut River valley has an archaeological
sequence that extends back about 12,000 years, although human use of the region was probably
very limited during the first few thousand years of human presence [Reference 2-39]. Similar to
much of the surrounding New England area, archaeological periods defined for this part of
Vermont fall into several sequential cultural periods of Native American occupation: the Paleo-
Indian era (about 12,000 BP to 9000 BP), the Archaic era (9,000 BP to 3,000 BP), and the
Woodland era (3,000 BP to 400 BP).

Prehistory ends with the coming of Europeans in the 17th century (Contact Period) and the
introduction to history in written documents. Initially, relations between Indians and Europeans
were amicable. This situation was short-lived, as settlers encroached on Indian lands, resources
and culture, and relationships thus deteriorated. Several altercations took place during the
Contact Period. These include King Philip's War (1675-1676), Queen Anne's War (early 1700s),
Father Ralle's War (1724), King George's War (1743-1748), the French and Indian War (1754-
1763), as well as many others.

In time, the Europeans forced the Native Americans off their lands. After two centuries of battle,
many Native Americans moved out of New England. They chose to live with other groups, less
affected by European presence. Some Native Americans stayed closer to home and endured
hardship at the hands of European settlers. In New England, descendants of these Native
Americans may still be found living close to ancestral lands.

Evidence of prehistoric Native American sites in Vermont is typically located near an existing or
relic water source. Models to accurately predict the location of these types of sites, however,
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have not yet been developed and their locations are not easily predicted. Since the adoption of
the National Historic Preservation Act, the VDHP deals with these sites on a case-by-case basis
as they require consideration during proposed development and sometimes require protection.

The Vermont Archeological Society was contacted during the early stages of site construction for
information related to any known archeological resources in the vicinity of the VYNPS site
[Reference 2-2, Section II.DJ. There were no known archeological surveys completed in the area
and no published survey of resources was available. Extensive subsurface archeological
excavation, however, was performed at the site before construction began. No significant
archeological resources were identified at the site during construction.

2.12.2 Historic Era

Vermont has approximately 716 historic properties which are listed in or eligible for the NRHP
[Reference 2-30]. Seventy-five of the NRHP properties are located in Windham County
(Table 2-11) [Reference 2-30]. The property closest to the VYNPS site is the Pond Road Chapel
located approximately 3 miles south of the site. Vermont has 17 sites on the register of National
Historic Landmarks (NHL), which are also included on the above NRHP list [Reference 2-31].
Two of these NHL sites are located in Windham County. The Naulakha site, located
approximately 15 miles north of VYNPS, is the historic 19th century residence of author Rudyard
Kipling. The Rockingham Meeting House is located approximately 36 miles north of VYNPS.

The VDHP maintains Vermont's State Register of Historic Places, which includes archeological
sites, historic buildings, structures, and landscapes. The Historic Sites and Structures Survey is
the official list of all such sites that are significant for their historic, architectural, or engineering
merit. Nominated sites are reviewed by the Vermont Advisory Council on Historic Preservation,
which officially votes to enter it on the State Register of Historic Places. The Council is a review
board appointed by the governor with expertise in architecture, architectural history, archeology,
history, and related fields. Although not yet complete for many towns, the survey already
contains over 30,000 properties.

The closest property to VYNPS of historical significance (or listed on the State Register of
Historic Places) is the Governor Hunt House located near the entrance to the VYNPS site
(Figure 3-1). This 18th century home was once owned by Jonathan Hunt. He was born in
Northfield, Massachusetts, in 1738 and was elected Lieutenant Governor of Vermont in 1794
[Reference 2-2, Section I1.D]. The Hunt house was constructed in the early 1780s near the
Connecticut River. Mr. Hunt's wife suggested the name Vernon for the new town organized near
their new home. The structure is currently owned by the VYNPS facility and used as a meeting
facility. No other historical sites exist in the immediate vicinity of VYNPS.
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Table 2-11
National Register of Historic Places, Windham County, VT

Resource Name City

Adams Gristmill Warehouse Rockingham

Bartonsville Covered Bridge Bartonsville

Bellows Falls Co-operative Creamery Complex Rockingham

Bellows Falls Downtown Historic District * Bellows Falls

Bellows Falls Neighborhood Historic District * Rockingham

Bellows Falls Petroglyph Site (VT-WD-8) Bellows Falls

Bellows Falls Times Building Rockingham

Brattleboro Downtown Historic District * Brattleboro

Brattleboro Retreat Brattleboro

Brooks House Brattleboro

Canal Street Schoolhouse Brattleboro

Canal Street-Clark Street Neighborhood Historic District * Brattleboro

Christ Church Guilford

Crawford, Theophilus, House Putney

Creamery Covered Bridge Brattleboro

Crows Nest Wilmington

District No. 1 Schoolhouse Somerset

Dover Town Hall Dover

East Putney Brook Stone Arch Bridge East Putney

Estey Organ Company Factory Brattleboro

First Congregational Church and Meetinghouse Townshend

Follett Stone Arch Bridge Historic District * Townshend

Gratton Congregational Church and Chapel Grafton

Green River Covered Bridge Green River

Green River Crib Dam Guilford

Grout, Lewis, House Brattleboro

Guilford Center Meetinghouse Guilford

Hall Covered Bridge Bellows Falls

Hall, William A., House Rockingham

Harris, William, House Brattleboro
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Table 2-1 1
National Register of Historic Places, Windham County, VT

(Continued)

Resource Name City

Holbrook, Deacon John, House Brattleboro

Howard Hardware Storehouse Rockingham

Kidder Covered Bridge Grafton

Londonderry Town House South Londonderry

Medburyville Bridge Wilmington

Milidean and Alexander--Davis House Grafton

Miss Bellows Falls Diner Bellows Falls

Moore and Thompson Paper Mill Complex Bellows Falls

Naulakha Dummerston

Newfane Village Historic District * Newfane

Oak Hill Cemetery Chapel Bellows Falls

Old Brick Church Athens

Park Farm Grafton

Parker Hill Rural Historic District * Rockingham

Pond Road Chapel Vernon

Putney Village Historic District Putney

Rice Farm Road Bridge Dummerston

Robertson Paper Company Complex Rockingham

Rockingham Meetinghouse Rockingham

Round Schoolhouse Brookline

Sabine-Wheat Farm Putney

Sacketts Brook Stone Arch Bridge Putney

Saxtons River Village Historic District Saxtons River

Scott Covered Bridge Townshend

Scott Farm Historic District * Dummerston

Simpsonville Stone Arch Bridge Townshend

South Londonderry Village Historic District * South Londonderry

South Newfane Bridge Newfane

South Windham Village Historic District * Windham

Stratton Mountain Lookout Tower Stratton

Townshend State Park * Townshend
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Table 2-11
National Register of Historic Places, Windham County, VT

(Continued)

Resource Name City
Union Station Brattleboro
West Brattleboro Green Historic District Brattleboro
West Dover Village Historic District * Dover
West Dummerston Covered Bridge Dummerston
West Townshend Stone Arch Bridge West Townshend
West Townshend Village Historic District * West Townshend
Westminster Village Historic District * Westminster
Wheelock House Townshend
Williams River Route 5 Bridge Rockingham
Williamsville Covered Bridge Newfane
Wilmington Village Historic District * Wilmington
Windham Village Historic District * Windham

Worrall Covered Bridge Rockingham
Wyatt, Arthur D. and Emma J, House Brattleboro

*These sites are also listed as Vermont State Historic Districts [Reference 2-38].

2.13 Related Federal Project Activities

Entergy has applied to the NRC for a license amendment to allow an extended power uprate
increasing the maximum thermal power at VYNPS from 1593 MWt to 1912 MWt. The NRC has
issued a [draft] Environmental Assessment concluding that the uprate will not result in a
significant environmental impact. The impacts evaluated in this environmental report consider
extended operations at the increased power levels associated with this uprate.

During the preparation of this report, Entergy did not identify any other known or reasonably
foreseeable federal projects or other activities that could contribute to the cumulative
environmental impacts of license renewal at VYNPS.
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Figure 2-1
Location of VYNPS
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Figure 2-2
General Area Near VYNPS
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Figure 2-3
VYNPS Exclusion Zone and Features
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Figure 2-5
Census Block Groups - Minority Population Review

(Vermont Geographic Area)
Red areas indicate census block groups that meet the definition of a minority population.
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Figure 2.6
Census Block Groups - Minority Population Review

(Three-State Geographic Area)
Red areas indicate census block groups that meet the definition of a minority population.
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Figure 2-7

Census Block Groups - Low-Income Household Review
(Vermont Geographic Area)

Red areas indicate census block groups that meet the definition of a low-income population.
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Connecticut Rhode Island

Figure 2-8
Census Block Groups - Low-income Household Review

(Three-State Geographic Area)
Red areas indicate census block groups that meet the definition of a low-income population.
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3.0 THE PROPOSED ACTION

3.1 Description of the Proposed Action

The proposed action is to renew the facility operating license for VYNPS for an additional twenty
years beyond the expiration of the current operating license. For WNPS (Facility Operating
License DPR-28), the requested renewal would extend the license expiration date from midnight
March 21, 2012, to midnight March 21, 2032.

There are no changes related to license renewal with respect to operation of VYNPS that would
significantly affect the environment during the period of extended operation. The application to
renew the operating license of VYNPS assumes that licensed activities are now conducted, and
would continue to be conducted, in accordance with the facility's current licensing bases (e.g.,
use of low enriched uranium fuel only). Changes made to the current licensing basis of VYNPS
during the staff review of this application would be made in accordance with the Atomic Energy
Act of 1954, as amended, and in accordance with Commission regulations.

3.2 General Plant Information

The principal structures at VYNPS consist of a reactor building and primary containment, turbine
building, control building, radwaste building, intake structure, cooling towers, and main stack
[Reference 3-3, Section 12.1]. The reactor and nuclear steam supply system for VYNPS, along
with the mechanical and electrical systems required for the safe operation of VYNPS, are
primarily located in the reactor building. Figure 3-1 shows the general features of the VYNPS.
Figure 2-3 shows the 0.17-mile radius exclusion zone. No residences are permitted within this
exclusion zone.

3.2.1 Reactor and Containment Systems

VYNPS utilizes a boiling water reactor in the nuclear steam supply system and a two-loop reactor
coolant system. General Electric supplied the nuclear steam supply system. The unit was
originally licensed for an output of 1,593 megawatts-thermal (MWt). However, VYNPS has
submitted a power uprate licensing request to the NRC requesting an increase of the maximum
reactor core power level from 1,593 MWt to 1,912 MWt [Reference 3-2]. The gross electrical
output corresponding to 1,912 MWt is approximately 650 megawatts-electric (MWe). VYNPS
achieved commercial operation in 1972.

VYNPS fuel is made of low enrichment uranium oxide and is stacked in pre-pressurized tubes
made from zircaloy, which form sealed enclosures. Under both current and uprated conditions,
fuel enrichment will not exceed 5 percent uranium-235 by weight, and the average bumup to the
peak rod (burnup averaged over the length of the rod) will not exceed 60,000 MWD/MTU.
Sufficient margin is provided to ensure that peak burnups are within acceptable limits [Reference
3-3, Section 14.6.2.5.2].

The primary containment and reactor vessel isolation control system automatically initiates
closure of isolation valves to close off all potential leakage paths for radioactive material to the
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environs. This action is taken upon indication of a potential breach in the nuclear system process
barrier. [Reference 3-3, Section 1.6.2.7] The secondary containment is a reinforced concrete
structure completely enclosing the primary containment. Air leakage into the secondary
containment structure is limited to within the flow capability of the standby gas treatment system
so that should an accident occur, the fission products released from the primary to secondary
containment can be filtered and released through the station main stack. A negative pressure of
0.15 inches-hg can be maintained in the secondary containment by the standby gas treatment
system. The building can withstand an internal positive pressure of 7 inches of water [Reference
3-3, Section 1.6.2.8]. These safety features function to localize, control, mitigate, and terminate
such events to limit exposure levels below applicable dose guidelines.

3.2.2 Cooling and Auxiliary Water Systems

3.2.2.1 Circulating Water System

The circulating water system includes an enclosed intake structure at the river bank. Three
vertical, one-third capacity, removable element circulating water pumps, located in the intake
structure, provide a total flow capacity of 360,000 gpm. If one pump should fail, the two
operating pumps may be operated in the run-out condition to maintain station operation at a load
consistent with turbine backpressure. Trash racks and traveling water screens protect the
circulating water pumps from debris by straining intake water. During cold weather periods,
recirculation of water from the discharge structure to the intake structure will prevent icing at the
screens and intakes. [Reference 3-3, Section 11.6.31

During hot weather periods, two cooling towers, 11 cells each, remove sufficient heat from the
circulating water effluent to allow complete recirculation to the intake structure. Three vertical
circulating water booster pumps, with 122,000 gpm flow capacity (each), provide the necessary
head to permit cooling tower operation and the associated recirculation mode. [Reference 3-3,
Section 11.6.3]. Following the extended power uprate, the cooling towers may also be required
in the winter period. [Reference 3-4, page 61 Following the extended power uprate, the cooling
towers may also be required in the winter period. [Reference 34, page 6]

In the closed cycle mode, blowdown from the deep basin is maintained to control water inventory
and solids formation by controlling the level in the discharge canal. [Reference 3-3, Section
11.6.3]

Water from the main condensers is returned to the discharge structure where it is either
discharged through an aerating structure to the river or is diverted to the cooling towers. Water
circulated through the towers may be either discharged through the aerating structure to the river
or recirculated in a closed loop path to the intake structure, or a combination of both, known as
hybrid cycle mode. The discharge path is manually selected by the operator and is contingent
upon seasonal variation in environmental parameters, particularly river water temperature and
river flow [Reference 3-3, Section 11.6.3] and by the conditions outlined in VYNPS NPDES
Permit VT0000264 (VDEC Permit No. 3-1199), included as Attachment D.
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Water treatment equipment at the intake structure delivers chlorine and bromine to both the
service water pump bays and the circulating water pump bays to minimize biological growth and
bacteria in the system. Equipment to control pH during water treatment to maximize the
effectiveness of the treatment chemicals and deliver target-specific biocides to both the service
water pump bays and the circulating water pump bays is also present at the intake structure.
[Reference 3-3, Section 11.6.3]

3.2.2.2 Intake Structure

Circulating water is drawn into the intake structure from the river. The intake structure is 114 feet
long, 77 feet wide and 50 feet deep. It houses four service water pumps, two fire water pumps,
two radwaste dilution pumps, three vertical one-third capacity circulating water pumps, three
12-foot by 22-foot roller gates and one 4-foot by 4-foot sluice gate. Intake gates A, B and C, the
two discharge structure bypass gates, and the discharge structure recirculation gate are
hydraulically driven and either remotely or locally operated. The sluice gate is motor-driven and
remotely operated. [Reference 3-3, Section 12.2.6.1]

A differential pressure sensing instrument automatically starts the screen wash system.
Recirculation of warm discharge water is provided to keep the intake bays and service bays free
of ice. Recirculation is obtained by means of a 126-inch diameter concrete pressure pipe
connecting the discharge structure to the intake structure. [Reference 3-3, Section 12.2.6.2.1]

Velocities through the trash racks at the pond of the intake are approximately 1.2 feet/second for
the low water level of 215 feet MSL and 1.0 feet/second for normal water level of 220 feet MSL.
Velocities through the intake traveling screens are 1.96 feettsecond for extreme low water level
of 212 feet MSL, and 1.73 feet/second for low water level of 15 feet MSL, and 1.57 feet/second
for normal water level of 220 feet MSL. The intake has three pump bays for three 1/3 capacity
vertical circulating water pumps and two service water bays for four service water pumps, and
two fire water pumps. All bays are provided with trash rack and stop-log guides, traveling screens
and fine screen guides. Interconnection of the three 13-foot 9-inch pump bays is provided by
removing stop-logs in center walls. The circulating water pump head is calculated to give design
flow at a summer low water level of 215 feet MSL. [Reference 3-3, Section 12.2.6.2.1]

Water from the pond also flows into two service water bays at the north end of the intake
structure. These bays furnish water for the fire pumps and service water pumps. To ensure that
the water in these bays does not freeze, a 48-inch diameter concrete (gravity flow) line branches
out of the 126-inch diameter recirculation line near the structure and de-ices these two bays.
Retaining walls are provided at the front face of the intake structure to retain fill. [Reference 3-3,
Section 12.2.6.2.1]

The extended power uprate will not result in any change to the intake or to the flow rate of water
withdrawn from the Connecticut River through the intake. [Reference 3-4, page 9]
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3.2.2.3 Cooling Tower Water System

The cooling tower water system consists of two cooling towers, one cooling tower deep water
basin, one shallow runoff basin, three circulating water booster pumps, and all piping, valving
and instrumentation required for system operation. [Reference 3-3, Section 11.9.3]

There are three modes of operation for cooling tower water system operation. In the recirculation
mode, circulating water is supplied by the circulating water pumps to the discharge structure
where the bypass gates are closed. There are three circulating water booster pumps of 122,000
gpm capacity each, supplying the required head necessary to pump the water to the towers. The
cooled circulating water then flows to the circulating water pumps where operation is the same as
for the circulating water system. [Reference 3-3, Section 11.9.3]

In the hybrid mode, circulating water from the condenser is pumped from the discharge structure
by the circulating water booster pumps, through the cooling towers with part of the flow directed
to the river [Reference 3-3, Section 11.9.3]. The remainder is recirculated.

The discharge mode is the same as the recirculation mode, except after the cooled water leaves
the cooling towers, it is discharged to the river. The mode in which the system operates is a
function of river temperature and river flow. The switching of the different modes is
accomplished manually. [Reference 3-3, Section 11.9.3]

The towers are of treated Douglas fir with plastic fill and drift eliminators. Each tower consists of
11 cells separated by fireproof partitions. The towers are separated by a distance of 300 feet
center-to-center. [Reference 3-3, Section 11.9.3]

The deep basin beneath the cooling tower on the west side has a storage capacity of

approximately 1.48 x 106 gallons and would act as a reservoir to replace the evaporative and
other losses occurring during alternate cooling system operation. The shallow basin beneath the
cooling tower on the east side is also of reinforced concrete but serves only as a runoff during
system operation. [Reference 3-3, Section 11.9.3]

The three vertical circulating water booster pumps are of one-stage centrifugal design. Each has
a 122,000 gpm capacity, and all are located in the discharge structure of the circulating water
system. [Reference 3-3, Section 11.9.3]

3.2.2.4 Discharge and Aerating Structure

The discharge-aerating structure is located near the riverbank south-southeast of the station. It is
approximately 188 feet long by 108 feet wide by 46 feet deep. An aerating spillway concrete
structure, consisting of three rows of dissipating concrete blocks with approximately nine blocks
per row, is adjacent and downstream of the discharge structure to provide air entrainment,
energy dissipation, and warm water dispersion of the circulating water. Sheet piling is used to
prevent scouring of the aerating apron.
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Located in the discharge structure is an enclosed concrete pump chamber housing three one-
third capacity vertical volute booster pumps. These pumps are used to supply water to the
cooling towers. Water from these pumps discharges into a concrete tunnel within the discharge
structure. A steel pipe connects the pump discharge and concrete tunnel. An expansion joint
with stretcher bolts and a motor-operated butterfly valve are provided in the steel pipe. The
cooled water from the towers is returned into a weir collection chamber in the discharge
structure. By controlling the gate on the recirculation outlet line in the discharge structure, the
water can be recirculated to the intake forebay or discharged to the river by overflowing the weir
onto the aerating structure. [Reference 3-3, Section 12.2.6.3]

3.2.3 Radioactive Waste Treatment Processes (Gaseous, Liquid and Solid)

VYNPS uses liquid, gaseous, and solid waste processing systems to collect and treat, as
needed, radioactive materials that are produced as a by-product of plant operations. Radioactive
materials in liquid and gaseous effluents are reduced to levels as low as reasonably achievable.
Radionuclides removed from the liquid and gaseous effluents are converted to a solid waste form
for eventual disposal with other solid radioactive wastes in a licensed disposal facility.

The VYNPS waste processing systems meet the design objectives of 10 CFR 50, Appendix I,
and control the processing, disposal, and release of radioactive liquid, gaseous, and solid
wastes. Radioactive material in the reactor coolant is the source of most gaseous, liquid, and
solid radioactive wastes in light water reactors. Radioactive fission products build up within the
fuel as a consequence of the fission process. The fission products are contained within the
sealed fuel rods; however, small quantities of radioactive materials may be transferred from the
fuel elements to the reactor coolant under normal operating conditions. Neutron activation of
materials in the primary coolant system also contributes to radionuclides in the coolant.

Solid wastes, other than fuel, result from treating gaseous and liquid effluents to remove
radionuclides. Contaminated spent resins and filter sludges generated during the treatment
processes are dewatered, packaged, stored, and ultimately shipped off-site for further treatment
or disposal. Other types of solid waste consist of air filters, miscellaneous paper, rags, and shoe
covers from contaminated areas; contaminated clothing, tools and equipment parts which cannot
be effectively decontaminated; solid laboratory wastes; used reactor equipment such as poison
curtains, spent control rod blades, fuel channels and in-core ion chambers; and large pieces of
equipment. Some types of waste may be compacted to reduce their final disposal volume.
[Reference 3-3, Section 9.3.3.3]

Reactor fuel assemblies that have exhausted a certain percentage of their fissile uranium content
are referred to as spent fuel. Spent fuel assemblies are removed from the reactor core and
replaced by fresh fuel during routine refueling outages, typically every 18 months. The spent fuel
assemblies are then stored for a period of time in the spent fuel pool in the reactor building and
may later be transferred to dry storage at an onsite interim spent fuel storage installation
provided necessary regulatory approvals are obtained. VYNPS also provides for onsite storage
of mixed wastes, which contain both radioactive and chemically hazardous materials.
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Storage of radioactive materials is regulated by the NRC under the Atomic Energy Act of 1954,
and storage of hazardous wastes is regulated by the U.S. Environmental Protection Agency
(EPA) under the Resource Conservation and Recovery Act of 1976.

Systems used at VYNPS to process liquid, gaseous, and solid radioactive wastes are described
in the following sections.

3.2.3.1 Liquid Waste Processing Systems and Effluent Controls

Although VYNPS operates as a zero discharge plant relative to radioactive liquids, very low
levels of radioactivity in liquid effluents from VYNPS could be released to the Connecticut River
in accordance with limits specified in the NRC regulations, VYNPS Offsite Dose Calculation
Manual (ODCM), and the NPDES permit. The VYNPS liquid radwaste system collects,
processes, stores and disposes of all radioactive liquid wastes. The radwaste facility is located
in the radwaste building, with the exception of the cleanup phase separator equipment (located in
the reactor building), the condensate backwash receiving tank and pump (located in the turbine
building), and waste sample tanks, floor drain sample tank, and waste surge tank (located
outdoors at grade level). [Reference 3-3, Section 9.2.4]

Included in the Liquid Radwaste System are the following:

* floor and equipment drain systems for handling potentially radioactive wastes;

* tanks, piping, pumps, process equipment, instrumentation and auxiliaries necessary to
collect, process, store and dispose of potentially radioactive wastes.

This is a batch-type system wherein the wastes are separately collected and processed based
on the most efficient methods. Cross-connections between subsystems provide additional
flexibility for processing of the wastes by alternate methods. Treated wastes can be (1) returned
to the nuclear system for reuse, (2) diluted and discharged from the station, or (3) if not suitable
for either reuse or discharge, they receive additional processing. The liquid radwastes are
classified, collected and treated as either high purity, low purity, chemical, or detergent wastes.
The terms "high' purity and "low" purity refer to conductivity, not radioactivity. [Reference 3-3,
Section 9.2.4]

High purity (low conductivity) liquid wastes are collected in the waste collector tank. The high
purity wastes are processed by filtration and ion exchange through the waste collector filter or
fuel pool and waste demineralizers as required. After processing, the liquid is pumped to the
waste sample tank where it is sampled and either recycled for additional processing or
transferred to the condensate storage tank for reuse in the nuclear system. Should discharge be
necessary, wastes would be sampled on a batch basis and analyzed for water quality and
radioactivity. If high purity requirements are met, the contents are transferred to the condensate
storage tank. If high purity requirements are not met, the liquid wastes are recycled through the
radwaste system, and although VYNPS is a zero discharge plant, the liquid wastes could be
discharged. [Reference 3-3, Section 9.2.4.1]
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Low purity (high conductivity) liquid wastes are collected in the floor drain collector tank. These
wastes generally have low concentrations of radioactive impurities and processing consists of
filtration and a combination with the high purity waste in the waste collector tank, with
subsequent processing, as high purity waste. [Reference 3-3, Section 9.2.4.2]

Chemical wastes are collected in the chemical waste tank. When the chemical concentrations
are low enough, these wastes may be neutralized and processed by filtration and dilution in the
same manner and with the same equipment as the low purity wastes. When the chemical
concentrations are too high, these wastes may receive additional processing. [Reference 3-3,
Section 9.2.4.3]

Detergent wastes are collected in the detergent waste tank. These wastes are primarily from
radioactive decontamination solutions which contain detergents. Detergent wastes are of low
radioactivity concentration (<10-5 pCi/cc). Because detergents will foul ion exchange resins,
their use is minimized in the plant. For initial cleanings, little or no detergent is used. The station
uses an off-site cleaning laundry, thus minimizing the quantity of waste generated. Detergent
wastes are normally dumped to the floor drain collector tank for processing with low purity waste.
[Reference 3-3, Section 9.2.4.4]

Controls for limiting the release of radiological liquid effluents are described in the ODCM.
Controls are based on (1) concentrations of radioactive materials in liquid effluents and projected
dose or (2) dose commitment to a hypothetical member of the public. Concentrations of
radioactive material that may be released in liquid effluents to unrestricted areas are limited to
the concentration specified in 10 CFR 20, Appendix B, Table 2, Column 2, for radionuclides other
than dissolved or entrained noble gases. The total concentration of dissolved or entrained noble

gases in liquid releases is limited to 2 x 104 microcurie/ml [Reference 3-1, Section 3.2.1]. The
ODCM dose limits during a calendar quarter are < 0.015 millisievert (1.5 mrem) to the total body
and < 0.05 mSv (5 mrem) to any organ [Reference 3-1, Section 3.2.2]. During the calendar year,
the ODCM dose limits are < 0.03 mSv (3 mrem) to the total body and < 0.10 mSv (10 mrem) to
any organ [Reference 3-1, Section 3.2.2]. Radioactive liquid wastes are subject to the sampling
and analysis program described in the ODCM.

3.2.3.2 Gaseous Waste Processing Systems and Effluent Controls

The gaseous radwaste system includes subsystems that dispose of gases from the main
condenser air ejectors, the start up vacuum pump, and the gland seal condenser. The
processed gases are routed to the plant stack for dilution and elevated release to the
atmosphere. The various subsystems and the plant stack are continuously monitored by
radiation monitors. [Reference 3-3, Section 9.4.5]

A new gaseous radwaste subsystem has been installed at the site to permit the incineration of
slightly radioactive waste oil [Reference 3-3, Section 9.4.5] for comfort heating purposes. This
incineration process will be performed in the north warehouse, which is an extension of the
restricted area [Reference 3-3, Section 9.4.5]. The dose contribution to members of the public
will not cause the total dose or dose rate from all effluent sources to exceed the dose or
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concentration limits imposed by 10 CFR 20, 10 CFR 50, Appendix I, or Section 3.3 of the ODCM.
[Reference 3-3, Section 9.4.5]

Gases routed to the plant stack also include gases from the standby treatment system and most
station ventilation exhausts. The plant stack provides an elevated release point for the release of
processed waste gases. Stack drainage is routed to the liquid radwaste collection system via
loop seals. [Reference 3-3, Section 9.4.5]

Supporting systems to the gaseous radwaste system are as follows.

Air Ejector Advanced Off-Gas Subsystem

The basic function of the air ejector advanced off-gas (AOG) subsystem is to reduce the
ejector radioactive gaseous release rates to the atmosphere to as low as reasonably
achievable. The AOG system consists of a dual hydrogen dilution and recombiner
subsystem, a dual moisture removal/dryer subsystem, a single charcoal adsorber
subsystem and dual vacuum pumps prior to discharge to the stack. [Reference 3-3,
Section 9.4.5]

Hydrogen Dilution and Recombiner Subsystem

The purpose of diluting the off-gas mixture with steam at the air ejector stage is to
prevent a flammable mixture (4% hydrogen volume) of hydrogen from entering the
downstream hydrogen recombiners. The off-gas is diluted at the second-stage air
ejector with approximately 6,400 lb/hr steam, resulting in less than a 3% volume
hydrogen concentration. [Reference 3-3, Section 9.4.5]

Recombiner Subsystem

The recombiner subsystem consists of a single path leading from the hydrogen dilution
steam jet ejectors to two parallel flow paths for hydrogen recombination. Each
recombination subsystem is capable of operating independently of the other and each is
capable of handling the condenser off-gas at a startup design flow rate of 1,600 lb/hr air
and the normal off-gas design flow rate of 371 lb/hr. The major components of each
recombiner flow path are a preheater, a hydrogen-oxygen recombiner and a de-
superheating condenser. [Reference 3-3, Section 9.4.5]

Preheater

The preheater is used to assure that the vapor entering the recombiner is heated to
approximately 300'F. This will establish a constant recombiner inlet superheat,
necessary for the initiation of hydrogen recombination, and prevent moisture
accumulation and methyl iodide poisoning from inhibiting catalyst reactivity. [Reference
3-3, Section 9.4.5]
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Off-Gas Moisture Removal/Dryer Subsystem

In the moisture removal/dryer subsystem, the moisture of the gas is reduced to increase
the effectiveness of the charcoal adsorber beds downstream. The subsystem consists
of two parallel cooler condenser and gas dryer units. Each condenser is cooled by a
mechanical demineralized water refrigeration system that cools the off-gas to 450F as it
removes bulk moisture. The dryer is designed to remove the remaining moisture by a
molecular sieve desiccant to a dew point of less than -40F (<1% RH). There are two
dryers per train and while one is adsorbing moisture from the off-gas, the other is
desorbing moisture by circulating heated air through the bed in closed cycle.
[Reference 3-3, Section 9.4.5]

Charcoal Adsorber Gas Holdup Subsystem

This subsystem consists of seven tanks of charcoal preceded by a smaller charcoal
guard bed upstream in each train. The guard bed protects the seven main tanks from
excessive moisture in the event of a malfunction upstream in the moisture removal
subsystem and removes compounds which might hinder Kr/Xe delay. The seven tanks
hold approximately 90,000 pounds of charcoal. [Reference 3-3, Section 9.4.5]

Gland Seal Off-Gas Subsystem and Startup Iodine Filter

The gland seal off-gas subsystem collects gases from the gland seal condenser and the
mechanical vacuum pump and passes them to the stack through the same 1-3/4 minute
holdup piping that is used for the startup vacuum pump system. One automatic valve
on the discharge side of each steam packing exhauster is provided which closes upon
the receipt of high level radiation signal from the main steam line radiation monitoring
subsystem to prevent the release of excessive radioactive material to the atmosphere.
The exhausters are shut down at the same time the valves close. In addition, the
mechanical vacuum pump is automatically isolated and stopped by a main steam line
high radiation signal. [Reference 3-3, Section 9.4.5]

VYNPS maintains gaseous releases within ODCM limits. The gaseous radwaste system is used
to reduce radioactive materials in gaseous effluents before discharge to meet the dose design
objectives in 10 CFR 50, Appendix I. In addition, the limits in the ODCM are designed to provide
reasonable assurance that radioactive material discharged in gaseous effluents would not result
in the exposure of a member of the public in an unrestricted area in excess of the limits specified
in 10 CFR 20, Appendix B.

The quantities of gaseous effluents released from VYNPS are controlled by the administrative
limits defined in the ODCM. The controls are specified for dose rate, dose due to noble gases,
and dose due to radioiodine and radionuclides in particulate form. For noble gases, the dose
rate limit at or beyond the site boundary is 5 5 mSv/yr (500 mrem/yr) to the total body, and
5 30 mSv/yr (3000 mrem/yr) to the skin [Reference 3-1, Section 3.3.1]. For iodine and
particulates with half-lives greater than 8 days, the limit is • 15 mSv/yr (1500 mrem/yr) to an
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organ [Reference 3-1, Section 3.3.1]. The limit for air dose due to noble gases released in
gaseous effluents to areas at or beyond the site boundary during a calendar quarter is
< 0.05 milligray (5 mrad) for gamma radiation and < 0.1 mGy (10 mrad) for beta radiation
[Reference 3-1, Section 3.3.2]. For a calendar year, the limit is < 0.1 mGy (10 mrad) for gamma
radiation and < 0.2 mGy (20 mrad) for beta radiation [Reference 3-1, Section 3.3.2]. The
radioactive gaseous waste sampling and analysis program specifications provided in the ODCM
address the gaseous release type, sampling frequency, minimum analysis frequency, type of
activity analysis, and lower limit of detection.

3.2.3.3 Solid Waste Processing

The solid radwaste system is a contiguous part of the liquid radwaste system and is an integral
part of the radwaste building. The system processes wet and dry solid wastes. Because of
physical differences and differences in radioactivity or contamination levels, various methods are
employed for processing and packaging the solid radwastes. Wet solid wastes are packaged in
appropriate liners or high integrity containers for transportation within licensed shipping casks.
Dry compressible solid waste is compacted within 55-gallon Department of Transportation (DOT)
specification drums or strong tight metal boxes. Each type of waste is kept segregated to reduce
shielding requirements for storage. [Reference 3-3, Section 9.3.3.1] The system is designed to
maintain radiation exposure ALARA for personnel who handle solid wastes and to minimize the
quantities of solid waste generated at the plant.

Wet wastes consist of spent demineralizer resins and filter sludges. These are pumped from the
phase separators or waste sludge tanks as a slurry to disposable liners pre-placed within the
licensed transportation casks. The slurry is then dewatered from within the liner using a remote
dewatering system located in the cask room. The dewatering system is kept in continuous
operation as long as the cask liner is being filled. When the cask liner is full, a high-level trip
recirculates the resin slurry to either the waste collector tank or to one of the condensate phase
separators. The dewatering system and its associated controls are arranged for remote
operation, which is manually initiated. [Reference 3-3, Section 9.3.3.2]

The radioactive wet wastes are transported in licensed steel/lead casks. The casks contain
disposable steel liners or high integrity containers. Design and use of the cask are in accordance
with 10 CFR 71 and 49 CFR 170-178 regulations of the Department of Transportation. All resin
shipments are via sole-use vehicles. [Reference 3-3, Section 9.3.3.2]

Dry wastes consist of air filters, miscellaneous paper, rags, shoe covers, etc., from contaminated
areas; contaminated clothing, tools, and equipment parts which cannot be effectively
decontaminated; solid laboratory wastes; used reactor equipment such as poison curtains, spent
control rod blades, fuel channels and in-core ion chambers; and large pieces of equipment.
[Reference 3-3, Section 9.3.3.3]

The disposition of a particular item of waste is determined by its radiation level and type, and the
availability of disposal space. Because of high activation and contamination level, used reactor
equipment is stored in the fuel storage pool for sufficient time to obtain optimum radioactive
decay before removal and final disposal. Most solid radwaste such as contaminated clothing,
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rags, and paper can be handled manually because of low radioactivity or contamination levels.
[Reference 3-3, Section 9.3.3.3]

A hydraulic box compactor is provided to compress and reduce in volume compressible wastes.
A ventilation system with a high efficiency filter is provided as part of the compactor to control
possible airborne particulate matter during waste compacting operations. As an alternative to
onsite volume reduction of dry active waste (DAW) with the hydraulic box compactor, both
compressible and non-compressible DAW can be collected into shipping containers to be sent to
an off-site waste processor for volume reduction. [Reference 3-3, Section 9.3.3.3]

Provisions have been made to store temporarily radioactive waste on-site in the event that off-
site disposal is unavailable. The facility is designed to store up to five years' inventory of low-
level radioactive waste should offsite disposal not be possible. It is the intent to provide storage
modules on an as-needed basis as storage requirements dictate. In addition to the low level
waste storage pad, wastes may be collected and temporarily stored in approved on-site
locations, such as the north warehouse, or in weather-tight shipping containers, until sufficient
volume is accumulated to warrant shipping off-site for disposal or additional processing.
[Reference 3-3, Section 9.3.3.4]

3.2.4 Transportation of Radioactive Materials

VYNPS radioactive waste shipments are packaged in accordance with NRC and DOT
requirements. The type and quantities of solid radioactive waste generated at and shipped from
VYNPS vary from year to year, depending on plant activities. VYNPS currently transports
radioactive waste to either the licensed Barnwell, South Carolina, facility or to a licensed
processing facility in Tennessee or Pennsylvania where the waste is further processed prior to
being sent to the Barnwell facility or the Envirocare facility in Clive, Utah. VYNPS may also
transport material from an offsite processing facility to a disposal site or back to the plant site for
reuse or storage.

3.2.5 Nonradioactive Waste Systems

Nonradioactive waste is produced from plant maintenance and cleaning processes. Most of
these wastes are from boiler blowdown, filter backwash, sludges and other wastes, floor and
yard drains and stormwater runoff. Chemical and biocide wastes are produced from processes
used to control the pH in the coolant, to control scale, to control corrosion, to regenerate resins,
and to clean and defoul the condenser. Waste liquids are typically combined with cooling water
discharges. Sanitary wastewater and laboratory wastewater from the facility are discharged to
onsite septic systems covered under a permit (Indirect Discharge Permit ID-9-0036-1A) from the
Vermont Department of Environmental Conservation (VDEC).

Non-radioactive gaseous effluents result primarily from operation of the oil-fired boilers used to
heat the plant and from testing of the emergency diesel generators. Discharge of regulated
pollutants is minimized by limiting fuel usage and hours of operation and is within Vermont air
quality standards.
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3.2.6 Maintenance, Inspection and Refueling Activities

Various programs and activities currently exist at VYNPS to maintain, inspect, test, and monitor
the performance of plant equipment. These programs and activities include, but are not limited to
those implemented to

* meet the requirements of 10 CFR 50, Appendix B (Quality Assurance), Appendix R (Fire
Protection), Appendices G and H, Reactor Vessel Materials;

* meet the requirements of 10 CFR 50.55a, American Society of Mechanical Engineers,
Boiler and Pressure Vessel Code, Section Xl, In-service Inspection and Testing
Requirements;

* meet the requirements of 10 CFR 50.65, the maintenance rule, including the structures
monitoring program; and

* maintain water chemistry in accordance with EPRI guidelines.

Additional programs include those implemented to meet Technical Specification surveillance
requirements, those implemented in response to NRC generic communications, and various
periodic maintenance, testing, and inspection procedures. Certain program activities are
performed during the operation of the unit, while others are performed during scheduled refueling
outages.

3.2.7 Power Transmission Systems

The only transmission lines constructed to connect VYNPS to the New England transmission grid
are from the plant to the 345 kV and 115 kV switchyards. The transmission lines exiting the
switchyards are part of the New England transmission grid that was constructed to supply
purchased power to the State of Vermont even if the station had not been located at the Vernon
site.

There are three transmission lines associated with the 345 kV switchyard that service the New
England eastern New York area: the Coolidge 340 line, the Amherst 380 line and the Northfield
381 line. The one transmission line (N-186 Chestnut Hill Line) associated with the 115 kV
switchyard interconnects with the 115 kV transmission systems in Keene, New Hampshire.
There is also an underground 13.2 kV line used for station blackout purposes that runs from
Vernon Hydro Station to VYNPS.

The owners of the 345 kV and 115 kV transmission lines are as follows:

* Vermont Electric Power Company (VELCO) for the 345 kV Coolidge line;

* Northeast Utilities - Public Service Company of New Hampshire (NU-PSNH) for the 345
kV Amherst and 115 kV Chestnut Hill line; and
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Northeast Utilities (NU) for the 345 kV Northfield line.

VELCO and NU right-of-way management practices involve mechanical clearing and hand-
applied herbicides. NU-PSNH utilizes mechanical clearing with no herbicide usage. Ultimately,
right-of-way maintenance practices are determined by the owners of the lines and this
arrangement is not expected to change during the license renewal period.

3.3 Refurbishment Activities

10 CFR 51.53(c)(2) requires the following of a license renewal applicant's environmental report.

The report must contain a description of the proposed action, including the
applicant's plans to modify the facility or its administrative control procedures as
described in accordance with Section 54.21 of this chapter. This report must
describe in detail the modifications directly affecting the environment or affecting
plant effluents that affect the environment.

The objective of the review required by 10 CFR 54.21 is to determine whether the detrimental
effects of plant aging could preclude certain VYNPS systems, structures, and components from
performing in accordance with the current licensing basis, during the additional 20 years of
operation requested in the license renewal application. There are no plans associated with
license renewal to modify the facility or its administrative control procedures other than those
procedures necessary to implement the aging management programs described in the
Integrated Plant Assessment. The proposed action does not include any modifications directly
affecting plant effluents or the environment.

The evaluation of structures and components as required by 10 CFR 54.21 has been completed
and is described in the body of the VYNPS license renewal application. This evaluation did not
identify the need for refurbishment of structures or components related to license renewal.

Routine replacement of certain components during the period of extended operation is expected
to occur within the bounds of normal plant maintenance. Modifications to improve operation of
plant systems, structures, or components are reviewed for environmental impact by station
personnel during the planning stage for the modification. These reviews are controlled by site
procedures.

3.4 Programs and Activities for Managing the Effects of Aaina

The programs for managing aging of systems and equipment at VYNPS are described in the
body of the VYNPS license renewal application. The evaluation of structures and components
required by 10 CFR 54.21 identified some new inspection activities necessary to continue
operation of VYNPS during the additional 20 years beyond the initial license term. These
activities are described in the body of the VYNPS license renewal application. The additional
inspection activities are consistent with normal plant component inspections and therefore are
not expected to cause significant environmental impact. The majority of the aging management
programs are existing programs or modest modifications of existing programs.
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3.5 Emoloyment

The non-outage work force at VYNPS consists of approximately 678 persons. There are 508
Entergy employees normally on site. The remaining 170 persons are baseline contractor
employees. Table 3-1 shows employee residences by county, state and city. The GEIS
estimated that an additional 60 employees would be necessary for operation during the period of
extended operation. Since there will not be significant new aging management programs added
at VYNPS, Entergy believes that it will be able to manage the necessary programs with existing
staff. Therefore, Entergy has no plans to add non-outage employees to support plant operations
during the extended license period.

Refueling and maintenance outages typically last approximately 30 days. Depending on the
scope of these outages, an additional 700 to 900 workers are typically on site. The number of
workers required on site for normal plant outages during the period of extended operation is
expected to be consistent with the number of additional workers used for past outages at
VYNPS.
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Table 3-1
Employee Residence Information, VYNPS, December 2003

County, State and City Employees*

ADDISON COUNTY (VERMONT) I

New Haven 1

BENNINGTON COUNTY (VERMONT) 3

Bennington 2

Readsboro 1

CHITTENDEN COUNTY (VERMONT) 6

Burlington 1

Colchester 1

Jericho 1

Milton 1

South Burlington 1

Williston 1

ORANGE COUNTY (VERMONT) 2

Williamstown 2

RUTLAND COUNTY (VERMONT) 5

Brandon 1

Pittsford 1

Proctor 1

Rutland 2

WINDHAM COUNTY (VERMONT) 289

Bellows Falls 9

Brattleboro 95

Brookline 1

Dummerston 8

East Dover 3

East Dummerston 3

Guilford 20

Jacksonville 3
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Table 3-1
Employee Residence Information, VYNPS, December 2003

(Continued)

County, State and City Employees*

WINDHAM COUNTY (VERMONT) Cont'd.

Jamaica 2

Marlboro 1

Newfane 11

North Brattleboro 1

Putney 14

South Newfane 3

Townshend 4

Vernon 94

West Brattleboro 6

West Dover I

West Dummerston 4

West Townshend 2

Whitingham 1

Williamsville 1

Wilmington 2

WINDSOR COUNTY (VERMONT) 6

Bridgewater Comers 1

Chester 5

CHESHIRE COUNTY (NEW HAMPSHIRE) 172

Alstead 3

Chesterfield 9

East Sullivan I

East Swanzey 3

Fitzwilliam 2

Hinsdale 44

Jaffrey 2

Keene 31
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Table 3-1
Employee Residence Information, VYNPS, December 2003

(Continued)

County, State and City Employees*

CHESHIRE COUNTY (NEW HAMPSHIRE) Cont'd.

North Swanzey 1

North Walpole 3

Richmond 5

Spofford 16

Stoddard 1

Sullivan 1

Surry 1

Swanzey 8

Walpole 3

West Chesterfield 23

Westmoreland 5

West Swanzey 6

Winchester 4

HILLSBOROUGH COUNTY (NEW HAMPSHIRE) 3

Hancock 1

Manchester 1

Peterborough 1

MERRIMACK COUNTY (NEW HAMPSHIRE) I

Boscawen 1

STRAFFORD COUNTY (NEW HAMPSHIRE) I

Strafford 1

SULLIVAN COUNTY (NEW HAMPSHIRE) 2

Charlestown 1

Langdon 1
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Table 3-1
Employee Residence Information, VYNPS, December 2003

(Continued)

County, State and City Employees*

BERKSHIRE COUNTY (MASSACHUSETTS) 12

Adams 3

Florida 2

North Adams 4

Savoy 3

FRANKLIN COUNTY (MASSACHUSETTS) 114

Ashfleld 2

Bemardston 9

Buckland 1

Colrain 3

Deerfield 2

Erving 4

Gill 2

Greenfield 39

Hawley 2

Leverett 1

Leyden 2

Millers Fall 2

Montague 5

Northfield 9

Orange 3

Pittsfield 1

Rowe 4

Shelbume 3

Shelbume Falls 6

South Deerfield 4

Turners Falls 9

Wendell 1
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Table 3-1
Employee Residence Information, VYNPS, December 2003

(Continued)

County, State and City Employees*

HAMPDEN COUNTY (MASSACHUSETTS) 8

Chicopee 3

Holyoke 1

Springfield 3

West Springfield 1

HAMPSHIRE COUNTY (MASSACHUSETTS) 11

Amherst 2

Belchertown 1

Easthampton 2

Florence 1

Haydenville 1

Huntington 1

Northampton 1

Westhampton 1

Williamsburg I

MIDDLESEX COUNTY (MASSACHUSETTS) 4

Billerica I

North Reading 1

Stow 1

Winchester 1

NORFOLK COUNTY (MASSACHUSETTS) 2

Franklin 1

Weymouth 1

PLYMOUTH COUNTY (MASSACHUSETTS) I

Marshfield 1

WORCESTER COUNTY (MASSACHUSETTS) 18

Athol 5

Barre 1
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Table 3-1
Employee Residence Information, VYNPS, December 2003

(Continued)

County, State and City I Employees

WORCESTER COUNTY (MASS.) Cont'd.

Bolton

Boylston

Gilbertville

Northborough

Royalston

Shrewsbury

South Barre

1

I

I

I

I

I

I

I

2

I

I

Sturbridge

Sutton

Webster

Westborough

PLYMOUTH COUNTY (CONNECTICUT) 2

Glastonbury 2

MIDDLESEX COUNTY (CONNECTICUT) I

East Hampton 1

NEW LONDON COUNTY (CONNECTICUT) 1

East Lyme 1

HERNANDO COUNTY (FLORIDA) I

Spring Hill 1

MARION COUNTY (FLORIDA) I

Ocala I

FULTON COUNTY (GEORGIA) 1

Atlanta 1

ANDROSCOGGIN COUNTY (MAINE) I

Durham 1

LINCOLN COUNTY (MAINE) I

Aina I
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Table 3-1
Employee Residence Information, VYNPS, December 2003

(Continued)

County, State and City Employees*

PRINCE GEORGE'S COUNTY (MARYLAND) 1

Adelphi 1

HOUGHTON COUNTY (MICHIGAN) 1

Houghton 1

LINCOLN COUNTY (MISSISSIPPI) I

Brookhaven 1

ONONDAGA COUNTY (NEW YORK) I

Tully 1

OSWEGO COUNTY (NEW YORK) I

Fulton 1

WESTCHESTER COUNTY (NEW YORK) I

White Plains 1

CUMBERLAND COUNTY (PENNSYLVANIA) I

Camp Hill 1

HAMPSHIRE COUNTY (WEST VIRGINIA) 1

Augusta 1

TOTAL EMPLOYEES* = 678
* Entergy and baseline contractors
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4.0 ENVIRONMENTAL CONSEQUENCES OF THE PROPOSED ACTION

Discussion of GEIS Categoies for Environmental Issues

The NRC has identified and analyzed 92 environmental issues that it considers to be associated
with nuclear power plant license renewal and has designated the issues as Category 1,
Category 2, or NA (not applicable). NRC designated an issue as Category 1 if the following
criteria were met:

* the environmental impacts associated with the issue have been determined to apply
either to all plants or, for some issues, to plants having a specific type of cooling system
or other specified plant or site characteristic;

* a single significance level (i.e., small, moderate, or large) has been assigned to the
impacts that would occur at any plant, regardless of which plant is being evaluated
(except for collective offsite radiological impacts from the fuel cycle and from high-level
waste and spent-fuel disposal); and

* mitigation of adverse impacts associated with the issue has been considered in the
analysis, and it has been determined that additional plant-specific mitigation measures
are likely to be not sufficiently beneficial to warrant implementation.

If the NRC concluded that one or more of the Category 1 criteria could not be met, NRC
designated the issue Category 2. NRC requires plant-specific analysis for Category 2 issues.
NRC designated two issues as NA, signifying that the categorization and impact definitions do
not apply to these issues. NRC rules do not require analyses of Category 1 issues that NRC
resolved using generic findings (10 CFR 51, Appendix B, Table B-1) as described in the GEIS
[Reference 4-11]. An applicant may reference the generic findings or GEIS analyses for
Category I issues.

Categoiy I License Renewal Issues

Entergy has determined that, of the 69 Category 1 issues, 10 are not applicable to VYNPS
because they apply to design or operational features that do not exist at the facility. In addition,
because Entergy does not plan to conduct refurbishment activities, the NRC findings for the 7
Category 1 issues applicable to refurbishment do not apply. Table 4-1 lists these 17 issues and
provides a brief explanation of why they are not applicable to VYNPS. Table 4-2 lists the 52
Category I issues applicable to VYNPS. Entergy reviewed the NRC findings on these 52 issues
and identified no new and significant information that would invalidate the findings for VYNPS.
Entergy has not identified any new and significant information concerning the impacts addressed
by these findings.
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Table 4-1
Category 1 Issues Not Applicable to VYNPS

Surface Water Quality, Hydrology, and Use (for All Plants)

Impacts of refurbishment on surface water quality No refurbishment activities planned.

Impacts of refurbishment on surface water use No refurbishment activities planned.

Altered salinity gradients WNPS located on freshwater body.

Altered thermal stratification of lakes VYNPS not located on a lake.

Aquatic Ecology (for All Plants)

Refurbishment I No refurbishment activities planned.

Groundwater Use and Quality

Impacts of refurbishment on groundwater use and No refurbishment activities planned.
quality

Groundwater quality degradation (Ranney Wells) VYNPS does not use Ranney wells.

Groundwater quality degradation (saltwater intrusion) VYNPS located on freshwater body.

Groundwater quality degradation (cooling ponds in salt VYNPS located on freshwater body.
marshes)

Human Health

Radiation exposures to the public during refurbishment No refurbishment activities planned.

Occupational radiation exposures during refurbishment No refurbishment activities planned.

Terrestrial Resources

Cooling pond impacts on terrestrial resources WNPS does not use cooling ponds.

Bird collisions with cooling towers VYNPS does not use natural draft
towers.

Power line right-of-way management (cutting and All power lines at VYNPS exist on site
herbicide application) property from plant to switchyard.

Floodplains and wetland on power line right of way All power lines at VYNPS exist on site
property from plant to switchyard and
none cross regulated floodplains or
wetlands.

Socloeconomics

Aesthetic impacts (refurbishment) No refurbishment activities planned.

Land Use

Power line right-of-way All power lines at VYNPS exist on site
Iproperty from plant to switchyard.
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Table 4-2
Category I Issues Applicable to VYNPS

Surface Water Quality, Hydrology, and Use (for All Plants)

Water use conflicts (plants with once-through cooling systems)

Altered current patterns at intake and discharge structures

Temperature effects on sediment transport capacity

Scouring caused by discharged cooling water

Eutrophication

Discharge of chlorine or other biocides

Discharge of sanitary wastes and minor chemical spills

Discharge of other metals in waste water

Aquatic Ecology (for All Plants)

Accumulation of contaminants in sediments or biota

Entrainment of phytoplankton and zooplankton

Cold shock

Thermal plume barrier to migrating fish

Distribution of aquatic organisms

Premature emergence of aquatic insects

Gas supersaturation (gas bubble disease)

Low dissolved oxygen in the discharge

Losses from predation, parasitism, and disease among organisms exposed to sublethal
stresses

Stimulation of nuisance organisms (e.g., shipworms)

Aquatic Ecology (for Plants with Cooling Tower Based Heat Dissipation Systems)

Entrainment of fish and shellfish in early life stages

Impingement of fish and shellfish

Heat shock

Ground-water Use and Quality

Groundwater use conflicts (potable and service water, plants that use <100 gpm)

Terrestrial Resources

Cooling tower impacts on crops and ornamental vegetation

Cooling tower impacts on native plants

Bird collision with power lines
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Table 4-2
Category I Issues Applicable to VYNPS

(Continued)

Terrestrial Resources (continued)

Impacts of electromagnetic fields on flora and fauna (plants, agricultural crops, honeybees,
wildlife, livestock)

Air Quality

Air quality effects of transmission lines

Land Use

Land use (license renewal period)

Human Health

Microbiological organisms (occupational health)

Noise

Radiation exposures to public (license renewal term)

Occupational radiation exposures (license renewal term)

Socioeconomics

Public services: public safety, social services, and tourism and recreation

Public services, education (license renewal term)

Aesthetic impacts (license renewal term)

Aesthetic impacts of transmission lines (license renewal term)

Postulated Accidents

Design basis accidents

Uranium Fuel Cycle and Waste Management

Offsite radiological impacts (individual effects from other than the disposal of spent fuel and
high level waste)

Offsite radiological impacts (collective effects)

Offsite radiological impacts (spent fuel and high level waste disposal)

Non-radiological impacts of the uranium fuel cycle

Low-level waste storage and disposal

Mixed waste storage and disposal

On-site spent fuel

Nonradiological waste

Transportation
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Table 4-2
Category I Issues Applicable to VYNPS

(Continued)

Decommissioning
Radiation doses
Waste management
Air quality
Water quality
Ecological resources
Socioeconomic impacts

Category 2 License Renewal Issues

NRC designated 21 issues as Category 2. Sections 4.1 through 4.21 address the Category 2
issues, beginning with a statement of the issue. As is the case with Category 1 issues, some
Category 2 issues (2) apply to operational features that VYNPS does not have. In addition, some
Category 2 issues (4) apply only to refurbishment activities. If the issue does not apply to
VYNPS, the section explains the basis.

For the 15 Category 2 issues applicable to VYNPS, the corresponding sections contain the
required analyses. These analyses include conclusions regarding the significance of the impacts
relative to renewal of the operating license for VYNPS and, when applicable, discuss potential
mitigative alternatives to the extent required. Entergy has identified the significance of the
impacts associated with each issue as SMALL, MODERATE or LARGE consistent with the
criteria that NRC established in 10 CFR 51, Appendix B, Table B-1, Footnote 3 as follows.

* SMALL - Environmental effects are not detectable or are so minor that they will neither
destabilize nor noticeably alter any important attribute of the resource. For the purposes
of assessing radiological impacts, the Commission has concluded that those impacts that
do not exceed permissible levels in the Commission's regulations are considered small.

* MODERATE - Environmental effects are sufficient to alter noticeably, but not to
destabilize, any important attributes of the resource.

* LARGE - Environmental effects are clearly noticeable and are sufficient to destabilize any
important attributes of the resource.

In accordance with NEPA practice, Entergy considered ongoing and potential additional
mitigation in proportion to the significance of the impact to be addressed (i.e., impacts that are
small receive less mitigative consideration than impacts that are large).
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TMNA License Renewal Issues

NRC determined that its categorization and impact-finding definitions did not apply to
electromagnetic fields (chronic effect) and environmental justice. NRC noted that applicants
currently do not need to submit information on chronic effects from electromagnetic fields
(10 CFR 51, Appendix B, Table B-1, Footnote 5). For environmental justice, NRC does not
require information from applicants, but noted that it would be addressed in individual license
renewal reviews (10 CFR 51, Appendix B, Table B-1, Footnote 6). Entergy has included
environmental justice demographic information in Section 2.6.2.

Format of Cateaorv 2 Issue Review

The review and analysis for the Category 2 issues and environmental justice are found in
Sections 4.1 through 4.22. The format for the review of the Category 2 issues is described below.

* Issue - a brief statement of the issue.

* Description of Issue - a brief description of the issue.

* Findings from Table B-1, Appendix B to Subpart A - the findings for the issue from Table
B-1, Summary of Findings on NEPA Issues for License Renewal of Nuclear Power
Plants, Appendix B to Subpart A.

* Requirement - the requirement from 10 CFR 51.53(c)(3)(ii) is restated.

* Background - for issues applicable to VYNPS, a background excerpt from the applicable
section of the GEIS is provided. The specific section of the GEIS is referenced for the
convenience of the reader. In most cases, background information is not provided for
issues that are not applicable to VYNPS.

* Analysis of Environmental Impact - an analysis of the environmental impact as required
by 10 CFR 51.53(c)(3)(ii) is provided, taking into account information provided in the
GEIS, Appendix B to Subpart A of 10 CFR 51, as well as current VYNPS specific
information.

* Conclusion - for issues applicable to VYNPS, the conclusion of the analysis is presented
along with the consideration of mitigation alternatives as required by 10 CFR 51.45(c)
and 10 CFR 51.53(c)(3)(iii).
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4.1 Water Use Conflicts

4.1.1 Description of Issue

Water use conflicts (plants with cooling ponds or cooling towers using make-up water from a
small river with low flow)

4.1.2 Findings from Table B-1, Appendix B to Subpart A

SMALL or MODERATE. The issue has been a concern at nuclear power plants with cooling
ponds and at plants with cooling towers. Impacts on instream and riparian communities near
these plants could be of moderate significance in some situations. See 10 CFR 51.53(c)(3)(ii)(A).

4.1.3 Requirement [10 CFR 51.53(c)(3)(ii)(A)]

If the applicant's plant utilizes cooling towers or cooling ponds and withdraws make-up water
from a river whose annual flow rate is less than 3.15 x 1012 ft3/year (9 x 1010 m3/year), an
assessment of the impact of the proposed action on the flow of the river and related impacts on
instream and riparian ecological communities must be provided. The applicant shall also provide
an assessment of the impacts of the withdrawal of water from the river on alluvial aquifers during
low flow.

4.1.4 Background

Consultation with regulatory and resource agencies indicates that water use conflicts are already
a concern at two closed-cycle nuclear power plants (Limerick and Palo Verde) and may be a
problem in the future at Byron Station and the Duane Arnold Energy Center. Because water use
conflicts may be small or moderate during the license renewal period, this a Category 2 issue for
nuclear plants with closed-cycle cooling systems. Related to this, the effects of consumptive
water use on in-stream and riparian communities could also be small or moderate, depending on
the plant [Reference 4-11, Section 4.3.2.1].

4.1.5 Analysis of Environmental Impact

Two factors may cause water-use and water-availability issues to become important for some
facilities that use cooling towers. First, the relatively small rate of water withdrawal and discharge
allowed some plants with cooling towers to be located on small rivers that are susceptible to
droughts or competing water uses. Second, cooling towers evaporate cooling water, and
consumptive water losses may represent a substantial portion of the flow in a small river.

4.1.5.1 Hydrology

VYNPS is located on Vernon Pool, an approximately 25-mile long 2,500-acre impoundment,
which was created by the construction of Vernon Dam and hydroelectric station on the
Connecticut River at River Mile 142. The dam was constructed in 1909 by the New England
Power Company and is currently owned and operated by TransCanada. The facility has a rated
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capacity of 44.4 MW and is required to maintain a minimum sustained flow of 1,250 cfs of inflow.
The surface elevation of the pool fluctuates as much as 8 feet due to operations at upstream and
downstream dams and runoff inflow. The maximum depth of the pool near Vernon Dam is
approximately 40 feet. Based on flows from 1944 to 1988, the average daily flow is
approximately 10,500 cfs. The average annual flow rate for the river at Vernon Dam is
approximately 3.3 x 1011 ft3/year.

4.1.5.2 Cooling Water Use

VYNPS uses a variable condenser cooling system which can be operated in a variety of
configurations to maintain compliance with temperature discharge limits. The cooling system can
be operated in a once-through configuration, a closed-cycle recirculating system utilizing cooling
towers, or a combination of both, known as hybrid cycle mode. The plant withdraws cooling water
from Vernon Pool at a maximum rate of approximately 360,000 gpm using a once-through
cooling configuration. When the plant is operated in a closed-cycle configuration using both
cooling towers, the amount of water pumped from Vernon Pool is reduced to about 10,000 gpm
(22 cfs).

Except for consumptive water use, cooling water is discharged to Vernon Pool. A maximum
consumptive water use of 5,000 gpm (11 cfs) occurs from cooling tower evaporation when the
plant is operated in a closed-cycle configuration [Reference 4-1, Section III.D]. Therefore,
consumptive water loss due to the operation of VYNPS is approximately 0.1% of the average
daily flow at Vemon Dam. If the plant operates under the conditions of the proposed power
uprate project during the extended operational period, consumptive water loss may increase.
The worst case scenario would occur if weather conditions for continuous use of closed-cycle
cooling and the highest evaporation rate coincided with a low river flow of 1,250 cfs. In this
situation, the loss would be less than 1.5% of stream flow. However, consumptive water loss is
still below the Vermont Water Quality Standards (Section 3-011.B.1) streamflow protection
guideline of no more than 5% diminished flow at the 7Q10 stream flow rate. Thus, this loss of
instream flow has an insignificant impact on the overall flow of the Connecticut River through the
Vernon Pool.

4.1.5.3 Riparian Uses

The demand for water from Vernon Pool and the Connecticut River by municipal, agricultural,
and industrial users is low and there is no reported water availability problem on the river. The
major industrial use of the river water is for hydropower purposes.

Although relatively small, the consumptive loss of water at VYNPS removes water from potential
hydropower uses downstream. Entergy pays TransCanada annually for the loss of water that
would otherwise be used for hydropower generation at the Vernon Dam Hydroelectric Station.
Compensation for loss is calculated according to hours of cooling tower operation, impact on
power generation at the dam, and daily power cost [Reference 4-20].
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4.1.5.4 Instream Ecological Uses

The various ecological communities of Vernon Pool are described in Section 2.2. Because
VYNPS is located on a river impoundment and there are no reported water availability problems,
the relatively small consumptive water loss from VYNPS does not have a significant adverse
impact on hydrology of the Connecticut River or on its instream ecological communities. The
results of annual ecological monitoring conducted for over 30 years support this conclusion
[Reference 4-6; Reference 4-10].

4.1.6 Conclusion

The continued operation of VYNPS will not result in water use conflicts on Vernon Pool or the
Connecticut River. Consumptive water loss due to the operation of VYNPS as discussed in
Section 4.1.5.2 above is well below the Vermont Water Quality Standards (Section 3-01, B.1)
streamflow protection guideline of no more than 5% diminished flow at the 7Q10 stream flow
rate. Since the plant became operational in 1972, water withdrawal has caused no water
availability concerns for the pool, conflicts with other off-stream users, or adverse impacts on
riparian or instream ecological communities. This conclusion is supported by the results of
studies conducted at the plant and on the river for over 30 years. Therefore, Entergy concludes
that any water use conflict during the period of license renewal would remain SMALL and it does
not warrant further mitigation.

4.2 Entrainment of Fish and Shellfish in Early Life Staaes

4.2.1 Description of Issue

Entrainment of fish and shellfish in early life stages (for all plants with once-through and cooling
pond heat dissipation systems)

4.2.2 Findings from Table B-1, Appendix B to Subpart A

SMALL, MODERATE or LARGE. The impacts of entrainment are small at many plants but may
be moderate or even large at a few plants with once-through and cooling-pond cooling systems.
Further, ongoing efforts in the vicinity of these plants to restore fish populations may increase the
numbers of fish susceptible to intake effects during the license renewal period, such that
entrainment studies conducted in support of the original license may no longer be valid. See
10 CFR 51.53(c)(3)(ii)(B).

4.2.3 Requirement [10 CFR 51.53(c)(3)(ii)(B)]

If the applicant's plant utilizes once-through cooling or cooling pond heat dissipation systems, the
applicant shall provide a copy of current Clean Water Act 316(b) determinations and, if
necessary, a 316(a) variance in accordance with 40 CFR 125, or equivalent state permits and
supporting documentation. If the applicant cannot provide these documents, it shall assess the
impact of the proposed action on fish and shellfish resources resulting from heat shock and
impingement and entrainment.
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4.2.4 Background

The effects of entrainment on aquatic resources were considered by NRC at the time of original
licensing and are periodically reconsidered by EPA or state water quality permitting agencies in
the development of National Pollutant Discharge Elimination System (NPDES) permits and
316(b) demonstrations. The impacts of fish and shellfish entrainment are small at many plants,
but they may be moderate or even large at a few plants with once-through cooling systems.
Further, ongoing restoration efforts may increase the numbers of fish susceptible to intake
effects during the license renewal period, so that entrainment studies conducted in support of the
original license may no longer be valid. [Reference 4-11, Section 4.2.2.1.2]

4.2.5 Analysis of Environmental Impact

VYNPS uses a variable condenser cooling system which can be operated in a variety of
configurations to maintain compliance with temperature discharge limits. The cooling system
can be operated in a once-through configuration, a closed-cycle recirculating system utilizing
cooling towers, or a combination of both, known as hybrid cycle mode. The plant withdraws
cooling water from Vemon Pool at a maximum rate of approximately 360,000 gpm using a once-
through cooling configuration. When the plant is operated in a closed-cycle configuration using
both cooling towers, the amount of water pumped from Vernon Pool is reduced to about
10,000 gpm (22 cfs). The operational mode of the plant cooling water system is related to
calendar dates and ambient river temperatures as specified in VYNPS NPDES Permit
VT0000264 (VDEC Permit No. 3-1199), included as Attachment D. VYNPS operates the
condenser cooling water system in a once-through, recirculating, or hybrid configuration
according to temperature limits established for the plant. Therefore, the plant operates in a
closed cycle mode during warmer months of the year when the peak larval fish densities occur in
the river. Following the extended power uprate, operation in the closed cycle mode may also be
required at times during the cooler months. During open cycle operation, the extended power
uprate will not result in any change to the flow rate of water withdrawn from the Connecticut River
through the intake. Therefore, no increase in entrainment would be expected following the
extended power uprate.

4.2.5.1 Environmental Monitoring

Part IV of the NPDES Permit requires VYNPS to conduct environmental monitoring studies to
assure the plant does not violate applicable water quality standards and is not adverse to fish
and other wildlife that inhabit the Connecticut River. In addition to monitoring compliance with
established temperature limits, the studies require annual monitoring of river flow rate, water
quality, macroinvertebrate populations, larval fish, resident fish populations, anadromous fish
(American shad and Atlantic salmon), and fish impingement. A copy of the most recent annual
report is included as Attachment F [Reference 4-10]. Results of these reports are reviewed by an
Environmental Advisory Committee composed of 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
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Department of Environmental Protection, Massachusetts Division of Fish and Wildlife, and
USFWS Coordinator of the Connecticut River Anadromous Fish Program [Reference 4-16].

4.2.5.2 Entrainment (Larval Fish Sampling)

Entrainment occurs when planktonic larval fish drifting in the river are carried with cooling water
through the intake screens, pumps and steam condensers. High mortality to larval fish results
from mechanical and hydraulic forces experienced within the cooling system. Although studies
have shown some larval fish survive entrainment, it is usually assumed for monitoring purposes
that 100% mortality occurs.

Weekly larval fish sampling is conducted annually from May through mid-July in the vicinity of the
VYNPS intake structure. Samples are collected at the surface, mid-depth and near the bottom of
Vernon Pool in the vicinity of VYNPS using a 50-cm diameter plankton net towed behind a boat.
A flow meter is used to estimate the volume of each sample. Samples are washed and
preserved in 5% formalin for laboratory sorting and identification. Identification is performed at
the lowest taxonomic level practical.

Between 1988 and 1997 [Reference 4-6], a total of approximately 6000 larval fish representing
14 taxa were collected and identified. Minnows and white perch (comprising 84% of the total)
were the most abundant taxa collected. Sunfishes (Lepomis spp.), yellow perch, common carp,
walleye, and largemouth bass together made up the remaining 16%. A total of 4 largemouth
bass and 1 American shad were collected during the period. Overall, the relative density of larval
fish in the Connecticut River and cooling water pumped from the river was low. The results of the
1988-1997 review confirmed earlier conclusions that the impact of entrainment at VYNPS on fish
populations in the Connecticut River was minimal and resulted in no adverse impact [Reference
4-2, page 32-1].

Annual entrainment monitoring and reporting has continued at VYNPS as a condition of the plant
discharge permit. In 2003, 33 ichthyplankton samples were collected in Vernon Pool [Reference
4-9, Section 5.2.4]. A total of 1,222 larval fish were identified in these samples. The most
common larval fish present were spottail shiner (72%), with white perch, centrachids, yellow
perch, common carp, white sucker and walleye making up the remaining 28%. [Reference 4-9,
Section 5.2.4] During the 2004 monitoring period, a total of 1,057 larval fish were collected in
samples from Vernon Pool, with sample composition being similar to previous years. Sunfishes
made up 69% of the larval fish collected, with spottail shiner, white perch, white sucker, common
carp, yellow perch, tessellated darter, and walleye eggs and larva making up the remaining 31 %.
[Reference 4-10, Section 5.2.4] These results continue to demonstrate the low larval fish
densities in the area and that the impact of entrainment on the indigenous community of fish in
Vernon Pool has been minimal.

Years of annual monitoring at VYNPS has demonstrated that larval fish densities are low in the
vicinity of the plant cooling water intake structure. Annual monitoring in Vemon Pool has also
demonstrated that the total number and species composition of resident fish populations in the
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river has not changed significantly over the years and is typical of populations present in the
Connecticut River basin.

4.2.6 Conclusion

Although the plant operates in a closed cycle mode during warmer months of the year when the
peak larval densities are occurring (and may also operate in a closed cycle mode at times during
the cooler months after the extended power uprate), VYNPS has conducted extensive studies on
the potential impact of cooling water withdrawals from Vernon Pool on indigenous communities
of fish in Vernon Pool. Over 30 years of monitoring data collected on the Connecticut River
support the conclusion that the plant has not had an adverse impact on indigenous fish
populations, including federally listed threatened and endangered species. The results of the
most recent annual monitoring studies continue to support this conclusion [Reference 4-10].
Therefore, Entergy concludes that any impact on these populations from larval fish entrainment
during the license renewal period would be SMALL and does not warrant further mitigation.

4.3 Impingement of Fish and Shellfish

4.3.1 Description of Issue

Impingement of fish and shellfish (for all plants with once-through and cooling pond heat
dissipation systems)

4.3.2 Findings from Table B-1, Appendix B to Subpart A

SMALL, MODERATE or LARGE. The impacts of impingement are small at many plants but may
be moderate or even large at a few plants with once-through and cooling-pond cooling systems.
See 10 CFR 51.53(c)(3)(ii)(B).

4.3.3 Requirement [10 CFR 51.53(c)(3)(ii)(B)]

If the applicant's plant utilizes once-through cooling or cooling pond heat dissipation systems, the
applicant shall provide a copy of current Clean Water Act 316(b) determinations and, if
necessary, a 316(a) variance in accordance with 40 CFR 125, or equivalent state permits and
supporting documentation. If the applicant cannot provide these documents, it shall assess the
impact of the proposed action on fish and shellfish resources resulting from heat shock and
impingement and entrainment.

4.3.4 Background

Aquatic organisms that are drawn into the intake with the cooling water and are too large to pass
through the debris screens may be impinged against the screens. Mortality of fish that are
impinged is high at many plants because impinged organisms are eventually suffocated by being
held against the screen mesh or are abraded, which can result in fatal infection. Impingement
can affect large numbers of fish and invertebrates (crabs, shrimp, jellyfish, etc.). As with
entrainment, operational monitoring and mitigative measures have allayed concerns about
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population-level effects at most plants, but impingement mortality continues to be an issue at
others. Consultation with resource agencies revealed that impingement is a frequent concern at
once-through power plants, particularly where restoration of anadromous fish may be affected.
Impingement is an intake-related effect that is considered by EPA or state water quality
permitting agencies in the development of NPDES permits and 316(b) determinations. The
impacts of impingement are small at many plants but may be moderate or even large at a few
plants with once-through cooling systems. [Reference 4-11, Section 4.2.2.1.3]

4.3.5 Analysis of Environmental Impact

VYNPS utilizes a variable condenser cooling system which can be operated in a variety of
configurations to maintain compliance with temperature discharge limits. The cooling system
can be operated in a once-through configuration, a closed-cycle recirculating system utilizing
cooling towers, or a combination of both, known as hybrid cycle mode. The plant withdraws
cooling water from Vernon Pool at a maximum rate of approximately 360,000 gpm using a once-
through cooling configuration. When the plant is operated in a closed-cycle configuration using
both cooling towers, the amount of water pumped from Vernon Pool is reduced to about
10,000 gpm (22 cfs).

The operational mode of the plant cooling water system is related to calendar dates and ambient
river temperatures as specified in the VYNPS NPDES Permit VT0000264 (VDEC Permit No.
3-1199), which is included as Attachment D. VYNPS is required to operate the condenser
cooling water system in a once-through, recirculating, or hybrid configuration according to
temperature limits established for the plant. Therefore, the plant operates in a closed cycle mode
during warmer months of the year.

Following the extend power uprate, operation in the closed cycle mode may also be required at
times during the cooler months. During open cycle operation, the extended power uprate will not
result in any change to the flow rate of water withdrawn from the Connecticut River through the
intake. Therefore, no increase in impingement would be expected following the extended power
uprate

4.3.5.1 Environmental Monitoring

Part IV of the NPDES Permit requires VYNPS to conduct environmental monitoring studies to
demonstrate the plant does not violate applicable water quality standards and is not adverse to
fish and other wildlife that inhabit the Connecticut River. In addition to monitoring compliance
with established temperature limits, the studies require annual monitoring of river flow rate,
water quality, macroinvertebrate populations, larval fish, resident fish populations, anadromous
fish (American shad and Atlantic salmon), and fish impingement. A copy of the most recent
annual report is included as Attachment F [Reference 4-10]. Results of these reports are
reviewed by an Environmental Advisory Committee composed of 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
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Wildlife, and USFWS Coordinator of the Connecticut River Anadromous Fish Program
[Reference 4-16].

As a condition of the NPDES Permit, limits were established by the EAC for the number of
American shad and Atlantic salmon, considered by the EAC as two important species of fish
which could be impinged. These impingement limits are based on calculations outlined in Part IV
of the NPDES Permit (see Attachment D) and may vary to some degree on an annual basis.
Annual impingement losses below these calculated values were not considered by the EAC to
adversely affect populations of these two important species in the Connecticut River.

4.3.5.2 Fish Populations

The fish community was routinely sampled upstream and downstream of Vernon Dam during
1986 - 1997 as part of the NPDES monitoring requirements utilizing trap nets and electrofishing
gear. The sampling effort occurred during May, June, September and October. During a nine-
year sampling period (1986, 1988 and 1990 - 1997), a total of 30,202 fish representing 30
species was collected. The most common fishes collected were yellow perch (26%), rock bass
(11%), pumpkin seed (10%), spottail shiner (9%) and white sucker (9%). Upstream collections
(reservoir habitat) accounted for 66% of the fish caught with yellow perch (36%), pumpkinseed
(14%) and white sucker (9%) being the most abundant. The most abundant fishes captured
downstream of Vernon Dam (riverine and flowing pool habitat) were rock bass (21%),
smallmouth bass (14%) and spottail shiner (11%). [Reference 4-6]

The annual abundance for each of the species, which comprised approximately 95% of the total
catch, varied throughout the period and was likely due to natural yearly and seasonal fluctuations
and recruitment success. These findings were similar to those previously reported [Aquatec
1990] and indicate there have been no adverse trends in population as a result of VYNPS
operations. [Reference 4-6]

Annual fish population studies have continued as a condition of the plant discharge permit. In
2003, a total of 858 fish representing 24 species was collected utilizing electrofishing gear.
Upstream collections accounted for 74% of the fish caught with yellow perch (36%), bluegill
(32%) and pumpkinseed (12%) being the most abundant. The most abundant fishes captured
downstream of Vemon Dam were smallmouth bass (38%), bluegill (19%), spottail shiner (14%)
and rock bass (8%). [Reference 4-9] In 2004, a total a total of 627 fish representing 22 species
was collected utilizing electrofishing gear. Upstream collections accounted for 74% of the fish
caught with yellow perch (42%), bluegill (27%), pumpkinseed (10%) and largemouth bass (7%)
being the most abundant. The most abundant fishes captured downstream of Vernon Dam were
smallmouth bass (29%), rock bass (18%), spottail shiner (16%) and American shad (12%)
[Reference 4-10]

Based on current population studies as compared to previous years, results continue to
demonstrate no discernible downward trend in fish communities or species. Therefore, there has
been no evidence of an adverse trend as a result of VYNPS operations.
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4.3.5.3 Impingement

Fish impingement occurs when juvenile and adult fish too large to be entrained collect on the
3/8-inch mesh screens located at the intake structure. Mortality of fish that are impinged is high
at many plants because impinged organisms are eventually suffocated by being held against the
screen mesh or are abraded, which can result in fatal infections. The purpose of the
impingement monitoring program at VYNPS was to provide sufficient information for the accurate
determination of impingement impacts by the plant on fish populations in Vernon Pool.

Routine impingement sampling is conducted at the circulating water intake screens during the
periods of April 1 through June 15 and August 1 through October 31. Samples are collected
weekly using 6-day backwash and 24-hour backwash samples. Collected fish are identified to
the lowest practical taxon, weighed to the nearest gram, and the total length is measured to the
nearest millimeter.

In 1988 and 1990 - 1997, a total of nearly 15,000 fish were collected during sampling efforts
conducted in the spring and fall. The most abundant fish collected at VYNPS was Lepomis spp.
(46%), followed by yellow perch (15%), rock bass (11%), and spottail shiner (8%). A total of 387
American shad and 202 Atlantic salmon smolts were impinged during the 9-year period of study,
comprising 3% and 1 %, respectively, of the total fish impinged. During this period of review, the
NPDES Permit calculated limits for anadromous fish were never exceeded. [Reference 4-6,
Section 6.0] These monitoring results support earlier findings that impingement losses at VYNPS
are low and that the operation of the plant does not result in significant adverse impacts to
resident fish communities.

Annual impingement monitoring and reporting has continued at VYNPS as a condition of the
plant discharge permit. During 2003, a total of 1,142 fish were impinged during the April through
October monitoring period [Reference 4-9]. Bluegill (33%), yellow perch (15%), pumpkinseed
(14%), black crappie (11%) and rock bass (9%) were the most abundant in samples collected
during the year. A total of 13 American shad and 28 Atlantic salmon smolts were impinged
during 2003, comprising 1% and 2%, respectively, of the total fish impinged. [Reference 4-9]
During the 2004 monitoring period, a total of 236 fish were impinged. American shad (31 %),
bluegill (28%), rock bass (10%), yellow perch (8%) and black crappie (4%) were the most
abundant in samples collected during the year. No Atlantic salmon smolts were impinged during
2004. [Reference 4-10] The composition of impinged fish during 2003 and 2004 was similar to
previous years.

Annual monitoring at VYNPS has demonstrated that impingement losses are consistently below
the specified limits for the two anadromous species of concern (American shad and Atlantic
salmon). Annual monitoring in Vemon Pool also demonstrates that the total number and species
composition of resident fish populations in the river has not changed significantly over the years
and is typical of populations present in the Connecticut River basin [References 4-9, 4-10].
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4.3.6 Conclusion

VYNPS has conducted extensive studies on the potential impact of cooling water withdrawals
from Vernon Pool on indigenous communities of fish in Vernon Pool. Over 30 years of monitoring
data collected on the Connecticut River support the conclusion that the plant has not had an
adverse impact on fish populations, including federally listed and threatened and endangered
species. The results of the most recent annual monitoring studies continue to support this
conclusion. Therefore, Entergy concludes that any impact on these populations from larval fish
entrainment during the license renewal period would be SMALL and does not warrant further
mitigation.

4.4 Heat Shock

4.4.1 Description of Issue

Heat shock (for all plants with once-through and cooling pond heat dissipation systems)

4.4.2 Findings from Table B-1, Appendix B to Subpart A

SMALL, MODERATE or LARGE. Because of continuing concerns about heat shock and the
possible need to modify thermal discharges in response to changing environmental conditions,
the impacts may be of moderate or large significance at some plants. See
10 CFR 51.53(c)(3)(ii)(B).

4.4.3 Requirement [10 CFR 51.53(c)(3)(ii)(B)]

If the applicant's plant utilizes once-through cooling or cooling pond heat dissipation systems, the
applicant shall provide a copy of current Clean Water Act 316(a) determinations and variance in
accordance with 40 CFR 125, or equivalent state permits and supporting documentation. If the
applicant can not provide these documents, it shall assess the impact of the proposed action on
fish and shellfish resources resulting from heat shock.

4.4.4 Background

Based on the research literature, monitoring reports, and agency consultations, the potential for
thermal discharges to cause thermal discharge effect mortalities is considered small for most
plants. However, impacts may be moderate or even large at a few plants with once-through
cooling systems. For example, thermal discharges at one plant are considered by the agencies
to have damaged the benthic invertebrate and seagrass communities in the effluent mixing zone
around the discharge canal; as a result, helper cooling towers have been installed to reduce the
discharge temperatures. Conversely, at other plants it may become advantageous to increase
the temperature of the discharge in order to reduce the volume of water pumped through the
plants and thereby reduce entrainment and impingement effects. Because of continuing
concerns about thermal discharge effects and the possible need to modify thermal discharges in
the future in response to changing environmental conditions, this is a Category 2 issue for plants
with once-through cooling systems. [Reference 4-11, Section 4.2.2.1.4]
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4.4.5 Analysis of Environmental Impact

VYNPS utilizes a variable condenser cooling system which can be operated in a variety of
configurations to maintain compliance with temperature discharge limits. The cooling system
can be operated in a once-through configuration, a closed-cycle recirculating system utilizing
cooling towers, or a combination of both, known as hybrid cycle mode. The plant withdraws
cooling water from Vernon Pool at a maximum rate of approximately 360,000 gpm using a once-
through cooling configuration. When the plant is operated in a closed-cycle configuration using
both cooling towers, the amount of water pumped from Vernon Pool is reduced to about
10,000 gpm (22 cfs).

4.4.5.1 Temperature Limits

The operational mode of the plant cooling water system is related to calendar dates and ambient
river temperatures as specified in VYNPS NPDES Permit VT0000264 (VDEC Permit No. 3-
1199), included as Attachment D.

VYNPS operates the condenser cooling water system in a once-through, recirculating, or hybrid
configuration according to limits established for two periods of the year.

During the summer (May 16 through October 14), the increase in temperature above
ambient at Station 3 shall not exceed the following limits. Although not necessary for
operation after the extended power uprate, Entergy has applied for an amendment to the
NPDES permit to allow a 1 0F increase in the thermal discharge limits applicable to the
summer period for river temperatures above 550F and below 78°F.

River Temperature at Station 7 Increase Above Ambient at Station 3
(upstream) (downstream)

>630F 2OF

>590F,< 630F 30F

>550F,<590F 40F

< 550 F 5IF

* During the winter (October 15 through May 15), the discharge of cooling water to the river
is permitted under the following standards:

(1) when using once-through cooling, the temperature at Station 3 (downstream
of Vernon Dam) shall not exceed 651F;

(2) the rate of temperature change shall not exceed 50F/hr; and

(3) the increase in temperature above ambient shall not exceed 13.41F.
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As discussed in Section 2.2, river flow at Vernon Dam is regulated to maintain a minimum
sustained flow of 1,250 cfs, if sufficient flow is available. The theoretical maximum temperature
increase from plant discharges is 12.90F above ambient, when the river flow is 1,250 cfs. At this
flow rate, the above temperature standards allow operation of the plant in a once-through cooling
configuration from October 15 through May 15 when the river temperature is less than 52.1 OF.
When the ambient water temperature is greater than 52.1OF, the temperature of the discharge
can be reduced by using cooling towers. [Reference 4-10, Section 2.1]

Since operational and temperature limits have been established in the VYNPS NPDES Permit to
protect water quality in the Connecticut River, potential thermal impacts of cooling water
discharges on aquatic biota are minimal.

4.4.5.2 Environmental Monitoring

Part IV of the discharge permit requires VYNPS to conduct environmental monitoring studies to
assure the plant does not violate applicable water quality standards and is not adverse to fish
and other wildlife that inhabit the Connecticut River. In addition to monitoring compliance with
established temperature limits, the studies require annual monitoring of river flow rate, water
quality, macroinvertebrates, larval fish, resident fish populations, anadromous fish (American
shad and Atlantic salmon), and fish impingement. A copy of the most recent annual report is
included in Attachment F [Reference 4-10]. Annual reports are reviewed by an Environmental
Advisory Committee composed of agencies representing the states of Vermont, New Hampshire,
Massachusetts, and the USFWS.

4.4.5.3 316(a) Demonstrations

VYNPS was originally permitted in 1973 to operate solely in closed-cycle cooling mode until
determinations could be made concerning possible environmental impacts from the thermal
discharge of a once-through cooling system. VYNPS operated in the closed-cycle mode until
February 1974 when the first of several once-through cooling testing modes was begun.

There have been numerous technical reports prepared for VYNPS in support of previous
[Reference 4-8, Section 3.2]. The 316(a) demonstrations described the results of monitoring
studies performed in the vicinity of the plant and examined the potential for adverse
environmental impact due to the proposed changes in the thermal discharge limits. The
demonstrations concluded that thermal discharge limits at VYNPS assure the protection and
propagation of a balanced indigenous community of aquatic life in the Connecticut River
Reference 4-8, Section 5.2]. The result of these demonstrations is reflected in the NPDES Permit
thermal discharge limits discussed in Section 4.4.5.1 above.

4.4.6 Conclusion

Although operational and temperature limits have been established in the station's NPDES
permit to protect water quality in the Connecticut River, VYNPS has extensively studied the
potential thermal impact of cooling water discharges on aquatic biota. Over 30 years of data
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collected on the Connecticut River support the conclusion that the plant does not have an
adverse impact on fish or shellfish populations. Therefore, Entergy concludes that any impact on
these populations from heat shock during the license renewal period would be SMALL and does
not warrant further mitigation.

4.5 Groundwater Use Conflicts (Plants Using >100 pnm of Groundwaterl

4.5.1 Description of Issue

Groundwater use conflicts (potable and service water, and dewatering: plants that use >100
gpm)

4.5.2 Findings from Table B-1, Subpart A, Appendix A

SMALL, MODERATE, or LARGE. Plants that use more than 100 gpm may cause groundwater
use conflicts with nearby groundwater users. See 10 CFR 51.53(c)(3)(ii)(C).

4.5.3 Requirement [10 CFR 51.53(c)(3)(ii)(C)]

If the applicant's plant uses Ranney wells or pumps more than 100 gallons (total onsite) of
groundwater per minute, an assessment of the impact of the proposed action on groundwater
use must be provided.

4.5.4 Background

Those nuclear plants that use groundwater may affect the utility of groundwater to neighbors.
This impact could occur as a direct effect of pumping groundwater, thereby either lowering the
water table and reducing the availability or inducing infiltration of water of lesser quality into the
ground. Neighboring groundwater users could also be affected indirectly if construction or
operation of the power plant were to disrupt the normal recharge of the groundwater aquifer. The
impact to neighboring groundwater users is likely to be most significant at a site where water
resources are limited. Groundwater usage impact may be important at those sites where a

power plant's usage rate exceeds 0.0063 m3/s (100 gpm). Lower usage rates are not expected
to impact sole source or other aquifers significantly. [Reference 4-11, Section 4.8.11.

4.5.5 Analysis of Environmental Impact

As discussed in Section 2.3 of this ER, the actual pump rate from all onsite potable wells was
8.54 gpm based on measured water usage during 2002 and 2003. In addition, an estimate of the
groundwater demand that would be needed for 1,700 employees on the VYNPS site during a
refueling outage was also calculated. Based on this calculation, the maximum groundwater
demand would be 35.4 gpm as shown in Table 2-2 of this ER. These values are well below the
pump rate of 100 gallons (total onsite) of groundwater per minute. Therefore, Entergy concludes
that environmental impact of water use conflicts from license renewal would be SMALL and does
not warrant mitigation.
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4.5.6 Conclusion

VYNPS does not pump more than 100 gallons (total onsite) of groundwater per minute for onsite
use. Therefore, Entergy concludes that environmental impact of water use conflicts from license
renewal would be SMALL and does not warrant mitigation.

4.6 Groundwater Use Conflicts (Plants Using Cooling Towers Withdrawing Make-Up
Water from a Small River)

4.6.1 Description of Issue

Groundwater use conflicts (plants using cooling towers withdrawing make-up water from a small
river)

4.6.2 Findings from Table B-1, Appendix B to Subpart A

SMALL, MODERATE, or LARGE. Water use conflicts may result from surface water withdrawals
from small water bodies during low flow conditions which may affect aquifer recharge, especially
if other groundwater or upstream surface water users come on line before the time of license
renewal. See §51.53(c)(3)(ii)(A).

4.6.3 Requirement [10 CFR 51.53(c)(3)(ii)(A)l

If the applicant's plant utilizes cooling towers or cooling ponds and withdraws make-up water

from a river whose annual flow rate is less than 3.15 x 1012 ft3/year (9 x 1010 m3/year), an
assessment of the impact of the proposed action on the flow of the river and related impacts on
instream and riparian ecological communities must be provided. The applicant shall also provide
an assessment of the impacts of the withdrawal of water form the river on alluvial aquifers during
low flow.

4.6.4 Background

Consultation with regulatory and resource agencies indicate the water use conflicts are already a
concern at two closed-cycle nuclear power plants (Limerick and Palo Verde) and may be a
problem in the future at Byron Station and the Duane Arnold Energy Center. Because water use
conflicts may be small or moderate during the license renewal period, this a Category 2 issue for
nuclear plants with closed-cycle cooling systems. [Reference 4-11, Section 4.3.2.1]

4.6.5 Analysis of Environmental Impact

4.6.5.1 Hydrology

VYNPS is located on Vernon Pool, an approximately 25-mile long 2,500 acre impoundment,
which was created by the construction of Vernon Dam and hydroelectric station on the
Connecticut River at River Mile 142. The dam was constructed in 1909 by the New England
Power Company and is currently owned and operated by TransCanada. The facility has a rated
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capacity of 44.4 MW and is required to maintain a minimum sustained flow of 1,250 cfs of inflow.
The surface elevation of the pool fluctuates as much as 8 feet due to operations at upstream and
downstream dams and runoff inflow. The maximum depth of the pool near Vernon Dam is
approximately 40 feet. Based on flows from 1944 to 1988, the average daily flow is
approximately 10,500 cfs. The average annual flow rate for the river at Vernon Dam is
approximately 3.3 x 1011 ft3/year.

4.6.5.2 Cooling Water Use

VYNPS uses a variable condenser cooling system which can be operated in a variety of
configurations to maintain compliance with temperature discharge limits. The cooling system
can be operated in a once-through configuration, a closed-cycle recirculating system utilizing
cooling towers, or a combination of both, known as hybrid cycle mode. The plant withdraws
cooling water from Vernon Pool at a maximum rate of approximately 360,000 gpm using a once-
through cooling configuration. When the plant is operated in a closed-cycle configuration using
both cooling towers, the amount of water pumped from Vernon Pool is reduced to about
10,000 gpm (22 cfs).

Except for consumptive water use, cooling water is discharged to Vernon Pool. A maximum
consumptive water use of 5,000 gpm (11 cfs) occurs from cooling tower evaporation when the
plant is operated in a closed-cycle configuration [Reference 4-1, Section III.D]. Therefore,
consumptive water loss due to the operation of VYNPS is approximately 0.1% of the average
daily flow at Vernon Dam, which is well below the Vermont Water Quality Standards (Section 3-
01 .B. 1) streamflow protection guideline of no more than 5% diminished flow at the 7Q1 0 stream
flow rate. Thus, this loss of instream flow has an insignificant impact on the overall flow of the
Connecticut River through Vernon Pool.

If the plant operates under the conditions of the proposed power uprate project during the
extended operational period, consumptive water loss may increase slightly. The worst case
scenario would occur if weather conditions for continuous use of closed-cycle cooling and the
highest evaporation rate coincided with a low river flow of 1,250 cfs. In this situation, the loss
would be less than 1.5% of stream flow. Vermont Water Quality Standards (Section 3-01 .B.1)
require that all uses of waters be supported by the streamflow and use a streamflow protection
guideline of no more than 5% diminished flow at the 7Q10 stream flow rate. 7Q10 seven day low
flow, ten year return period means a drought flow equal to the lowest mean flow for seven
consecutive days, adjusted to nullify any effects of artificial flow regulation that has a 10%
chance of occurring in any given year. Thus, the additional evaporative loss would not be
significant based on the State of Vermont guidelines.

Although relatively small, the consumptive loss of water at VYNPS removes water from potential
hydropower uses downstream. Entergy pays TransCanada annually for the loss of water that
would otherwise be used for hydropower generation at Vernon Dam hydroelectric station.
Compensation for loss is calculated according to hours of cooling tower operation, impact on
power generation at the dam, and daily power cost [Reference 4-20].
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4.6.5.3 Groundwater

The local groundwater level fluctuates depending on precipitation and water level changes in the
Connecticut River. Drainage from precipitation or water level changes in the river occurs over a
rock surface beneath a thin layer of overburden. No artesian aquifers occur in the area near
VYNPS and groundwater is contained in surficial glacial deposits or in the uppermost fractured
bedrock. High yield groundwater wells in the vicinity are typically located where glacial deposits
are usually thick and permeable. Local wells installed in bedrock have low yields.

The local groundwater gradient slopes toward the river, into which the groundwater discharges.
When the river stage rises rapidly, the gradient may reverse, in which case the river recharges
the local groundwater resource [Reference 4-1, Section II.E.4]. Groundwater levels at the
VYNPS site vary from a depth of 5 to 30 feet [Reference 4-4, Section 2.4.2.3.2]. No direct or
indirect impact on local groundwater resources has been attributed to the operation of VYNPS.
Also, no additional groundwater use is anticipated during the period of license renewal.

4.6.6 Conclusion

The continued operation of VYNPS will not result in a water use conflict in Vernon Pool and the
Connecticut River. Cooling water consumptive water loss as discussed in Section 4.6.5.2 above
is a very small percentage of the overall flow of the river through Vernon Dam and is well below
the Vermont Water Quality Standards (Section 3-01, B.1) streamflow protection guideline of no
more than 5% diminished flow at the 7Q10 stream flow rate. Since the plant became operational
in 1972, water withdrawal has caused no water availability concerns for the river or conflicts with
other off-stream users. In addition, during periods of diminished river flow, withdrawal of water
from the river would not affect recharge of the alluvial aquifer, because the river is generally not a
source of recharge during these periods. Therefore, Entergy concludes that impacts to river or
aquifer elevation, or aquifer recharge rates would be SMALL and does not warrant further
mitigation.

4.7 Groundwater Use Conflicts (Plants Using Ranney Wells)

4.7.1 Description of Issue

Groundwater use conflicts (plants using Ranney wells)

4.7.2 Findings from Table B-I, Subpart A, Appendix A

SMALL, MODERATE, or LARGE. Ranney wells can result in potential groundwater depression
beyond the site boundary. Impacts of large groundwater withdrawal for cooling tower makeup at
nuclear power plants using Ranney wells must be evaluated at the time of application for license
renewal. See 10 CFR 511.53(c)(3)(ii)(C).
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4.7.3 Requirement [10 CFR 51.53(c)(3)(ii)(C)]

If the applicant's plant uses Ranney wells or pumps more than 100 gallons (total onsite) of
groundwater per minute, an assessment of the impact of the proposed action on groundwater
use must be provided.

4.7.4 Analysis of Environmental Impact

VYNPS does not utilize Ranney wells. Drinking water is supplied by onsite wells and cooling
water is taken from the Connecticut River. Therefore, this issue is not applicable to VYNPS and
analysis is not required.

4.8 Degradation of Groundwater Quality

4.8.1 Description of Issue

Groundwater quality degradation (cooling ponds at inland sites)

4.8.2 Findings from Table B-1, Subpart A, Appendix A

SMALL, MODERATE, or LARGE. Sites with closed-cycle cooling ponds may degrade
groundwater quality. For plants located inland, the quality of the groundwater in the vicinity of the
ponds must be shown to be adequate to allow continuation of current uses. See
10 CFR 51.53(c)(3)(ii)(D).

4.8.3 Requirement [10 CFR 51.53(c)(3)(ii)(D)]

If the applicant's plant is located at an inland site and utilizes cooling ponds, an assessment of
the impact of the proposed action on groundwater quality must be provided.

4.8.4 Analysis of Environmental Impact

VYNPS does not utilize cooling ponds. VYNPS utilizes a once-through cooling system and
helper cooling towers. Therefore, this issue is not applicable to VYNPS and analysis is not
required.

4.9 Impacts of Refurbishment on Terrestrial Resources

4.9.1 Description of Issue

Refurbishment impacts - Terrestrial Resources

4.9.2 Findings from Table B-1, Subpart A, Appendix A

SMALL MODERATE, or LARGE. Refurbishment impacts are insignificant if no loss of important
plant and animal habitat occurs. However, it cannot be known whether important plant and
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animal communities may be affected until the specific proposal is presented with the license
renewal application. See 10 CFR 51.53(c)(3)(ii)(E).

4.9.3 Requirement [10 CFR 51.53(c)(3)(ii)(E)]

All license renewal applicants shall assess the impact of refurbishment and other license renewal
related construction activities on important plant and animal habitats.

4.9.4 Analysis of Environmental Impact

As noted in Section 3.3, no refurbishment activities are required for VYNPS license renewal.
Therefore this issue is not applicable to VYNPS and no analysis is required.

4.10 Threatened or Endangered Soecies

4.10.1 Description of Issue

Impacts from refurbishment and continued operations on threatened or endangered species

4.10.2 Findings from Table B-1, Appendix B to Subpart A

SMALL, MODERATE or LARGE. Generally, plant refurbishment and continued operation are
not expected to adversely affect threatened or endangered species. However, consultation with
appropriate agencies would be needed at the time of license renewal to determine whether
threatened or endangered species are present and whether they would be adversely affected.
See 10 CFR 51.53(c)(3)(ii)(E).

4.10.3 Requirement [10 CFR 51.53(c)(3)(ii)(E)]

All license renewal applicants shall assess the impact of refurbishment and other license renewal
related construction activities on important plant and animal habitats. Additionally, the applicant
shall assess the impact of the proposed action on threatened or endangered species in
accordance with the Endangered Species Act.

4.110.4 Background

The NRC did not reach a conclusion about the significance of potential impacts to threatened
and endangered species in the GEIS because (1) the significance of impacts on such species
cannot be assessed without site- and project-specific information that will not be available until
the time of license renewal and (2) additional species that are threatened with extinction and that
may be adversely affected by plant operations may be identified between the present and the
time of license renewal [Reference 4-11, Section 3.9].
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4.10.5 Analysis of Environmental Impacts

Section 2.5 of this ER discusses threatened or endangered species that occur within the vicinity
of the VYNPS site. Section 2.4 addresses issues related to critical and important habitats,
including deer wintering areas, wetlands and unique natural areas.

As discussed in Section 3.3, Entergy has no plans to conduct refurbishment or construction
activities at VYNPS during the license renewal term. Therefore, there would be no refurbishment-
related impacts to special-status species and no further analysis of refurbishment-related
impacts is applicable.

During the environmental assessment of the proposed power uprate project at VYNPS, the
Vermont Nongame and Natural Heritage Program (VNNHP) was contacted for information
regarding threatened and endangered species and unique natural areas in the vicinity of the
plant [Reference 4-16]. The VNNHP concluded that no adverse impacts to protected plants
would occur.

Several rare plants have been recorded on the VYNPS site [Reference 4-16]. These include
giant Solomon's seal, tapering rush, and trailing stitchwort. Because access to the site is limited,
natural communities of these plants have been left relatively undisturbed since construction of
the site was completed. The existing community of giant Solomon's seal at the site is routinely
monitored by VNNHR The only Vermont-protected species known by VNNHP likely to occur at
the site is the great St. John's wort. It occurs immediately above Vernon Dam and very near the
VYNPS site boundary. Since no development is planned for this area of the plant site, continued
operation of the plant during the license renewal period will have no impact on this state-listed
species. Near Vernon Dam, but not occurring on the VYNPS site, are several other state-listed
plants including horned pond weed, small water wort, pygmy weed and Frank's love grass.

Additionally, a bald eagle nest has been reported to occur north of Stebbins Island (New
Hampshire) which is located approximately 1 river mile downstream from VYNPS [Reference
4-16]. However, there are no anticipated potential impacts on this nest site from VYNPS
continued operations since there are no plans to alter operations, expand existing facilities, or
require additional land in support of license renewal.

Entergy is not aware of any potential concerns regarding threatened or endangered species
which could occur due to the operation of VYNPS. There are no plans to alter operations and
any maintenance activities necessary to support license renewal would be limited to previously
disturbed areas on-site. In addition, no expansion of existing facilities is planned and no
additional land disturbance is anticipated in support of license renewal. Therefore, no adverse
impacts to threatened or endangered terrestrial species from current or future operations are
anticipated.

In addition, based on consultation with state and federal fish and wildlife agencies (see
Attachment A and Attachment B), no critical habitats have been designated within the VYNPS
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vicinity and no impacts are anticipated to threatened and endangered species during the license
renewal period.

4.10.6 Conclusion

There are no major refurbishment activities required for license renewal at VYNPS. Therefore,
there will be no impact to threatened and endangered species from refurbishment activities.

The continued operation of VYNPS is not anticipated to impact the three rare species known to
exist on the site. Protection of the giant Solomon's seal community is assured through field
monitoring performed by VNNHP. As already discussed, any maintenance activities necessary
to support license renewal would be limited to previously disturbed areas on-site and no
additional land disturbance is anticipated in support of license renewal. Therefore, Entergy
concludes that impacts to threatened or endangered species from license renewal would be
SMALL and does not warrant further mitigation.

Renewal of the operating license for VYNPS is not expected to result in the taking of any
threatened or endangered species. Renewal of the license is not likely to jeopardize the
continued existence of any threatened or endangered species or result in the destruction or
adverse modifications of any critical habitat.

4.11 Air Quality During Refurbishment (Nonattainment and Maintenance Areas)

4.11.1 Description of Issue

Air quality during refurbishment (nonattainment and maintenance areas)

4.11.2 Findings from Table B-I, Subpart A, Appendix A

SMALL, MODERATE, or LARGE. Air quality impacts from plant refurbishment associated with
license renewal are expected to be small. However, vehicle exhaust emissions could be cause
for concern at locations in or near nonattainment or maintenance areas. The significance of the
potential impact cannot be determined without considering the compliance status of each site
and the number of workers expected to be employed during the outage. See
10 CFR 51.53(c)(3)(ii)(F).

4.11.3 Requirement [10 CFR 51.53(c)(3)(ii)(F)]

If the applicant's plant is located in or near a nonattainment or maintenance area, an assessment
of vehicle exhaust emissions anticipated at the time of peak refurbishment workforce must be
provided in accordance with the Clean Air Act as amended.

4.11.4 Analysis of Environmental Impact

As discussed in Section 3.3, Entergy has no plans for refurbishment related to license renewal at
VYNPS. In addition, as discussed in Section 2.11, Vermont is in attainment with the National
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Ambient Air Quality Standards. The nearest non-attainment areas due to the one-hour ozone
standard are Hillsborough County, New Hampshire, approximately 30 miles northeast of VYNPS,
and the entire state of Massachusetts, approximately 5 miles south of VYNPS. Therefore, this
issue is not applicable to VYNPS and analysis is not required.

4.12 Impact on Public Health of Microbiological Organisms

4.12.1 Description of Issue

Microbiological organisms (public health) (plants using lakes or canals, or cooling towers, or
cooling ponds that discharge to a small river)

4.12.2 Finding from Table B-1, Appendix B to Subpart A

SMALL, MODERATE or LARGE. These organisms are not expected to be a problem at most
operating plants except possibly at plants using cooling ponds, lakes, or canals that discharge to
small rivers. Without site-specific data, it is not possible to predict the effects generically. See
10 CFR 51.53(c)(3)(ii)(G).

4.12.3 Requirement [10 CFR 51.53(c)(3)(ii)(G)]

If the applicant's plant uses a cooling pond, lake, or canal or discharges into a river having an
annual average flow rate of less than 3.15 x 1012 ft3/year (9 x 1010 m3/year), an assessment of
the impact of the proposed action on public health from thermophilic organisms in the affected
water must be provided.

4.12.4 Background

Public health questions require additional consideration for the 25 plants using cooling ponds,
lakes, canals, or small rivers because the operation of these plants may significantly enhance the
presence of thermophilic organisms. The data for these sites are not now at hand and it is
impossible to predict the level of thermophilic organism enhancement at a given site with current
knowledge. Thus, the impacts are not known and are site-specific. Therefore, the magnitude of
the potential public health impacts associated with thermal enhancement of N. fowler! cannot be
determined generically [Reference 4-11, Section 4.3.6].

4.12.5 Analysis of Environmental Impact

According to the U.S. Center for Disease Control, Naegleria is commonly found in the
environment and only one species, N. fowler, is known to infect humans [Reference 4-17].
Infections are very rare with only 24 reported cases occurring between 1989 and 2000. These
infections, which generally occur in the summer when water temperatures are high and water
levels are low, take place when the amoeba enters the nose of people who are swimming or
diving in warm freshwater. There are no reported cases of N. fowler infection or amoebic
meningoencephalitis in the vicinity of VYNPS.
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Naegleria begins to proliferate at temperatures of around 300 C (86° F) and thrives at
temperatures of 35 to 450C (95 to 1130F). Water temperatures as measured near VYNPS vary
from 320F to 840F, and therefore are below the range at which N. fowleri would be a concern.

In 1997, 1999, and 2001, VYNPS collected water samples from the Connecticut River and the
east and west cooling towers and analyzed them for the presence of total bacteria and Legionella
spp. During 2004, VYNPS collected water samples from the Connecticut River and the east and
west cooling towers and analyzed them for the presence of Legionella spp. Samples were
collected between July and September and were analyzed using the fluorescein isothiocyanate
(FITC) method for total bacteria and the PL-DFA (direct immunofluoresence assay) method for
presumptive Legionella counts. There are many species of Legionella and this method does not
specifically identify Legionella pneumophila, the causal agent of Legionnaire's disease. The PL-
DFA method is used primarily as an effective method for screening water samples for
significantly high concentrations of Legionella bacteria. The test also cannot determine if the
species of Legionella present are virulent and thus capable of causing a respiratory infection in
humans.

Total bacteria counts were similar in all samples collected. Legionella counts were below the
method detection level (1000 cells/ml) during 1997 and 1999. In samples collected during 2001,
slightly elevated Legionella concentrations were detected in both raw river water samples and
samples collected from the east cooling tower. Legionella concentrations in the west cooling
tower were at or below the method detection level. All Legionella concentrations were
considered to be relatively low due to the PL-DFA test's inability to distinguish between living and
dead bacteria. During 2004, all Legionella results were negative.

Studies on thermophilic pathogens at power plants have concluded that risk of infection from
aerosols containing Legionella sp. is not a public health risk but rather a potential onsite industrial
hygiene concern that is managed through appropriate industrial hygiene practices [Reference
4-13, Section 4.1.4].

According to the Vermont Department of Health (VDH), contact recreation on the Connecticut
River is uncommon [Reference 4-5]. In addition, no public swimming areas occur on the river
between Brattleboro and Vernon. Although a few cases of giardiasis have been contracted in
recent years from other water bodies in Windham County, no cases of any water-borne illness
related to contact with the Connecticut River have been reported. Therefore, due to the low
incidence of swimming and diving activities in the river near VYNPS, the potential for exposure to
the microorganism is low.

4.12.6 Conclusion

There has been no known impact of VYNPS operation on public health related to thermophilic
microorganisms to date. VYNPS's analyses and evaluations, including consultation with the
VDH, indicate that the impacts of deleterious microbiological organism from plant operations
during the license renewal term are expected to be SMALL and mitigation is not warranted.
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4.13 Electromagnetic Fields-Acute Effects

4.13.1 Description of Issue

Electromagnetic fields, acute effects (electric shock)

4.13.2 Findings from Table B-1, Subpart A, Appendix A

SMALL, MODERATE or LARGE. Electric shock resulting from direct access to energized
conductors or from induced charges in metallic structures has not been a problem at most
operating plants and generally is not expected to be a problem during the license renewal term.
However, site-specific review is required to determine the significance of the electrical shock
potential at the site. See 10 CFR 511.53(c)(3)(ii)(H).

4.13.3 Requirements [10 CFR 511.53(c)3)(ii)(H)]

If the applicant's transmission lines that were constructed for the specific purpose of connecting
the plant to the transmission system do not meet the recommendations of the National Electric
Safety Code for preventing electric shock from induced currents, an assessment of the impact of
the proposed action on the potential shock hazard from the transmission lines must be provided.

4.13.4 Background

The transmission line of concern is that between the plant switchyard and the intertie to the
transmission system. With respect to shock safety issues and license renewal, three points must
be made. First, in the licensing process for the earlier licensed nuclear plants, the issue of
electrical shock safety was not addressed. Second, some plants that received operating
licenses with a stated transmission line voltage may have chosen to upgrade the line voltage for
reasons of efficiency, possibly without reanalysis of induction effects. Third, since the initial
NEPA review for those utilities that evaluated potential shock situations under the provision of the
NESC, land use may have changed, resulting in the need for reevaluation of this issue.

The electrical shock issue, which is generic to all types of electrical generating stations, including
nuclear power plants, is of small significance for transmission lines that are operated in
adherence with NESC. Without review of each nuclear plant's transmission line conformance
with NESC criteria, it is not possible to determine the significance of the electrical shock potential
[Reference 4-11, Sections 4.5.4 and 4.5.4.1].

4.13.5 Analysis of Environmental Impact

As discussed in Section 3.2.7 of this ER, the only transmission lines constructed to connect
VYNPS to the New England transmission grid are from the plant to the 345 kV and 115 kV
switchyards. The transmission lines exiting the switchyards are part of the New England
transmission grid that was constructed to supply purchased power to the State of Vermont even
if the station had not been located at the Vernon site.
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The 345 kV transmission lines (spans 1 and 2) between the plant and switchyards were
evaluated during the power uprate with respect to additional line sag due to increased station
output and line clearance to the ground. Based on this review, it was determined that the
required minimum ground clearance of 29.3 feet shown in Table 232-1 of the National Electrical
Safety Code (NESC) continued to be met as it relates to line heights even with the anticipated
additional sag [Reference 4-3, Section 3.1].

Ground clearance for the 115 kV transmission lines (spans 3, 4, 5 and 6) is 38 feet and greater,
which is well within the acceptable ground clearance limits specified in the NESC [Reference
4-19].

4.13.6 Conclusion

Transmission lines from the plant to the switchyards are in conformance with the NESC
recommendations for preventing electric shock. Therefore, the impact of the potential for electric
shock is SMALL and does not warrant further mitigation.

4.14 Housing Impacts

4.14.1 Description of Issue

Housing Impacts

4.14.2 Findings from Table B-1, Appendix B to Subpart A

SMALL, MODERATE or LARGE. Housing impacts are expected to be of small significance at
plants located in a medium or high population area and not in an area where growth control
measures that limit housing development are in effect. Moderate or large housing impacts of the
workforce associated with refurbishment may be associated with plants located in sparsely
populated areas or in areas with growth control measures that limit housing development. See
10 CFR 51.53(c)(3)(ii)(1).

4.14.3 Requirement [10 CFR 51.53(c)(3)(ii)(l)]

An assessment of the impact of the proposed action on housing availability... within the vicinity of
the plant must be provided.

4.14.4 Background

The impacts on housing are considered to be of small significance when a small and not easily
discernible change in housing availability occurs, generally as a result of a very small demand
increase or a very large housing market. Increases in rental rates or housing values in these
areas would be expected to equal or slightly exceed the statewide inflation rate. No
extraordinary construction or conversion of housing would occur where small impacts are
foreseen.
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The impacts on housing are considered to be of moderate significance when there is a
discernible but short-lived reduction in available housing units because of project-induced in-
migration. The impacts on housing are considered to be of large significance when project-
related demand for housing units would result in very limited housing availability and would
increase rental rates and housing values well above normal inflationary increases in the state.

Moderate and large impacts are possible at sites located in rural and remote areas, at sites
located in areas that have experienced extremely slow population growth (and thus slow or no
growth in housing), or where growth control measures that limit housing development are in
existence or have been recently lifted. [Reference 4-11, Section 3.7.2]

4.14.5 Analysis of Environmental Impact

Supplement 1 to Regulatory Guide 4.2, provides the following guidance.

Section 4.14.1 states, "If there will be no refurbishment or if refurbishment involves no additional
workers, then there will be no impact on housing and no further analysis is required."

Section 4.14.2 states, "If additional workers are not anticipated, there will be no impact on
housing and no further analysis is required."

The VYNPS site has approximately 678 full time workers (Entergy employees and baseline
contractors) during normal plant operations. The majority of these employees live within the
three-county area adjacent to the plant. As discussed in Section 2.9 of this ER, little discernible
change in housing availability has occurred in the three-county area near VYNPS since 1990. In
addition, vacancy rates have remained relatively stable and the number of available units has
kept pace with the low to moderate growth in the area population.

As noted in Section 3.3, there are no major refurbishment activities required for VYNPS license
renewal. Additionally, Entergy does not anticipate a need for additional full time workers during
the license renewal period. Therefore, no further analysis is required for this issue.

4.14.6 Conclusion

Although the State of Vermont has growth control measures in place under Vermont's Land Use
and Development Law Title 10, Chapter 151 (Act 250), Entergy concludes that the impact on
housing from the continued operation of VYNPS will be SMALL and that no mitigation is required.
This conclusion is based on the following.

* As noted in Section 3.3, there are no major refurbishment activities required for license
renewal at VYNPS. Therefore, there will not be an increase in outage workers over the
number of workers required for typical plant outages. Likewise, there will not be an
increase in the length of the typical plant outage.

* Entergy does not anticipate an increase in employment during the license renewal period.
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* The number of VYNPS employees will continue to be a small percentage of the
population in the adjacent counties during the period of the extended license.

4.15 Public Utilities: Public Water SuDDIy Availability

4.15.1 Description of Issue

Public Services (public utilities)

4.15.2 Findings from Table B-1, Appendix B to Subpart A

SMALL or MODERATE. An increased problem with water shortages at some sites may lead to
impacts of moderate significance on public water supply availability. See 10 CFR
51 .53(c)(3)(ii)(I).

4.15.3 Requirement [10 CFR 51.53(c)(3)(ii)(1)J

.. [TMhe applicant shall provide an assessment of the impact of population increases attributable
to the proposed project on the public water supply.

4.15.4 Background

Impacts on public utility services are considered small if little or no change occurs in the utility's
ability to respond to the level of demand and thus there is no need to add capital facilities.
Impacts are considered moderate if overtaxing of facilities during peak demand periods occurs.
Impacts are considered large if existing service levels (such as the quality of water and sewage
treatment) are substantially degraded and additional capacity is needed to meet ongoing
demands for services.

In general, small to moderate impacts to public utilities were observed as a result of the original
construction of the case study plants. While most locales experienced an increase in the level of
demand for services, they were able to accommodate this demand without significant disruption.
Water service seems to have been the most affected public utility.

Public utility impacts at the case study sites during refurbishment are projected to range from
small to moderate. The potentially small to moderate impact at Diablo Canyon is related to water
availability (not processing capacity) and would occur only if a water shortage occurs at
refurbishment time.

Because the case studies indicate that some public utilities may be overtaxed during peak
periods, the impacts to public utilities would be moderate in some cases, although most sites
would experience only small impacts [Reference 4-11, Section 3.7.4.5].
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4.15.5 Analysis of Environmental Impact

As noted in Section 3.3, there are no major refurbishment activities required for VYNPS license
renewal. Therefore, there will be no impact to public utilities from refurbishment activities. In
addition, Entergy does not anticipate a need for additional workers during the period of extended
operation. Therefore, there will be no impact to public utilities from additional plant workers living
in the three-county area near the plant.

The plant is not connected to any local public water system. All onsite water needed for potable
and industrial makeup uses is provided by the plant's own water systems [Reference 4-16].
These onsite wells (see Table 2-2), which are permitted by the VDEC, supply all potable water
for the site, with industrial make-up water supplied from a combination of groundwater wells and
river water. The VYNPS site is also not connected to a municipal wastewater treatment system.
All wastewater is treated on-site in systems permitted by the State of Vermont [Reference 4-161.

4.15.6 Conclusion

License renewal operations will not cause any appreciable increased demand on the public
water supply system. As noted in Section 3.3, there are no major refurbishment activities
required for license renewal at VYNPS. Entergy also does not anticipate that additional workers
will be employed during the period of extended operations. In addition, no public water systems
(see Table 2-9) are utilized by the plant.

As discussed in Section 2.10.1, both public and private water systems in the region appear to be
adequate to provide the capacity and meet the demand of residential and industrial customers in
the area. Therefore, impacts to public water supplies will continue to be SMALL and no
evaluation of mitigation measures is warranted.

4.16 Education Imlacts from Refurbishment

4.16.1 Description of Issue

Public Services (effects of refurbishment activities upon local educational system)

4.16.2 Findings from Table B-1, Appendix B to Subpart A

SMALL or MODERATE. Most sites would experience impacts of small significance but larger
impacts are possible depending on site- and project-specific factors. See
10 CFR 51.53(c)(3)(ii)(1).

4.16.3 Requirement [10 CFR 51.53(c)(3)(ii)(1)]

An assessment of the impact of the proposed action on... public schools (impacts from
refurbishment activities only) within the vicinity of the plant must be provided.
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4.16.4 Analysis of Environmental Impact

As noted in Section 3.3, there are no major refurbishment activities required for VYNPS license
renewal. Therefore this issue is not applicable to VYNPS and no analysis is required.

4.17 Offsite Land Use-Refurbishment

4.17.1 Description of Issue

Offsite Land Use (effects of refurbishment activities)

4.17.2 Findings from Table B-1, Appendix B to Subpart A

SMALL or MODERATE. Impacts may be of moderate significance at plants in low population
areas. See 10 CFR 51.53(c)(3)(ii)(l).

4.17.3 Requirement [10 CFR 51.53(c)(3)(1i)(1)]

An assessment of the impact of the proposed action on... land-use.. .within the vicinity of the
plant must be provided.

4.17.4 Analysis of Environmental Impact

As noted in Section 3.3, there are no major refurbishment activities required for VYNPS license
renewal. Therefore, there will be no impacts from refurbishment activities and no analysis is
required.

4.18 Offsite Land Use-License Renewal Term

4.18.1 Description of Issue

Offsite Land Use (effects of license renewal)

4.18.2 Findings from Table B-1, Appendix B to Subpart A

SMALL, MODERATE or LARGE. Significant changes in land-use may be associated with
population and tax revenue changes resulting from license renewal. See
10 CFR 51.53(c)(3)(ii)(1).

4.18.3 Requirement [10 CFR 51.53(c)(3)(ii)(1)]

An assessment of the impact of the proposed action on ... land-use... within the vicinity of the
plant must be provided.
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4.18.4 Background

During the license renewal term, new land use impacts could result from plant-related population
growth or from the use of tax payments from the plant by local government to provide public
services that encourage development.

However, as noted in Regulatory Guide 4.2, Section 4.17.2, Table B-1 of 10 CFR 51 partially
misstates the conclusion reached in Section 4.7.4.2 of NUREG-1437. NUREG-1437, Section
4.7.4.2 concludes that "population-driven land use changes during the license renewal term at all
nuclear plants will be small." Regulatory Guide 4.2 further states that "Until Table B-1 is
changed, applicants only need cite NUREG-1437 to address population-induced land-use
change during the license renewal term." Therefore, the discussion will be limited to the land use
changes that may result from tax payments made by the plant to local governments.

The assessment of new tax-driven land use impacts in the GEIS considered the following:

(1) the size of the plant's tax payments relative to the community's total revenues,

(2) the nature of the community's existing land use pattern, and

(3) the extent to which the community already has public services in place to
support and guide development.

In general, if the plants tax payments are projected to be small relative to the community's total
revenue, new tax-driven land use changes during the plant's license renewal term would be
small, especially where the community has pre-established patterns of development and has
provided adequate public services to support and guide development. If the plant's tax payments
are projected to be medium to large relative to the community's total revenue, new tax-driven
land use changes would be moderate.

This is most likely to be true where the community has no pre-established patterns of
development (i.e., land use plans or controls) or has not provided adequate public services to
support and guide development in the past, especially infrastructure that would allow industrial
development. If the plant's tax payments are projected to be a dominant source of the
community's total revenue, new tax-driven land use changes would be large. This would be
especially true where the community has no pre-established pattern of development or has not
provided adequate public services to support and guide development in the past.

Based on predictions for the case study plants, it is projected that all new population-driven land
use changes during the license renewal term at all nuclear plants will be small because
population growth caused by license renewal will represent a much smaller percentage of the
local area's total population than has operations-related growth. Also, any conflicts between
offsite land use and nuclear plant operations are expected to be small. In contrast, it is projected
that new tax-driven land use changes may be moderate at a number of sites and large at some
others. Because land use changes may be perceived by some community members as adverse
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and by others as beneficial, the staff is unable to assess generically the potential significance of
site-specific off-site land use impacts [Reference 4-11, Section 4.7.4.2].

4.18.5 Analysis of Environmental Impact

The environmental impacts from this issue are from population-driven land use changes and
from tax-driven land use changes.

4.18.5.1 Population-Driven Land Use Changes

Entergy agrees with the GEIS conclusion that new population-driven land use changes at
VYNPS during the license renewal term will be SMALL [Reference 4-11, Section 4.7.4.2].
Entergy does not anticipate that additional workers will be employed at VYNPS during the period
of extended operations. Therefore, there will be no adverse impact to the offsite land use from
plant-related population growth.

4.18.5.2 Tax-Driven Land Use Changes

Brattleboro and Vernon Townships are the only local jurisdictions in Windham County that tax
VYNPS directly and are the principal jurisdictions that receive tax revenue as a result of the
plant's existence. The majority of local taxes are paid to Vernon for the VYNPS plant facility, with
remaining taxes paid to Brattleboro for the VYNPS corporate office building located in
Brattleboro. Because there are no major refurbishment activities and no new construction as a
result of license renewal, no new sources of plant-related tax payments are expected that could
significantly influence land use in Windham County. During the license renewal term, however,
new land-use impacts could result from the use by local governments of the tax revenue paid by
Entergy for the assessed value of the VYNPS plant site. As shown in Section 2.7 of this report,
Entergy paid Vernon and Brattleboro Townships a total of approximately $1.4 million in property
taxes during 2005. In addition, the facility paid $4.5 million in state electric generation tax and
electric generation education taxes.

Windham County has experienced relatively low population growth and limited land-use changes
since 1990. Between 1990 and 2003, the population growth occurred at an average annual rate
of 0.3% (see Section 2.6). Although recent population growth is not directly related to the
presence of VYNPS, continued growth could be affected by the economic benefit of the plant on
local schools, roads, and community services. Continuation of local tax receipts from VYNPS
contributes to keeping tax rates below what they otherwise would be to fund local government
and also provides for a higher level of public infrastructure and services than otherwise would be
possible. This enhances the county's attractiveness as a place to live and could contribute to
overall growth of the area and the conversion of open space and woodlands to residential and
commercial uses.

Although the property tax paid by VYNPS represents a significant portion of local property tax
revenue, the impacts from tax-driven off-site land use changes is expected to be small because
the area around VYNPS has pre-established land-use patterns of development that are
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anticipated to continue during the license renewal term, and public services and regulatory
controls are in place to support and guide development.

4.18.6 Conclusion

Entergy agrees with the GEIS conclusion that new population-driven land use changes at
VYNPS during the license renewal term will be SMALL. Entergy does not anticipate that
additional workers will be employed at VYNPS during the period of extended operation.
Therefore, there will be no adverse impact to the offsite land use from additional plant workers.

In addition, the impact to tax-driven land use changes from the continued payment of property
taxes at VYNPS is expected to be SMALL and no mitigation is required.

4.19 Transportation

4.19.1 Description of Issue

Public services, Transportation

4.19.2 Finding from Table B-1, Appendix B to Subpart A

SMALL, MODERATE, or LARGE. Transportation impacts (level of service) of highway traffic
generated during plant refurbishment and during the term of the renewed license are generally
expected to be of small significance. However, the increase in traffic associated with additional
workers and the local road and traffic control conditions may lead to impacts of moderate or large
significance at some sites. See 10 CFR 51.53(c)(3)(ii)(J).

4.19.3 Requirement [10 CFR 51.53(c)(3)(ii)(J)]

All applicants shall assess the impact of the proposed project on local transportation during
periods of license renewal refurbishment activities and during the term of the renewed license.

4.19.4 Background

Impacts to transportation during the license renewal term would be similar to those experienced
during current operations and would be driven mainly by the workers involved in current plant
operations.

Based on past and projected impacts at the case study sites, transportation impacts would
continue to be of small significance at all sites during operations and would be of small or
moderate significance during scheduled refueling and maintenance outages. Because impacts
are determined primarily by road conditions existing at the time of the project and cannot be
easily forecast, a site specific review will be necessary to determine whether impacts are likely to
be small or moderate and whether mitigation measures may be warranted [Reference 4-11,
Section 4.7.3.2].
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4.19.5 Analysis of Environmental Impact

As discussed in Section 3.3, there are no refurbishment activities required for VYNPS license
renewal. Therefore, there will be no impact on local transportation from any refurbishment. In
addition, as discussed in Section 3.5, there is no expected increase in the total number of
employees that will be on-site during the period of extended operation. Therefore, there should
be no increase in traffic associated with additional workers during the period of extended
operation.

Local traffic patterns near VYNPS were evaluated in January 2003 by SVE Associates of
Brattleboro, Vermont [Reference 4-16, Exhibit EN-SAS-1 8]. The purpose of the study was to
evaluate traffic impacts related to the proposed VYNPS power uprate. The 20% power uprate
project was not expected to increase the number of permanent employees or result in any major
changes to the plant.

Traffic volumes for the study along existing roads were based upon Vermont Agency of
Transportation (VAT) automatic traffic recorder station history 1971-2001 and the VAT's route log
annual average daily traffic values in 2000 [Reference 4-18]. Projected traffic generation was
based on the existing traffic counts at VYNPS for an estimated 1,700 permanent and contractor
employees working at the site during a refueling outage. The estimated number of employees
included a contingency of 200 above the number of employees actually projected for the outage.

Existing traffic volumes at VYNPS were based upon vehicle counts at the main gate in December
2002 and were found to average 873 vehicles per day (VPD) Monday through Thursday. Based
on 2002 VAT data, typical non-outage traffic volumes along Vermont Route 142 are 5,300 VPD
north of the facility and 2,600 VPD south of the facility.

For the April 2004 refueling outage, it was estimated that a total of 2,816 VPD over normal traffic
volumes would occur. The distribution of peak traffic occurring during shift changes would occur
as described in Table 4-3.

Table 4-3
Estimated Traffic Volume (Vehicles per Hour), April 2004 VYNPS Refueling Outage

Morning Shift Evening Shift
Traffic Flow Change Change

(0530 - 0700 hrs) (1730 - 1900 hrs)

Leaving VYNPS Heading North on Route 142 211 317

Leaving VYNPS Heading South on Route 142 70 106

Entering VYNPS from the North on Route 142 317 211

Entering VYNPS from the South on Route 142 106 70
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Traffic performance is generally defined in the qualitative term of level of service (LOS), which
describes operational traffic conditions as perceived by motorists. These conditions are
described as factors such as speed, travel time, traffic interruptions, safety and convenience.
LOS values range from "A" (little to no delay) to "F" (extreme delay). The VAT design standard
for collector streets, such as Vermont Route 142, is "C" or "D".

Based on traffic volume studies near VYNPS in 2003, it was concluded that LOS values for
Vermont Route 142 near the site would

* be similar before and after the proposed power uprate for normal (non-outage) periods;

* during a refueling outage with 1,700 personnel working at the site, be the same south of
the site and change from "C' to "D' north of the site; and

* be acceptable during a major refueling outage and during periods of normal (non-outage)
operations.

4.19.6 Conclusion

As noted in Section 3.3, there are no major refurbishment activities required for VYNPS license
renewal. Additionally, as noted in Section 3.5, there are no expected increases in the total
number of employees that will be on-site during the period of extended operation. Therefore,
impacts on local traffic will be SMALL and no mitigation measures are warranted.

4.20 Historic and Archaeological Properties

4.20.1 Description of Issue

Historic and Archaeological Resources

4.20.2 Finding from Table B-I, Appendix B to Subpart A

SMALL, MODERATE or LARGE. Generally, plant refurbishment and continued operation are
expected to have no more than small adverse impacts on historic and archaeological resources.
However, the National Historic Preservation Act requires the Federal agency to consult with the
State Historic Preservation Officer (SHPO) to determine whether there are properties present
that require protection. See 10 CFR 51.53(c)(3)(ii)(K).

4.20.3 Requirement [10 CFR 51.53(c)(3)(ii)(K)]

All applicants shall assess whether any historic or archaeological properties will be affected by
the proposed project.
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4.20.4 Background

It is unlikely that moderate or large impacts to historic resources occur at any site unless new
facilities or service roads are constructed or new transmission lines are established.

However, the identification of historic resources and determination of possible impact to them
must be done on a site-specific basis through consultation with the SHPO. The site-specific
nature of historic resources and the mandatory National Historic Preservation Act consultation
process mean that the significance of impacts to historic resources and the appropriate
mitigation measures to address those impacts cannot be determined generically [Reference
4-11, Section 3.7.7].

4.20.5 Analysis of Environmental Impact

As discussed in Section 3.3, there are no major refurbishment activities required for VYNPS
license renewal. Therefore, no further analysis is required as it relates to refurbishment activities.

As discussed in Section 2.12.1, extensive subsurface archeological excavation was performed at
the site before VYNPS was constructed. No significant archeological resources were identified.

VYNPS consulted with the Vermont SHPO during the proposed power uprate review project in
2003. The SHPO reviewed the proposed project for its potential effects on archaeologically and
historically sensitive areas and determined that no prehistoric or historic resources would be
affected by the project [Reference 4-16, Exhibit EN-SAS-9].

Entergy also consulted with the Vermont SHPO during the preparation of this ER (see
Attachment C). SHPO reviewed the license renewal project for potential effects on historic and
archaeological resources and had no concerns as long as no soil disturbance occurs during the
license renewal period (see Attachment C). Entergy has no plans to alter operations, expand
existing facilities or disturb additional land in support of license renewal. Therefore, SHPO's
determination of no impacts to historic and archaeological resources made during the proposed
power uprate project continues to remain valid for license renewal.

4.20.6 Conclusion

As noted in Section 3.3, there are no major refurbishment activities required for license renewal
at VYNPS. There are also no plans to alter operations, expand existing facilities or disturb
additional land in support of license renewal. In addition, based on consultation with the Vermont
SHPO (see Attachment C), no historic or archaeological resources would be affected by
operation of the plant during the license renewal period. Therefore, the potential impact of
continued operation of VYNPS during the period of the renewed license on historic or
archeological resources will be SMALL and evaluation of mitigation measures is not warranted.
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4.21 Severe Accident Mitigation Alternatives

4.21.1 Description of Issue

Severe accidents

4.21.2 Finding from Table B-1, Appendix B to Subpart A

SMALL. The probability weighted consequences of atmospheric releases, fallout onto open
bodies of water, releases to ground water, and societal and economic impacts from severe
accidents are small for all plants. However, alternatives to mitigate severe accidents must be
considered for all plants that have not considered such alternatives. See
10 CFR 51.53(c)(3)(ii)(L).

4.21.3 Requirement [10 CFR 51.53(c)(3)(ii)(L)]

If the staff has not previously considered severe accident mitigation alternatives for the
applicant's plant in an environmental impact statement or related supplement or in an
environmental assessment, a consideration of alternatives to mitigate severe accidents must be
provided.

4.21.4 Background

The staff concluded that the generic analysis summarized in the GEIS applies to all plants and
that the probability-weighted consequences of atmospheric releases, fallout onto open bodies of
water, releases to ground water, and societal and economic impacts of severe accidents are of
small significance for all plants. However, not all plants have performed a site-specific analysis
of measures that could mitigate severe accidents. Consequently, severe accidents are a
Category 2 issue for plants that have not performed a site-specific consideration of severe
accident mitigation and submitted that analysis for Commission review [Reference 4-11, Section
5.5.2.5].

4.21.5 Analysis of Environmental Impact

The method used to perform the Severe Accident Mitigation Alternative (SAMA) analysis was
based on the handbook used by the NRC to analyze benefits and costs of its regulatory activities
[Reference 4-12].

Environmental impact statements and environmental reports are prepared using a sliding scale
in which impacts of greater concern and mitigation measures of greater potential value receive
more detailed analysis than impacts of less concern and mitigation measures of less potential
value. Accordingly, Entergy Operations used less detailed feasibility investigation and cost
estimation techniques for SAMA candidates having disproportionately high costs and low
benefits and more detailed evaluations for the most viable candidates.

The following is a brief outline of the approach taken in the SAMA analysis.
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(1) Establish the Baseline Impacts of a Severe Accident

Severe accident impacts were evaluated in four areas:

* Off-site exposure costs - monetary value of consequences (dose) to off-site
population

The Probabilistic Safety Assessment (PSA) model was used to determine total
accident frequency (core damage frequency (CDF) and containment release
frequency). The Melcor Accident Consequences Code System 2 (MACCS2) was
used to convert release input to public dose. Dose was converted to present
worth dollars (based on a valuation of $2,000 per person-rem and a present worth
discount factor of 7%).

* Off-site economic costs - monetary value of damage to off-site property

The PSA model was used to determine total accident frequency (core damage
frequency and containment release frequency). MACCS2 was used to convert
release input to off-site property damage. Off-site property damage was
converted to present worth dollars based on a discount factor of 7%.

* On-site exposure costs - monetary value of dose to workers

Best estimate occupational dose values were used for immediate and long-term
dose. Dose was converted to present worth dollars (based on a valuation of
$2,000 per person-rem and a present worth discount factor of 7%).

* On-site economic costs - monetary value of damage to on-site property

Best estimate cleanup and decontamination costs were used. On-site property
damage estimates were converted to present worth dollars based on a discount
factor of 7%. It was assumed that, subsequent to a severe accident, the plant
would be decommissioned rather than restored. Therefore replacement and
refurbishment costs were not included in on-site costs. Replacement power costs
were considered.

(2) Identify SAMA Candidates

Potential SAMA candidates were identified from the following sources (see
Attachment E for reference details):

* Severe Accident Mitigation Design Alternative (SAMDA) analyses submitted in
support of original licensing activities for other operating nuclear power plants
and advanced light water reactor plants;
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* SAMA analyses for other BWR plants, including the evolutionary General Electric
Advanced Boiling Water Reactor (ABWR) design;

* NRC and industry documentation discussing potential plant improvements;

* VYNPS Individual Plant Examination (IPE) of internal and external events reports
(in both reports, several enhancements related to severe accident insights were
recommended and implemented); and

• VYNPS PSA model risk significant contributors.

(3) Phase I - Preliminary Screening

Potential SAMA candidates were screened out if they modified features not
applicable to VYNPS, if they had already been implemented at VYNPS, or if they
were similar in nature and could be combined with another SAMA candidate to
develop a more comprehensive or plant-specific SAMA candidate.

(4) Phase II - Final Screening and Cost Benefit Evaluation

The remaining SAMA candidates were evaluated individually to determine the
benefits and costs of implementation, as follows.

* The total benefit of implementing a SAMA candidate was estimated in terms of
averted consequences (benefits estimate).

- The baseline PSA model was modified to reflect the maximum benefit of the
improvement. Generally, the maximum benefit of a SAMA candidate was
determined with a bounding modeling assumption. For example, if the
objective of the SAMA candidate was to reduce the likelihood of a certain
failure mode, then eliminating the failure mode from the PSA would bound the
benefit, even though the SAMA candidate would not be expected to be 100%
effective in eliminating the failure. The modified model was then used to
produce a revised accident frequency.

- Using the revised accident frequency, the method previously described for the
four baseline severe accident impact areas was used to estimate the cost
associated with each impact area following implementation of the SAMA
candidate.

- The benefit in terms of averted consequences for each SAMA candidate was
then estimated by calculating the arithmetic difference between the total
estimated cost associated with all four impact areas for the baseline plant
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design and the revised plant design following implementation of the SAMA
candidate.

* The cost of implementing a SAMA was estimated by one of the following
methods (cost estimate).

- An estimate for a similar modification considered in a previously performed
SAMA or SAMDA analysis was used. These estimates were used for
comparison against an estimated benefit at VYNPS since they were
developed in the past and no credit was taken for inflation when applying them
to VYNPS. In addition, several of them were developed from SAMDA analysis
(i.e., during the design phase of the plant), and therefore did not consider the
additional costs associated with performing design modifications to an existing
plant (i.e., reduced efficiency, minimizing dose, disposal of contaminated
material, etc.).

- Engineering judgment on the cost associated with procedural changes,
engineering analysis, testing, training and hardware modification was applied
to formulate a conclusion regarding the economic viability of the SAMA
candidate.

The detail of the cost estimate was commensurate with the benefit. If the benefit
was low, it was not necessary to perform a detailed cost estimate to determine if the
SAMA was cost beneficial.

(5) Sensitivity Analyses

Two sensitivity analyses were conducted to gauge the impact of key assumptions
upon the analysis. One sensitivity analysis was to investigate the sensitivity of
assuming a 28-year period for remaining plant life. The other sensitivity analysis
was to investigate the sensitivity of each analysis case to the discount rate of 3%.

The SAMA analysis for VYNPS is presented in the following sections. Attachment E.1 and
Attachment E.2 provide a more detailed discussion of the process presented above.

4.21.5.1 Establish the Baseline Impacts of a Severe Accident

A baseline was established to enable estimation of the risk reductions attributable to
implementation of potential SAMA candidates. This severe accident risk was estimated using the
VYNPS PSA model and the MACCS2 consequence analysis software code. The PSA model
used for the SAMA analysis (Revision VY04R1) is an internal events risk model.
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4.21.5.1.1 The PSA Internal Events Model - Level 1 and Level 2 Analysis

The PSA model (Level I and Level 2) used for the SAMA analysis was the most recent internal
events risk model for VYNPS (Revision VY04R1). This current model is an updated version of
the model used in the 1993 IPE and reflects the VYNPS configuration and extended power
uprate design changes as of September 2004. It also uses component failure and unavailability
data as of March 2002 and resolves comments provided during the industry peer review of the
model, conducted in November 2000. The VYNPS model adopts the large event tree / small
fault tree approach and uses the support state methodology, embodied in the RISKMAN code,
for quantifying core damage frequency.

An uncertainty analysis associated with internal events core damage frequency (CDF) was
performed. The ratio of the core damage frequency at the 95th percent confidence level to the
mean CDF is a factor of 2. This analysis is presented in Section E.1.1 of Attachment E.

The VYNPS Level 2 analysis uses a Containment Event Tree (CET) to analyze all core damage
sequences identified in the Level 1 analysis. The CET evaluates systems, operator actions, and
severe accident phenomena in order to characterize the magnitude and timing of radionuclide
release. The result of the Level 2 analysis is a list of sequences involving radionuclide release,
along with the frequency and magnitude/timing of release for each sequence.

4.21.5.1.2 The PSA External Events Model - Individual Plant Examination of External Events
(IPEEE) Model

The VYNPS IPEEE, Revision 1 model was reviewed and used for SAMA analysis. The seismic,
high wind and external flooding analyses results in the finding that the plant is adequately
designed to protect against the effects of these natural events. The seismic portion of the IPEEE
program was completed in conjunction with the SQUG program. VYNPS performed a seismic
margin assessment (SMA) following the guidance of NUREG-1407, Procedural and Submittal
Guidance for the Individual Plant Examination of External Events (IPEEE) for Severe Accident
Vulnerabilities, June 1991, and EPRI NP-6041-SL, Revision 1, A Methodology forAssessment of
Nuclear Power Plant Seismic Margin, August 1991.

The VYNPS fire analysis was performed using the EPRI Fire Induced Vulnerability Evaluation
(FIVE) methodology for qualitative and quantitative screening of fire areas and for fire analysis of
areas that did not screen. The FIVE methodology is primarily a screening approach used to
identify plant vulnerabilities due to fire initiating events. The end result of VYNPS's IPEEE fire
analysis identified the CDF for significant fire areas. A number of plant improvements were
identified and, as described in NUREG-1 742, Perspectives Gained from the IPEEE Program,
Final Report, April 2002, these improvements were implemented.

4.21.5.1.3 MACCS2 Model - Level 3 Analysis

A 'Level 3" model was developed using the MACCS2 consequence analysis software code to
estimate the hypothetical impacts of severe accidents on the surrounding environment and
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members of the public. The principal phenomena analyzed were atmospheric transport of
radionuclides, mitigation actions (i.e., evacuation, condemnation of contaminated crops and milk)
based on dose projection; dose accumulation by a number of pathways, including food and water
ingestion; and economic costs. Input for the Level 3 analysis included the core radionuclide
inventory, source terms from the VYNPS PSA model, site meteorological data, projected
population distribution (within 50-mile radius) for the year 2032, emergency response evacuation
modeling, and economic data. The MACCS2 input data are described in Section E.1.5 of
Attachment E.

4.21.5.1.4 Evaluation of Baseline Severe Accident Impacts Using the Regulatory Analysis
Technical Evaluation Handbook Method

This section describes the method used for calculating the cost associated with each of the four
impact areas for the baseline case (i.e., without SAMA implementation). This analysis was used
to establish the maximum benefit that a SAMA could achieve if it eliminated all risk due to
VYNPS at-power internal events. [Reference 4-12]

Off-Site Exposure Costs

The Level 3 baseline analysis resulted in an annual off-site exposure risk of 9.16
Person- rem. This value was converted to its monetary equivalent (dollars) via
application of the $2,000 per person rem conversion factor from the Regulatory Analysis
Technical Evaluation Handbook [Reference 4-12]. This monetary equivalent was then
discounted to present value using the formula from the same source:

I-r-e,
APE = (FsDp - FADpA)R e

where

APE =monetary value of accident risk avoided from population doses, after discounting;

R = monetary equivalent of unit dose, ($/person-rem);

F = accident frequency (events/year);

DOp = population dose factor (person-rem/event);

S = status quo (current conditions);

A = after implementation of proposed action;

r = discount rate (%); and

tf = license renewal period (years).
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Using a 20-year license renewal period, a 7% discount rate, assuming FA is zero, and
the baseline core damage frequency of 5.03E-06/year resulted in the monetary
equivalent value of $197,176. This value is presented in Table 4-4.

Off-Site Economic Costs

The Level 3 baseline analysis resulted in an annual off-site economic risk monetary
equivalent of $21,000. This value was discounted in the same manner as the public
health risks in accordance with the following equation:

1-eAOC= (FSPD -FAPD) r

where

AOC =monetary value of risk avoided from off-site property damage, after discounting;

PD = off-site property loss factor ($/event);

F = accident frequency (events/year);

S = status quo (current conditions);

A = after implementation of proposed action;

r = discount rate (%); and

= license renewal period (years).

Using previously defined values; the resulting monetary equivalent is $226,021. This
value is presented in Table 4-4.

On-site Exposure Costs

The values for occupational exposure associated with severe accidents were not
derived from the PSA model, but from information in the Regulatory Analysis Technical
Evaluation Handbook [Reference 4-121. The values for occupational exposure consist
of "immediate dose" and "long-term dose." The best estimate value provided for
immediate occupational dose is 3,300 person rem, and long-term occupational dose is
20,000 person-rem (over a 10-year clean-up period). The following equations were used
to estimate monetary equivalents.
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Immediate Dose

W10= (FSDOS-FADIOA)R le (1)

where

W0= monetary value of accident risk avoided from immediate doses, after

discounting;

10 = immediate occupational dose;

R = monetary equivalent of unit dose, ($/person-rem);

F = accident frequency (events/year);

1= immediate occupational dose (person-rem/event;

S = status quo (current conditions);

A = after implementation of proposed action;

r = discount rate (%); and

tf = license renewal period (years).

The values used in the analysis were

R = $2,000/person rem;

r = 0.07;

D1O = 3,300 person rem /accident; and

tf = 20 years.

For the basis discount rate, assuming FA is zero, the bounding monetary value of

the immediate dose associated with VYNPS's accident risk is

I -
WIO = (FSDos)R r

1 -CO07 x 20

W1O = 33 00 x Fs x $2000 x 0.07

WIO = ($7.10 x 107)Fs
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For the baseline core damage frequency, 5.03 x 1 04/year,

W/o = $357

Long-Tern Dose

=1 - e- 1- e (2
WLTO (FSDLTO,-FADLTOA)Rx X1 (2)

where

WLTO =monetary value of accident risk avoided long-term doses, after
discounting ($);

LTO = long-term occupational dose;

m = years over which long-term doses accrue;

R = monetary equivalent of unit dose, ($/person-rem);

F = accident frequency (eventslyear);

DLTO = long-term occupational dose (person-rem/event);

S = status quo (current conditions);

A = after implementation of proposed action;

r = discount rate (%); and

tf = license renewal period (years).

The values used in the analysis were

R = $2,000/person rem;

r = .07;

DLTO = 20,000 person-rem /accident;

m= 10 years; and

t = 20 years.
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For the basis discount rate, assuming FA is zero, the bounding monetary value of
the long term dose associated with VYNPS's accident risk is

WLTO = (FSDLTO)Rx 1 - em 1 -e

-0.07 x 20 -0.07 x 10

WLTO = (Fs x 200 00)$20 00 x 0.07 0.07 x 10

WLTO = ($3.10 x 108)FS

For the core damage frequency for the baseline, 5.03 x 10 6/year,

WLTO = $1,557.

Total Occupational Exposures

Combining equations (1) and (2) above, using delta (A) to signify the difference in
accident frequency resulting from the proposed actions, and using the above
numerical values, the long-term accident related on-site (occupational) exposure
avoided is

AOE = AWIO+AWLTO ($)

where

AOE = on-site exposure avoided.

The bounding value for occupational exposure (AOEB) is

AOEB = WIO + WLTO = $357 + $1,557 = $1,915

The resulting monetary equivalent of $1,915 is presented in Table 4-4.

On-Site Economic Costs

Clean-up/Decontamination

The total cost of clean-up/decontamination of a power reactor facility subsequent
to a severe accident is estimated in the Regulatory Analysis Technical Evaluation

Handbook [Reference 4-12] to be $1.5 x 109. This same value was adopted for
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these analyses. Considering a 10-year cleanup period, the present value of this
cost is

PVCD = (CmD)( r )

where

PVCD =present value of the cost of cleanup/decontamination;

CD = clean-up/decontamination;

CCD = total cost of the cleanup/decontamination effort ($);

m = cleanup period (years);

r = discount rate (%).

Based upon the values previously assumed,

($1.5E+9 (1 - e 007 xI
PVCD = 1oA 0.07)

PVCD = $1.08E+9.

This cost is integrated over the term of the proposed license extension as follows:

UCD = PVCD-e r

where,

UCD = total cost of clean up/decontamination over the life of the plant.

Based upon the values previously assumed,

UCD = $1.16E+10.

Replacement Power Costs

Replacement power costs were estimated in accordance with the Regulatory
Analysis Technical Evaluation Handbook [Reference 4-12]. Since replacement
power will be needed for the time period following a severe accident, for the
remainder of the expected generating plant life, long-term power replacement
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calculations have been used. The present value of replacement power was
estimated as follows:

PVRP = ($1 .2x1 0 )( 1 -ent 2

where

PVRP =present value of the cost of replacement power for a single event;

tf = license renewal period (years); and

r = discount rate (%).

The $1.2x108 value has no intrinsic meaning but is a substitute for a string of non-
constant replacement power costs that occur over the lifetime of a "generic"
reactor after an event. This equation was developed in the Regulatory Analysis
Technical Evaluation Handbook [Reference 4-12] for discount rates between 5%
and 10% only.

Based upon the values previously assumed,

PV ($1.2x108 )(1 O - =e ($1-2x1 0 (1 -e° -7)(20)) 2 = $9.73x10 8

To account for the entire lifetime of the facility, URP was then calculated from
PVRPR as follows:

URP = (PVRP) ( e'')

where

URP = present value of the cost of replacement power over the remaining life;

t = license renewal period (years); and

r = discount rate (%).

Based upon the values previously assumed,
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U (PVRp\ -._t,2 & ($-318(-q) ) = $7.89x10-PVRP = r)(- e''t)2= $~9.73xl 0) (1 - e - 0 .07 )(20 ) 2= $78

Total On-Site Property Damage Costs

Combining the cleanup/decontamination and replacement power costs, using
delta (AF) to signify the difference in accident frequency resulting from the
proposed actions, and using the above numerical values, the best-estimate value
of averted occupational exposure can be expressed as

AOSC = AF(UCD+URP) = AF($1.16x10 +$7.89x109) = AF($1.95x10 1)

where

AF = difference in annual accident frequency resulting from the proposed
action.

For the baseline CDF, 5.03x1 04/year,

AOSC = $98,156.

The resulting monetary equivalent of $98,156 is presented in Table 4-4.

Table 4-4
Estimated Present Dollar Value Equivalent of Internal Events CDF at VYNPS

Parameter Present Dollar Value ($)

Off-site exposure costs $197,176

Off-site economic costs $226,021

On-site exposure costs $1,915

On-site economic costs $98,156

Total $523,269

4.21.5.2 Identify SAMA Candidates

Based on a review of industry documents, an initial list of SAMA candidates was identified. Since
VYNPS is a typical General Electric (GE) nuclear power reactor, considerable attention was paid
to the SAMA candidates from SAMA analyses for other GE plants. Attachment E lists the
specific documents from which SAMA candidates were initially gathered.
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In addition to SAMA candidates identified from the review of industry documents, additional
SAMA candidates were obtained from plant-specific sources, such as the VYNPS IPE and
IPEEE. In both the IPE and IPEEE, several enhancements related to severe accident insights
were recommended and implemented. These enhancements were included in the
comprehensive list of SAMA candidates and were verified to have been implemented during
preliminary screening.

The current VYNPS PSA model was used to identify plant-specific modifications for inclusion in
the comprehensive list of SAMA candidates. The risk significant terms from the PSA model were
reviewed for similar failure modes and effects that could be addressed through a potential
enhancement to the plant. The correlation between candidate SAMAs and the risk significant
terms are listed in Table E. 1-3 of Attachment E. The comprehensive list contained a total of 302
SAMA candidates. The first step in the analysis of these candidates was to eliminate the non-
viable SAMA candidates through preliminary screening.

4.21.5.3 Preliminary Screening (Phase I)

The purpose of the preliminary SAMA screening was to eliminate from further consideration
enhancements that were not viable for implementation at VYNPS. Potential SAMA candidates
were screened out if they modified features not applicable to VYNPS or if they had already been
implemented at VYNPS. In addition, where it was determined those SAMA candidates were
potentially viable but were similar in nature, they were combined to develop a more
comprehensive or plant-specific SAMA candidate.

During this process, 236 of the 302 initial SAMA candidates were eliminated, leaving 66 SAMA
candidates for further analysis. The list of original 302 SAMA candidates and applicable
screening criterion is available in on-site documentation.

4.21.5.4 Final Screening and Cost Benefit Evaluation (Phase II)

A cost/benefit analysis was performed on the remaining SAMA candidates. The method for
determining if a SAMA candidate was cost beneficial consisted of determining whether the
benefit provided by implementation of the SAMA candidate exceeded the expected cost of
implementation. The benefit was defined as the sum of the reduction in dollar equivalents for
each severe accident impact area (off-site exposure, off-site economic costs, occupational
exposure, and on-site economic costs). If the expected implementation cost exceeded the
estimated benefit, the SAMA was not considered cost-beneficial.

The result of implementation of each SAMA candidate would be a change in the severe accident
risk (i.e., a change in frequency or consequence of severe accidents). The method of calculating
the magnitude of these changes is straightforward. First, the severe accident risk after
implementation of each SAMA candidate was estimated using the same method as for the
baseline. The results of the Level 2 model were combined with the Level 3 model to calculate
these post-SAMA risks. The results of the benefit analyses for the SAMA candidates are
presented in Table E.2-1 of Attachment E.
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Each SAMA evaluation was performed in a bounding fashion. Bounding evaluations were
performed to address the generic nature of the initial SAMA concepts. Such bounding
calculations overestimate the benefit and thus are conservative calculations. For example, one
SAMA dealt with installing digital large break LOCA protection; the bounding calculation
estimated the benefit of this improvement by total elimination of risk due to large break LOCA
(see the Phase II analysis of SAMA 62 in Table E.2-1). Such a calculation obviously
overestimated the benefit, but if the inflated benefit indicated that the SAMA is not cost beneficial,
then the purpose of the analysis was satisfied.

As described above for the baseline, values for avoided public and occupational health risk were
converted to a monetary equivalent (dollars) via application of the Regulatory Analysis Technical
Evaluation Handbook fReference 4-12] conversion factor of $2,000 per person-rem and
discounted to present value. Values for avoided off-site economic costs were also discounted to
present value. The formula for calculating net value for each SAMA was

Net value =($APE + $AOC + $AOE + $AOSC) - COE

where

$APE = value of averted public exposure ($);

$AOC = value of averted off-site costs ($);

$AOE = value of averted occupational exposure ($);

$AOSC = value of averted on-site costs ($); and

COE = cost of enhancement ($).

If the net value of a SAMA was negative, the cost of the enhancement was greater than the
benefit and the SAMA was not cost-beneficial.

The SAMA analysis considered that external events (including fires and seismic events) could
lead to potentially significant risk contributions. To account for the risk contribution from external
events and uncertainties, the cost of SAMA implementation was compared with a benefit value
calculated by applying a multiplier of ten to the internal events estimated benefit. This value is
defined as an upper bound estimated benefit. This treatment accounts for the impact of external
events and uncertainty associated with the internal events.

The baseline risk contribution from external events was dominated by fire. A conservative EPRI
FIVE methodology was used for the VYNPS IPEEE fire analysis. The fire analysis was done as
a screening analysis only and not as a determination of the fire CDF at VYNPS. Since the fire
zone conditional core damage probability is calculated by failing all equipment in the fire zone, a
SAMA that reduces internal events CDF may not reduce the fire CDF for a zone. Thus the
resulting benefit value is inflated and therefore overly conservative.
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Summing the fire zone CDF values for VYNPS (Table E. 1-11) results in approximately 5.58E-05
per reactor-year, which is about a factor of eleven higher than the internal events CDF of
5.03E-06 per reactor-year. As described above, this fire CDF is only a screening value. A more
realistic fire CDF may be about a factor of three less than this value. [Reference 4-14] With a
factor of three reduction, the fire CDF is about 1.86 E-05 per year, which is slightly more than
three times higher than the internal events CDF. This would justify use of a multiplier of four to
the averted cost estimates (for internal events) to represent the additional SAMA benefits in
external events.

CDF uncertainty calculations resulted in a factor of two (Table E.1-3). Therefore, a multiplier of
eight would be reasonable to account for both external events and uncertainties.

Use of an upper bound estimated benefit is considered appropriate because of the inherent
conservatism in the external events modeling approach and conservative assumptions in benefit
modeling of individual SAMA candidates. In addition, not all potential enhancements would be
impacted by an external event. In some cases an external event would only impose partial
failure of systems or trains. Therefore, using ten times the internal events estimated benefit to
account for external events and uncertainty is conservative.

The expected cost of implementation of each SAMA (COE) was established from existing
estimates of similar modifications combined with engineering judgment. Most of the cost
estimates were developed from similar modifications considered in previous performed SAMA
and SAMDA analyses. In particular, these cost estimates were derived from the following major
sources.

* GE ABWR SAMDA Analysis

* Peach Bottom SAMA Analysis

* Quad Cities SAMA Analysis

* Dresden SAMA Analysis

* ANO-2 SAMA Analysis

A number of additional conservatisms associated with implementation were included in the cost-
benefit analysis. The cost estimates for implementing the SAMAs did not include the cost of
replacement power during extended outages required to implement the modifications, nor did
they include contingency costs associated with unforeseen implementation obstacles. Estimates
based on modifications that were implemented or estimated in the past were presented in terms
of dollar values at the time of implementation and were not adjusted to present-day dollars. In
addition, several of the implementation cost estimates were originally developed for SAMDA
analyses (i.e., during the design phase of the plant) and therefore do not capture the additional
costs associated with performing design modifications to existing plants (i.e., reduced efficiency,
minimizing dose, disposal of contaminated material, etc.).

4-56



Vermont Yankee Nuclear Power Station
Applicant's Environmental Report
Operating License Renewal Stage

Detailed cost estimates were often not required to make informed decisions regarding the
economic viability of a potential plant enhancement when compared to attainable benefit.
Implementation costs for several of the SAMA candidates were clearly in excess of the attainable
benefit estimated from a particular analysis case. For less clear cases, engineering judgment
was applied to determine if a more detailed cost estimate was necessary to formulate a
conclusion regarding the economic viability of a particular SAMA. Nonetheless, the cost of
SAMA candidates was conceptually estimated to the point where conclusions regarding the
economic viability of the proposed modification could be adequately gauged. The cost-benefit
comparison and disposition of each of the 66 Phase II SAMA candidates is presented in
Table E.2-1 of Attachment E.

4.21.5.5 Sensitivity Analyses

Two sensitivity analyses were conducted to gauge the impact of key assumptions upon the
analysis. The main factors affecting present worth are the extended plant life and the discount
rate. A description of each follows.

Sensitivity Case 1: Years Remaining until End of Plant Life

The purpose of this sensitivity case was to investigate the sensitivity of assuming a
28-year period for remaining plant life (i.e., eight years on the original plant license plus
the 20-year license renewal period). The 20-year licensing renewal period was used in
the base case. The resultant monetary equivalent for internal event was calculated by
using 28 years remaining until end of facility life to investigate the impact on each
analysis case.

Sensitivity Case 2: Conservative Discount Rate

The purpose of this sensitivity case was to investigate the sensitivity of each analysis
case to the discount rate. The discount rate of 7.0% used in the base case analyses is
conservative relative to corporate practices; nonetheless, a lower discount rate of 3.0%
was assumed in this case to investigate the impact on each analysis case.

The benefits estimated for each of these sensitivities are presented in Table E.2-2 of
Attachment E.

4.21.6 Conclusion

This analysis addressed 302 SAMA candidates for mitigating severe accident impacts. Phase I
screening eliminated 236 SAMA candidates from further consideration, based on either
inapplicability to VYNPS's design or features that had already been incorporated into VYNPS's
current design, procedures and/or programs. During the Phase II cost-benefit evaluation of the
remaining 66 SAMA candidates, an additional 63 SAMA candidates were eliminated because
their cost was expected to exceed their benefit and were therefore determined not to be cost-
beneficial.
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Three Phase 11 SAMA candidates (i.e., 47, 65 and 66), presented in Table 4-5, were found to be
potentially cost-beneficial for mitigating the consequences of a severe accident for VYNPS.

* A plant modification was recommended to install a water spray shield to protect the
ECCS train A power cabinet from an internal flooding event (SAMA candidate 47).

* A plant procedural enhancement was recommended to defeat the low-pressure
permissive signal of the core spray and LPCI injection valves for reactor pressure vessel
(RPV) injection during transients and LOCAs (SAMA candidate 65).

* A plant modification was recommended to install a key lock bypass switch on core spray
and LPCI injection valves to bypass the low pressure permissive signal for RPV injection
during transients and LOCAs (SAMA candidate 66).

These SAMA candidates do not relate to adequately managing the effects of aging during the
period of extended operation. In addition, since the SAMA analysis is conservative and is not a
complete engineering project cost-benefit analysis, it does not estimate all of the benefits or all of
the costs of a SAMA. For instance, it does not consider increases or decreases in maintenance
or operation costs following SAMA implementation. Also, it does not consider the possible
adverse consequences of procedure changes, such as additional personnel dose. Therefore,
the above potentially cost-beneficial SAMAs have been submitted for engineering project cost-
benefit analysis.

Although the procedural change and associated training recommended under SAMA candidate
65 would achieve the same benefit for transients and LOCAs as the modification recommended
under SAMA 66, implementation of SAMA candidate 66 would greatly increase the probability of
success and thus also reduce plant risk due to fire.

The sensitivity studies indicated that the results of the analysis would not change for the
conditions analyzed.
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Table 4-5
Final SAMAs

Off-Site UpperPhase II SAMA Title Result of Potential Enhancement CDF Dose Estimated Bound Estimated
SAMA ID Reduction Rdcin Benefit Estimated Cost

RedutionBenefit

047 Shield injection This SAMA would reduce risk 4.77% 4.91% $26,000 $260,000 $250,000
system electrical associated with internal flooding
equipment from events. Train A of the ECCS power
potential water spray cabinet, which provides power to

one train of low-pressure sensors,
would be impacted by flooding
initiators. These low-pressure
sensors provide a permissive signal,
which allows the core spray and
LPCI injection valves to open for
RPV injection.

Basis for Conclusion: Eliminated the CDF contribution due to internal flooding initiators that could impact injection system
electrical equipment to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA was estimated to be
$250,000 by engineering judgment.
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Table 4-5
Final SAMAs

Off-site Upper
SaMA 1 SAMA Title Result of Potential Enhancement Reduction Dose Benefit Estimated B Cost

Redu t~onBenefit

065 Improve operator This SAMA would reduce the core 25.84% 27.51% $142,000 $1,420,000 $50,000
action: Defeat the damage frequency contribution from
low reactor pressure the transients with stuck open SRVs
interlocks to open and from LOCAs. Core spray and
LPCI or core spray LPCI injection valves require a low
injection valves pressure permissive signal from the
during the transients same two sensors to open the
with stuck open valves for RPV injection.
Safety Relief Valves
(SRVs) or LOCAs in
which random
failures prevent all
low pressure injection
valves from opening

Basis for Conclusion: The probability of the ECCS low pressure permissives failing was eliminated to conservatively assess the
benefit of this SAMA on CDF. The cost of implementing this SAMA was estimated to be $50,000 by engineering judgment.
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Table 4-5

Final SAMAs

Off-site Upper
|PhasM I SAMA Title Result of Potential Enhancement Reduction Dose Beneft Estimated Costi|

Redu tionBenefit

066 Install a bypass This SAMA would reduce the core 25.84% 27.51% $142,000 $1,420,000 $1,000,000
switch to bypass the damage frequency contribution from
low reactor pressure the transients with stuck open SRVs
interlocks of LPCI or and from LOCAs. Core spray and
core spray injection LPCI injection valves require a low
valves pressure permissive signal from the

same two sensors to open the
valves for RPV injection.

Basis for Conclusion: The probability of the ECCS low pressure permissives failing was eliminated to conservatively assess the
benefit of this SAMA on CDF. The cost of implementing this SAMA at Dresden was estimated to be $1 million.
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4.22 Environmental Justice

4.22.1 Description of Issue

Environmental Justice

4.22.2 Finding from Table B-1, Appendix B to Subpart A

"The need for and the content of an analysis of environmental justice will be addressed in plant-
specific reviews."

4.22.3 Requirement

Other than the above referenced finding, there is no requirement concerning environmental
justice in 10 CFR 51.

4.22.4 Background

The following background information is from Regulatory Guide 4.2.

Environmental justice was not reviewed in NUREG-1437. Executive Order 12898, "Federal
Actions To Address Environmental Justice in Minority Populations and Low-income Populations,"
issued on February 11, 1994, is designed to focus the attention of Federal agencies on the
human health and environmental conditions in minority and low-income communities. The NRC
Office of Nuclear Reactor Regulation is guided in its consideration of environmental justice by
Attachment 4, "NRR Procedures for Environmental Justice Reviews," to NRR Office Instruction
No. LIC-203, Revision 1, "Procedural Guidance for Preparing Environmental Assessments and
Considering Environmental Issues," May 24, 2004. NRR Office Instruction No. LIC-203 is
revised periodically. The environmental justice review involves identifying off-site environmental
impacts, their geographic locations, minority and low-income populations that may be affected,
the significance of such effects, and whether they are disproportionately high and adverse
compared to the population at large within the geographic area, and if so, what mitigative
measures are available and which will be implemented. The NRC staff will perform the
environmental justice review to determine whether there will be disproportionately high human
heath and environmental effects on minority and low-income populations and report the review in
its SEIS. The staff's review will be based on information provided in the ER and developed
during the staff's site-specific scoping process.

The NRC's Office of Nuclear Reactor Regulation Office Instruction No. LIC-203, Revision 1
[Reference 4-15] contains a procedure for incorporating environmental justice into the licensing
process. Entergy used this process in conducting the review and analysis of this issue.

4.22.5 Analysis

The consideration of environmental justice is required to assure that federal programs and
activities will not have "disproportionately high and adverse human health or environmental
effects.. .on minority populations and low income populations..." Entergy's analyses of the
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Category 2 issues defined in 10CFR51.53(c)(3)(ii) determined that the environmental impacts of
renewing the VYNPS license are small. Thus, no high and adverse impact on minority or low-
income populations would occur from the proposed action. As a note, if replacement of the
electricity generated by VYNPS with fossil-fuel sources was considered as an alternative to the
proposed action, the environmental justice ramifications of that alternative's air emissions and
other environmental impacts would need to be considered. Based on the review of these issues,
no review for environmental justice is necessary. However, Entergy presents environmental
justice demographic information in Section 2.6.2 of this ER to assist the NRC in its review.

4.22.6 Conclusion

As part of its environmental assessment of this proposed action, Entergy has determined that the
environmental impacts of renewing the VYNPS license are small. This conclusion is supported
by the review performed of the Category 2 issues defined in 10 CFR 51.53(c)(3)(ii) presented in
this ER.

Because all impacts are small, and because there are few low income or minority populations in
the environmental impact area and or in close proximity to the plant, there can be no
disproportionately high and adverse impacts or effects on members of the public, including
minority and low-income populations, resulting from the renewal of the VYNPS license.
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5.0 ASSESSMENT OF NEW AND SIGNIFICANT INFORMATION

"The environmental report must contain any new and significant information regarding the
environmental impacts of license renewal of which the applicant is aware."
[10 CFR 51.53(c)(3)(iv)]

The NRC has resolved most license renewal environmental issues generically and only requires
an applicant to analyze those issues the NRC has not resolved generically. While NRC
regulations do not require an applicant's environmental report to contain analyses of the impacts
of those environmental issues that have been generically resolved [10 CFR 51.53(c)(3)(i)J, the
regulations do require that an applicant identify any new and significant information of which the
applicant is aware [10 CFR 51.53(c)(3)(iv)].

Entergy implemented a process to identify the following:

* information that identifies a significant environmental issue not covered in NRC's GEIS
and codified in the regulation, or

* information not covered in the GEIS analyses that lead to an impact finding different from
that codified in the regulation.

The term "significant" is not specifically defined by the NRC. For its review, Entergy used
guidance available in Council on Environmental Quality regulations. The NEPA authorizes CEQ
to establish implementing regulations for federal agency use. NRC requires license renewal
applicants to provide NRC with input, in the form of an environmental report, that NRC will use to
meet NEPA requirements as they apply to license renewal [10 CFR 51.101.

CEQ guidance provides that federal agencies should prepare environmental impact statements
for actions that would significantly affect the environment [40CFR1 502.3], focus on significant
environmental issues [40CFR1502.1], and eliminate from detailed study issues that are not
significant [40CFR1 501.7(a)(3)]. The CEQ guidance includes a lengthy definition of
"significantly" that requires consideration of the context of the action and the intensity or severity
of the impact(s) [40CFR1 508.27]. Entergy expects that MODERATE or LARGE impacts, as
defined by NRC, would be significant. Section 4.0 presents the NRC definitions of MODERATE
and LARGE impacts.

Entergy reviewed SEISs associated with other license renewal applications to determine if there
were new issues identified for those plants that may be applicable to VYNPS. In addition, some
regulatory agencies were consulted regarding new and significant information. Furthermore,
Entergy has an ongoing assessment process for identifying and evaluating new and significant
information that may affect programs at the Entergy nuclear sites, including those related to
license renewal matters.

This process is directed in a joint effort by the nuclear corporate support group and
environmental focus group members composed of technical personnel from the Entergy Nuclear
South and Entergy Nuclear Northeast sites. A summary of this process follows.
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* Issues relative to environmental matters are identified as follows:

* participation in industry utility groups (i.e., EEI, EPRI, NEI and USWAG);

* participation in non-utility groups (i.e., Institute of Hazardous Materials
Management and National Registry of Environmental Professionals);

* periodic reviews of proposed regulatory changes; and

* Entergy Nuclear environmental focus group meetings.

* If the issue is applicable to the nuclear sites, it is then further evaluated by the nuclear
corporate support group and environmental focus group that consist of technical
personnel involved in environmental compliance, environmental monitoring,
environmental planning, natural resource management, and health and safety issues.
Necessary changes are made to the program and implemented in accordance with site
and corporate procedures.

Additional actions incorporated into this assessment process specifically for VYNPS license
renewal include the following:

* review of documents related to environmental issues at VYNPS;

* review of internal procedures for reporting to the NRC events that could have
environmental impacts; and

* credit for the oversight provided by inspections of plant facilities by state and federal
regulatory agencies.

As a result of this assessment, Entergy is aware of no new and significant information regarding
the environmental impacts of VYNPS license renewal.
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6.0 SUMMARY OF LICENSE RENEWAL IMPACTS AND MITIGATING ACTIONS

6.1 License Renewal Imoacts

Entergy has reviewed the environmental impacts of renewing the VYNPS operating license and
has concluded that all impacts would be SMALL and would not require mitigation. This
environmental report documents the basis for Entergy's conclusion. Section 4 incorporates by
reference NRC findings for the 52 Category 1 issues that apply to VYNPS (and for the 2 "NA"
issues for which NRC came to no generic conclusion), all of which have impacts that are SMALL.
The remainder of Section 4 analyzes Category 2 issues, all of which are either not applicable or
have impacts that would be SMALL. Table 6-1 identifies the impacts that VYNPS license
renewal would have on resources associated with Category 2 issues.

6.2 Mitigation

6.2.1 Requirement [10 CFR 51.45(c)]

The report must contain a consideration of alternatives for reducing adverse impacts, as required
by §51.45(c), for all Category 2 license renewal issues in Appendix B to subpart A of this part. No
such consideration is required of Category 1 issues in Appendix B to subpart A of this part. [10
CFR 51.53 (c)(3)(iii)]

6.2.2 Entergy Response

As discussed in Supplement I to Regulatory Guide 4.2, "Preparation of Supplemental
Environmental Reports for Applications to Renew Nuclear Power Plant Operating Licenses,"
when adverse environmental effects are identified, 10 CFR 51.45(c) requires consideration of
alternatives available to reduce or avoid these adverse effects. Furthermore, Regulatory Guide
4.2 states, "Mitigation alternatives are to be considered no matter how small the adverse impact;
however, the extent of the consideration should be proportional to the significance of the impact."
[Reference 6-2]

As described in Section 6.1 and shown in Table 6-1, analysis of the Category 2 issues found the
impacts to be small for the applicable issues. For these issues, the current permits, practices,
and programs that mitigate the environmental impacts of plant operations are adequate. This ER
finds that no additional mitigation measures are sufficiently beneficial as to be warranted.
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Table 6-1
Environmental Impacts Related to License Renewal at VYNPS

Issue I Environmental Impact

Surface Water Quality, Hydrology and Use (for All Plants)

Water use conflicts (plants with SMALL. VYNPS's current cooling water makeup is a very small
cooling ponds or cooling towers percentage (0.1%) of the average daily flow through Vernon Dam.
using make-up water from a small Water withdrawal has caused no water availability concerns for the
river with low flow) river, conflicts with other off-stream users, or adverse impacts on
10 CFR 51.53(c)(3) (ii)(A) riparian or in-stream ecological communities. Consideration of

mitigation is not required.

Aquatic Ecology (for All Plants with Once-Through and Cooling Pond Heat Dissipation Systems)

Entrainment of fish and shellfish SMALL. Annual studies on potential impact of cooling water
10 CFR 51.53(c)(3)(ii)(B) withdrawals from Vernon Pool on indigenous communities of fish in

Vernon Pool have shown no adverse impact. Consideration of
mitigation is not required.

Impingement of fish and shellfish SMALL. Annual studies on potential impact of cooling water
10 CFR 51.53(c)(3)(ii)(B) withdrawals from Vernon Pool on indigenous communities of fish in

Vernon Pool have shown no adverse impact. Consideration of
mitigation is not required.

Heat shock SMALL. Studies on potential impact of cooling water discharges on
10 CFR 51.53(c)(3)(ii)(B) aquatic biota have shown no adverse impact. Consideration of

mitigation is not required.

Groundwater Use and Quality

Groundwater use conflicts (plants SMALL. VYNPS groundwater pump rate from all onsite potable
using >100 gpm of ground-water) wells is 8.54 gpm based on measured water usage during 2002 and
10 CFR 51.53(c)(3)(ii)(C) 2003. Estimate of groundwater demand needed for 1,700

employees during a refueling outage was 35.4 gpm. Consideration
of mitigation is not required.

Groundwater use conflicts (plants SMALL. VYNPS's current cooling water makeup is a very small
using cooling towers withdrawing percentage (0.1%) of the average daily flow through Vernon Dam
make-up water from a small river) and does not affect river or aquifer elevation, or aquifer recharge
10 CFR 51.53(c)(3)(ii)(A) rates. Water withdrawal has caused no water availability concerns

for the river or conflicts with other off-stream users. Consideration
of mitigation is not required.

Groundwater use conflicts NONE. VYNPS does not use Ranney wells. Consideration of
(Ranney Wells) mitigation is not required.
10 CFR 51.53(c)(3)(ii)(C)

Degradation of groundwater NONE. VYNPS does not use cooling ponds. Consideration of
quality 10 CFR 51.53(c)(3)(ii)(D) mitigation is not required.

6-2



Vermont Yankee Nuclear Power Station
Applicant's Environmental Report

Operating License Renewal Stage

Table 6-1
Environmental Impacts Related to License Renewal at VYNPS

(Continued)

Issue Environmental Impact

Terrestrial Resources

Refurbishment impacts on NONE. No major refurbishment activities identified. Consideration
terrestrial resources of mitigation is not required.
10 CFR 51.53(c)(3)(ii)(E)

Threatened or Endangered Species (for All Plants)

Threatened or endangered SMALL. No major refurbishment activities identified. No
species threatened or endangered species impacted by continued
10 CFR 51.53(c)(3)(ii)(E) operations of VYNPS. Consideration of mitigation is not required.

Air Quality

Air quality during refurbishment NONE. No major refurbishment activities identified. Consideration
10 CFR 51.53(c)(3)(ii)(F) of mitigation is not required.

Human Health

Microbiological (Thermophilic) SMALL. Contact recreation on the Connecticut River is uncommon
Organisms and there are no public swimming areas occurring on the river
10 CFR 51.53(c)(3)(ii)(G) between Brattleboro and Vernon. Potential for exposure is

extremely low. Consideration of mitigation is not required.

Electromagnetic fields - Acute SMALL. Transmission lines from plant to switchyards are in
effects conformance with NESC criteria. Transmission lines exiting the
10 CFR 51 .53(c)(3)(ii)(H) switchyards were constructed for the New England power grid and

are not owned by Entergy. Consideration of mitigation is not
warranted.

Socioeconomics

Housing impacts SMALL. No major refurbishment activities identified. Entergy does
10 CFR 51.53(c)(3)(ii)(1) not anticipate an increase in employment during period of extended

operation. Therefore, there no additional impacts to housing are
expected due to continued operations of VYNPS. Consideration of
mitigation is not required.

Public utilities: public water supply SMALL. No major refurbishment activities identified and no
availability additional workers anticipated during the period of extended
10 CFR 51 .53(c)(3)(ii)(I) operation. Public water systems near VYNPS have adequate

system capacity to meet demand of residential and industrial
customers in the area. Consideration of mitigation is not required.
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Table 6-1
Environmental Impacts Related to License Renewal at VYNPS

(Continued)

Issue Environmental Impact

Education impacts from NONE. No major refurbishment activities identified. Consideration
refurbishment of mitigation is not required.
10 CFR 51.53(c)(3)(ii)(1)

Offsite land use (effects of NONE. No major refurbishment activities identified. Consideration
refurbishment activities) of mitigation is not required.
10 CFR 51.53(c)(3)(ii)(1)

Offsite land use (effects of license SMALL. Area around VYNPS has pre-established land patterns of
renewal) development and has public services and regulatory controls in
10 CFR 51.53(c)(3)(ii)(I) place to support and guide development. No additional workers

anticipated during the period of extended operation. Consideration
of mitigation is not required.

Local transportation impacts SMALL. No major refurbishment activities identified and no
10 CFR 51.53(c)(3)(ii)(J) increases in total number of employees during the period of

extended operation. Consideration of mitigation is not required.

Historic and archaeological SMALL. No major refurbishment activities identified and no
properties archaeologically and historically sensitive areas present on-site.
10 CFR 51.53(c)(3)(ii)(K) Consideration of mitigation is not required.

Postulated Accidents

Severe accident mitigation SMALL. No impact from continued operation. Potentially cost-
altematives effective SAMAs are not related to adequately managing the effects
10 CFR 51.53(c)(3)(ii)(L) of aging during period of extended operation. Consideration of

mitigation is not required.
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6.3 Unavoidable Adverse Impacts

6.3.1 Requirement [10 CFR 51.45(b)(2)]

The applicant's report shall discuss any adverse environmental effects which cannot be avoided
upon implementation of the proposed project.

6.3.2 Entergy Response

Section 4 contains the results of Entergy's review and the analyses of the Category 2 issues as
required by 10 CFR 51.53(c)(3)(ii). These reviews take into account the information that has
been provided in the GEIS, Appendix B to Subpart A of 10 CFR 51, and information specific to
VYNPS.

This review and analysis did not identify any significant adverse environmental impacts
associated with the continued operation of VYNPS. The evaluation of structures and
components required by 10 CFR 54.21 has been completed. No plant refurbishment activities,
outside the bounds of normal plant component replacement and inspections, have been
identified to support continued operation of VYNPS beyond the end of the existing operating
license. As a result of these reviews and analyses, Entergy is not aware of significant adverse
environmental effects that cannot be avoided upon implementation of the proposed project.

6.4 Irreversible or Irretrievable Resource Commitments

6.4.1 Requirement [§51.45(b)(5)]

The applicant's report shall discuss any irreversible and irretrievable commitments of resources
which would be involved in the proposed action should it be implemented.

6.4.2 Entergy Response

The continued operation of VYNPS for the period of extended operation will result in irreversible
and irretrievable resource commitments, including the following:

* nuclear fuel, which is consumed in the reactor and converted to radioactive waste;

* the land required to dispose of spent nuclear fuel, low-level radioactive wastes generated
as a result of plant operations, and sanitary wastes generated from normal industrial
operations;

* elemental materials that will become radioactive; and

* materials used for the normal industrial operations of VYNPS that cannot be recovered or
recycled or that are consumed or reduced to unrecoverable forms.
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Other than the above, there are no major refurbishment activities or changes in operation of
VYNPS during the period of extended operation that would irreversibly or irretrievably commit
environmental components of land, water and air.

6.5 Short-term Use Versus Long-term Productivity

6.5.1 Requirement [10 CFR 51.45(b)(4)]

The applicant's report shall discuss the relationship between local short-term uses of man's
environment and the maintenance and enhancement of long-term productivity.

6.5.2 Entergy Response

The Final Environmental Statement (FES) Related to Operation of Vermont Yankee Nuclear
Power Station evaluated the relationship between the short-term uses of the environment and
the maintenance and enhancement of the long-term productivity associated with the construction
and operation of VYNPS [Reference 6-1, Section Vill]. The period of extended operation will not
change the short-term uses of the environment from the uses previously evaluated in the FES.
The period of extended operation will postpone the availability of the site resources (land, air,
water). However, extending operations will not adversely affect the long-term uses of the site.

There are no major refurbishment activities or changes in operation of VYNPS planned for the
period of extended operation that would alter the evaluation of the FES for the relationship
between local short-term uses of man's environment and the maintenance and enhancement of
long-term productivity of these resources.

6.6 References

6-1 AEC (U. S. Atomic Energy Commission). 1972. Final Environmental Statement Related
to Operation of Vermont Yankee Nuclear Power Station, Vermont Yankee Nuclear
Power Corporation, Docket No. 50-271, Unites States Atomic Energy Commission,
Directorate of Licensing, July 1972.

6-2 NRC (U. S. Nuclear Regulatory Commission). 2000. Supplement 1 to Regulatory Guide
4.2, Preparation of Supplemental Environmental Reports for Applications to Renew
Nuclear Power Plant Operating Licenses, September 2000.

6-6



Vermont Yankee Nuclear Power Station
Applicant's Environmental Report

Operating License Renewal Stage

7.0 ALTERNATIVES CONSIDERED

7.1 Introduction

NRC regulations require that an applicant's environmental report discuss alternatives to a
proposed action [10 CFR 51 .45(b)(3)]. The intent of this review is to enable the Commission to
consider the relative environmental consequences of the proposed action as compared to the
environmental consequences of other activities that also meet the purpose of the proposed
action. In addition, this review addresses the environmental consequences of taking no action
[Reference 7-1, Section 8.2]. For license renewal, there are only two alternatives that meet the
purpose of the requirement: not renew the operating license or renew the operating license. The
alternatives are discussed below.

7.2 Proposed Action

VYNPS will have a rating of approximately 650 gross MWe after the power uprate. The average
capacity factor of VYNPS for the last three years was 90.4%. The proposed action is to renew
the operating license for VYNPS, which would provide the opportunity for Entergy to continue to
operate VYNPS through the period of extended operation.

The review of the environmental impacts required by 10 CFR 51.53(c)(3)(ii) is provided in
Section 4 of this ER. Based on this review, Entergy concludes that the environmental impacts of
extended VYNPS operation would be small.

7.3 No-Action Alternative

The "no-action alternative" to the proposed action is not to renew the operating license for
VYNPS. In this alternative, it is expected that VYNPS will continue to operate up to the end of
the existing operating license, at which time plant operation would cease and decommissioning
would begin. Because VYNPS constitutes a significant block of long-term base load capacity, it
is reasonable to assume that a decision not to renew the VYNPS licenses would necessitate the
replacement of its approximately 650 gross MWe with other sources of generation. The
environmental impacts of the no-action alternative would be

* the environmental impacts from decommissioning the VYNPS unit, and

* the environmental impacts from a replacement power source.

Environmental impacts associated with decommissioning are discussed in Section 7.4. The
environmental impacts associated with a replacement power source would be the impacts from
the construction and operation of a source of replacement power at a new location (greenfield) or
at the VYNPS site (brownfield). The environmental impacts of these various types of
replacement power are discussed in Section 8.
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7.4 Decommissioning Impacts

A nuclear power plant licensee is required to submit decommissioning plans within two years
following permanent cessation of operation of a unit or at least five years before expiration of the
operating license, whichever occurs first, pursuant to the requirements of 10 CFR 50.54(b).

The GEIS defines decommissioning as the safe removal of a nuclear facility from service and the
reduction of residual radioactivity to a level that permits release of the property for unrestricted
use and termination of the license [Reference 7-1, Section 7.1]. NRC-evaluated
decommissioning options include immediate decontamination and dismantlement (DECON), and
safe storage of the stabilized and defueled facility (SAFSTOR) for a period of time, followed by
decontamination and dismantlement.

Regardless of the option chosen, decommissioning must be completed within a 60-year period.
Under the no-action alternative, Entergy would continue operating VYNPS until the current
license expires, then initiate decommissioning activities in accordance with NRC requirements.
The GEIS describes decommissioning activities based on an evaluation of an example reactor
(the 'reference" boiling-water reactor is the 1,155 MWe Washington Public Power Supply
System's Columbia Nuclear Power Plant). This is a substantially larger plant than VYNPS and
therefore bounds decommissioning activities that Entergy would conduct at VYNPS.

As the GEIS notes, NRC has evaluated environmental impacts from decommissioning. NRC-
evaluated impacts include occupational and public radiation dose; impacts of waste
management; impacts to air and water quality; and ecological, economic, and socioeconomic
impacts. NRC indicated in Section 4.3.8 of the Final Generic Environmental Impact Statement
on Decommissioning of Nuclear Facilities [Reference 7-2] that the environmental effects of
greatest concern (i.e., radiation dose and releases to the environment) are substantially less than
the same effects resulting from reactor operations. Entergy adopts by reference the NRC
conclusions regarding environmental impacts of decommissioning.

Entergy notes that decommissioning activities and their impacts are not discriminators between
the proposed action and the no-action alternative. Entergy will have to decommission VYNPS;
license renewal would only postpone decommissioning for 20 years. NRC has established in the
GEIS that the timing of decommissioning operations does not substantially influence their
environmental impacts. Entergy adopts by reference the NRC findings (10 CFR 51 Appendix B,
Table B-1, Decommissioning) to the effect that delaying decommissioning until after the renewal
term would have small environmental impacts.

Entergy concludes that the decommissioning impacts under the no-action alternative would not
be substantially different from those occurring following license renewal, as identified in the GEIS
[Reference 7-1, Section 8.4] and in the decommissioning generic environmental impact
statement [Reference 7-2, Section 6.0]. These impacts would be temporary and would occur at
the same time as the impacts from meeting system generating needs.
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7.5 Alternative Enerav Sources

Nuclear power plants are commonly used for base-load generation. The GEIS states that coal-
fired and gas-fired generation capacity are the feasible alternatives to nuclear power generating
capacity, based on current (and expected) technological and cost factors. The following
generation alternatives were considered in detail in this ER.

* Coal-fired generation at an alternate site (Section 8.1.1). Entergy did not consider coal-
fired generation at the VYNPS site since it was concluded that there was not enough land
to build a coal-fired unit and a coal yard. Based on Table 8.1 of the GEIS, it would take
approximately 1.7 acres of land per MWe to construct a coal-fired plant. VYNPS is
situated on 125 acres. Therefore, for the hypothetical 620 gross MWe coal-fired unit
discussed in Section 8.1.1, it would take approximately 1,054 acres of land.

* Natural gas-fired generation at the VYNPS site and at an alternate site (Section 8.1.2)

* Nuclear generation at an alternate site (Section 8.1.3). Entergy did not consider nuclear
generation at the VYNPS site since it was concluded that there was not enough land to
build a nuclear unit. Based on Table 8.1 of the GEIS, it would take approximately 0.5 to
1.0 acres of land per MWe to construct a nuclear plant. VYNPS is situated on 125 acres.
Therefore, for the hypothetical 650 MWe nuclear plant discussed in Section 8.1.3, it
would take approximately 325 to 350 acres of land.

Entergy's experience indicates that, although customized unit sizes can be built, using
standardized sizes is more economical. For example, a standard sized gas-fired combined cycle
plant has a net capacity of 585 MWe. The plant consists of two 189-MWe gas turbines and
207 MWe of heat recovery capacity. For comparability, Entergy set the net power of the
hypothetical coal-fired unit equal to the hypothetical gas-fired plant (585 MWe). Although both
provide less capacity than VYNPS (650 MWe), this ensures against overestimating
environmental impacts from the alternatives. The shortfall in capacity could be replaced by other
methods.

These alternatives are presented (Sections 8.1.1, 8.1.2 and 8.1.3, respectively) as if such plants
were constructed at the VYNPS site (natural gas-fired only), using the existing water intake and
discharge structures, switchyard, and transmission lines, or at an alternate location that could be
either a current industrial site or an undisturbed, pristine site requiring a new generating building
and facilities, new switchyard, and at least some new transmission lines. In this ER, a
"greenfield" site is assumed to be an undisturbed, pristine site.

Depending on the location of an alternative site, it might also be necessary to connect to the
nearest gas pipeline (in the case of natural gas) or rail line (in the case of coal). The requirement
for these additional facilities may increase the environmental impacts relative to those that would
be experienced at the VYNPS site.
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The potential for using imported power is discussed in Section 8.1.4. Imported power is
considered feasible, but would result in the transfer of environmental impacts from the current
region in Vermont to some other location in Vermont, another state, or Canadian province. In
addition, there is no assurance that the capacity or energy would be available.

As stated in NUREG-1437, Vol.1, Section 8.1, the "NRC has determined that a reasonable set of
alternatives should be limited to analysis of single, discrete electric generation sources and only
electric generation sources that are technically feasible and commercially viable"
[Reference 7-1]. Accordingly, the following alternatives were not considered as reasonable
replacement power.

* wind
* solar
* hydropower
* geothermal
* wood energy
* municipal solid waste
* other biomass-derived fuels
* oil
* fuel cells
* delayed retirement
* utility-sponsored conservation
* combination of alternatives

These technologies were eliminated as possible replacement power alternatives for one or more
of the following reasons.

• High land-use impacts - Some of the technologies listed above (wind, solar, hydroelectric)
would require a large area of land and would thus require a greenfield siting plan. This
would result in a greater environmental impact than continued operation of VYNPS.

* Low capacity factors - Some of the technologies identified above (wind, solar and
hydroelectric) are not capable of producing the nearly 650 gross MWe of power at high
capacity factors. These generation technologies are used as peaking power sources, as
opposed to base-load power sources, and for this reason are not reasonable alternatives.

* Geographic availability of the resource - Some of the technologies are not feasible
because there is no feasible location in the area served by VYNPS.

* Emerging technology - Some of the technologies has not been proven as reliable and
cost effective replacements of a large generation facility. Therefore, these technologies
are typically used with smaller (lower MWe) generation facilities.

* Availability - There is no assurance of the availability of imported power.
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7.6 References

7-1 NRC (U. S. Nuclear Regulatory Commission). 1996. NUREG-1437, Generic
Environmental Statement for License Renewal of Nuclear Power Plants, Final Report,
May 1996.

7-2 NRC (U. S. Nuclear Regulatory Commission). 2002. NUREG-0586 Supplement 1, Final
Generic Environmental Impact Statement on Decommissioning of Nuclear Facilities
Supplement 1, Regarding the Decommissioning of Nuclear Power Reactors,
Washington, DC, August 2002.
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8.0 COMPARISON OF IMPACTS

The following key assumptions have been made in the review of alternative energy sources.
These key assumptions are intended to simplify the evaluation, yet still allow the no-action
alternative review to meet the intent of NEPA requirements and NRC environmental regulations.

* The goal of the proposed action (license renewal) is the production of approximately 650
gross MWe base-load generation. Alternatives that do not meet the goal are not
considered in detail.

* The shortfall in capacity of the hypothetical coal-fired and gas-fired units could be
replaced by other methods.

* The environmental impacts from the 1,000 MWe nuclear reactor would need to be
adjusted to reflect replacement of VYNPS, which has a capacity of 650 gross MWe.

* The time frame for the needed generation is 2012 through 2032.

* Purchased power is not considered a reasonable alternative because it merely shifts the
need for new base load capacity to a different region and there is no assurance that the
capacity or energy would be available. See Section 8.1.4.

* The average capacity factor of VYNPS for the last three years was 90.4%. The capacity
factor is targeted to remain at or near this value throughout the plant's operating life.

8.1 Comoarison of Environmental Impacts for Reasonable Alternatives

As stated in the GEIS, the "NRC has determined that a reasonable set of alternatives should be
limited to analysis of single, discrete electric generation sources and only electric generation
sources that are technically feasible and commercially viable" [Reference 8-11, Section 8.11.
Below is a discussion of the supply side alternative energy technologies that Entergy could utilize
if the license for VYNPS is not renewed. These alternatives are within the range of alternatives
capable of meeting the goal of approximately 650 gross MWe base-load generation
(replacement power for VYNPS).

Conventional coal-fired, oil and natural gas-fired combined cycle and advanced light water
reactor are currently available conventional base-load technologies considered to replace
VYNPS generation upon its termination of operation. These sources are considered viable
alternatives based upon current Entergy planning strategies.

The environmental impacts discussed in this chapter are for the construction and operation of
these generation facilities. Impacts are evaluated for a greenfield case (building on a new,
pristine condition site) and a brownfield case (constructing new generation on the existing
VYNPS site, with exception of coal-fired and advanced light water reactor units).
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The continued operation of VYNPS for the period of extended operation would result in less
environmental impact than that of the replacement power that could be obtained from other
reasonable generating sources, as described below.

8.1.1 Coal-Fired Generation

NRC has evaluated coal-fired generation alternatives in each of the plant-specific Supplements
to the GEIS. For the Oconee boiling-water reactors, NRC analyzed 2,500 MWe of coal-fired
generation capacity [Reference 8-12, Section 8.2.1]. Entergy has reviewed the NRC analysis,
believes it to be sound, and notes that it analyzed substantially more generating capacity than
the VYNPS 650 gross MWe discussed in this analysis. In defining the VYNPS coal-fired
alternative, Entergy has used site-specific input and has scaled from the NRC analysis, where
appropriate.

Tables 8-1 through 8-3 present the basic coal-fired alternative emission control characteristics,
emission estimates and waste generation volumes. Entergy based its emission control
technology and percent control assumptions on alternatives that the EPA has identified as being
available for minimizing emissions [Reference 8-6]. For the purposes of analysis, Entergy
assumed that coal and lime (calcium hydroxide) would be delivered by barge to a newly-
constructed receiving dock on site.

The coal-fired alternative that Entergy has defined would be located at an alternative site.
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Table 8-1
Coal-Fired Alternative Emission Control Characteristics

Characteristic

Unit size = 585 MW ISO rating netl

Unit size = 620 MW ISO rating gross1

Number of units = 1

Boiler type = tangentially fired, dry-bottom

Fuel type = bituminous, pulverized coal

Fuel heating value = 12,464 Btu/lb

Fuel ash content by weight = 8.2%

Fuel sulfur content by weight = 0.69%

Uncontrolled NOx emission = 10 lb/ton
Uncontrolled CO emission = 0.5 lb/ton

Heat rate = 10,200 Btu/kWh

Capacity factor = 0.85

NOx control = low NOx burners, overfire air and
selective catalytic reduction (95% reduction)

Particulate control = fabric filters (baghouse -
99.9% removal efficiency)

SOx control = Wet scrubber - lime
(95% removal efficiency)

Btu = British thermal unit
ISO rating = International Standards

Organization rating at standard
atmospheric conditions of 590F, 60%
relative humidity, and 14.696 pounds of
atmospheric pressure per square inch

kWh = kilowatt-hour

Basis

Calculated to be <VYNPS gross capacity (650 MW)

Calculated based on 6% onsite power use

Minimizes nitrogen oxide emissions
[Reference 8-6, Table 1.1-3]

Typical for coal used in Massachusetts

2000 value for coal used in Massachusetts
[Reference 8-5, Table 25]

2000 value for coal used in Massachusetts
[Reference 8-5, Table 251

2000 value for coal used in Massachusetts
[Reference 8-5, Table 25]

Typical for pulverized coal, tangentially fired, dry-
bottom, NSPS [Reference 8-6, Table 1.1-3]

Typical for coal-fired, single-cycle steam turbines
[Reference 8-5, page 110]

Typical for newer large coal-fired units

Best available and widely demonstrated for minimizing
NOx emissions [Reference 8-6, Table 1.1-2]

Best available for minimizing particulate emissions
[Reference 8-6, pp. 1.1-6 and -71

Best available for minimizing SOx emissions
[Reference 8-6, Table 1.1-1]

NSPS = New Source Performance Standard
lb = pound
MW = megawatt
NOX = nitrogen oxides

SOx = oxides of sulfur
< = less than

-

1. The difference between "net" and "gross" is electricity consumed by auxiliary equipment and
environmental control devices [Reference 8-5, page 109].
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Table 8-2
Air Emissions from Coal-Fired Alternative

Parameter Calculation Result

Annual coal 620MW 10, 200Btu 1,__kW_ x lb 24hr 365day ton 1,888,980
consumption unit kw x hr MW 12, 464Btu x day x yr 2,0001 *b tons of coal

per year

SO ab 1, 888, 980tons 38 x 0.691b ton 100-95 1,238 tons
yr ton 2,0001b 100 Sox per

year

NoXbc 1, 888,980tons 101b ton 100- 95 472 tons
yr ton 2, 0001bx 100 NOx per

year

Cob 1, 888, 980tons 0.51b ton 472 tons
yr ton 2,xO0lb CO per

year

TSP 1,888,980tons 10 x 8.21b ton 100 - 99.9 77 tons
yr ton "2,0001b 100 TSP per

year

PM10d 1, 888,980tons 2.3x8.21b ton 100-99.9 18 tons
yr ton 2,0001b 100 PM10 per

year

a. Reference 8-6, Table 1.1-1.

b. Reference 8-6, Table 1.1-3.

c. Reference 8-6, Table 1.1-2.

d. Reference 8-6, Table 1.1-4.

CO = carbon monoxide

NOX = nitrogen oxides

PM 10 = particulates having diameter less than 10 microns

SOx = oxides of sulfur

TSP = total suspended particulates
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Table 8-3
Solid Waste from Coal-Fired Alternative

Parameter Calculation Result

Annual SO, 1,888,980 tons coal 0.69 tons 64.1 tons SO2 26,027 tons of SO, per
generateda yr 100 tons coal 32.1 tons S year

Annual SO, 26,027 tons S02 95 24,726 tons of SO, per
removed yr 100 year

Annual ash 1,888,980 tons coal 8.2 tons ash 99.9 154,741 tons of ash per
generated yr 100 tons coal 100 year

Annual lime 26,027 tons S02 56.1 tons CaO 22,779 tons of CaO per
consumptionb yr 64.1 tons S2 year

Calcium sulfateC 24,726 tons S02 172 tons Ca SO4 a 2H20 66,347 tons of
yr 64.1 tons S02 CaSO 4-2H2O per year

Annual scrubber 22,779 tons CaO 100 95+66347 tons Ca SO * 2H67,486 tons of scrubber
wasted yr 100 wseprya

Total volume of 67,486 tons 2,000 lb ft3  37,285,083 ft3 of
scrubberwaste 6 yr x 40 yr x ton x 144.8 lb scrubber waste

Total volume of 154,741 tons x 40 yr x 2,000 bl ft3  123,792,800 ft3 of ash
ashf 40 ton 100 lb

Total volume of 37,285,083ft3 + 123,792,800 ft3 161,077,883 f03 of solid
solid waste waste

Waste pile area 161,077,883 fl3  acre 123.3 acres of solid
(acres) 30 ft 43,560 fl2 waste

Waste pile area 3 2,317 feet by feet square
(ft x ft square) J161,077,883 ft /30 ft of solid waste

Based on annual coal consumption of 1,888,980 tons per year (Table 8-2).
a. Calculations assume 100% combustion of coal.
b. Lime consumption is based on total SO2 generated.
c. Calcium sulfate generation is based on total SO2 removed.
d. Total scrubber waste indudes scrubbing media carryover.
e. Density of CaSO4 -2H2O is 144.8 bIU3.
f. Density of coal bottom ash is 100 lb/ft3 [Reference 8-8].

S = sulfur
S02 = sulfur dioxide
SO, = oxides of sulfur

CaO = calcium oxide (lime)
CaSO4 2H 2O = calcium sulfate dihydrate
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8.1.1.1 Closed-Cycle Cooling System

The overall impacts at an alternate greenfield site of the coal-fired generating system using a
closed-cycle cooling system with cooling towers are discussed in the following sections. The
magnitude of impacts for the alternate site will depend on the location of the particular site
selected. VYNPS currently uses once-through and closed-cycle cooling systems or a
combination of both, known as hybrid cycle mode. For the purposes of comparison with an
alternative site, it is assumed that the replacement coal-fired plant sited at an alternate site also
would use a closed-cycle cooling system.

The environmental impacts of building a coal-fired generation facility with a closed-cycle cooling
system at an alternate site are summarized in Table 8-4.

8.1.1.1.1 Land Use

Based on Table 8.1 of the GEIS it is estimated that it would take approximately 1.7 acres of land
per MWe to construct a coal-fired plant. Therefore, for the hypothetical 620 gross MWe plant
utilized in this analysis, it would take approximately 1,054 acres of land. This would amount to a
considerable loss of natural habitat or agricultural land for the plant site alone, excluding that
required for mining and other fuel-cycle impacts.

Additional land might also be needed for transmission lines and rail lines, depending on the
location of the site relative to the nearest inter-tie connection and rail spur. Depending on the
transmission line routing and nearest rail line, these alternatives could result in MODERATE to
LARGE land use impacts.

Land-use changes would occur offsite in an undetermined coal-mining area to supply coal for the
plant. In the GEIS, the staff estimated that approximately 22 acres of land per MWe would be
affected for mining the coal and disposing of the waste to support a coal-fired plant during its
operational life [Reference 8-11]. Therefore, for the hypothetical 620 gross MWe plant utilized in
this analysis, it would take approximately 13,640 acres of land. Partially offsetting this offsite
land use would be the elimination of the need for uranium mining and processing to supply fuel
for VYNPS. In the GEIS, the staff estimated that approximately 1 acre per MWe would be
affected for mining and processing the uranium during the operating life of a nuclear power plant
[Reference 8-11]. Therefore, for the hypothetical 620 gross MWe plant utilized in this analysis, it
would take approximately 620 acres of land.

The impact of a coal-fired generating unit with a closed-cycle cooling system on land use located
at an alternate site is considered as MODERATE to LARGE.

8.1.1.1.2 Ecology

Constructing a coal-fired plant at an alternate site would alter ecological resources because of
the need to convert roughly 1,054 acres of land at the site to industrial use for plant, coal storage,
and ash and scrubber sludge disposal. However, some of this land might have been previously
disturbed.
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Coal-fired generation at an alternative site would introduce construction impacts and new
incremental operational impacts. Even assuming siting at a previously disturbed area, the
impacts would alter the ecology. Impacts could include wildlife habitat loss, reduced productivity,
habitat fragmentation, and a local reduction in biological diversity.

Use of cooling makeup water from a nearby surface water body could have adverse impacts on
aquatic resources. If needed, construction and maintenance of an electric power transmission
line and a rail spur would have ecological impacts. There would be some impact on terrestrial
ecology from water drift from the cooling towers. Overall, the ecological impacts of constructing
a coal-fired plant with a closed-cycle cooling system at an alternate site are considered to be
MODERATE to LARGE.

8.1.1.1.3 Water Use and Quality

Surface Water

Cooling water at an alternate site would likely be withdrawn from a surface water body
and would be regulated by a permit. Depending on the water source, the impacts of
water use for cooling system makeup water and the effects on water quality caused by
cooling tower blowdown could have noticeable impacts. Therefore, the impacts of a
new coal-fired plant utilizing a closed-cycle cooling system at an alternate site are
considered SMALL to MODERATE.

Groundwater

Impacts of groundwater withdrawal would be SMALL if only used for potable water. If
groundwater is used to supply makeup water, then the impacts could be MODERATE to
LARGE. Therefore, groundwater impacts from a coal-fired plant on the aquifer would be
site-specific and dependent on aquifer recharge and other withdrawals. The overall
impacts would be SMALL to LARGE.

8.1.1.1.4 Air Quality

Air quality impacts of coal-fired generation are considerably different from those of nuclear
power. A coal-fired plant emits oxides of sulfur (SOx), nitrogen oxides (NOx), particulate matter,
and carbon monoxide, all of which are regulated pollutants. As already stated, Entergy has
assumed a plant design that would minimize air emissions through a combination of boiler
technology and post-combustion pollutant removal. Entergy estimates the coal-fired alternative
emissions to be as follows (from Table 8-2):

Oxides of sulfur = 1,238 tons per year

Oxides of nitrogen 472 tons per year

Carbon monoxide = 472 tons per year
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Particulates:

Total suspended particulates = 77 tons per year

PM10 (particulates having a diameter of less than 10 microns) = 18 tons per year

The acid rain requirements of the Clean Air Act amendments capped the nation's SOX emissions
from power plants. Under the Clean Air Act amendments, each company with fossil-fuel-fired
units was allocated SOX allowances. To be in compliance with the Act, the companies must hold
enough allowances to cover their annual SOX emissions. Entergy would have to purchase
allowances to cover its SOX emissions.

NRC did not quantify coal-fired emissions in the GEIS but implied that air impacts would be
substantial. NRC noted that adverse human health effects from coal combustion have led to
important federal legislation in recent years and that public health risks, such as cancer and
emphysema, have been associated with coal combustion. NRC also mentioned global warming
and acid rain as potential impacts. Entergy concludes that federal legislation and large-scale
concerns, such as global warming an d acid rain, are indications of concerns about destabilizing
important attributes of air resources. However, SOX emission allowances, NOx emission offsets,
low NOx burners with overfire air and selective catalytic reduction, fabric filters or electrostatic
precipitators, and scrubbers are provided as mitigation measures. As such, Entergy concludes
that the coal-fired alternative would have MODERATE impacts on air quality; the impacts would
be clearly noticeable, but would not destabilize air quality in the area.

8.1.1.1.5 Waste

Entergy concurs with the GEIS assessment that the coal-fired alternative would generate
substantial solid waste. The coal-fired plant would annually consume approximately 1,888,980
tons of coal having an ash content of 8.2%. After combustion, 99.9% of this ash (approximately
154,741 tons per year) would be collected and disposed of at either an onsite or offsite landfill. In
addition, approximately 67,486 tons of scrubber waste would be disposed of each year (based
on annual calcium hydroxide usage of approximately 22,779 tons). Entergy estimates that ash
and scrubber waste disposal over a 40-year plant life would require approximately 123.3 acres.
The amount of land needed for final disposal of ash may be less dependant upon the availability
of local recycling options for the ash. Table 8-3 shows how Entergy calculated ash and scrubber
waste volumes. While only half this waste volume and land use would be attributable to the 20-
year license renewal period alternative, the total numbers are pertinent as a cumulative impact.

Entergy believes that, with proper siting coupled with current waste management and monitoring
practices, waste disposal would not destabilize any resources. Some wooded terrestrial habitat
would be dedicated to the waste site. However, after closure of the waste site and revegetation,
the land would be available for other uses. For these reasons, Entergy believes that waste
disposal for the coal-fired alternative would have MODERATE impacts; the impacts of increased
waste disposal would be clearly noticeable, but would not destabilize any important resource and
further mitigation would be unwarranted.
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8.1.1.1.6 Human Health

Coal-fired power generation introduces worker risk from coal and limestone mining, worker and
public risk from coal and lime/limestone transportation, worker and public risk from disposal of
coal combustion wastes, and public risk from inhalation of stack emissions. Emission impacts
can be widespread and health risk is difficult to quantify. The coal alternative also introduces the
risk of coal pile fires and attendant inhalation risk.

The NRC stated in the GEIS that there could be human health impacts (cancer and emphysema)
from inhalation of toxins and particulates from a coal-fired plant, but the GEIS does not identify
the significance of these impacts [Reference 8-11]. In addition, the discharges of uranium and
thorium from coal-fired plants can potentially produce radiological doses in excess of those
arising from nuclear power plant operations [Reference 8-9].

Regulatory agencies, including the EPA and State agencies, set air emission standards and
requirements based on human health impacts. These agencies also impose site-specific
emission limits as needed to protect human health. EPA has recently concluded that certain
segments of the U.S. population (e.g., the developing fetus and subsistence fish-eating
populations) are believed to be at potential risk of adverse health effects due to mercury
exposures from sources such as coal-fired power plants. However, in the absence of more
quantitative data, human health impacts from radiological doses and inhaling toxins and
particulates generated by a coal-fired plant at an alternate site are considered to be SMALL.

8.1.1.1.7 Socioeconomics-

Based on Table 8.1 of the GEIS, construction of the coal-fired alternative would take
approximately 1 year per 200 MWe rating. The peak workforce is estimated to range from 1.2 to
2.5 additional workers per MWe during the construction period, based on estimates given in
Table 8.1 of the GEIS. Therefore, for the hypothetical 620 gross MWe plant utilized in this
analysis, it would take approximately three years to construct the plant with the workforce
ranging from approximately 744 to 1,550 workers.

Communities around the new site would have to absorb the impacts of a large, temporary work
force (up to approximately 1,550 workers at the peak of construction) and a permanent work
force of approximately 0.2 workers per MWe based on Table 8.1 of the GEIS or approximately
124 workers for the hypothetical 620 gross MWe plant utilized in this analysis. In the GEIS, the
staff stated that socioeconomic impacts at a rural site would be larger than at an urban site,
because more of the peak construction work force would need to move to the area to work.
Alternate sites would need to be analyzed on a case-by-case basis. Therefore, socioeconomic
impacts at an isolated rural site could be LARGE.

Transportation related impacts associated with commuting construction workers at an alternate
site would be site dependent, but could be MODERATE to LARGE.

Transportation impacts related to commuting of plant operating personnel would also be site
dependent, but can be characterized as SMALL to MODERATE.
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At most alternate sites, coal and lime would be delivered by rail, although barge delivery is
feasible for a location on navigable waters. Transportation impacts would depend upon the site
location. Socioeconomic impacts associated with rail transportation would be MODERATE to
LARGE. Barge delivery of coal and lime/limestone would have SMALL socioeconomic impacts.

8.1.1.1.8 Aesthetics

Alternative site locations could reduce the aesthetic impact of coal-fired generation if siting were
in an area that was already industrialized. In such a case, however, the introduction of tall stacks
and cooling towers would probably still have a MODERATE incremental impact. Locating at
other, largely undeveloped sites could show a LARGE impact.

8.1.1.1.9 Historic and Archaeological Resources

Before construction at an alternate site, studies would be needed to identify, evaluate, and
address mitigation of the potential impacts of new plant construction on cultural resources. The
studies would be needed for areas of potential disturbance at the proposed plant site and along
associated corridors where new construction would occur (e.g., roads, transmission corridors, rail
lines, or other rights-of-way). Historic and archeological resource impacts can generally be
effectively managed and as such are considered SMALL.

Table 8-4
Summary of Environmental Impacts from Coal-Fired Generation

Using Closed-Cycle Cooling at an Alternate Greenfield Site

Impact Category Impact Comments

Land Use MODERATE to Approximately 1,054 acres, including
LARGE transmission lines and rail line for coal delivery.

Ecology MODERATE to Impact will depend on ecology of site.
LARGE

Water Use and Quality:

- Surface Water SMALL to Impact will depend on volume and other
MODERATE characteristics of receiving water.

- Groundwater SMALL to LARGE Impact will depend on site characteristics and
availability of groundwater.
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Table 8-4
Summary of Environmental Impacts from Coal-Fired Generation

Using Closed-Cycle Cooling at an Alternate Greenfield Site
(Continued)

Impact Category Impact Comments

Air Quality MODERATE sox
- 1,238 MT/yr
- allowances required
NOx
- 472 MT/yr
- allowances required
Particulate
- 77 MT/yr (filterable)
- 18 MT/yr (unfilterable)
Carbon monoxide
- 472 MT/yr
Trace amounts of mercury, arsenic, chromium,
beryllium and selenium

Waste MODERATE Total waste volume would be estimated around
222,227 MT/yr of ash and scrubber sludge.

Human Health SMALL Impacts considered minor.

Socioeconomics SMALL to LARGE Communities would have to absorb impacts of a
large, temporary workforce (up to approximately
1,550 workers at the peak of construction) and a
permanent work force of approximately 124
workers. Impacts at a rural site would be larger.
Transportation-related impacts associated with
commuting construction workers would be site
dependent.

Aesthetics MODERATE to Could reduce aesthetic impact if siting is in an
LARGE industrial area. Impact would be large if siting is

largely in an undeveloped area.

Historic and SMALL Would necessitate cultural resource studies.
Archaeological Resources
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8.1.1.2 Once-Through Cooling System

The environmental impacts of constructing a coal-fired generation system at an alternate
greenfield site using once-through cooling are similar to the impacts for a coal-fired plant using a
closed-cycle cooling system. However, there are some environmental differences between the
closed-cycle and once-through cooling systems. Table 8-5 summarizes the incremental
differences.

Table 8-5
Summary of Environmental Impacts from Coal-Fired Generation

Using Once-Through Cooling at an Alternate Greenfield Site

Impact Category Impact Comments

Land Use MODERATE to Compared with a closed-cycle cooling system,
LARGE less land would be required because cooling

towers and associated infrastructure not
needed.

Ecology MODERATE to Slightly reduced environmental impacts
LARGE because there are no cooling towers;

however, increased water withdrawal may
impact aquatic resources.

Water Use and Quality:
- Surface Water SMALL to Impact would depend on surface water body

MODERATE characteristics, volume of water withdrawn,
and characteristics of the discharge.

- Groundwater SMALL to Impact would depend on site characteristics
LARGE and availability of groundwater. It is unlikely

that groundwater would be used for once-
through cooling, but could be used for sanitary
water.

Air Quality MODERATE No change.

Waste MODERATE No change.

Human Health SMALL No change.

Socioeconomics SMALL to No change.
LARGE

Aesthetics MODERATE to Reduced aesthetic impact because cooling
LARGE towers would not be used.

Historic and Archaeological SMALL Less land impacted.
Resources
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8.1.2 Natural Gas-Fired Generation

Entergy has chosen to evaluate gas-fired generation, using combined-cycle turbines, because it
has determined that the technology is mature, economical, and feasible. Table 8-6 presents the
basic gas-fired alternative characteristics and Table 8-7 presents emission estimates.

NRC evaluated environmental impacts from gas-fired generation alternatives in the GEIS,
focusing on combined-cycle plants. NRC has evaluated the environmental impacts of
constructing and operating four 440-MW combined-cycle gas-fired units as an alternative to a
nuclear power plant license renewal [Reference 8-11]. This analysis would bound the gas-fired
alternative analysis for VYNPS because Entergy has defined a reasonable gas alternative for
VYNPS as 608 MWe combined cycle plant. Entergy has adopted the rest of the NRC analysis
with necessary Entergy-specific modifications noted. Although air emissions from the gas-fired
unit would be substantially smaller than from the coal-fired unit, human health effects associated
with such emissions would be of concern.
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Table 8"6
Gas-Fired Alternative Emission Control Characteristics

Characteristic Basis

Unit size = 585 MW ISO rating net8

Two 189-MW combustion turbines
and a 207-MW heat recovery boiler

Unit size = 608 MW ISO rating grossa

Manufacturer's standard size gas-fired combined
cycle plant that is <VYNPS gross capacity
(650 MW)

Calculated based on 4% onsite power

Number of units = 1

Fuel type = natural gas Assumed

Fuel heating value = 1,042 Btu/ft3

Fuel sulfur content = 0.0034 lb/MMBtu

NOx control = selective catalytic reduction
(SCR) with steam/water injection

Fuel NOx content = 0.0109 lb/MMBtu

Fuel CO content = 0.0023 Ib/MMBtu

Heat rate = 6,204 Btu/kWh

Capacity factor = 0.85

2000 value for gas used in Massachusetts
[Reference 8-5, Table 25]

Used when sulfur content is not available
[Reference 8-7, Table 3.1-2a]

Best available for minimizing NOx emissions
[Reference 8-7, Table 3.1 Database]

Typical for large SCR-controlled gas-fired units
with water injection
[Reference 8-7, Table 3.1 Database]

Typical for large SCR-controlled gas-fired units
[Reference 8-7, Table 3.1]

Manufacturer's listed heat rate for this unit.

Typical for large gas-fired base load units (Entergy
experience)

a. The difference between 'net' and 'gross" is electricity consumed by auxiliary equipment
and environmental control devices [Reference 8-5, page 109].

Btu = British thermal unit

ft3 = cubic foot
ISO rating = International Standards Organization rating at standard atmospheric conditions of 590F,

60% relative humidity, and 14.696 pounds of atmospheric pressure per square inch
kWh = kilowatt-hour
MM = million
MW = megawatt
NOx = nitrogen oxides
< = less than
SCR = selective catalytic reduction
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Table 8-7
Air Emissions from Gas-Fired Alternative

Parameter Calculation Result

Annual gas 608 MW 6,204 Btu 1,000 kW ft3  24 hr 365 day 26,954,462,833
consumption unit x kW xhr X MW x 10.85x 042Btu X day yr ft3 per year

Annual Btu 26,954,462,833 ft3 1.042 Btu MMBtu 28,086,550
input yr X 'fl3 106 Btu MMBtu per year

Soxa 0.0034 lb ton x 28,086,550 MMBtu 47.7 tons SOx
MMBtu 2,000 lb yr per year

NOxb 0.0109 lb ton x 28,086,550 MMBtu 153.1 tons NOx
MMBtu 2,000 lb yr per year

Cob 0.0023 lb ton 28,086,550 MMBtu 32.2 tons CO per
MMBxu 2,00x0lb yr year

TSPa 0.0019 lb ton x 28,086,550 MMBtu 26.7 tons
MMBtu "2,000 lb yr filterable TSP

per year

PM10a 26.7 tons TSP 26.7 tons
yr filterable PM10

per year

a. Reference 8-7, Table 3.1-2a.

b. Reference 8-7, Table 3.1-1.

CO = carbon monoxide

NOx = oxides of nitrogen

PM10 = particulates having diameter less than 10 microns

Sox = oxides of sulfu~r

TSP = total suspended particulates
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8.1.2.1 Closed Cycle Cooling System

The overall impacts of the natural-gas-generating system with a closed-cycle cooling system
located at the VYNPS site or an alternate site are summarized in Table 8-8 and discussed in the
following sections. The magnitude of impacts at an alternate site will depend on the location of
the particular site selected.

8.1.2.1.1 Land Use

Gas-fired generation at the VYNPS site would require converting the existing industrial site to a
gas plant. Almost all the converted land would be used for the power block. Additional land
would be disturbed during pipeline construction. Some additional land would also be required for
backup oil storage tanks. The nearest gas pipeline tie-in, located near Renfrew, Massachusetts
(Tennessee Gas Pipeline), is approximately 40 miles from the VYNPS site. Therefore, gas-fired
generation land use impacts at the existing VYNPS site are SMALL to MODERATE; the impacts
would noticeably alter the habitat but would not destabilize important attributes of the resource.

In addition to the land required for the gas-fired plant, construction at a greenfield site could
impact approximately 20 to 50 acres for offices, roads, parking areas, and a switchyard. The
power block could require approximately 60 acres. Some additional land would also be required
for backup oil storage. It is assumed that additional acreage may be necessary for transmission
lines (assuming the plant is sited 10 miles from the nearest inter-tie connection), although this
would depend on the actual plant location. Plants of this type are usually built very close to
existing natural gas pipelines. Including the land required for pipeline construction, a greenfield
site could require approximately 500 acres. Depending on the transmission-line routing, the
greenfield site alternative could result in SMALL to MODERATE land-use impacts.

8.1.2.1.2 Ecology

Siting gas-fired generation at the existing VYNPS site would have MODERATE ecological
impacts because the facility would be constructed partly on previously disturbed areas and would
disturb relatively little acreage at the site. However, significant habitat would be disturbed by
approximately 40 miles of pipeline construction. Ecological impacts could be reduced by using
the existing intake and discharge system. Past operational monitoring of the effects of the
cooling systems at VYNPS has not shown significant negative impacts to the Connecticut River
ecology, and this would be expected to remain unchanged.

The GEIS noted that land-dependent ecological impacts from construction would be SMALL
unless site-specific factors indicate a particular sensitivity and that operational impact would be
smaller than for other fossil fuel technologies of equal capacity. The connection to a gas pipeline
located approximately 40 miles from the VYNPS site is a site-specific factor that would make the
gas-fired alternative's ecological impacts larger than those of license renewal. Therefore, in this
case, the appropriate characterization of gas-fired generation ecological impacts is MODERATE.

Construction at a greenfield site could alter the ecology of the site and could impact threatened
and endangered species. These ecological impacts could be SMALL to MODERATE.
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8.1.2.1.3 Water Use and Quality

Surface Water

The plant would use the existing VYNPS intake and discharge structures as part of a
closed-cycle cooling system; therefore, water quality impacts would continue to be
SMALL.

Water quality impacts from sedimentation during construction is another land related
impact that the GEIS categorized as SMALL. The GEIS also noted that operational
water quality impacts would be similar to, or less than, those from other centralized
generating technologies. The NRC has concluded that water quality impacts from coal-
fired generation would be SMALL, and gas-fired alternative water usage would be less
than that for coal-fired generation. Surface water impacts would remain SMALL; the
impacts would not be detectable or be so minor that they would not noticeably alter
important attributes of the resource.

For alternative greenfield sites, the impact on surface water would depend on the
volume and other characteristics of the receiving body of water. The impacts would be
SMALL to MODERATE.

Groundwater

As discussed in Section 2.3 of this ER, VYNPS utilizes groundwater for potable water
purposes and to some extent for plant makeup purposes. However based on actual
measured water usage, pump rate from all wells are typically less than 10 gpm during
non-outage situations and typically less than 36 gpm during outage situations. Since
there will be a reduction in workforce over the period of phasing into the operational
period of the gas-fired plant, there will be a reduction in overall groundwater withdrawal.
Therefore, groundwater impacts would be SMALL; the impacts would be so minor that
they would not noticeably alter important resources.

For alternative greenfield sites, the impact to the groundwater would depend on the site
characteristics, including the amount of groundwater available. The impacts would
range between SMALL and LARGE.

8.1.2.1.4 Air Quality

Natural gas is a relatively clean-burning fossil fuel; the gas-fired alternative would release similar
types of emissions, but in lesser quantities, than the coal-fired alternative. Control technology for
gas-fired turbines focuses on NOx emissions. Entergy estimates the gas-fired alternative
emissions to be as follows (from Table 8-7):
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Sulfur oxides = 47.7 tons per year

Oxides of nitrogen = 153.1 tons per year

Carbon monoxide = 32.2 tons per year

Filterable Particulates = 26.7 tons per year (all particulates are PM10)

Regional air quality and Clean Air Act requirements also are applicable to the gas-fired
generation alternative. NOx effects on ozone levels, SOx allowances, and NOx emission offsets
could all be issues of concern for gas-fired combustion. While gas-fired turbine emissions are
less than coal-fired boiler emissions, and regulatory requirements are less stringent, the
emissions are still substantial. Entergy concludes that emissions from the gas-fired alternative
located at VYNPS would noticeably alter local air quality, but would not destabilize regional
resources. Air quality impacts would therefore be MODERATE, but substantially smaller than
those of coal-fired generation.

Siting the gas-fired plant elsewhere would not significantly change air quality impacts because
the site could be in a greenfield area that is not a serious nonattainment area for ozone. In
addition, the location could result in installing more or less stringent pollution control equipment
to meet the regulations. Therefore, the impacts would be MODERATE.

8.1.2.1.5 Waste

There are only small amounts of solid waste products (i.e., ash) from burning natural gas fuel.
The GEIS concluded that waste generation from gas-fired technology would be minimal. Gas
firing results in very few combustion by-products because of the clean nature of the fuel. Waste
generation would be limited to typical office wastes. This impact would be SMALL; waste
generation impacts would be so minor that they would not noticeably alter important resource
attributes.

Siting the facility at an alternate greenfield site would not alter the waste generation; therefore,
the impacts would continue to be SMALL.

8.1.2.1.6 Human Health

The GEIS analysis mentions potential gas-fired alternative health risks (cancer and
emphysema). The risk may be attributable to NOx emissions that contribute to ozone formation,
which in turn contributes to health risks. As discussed in Section 8.1.1.1.4 for the coal-fired
alternative, legislative and regulatory control of the nation's emissions and air quality are
protective of human health, and the human health impacts from gas-fired generation would be
SMALL; that is, human health effects would not be detectable or would be so minor that they
would neither destabilize nor noticeably alter important attributes of the resource.

Siting of the facility at an alternate greenfield site would not alter the possible human health
effects. Therefore, the impacts would be SMALL.
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8.1.2.1.7 Socioeconomics

It is assumed that gas-fired construction would take place while VYNPS continues operation,
with completion of the replacement plant at the time that the nuclear plant would halt operations.
Construction of the gas-fired alternative would take much less time than constructing other
plants. During the time of construction, the surrounding communities would experience demands
on housing and public services that could have MODERATE impacts. After construction, the
communities would be impacted by the loss of jobs, construction workers would leave, VYNPS
nuclear plant workforce would decline through a decommissioning period to a minimal
maintenance size, and the gas-fired plant would introduce a replacement tax base of
approximately 100 new jobs.

The GEIS concluded that socioeconomic impacts from constructing a gas-fired plant would not
be very noticeable and that the small operational workforce would have the lowest
socioeconomic impacts (local purchases and taxes) of nonrenewable technologies. Compared
to the coal-fired alternative, the smaller size of the construction workforce, the shorter
construction time-frame, and the smaller size of the operations workforce would reduce some of
the socioeconomic impacts. For these reasons, the socioeconomic impacts of gas-fired-
generation socioeconomic impacts would be SMALL to MODERATE; that is, depending on other
growth in the area, socioeconomic effects could be noticed, but they would not destabilize
important attributes of the resource.

Construction at another site would relocate some socioeconomic impacts, but would not
eliminate them. The community around the VYNPS site would still experience the impact of the
loss of VYNPS operational jobs and the tax base. The communities around the new site would
have to absorb the impacts of a temporary workforce and a small permanent workforce.
Therefore, the impacts would be MODERATE to LARGE, based on net job and tax-base losses
in the VYNPS. This impact is about the same in the VYNPS area as in the no-action alternative.

8.1.2.1.8 Aesthetics

The combustion turbines and heat-recovery boilers would be relatively low structures and would
be screened from most offsite vantage points by intervening woodlands. The steam turbine
building would be taller and, together with the exhaust stacks, could be visible offsite.

The GEIS analysis noted that land-related impacts, such as aesthetic impacts, would be small
unless site-specific factors indicate a particular sensitivity. As in the case of the coal-fired
alternative, aesthetic impacts from the gas-fired alternative would be noticeable. However,
because the gas-fired structures are shorter than the coal-fired structures and more amenable to
screening by vegetation, it was determined that the aesthetic resources would not be
destabilized by the gas-fired alternative. For these reasons, aesthetic impacts from a gas-fired
plant would be SMALL to MODERATE; the impacts would be clearly noticeable, but would not
destabilize this important resource.

Alternative locations could reduce the aesthetic impact of gas-fired generation if siting was in an
area that was already industrialized. In such a case, however, the introduction of the steam
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generator building, stacks, and cooling tower plumes would probably still have a SMALL to
MODERATE incremental impact.

8.1.2.1.9 Historic and Archaeological Resources

The GEIS analysis noted, as for the coal-fired alternative, that cultural resource impacts of the
gas-fired alternative would be SMALL unless important site-specific resources were affected.
Gas-fired alternative construction at the VYNPS site would affect a smaller area within the
footprint of the coal-fired alternative. Therefore, cultural resource impacts would be SMALL; that
is, cultural resource impacts would not be detectable or would be so minor that they would
neither destabilize nor noticeably alter important attributes of the resource.

Construction at another site could necessitate instituting cultural resource preservation
measures, but impacts can generally be managed and maintained as SMALL. Cultural resource
surveys would be required for the pipeline construction and other areas of ground disturbance
associated with this alternative.
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Table 8-8
Summary of Environmental Impacts from Gas-Fired Generation

Using Closed-Cycle Cooling at VYNPS and Alternate Greenfleld Site

VYNPS Site Alternative Greenfleld Site
Impact

Category Impact Comments Impact Comments

Land Use SMALL to Approximately 60 SMALL to Up to 500 acres required
MODERATE acres required for MODERATE for site, pipelines,

power block, 150 acres transmission line
disturbed for pipeline connection; additional
construction, additional land for backup oil
land for backup oil storage tanks.
storage tanks.

Ecology MODERATE Constructed on land SMALL to Impact depends on
within VYNPS site. MODERATE location and ecology of
Possible significant site; potential habitat
habitat loss due to loss and fragmentation;
pipeline construction. reduced productivity and

biological diversity.

Water Use and
Quality

- Surface Water SMALL Uses existing intake SMALL to Impact depends on
and discharge MODERATE volume and
structures and cooling characteristics of
system. receiving water body.

-Groundwater SMALL Reduced groundwater SMALL to Groundwater impacts
withdrawals due to LARGE would depend on uses
reduced workforce. and available supply.

Air Quality MODERATE Primarily nitrogen MODERATE Same impacts as
oxides. Impacts could VYNPS site.
be noticeable, but not
destabilizing.

Waste SMALL Small amount of ash SMALL Same impacts as
produced. VYNPS site.

Human Health SMALL Impacts considered SMALL Same impacts as
minor. VYNPS site.
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Table 8-8
Summary of Environmental Impacts from Gas-Fired Generation

Using Closed-Cycle Cooling at VYNPS and Alternate Greenfield Site
(Continued)

VYNPS Site Alternative Greenfield Site
Impact

Category Impact Comments Impact Comments

Socioeconomics SMALL to Additional workers MODERATE Construction impacts
MODERATE during construction to LARGE would be relocated.

period, followed by Community near VYNPS
reduction from current would still experience
WNPS workforce. workforce reduction.

Aesthetics SMALL to Visual impact of stacks SMALL to Alternate location could
MODERATE and equipment would MODERATE reduce aesthetic impact

be noticeable, but not if siting is in an industrial
as significant as coal area.
option.

Historic and SMALL Only previously SMALL Alternate location would
Archaeological disturbed and adjacent necessitate cultural
Resources areas would be resource studies.

affected.

8.1.2.2 Once-Through Cooling System

The environmental impacts of constructing a natural-gas-fired generation system at the VYNPS
site and an alternate site using a once-through cooling system are similar to the impacts for a
natural-gas-fired plant using closed-cycle cooling with cooling towers. However, there are some
environmental differences between the closed-cycle and once-through cooling systems.
Table 8-9 summarizes the incremental differences.
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Table 8-9
Summary of Environmental Impacts from Gas-Fired Generation

Using Once-Through Cooling at VYNPS and Alternate Greenfield Site

VYNPS Site Alternative Greenfield Site
Impact

Category Impact Comments Impact Comments

Land Use SMALL to 15 to 20 acres less SMALL to 15 to 20 acres less
MODERATE land required because MODERATE land required because

cooling towers and cooling towers and
associated associated
infrastructure are not infrastructure are not
needed. needed.

Ecology SMALL Less terrestrial habitat SMALL to Impact would depend
lost and cooling tower MODERATE on ecology at the site.
effects eliminated. No impact to terrestrial
Increased water ecology from cooling
withdrawal, but aquatic tower drift. Increased
impact would be similar water withdrawal and
to current VYNPS possible greater impact
operations. to aquatic ecology.

Water Use and
Quality

No discharge of
- Surface Water SMALL to No discharge of SMALL to cooling tower

MODERATE cooling tower MODERATE blowdown containing
blowdown containing dissolved solids.
dissolved solids. Increased water
Increased water withdrawal and more
withdrawal and more thermal load on
thermal load on receiving body of
receiving body of water.

- Groundwater SMALL water. SMALL to
LARGE

No change. Groundwater impacts
would depend on uses
and available supply. It
is unlikely that
groundwater would be
used for once-through
cooling, but could be
used for sanitary water.

Air Quality MODERATE No change. MODERATE No change.

Waste SMALL No change. SMALL No change.
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Table 8-9
Summary of Environmental Impacts from Gas-Fired Generation

Using Once-Through Cooling at VYNPS and Alternate Greenfield Site
(Continued)

VYNPS Site Alternative Greenfield Site
Impact

Category Impact Comments Impact Comments

Human Health SMALL No change. SMALL No change.

Socioeconomics SMALL to No change. MODERATE No change.
MODERATE to LARGE

Aesthetics SMALL to Reduced aesthetic SMALL to Reduced aesthetic
MODERATE impact because MODERATE impact because

cooling towers would cooling towers would
not be used. not be used.

Historic and SMALL Less land affected. SMALL Less land affected.
Archaeological
Resources

8.1.3 Nuclear Power Generation

Since 1997, the NRC has certified three new standard designs for nuclear power plants under
10 CFR 52, Subpart B. These designs are the U.S. Advanced Boiling Water Reactor
(10 CFR 52, Appendix A), the System 80+ Design (10 CFR 52, Appendix B), and the AP600
Design (10 CFR 52, Appendix C). All of these plants are light-water reactors. Although no
applications for a construction permit or a combined license based on these certified designs
have been submitted to NRC, the submission of the design certification applications indicates
continuing interest in the possibility of licensing new nuclear power plants. In addition, recent
volatility of natural gas and electricity has made new nuclear power plant construction more
attractive from a cost standpoint. Consequently, construction of a new nuclear power plant at an
alternate site using closed-cycle cooling is considered in this section. It was assumed that the
new nuclear plant would have a 40-year lifetime [Reference 8-14, Section 8.2.3].

The NRC summarized environmental data associated with the uranium fuel cycle in Table S-3 of
10 CFR 51.51. The impacts shown in Table S-3 are representative of the impacts that would be
associated with a replacement nuclear power plant built to one of the certified designs, sited at
an alternate site. The impacts shown in Table S-3 are for a 1,000 MWe reactor and would need
to be adjusted to reflect replacement of VYNPS, which has a capacity of 650 gross MWe. The
environmental impacts associated with transporting fuel and waste to and from a light-water
cooled nuclear power reactor are summarized in Table S-4 of 10 CFR 51.52. The summary of
NRC's findings on NEPA issues for license renewal of nuclear power plants in Table B-1 of
10 CFR 51 Subpart A, Appendix B, is also relevant, although not directly applicable, for
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consideration of environmental impacts associated with the operation of a replacement nuclear
power plant [Reference 8-14, Section 8.2.3].

8.1.3.1 Closed-Cycle Cooling System

The environmental impacts of constructing a nuclear power plant at an alternate site using
closed-cycle cooling are summarized in Table 8-10.

8.1.3.1.1 Land Use

Land use requirements at an alternate site would require land for the nuclear power plant plus
the possible need for land for a new transmission line. In addition, it may be necessary to
construct a rail spur to an alternate site to bring in equipment during construction. Depending on
transmission line routing, siting a new nuclear plant at an alternate site would result in
MODERATE to LARGE land use impacts, and probably would be LARGE for a greenfield site
[Reference 8-14, Section 8.2.3.1].

8.1.3.1.2 Ecology

At an alternate site, there would be construction impacts and new incremental operational
impacts. Even assuming siting at a previously disturbed area, the impacts would alter the
ecology. Impacts could include wildlife habitat loss, reduced productivity, habitat fragmentation,
and a local reduction in biological diversity. Use of cooling water from a nearby surface water
body could have adverse aquatic resource impacts. Construction and maintenance of the
transmission line would have ecological impacts. Overall, the ecological impacts at an alternate
site would be MODERATE to LARGE [Reference 8-14, Section 8.2.3.11.

8.1.3.1.3 Water Use and Quality

Surface Water

For a replacement reactor located at an alternate site, new intake structures would need
to be constructed to provide water needs for the facility. Impacts would depend on the
volume of water withdrawn for makeup, relative to the amount available from the intake
source and the characteristics of the surface water. Plant discharges would be
regulated by the State of Vermont or other state jurisdiction. Some erosion and
sedimentation may occur during construction. The impacts would be SMALL to
MODERATE.

Groundwater

A nuclear power plant sited at an alternate site may use groundwater. The impacts of
such a withdrawal rate on an aquifer would be site specific and dependent on aquifer
recharge and other withdrawal rates from the aquifer. Therefore, the overall impacts
would be SMALL to LARGE.
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8.1.3.1.4 Air Quality

Construction of a new nuclear plant at an alternate site would result in fugitive emissions during
the construction process. Exhaust emissions would also come from vehicles and motorized
equipment used during the construction process. An operating nuclear plant would have minor
air emissions associated with diesel generators. These emissions would be regulated.
[Reference 8-14, Section 8.2.3.1] Emissions for a plant sited in Vermont would be regulated by
the VDEC. Overall, emissions and associated impacts are considered SMALL [Reference 8-14,
Section 8.2.3.1].

8.1.3.1.5 Waste

The waste impacts associated with operation of a nuclear power plant are listed in Table B-1 of
10 CFR 51 Subpart A, Appendix B. In addition to the impacts shown in Table B-1, construction-
related debris would be generated during construction activities and removed to an appropriate
disposal site. Overall, waste impacts are considered SMALL [Reference 8-14, Section 8.2.3.1].

8.1.3.1.6 Human Health

Human health impacts for an operating nuclear power plant are identified in 10 CFR 51 Subpart
A, Appendix B, Table B-1. Overall, human health impacts are considered SMALL [Reference 8-
14, Section 8.2.3.1].

8.1.3.1.7 Socioeconomics

For a 1,000 MWe reactor, it was assumed that the construction period would be 5 years and the
peak workforce would be 2,500. Since VYNPS's current reactor is rated at 650 gross MWe,
construction period and peak workforce may be less, but impacts are expected to be consistent
with that of the 1,000 MWe reactor.

Construction of a replacement nuclear power plant at an alternate site would relocate some
socioeconomic impacts, but would not eliminate them. The communities around the VYNPS site
would still experience the impact of VYNPS operational job loss (although potentially tempered
by projected economic growth), and the communities around the new site would have to absorb
the impacts of a large, temporary work force (up to 2,500 workers at the peak of construction)
and a permanent work force of approximately 678 workers. In the GEIS, the NRC noted that
socioeconomic impacts at a rural site would be larger than at an urban site because more of the
peak construction work force would need to move to the area to work. Alternate sites would
need to be analyzed on a case-by-case basis. Socioeconomic impacts at rural sites could be
LARGE [Reference 8-14, Section 8.2.3.1].

Transportation-related impacts associated with commuting workers at an alternate site are site
dependent, but could be MODERATE to LARGE. Transportation impacts related to commuting
of plant operating personnel would also be site dependent but can be characterized as SMALL
[Reference 8-14, Section 8.2.3.1].
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8.1.3.1.8 Aesthetics

At an alternate site, depending on placement, there would be an aesthetic impact from the
buildings. There would also be a significant aesthetic impact associated with construction of a
new transmission line to connect to other lines to enable delivery of electricity. Noise and light
from the plant would be detectable offsite. The impact of noise and light would be mitigated if the
plant is located in an industrial area adjacent to other power plants, in which case the impact
could be SMALL. The impact could be MODERATE if a transmission line needs to be built to the
alternate site. The impact could be LARGE if a greenfield site is selected [Reference 8-14,
Section 8.2.3.1].

8.1.3.1.9 Historic and Archeological Resources

Before construction at an alternate site, studies would be needed to identify, evaluate, and
address mitigation of the potential impacts of new plant construction on cultural resources. The
studies would be needed for areas of potential disturbance at the proposed plant site and along
associated corridors where new construction would occur (e.g., roads, transmission corridors, rail
lines, or other rights-of-way). Historic and archeological resource impacts can generally be
effectively managed and as such are considered SMALL.

Table 8-10
Summary of Environmental Impacts from Nuclear Power Generation

Using Closed-Cycle Cooling at Alternate Greenfield Site

Alternative Greenfield Site

Impact Category Impact Comments

Land Use MODERATE Requires 325 to 650 acres for the plant and 650 acres for
to LARGE uranium mining.

Ecology MODERATE Impact depends on location and ecology of the site, surface
to LARGE water body used for intake and discharge, and transmission line

routes; potential habitat loss and fragmentation; reduced
productivity and biological diversity.

Water Use and
Quality
- Surface Water SMALL to Impact will depend on the volume of water withdrawn and

MODERATE discharged and the characteristics of the surface water body.

- Groundwater SMALL to Groundwater impacts would depend on uses and available
LARGE supply.

Air Quality SMALL Fugitive emissions and emissions from vehicles and equipment
during construction. Small amount of emissions from diesel
generators and possibly other sources during operation.
Emissions are similar as current releases at VYNPS site.
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Table 8-10
Summary of Environmental Impacts from Nuclear Power Generation

Using Closed-Cycle Cooling at Alternate Greenfield Site
(Continued)

Alternative Greenfield Site

Impact Category Impact Comments

Waste SMALL Waste impacts for an operating nuclear power plant are set out
in 10 CFR 51, Appendix B, Table B-1. Debris would be
generated and removed during construction.

Human Health SMALL Human health impacts for an operating nuclear power plant are
set out in 10 CFR 51, Appendix B, Table B-1.

Socioeconomics SMALL to Construction impacts depend on location. Impacts at a rural
LARGE location could be LARGE. Surrounding community would

experience loss of tax base and employment with MODERATE
impacts. Transportation impacts associated with construction
workers could be MODERATE to LARGE. Transportation
impacts of commuting workers during operations would be
SMALL.

Aesthetics SMALL to Impacts would depend on the characteristics of the alternate
LARGE site. Impacts would be SMALL if the plant is located adjacent to

an industrial area. New transmission lines would add to the
impacts and could be MODERATE. If a greenfield site is
selected, the impacts could be LARGE.

Historic and SMALL Potential impacts can be effectively managed.
Archaeological
Resources

8.1.3.2 Once-Through Cooling System

The environmental impacts of constructing a nuclear power plant that uses once-through cooling
at an alternate site are similar to the impacts for a nuclear power plant using closed-cycle cooling

with cooling towers. However, there are some differences in the environmental impacts between
the closed-cycle and once-through cooling systems. In those impact categories related to land-

area requirements, such as land use, terrestrial ecology, and cultural resources, the impacts are
likely to be smaller if the site uses a once-through cooling system rather than a closed-cycle
cooling system. However, the impacts of a plant with a once-through cooling system are likely to

be greater than a plant with a closed-cycle cooling system in the areas of water use and aquatic
ecology because of the need for greater quantities of cooling water. Table 8-11 summarizes the

incremental differences.
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Table 8-11
Summary of Environmental Impacts from Nuclear Power Generation

Using Once-Through Cooling at Alternate Greenfield Site

Alternative Greenfield Site
Impact

Category Impact Comments

Land Use MODERATE Requires 325 to 650 acres for the plant and 650 acres for uranium
to LARGE mining.

Ecology MODERATE Impact would depend on ecology of the site. No impact to
to LARGE terrestrial ecology from cooling tower drift. Increased water

withdrawal with possible greater impact to aquatic ecology.

Water Use and
Quality
- Surface Water SMALL to No discharge of cooling tower blowdown. Increased water

MODERATE withdrawal and more thermal load on receiving body of water.

- Groundwater SMALL to No change.
LARGE

Air Quality SMALL No change.

Waste SMALL No change.

Human Health SMALL No change.

Socioeconomics MODERATE to No change.
LARGE

Aesthetics SMALL to Reduced aesthetic impact because cooling towers would not be
LARGE used, but impacts could still be large if lengthy transmission line is

required.

Historic and SMALL Less land impacted.
Archaeological
Resources
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8.1.4 Purchased Electrical Power

If available, purchased power from other sources could potentially obviate the need to renew the
VYNPS license. "Purchased power" is power purchased and transmitted from electric
generation plants that the applicant does not own and that are located elsewhere within the
region, nation, Canada or Mexico.

In theory, purchased power is a feasible alternative to VYNPS license renewal. There is no
assurance, however, that sufficient capacity or energy would be available in the 2012 through
2032 time-frame to replace the 650 gross MWe base-load generation. For example, EIA projects
that total gross U.S. imports of electricity from Canada and Mexico will gradually increase from
38.4 billion kWh in year 2001 to 47.2 billion kWh in year 2010 and then gradually decrease to
28.9 billion kWh in year 2020 [Reference 8-2, page 149]. On balance, it appears unlikely that
electricity imported from Canada or Mexico would be able to replace the VYNPS generating
capacity.

More importantly, regardless of the technology used to generate purchased power, the
generating technology would be one of those described in this ER and in the GEIS (probably
coal, natural gas, nuclear or hydroelectric). The GEIS description of other technology impacts is
representative of imported power impacts related to VYNPS license renewal alternatives
[Reference 8-13, Section 8.2.3].

8.2 Alternatives Not Within the Ranae of Reasonable Alternatives

Other commonly known generation technologies considered are listed in the following
paragraphs. However, these sources have been eliminated as reasonable alternatives to the
proposed action because the generation of 650 gross MWe of electricity as a base-load supply
using these technologies is not technologically feasible.

8.2.1 Wind

In the entire six-state New England region, only two wind projects are in operation: the 6 MW
Searsburg project in Vermont and a 320 kW project in Massachusetts owned by Princeton
Municipal Light. There is also an additional project under active development in southern
Vermont (Equinox) [Reference 8-4, page 1]. Wind turbines typically operate at a 25 to 35%
capacity factor compared to 80 to 95% for a base load plant. This low capacity factor results
from the high degree of intermittence of wind energy in many locations. Current energy storage
technologies are too expensive to permit wind power plants to serve as large base load plants.

In Vermont, the windiest sites are located on the north-south ridgelines. These locations are
often in remote areas, far from the load centers where the electricity will be consumed. The most
desirable ridgelines are above 2,500 feet in elevation. Any intrusion on the fragile habitat at that
elevation would have to be approached with extreme caution. Furthermore, there are
environmental concerns revolving around migratory birds and bats that would have to be
addressed by wind developers. In a tourist state like Vermont, the aesthetic impact of ridgeline
development has been raised as a concern by many involved in the wind energy debate. The
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cost of this impact and its perceived intrusion on remote areas will have to be balanced with the
environmental benefits of clean energy. [Reference 8-15]

Wind energy also has a large land requirement, approximately 150 acres of land to generate
1 MWe of electricity. Therefore, to replace the 650 gross MWe of electricity generated by
VYNPS, approximately 97,500 acres would be required. Also, new easements, road building,
and some clearing for towers and blades would be required. This eliminates the possibility of
co-locating a wind-energy facility with a retired nuclear power plant. A siting plan would be
required. Construction of several hundred wind turbines would also require extensive
construction of transmission lines to bring the power and the energy to market. This would have
a LARGE impact upon much of the natural environment in the affected areas.

Wind power could be included in a combination of alternatives to replace VYNPS. The
environmental impacts of a large-scale wind farm are described in the GEIS [Reference 8-11].
The construction of roads, transmission lines, and turbine tower supports would result in short-
term impacts, such as increases in erosion and sedimentation, and decreases in air quality from
fugitive dust and equipment emissions. Construction in undeveloped areas would have the
potential to disturb and impact cultural resources or habitat for sensitive species. During
operation, some land near wind turbines could be available for compatible uses such as
agriculture. The continuing aesthetic impact would be considerable, and there is a potential for
bird collisions with turbine blades. Wind farms generate very little waste and pose no human
health risk other than from occupational injuries. Although most impacts associated with a wind
farm are SMALL or can be mitigated, some impacts such as the continuing aesthetic impact and
impacts to sensitive habitats could be LARGE, depending on the location.

8.2.2 Solar

The average capacity factor for this technology is estimated to be between 25 and 40% annually.
This technology has high capital costs and lacks base-load capability unless combined with
natural gas backup. It requires very large energy-storage capabilities. Based upon solar energy
resources, the most promising region of the country for this technology is the West. [Reference
8-13, Section 8.2.4.2]

There are also substantial impacts to natural resources (wildlife habitat, land-use, and aesthetic
impacts) from construction of solar-generating facilities. As stated in the GEIS, land
requirements are high. Based on the land requirements of 14 acres for every 1 MWe generated,
approximately 9,100 acres would be required to replace the 650 gross MWe's produced by
VYNPS. There is not enough land for a solar system at the existing VYNPS site and
environmental impacts at an alternate site would be LARGE.

The construction impacts would be similar to those associated with a large wind farm as
discussed in Section 8.2.1. The operating facility would also have considerable aesthetic impact.
Solar installations pose no human health risk other than from occupational injuries. The
manufacturing process for constructing a large amount of photovoltaic cells would result in waste
generation, but this waste generation has not been quantified. Some impacts, such as impacts
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to sensitive areas, loss of productive land, and the continuing aesthetic impact, could be LARGE,
depending on the location.

8.2.3 Hydropower

Hydroelectric power has an average annual capacity factor of 46%. Section 8.3.4 of the GEIS,
indicates that the percentage of the U. S. electrical generation consisting of hydroelectricity is
expected to decline because hydroelectric facilities have become difficult to site as a result of
public concern over flooding, destruction of natural habitat, and destruction of natural river
courses. Section 8.3.4 of the GEIS, estimates land use of 1-million acres per 1000 MWe (or
1,000 acres per MWe) for hydroelectric power, resulting in a LARGE environmental impact.
[Reference 8-13, Section 8.2.4.3] Due to the lack of locations for siting a hydroelectric facility
large enough to replace VYNPS, local hydropower is not a feasible alternative to VYNPS license
renewal.

There is little likelihood that any new conventional hydro development will occur in Vermont in the
future. It is more likely that a decrease in production will occur as removal of additional dams is
considered (i.e., Peterson Dam) or operating conditions imposed as a result of relicensing of
existing hydro projects will reduce the available generation from Vermont's existing portfolio of
hydro plants. [Reference 8-15]

8.2.4 Geothermal

Geothermal has an average capacity factor of 90% and can be used for base-load power where
available. However as illustrated by Figure 8.4 in the GEIS, geothermal plants might be located
in the western continental U.S., Alaska, and Hawaii where geothermal reservoirs are prevalent.
This technology is not widely used as base-load generation due to the limited geographic
availability of the resource and the immature status of the technology. [Reference 8-13, Section
8.2.4.4] This technology is not applicable to the region where the replacement of 650 gross MWe
is needed. Vermont has vast low-temperature resources suitable for geothermal heat pumps but
does not have sufficient resources to utilize the other geothermal technologies [Reference 8-16].

8.2.5 Wood Energy

A wood-buming facility can provide base-load power and operate with an average annual
capacity factor of around 70 to 80% and with 20 to 25% efficiency. The cost of the fuel required
for this type of facility is highly variable and very site-specific. The 53 MW McNeil Station, the
largest wood-fired generator in the world when it came on line, was developed with great promise
as an in-state generating source, a market for low-grade wood to aid Vermont forest
management, insulation from volatile oil prices, and a significant employer generating other
associated economic benefits [Reference 8-15]. However, since the plant opened in June 1984,
McNeil's fuel price of about 3.5 cents/kWh was not competitive with the post-1986 regime of low
oil prices [Reference 8-15]. Among the factors influencing costs are the environmental
considerations and restrictions that are influenced by public perceptions, easy access to fuel
sources, and environmental factors. In addition, the technology is expensive and inefficient.
Current conditions still do not allow McNeil to operate as a base load facility as originally
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envisioned, but instead gives its owners a price ceiling on the market prices they face [Reference
8-15]. Like many other large plants that came on line at the time of high oil prices, interest rates,
and other capital costs, McNeil was an investment that looked better then than it does today].
Therefore, economics alone eliminate biomass technology as a reasonable alternative.

Estimates in the GEIS suggest that the overall level of construction impact per MW of installed
capacity should be approximately the same as that for a coal-fired plant, although facilities using
wood waste for fuel would be built at smaller scales [Reference 8-11]. Like coal-fired plants,
wood-waste plants require large areas for fuel storage and processing and involve the same type
of combustion equipment. Because of uncertainties associated with obtaining sufficient wood
and wood waste to fuel a base load generating facility, ecological impacts of large-scale timber
cutting (e.g., soil erosion and loss of wildlife habitat), and relatively low energy conversion
efficiency, Entergy has determined that wood waste is not a feasible alternative to renewing the
VYNPS OL.

8.2.6 Municipal Solid Waste

The initial capital costs for this technology are much greater than the comparable steam-turbine
technology found at wood-waste facilities. This is due to the need for specialized municipal solid
waste-handling and waste-separation equipment and stricter environmental emissions controls.
The decision to burn municipal waste to generate energy is usually driven by the need for an
alternative to landfills rather than by energy considerations. High costs prevent this technology
from being economically competitive. Thus, municipal solid waste generation is not a reasonable
alternative. [Reference 8-13, Section 8.2.4.6]

Currently, there are approximately 89 waste-to-energy plants operating in the United States.
These plants generate approximately 2,500 MWe, or an average of approximately 28 MWe per
plant [Reference 8-10]. Approximately 23 typical waste-to-energy plants would be required to
replace the 650 gross MWe base load capacity of VYNPS. Therefore, the generation of
electricity from municipal solid waste would not be a feasible alternative to renewal of the VYNPS
OL.

8.2.7 Other Biomass-Derived Fuels

In addition to wood and municipal solid waste fuels, there are several other concepts for fueling
electric generators, including burning energy crops, converting crops to a liquid fuel such as
ethanol (ethanol is primarily used as a gasoline additive for automotive fuel), and gasifying
energy crops (including wood waste). The GEIS points out that none of these technologies has
progressed to the point of being competitive on a large scale or of being reliable enough to
replace a base-load plant such as VYNPS. For these reasons, such fuels do not offer a feasible
alternative to VYNPS license renewal. In addition, these systems have LARGE impacts on land
use. [Reference 8-13, Section 8.2.4.7]
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8.2.8 Oil

Oil is not considered a stand-alone fuel because it is not cost-competitive when natural gas is
available. The cost of an oil-fired operation is about eight times as expensive as a nuclear or
coal-fired operation. In addition, future increases in oil prices are expected to make oil-fired
generation increasingly more expensive than coal-fired generation. For these reasons, oil-fired
generation is not a feasible alternative to VYNPS license renewal, nor is it likely to be included in
a mix with other resources except as a back-up fuel. [Reference 8-13, Section 8.2.4.8]

8.2.9 Fuel Cells

Phosphoric acid fuel cells are the most mature fuel-cell technology, but they are only in the initial
stages of commercialization. Two-hundred turnkey plants have been installed in the U.S.,
Europe, and Japan. Recent estimates suggest that a company would have to produce 100 MWe
of fuel-cell stacks annually to achieve a price of $1,000 to $1,500 per kilowatt. However, the
current production capacity of all fuel-cell manufacturers only totals about 60 MW per year. The
use of fuel cells for base-load capacity requires very large energy-storage devices that are not
feasible for storage of sufficient electricity to meet the base-load generating requirements. This
is a very expensive source of generation, which prevents it from being competitive. This
technology also has a high land use impact, which, like wind technology, results in a LARGE
impact to the natural environment. It is estimated that 35,000 acres of land would be required to
generate 1000 MWe of electricity. Therefore, fuel cells are not considered a feasible alternative
to license renewal. [Reference 8-13, Section 8.2.4.10]

As market acceptance and manufacturing capacity increase, natural-gas-fueled fuel cell plants in
the 50- to 100-MW range are projected to become available. At the present time, however, fuel
cells are not economically or technologically competitive with other alternatives for base load
electricity generation, and progress in market growth and cost reduction has been slower than
alternatives anticipated [Reference 8-1]. Fuel cells are, consequently, not a feasible alternative
to renewal of the VYNPS OL.

8.2.10 Delayed Retirement

Even without retiring any Entergy owned or non-Entergy owned generating units, it is expected
that additional capacity will be required in the near future. Thus, even if substantial capacity were
scheduled for retirement and could be delayed, some of the delayed retirement would be needed
just to meet load growth.

Replace Section 8.2.10 with the following:

Even without retiring any Entergy owned or non-Entergy owned generating units, it is expected
that additional capacity will be required in the near future. Thus, even if substantial capacity were
scheduled for retirement and could be delayed, some of the delayed retirement would be needed
just to meet load growth. JDJ 1-17-06
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VYNPS would be required, in part, to offset any actual retirements that occur. Delayed
retirement of other Entergy or non-Entergy generation units is unlikely to displace the need for
650 gross MWe of capacity over the twenty years of extended operation and therefore, would not
be a feasible alternative to VYNPS license renewal.

8.2.11 Utility-Sponsored Conservation

The concept of conservation as a resource does not meet the primary NRC criterion "that a
reasonable set of alternatives should be limited to analysis of single, discrete electric generation
sources and only electric generation sources that are technically feasible and commercially
viable." It is neither single, nor discrete, nor is it a source of generation. [Reference 8-13, Section
8.2.4.12]

Demand side management (DSM) resource strategies aimed at increasing energy efficiency on
the customer side of the electric meter generally fall under the following categories.

* Energy efficiency: selecting equipment that will perform the same work with less energy
input.

* Load response: customers agree to respond to utility requests to reduce use during
times of utility peak demand.

* Load management: encouraging customers to reduce their loads during peak times of
day and peak season through the use of time-of-use rates, seasonal rates, and
interruptible contracts; or direct load control where a utility interrupts power supply to
customer equipment.

Since 1990, DSM programs in Vermont have contributed more than 400,000 MWh in cumulative
electricity savings and reduced Vermont's cumulative winter peak by more than 90 MW.
[Reference 8-15]

Today Vermont's electric energy efficiency programs are administered by a statewide entity
funded through an energy efficiency charge on all customers' bills. Efficiency Vermont, which
currently serves as the state's energy efficiency utility, delivers a set of statewide energy
efficiency programs to most customers in the state. Electric distribution utilities remain
responsible for other demand side management, including distributed utility planning DSM, load
response programs, and load management strategies. [Reference 8-15]

The term "energy conservation" is sometimes used instead of "energy efficiency" when people
talk about saving energy. Energy conservation means using less energy through changes in
behavior such as turning off lights, turning down thermostats, hanging clothes on the line instead
of using a clothes dryer, etc. Energy conservation is not generally relied upon by utilities as a
demand side management strategy, but it can be a valuable way for users of electricity to reduce
their own electric energy costs and make a contribution to reducing environmental impacts. It
also plays an important role in maintaining reliability when periods of unusually high peak usage
threaten to overwhelm the system. [Reference 8-15]
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The environmental impacts of an energy conservation program would be SMALL, but the
potential to displace the entire generation at VYNPS solely with conservation is not realistic.
Therefore, the conservation option by itself is not considered a reasonable replacement for the
VYNPS OL renewal alternative.

8.2.12 Combination of Alternatives

NRC indicated in the GEIS that, while many methods are available for generating electricity and
a huge number of combinations or mixes can be assimilated to meet system needs, such
expansive consideration would be too unwieldy given the purposes of the alternatives analysis.
Therefore, NRC determined that a reasonable set of alternatives should be limited to analysis of
single discrete electrical generation sources and only those electric generation technologies that
are technically reasonable and commercially viable [Reference 8-11, Section 8.1]. Consistent
with the NRC determination, Entergy has not evaluated mixes of generating sources.

8.3 Proposed Action vs. No-Action

The proposed action is the renewal of the operating license VYNPS. The specific review of the
fifteen environmental impacts, required by 10 CFR 51.53(c)(3)(ii), concluded that there would be
no adverse impact to the environment from the continued operation of VYNPS through the period
of extended operation.

The no-action alternative to the proposed action is the decision not to pursue renewal of the
operating license for VYNPS. The environmental impacts of the no-action alternative would be
the impacts associated with the construction and operation of the type of replacement power
utilized. In effect, the net environmental impacts would be transferred from the continued
operation of VYNPS to the environmental impacts associated with the construction and operation
of a new generating facility. This new generating facility would almost certainly be constructed at
a greenfield location due to the air impacts associated with constructing one of the viable
technologies on the VYNPS site. Therefore, the no-action alternative would have no net
environmental benefits.

The environmental impacts associated with the proposed action (the continued operation of
VYNPS) were compared to the environmental impacts from the no-action alternative (the
construction and operation of other reasonable sources of electric generation). Entergy believes
this comparison shows that the continued operation of VYNPS would produce fewer significant
environmental impacts than the no-action alternative. There are significant differences in the
impacts to air quality and land use between the proposed action and the reasonable alternative
generation sources.

In addition, there would be adverse socioeconomic impacts (including local unemployment, loss
of local property tax revenue, and higher energy costs) to the area around VYNPS from the
decision not to pursue license renewal.

The Joint DOE-Electric Power Research Institute Strategic Research and Development Plan to
Optimize U.S. Nuclear Power Plants stated, "...nuclear energy was one of the prominent energy
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technologies that could contribute to alleviate global climate change and also help in other
energy challenges including reducing dependence on imported oil, diversifying the U.S. domestic
electricity supply system, expanding U.S. exports of energy technologies, and reducing air and
water pollution." The Department of Energy agreed with this perspective and stated, "...it is
important to maintain the operation of the current fleet of nuclear power plants throughout their
safe and economic lifetimes' [Reference 8-3]. The renewal of the VYNPS operating license is
consistent with these goals.

8.4 Summary

The proposed action is the renewal of the VYNPS operating license. The proposed action would
provide the continued availability of approximately 650 gross megawatts of base-load power
generation through 2032.

CO2 emissions are a major contributor to anthropogenic greenhouse gas emissions and climate
change. These emissions results from the efficiency of the technologies utilized to produce and
deliver the energy and carbon content of the fuel being utilized. Based on the U.S. DOE -
Voluntary Reporting of Greenhouse Gas Emission, Fuel and Energy Emission Coefficients,
below is a comparison of the CO2 content of various fuels.

Fuel Pounds CO2 per Million Btu

Subbituminous coal 212.7

Bituminous coal 205.3

#6 fuel oil 173.9

Natural gas 117.1

Nuclear 0

Renewable sources 0

Below are estimates of C02 emissions that would result if other fuel technologies were utilized to
supply the 650 gross MWe of electricity that is currently being generated by VYNPS. The
technologies, fuels and production efficiencies shown are based upon "greenfield plants" that
have recently been permitted as having "Best Available Control Technology (BACT)" under the
New Source Review (NSR) Permit program. In addition, estimates are also based on a 92%
capacity factor which is what the Entergy's northeast nuclear fleet achieved overall during 2004.

Technology Fuel Heat Rate Electricity C02 Emissions
(Btu/KWh) (MWH/yr) (metric tons/yr)

Pulverized coal Bituminous coal 9,928 5,238,480 4,843,163
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Pulverized coal Subbituminous coal 9,700 5,238,480 4,902,500

Combined cycle Natural gas 6,814 5,238,480 1,895,996
gas turbine

The environmental impacts ot the continued operation ot VanPb, providing approximately hi50
gross megawatts of base-load power generation through 2032, are superior to impacts
associated with the best case among reasonable alternatives. The continued operation of
VYNPS would create significantly less environmental impact than the construction and operation
of new base-load generation capacity.

Finally, the continued operation of VYNPS will have a significant positive economic impact on the
communities surrounding the station.
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9.0 STATUS OF COMPLIANCE

9.1 Requirement rNO CFR 51.45(d)1

The environmental report shall list all Federal permits, licenses, approvals and other entitlements
which must be obtained in connection with the proposed action and shall describe the status of
compliance with these requirements. The environmental report shall also include a discussion of
the status of compliance with applicable environmental quality standards and requirements
including, but not limited to, applicable zoning and land-use regulations, and thermal and other
water pollution limitations or requirements which have been imposed by Federal, State, regional,
and local agencies having responsibility for environmental protection.

9.2 Environmental Permits

Table 9-1 provides a list of the environmental permits held by VYNPS and the compliance status
of these permits. These permits will be in place as appropriate throughout the period of extended
operation given their respective renewal schedules. Other than routine renewals required at
frequencies specified by the permits in Table 9-1, no state, federal, or local environmental
permits have been identified as being required for re-issuance to support the extension of the
VYNPS operating license.

Since VYNPS is not located in a municipality, no zoning restrictions apply. However, the site
headquarters and training center for VYNPS which is located in Brattleboro is subject to zoning
restrictions. The town of Brattleboro Zoning Ordinance (March 16, 2002) requires a 'zoning
permit" before any "land development" may be commenced or before any "land or structure may
be used differently or in any way extended." Additional restrictions that VYNPS could be
subjected to, depending on the activity, are as follows.

9.2.1 Water Quality (401) Certification

With respect to applicants for a federal license to conduct an activity that might result in a
discharge into navigable waters, Section 401 of the Clean Water Act (CWA) establishes certain
requirements for certifications from the state that the discharge will comply with certain CWA
requirements (33 USC 1341). As reported in the FES (1972), the Vermont Water Resources
Board provided a water quality certification on October 29, 1970, as amended on November 26,
1971, reflecting its receipt of reasonable assurance that operation of Vermont Yankee will not
violate applicable water quality standards. In addition, the current and effective NPDES permit
issued by the Vermont Agency of Natural Resources reflects continued compliance with
applicable CWA standards. Excerpts of this permit are included in Attachment D.

9.3 Environmental Permits - Discussion of Comoliance

Station personnel are primarily responsible for monitoring and ensuring that VYNPS complies
with its environmental permits and applicable regulations. Sampling results are submitted to the
appropriate agency. VYNPS has an excellent record of compliance with its environmental
permits, including monitoring, reporting and operating within specified limits.
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Sanitary wastewater and laboratory wastewater from the facility are discharged to six onsite
septic systems. These onsite systems are regulated under Indirect Discharge Permit
ID-9-0036-2.

Entergy has measures in place to ensure that environmentally sensitive areas are adequately
protected during site operations and project planning. These measures include an
environmental review and evaluation checklist and also established controls and methods for
evaluating potential environmental affects from plant operations and project planning. Therefore,
planned projects or changes in plant operations would be required to undergo an environmental
review and evaluation prior to implementation, with appropriate permits obtained or modified as
necessary.

9.4 Aaencv Consultations

Although not required of an applicant by federal law or NRC regulation, Entergy has chosen to
invite comment from the following federal and state agencies regarding potential effects that
VYNPS license renewal might have on threatened and endangered species and archaeological
and historical sites.

Agency Authority Activity Covered

U.S. Fish and Endangered Species Act Requires Federal agency
Wildlife Service Section 7 issuing a license to consult

with USFWS.

Vermont Department Endangered Species Act Requires Federal agency
of Fish and Wildlife Section 7 issuing a license to consult

with FWS at the state level.

Vermont Nongame Endangered Species Act Requires Federal agency
and Natural Heritage Section 7 issuing a license to consult
Program with the VNNHP.

Vermont Division of National Historic Requires Federal agency
Historic Preservation Preservation Act issuing a license to

Section 106 consider cultural impacts
and consult with SHPO.
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Table 9-1
VYNPS Environmental Permits and Compliance Status

Agency Authority Requirement Number Issue or Expiration Date Activity Covered

VDEC Clean Air Act Air Contaminant Source WM2335 Issued: July 1, 2005 Operation of air emission
Section 112 Registration Certificate Expires: June 30, 2006 sources (diesel generators,

boilers and oil burners).

VDEC Federal Water Pollution NPDES Permit VT0000264 Issued: July 11, 2001 Plant wastewater discharges
Control Act Section 402 (VDEC #3-1199) Expires: March 31, 20061 to Connecticut River.

VDEC Resource Conservation and Hazardous Waste Generator VTROO0504167 Not Applicable Hazardous waste generation
Recovery Act - Subtitle C

VDEC Title 10, V.S.A., Indirect Discharge Permit ID-9-0036-2 Issued: June 10, 2002 Indirectly discharge treated
Chapters §1259 and §1263 Expires: September 30, domestic sewage and other

20052 wastes to the groundwater
and indirectly into the
Connecticut River.

VDEC Title 10 V.S.A., Public Water System Permit 20559 Issued: May 21, 2002 Withdrawal of groundwater
§1671 & §1675(b) to Operate (COB Water Expires: May 21, 2008 for drinking and plant

System) purposes.

VDEC Title 10 V.S.A., Public Water System Permit 8332 Issued: May 21, 2002 Withdrawal of groundwater
§1671 & §1675(b) to Operate (Main Plant Water Expires: May 21, 2008 for drinking and plant

System) purposes.

VDEC Title 10 V.S.A., Public Water System Permit 20738 Issued: May 21, 2002 Withdrawal of groundwater
§1671 & §1675(b) to Operate (NEOB Water Expires: May 21, 2008 for drinking and plant

System) purposes.
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Table 9-1
VYNPS Environmental Permits and Compliance Status

(Continued)

Agency Authority Requirement Number Issue or Expiration Date Activity Covered

ACE Clean Water Act Dredging Permit 200302129 Issued: October 15, 2002 Fill In of the Connecticut
Section 404 Expires: October 15, 2007 River In conjunction with the

maintenance of security
wires at the intake structure.

VDEC RCRA - Subtitle I Underground Storage Permit 806 Issued: October 1, 2004 Underground diesel and
Expires: October 1, 2009 gasoline storage.

VDEC Clean Water Act Section 405(d) Solid Waste Management F9906-A1 Issued: December 3, 2004 Land application of septage
and 40CFR503 Facility Certification Expires: September 30, 2009

DOT 49 CFR 107, Subpart G Hazardous Materials 063003 006 Issued: March 21, 1972 Radioactive and hazardous
Certificate of Registration 013LN Expires: MArch 21, 2012 materials shipments.

NRC Atomic Energy Act, License to operate DPR-28 Issued: March 21, 2012 Operation of VYNPS.
10 CFR 50 Expires: March 21, 2032

CVDEM Title 44, Code of Virginia, Application for Registration to VY-S-073104 Issued: August 10, 2004 Transportation of radioactive
Chapter 3.3, Section 44-146.30 Transport Hazardous Expires: July 31, 2006 waste into the

Radioactive Materials Commonwealth of Virginia

SCDHEC Act No.429 of 1980, South South Carolina Radioactive 0002-44-04-X Issued: January 1, 2006 Transportation of radioactive
Carolina Radioactive Waste Waste Transport Permit Expires: December 31, 2006 waste into the State of South
Transportation and Disposal Carolina
Act

TDEC Tennessee Department of Tennessee Radioactive T-VT001-L06 Issued: January 1, 2006 Shipment of radioactive
Environment and Conservation Waste-License-for-Delivery Expires: December 31, 2006 material into Tennessee to a
Regulations disposal/processing facility

1. Renewal application submitted September 29, 2005.
2. Renewal application submitted July 6, 2005.
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ACE - ACE U.S. Army Corps of Engineers

CVDEM - Commonwealth of Virginia (Department of Emergency Management)

DOT - U.S. Department of Transportation

NRC - U.S. Nuclear Regulatory Commission

SCDHEC - South Carolina Department of Health and Environmental Control

TDEC - Tennessee Department of Environment and Conservation (Division of Radiological Health)

VDEC - Vermont Department of Environmental Conservation
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Attachment A

Vermont Department of Fish and Wildlife Correspondence

> Letter from Gary Tucker, FTN Associates, LTD., to Wayne Larroche, Vermont
Department of Fish and Wildlife, dated September 15, 2004.

> Letter from Wayne Larroche, Vermont Department of Fish and Wildlife, to Gary Tucker,
FTN Associates, LTD., dated December 7, 2005.
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September 15, 2005

Mr. Thomas Torti, Secretary
Vermont Agency of Natural Resources
103 South Main Street, Center Building
Waterbury, VT 05671-0301

RE: Entergy Nuclear Vennont Yankee, LLC
License Renewal Application
FTN No. 6045-190

Dear Mr. Torti:

Entergy Nuclear Vermont Yankee, LLC (Entergy) is preparing an application to the U.S. Nuclear
Regulatory Commission (NRC) to renew the operating license for the Vermont Yankee Nuclear
Power Station (VYNPS). Although VYNPS' current operating license does not expire until-
March 2012, the NRC's rigorous license renewal process and other regulatory reviews make it
prudent for Entergy to submit its application for license renewal to the NRC in early 2006 in
order to preserve Entergy's option to operate VYNPS beyond March 2012.

As part of the NRC's license renewal process, the NRC requires license applicants to "assess the
impact of the proposed action." This assessment, which is contained in the licensee's
Environmental Report submitted as part of the application, addresses specific environmental
issues related to the continued operation of the Station during the license renewal period
(typically an additional 20 years). Following Entergy's submission of its application, the NRC
will request an informal consultation with your office with respect to the matters referenced in
this letter. By contacting you early in the application process, we hope to not only identify any
issues that need to be addressed in the licensee assessment, but also to identify any information
your office may need to facilitate the NRC consultation and respond to any questions that you
may have regarding this aspect of the license renewal process.

Based on Entergy's preliminary assessment, the continued operation of VYNPS during the
license renewal period would not be expected to adversely affect the environment within the
vicinity of the Station. Entergy currently has no plans to alter operations over the license renewal
period and any maintenance activities necessary to support license renewal would be limited to
previously disturbed areas on-site. Finally, no expansion of existing facilities is planned and no
additional land disturbance is anticipated in support of license renewal.

Regional Offices: Fayettevflle. AR and Baton Rouge, LA. Web Site: www.fn-asoc com e E-mail: ftneftn-assoc.com
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To ensure that impacts are adequately addressed, we are requesting (under separate cover)
information regarding any concerns from the Vermont Department of Environmental
Conservation and the Vermont Department of Fish and Wildlife. If needed, please forward this
request for information to other departments in the Agency of Natural Resources which may have
pertinent comments. Entergy will include a copy of this letter and responses from your Agency in
the Environmental Report that will be submitted to the NRC as part of the VYNPS license
renewal application.

If you have questions or need additional information, please feel free to call me or Bob West at
(501) 225-7779.

Kindest regards,
FTN ASSOCIATES, LTD.

Gary E. Tucker, PhD, PWS
Environmental Scientist

GET/sec

Attachments

cc: Rick Buckley; Entergy
Lynn DeWald; Entergy

R:\WPFl6D4S-19O0CORRESPONDENCEWINAL LETTRX-T TORTI (9015-0)DOC
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State of Vermont AGENCY OF NATURAL RESOURCES

rDEPARTMENT OF FISH AND WILDLFE
103 South Main Sue. 10 SouthDnjpbrrtenl- of f Igh and Wvilji~fe

Deparmt-ent of Forests. Parks and Rereatio Waterbury, Vermont 05671-501
Oe.partment of twivropsrnentni Conseivatior

Td. (802 241-3700
TDD: 1-80253-0191

Wayne Laroebe, Commissioner
Telephone: 802-241-3730
Facsimile: 802-241-3295

December 7, 2005

Gary E. Tucker, PMD, PWS
FTN Associates, Ltd.
3 lnnwood Circle, Ste 220
Little Rock, AR 72211-2492

Dear Dr. Tucker'

This letter is if response to your letter dated September 15, 2005, requesting information fraom
this Department that would be* instrumental to Entergy Nuclear Vermont Yankee, LLC (Entergy)
in identifying environmental issues and informational needs to be addressed in its permit
application for. renewal of the current operating license beyond March 2012. Specifically, the
areas of interest you identified include potential impacts to: (1) threatened or endangered flora
or'natural communities; (2) threatened or endangered fauna or critical wildlife habitats; and (3)
game and non-game fish. Each of these areas is addressed below.

Threatened or Endangered Flora. Fauna. Natural Communities and Wildlife Habitat

We have attached a three-page document from our Biotics Database that lists the rare, threatened
and endangered species and natural communities for the six mile study area. We also have a 139
page document with the "&element occurrence" location data for each species and community
listed above, and .GIS shape files with locations of the occurrences that our Department can also
provide to Entergy if they are interested We request that the site location information for all
threatened and endangered species be kept confidential by Entergy and its agents to help protect
these vulnerable species.

The attached dataset does not include element occurrence records from Massachusetts or New
Hampshire, with the exception of some occurrences that are located in the Connecticut River
along the Vermont/New Hampshire border. The applicant would need to contact the apppriate
programs in Massachusetts and New Hampshire for these records.

r0.

Equal Opportunity Employer
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Of the species listed only the dwarf wedge mussel and bald eagle are federally listed. All the
other species listed are either state rare or state-listed as threatened or endangered. The dwarf
wedge mussel has been documented from Brattleboro and further north in Vermont, but not
Vernon. It has been included because it may occur in Vernon. We recommend that Entergy
conduct an inventory to determine if dwarf wedge mussel is present because it is a species that
could be affected by water quality and plant operation.

Great St. Johnswort may occur on the riverbank in the vicinity of the Vermont Yankee Nuclear
Power Station (VYNPS). This is a state threatened species and it is known to occur upstream.:

Other potential issues/impacts for Vermont wildlife species and habitats in the vicinity of
VYNPS have not been identified to date. Our Department requests that Entergy provide a
literature review on the subject of "nuclear energy and wildlife impacts' as part of the
application material.

hra .e an na.rd ci' d f

If you have any additional questions regarding rare, threatened and endangered species, wildlife
habitats or natural communities please do not hesitate to contact Wildlife Information Manager.
Everett Marshall at 802-241-3715.

Fish and Fishery Resources

VYN.PS operations and more particularly its use of the Connecticut River for plant cooling water
and impacts of the heated discharge on aquatic biota are important issues. Many of these
concerns.have been and continue to be addressed through the NPDES permit process. The
issues pertain to entrainment of resident and migratory fishes via the water intake structure and
the effects of discharging heated non-contact cooling water back to the river on aquatic biota and
their habitats. A number of the issues identified below have been investigated by Entergy and
the previous owners of VYNPS with results appearing in Vermont Yankee/Connecticut River
System Analytical Reports, 1984-1995.

Within the project area, at least 33 species of fish have been observed (see attachment, Table 5-
60 Of this number, four are migratory species and occupy the project area during certain
seasons of the year. The restoration of migratory fishes to the Connecticut River has been the
focus of state and federal fishery agencies, power companies, and non-governmental
organizations representing the four basin states since the late 1960s. Because the VYNPS is
located in a critical reach of the Connecticut River which serves as a migratory corridor f6r
anadromous (Atlantic salmon, American shad, blueback herring, sea lamprey) and catadromous
(American eel) fishes linking spawning and rearing habitats located in freshwater and marine
environments. Specifically, the issues are:

I. Changes in the river thermal regime which may influence anadromous fish spawning
migrations up the Connecticut River and into the project area, including river sections
below and above Vernon dani.

.I
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2. Heated water discharge effects on anadromous fish passage through the fish ladder
located at Vernon dam. The fishway is located on the same river bank and a short
distance downstream from the VYNPS discharge point.

3. Effects on the outmigration of spent adult and juvenile anadromous fishes through the
Vernon impoundment, including passage delays and residualism which may expose
outmigrant salmon to increased mortality from predators and/or cause physiological
changes in salmon smolts that might reduce fish survival to life in seawater.

4. The influence of increased water temperatures on shad egg production, maturation, and
spawning.

5. The entrainment of anadromous fishes at the VYNPS wvater intake structure.

Apart from the migratory fishes, the majority of the remaining fishes make up the resident year-
round fish commurnty. The presence of the Vcrnon dam within the VYNPS project area
influences:the river by creating two different habitats and associated fish communities (lentic
and lotic) above and below the dam, respectively. Potentially resident fish populations
dependent on these habitats may be affected by temperature changes influenced by the release of
heated cooling water to the river, including:

1. Elevating temperatures above certain thresholds necessary of optimal growth,
reproduction. and survival of individual fish species.

2. Altering the composition and function of the fish community as a whole and its relation
to other aquatic biota.

3. Effects on fish species (size and abundance) important to sport fisheries of the
Connecticut River.

4. Loss of resident fishes due to entrainment.

Lastly, assuring that fish populations are healthy and sport fish harvested for consumption are
safe from radiation contamination has been identified as an issue of state concern.

The fishery issues identified above capture those which have been the focus of attention during
NPDES permitting reviews. Additional issues may become apparent as this licensing process
moves forward.

.I
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If you have any additional fish questions or information needs, please do not hesitate to contact
Fisberies Biologist Ken Cox at 802-885-8828.

Sincerely,

Wayne A. Laroche
Commissioner

cpm

Enclosure

.'cc: . Ron Regan, Director of Wildlife
Eric Palmer, Director of Fisheries



Vermont Department of Fish and Wildlife
Nongame and Natural Heritage Program

Biotics Database
Rare Species and State-significant Natural Community Element Occurrences

The search for this report included element occurrences in Vermont within 6 miles of Vermont Yankee.
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Vermont Yankee Nuclear Power Station
Applicant's Environmental Report

Operating License Renewal Stage

Attachment B

U.S. Fish and Wildlife Service Correspondence

> Letter from Gary Tucker, FTN Associates, LTD., to Marvin Moriarty, U.S. Fish and Wildlife
Service, dated September 15, 2004.

> Letter from Michael J. Amaral, U.S. Fish and Wildlife Service, to Gary Tucker, FTN
Associates, LTD., dated December 16, 2005.
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September 15, 2005

Mr. Marvin Moriarty, Director
US Fish and Wildlife Service
Northeast Region
300 Westgate Center Drive
Hadley, MA 01035

RE: Entergy Nuclear Vermont Yankee, LLC
License Renewal Application
FIN No. 6045-190

Dear Mr. Moriarty:

Entergy Nuclear Vermont Yankee, LLC (Entergy) is preparing an application to the U.S. Nuclear
Regulatory Commission (NRC) to renew the operating license for the Vermont Yankee Nuclear
Power Station (VYNPS). Although VYNPS' current operating license does not expire untifl
March 2012, the NRC's rigorous license renewal process and other regulatory reviews make it
prudent for Entergy to submit its application for license renewal tQ the NRC in early 2006 in order to
preserve Entergy's option to operate VYNPS beyond March 2012. -_

As part of the NRC's license renewal process, the NRC requires license applicants to "assess the
impact ofthe proposed action." This assessment, which is contained in the licensee's Environmental
Report submitted as part of the application, addresses specific environmental issues related to the
continued operation of the Station during the license renewal period (typically an additional
20 years). Following Entergy's submission of its application, the NRC will request an informal
consultation with your office with respect to the matters referenced in this letter. By contacting you
early in the application process, we hope to not only identify any issues that need to be addressed in
the licensee assessment, but also to identify any information your office may need to facilitate the
NRC consultation and respond to any questions that you may have regarding this aspect of the
license renewal process.

Based on Entergy's preliminary assessment, the continued operationof VYNPS during the license
renewal period would not be expected to adversely affect the environment within the vicinity of the
Station. Entergy currently has no plans to alter operations over the license renewal period and any
maintenance activities necessary to support license renewal would be limited to previously disturbed
areas on-site. Finally, no expansion of existing facilities is planned and no additional land
disturbance is anticipated in support of license renewal.

ReSional Offices: Fayetteville. AR and Baton Rouge. LA * Web Site: www.ftn-assoc.com * E-mail: ftn tn-assoccorm
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To ensure that impacts are adequately addressed, we are requesting from your office pertinent
information regarding concerns, if any, that you may have regarding potential impacts to threatened
or endangered species, or other species of interest, in the vicinity of the Station (see attached map)
during the license renewal period. After your review, we would appreciate your office sending a
letter detailing any concerns you may have or confirmation that no concerns exist. Entergy will
include a copy of this letter, and your response to this letter, in the Environmental Report that will be
submitted to the NRC as part of the VYNPS license renewal application.

If you have questions or need additional information, please feel free to call me or Bob West at
(501) 225-7779.

Kindest regards,
FTN ASSOCIATES, LTD.

Gary E. Tucker, PhD, PWS
Environmental Scientist

GET/sec

Attachments

cc: Rick Buckley; Entergy
Lynn DeWald; Entergy
Janice N. Rowan, Coordinator; USFWS
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United States Department of the Interior

FISH AND WILDLIFE SERVICE
New England Field Office

70 Commercial Street, Suite 300
Concord, New Hampshire 03301-5087

December 16,2005

Gary E. Tucker, PhD, PWS
FTN Associates, Ltd.
3 lnnwood Circle, Suite 220
Little Rock, AR 72211

Dear Dr. Tucker:

This responds to your recent correspondence requesting information on the presence of federally-
listed and/or proposed endangered or threatened species in relation to the Vermont Yankee
Nuclear Power Station.

Bald eagles (ffaliaeenas leucocephalus) are known to nest less than I mile downstream of the
plant. No other federally-listed or proposed, threatened or endangered species or critical habitat
under the jurisdiction of the U.S. Fish and Wildlife Service are known to occur in the project area.
Preparation of a Biological Assessment or further consultation with us under Section 7 of the
Endangered Species Act is not required.

Based upon our knowledge, no impacts to the eagles are known to occur at this site that could be
attributed to the power station. This concludes our review of listed species and critical habitat in
the project location and environs referenced above. No further Endangered Species Act
coordination of this type is necessary for a period of one year from the date of this letter, unless
additional information on listed or proposed species becomes available.

Thank you for your coordination. Please contact Anthony Tur at 603-223-2541 if we can be of
further assistance.

Sincerely yours,

unz"Ad. o h tsf
Michael J. Amaral
Endangered Species Specialist
New England Field Office

J i DEC . 9 2005 J
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Vermont Yankee Nuclear Power Station
Applicant's Environmental Report

Operating License Renewal Stage

Attachment C

Vermont Division for Historic Preservation (SHPO) Correspondence

> Letter from Gary Tucker, FTN Associates, LTD., to Jane Lendway, Vermont Division for
Historic Preservation, dated September 15, 2004.

> Letter from Jane Lendway, Vermont Division for Historic Preservation, to Gary Tucker,
FTN Associates, LTD., dated October 17, 2005.
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September 15, 2005

Ms. Jane Lendway
State Historic Preservation Officer
Division of Historic Preservation
National Life Building
Drawer 20
Montpelier, VT 05620-0501

RE: Entergy Nuclear Vermont Yankee, LLC
License Renewal Application
FTN No. 6045-190

Dear Ms. Lendway

Entergy Nuclear Vermont Yankee, LLC (Entergy) is preparing an application to the U.S. Nuclear
Regulatory Commission (NRC) to renew the operating license for the Vermont Yankee Nuclear
Power Station (VYNPS). Although VYNPS' current operating license does not expire until
March 2012, the NRC's rigorous license renewal process and other regulatory reviews make it
prudent for Entergy to submit its application for license renewal to the NRC in early 2006 in order to
preserve Entergy's option to operate VYNPS beyond March 2012.

As part of the NRC's license renewal process, the NRC requires license applicants to "assess the
impact ofthe proposed action." This assessment, which is contained in the licensee's Environmental
Report submitted as part of the application, addresses specific environmental issues related to the
continued operation of the Station during the license renewal period (typically an additional
20 years). Following Entergy's submission of its application, the NRC will request an informal
consultation with your office with respect to the matters referenced in this letter. By contacting you
early in the application process, we hope to not only identify any issues that need to be addressed in
the licensee assessment, but also to identify any information your office may need to facilitate the
NRC consultation and respond to any questions that you may have regarding this aspect of the
license renewal process.

Based on Entergy's preliminary assessment, the continued operation of VYNPS during the license
renewal period would not be expected to adversely affect the environment within the vicinity of the
Station. Entergy currently has no plans to alter operations over the license renewal period and any
maintenance activities necessary to support license renewal would be limited to previously disturbed
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areas on-site. Finally, no expansion of existing facilities is planned and no additional land
disturbance is anticipated in support of license renewal.

To ensure that impacts are adequately addressed, we are requesting from your office pertinent
information regarding concerns, if any, that you may have regarding potential impacts to
archeological or historic resources in the vicinity of the Station (see attached map) during the license
renewal period. After your review, we would appreciate your office sending a letter detailing any
concerns you may have or confirmation that no concerns exist. Entergy will include a copy of this
letter, and your response to this letter, in the Environmental Report that will be submitted to the
NRC as part of the VYNPS license renewal application.

If you have questions or need additional information, please feel free to call me or Bob West at
(501) 225-7779.

Kindest regards,
FTN ASSOCIATES, LTD.

Gary E. Tucker, PhD, PWS
Environmental Scientist

GET/sld

Attachments

cc: Mr. Rick Buckley; Entergy
Ms. Lynn DeWald; Entergy
Mr. John S. Hall; VT Department of Housing and Community Affairs

R:\WPFILES\6045-190%CORRESPONDENCE\FINAL LE1TERS\L-J LENDWAY 9-1 5-05.DOC
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:October 17, 2005

Gary E. Tucker, PhD, PWS
Ervironmental Scientist

.':FTN Associates
3 Inuwood Circle
Little Rock, AR 72211

Re: Proposed License Renewal Application, Entergy Nuclear Vermont Yankee, LLC,
Vernon, Vermont.,
NRC.

Dear Mr. Tucker:

Thank you for your correspondence dated September 15, 2005 and received September 22, 2005
concerning the above project having United States Nuclear Regulatory Commission (NRC)
involvement (DHP #WD03-001).

The Division for Historic Preservation is reviewing this proposed undertaking pursuant to 36
CFR 800A, regulations established by the Advisory Council on Historic Preservation to
munplement Section 106 of the National Historic Preservation Act. Project review consists of

:identifying the project's potential impacts to historic buildings and structures, historic districts,
historic landscapes and settings, and to known or potential archeological resources.

According to your letter, ftn Associates is seeking the Division's preliminary comments
regarding Entergy Nuclear Vermont Yankee, LLC's proposed license renewal application to the
NRC. We understand that Entergy "currently has no plans to alter operations over the license
renewal period and any maintenance activities necessary to support license renewal would be
limited to previously disturbed areas on-site. Finally, no expansion of existing facilities is
planned and no additional land disturbance is anticipated in support of license renewal." Based
on the information presented, it appears that no historic or archeological resources will be
affected by the license renewal. However, if project plans change in the future the Division will
be fully apprised and given an opportunity to comment on the proposed changes to the NRC
application per Section 106 of the National Historic Preservation Act.

.. *I
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If you have any questions or need clarification regarding any of the above, please do not hesitate
to contact Judith Williams Ehrlich, Environmental Review Coordinator, at (802) 828-3049.

...Sincerely,
VERMONT DIVISION FOR HISTORIC PRESERVATION

Jane Lendway
-,State Historic Preservation Officer

. . .

'Cc, Julie Kelliher, Agency of Commerce and CommunityDevelopment - -- - - - -

. r
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State of Vermont

AGENCY OF NATURAL RESOURCES
Department of Environmental Conservation

Department Of Fish and Wildlife.
Depanment of Forests, Parks and Recreaion Wastewater Management Sion
Department of Environmental Consbrvaion Wseae aaeetDvso
St eologist 103 South Main Street - Sewing Bldg.
WAY SERVICE FOR 1HE HEARING IMPAIRED JUN 1 2 2003 Waterbury, Vermont 05671-0405
1-O2S3-0191 TDD>Voioe_
ByM-253195 Voca>DD DiTelephone: (802) 241-3822

Fax: (802) 241-2596
www.anr.state.vt.us/dec/ww/wwrnd.cfm

June 9,2003 P4By La (i Ž LDP

Lynn DeWald

Entergy Nuclear Vermont Yankee

320 Governor Hunt Road

Vernon, VT 05354

Re: Final Amended Discharge Permit #3-1199

Dear Ms DeWald:

Enclosed is your copy of the above referenced permit, which has been signed by the Director of the

Wastewater Management Division for the Commissioner of the Department of Environmental

Conservation. Please read the permit carefully and familiarize yourself with all its terms and conditions.

Your attention is particularly directed to those conditions which may require written responses by certain

dates.

One comment relative to this permit was received during the public notice period. Tbke cofnmenter asked

that the toxicity of the replacement chemical be considered. As discussed in the fact sheet accompanying

the draft permit, prior to noticing the proposed permit the chemical was evaluated by the Department for

toxicity to aquatic biota in the Connecticut River and was approved for usage at the level indicated in the

permit.

If you have any questions concerning your permit, please contact Carol Carpenter at 241-3828.

Sincerely,

an Kooiker

Chief, Discharge Permits Section

Enclosure

cc: EAC members

Regional Offices - Barre/Essex Jct./Pittsfordl/Rudand/Springfield/St. Johnsbury
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Permit No. 3-1199
File No. 13-17

NPDES No. VT0000264
Project ID No. NS75-0006

AGENCY OF NATURAL RESOURCES
DEPARTMENT OF ENVIRONMENTAL CONSERVATION

WASTEWATER MANAGEMENT DIVISION
103 SOUTH MAIN STREET

WATERBURY, VERMONT 05671-0405

AMENDED DISCHARGE PERMIT

In compliance with the provisions of the Vermont Water Pollution Control Act, as amended, (10 V.S.A.
Chap. 47 1251 et. seq;) and the Federal Clean Water Act, as amended (33 U.S.C. §1251 et A),

Entergy Nuclear Vermont Yankee, LLC
185 Old Ferry Road

Brattleboro, VT 05302

(hereinafter referred to as the "permittee") is authorized, by the Secretary, Agency of Natural Resources,
to discharge from a facility located at:

320 Governor Hunt Road
Vernon, Vermont

to the Connecticut River, Class B at the point of discharge

in accordance with effluent limitations, monitoring requirements, and other conditions set forth in Parts
I,11, II, hereof.

This permit shall become effective on the date of signing

This permit and the authorization to discharge shall expire on March 31. 2006.

Signed this 7dv day of , 2003.

Jeffrey Wennberg, Commissioner
Department of Enviromnental Conservation

By

Direct Discharge Section
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Part I

A. EFFLUENT LIMITATIONS, MONITORING REQUIREMENTS, AND SPECIAL CONDITIONS

1. Through March 31, 2006, the permittee is authorized to discharge from outlet serial number SIN 001: Circulating water discharge
- main condenser cooling water and service water. Such discharges shall be limited by the permittee as specified below:

IENT CHARACTERISTIC DISCHARGE LIMITATIONS MONITORING REQUIREMENTS
lbs/day Other units

Monthly Avg. Daily Max. Monthly Avg. Daily Max. Measurement Frequency Sample Type

EFFLL

Flow: Open/Hybrid-Cycle 543 MOD Daily Calculated Flow
Closed Cycle 12.1 MOD Daily Calculated Flow

Temperature see Part 1 6.a-e, pp.4-5

Free Residual Chlorine (b) 0.2 mg/I (c) Grab

Total Residual Oxidant (aXb) Monitor Only (c) Grab

pH 6.5 to 8.5 Standard Units I x daily Grab (d)

The effluent shall not have concentrations or combinations of contaminants including oil, grease, scum, foam, or floating solids which would cause a violation of the
water quality standards of the receiving water.

Samples taken in compliance with the monitoring requirements specified above shall be collected at locations which are representative of the effluents discharged.

(a) Where "Total Oxidant" is chlorine, chlorine plus bromine, or bromine.
(b) Oxidant or chlorine injection is limited to discharge during closed cycle only and detectable residuals are not to exceed 2 hours/day with the exception that the service

water system may be treated during open/hybrid cycle provided that treatment does not exceed 2 hours/day with no detectable oxidant being measured at the discharge
structure.

(c) Monitoring is required during the period that oxidant, or chlorine, treatment is occurrmng. The duration of the treatment shall be reported for each treatment day in the
monthly discharge monitoring report

(d) A daily grab represents the minimum monitoring frequency. Continuous pH monitoring is acceptable and if utilized will require reporting daily minimum and maximum
values on the monthly monitoring report.
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2. Through March 31, 2006, the permittee is authorized to discharge from outfall serial number
SIN 002: Radioactive liquid. Such discharges shall be limited by the pernmittee as specified
below: V.-,

EFFLUENT CHARACTERISTIC DISCHARGE LIMITATIONS
Monthly Avg. Daily Max.

MONITORING REOUIREMENTS
Measurement Frequency Sample Type

Flow 0.01 MGD (a) Estimate

Radioactivity see Part 1.I0.a-f., pp.6-7 (a) see Part 1.I0.a-f.

pH 6.5 to 8.5 Standard Units (a) Grab

The effluent shall not have concentrations or combinations of contaminants including oil, grease, scum, foam, or floating
solids which would cause a violation of the water quality standards of the receiviig water.

Samples taken in compliance with the monitoring requirements specified above shall be collected at locations that are
representative of the radioactive effluent discharge.

(a) Shall be monitored daily when the discharge occurs. When it is determined that a discharge of radioactive liquid
wastewater is necessary, the permittee shall notify the Wastewater Management Division prior to the discharge or, if

necessary, within 24 hours following the discharge.

3. Through Mach 31, 2006, the permittee is authorized to discharge from outfall serial number
S/N 003: Plant Heating Boiler Blowdown. Such discharges shall be limited by the
permittee as specified below:

EFFLUENT CHARACTERISTIC DISCHARGE LIMITATIONS
Monthly Avg. Daily Max.

MONITORING REOUIREMENTS
Measurement Frequen'ry Sample Type

Flow 0.001 MOD (a) Each discharge Estimate

Betz~earborn Cortrol OS7700 (b) No Monitoring Required

The effluent shall not have concentrations or combinations of contaminants including oil, grease, scum, foam, or floating
solids which would cause a violation of the water quality standards of the receiving water.

Samples taken in compliance with the monitoring requirements specified above shall be collected before combining with other
waste streams.

(a)
(b)

Each of the two boilers may be drained of 0.002 MOD at the end of the heating season.
See Part I. 15.
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4. Through March 31, 2006, the permittee is authorized to discharge from outfall serial number
SIN 004: Water treatment carbon filter backwash. Such discharges shall be limited by the
permittee as specified below:

EFFLUENT CHARACTERISTIC DISCHARGE LIMITATIONS MONITORING REOUIREMENTS
Monthly Avg. Daily Max. Measurement Frequency Sample Type

Flow 0.010 MOD (a) Estimate

Total Suspended Solids 83 lbs. No Monitoring Required

The effluent shall not have concentrations or combinations of contaminants including oil, grease, scum, foam, or floating
solids which would cause a violation of the water quality standards of the receiving water.

(a) Shall be monitored daily when the discharge occurs.

5. Through March 31, 2006, the permittee is authorized to discharge from outfill serial number
S/N 005: Cooling water discharge from the four RHR-Service Water pumps.

The permittee may discharge up to 14,000 gpd. No effluent limits or monitoring is required
for this waste stream.

6. The permittee is required to operate its circulating water cooling facilities whether closed,
open, or in a hybrid mode as follows:

a. During the period October 15 through May 15:

(1). The temperature at Station 3 shall not exceed 65 0F.

(2). The rate of change of temperature at Stationl 3 shall not exceed 5°F per hour.
The rate of change of temperature shall mean the difference between consecutive
hourly average temperaures.

(3). The increase in temperature above ambient at Station 3 shall not exceed 13.40F.
The increase in temperature above ambient shall mean plant induced
temperature increase as shown by equation 1.1 (defined on page 1-8 of Vermont
Yankee's 316 Demonstration: Engineering. Hydrological and Biological

formation and Environmental Impact Assessment (March 1978B.

b. During the period May 16 through October 14, the increase in temperature above
ambient at Station 3 shall not exceed the limits set forth in the following table:

Station 7 Temperature Increase in Temperature Above
Ambient at Station 3

Above 630F 20F
>590 F, s630F 30F
>550F,:5590F 40F
Below 550F 50F
The increase in temperature above ambient shall mean plant induced temperature
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increase as shown by equation 1.1 (defined on page 1-8 of Vermont Yankee's 316
Demonstration: Engineerng. Hydrological and Biological Information and
Environmental hnpact Assessment (March 1978).

c. Experimental open/hybrid cycle test programs with alternative thermal limits (to 6a.
and 6b. above) may be administered as approved by the Vermont Yankee
Environmental Advisory Committee (defined in Part L12) and which receive written
authorization from the Secretary of the Agency of Natural Resources.

d. During power operation, if an unexpected failure results in a complete loss of the
cooling tower system, the above restrictions may be modified for a period not to
exceed 24 hours to allow an orderly shutdown by utilizing the main condenser as a
heat sink and operating in an open-cycle mode. The cooling tower system includes all
auxiliary components required for cooling tower operation.

e. Notwithstanding the above, the Secretary may reopen and modify the permit to
incorporate more stringent effluent limitations for control of the thermal component of
Entergy Nuclear Vermont Yankee's discharge, including the requirements of closed-
cycle operation, if the Secretary determines that open-cycle operation is having an
adverse effect in resident or anadromous fish species in the river. Entergy Nuclear
Vermont Yankee will be given notice and opportunity for a hearing prior to the
imposition of such more stringent effluent limitations.

7. ThroughiMarch 31, 2006, the permittee is authorized to discharge from outfall serial
numbers S/N 006, 007, 008, 010, 01 1: Stormwater runoff; and demineralized trailer rinse
down water (S/N 006 only).

006 - North Storm System Discharge Point: to the north of the intake structure.
007 - South Stoim System Discharge Point: to the forebay of the discharge structure;
includes discharges from S/N 003, S/N 004 and S/N 005.
008 .. Southeast Storm System Discharge Point: to the southeast of the east cooling tower.
010 - 345 kV Switchyard Storm System Discharge Point: about 300 yards north of the intake

structure.
01 1 - 115kV Switchyard Storm System Discharge Point: about 350 yards north of the intake

structure.

Effluent limits and monitoring are not required for the stormwater discharges; however,
future storm drain and manhole construction shall conform to the Agency's policy for
stormwater treatment.

The permittee is authorized to discharge demineralized trailer rinse down water to the
stormdrain system (S/N 006). The permittee may discharge up to 10,000 gpd. No effluent
limits or monitoring is required for this waste stream.
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8. Through March 31, 2006, the permittee is authorized to discharge from outfall serial number
S/N 009: Strainer and traveling screen backwash.

EFFLUENT CHARACTERISTIC DISCHARGE LIMITATIONS MONITORING REQUIREMENTS
Monthly Avg. Daily Max. Measurement Frequency Sample Type

Flow 0.050 MOD (a) Estimate

Bulab 8006 (b) No Monitoring Required

The effluent shall not have concentrations or combinations of contanminants including oil, grease, scum, foam, or floating
solids which would cause a violation of the water quality standards of the receiving water.

Samples taken in compliance with-the monitoring requirements specified above shall be collected before combining with other
waste streams.

(a) Shall be monitored daily when the discharge occurs.
(b) See Part 1.IS.

9. The permittee will conduct an environmental monitoring program to measure
and record physical, chemical, and biological data to assure compliance with the
requirements of this pennit in accord with Part IV of this permit: Environmental
Monitoring Studies. Connecticut River. The permittee shall submit an annual
report by May 31 of each year to the Secretary of the Agency of Natural
Resources and the Environmental Advisory Committee.

10. All radioactive liquid waste collected in the plant will be processed through a
treatment system, including filtering and/or demineralization, and the liquid will be
processed and disposed of in accordance with the Nuclear Regulatory Commission
Regulations. Low level radioactive wastes.may be released to the Connecticut River after
treatment pursuant to Final Safety Analysis Report. Volume 111. Section 9.2: Station
Radioactive Liquid Waste System. Vermont Yankee Nuclear Power Station. as amended
subject to the following restrictions:

a. The maximum instantaneous concentration of radionuclides in liquid effluents
released to the unrestricted environment shall not exceed the limits specified in 10
CFR Part 20.1001 - 20.2401, Appendix B, Table 2, including applicable notes thereto.

b. The maximum annual quantity of radionuclides, except tritium, in liquid effluents
released to the unrestricted environment shall not exceed live (5) curies.

c. The maximum annual quantity of tritium in liquid effluents released to the unrestricted
environment shall not exceed five (5) curies.

d. The dose or dose commitment to a member of the public from radionuclides in liquid
effluents released to the unrestricted environment shall be limited to the following:

i. During any calendar quarter: less than or equal to 1.5 milliremns to the total body,
and less than or equal to 5 millirems to any organ.
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ii. During any calendar year: less than or equal to 3 millirems to the total body, and
less than or equal to 10 millirems to any organ.

e. The permittee shall report to the Agency of Natural Resources any abnormal releases
of radioactivity in liquid effluents in a manner and timeframe consistent with Nuclear
Regulatory Commission requirements.

f. The permittee shall monitor and report concentrations, quantities, and calculated doses
of gamma radionuclides and tritium in liquid effluents released to the Connecticut
River and report such data to the Agency of Natural Resources. Other radionuclides
shall be reported to the Agency of Natural Resources in a manner consistent with the
reports submitted to the Nuclear Regulatory Commission.

11. An Environmental Advisory Committee (EAC) is comprised of one individual each
representing (1) Vermont Department of Environmental Conservation; (2) Vermont
Department of Fish and Wildlife; (3) New Hampshire Fish and Game Department; (4) New
Hampshire Department of Environmental Services; (5) Massachusetts Office of Watershed
Management; (6) Massachusetts Division of Fisheries and Wildlife; and, (7) Coordinator of
the Connecticut River Anadromous Fish Program, U.S. Fish and Wildlife Service. The EAC
shall be advisory in fimction and Entergy Nuclear Vermont Yankee, LLC shall meet with the
EAC as often as necessary, but at least annually, to review and evaluate the aquatic
environmental monitoring and studies program. The Entergy Nuclear Vermont Yankee,
LLC Chemistry Manager or designee will serve as the administrative coordinator and
Secretary for the EAC.

12. The temperature probe in the Vernon fishway shall be compatible with the temperature
monitoring system utilized at Stations 3 and 7 in the Connecticut River.

13. Racks and screens preventing fish and other wildlife from entering the condenser water
intake must be operated and maintained in a manner as previously approved by the Vermont
Water Resources Board. Solids collected on the traveling screen shall not be returned to the
Connecticut River.

14. The permittee is authorized to pump river silt, as necessary, that deposits in the intake
structure and cooling tower basins, in the form of a silt-water slurry to be deposited on land
on the plant site in the sedimentation area Slury volumes to be pumped shall not exceed
0.500 MGD or 350 gpm. River sediment/silt will be pumped from the West Cooling Tower
into the existing spray pond where it will be passively filtered to reduce turbidity before the
water portion is routed to the discharge structure. The remaining sediment will be removed
form the spray pond and disposed of properly in accordance with state and federal statutes
and regulations.

15. The permittee is authorized to use either the following chemicals, or chemicals which are
similar in composition, concentration, and toxicity, to the maximum concentrations
indicated below. An increase in dosage rate or a substantial change in the chemicals
identified must be reviewed and approved by the Department to assure that no adverse
impact will occur. A substantial change in chemicals shall be defined as chemicals tat are
not similar in composition, concentration, and toxicity to those identified. A change of
chemical vendors will require, as a minimum, a submittal of the appropriate MSDS, prior to
use of the chemical, to the Wastewater Management Division of the Department.
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Bulab 8006: penetrant/biodispersant for use in minimizing and removing fouling within the
Service Water System; maximum concentration 20 ppm.

Bulab 7034 or Depositrol BL5303: general corrosion inhibitors for use in service water or
circulating water; maximum concentration 30 ppm.

Bulab 9027 or Inhibitor AZ8103: copper corrosion inhibitors for use in the circulating water
for condenser corrosion control. Maximum concentration for Bulab 9027 is 10 ppm.
Maximum concentration for Inhibitor AZ8103 is 50 ppm (used monthly for a 10 minute
period).

Dianodic DN2301: a dispersant for use in the circulating and service water systems;
maximum concentration 20 ppm.

Ondeo Nalco H-550 or Spectrus NX-1 104: a biocide for use in service waters as an
alternative or in addition to bromine/chlorine. The use of these chemicals must be controlled
such that the discharge concentration to the Connecticut River of either chemical is
maintained at less than 2.0 ppm.

Cortrol OS7700: an oxygen scavenger and pH control agent containing hydroquinone as the
oxygen scavenger. Use concentration varies from approximately 100 ppm to 2,000 ppm.
Boiler discharges are limited to 15 ppm as hydroquinone.

Ferroquest FQ7 101: a chemical for use in the service water system to correct
biological/corrosion fouling with the service water pumps. The maximum concentration is
96 ppm for one minute approximately eight times per year.

Ferroquest FQ7102: a pH control agent. Less than two gallons are used to maintain a neutral
pH when using FQ 7101. The maximum concentration is 7 ppm for one minute
approximately eight times per year.

Oxidizing biocides (chlorine or chlorine with bromine) for treatment of the Service Water
System (SWS)

a. Open/hybrid cycle, treatment of the SWS shall not exceed 2 hours per day with no
detectable free residual oxidant being measured at the discharge structure (SIN 001).

b. Closed cycle, free residual oxidant as measured at the discharge structure (SIN 001) is
limited to 0.2 mg/l and detectable residual oxidant shall not exceed 2 hours per day.

16. There shall be no discharge of polychlorinated biphenyl compounds, such as those
commonly used for transformer fluids.

17. There shall be no discharges of metal cleaning waste including wastewater from chemical
cleaning of boiler tubes, air preheater washwater, and boiler fireside washwater.

B. REAPPLICATION

If the pernittee desires to continue to discharge after the expiration date of this permit, the
permittee shall apply on the application forms then in use at least 180 days before the permit
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expires.

Reapply for a Discharge Permit by September 30, 2005.

C. OPERATING FEES

This discharge is subject to operating fees. The permittee shall submit the operating fees in
accordance with the procedures provided by the Secretary.

D. MONITORING AND REPORTING

1. Sampling and Analysis

The sampling, preservation, handling, and analytical methods used shall conform to
regulations published pursuant to Section 304(g) of the Clean Water Act, under which such
procedures may be required. Guidelines establishing these test procedures have been
published in the Code of Federal Regulations, Title 40, Part 136 (Federal Register, Vol. 56,
No. 195, July 1, 1999 or as amended).

Samples shall be representative of the volume and quality of effluent discharged over the
sampling and reporting period. All samples are to be taken during normal operating hours.
The permittee shall identify the effluent sampling location used for each discharge.

2. Reporting

The permittee is required to submit monitoring results as specified on a Discharge
Monitoring Report (Form WR-43). Reports are due on the 15"' day of each month,
beginning with the month following the effective date of this permit.

If, in any reporting period, there has been no discharge, the permittee must submit that
information by the report due date.

Signed copies of these, and all other reports required herein shall be submitted to the
Secretary at the following address:

Agency of Natural Resources
Department of Environmental Conservation

Wastewater Management Division
103 South Main Street

Waterbury, Vermont 05671-0405

All reports shall be signed:

a. In the case of corporations, by a principal executive officer of at least the level of vice
president, or his/her duly authorized representative, if such representative is
responsible for the overall operation of the facility from which the discharge described
in the permit form originates;

b. In the case of a partnership, by the general partner;
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c. In the case of a sole proprietorship, by the proprietor,

d. In the case of a municipal, state, or other public facility, by either a principal executive
officer, ranking elected official, or other duly authorized employee.

3. Recording of Results

The permittee shall maintain records of all information resulting from any monitoring
activities required including:

a. The exact place, date, and time of sampling;
b. The dates and times the analyses were performed;
c. The person(s) who performed the analyses;
d. The analytical techniques and methods used including sample collection, handling,

and preservation techniques;
e. The results of all required analyses;
f. The records of monitoring activities and results, including all instrumentation and

calibration and maintenance records;
g. The original calculation and data bench sheets of the operator who performed analysis

of the influent or effluent pursuant to requirements of Section L.A of this permit

The results of monitoring requirements shall be reported (in the units specified) on the
Vermont reporting form WR-43 or other forms approved by the Secretary.

4. Additional Monitoring

If the permittee monitors any pollutant at the location(s) designated herein more frequently
than required by this permit, using approved analytical methods as specified above, the
results of such monitoring shall be included in the calculation and reporting of the values
required in the Discharge Monitoring Report. Such increased frequency shall also be
indicated.

PART II

A. MANAGEMENT REQUIREMENTS

1. Facility Modification I Change in Discharge

All discharges authorized herein shall be consistent with the terms and conditions of this
permit. Such a violation may result in the imposition of civil and/or criminal penalties as
provided for in Section 1274 and 1275 of the Vermont Water Pollution Control Act. Any
anticipated facility expansions, production increases, or process modifications which will
result in new, different, or increased discharges of pollutants must be reported by submission
of a new permit application or, if such changes will not violate the effluent limitations
specified in this permit by notice to the permit issuing authority of such changes. Following
such notice, the permit may be modified to specify and limit any pollutants not previously
limited.
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2. Noncompliance Notification

In the event the permittee is unable to comply with any of the conditions of this permit due
among other reasons, to:

a breakdown or maintenance of waste treatment equipment (biological and physical-
chemical systems including, but not limited to, all pipes, transfer pumps, compressors,
collection ponds or tanks for the segregation of treated or untreated wastes, ion
exchange columns, or carbon absorption units),

b. accidents caused by human error or negligence, or

c. other causes such as acts of nature,

the permittee shall notify the Secretary within 24 hours of becoming aware of such
condition or by the next business day and shall provide the Secretary with the following
information, in writing, within five (5) days:

i. cause of noncompliance

ii. a description of the non-complying discharge including its impact upon the receiving
water,

iW. anticipated time the condition of non-compliance is expected to continue or, if such
condition has been corrected, the duration of the period of non-compliance;

iv. steps taken by the permittee to reduce and eliminate the non-complying discharge; and

v. steps to be taken by the permittee to prevent recurrence of the condition of non-
compliance.

3. Operation and Maintenance

All waste collection, control, treatment. And disposal facilities shall be operated in a manner
consistent with the following:

a The permittee shall, at all times, maintain in good working order and operate as
efficiently as possible all treatment or control facilities or systems installed or used by
the permittee to achieve compliance with the terms and conditions of this permit; and ,-*

b. The permittee shall provide an adequate operating staff which is duly qualified to cany
out the operation, maintenance, and testing functions required to insure compliance
with the conditions of this permit.

4. Quality Control

The permittee shall calibrate and perform maintenance procedures on all monitoring and
analytical instrumentation at regular intervals to ensure accuracy of measurements or shall
ensure that both activities will be conducted.
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The permittee shall keep records of these activities and shall provide such records upon
request of the Secretary.

The permittee shall analyze any additional samples as may be required by the Agency of
Natural Resources to ensure analytical quality control.

5. Bypass

The diversion or bypass of facilities necessary to maintain compliance with the terms and
conditions of this permit is prohibited, except where authorized under terms and conditions
of an emergency pollution permit issued pursuant to 10 V.S.A. Section 1268.

6. Duty to Mitigate

The permittee shall take all reasonable steps to minimize or prevent any adverse impact to
waters of the State resulting fiom non-compliance with any condition specified in this
permit, including accelerated or additional monitoring as necessary to determine the nature
and impact of the non-complying discharge.

7. Records Retention

All records and information resulting from the monitoring activities required by this permit
including all records of analyses performed, calibration and maintenance of instrumentation,
and recordings from continuous monitoring instrumentation shall be retained for a minimum
of three (3) years, and shall be submitted to Departnent representatives upon request. This
period shall be extended during the course of unresolved litigation regarding the discharge of
pollutants or when requested by the Secretary.

8. Solids Management

Collected screenings, sludges; and other solids removed from liquid wastes shall be stored,
treated and disposed of in accord with the terms and conditions of any certification, interim
or final, transitional operation authorization or order issued pursuant to 10 V.S.A., Chapter
159 that is in effect on the effective date of this permit or is issued during the term of this
permit

9. Emergency Pollution Permits

Maintenance activities, or emergencies resulting from equipment failure or malfunction,
including power outages, which result in an effluent which exceeds the effluent limitations
specified herein, shall be considered a violation of the conditions of this permit, unless the
pernittee immediately applies for, and obtains, an emergency pollution permit under the
provisions of 10 V.S.A., Chapter 47, Section 1268. The permittee shall notify the
Department of the emergency situation within 24 hours.

10 V.S.A., Chapter 47, Section 1268 reads as follows:

"When a discharge permit holder finds that pollution abatement facilities require repairs,
replacement, or other corrective action in order for them to continue to meet standards
specified in the permit, he may apply in the manner specified by the Secretary for an
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emergency pollution permit for a term sufficient to effect repairs, replacements or other
corrective action. The permit may be issued without prior public notice if the nature of the
emergency will not provide sufficient time to give notice; provided that the Secretary shall
give public notice as soon as possible but in any event no later than five days after the
effective date of the emergency pollution permit. No emergency pollution permit shall be
issued unless the applicant certifies and the Secretary finds that:

(1) there is no present, reasonable alternative means of disposing of the waste other than by
discharging it into the waters of the State during the limited period of time of the emergency;

(2) the denial of an emergency pollution permit would work an extreme hardship upon the
applicant;

(3) the granting of an emergency pollution pennit will result in some public benefit;

(4) the discharge will not be unreasonably harmful to the quality of the receiving waters;

(5) the cause or reason for the emergency is not due to willful or intended acts or omissions
of the applicant."

Application shall be made to the Secretary of the Agency of Natural Resources, Department
of Environmental Conservation, Wastewater Management Division, 103 South Main Street,
Waterbury, Vermont 05671-0405.

10. Power Failure

In order to maintain compliance with the effluent limitations and prohibitions of this permit,
the permittee shall either

a. Provide an alternative power source sufficient to operate the wastewater control
facilities; or, if such alternative power source is not in e}istence,

b. Halt, reduce, or otherwise control production and/or all discharges upon the reduction,
loss, or failure of the primary source of power to the wastewater control facilities.

B. RESPONSIBIUTIES

1. Right of Entry

The permittee shall permit the Secretary or authorized representative, upon presentation of
proper credentials:

a. to enter upon the permittee's premises where an effluent source or any records required
to be kept under the terms and conditions of this permit are located; and

b. to have access to and copy any records required to be kept under the terms and
conditions of this permit;

c. to inspect any monitoring equipment or method required in this permit; or
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d. to sample any discharge of pollutants.

2. Transfer of Ownership or Control

This permit is not transferable without prior written approval of the Secretary. All
application and operating fees must be paid in full prior to transfer of this pennit. In the
event of any change in control or ownership of facilities from which the authorized
discharges emanate, the permittee shall provide a copy of this permit to the succeeding
owner or controller and shall send written notification of the change in ownership or control
to the Secretary. The permittee shall also inform the prospective owner or operator of their
responsibility to make an application for transfer of this permit. This application must
include as a minimum; a written statement fiom the prospective owner or operator
certifying:

a. The conditions of the operation that contribute to, or affect, the discharge will not be
materially different under the new ownership.

b. The prospective owner or operator has read and is familiar with the terms of the permit
and agrees to comply with all terms and conditions of the permit.

c. The prospective owner or operator has adequate funding to operate and maintain the
treatment system and remain in compliance with the terms and conditions of the
permit.

d. The date of the sale or transfer of the business.

The Department may require additional information dependent upon the current status of the
facility operation, maintenance, and permit compliance.

3. Confidentiality

Pursuant to 10 V.S.A. 1259(b):

"Any records, reports or information obtained obtained under this permit program shall be
available to the public for inspection and copying. However, upon a showing satisfactory to
the secretary that any records, reports or information or part thereof, other than effluent data,
would, if made public, divulge methods or processes entitled to protection as trade secrets,
the secretary shall treat and protest those records, reports or information as confidential.
Any records, reports or information accorded confidential treatment will be disclosed to
authorized representatives of the state and the United States when relevant to any
proceedings under this chapter."

4. Permit Modification

After notice and opportunity for a hearing, this permit may be modified, suspended, or
revoked in whole or in part during its term for cause including, but not limited to, the
following:

a. Violation of any terms or conditions of this permit;
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b. Obtaining this permit by misrepresentation or failure to disclose fully all relevant
facts; or

c. A change in any condition that requires either a temporary or permanent reduction or
elimination of the authorized discharge.

5. Toxic Effluent Standards

If a toxic effluent standard or prohibition (including any schedule of compliance specified in
such effluent standard or prohibition) is established under Section 307 (a) of the Federal
Clean Water Act for a toxic pollutant which is'present in the discharge, and such standard or
prohibition is more stringent than any limitation for such pollutant in this permit, the
secretary shall revise or modify the permit in accordance with the toxic effluent standard or
prohibition and so notify the permittee.

6. Oil and Hazardous Substance Liability

Nothing in this permit shall be construed to preclude the institution of legal action or relieve
the permittee from any responsibilities, liabilities, or penalties to which the permittee is or
maybe subject under 10 V.S.A. Section 1281.

7. Civil and Criminal Liability

Except as provided in permit conditions on Bypass (Part II, A. 5.), Power Failure (Part IL A.
10.), and Emqrggeny Pollution Permits (Part II, A. 9.), nothing in this permit shall be
construed to relieve the permittee from civil or criminal penalties for noncompliance. Civil
penalties as authorized under 10 V.S.A. §1274 and l V.S.A. §8010, shall not exceed
$10,000 a day for each day of violation. Criminal penalties, as authorized under 10 V.SA
§ 1275, shall not exceed $25,000 for each day of violation, imprisonment for up to six
months, or both.

S. - State Laws

Nothing in this permit shall be construed to preclude the institution of any legal action or
relieve the permittee from any responsibilities, liabilities, or penalties established pursuant to
any applicable State law or regulation under authority preserved by Section 510 of the Clean
Water Act.

9. Property Rights

Issuance of this permit does not convey any property rights in either real or personal
property, or any exclusive privileges, nor does it authorize any injury to private property or
any invasion of personal rights, nor any infringement of Federal, State, or local laws or
regulations.

10. Severability

The provisions of this permit are severable, and if any provision of this permit, or the
application of any provision of this permit to any circumstance, is held invalid, the
application of such provision to other circumstances, and the remainder of this permit, shall
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not be affected thereby.

11. Authority

This permit is issued under authority of 10 V.S.A. Section 1259 which states that: "No
person shall discharge any waste, substance, or material into waters of the State, nor shall
any person discharge any waste, substance, or material into an injection well or discharge
into a publicly owned treatment works any waste which interferes with, passes through
without treatment, or is otherwise incompatible with those works or would have a substantial
adverse effect on those works or on water quality, without first obtaining a permit for that
discharge from the Secretary", and under the authority of Section 402 of the Clean Water
Act, as amended.

PART m

A. OTHBRRQUIREMENTS

This permit shall be modified, suspended or revoked to comply with any applicable effluent
standard or limitation issued or approved under Sections 301(bX2)(C) and (D), 304(b)(2), and
307(a)(2) of the Clean Water Act, if the effluent standard or limitation so issued or approved:

1. Contains different conditions or is otherwise more stringent than any effluent limitation in
the permit; or

2. Controls any pollutant not limited in the permit.

The permit as modified or reissued under this paragraph shall also contain any other requirements
of the Vermont Water Pollution Control Act then applicable.

B. DENMTIONS

For purposes of this permit, the following definitions shall apply:

The Act - The Vermont Water Pollution Control Act, 10 V.S.A Chapter 47.

Average - The arithmetic mean of values taken at the frequency required for each parameter over
the specific period.

lbe trA t - The federal Clean Water Act, as amended.

Composite Samle - A sample consisting of a minimum of one grab sample per hour collected
over a normal operating day and combined proportional to flow, or a sample continuously
collected proportional to flow over a normal operating day.

Daily Discharge - The discharge of a pollutant measured during a calendar day or any 24 hour
period that reasonably represents the calendar day for purposes of sampling.

For pollutants with limitations expressed in pounds, the daily discharge is calculated as the total
pounds of pollutants discharged over the day.
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For pollutants with limitations expressed in mg/I, the daily discharge is calculated as the average
measurement of the pollutant over the day.

Grab Sample - An individual sample collected in a period of less than 15 minutes.

Maximum Day (maximum daily discharge limitation) - The highest allowable "daily discharge"
(mg/I, lbs., or gallons).

Mean - The mean value is the arithmetic mean.

Monthly Average (average monthly discharge limitation) - The highest allowable average of daily
discharges (mg/I, lbs., or gallons) over a calendar month, calculated as the sum of all daily
discharges (mg/I, lbs.,or gallons) measured during a calendar month, divided by the number of
daily discharges measured during that month.

NPDES - The National Pollutant Discharge Elimination System.

Sertr - The Secretary of the Agency of Natural Resources

Closed-Cycle Operation and Blowdown - The circulating water system mode in which water is
circulated through the cooling towers to dissipate condenser heat. The only water discharged to
the River during closed-cycle operation is the blowdown from the cooling towers except for minor
leakage through the intake gates which is less than 1% of the circulating water flow. Blowdown
refers to the water continuously removed from the cool side of the cooling tower collection basins
to rid cooling towers of dissolved solids.

instantaneous Maximum - A value not to be exceeded in any grab sample.
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PART IV

ENVIRONMENTAL MONITORING STUDIES, CONNECTICUT RIVER

The environmental monitoring and studies specified in Part IV are intended to assure that the discharges
authorized by this permit do not violate applicable Vermont Water Quality Standards and are not
adverse to fish and other wildlife that inhabit the Connecticut River in and around the vicinity of
Vernon.

In the event the US Fish and Wildlife Service determines that the field sampling activities as required in
the Larval Fish, Fish, Anadromous Fish, and Fish Impingement sections of this permit may violate
the applicable provisions of Endangered Species Act of 1973 as amended (16 USC 1531-43) the
Agency, after consultation with other appropriate governing agencies, may direct the permittee to make
changes and/or substitutions in the sampling protocol as required in this permit.

CONNECTICUT RIVER MONITORING

River Flow Ratr
Frequenoc/Date:

Location:

Temperature
Freauencv/Date:

Location:

Freguencl/Date:
Location:

Once per hour - All months
Vernon Dam
River flow data shall be tabulated based on data supplied by the Wilder
Station.

Once per hour - All months
Stations 3 and 7
Water temperature shall be measured to within 0.1 F.

Once per hour - During fishway operation
Vernon Fishway
Water temperature shall be measured to within 0.1 0F. These data shall be
collected only when the fishway is officially operating. Data shall be
reported as hourly, daily, monthly means.

Water Quality Parameters

Freguency/Date:
Location:

Once per month - All months
Stations 3 and 7, and the Plant discharge
Water quality parameters shall be grab samples collected via monitor
pumps or directly from the River for the following:

Location
Parameter Station 7

Copper *

Discharge

*

Station 3

*

*Iron *

Zinc * * **
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$ Monitoring required only if Entergy Nuclear Vermont Yankee is operating during the specified
sample period.

Macroinvertebrates

Macroinvertebrates shall be collected according to the following schedule:

Fremuency/Date: June, August, and October (once each month)
Locations: Stations 2 and 3

Cage samplers shall be deployed in June, August, and October. Multiple
samplers (minimum of three) should be set at each deployment Physical
characteristics at deployment sites should be standardized between stations
to the greatest extent possible. Final sampling plan to be approved by the
DEC.

Larval Fish

Larval fish shall be collected when the plant cooling water intake is operating in open/hybrid cycle
according to the following schedule and methods:

Erequngy/ate: Weekly - May through July 15
Location: Connecticut River adjacent to the plant intake

Collect three plankton net samples on the same day in each week. The net
shall be deployed as close as possible to the intake allowing each sample
to be representative of the water column, bottom to surface. The volume
sampled shall be measured with a flow meter mounted near the net mouth
and used to calculate the density of larval fish in each tow. Larval fish
shall be identified to the lowest distinguishable taxonomic level and
en'imerated.

With the written concurrence of the Agency, the sampling method may be
modified or replaced.

Fish

Fish shall be collected according to the following schedule and methods:

Frequency/Date: Monthly - May, June, September, and October
Locations: Connecticut River at Rum Point; Station 5; Station 4; N.H. Setback; 0.1

mile south of the Vernon Dam; Station 3; Stebbin Island; and, Station 2

Fish shall be collected at each location with boat mounted electrofishing
gear. All fish caught shall be identified, enumerated to the lowest
distinguishable taxonomic level, and measured for length and weight A
representative sample of American Shad and Atlantic Salmon shall be
scaled for annuli determination of age. Catch-per-unit-of-effort (CPUE)
shall be calculated for each species sampled.
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Anadromous Fish

Juvenile and adult American shad shall be monitored according to the following schedule:

Freauency/Date:
Locations:

Twice monthly - July through October
Connecticut River 0.1 mile south of Vernon Dam; Station 3; and Stebbin
Island

Juvenile shad shall be collected at each location with boat mounted
electrofishing gear. All captured juvenile American shad shall be
identified, enumerated, and measured for length and weight. Catch-per-
unit-of-effort shall be calculated.

Frequency/Date:
Location:

Twice monthly - July through October
Connecticut River between Vernon Dam and the confluence of the West
River

Collect 20 beach seine hauls and 12 surface trawl tows (utilizing midwater
trawl tow gear) per sampling event. All fish caught shall be identified,
enumerated to the lowest distinguishable taxonomic level, and measured
for length and weight Catch-per-unit-of-effort shall be calculated for
American shad.

Freuuencv/Date:
Location:

Weekly - May 15 through June
Vernon Fish Ladder

Adult American shad shall be sampled in the fish trap and enumerated,
measured for length and weight and evaluated for sex and sexual
condition. Scale samples shall be taken from each fish and used for annuli
determination of age.

All sampling activities at the Vernon Fish Ladder are under the direction
of the Vermont Department of Fish & Wildlife.

Fish Impingement

Impingement samples shall be collected when the plant cooling water intake is operating in open/hybrid
cycle according to the following schedule and methods:

Fregug c/Date:
Locations:

Weekly - April 1 through June 15; August 1 through October 31
Circulating water traveling screens

Prior to the start of each weekly sample, the three circulating water screens
shall be backwashed and the debris removed. Debris shall be examined
for American shad and Atlantic salmon. On the following day, the three
circulating water screens shall be backwashed and the debris shall be
sorted to remove all impinged fish. Fish shall be identified to the lowest
distinguishable taxonomic level, enumerated, measured for total length
and weighed.
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(When air temperatures are at freezing the permittee may be unable to
rotate the traveling screens until the air temperature rises above freezing.
In such cases, the scheduled sample may be collected once air
temperatures have risen above freezing.)

Standard Operating Procedures

Field sampling required as specified in the Macroinvertebrates, Larval Fish, Fish, Anadromous Fish,
and Fish Impingement sections shall be performed according to approved Standard Operating
Procedures. A Standard Operating Procedures Manual describing the field sampling activities shall be
provided to the Agency for review and approval prior to the start of field sampling.

Atlantic salmon: The plant shall revert to closed cycle if the annual Atlantic salmon
impingement limit as determined by the U.S. Fish and Wildlife Service, is
exceeded and shall remain on closed cycle until June 15 of the current
calendar year. If any anadromous Atlantic salmon are impinged, the
Vermont Department of Fish and Wildlife shall be notified.

1. If Atlantic salmon are impinged, the frequency of impingement sampling
shall increase to daily sampling when either of the following criteria are
met

a. when any daily impingement of Atlantic salmon exceeds 10% of the
annual impingement limit or,

b. when 50% or more of the annual limit have been exceeded during
the current year.

Daily impingement sampling shall continue until three consecutive daily
samples have been collected and no Atlantic salmon obtained. Sampling
frequency shall then revert to weekly sampling.

2. If the criteria listed above are not met, impingement sampling will remain
on a weekly schedule.

The maximum number of Atlantic salmon which can be impinged by Entergy Nuclear Vermont Yankee,
LLC during a calendar year is determined by:

Impinged Atlantic salmon limit = 0.001 x (smolt equivalents)

Smolt equivalents (SE) are defined as:

SE- = SEF + SE4 + SES + SEN
where:

SE4 is defined as the total number of smolt equivalents available from fry plants upstream of Vernon
Dam. This number is calculated by:

SE, = 0.0675 x (two year previous fly)



Permit No. 3-1199 Page 22 of 23

Two year previous fry is defined as the total number of fry stocked upstream of the Vernon Dam
two years previous.

SE4 is defined as the total number of smolt equivalents available from parr plants upstream of the
Vernon Dam. This number is calculated by:

SE4 = [(0.25 x (yearling parr)) + (0.11 x (two-year previous under yearling)]

Yearling parr is defined as the total number of 1+ parr stocked upstream of the Vernon Dam
during the previous calendar year.

Two-year previous under yearling parr is defined as the total number of O+ parr stocked two years
previous.

SEs is defined as the total number of smolt equivalents available from smolt stocked upstream of
Vernon Dam. This number is calculated by:

SEs = I x (smolts stocked)

Smolts stocked is defined as the total number of smolts stocked upstream during the current
monitoring year.

SE, is defined as the total number of smolt equivalents available from natural reproduction upstream of
Vernon Dam. This number is calculated by:

SEw = 0.58 x 7000 x 0.01 x (adult salmon)

0.58 represents 58% of the run as female.
7000 represents the average number of eggs per female.
0.01 represents a 1% survival of eggs to the smolt stage.
Adult salmon is defined as the number of adult salmon passed through the Vernon Fishway three
years previous.

American shad: The plant shall revert to closed cycle if the annual American shad
impingement limit, as determined by the U.S. Fish and Wildlife Service, is
exceeded and shall remain on closed cycle until November 15 of the
current calendar year. If any anadromous American shad are impinged,
the Vermont Department of Fish and Wildlife shall be notified.

1. If 50% or more of the annual limit have been exceeded during the
current year, impingement sampling frequency shall increase to
daily sampling upon the impingement of any American shad and
continue until three consecutive daily samples not containing these
fishes are obtained. Sampling would then revert back to weekly
sampling.

2. If the above criterion is not met, impingement sampling shall remain
on a weekly schedule.
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The maximum number of American shad which can be impinged by Entergy Nuclear Vermont Yankee,
LLC during a calendar year is determined by:

Impinged American shad limit = I x number of American shad

The number of American shad is defined as the number of American shad passed at the Vernon fish
ladder or otherwise introduced above Vernon Dam during the calendar year.

No Adverse Impact on Biota Evaluation:

The above task-oriented monitoring program defines a minimal data collection study on the water
quality and biota adjacent to the plant. In order to demonstrate that the operation of the plant does not
result in an adverse effect on fish and other wildlife, including their value as fish and game and their
habitat and ecology' additional objective specific studies and data evaluation may be required. These
additional study topics would be as a result of changes observed during the task-oriented program and/or
Environmental Advisory Committee (EAC) concerns raised for fish or other biota.

The EAC (in conjunction with the Vermont Department of Fish and Wildlife) may modify the fish
sampling protocol if it has been determined that the impact on biota adjacent to the plant may be
adversely affected. The modifications shall be made in writing and submitted to the DEC and Entergy
Nuclear Vermont Yankee, LLC.

Objective specific investigations would be defined and reviewed by the EAC annually. A draft proposal
for the following years studies, if any, would be submitted by Entergy Nuclear Vermont Yankee, LLC to
the EAC for review by October 1 of the current year. A progress report on studies conducted during the
current year would be submitted by Entergy Nuclear Vermont Yankee, LLC to the EAC by February 1.
Proposed changes to the draft proposal would by submitted by March 1.

Macroinvertebrate Investigation - During 2002-03 Entergy Nuclear Vermont Yankee, LLC shall
complete a study on the macroinvertebrate populations in the Vernon PooL Specifics of the study shall
be coordinated between the Department of Environmental Conservation and Entergy Nuclear Vermont
Yankee, LLC prior to commencement of the study.

The Department may amend this permit to include other specific EAC investigations.

KADin\ctCamoICes\Entamd



AGENCY OF NATURAL RESOURCES
DEPARTMENT OF ENVIRONMENTAL CONSERVATION

WASTEWATER MANAGEMENT DIVISION
103 SOUTH MAN STREET

WATERBURY, VERMONT 05671-0405

FACT SHEET
(May 2001, amended July 2001, amended May 2003*)

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES)
fiERvIT TO DISCHARGE TO WATERS OF THE UNITED STATES

FILE NO: 13-17
PERMIT NO: 3-1199
NPDES NO: VT0000264 ?tad3
PROJECT ID NO: NS75-0006

NAME AND ADDRESS OF APPLICANT:

Entergy Nuclear Vermont Yankee C ptfr/tdq'
322 Governor Hunt Road
Vernon, Vermont 05354

NAME AND ADDRESS OF FACILITY WHERE DISCHARGE OCCURS:

Entergy Nuclear Vermont Yankee
322 Governor Hunt Road
Vemnon, Vermont 05354

RECEIVING WATER: Connecticut River

CLASSIFICATION: Class B

I. Proposed Action. Type of Facility, and Discharge Location

The above named applicant has applied to the Vermont Department of Environmental
Conservation for a permit to discharge into the designated receiving water. The facility is
engaged in the operation of a nuclear electrical generating station. The discharge is combined
effluent from condenser cooling water and service water, boiler blowdown, water treatment
process and carbon filter backwash, radioactive waste treatment system, demineralized trailer
rinsedown water and stormwater runoff.

* This is a permit amendment. Proposed changes to the permit are addressed on page 7 of
this fact sheet.
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II. Description of Discharge

A quantitative description of the discharge in terms of significant effluent parameters is based
upon the permit application and supporting documents including the final 316 Demonstration
Report and a summary of the self-monitoring data.

m. Limitations and Conditions

The effluent limitations, monitoring requirements, and special conditions may be found on the
following pages of the draft permit:

* Effluent Limitations and Pages 2 through 9
Monitoring Requirements

Special Conditions Pages 2 through 9

IV. Facility Description and Background

Entergy Nuclear Vermont Yankee owns and operates a nuclear power station in Vernon,
Vermont. The facility is located on the west shore of Vernon Pool, an impoundment of the
Connecticut River created by Vernon Dam. The dam and Vernon Station, a hydroelectric
facility, are located approximately 0.5 miles downstream from Vermont Yankee. The Vermont
Yankee Nuclear Power Station (VYNPS), which began operation in 1972, is classified as a
Boiling Water Reactor (BWR) with a rated core thermal power level of 1593 MW, providing a
gross electrical output of 537 MW. The remainder of the energy, 1056 MW, is removed as heat
by the circulating water system as it passes by the condenser and discharges to the Connecticut
River (S/N 001), or to the atmosphere via mechanical draft cooling towers. There are several
other processes associated with the electro-generation and facility operations, which may result
in a discharge. Typically these discharges are not continuous and occur infrequently. These
include radioactive liquid (S/N 002), plant-heating boiler blowdown (S/N 003), water treatment
and carbon filter backwash (S/N 004), cooling water discharge from the four RHR-SW pumps
(SIN 005), site stormwater runoff (SIN 006, 007, and 008), demineralized trailer rinse down
water (SIN 006), and strainer and traveling screen backwash (S/N 009). A schematic of the
design maximum capacity wastewater flows is attached.

Currently, VYNPS has a State of Vermont NPDES Discharge Permit (Permit No. 3-1199,
NPDES No. VT0000264). Vermont Yankee has applied for a renewal of this permit. The
Department intends to issue a draft discharge permit with effluent limitations, monitoring
requirements, and other special conditions based on Titles m and IV of the Clean Water Act in
accordance with 40 CFR Parts 122-125 and 423, The Vermont Water Pollution Control Act 10
VSA Chapter 47, Vermont Water Pollution Control Permit Regulations, the Vermont Water
Quality Standards, and the Final 316 Demonstration Report: Biological, Hydrological, &
Engineering Information and Environmental Impact Assessment (For the period 16 May to 14
October), June 1990.
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V. Permit Basis and Explanation of Effluent Limitation Derivation

The following is a description of each of the authorized discharges including background and
highlighting modifications from the previously issued permit that are proposed in the draft
permit

S/N 001 - Condenser Cooling Water and Service Water
Condenser cooling water is the secondary coolant in the nuclear reactor system. In the BWR,
primary coolant water (pumped from the Connecticut River) is converted to high purity steam
which passes through the high-pressure and low-pressure turbine generator for electrical

--~' generation. Exhaust steam enters a water cooled condenser, where it is cooled back to water and
recirculated in the process. The condenser cooling water removes unused heat energy from the
primary system and as a non-contact cooling system, is not a source of plant related radioactivity
released as a liquid effluent.

Vermont Yankee has various modes of condenser cooling operation which determines the
volumes of water and amounts of heat discharged to the river. In order to comply with the
thermal criteria for discharge (dependent on river conditions and plant operations), condenser
cooling water may be discharged directly to the Connecticut River ('open-cycle, or once through
cooling'), or may be directed to the mechanical draft cooling towers. These discharges may
wholly, or in part, be returned to the river and/or the plant's circulating water system ('hybrid or
closed cycle').

Excess service waters (up to 10,000 gpd) discharge through the circulating water system prior to
combining with the condenser cooling water. Vermont Yankee upgraded its service water system
in 1994 to include the ability to chemically treat (chlorine or chlorine with bromine) for
biofouling. These oxidizing biocides were included under Condition I.A.15.

The dilution of the service waters (for cooling of plant equipment) prior to discharge is
approximately 36:1. The discharge limitations for free residual chlorine and total residual
oxidant will remain unchanged from the previous permit

The proposed permit includes the addition of two new chemicals for use in the RHR service
water system to correct biological/corrosion fouling of the four service water pumps. Each pump
will be serviced approximately twice a year and each discharge containing Ferroquest
FQ7101(treatment chemical) and FQ7102 (for maintaining a neutral pH) will last only one
minute. The maximum concentration for FQ7 101 is 96 ppm for one minute and for FQ7102 the
maximum concentration is 7 ppm for one minute. The effluent from the cleaning (approximately
300 gallons of 10% Ferroquest 7101) will discharge to the service water system (5,000 gpm
flow) then enter the circulating water system (240,000 gpm flow) to the discharge structure via
S/N 001.

During the winter months all of the service water is routed to a deep basin under the West
Cooling TQwer which contains 1.6 million gallons of water prior to entering the discharge
structure (S/N 001). This is used to prevent icing and is in place when the river temperature
drops below 45 degrees F. During this time additional dilution is available.
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Other Limits for Discharge S/N 001

Maximum discharge occurs during 'open/hybrid-cycle' and will remain as previously permitted
at 543 MGD. Closed cycle operation maximum flow rate will remain at 12.1 MGD. These are
calculated values, determined through the use of pump curves.

The permit continues to require continuous ambient temperature monitoring in the Connecticut
River. This monitoring will ensure that temperature limits in the Vermont Water Quality
Standards are met under all operating conditions.

Under the provisions of both the Clean Water Act, Section 316 and the Vermont Water Quality
Standards, Section 3-01, alternative thermal limitations may be granted where a demonstration is
made that such alternative limits will not result in an adverse effect on biota or beneficial values
or uses associated with the classification of the receiving waters. The results of the 316
demonstration (Final 316 Demonstration Report: Biological. Hydrological. & Engineering
Information and Environmental Impact Assessment (For the period 16 May to 14 October). June
1990. and the Summary Report of the 1986 - 1997 Ecological Studies of the Connecticut River.
Vernon. Vermont indicated that the plant operations had not altered the distribution, abundance,
or diversity of aquatic biota of the Connecticut River near Vernon.

Based upon this demonstration and the annual ecological monitoring studies, the existing thennal
limits remain unchanged from the previous permit.

S/N 002 - Radioactive Liquid

The discharge of low level radioactive liquids may occur from the radwaste building after
treatment. This discharge is intermittent and occurs on a very infrequent basis. According to
self-monitoring data, the last discharge occurred in December, 1981. The restrictions on
radioactive discharges, Condition I.10. a-ft have not been modified. The previously permitted
discharge limit of 0.01 MGD is unchanged.

SIN 003 - Plant Heating Boiler Blowdown

The plant-heating boilers discharge relatively small volumes of blowdown on an intermittent
basis most months. The maximum daily flow rate is 0.0010 MGD] except that each of the two
boilers may be drained of 0.0020 MGD at the end of the heating season. (Each boiler has a
capacity of 2000 gallons.) This is unchanged from the previous permit This waste stream
discharges through SIN 007 to the outlet structure forebay.

The name, but not the chemical itself; of the corrosion control chemical has been changed from
Betz Layup-1 to BetzDearborn Cortrol OS7700.

SIN 004 - Carbon Filter Backwash

This system is part of the river water purification system and generates river solids. This
discharge is defined by 40 CFR 423.12 as a 'low volume waste stream' which has established
total suspended solids (TSS) limits calculated using the flow rate and a concentration of 100
mg/L. The flow rate and total suspended solids limit remains unchanged fiom the previous
permit. This waste stream discharges through SIN 007 to the outlet structure forebay.
Data from the past five years indicate that the discharge of total suspended solids is less than 3%
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of the existing pounds limit of 8.3. As a result this permit proposes to delete the requirement for
TSS monitoring.

S/N 005 - Minor Cooling Water from Residual Heat Removal-Service Water Pumps

S/N 005 is a minor cooling water (service water motor coolers) discharge from the four RHR-
SW pumps, typically operated only during plant shutdown at a maximum flow of 0.014 MGD.
There are no additives and the discharges are only slightly thermally enhanced. No effluent
limits or monitoring is required for this waste stream which discharges through SIN 007 to the
outlet structure forebay. This is unchanged from the previous permit.

S/N 006. 007. 008. 010. 011 - Stormwater Discharges and Demineralized Trailer Rinse Down
Water (S/N 006 only!

Authorization to discharge stormwater runoff from discharge points S/N 006, 007, and 008 will
be retained in this permit. Vermont Yankee has applied for a permit amendment to add two
existing stormwater discharge points (a part of the original plant design) which were previously
not identified in the permit. These are S/N 010, stormwater from the 345 kV switchyard
discharging about 300 yards north of the intake and SIN 011, stormwater from the 115kV
switchyard discharging about 350 yards north of the intake.

In addition to the stormwater discharges, the permit proposes to add 'demineralized trailer rinse
downs' to discharge point SIN 006. Approximately four times a year a trailer truck with six ion
exchange resin tanks enters the facility in order to make demineralized make-up water for the
reactor. The proposed flow would be up to 0.01 MGD. Due to the high quality of this discharge
no monitoring is proposed.

SIN 009 - Strainer and Traveling Screen Backwash Water

SIN 009 is a minor discharge of river water from the backwash of the Circulating and Service
Water Traveling Screens and the Service Water Strainers. It is located a few feet north of the
service water intake bay at the intake structure. Operation of the traveling screens and strainers
is intermittent based upon differential pressure resulting in 0.014 to 0.050 MGD being
discharged through SIN 009. The previous permit limited the flow to 0.035 mgd; the proposed
permit limits the flow to 0.050 mgd. Data fiom spring 2000 indicated that high river flows
containing debris may cause the circulating water traveling screens to backwash more often than
three times per day, which was the basis for the original 0.035 mgd limit. The maximum period
of time the traveling screens and the strainers would backwash in a 24-hour period is
approximately three hours. Prior to being discharged, the backwash water flows into a trash pit
where debris is removed from the effluent stream. Due to its location, much of the backwash
water would in fact enter the service water intake structure.

A service water treatment chemical, Bulab 8006, (a penetrant/biodispersant) is added at a
concentration of up to 20 ppm. Because of the intermittent nature of the discharge, the fact that
much of this discharge enters the service water intake structure, and the dilution ratio of the
receiving water, there should be no adverse impact to the Connecticut River. Monitoring of this
discharge is not required. This is unchanged from the previous permit.
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Part IV - Environmental Monitoring Studies. Connecticut River

Several changes have been proposed for Part IV of the permit as a result of discussions between
members of the Environmental Advisory Committee with input from Vermont Yankee and their '

consultant Normandeau Associates.

Macroinvertebrates

The section on dredge samples is proposed to be deleted from the permit. The Section on cage
samples has been modified slightly. To compensate for the loss of dredge samples Vermont
Yankee will begin an objective specific study (2002-03) involving macroinvertebrate populations
in Vernon Pool. Specifics of the study will be worked out between the Department of
Environmental Conservation and Vermont Yankee.

Larval Fish and Fish

The ichthyoplankton field sampling procedures will remain as in the previous permit with some
minor changes. The procedure may be modified with the written approval of the Agency. (Larval
Fish)

The section on trap nets is proposed to be deleted in order to protect the nesting pair of bald
eagles on the island below Vernon Dam. Electrofishing will remain a requirement. (Fish)

Anadromous Fish

This section has been enhanced to include both juvenile and adult shad. The previous permit only -

included juvenile shad. Other stations including the Vernon Fish Ladder are proposed to be
included in the permit

Atlantic Salmon

A change in the formula for estimating the annual Atlantic salmon impingement limit is
proposed to be corrected. In the existing permit's "smolt equivalent' formula, the variable SE. is
based on the following:
"Adult salmon is defined as the number of adult salmon passed through the Vernon Fishway two
years previous."
Three, instead of two, years is proposed in the draft permit

Standard Operating Procedures Manual

Proposed language requires the development of a manual to be submitted to the Agency for
review and approval prior to the start of field sampling.
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* Proposed Permit Changes (May 2003)

Part I.A.15. - The chemical Nalco H-50 is proposed to replace Bulab 6002. A review of the
information submitted including MSDS indicated that the chemical at a concentration of
less than 2.0 ppm (which assumes no demand) will not have an adverse impact on the biota
in the receiving water.

Part I.A. - The previous language in Part L.A. addressing floating and foaming solids has
been changed to "The effluent shall not have concentrations or combinations of
contaminants including oil, grease, scum, foam, or floating solids which would cause a
violation of the water quality standards of the receiving water.' This language is identical
to language used in the Department's municipal discharge permits.

Part IV. Fish Impingement - The Department understands that collecting fish samples off
the traveling screens may be problematic during freezing weather. The section has
therefore been modified to include the following language: "When air temperatures are at
freezing the permittee may be unable to rotate the traveling screens until the air
temperature rises above freezing. In such cases, the scheduled sample may be collected
once air temperatures have risen above freezing." This still ensures that the sample will be
collected as required.

Part IV. Fish - The Station 4 monitoring location has been added to this section of the
permit. It was inadvertently left out of the existing permit.

K\DirccWCaOIC\PERMITS\En ty,
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Attachment E

Severe Accident Mitigation Alternatives Analysis

Attachment E contains the following sections.

E.1 - Evaluation of PSA Model

E.2 - Evaluation of SAMA Candidates
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E.1 EVALUATION OF PSA MODEL

The severe accident risk was estimated using the PSA model and a Level 3 model developed
using the MACCS2 code. The RISKMAN code was used to develop the Vermont Yankee
Nuclear Power Station (VYNPS) PSA Level 1 and Level 2 models. This section provides the
description of VYNPS PSA Levels 1, 2, and 3 analyses, CDF uncertainty, IPEEE analyses, and
PSA model peer review.

E.1.1 PSA Model - Level I Analysis

The PSA model (Level I and Level 2) used for the SAMA analysis was the most recent internal
events risk model for VYNPS (Revision VY04R1) [Reference E.1-1]. This current model is an
updated version of the model used in the 1993 individual plant examination and reflects the
VYNPS configuration and extended power uprate design changes as of September 2004. The
VYNPS model adopts the large event tree/small fault tree approach and uses the support state
methodology, embodied in the RISKMAN code, for quantifying core damage frequency.

The PSA model has been updated several times since the IPE due to the following.

* Equipment performance: as data collection progresses, estimated failure rates and
system unavailability data change.

* Plant configuration changes: plant configuration changes are incorporated into the PSA
model.

* Modeling changes: the PSA model is refined to incorporate the latest state of knowledge
and recommendations from industry peer reviews.

The PSA model contains the major initiators leading to core damage with baseline core damage
frequencies listed in Table E.1-2.

The current VYNPS PSA model was reviewed to identify those potential risk contributors that
made a significant contribution to core damage frequency. CDF-based Risk Reduction Worth
(RRW) rankings were reviewed down to 1.005. Events below this point would influence the CDF
by less than 0.5% and are judged to be highly unlikely contributors for the identification of
cost-beneficial enhancements. These top events, including system failures, operator actions,
and initiating events, were reviewed to determine if additional SAMA actions may need to be
considered.

Table E.1-3 provides a correlation between the Level 1 RRW risk significant terms (system
failures, operator actions, and initiating events) down to 1.005 identified from the VYNPS PSA
model and the SAMAs evaluated in Attachment E.2.

E.1-1
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The uncertainty associated with core damage frequency was estimated using Monte Carlo
techniques implemented in RISKMAN for the base case model VY04RI. The results are shown
below.

Table E.1 -1
Core Damage Frequency Uncertainty

Confidence CDF(/ry)

Mean value 5.42E-6

5th percentile 2.57E-6

50th percentile 4.29E-6

95 Ih percentile 1 .06E-5

The values above reflect the uncertainties associated with the data distributions used in the
analysis. The ratio of the 95 th percentile to the mean is about 2. This uncertainty factor is
included in the factor of 10 used to determine the upper bound estimated benefit described in
Appendix E Section 4.21.5.4.

E.1-2



Vermont Yankee Nuclear Power Station
Applicant's Environmental Report

Operating License Renewal Stage

Table E.1-2
VYNPS PSA Model CDF Results by Major Initiators

IE Type IE Description CDF Percentage of
(IRY) CDF

FLOOD Internal flooding 1.46 E-06 29.07%

TPCS Transients without power conversion systems 8.21 E-07 16.31%
(PCS)

LOOP Loss of offsite power 7.24 E-07 14.39%

LOACBUS Loss of AC bus 3 4.02 E-07 7.99%

LOACBUS Loss of AC bus 4 3.54 E-07 7.03%

IORV Inadvertently -opened relief valve.72 E-07 5.41%

LODCBUS Loss of DC bus 1 2.58 E-07 5.13%

LODCBUS Loss of DC bus 2 2.47 E-07 4.92%

TRANS Reactor trip 1.40 E-07 2.79%

ATWS Anticipated transient without scram 1.40 E-07 2.79%

SORV Stuck-open relief valve 6.91 E-08 1.38%

TSW Total loss of service water 5.06 E-08 1.00%

LOCAOC LOCA outside containment 3.69 E-08 0.73%

SLOCA Small LOCA 2.12 E-08 0.42%

ISLOCA Interfacing system LOCA 1.63 E-08 0.32%

LLOCA Large LOCA 1.28 E-08 0.26%

MLOCA Medium LOCA 2.79 E-09 0.06%

Total 5.03 E-06 100%

E.1-3
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Table E.1-3
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs

Risk Significant Terms RRW Disposition

HPCI 1.4966 This term represents random failure of the HPCI system. Phase I SAMAs to improve
availability and reliability of the HPCI system that have already been implemented include
raising backpressure trip setpoints and proceduralizing intermittent operation. Additional
improvements were evaluated in Phase II SAMAs 049, 050, 051, 052, 053, and 054.

RCIC 1.4223 This term represents random failures of the RCIC system. Phase I SAMAs to improve
availability and reliability of the RCIC system that have already been installed include raising
backpressure trip setpoints and proceduralizing intermittent operation. Additional
improvements were evaluated in Phase II SAMAs 049, 050, 051, 052, 053, and 054.

ECCS Low Pressure Interlock 1.3472 This term represents random failures of reactor low-pressure transmitters during transients
with stuck open SRVs or LOCAs in which random failures prevent all low-pressure injection
valves from opening. Phase II SAMAs 065 and 066 to reduce the risk due to failure of the
ECCS low-pressure interlock were evaluated.

Depressurization (SRVs and ADS 1.2724 This term represents random failures of the SRVs to open for depressurization during
Logic) transients and small LOCAs. Phase I SAMAs to enhance reliability of the SRVs that have

already been implemented include adopting symptom based EOPs and SAGs, modifying ADS
logic, and upgrading SRV pneumatic components. Additional improvements were evaluated
in Phase II SAMAs 059 and 060.

Loss of Feedwater - initiating event 1.1796 This term represents the initiating event for loss of feedwater. Modifications to significantly
reduce or eliminate the potential for loss of feedwater, such as installing a digital feedwater
control system, providing a backup water supply and adding a third feedwater pump, have
already been implemented. Many of the Phase II SAMAs (e.g., 035, 051, 052, 053, and 054)
explored potential benefits for mitigation of this event.

E.14
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Table E.1-3
Correlation of Level I Risk Significant Terms to Evaluated SAMAs

(Continued)

Risk Significant Terms RRW Disposition

Operator Action: 1.1110 This term represents operator failure to manually open the SRVs for depressurization during
Operator fails to open SRVs for transients and small LOCAs. Phase I SAMAs including improvements to plant procedures, and
vessel depressurization during installation of instrumentation to enhance the likelihood of success of operator action in
transients and small LOCA response to accident conditions, have already been implemented. No additional Phase II

SAMAs were recommended for this subject.

Loss of Offsite Power - initiating 1.0951- This term represents the loss of offsite power initiating event. Industry efforts over the last
event PC twenty years have led to a significant reduction in plant scrams from all causes. Improvements
PC - Plant Centered 1.0605- related to enhancing offsite power availability or reliability and coping with plant SBO events
GR - Grid Related GR were already implemented and evaluated during preliminary SAMA screening. Phase II

SAMAs 028, 029, 030, 031, 033 and 036 for enhancing AC or DC system reliability or to cope
with loss of offsite power and SBO events were evaluated.

Torus Vent via TVS-86 and 1.0948 This term represents random failures of components in the containment vent path. A hardened
Rupture Disk pipe vent path was implemented as a result of the NRC Containment Performance Program to

provide a redundant means for containment heat removal capability. Several Phase I SAMAs
regarding the drywell spray system were already installed to provide containment decay heat
removal capability by plant design. Therefore, no Phase II SAMAs were proposed to reduce
random failure of containment vent path components. However, Phase II SAMA 063 to control
containment venting within a narrow pressure band to prevent rapid depressurization during
venting was evaluated.

Loss of 4.16KV Bus 3 -initiating 1.0869(IE) This term represents loss of 4.16KV bus 3. Phase I SAMAs to improve 4.16KV bus crosstie
event capability and procedures to repair or replace failed 4.16KV breakers have already been

implemented. Phase II SAMAs 028, 029, 030, 031, 033 and 036 for enhancing AC or DC
system reliability or to cope with loss of offsite power and SBO events were evaluated.

E.1-5
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Table E.1-3
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs

(Continued)

Risk Significant Terms RRW Disposition

Emergency Diesel Generators 1.0810 This term represents random failures of the emergency diesel generators, leading to an SBO
(A & B) event. Phase I SAMAs to improve reliability of the emergency diesel generators by creating a

crosstie of EDG fuel oil supplies and a backup source for diesel cooling have already been
installed. In addition, Phase II SAMAs 002, 003 and 032 to improve reliability of the EDGs
were evaluated.

Loss of 4.16KV Bus 4 - initiating 1.0756 This term represents loss of 4.16KV bus 4. Phase I SAMAs to improve 4.16KV bus crosstie
event capability and procedures to repair or replace failed 4.16KV breakers have already been

installed. Phase II SAMAs 028, 029, 030, 031, 033 and 036 for enhancing AC or DC system
reliability or to cope with loss of offsite power and SBO events were evaluated.

Operator Action: 1.0685 This term represents operator failure to initiate HPCI/RCIC to perform the core cooling function
Operator fails to initiate HPCI/RCIC during transients, medium LOCAs, and small LOCAs when automatic initiation fails. Phase I
during transients, medium and SAMAs including improvements to plant procedures, and installation of instrumentation to
small LOCAs enhance the likelihood of success of operator action in response to accident conditions, have

already been implemented. No additional Phase II SAMAs were recommended for this
subject.

Operator Action: 1.0660 This term represents operator failure to align the John Deere diesel generator to provide
Operator fails to align firewater electric power to 480VAC bus 9 during a loss of offsite power event. With bus 9 energized and
system and John Deere Diesel for supplying MCC8B and 9B, battery charging is maintained as well as power to RHR valves
alternate injection necessary for aligning the diesel fire pump for alternate RPV vessel injection. Phase I SAMAs

including improvements to plant procedures, and installation of instrumentation to enhance the
likelihood of success of operator action in response to accident conditions, have already been
implemented. No additional Phase II SAMAs were recommended for this subject.

E.1-6
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Table E.1-3
Correlation of Level I Risk Significant Terms to Evaluated SAMAs

(Continued)

Risk Significant Terms RRW Disposition

Containment N2  1.0553 This term represents random failure of the containment nitrogen system for SRV operation
during loss of offsite power. A Phase I SAMA, adding high-pressure nitrogen bottles as a
backup to the normal nitrogen supply, has already been installed to improve reliability of the
containment nitrogen system. Since failure of the SRVs has a larger risk reduction worth than
failure of this support system, the benefit derived from Phase II SAMA 060, 'improve SRV
design," is greater than the benefit possible from improving the nitrogen supply system. Also,
the cost of adding another nitrogen supply is judged comparable to the cost of modifying the
SRVs. Therefore, no Phase II SAMAs were evaluated to further improve reliability of nitrogen
supply to the SRVs.

Diesel Fire Pump and John Deere 1.0584 This term represents random failure of diesel fire pump P40-1A and John Deere diesel
Diesel for Altemate Injection generator during the alignment of John Deere diesel generator to provide alternate RPV

vessel injection during a loss of offsite power event. Phase I SAMAs to use the fire protection
system as a backup source for containment spray and reactor vessel injection during loss of
offsite power have already been installed to provide redundant capability for RPV injection and
heat removal. Phase II SAMA 064 to provide a crosstie for fire protection from RHRSW
system to RHR loop B to further improve injection capability was evaluated.

Inadvertent Opening of Relief 1.0571 This term represents the initiating event of inadvertent opening of a relief valve. Improvement
Valve-initiating event of the SRV design and SRV reseat reliability, to reduce the probability and consequences of

this initiating event, were evaluated in Phase II SAMAs 055 and 060.

Loss of Bus DC-1 and associated 1.0541 (1E) These terms represent the initiating event of a complete loss of the 125VDC bus DC-1 and
battery-initiating event 1.0264 random failures of battery A-1. Phase I SAMAs to improve alternate battery charging

capability, replace existing batteries with more reliable ones, and DC bus crosstie capability
have already been installed. Phase II SAMAs 028, 029, 030, and 033 for enhancing DC
system availability and reliability were evaluated.

E.1-7
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Table E.1-3
Correlation of Level I Risk Significant Terms to Evaluated SAMAs

(Continued)

Risk Significant Terms RRW Disposition

Loss of Bus DC-2 and associated 1.0517(IE) These terms represent the initiating event of a complete loss of 125VDC bus DC-2 and
battery - initiating event 1.0316 random failures of battery B-1. Phase I SAMAs to improve alternate battery charging

capability, replace existing batteries with more reliable ones and DC bus crosstie capability
have already been installed. Phase II SAMAs 028, 029, 030, and 033 for enhancing DC
system availability and reliability were evaluated.

Torus Cooling Mode of RHR & 1.0515 This term represents random failure of the torus cooling mode of the RHR and RHRSW
RHRSW systems. Containment spray mode of RHR and fire protection system crosstie has already

been implemented to provide redundant containment heat removal capability. In addition,
Phase II SAMAs 004, 010 and 017 to improve the reliability of containment decay heat
removal were evaluated.

Operator Action: 1.0408 This term represents operator failure to manually open the SRVs to depressurize during a
Operator fails to open SRVs for medium LOCA. Phase I SAMAs including improvements to plant procedures, and installation
vessel depressurization during of instrumentation to enhance the likelihood of success of operator action in response to
medium LOCA accident conditions, have already been implemented. No additional Phase II SAMAs were

recommended for this subject.

Loss of Service Water - initiating 1.0102 These terms represent random passive failures of the service water system and the initiating
event event of a complete loss of the service water system. Enhancement of the service water

system was evaluated in Phase II SAMA 001.

Internal Flooding Initiator, SW pipe 1.0397 This term represents the initiating event of SW pipe break in torus room, at El. 213' of the
break in torus room, at El. 213' of reactor building. A Phase I SAMA, enhancement of 'Loss of Service Water" procedure to
the reactor building contain a mitigation strategy for each break location, has already been implemented. In

addition, Phase II SAMA 047 to reduce the CDF contribution of internal flooding was
evaluated.

E.1-8
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Table E.1-3
Correlation of Level I Risk Significant Terms to Evaluated SAMAs

(Continued)

Risk Significant Terms RRW Disposition

Operator Action: 1.0367 This term represents operator failure to recognize the need to vent the torus for pressure
Operator fails to recognize the reduction during loss of containment heat removal accident sequences. Phase II SAMA 063
need to vent the torus for pressure to control containment venting within a narrow pressure band to prevent rapid containment
reduction depressurization during venting was evaluated.

Internal Flooding Initiator, SW pipe 1.0357 This term represents the initiating event of SW pipe break in NE ECCS corner room of the
break in NE ECCS comer room of reactor building. A Phase I SAMA to increase berm height to prevent flooding of the ECCS
the reactor building comer room has already been installed. In addition, Phase II SAMA 047 to reduce the CDF

contribution of internal flooding was evaluated.

Internal Flooding Initiator, SW pipe 1.0343 This term represents the initiating event of SW pipe break in SE ECCS comer room of the
break in SE ECCS corner room of reactor building. A Phase I SAMA modifying and sealing the hatch lift points and hatch edges
the reactor building has already been installed to ensure hatches are watertight. In addition, Phase II SAMA 047

to reduce the CDF contribution of internal flooding was evaluated.

Internal Flooding Initiator, SW pipe 1.0324 This term represents the initiating event of SW pipe break at El. 303' of the reactor building. A
break at El. 303' of the reactor Phase I SAMA, adding chase berms at elevation 303', has already been installed. In addition,
building Phase II SAMA 047 to reduce the CDF contribution of internal flooding was evaluated.

Bus 2 (supplied by SU XFMR) - 1.0318 This term represents the initiating event of a complete loss of offsite power from the 345 KV
4.16KV switchyard and 115 KV line. Phase I SAMAs to improve 4.16KV bus crosstie capability,

procedures to repair or replace failed 4.16KV breakers and provide connection to an alternate
source of offsite power have already been installed. Phase II SAMAs 028, 029, 030, 031, 033
and 036 for enhancing AC or DC system reliability or to cope with loss of offsite power and
SBO events were evaluated.
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Table E.1-3
Correlation of Level I Risk Significant Terms to Evaluated SAMAs

(Continued)

Risk Significant Termis RRW Disposition

RPS 1.0316 This term represents random failure of the reactor protection system. Several Phase I SAMAs
to minimize the risks associated with ATWS scenarios have already been installed. No Phase
11 SAMAs were evaluated to further improve reliability of RPS. However, Phase II SAMAs 057
and 058 to enhance the reliability of the standby liquid control system and improve ATWS
capability to mitigate the consequences of this event were evaluated.

Transient with PCS available - 1.0287 This term represents the initiating event of a transient with PCS available. Industry efforts over
initiating event the last twenty years have led to a significant reduction of plant scrams from all causes. Phase

11 SAMA 046 to Improve MSIV design and mitigate the consequences of this event was
evaluated.

Operator Action: 1.0282 This term represents operator failure to align condensate transfer pump to inject via LPCI or
Operator fails to align a core spray lines for alternate injection. Phase I SAMAs including improvements to plant
condensate transfer pump to inject procedures, and installation of instrumentation to enhance the likelihood of success of
via LPCI or core spray lines for operator action in response to accident conditions, have already been implemented. No
alternate injection additional Phase II SAMAs were recommended for this subject.

Operator Action: 1.0257 This term represents operator failure to align water from the west cooling tower deep basin to
Operator fails to initiate alternate the suction of the RHRSW pumps to cool a number of loads normally cooled by the service
cooling mode from the cooling water system. Phase I SAMAs including Improvements to plant procedures, and installation
tower deep basin of instrumentation to enhance the likelihood of success of operator action In response to

accident conditions, have already been implemented. No additional Phase II SAMAs were
recommended for this subject.
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Table E.1-3
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs

(Continued)

Risk Significant Terms RRW Disposition

Feedwater/Condensate 1.0237 This term represents random failure of the feedwater and condensate injection path. Phase I
SAMAs creating connections of existing or alternate water sources to feedwater and
condensate, and installing motor driven feed water pumps, have already been installed to
increase the availability of injection subsequent to MSIV closure. Many of the Phase II SAMAs
(e.g. 050, 051, 052, 053, and 054) explored potential benefits of enhancing the reliability of
high pressure injection systems.

Internal Flooding Initiator, SW pipe 1.0218 This term represents the initiating event of SW pipe break in NE ECCS comer room of the
break (north) affecting MCCs and reactor building. A Phase I SAMA, enhancement of "Loss of Service Water" procedure to
ECCS in NE comer room of the contain a mitigation strategy for each break location, has already been implemented. In
reactor building addition, Phase II SAMA 047 to reduce the CDF contribution of internal flooding was

evaluated.

Bus 1 (supplied by SU XFMR) - 1.0200 This term represents the initiating event of a complete loss of offsite power from the 345 KV
4.16KV switchyard and 115 KV line. Phase I SAMAs to improve 4.16KV bus crosstie capability,

procedures to repair or replace failed 4.16KV breakers and provide connection to an alternate
source of offsite power have already been installed. Phase II SAMAs 028, 029, 030, 031, 033
and 036 for enhancing AC or DC system reliability or to cope with loss of offsite power and
SBO events were evaluated.

Vernon Tie 1.0153 This term represents random failure of Vernon tie line circuit breakers to close and operator
failure to close two breakers from the control room. Phase I SAMAs to provide an alternate
source of offsite power, proceduralize steps in recovery of offsIte power after SBO, and protect
control cable of Vernon tiebreakers have already been installed. No Phase II SAMAs were
evaluated to further improve reliability of the Vernon tie. However, Phase II SAMAs 028, 029,
030, 031, 033 and 036 for enhancing AC or DC system availability or reliability to cope with the
loss of offsite power and SBO events were evaluated.
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Table E.1-3
Correlation of Level I Risk Significant Terms to Evaluated SAMAs

(Continued)

Risk Significant Terms RRW Disposition

Internal Flooding initiator, fire 1.0177 This term represents the initiating event of fire protection pipe break in torus room, at El. 232'
protection pipe break in upper of the reactor building. A Phase I SAMA, to provide a relief path to relieve water accumulation
RCIC room at El. 232' In the upper RCIC to lower RCIC area before floor failure, has already been implemented. In

addition, Phase II SAMA 047 to reduce the CDF contribution of internal flooding was
evaluated.

ATWS with MSIV Closed - initiating 1.0155 This term represents the ATWS initiating event. Several Phase I SAMAs to create a boron
event injection path through CRD, increase boron concentration, and provide RPT, ARI, and FW trip

to minimize the risks associated with ATWS scenarios have already been installed. In
addition, Phase II SAMAs 057 and 058 to enhance reliability of the standby liquid control
system and improve ATWS capability to mitigate the consequences of this event were
evaluated.

internal flooding Initiator, SW pipe 1.0144 This term represents the initiating event of SW pipe break at El. 280' of the reactor building. A
break in affecting instrument Phase I SAMA, enhancement of "Loss of Service Water' procedure to contain a mitigation
panels and 480V MCC, at El. 280' strategy for each break location, has already been implemented. In addition, Phase II SAMA
of the reactor building 047 to reduce the CDF contribution of internal flooding was evaluated.

Alternate Cooling 1.0143 This term represents random failure of alternate cooling from the west cooling tower deep
basin to the suction of the RHRSW pumps. Phase II SAMA 064 to improve alternate cooling
capability was evaluated.

Stuck Open SRVs - initiating event 1.0139 This term represents the initiating event of stuck open SRVs. Improvement of SRV reseat
reliability and SRV design were evaluated in Phase II SAMAs 055 and 060.

Operator Action: 1.0133 This term represents operator failure to start TBCCW pump locally from the motor control
Operator fails to start a TBCCW panel and establish cooling to BOP components for RPV makeup and heat removal. Phase I
pump SAMAs including improvements to plant procedures, and installation of instrumentation to

enhance the likelihood of success of operator action in response to accident conditions, have
already been implemented. No additional Phase II SAMAs were recommended for this subject
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Table E.1-3
Correlation of Level I Risk Significant Terms to Evaluated SAMAs

(Continued)

Risk Significant Terms RRW Disposition

Internal Flooding Initiator, 1.0130 This term represents the initiating event of circulating water pipe break in the turbine building.
circulating water pipe break in Phase I SAMAs to improve inspection of expansion joints on the main condenser and to
turbine building change procedures to reduce the probability of a circulating water piping break have already

been implemented. No Phase II SAMA was evaluated to further reduce this initiator.
However, Phase II SAMA 047 to reduce the CDF contribution of internal flooding was
evaluated.

Operator Action: 1.0130 This term represents operator failure to initiate SLC during an ATWS without main condenser.
Operator fails to initiate SLC during Phase I SAMAs including improvements to plant procedures, and installation of
an ATWS without main condenser instrumentation to enhance the likelihood of success of operator action in response to accident

conditions, have already been implemented. No additional Phase II SAMAs were
recommended for this subject

Internal Flooding Initiator, SW pipe 1.0119 This term represents the initiating event of SW pipe break in the intake structure. Phase II
break in intake structure SAMA 047 to reduce the CDF contribution of internal flooding was evaluated.

Loss of PCS - initiating event 1.0111 This term represents the initiating event of a loss of PCS. Industry efforts over the last twenty
years have led to a significant reduction of plant scrams from all causes. Phase II SAMA 046
to improve MSIV design and mitigate the consequences of this event was evaluated.

Operator Action: 1.0079 This term represents operator failure to align feedwater and condensate injection to perform
Operator fails to initiate and control the core cooling function during transients, medium LOCAs and small LOCAs. Phase I
feedwater and condensate during SAMAs including improvements to plant procedures, and installation of instrumentation to
transients and small LOCA and enhance the likelihood of success of operator action in response to accident conditions, have
medium LOCAs already been implemented. No additional Phase 11 SAMAs were recommended for this subject

24 VDC ECCS Bus B 1.0079 This term represents random failures of the 24VDC ECCS Bus B system. A Phase I SAMA,
replacing the 24VDC batteries with 125VDC to 24VDC converters, has already been
Implemented. Phase II SAMA 047 to protect the power cabinet from internal flooding to further
improve reliability of 24VDC ECCS buses was evaluated.
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Table E.1-3
Correlation of Level I Risk Significant Terms to Evaluated SAMAs

(Continued)

Risk Significant Terms RRW Disposition

Internal Flooding Initiator, fire 1.0078 This term represents the initiating event of fire protection pipe break (northeast) cascading to
protection pipe break (northeast) torus room at El. 252' reactor building. Phase I SAMAs, fire protection system standpipe, was
cascading to torus room at El. 252' enhanced to reduce internal flooding risk contribution. No Phase II SAMA was evaluated to
reactor building further reduce this Initiator. However, Phase II SAMA 047 to reduce the CDF contribution of

internal flooding was evaluated.

Internal Flooding Initiator, SW pipe 1.0073 This term represents the initiating event of SW pipe break in diesel room A, turbine building.
break affecting EDG-1A, EDG-1 B, Phase II SAMA 047 to reduce the contribution of internal flooding was evaluated.
diesel room A, turbine building

Internal flooding Initiator, auxiliary 1.0071 This term represents the initiating event of auxiliary steam break in diesel room A, turbine
steam break affecting EDG-1A, building. Phase I SAMAs to improve doors in the turbine building have already been installed.
turbine building No Phase II SAMA was evaluated to further reduce this initiator. However, Phase II SAMA

047 to reduce the CDF contribution of internal flooding was evaluated.

Internal Flooding Initiator, auxiliary 1.0067 This term represents the initiating event of auxiliary steam break in diesel room B, turbine
steam break affecting EDG-11B, building. Phase I SAMAs to improve doors in the turbine building have already been installed.
turbine building No Phase II SAMA was evaluated to further reduce this initiator. However, Phase II SAMA

047 to reduce the CDF contribution of internal flooding was evaluated.

24 VDC ECCS Bus A 1.0065 This term represents random failures of the 24VDC ECCS Bus A system. A Phase I SAMA,
replacing the 24VDC batteries with 125VDC to 24VDC converters has already been installed.
Phase II SAMA 047 to protect the power cabinet from internal flooding to further improve the
reliability of 24VDC ECCS buses was evaluated.

Internal Flooding Initiator, SW pipe 1.0059 This term represents the initiating event of SW pipe break in general areas of the turbine
break in general areas of turbine building. Phase II SAMA 047 to reduce the contribution of internal flooding was evaluated.
building
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Table E.1-3
Correlation of Level I Risk Significant Terms to Evaluated SAMAs

(Continued)

Risk Significant Terms RRW Disposition

Internal Flooding Initiator, SW pipe 1.0059 This term represents the initiating event of SW pipe break in the HVAC room of the turbine
break in HVAC room of turbine building. Phase II SAMA 047 to reduce the contribution of internal flooding was evaluated.
building

Internal Flooding Initiator, 1.0054 This term represents the initiating event of unisolable SW pipe break in torus room, at El. 213'
unisolable SW pipe break in torus of the reactor building. A Phase I SAMA, enhancement of 'Loss of Service Water" procedure
room, at El. 213' reactor building to contain a mitigation strategy for each break location, has already been implemented. In

addition, Phase II SAMA 047 to reduce the contribution of internal flooding was evaluated.

Internal Flooding Initiator, SW pipe 1.0053 This term represents the initiating event of SW pipe break in diesel room B, turbine building.
break affecting EDG-1A, EDG-1B, Phase II SAMA 047 to reduce the contribution of internal flooding was evaluated.
diesel room B, turbine building
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E.1.2 PSA Model - Level 2 Analysis

E.1.2.1 Containment Performance Analysis

The VYNPS Level 2 PSA model used for the SAMA analysis is the most recent internal events
risk model which is an updated version of the model used in the Individual Plant Examination,
[Reference E.1-2]. The Level 2 PSA model used for the SAMA analysis, Revision VY04R1,
reflects the VYNPS configuration and extended power uprate design changes as of September
2004. Specifically, the VYNPS Level 2 model has been updated to incorporate insights from the
independent peer review and the NEI Guidelines, NEI 00-02, on PRA peer review.

The VYNPS Level 2 model includes two types of considerations: (1) a deterministic analysis of
the physical processes for a spectrum of severe accident progressions, and (2) a probabilistic
analysis component in which the likelihood of the various outcomes are assessed. The
deterministic analysis examines the response of the containment to the physical processes
during a severe accident. This response is performed by

* utilization of the MAAP code [Reference E.1-3] to simulate severe accidents that have
been identified as dominant contributors to core damage in the Level 1 analysis, and

* reference calculation of several hydrodynamic and heat transfer phenomena that occur
during the progression of severe accidents. Examples include debris coolability, pressure
spikes due to ex-vessel steam explosions, scoping calculation of direct containment
heating, molten debris filling the pedestal sump and flowing over the drywell floor,
containment bypass, deflagration and detonation of hydrogen, thrust forces at reactor
vessel failure, liner melt-through, and thermal attack of containment penetrations.

The Level 2 analysis examined the dominant accident sequences and the resulting plant damage
states (PDS) defined in Level 1. The Level 1 analysis involves the assessment of those
scenarios that could lead to core damage. A list of the PDS and descriptions from the Level 2
analysis is presented in Table E.1-8.

A full Level 2 model was developed for the IPE and completed at the same time as the Level I
model. The Level 2 model consists of a single containment event tree (CET) with functional
nodes that represent phenomenological events and containment protection system status. The
nodes were quantified using subordinate trees and logic rules. A list of the CET functional
nodes and descriptions used for the Level 2 analysis is presented in Table E. 1-4.
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Table E.1-4
Notation and Definitions for Vermont Yankee CET Functional Nodes Description

CET Node CET Functional Node Description

Core cooling (CC) This top event is used to determine which sequences from the front-line
event tree need to be further evaluated in the CET. CC success means that
no core damage has occurred. When CC succeeds, all other top events in
the CET are bypassed.

Containment Intact This top event identifies the status of the containment at the beginning of
(Cl) the CET. Cl is set to success when containment heat removal succeeds in

the front-line event tree. Cl is set to failure when containment heat removal
fails in the front-line event tree.

Isolated Containment This top event represents containment isolation at the beginning of the CET.
(IS) The success criterion is defined as no containment opening with an

equivalent size of greater than 2 inches in diameter. The failure for
containment isolation results in a release path to the reactor building or
directly to the environment.

Vessel This top event identifies the status of the reactor pressure vessel (RPV)
Depressurization pressure. VD is set to success when RPV pressure is low. VD is set to
(VD) failure when RPV pressure is high.

In-vessel Recovery This top event accounts for the potential recovery of core cooling before
(VR) RPV failure. VR success means that some core damage has occurred, but

that the RPV is not breached. VR failure means that core debris has failed
the RPV bottom head or penetration.

Inerted Containment This top event accounts for the potential that the containment is not inerted
(IN) (e.g., during a 24-hour Technical Specification LCO).

Combustible Gas This top event represents the potential for hydrogen bum given core
Venting (GV) damage has occurred and a de-inerted containment exists (i.e., IN=failure).

Drywell Integrity (Dl) This top event considers early, energetic drywell failures. Dl success
means that no significant drywell leakage develops as a result of the
energetic phenomena, which can occur during or shortly after RPV failure.
Dl failure means that drywell failure occurs as a result of postulated
energetic phenomena.
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Table E.1-4
Notation and Definitions for Vermont Yankee CET Functional Nodes Description

(Continued)

CET Node CET Functional Node Description

Spray Drywell (SD) This top event indicates whether the drywell could be sprayed with water
before RPV failure occurs. SD success implies the presence of water on
the drywell floor at the time of RPV failure, which decreases the likelihood of
drywell shell melt-through by molten debris.

Shell Integrity (SI) This top event considers the potential failure of the drywell shell due to core
debris after RPV failure. SI failure implies that a large hole is opened in the
drywell shell at the elevation where it contacts the concrete pedestal floor.

Containment This top event accounts for the probable success/failure of containment
Flooding (CF) flooding as performed by VYNPS EOPs/SAGs when RPV level cannot be

restored and steam cooling is insufficient to cool the core.

Drywell Vent (DV) Top event DV occurs only after CF success. CF success implies that water
is being injected into the RPV and that the operator controls containment
water level such that the core remains submerged. During this evolution,
drywell pressure rises due to decay heat, combustible gas production, and
decreasing gas space as containment water level rises. Therefore drywell
pressure must be controlled (i.e., DV is success) to prevent containment
overpressure failure.

Quench Debris (QD) This top event considers the delivery of water to the drywell, via drywell
sprays, or via injection to the RPV and drainage out an RPV breach onto the
drywell floor. Success implies the availability of water and the formation of a
coolable debris bed such that concrete attack is precluded.

Heat Removal (HR) This top event considers use of the RHR system for containment heat
removal after RPV breach.

Torus Vent (TV) This top event occurs after HR fails. TV considers use of the hard-piped
torus vent as an alternative to the RHR system for containment heat
removal. Success for top event TV requires that a vent path be open from
the torus airspace and that the operator uses this path to control
containment pressure.

Suppression Pool This top event considers the potential for a release to bypass the
Scrubbing (SP) suppression pool. Failure of SP involves a release into the drywell, along

with a stuck-open torus-to-drywell vacuum breaker. Without suppression
pool scrubbing, the release from containment failures located in the wetwell
airspace (or opening of the torus vent) will be much higher than it would be
with suppression pool scrubbing.
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The Large Early Release Frequency (LERF) is an indicator of containment performance from the
Level 2 results because the magnitude and timing of these releases provide the greatest
potential for early health effects to the public. The frequency calculated is approximately 1.54E-6
per year. Figure E.1-1 and Figure E.1-2 summarize the Level 2 results.

LERF represents a modest fraction (thirty percent) of all release end states. Five types of
accidents dominate the internal large early release: transients, accidents initiated by station
blackout, loss-of-coolant accidents, interfacing system loss of coolant accidents, and anticipated
transient without scram.
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Figure E.1-1
Vermont Yankee Radionuclide Release Category Summary
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Figure E.1-2
Vermont Yankee Plant Damage State Contribution to LERF

E.1-21



Vermont Yankee Nuclear Power Station
Applicant's Environmental Report

Operating License Renewal Stage

E.1.2.2 Radionuclide Analysis

E.1 .2.2.1 Introduction

A major feature of a Level 2 analysis is the estimation of the source term for every possible
outcome of the containment event tree (CET). The CET end points represent the outcomes of
possible in-containment accident progression sequences. These end points represent complete
severe accident sequences from initiating event to release of radionuclides to the environment.
The Level 1 and plant system information is passed through to the CET evaluation in discrete
plant damage states. An atmospheric source term may be associated with each of these CET
sequences. Because of the large number of postulated accident scenarios considered,
mechanistic calculations (i.e., MAAP calculations) are not performed for every end-state in the
CET. Rather, accident sequences produced by the CET are grouped or 'binned" into a limited
number of release categories each of which represents all postulated accident scenarios that
would produce a similar fission product source term.

The criteria used to characterize the release are the estimated magnitude of total release and the
timing of the first significant release of radionuclides. The predicted source term associated with
each release category, including both the timing and magnitude of the release, is determined
using the results of MAAP calculations [Reference E.1-3].

E.1.2.2.2 Timing of Release

Timing completely governs the extent of radioactive decay of short-lived radioisotopes prior to an
off-site release and, therefore, has a first-order influence on immediate health effects. Vermont
Yankee characterizes the release timing relative to the time at which the release begins,
measured from the time of accident initiation. Three timing categories are used:

early (0-6 hours),
intermediate (6-24 hours), and
late (>24 hours).

Based on MAAP calculations for a spectrum of severe accident sequences, Vermont Yankee
expects that an Emergency Action Level (as defined by the Vermont Yankee Emergency Plan)
will be reached within the first half hour after accident initiation. Reaching an Emergency Action
Level initiates a formal decision-making process that is designed to provide public protective
actions. Within 6 hours of accident initiation, the Level 2 analysis assumed that minimal off-site
protective measures would be accomplished. After 24 hours, the Level 2 analysis assumed that
off-site protective measures would be effective. Therefore, the definitions of the release timing
categories are as follows.

* Early releases are CET end-states involving containment failure prior to or at vessel
failure or after vessel failure and occurring within 0 to 6 hours measured from the time of
accident initiation and for which minimal offsite protective measures would be
accomplished.
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* Intermediate releases are CET end-states involving containment failure prior to or at
vessel failure or after vessel failure within 6 to 24 hours measured from the time of
accident initiation, for which most of the offsite nuclear plant protective measures would
be accomplished.

* Late releases are CET end-states involving containment failure greater than 24 hours
from the time of accident initiation, for which offsite measures are fully effective.

E.1.2.2.3 Magnitude of Release

Source term results from previous risk studies suggest that categorization of release magnitude
based on cesium iodide (Csl) release fractions alone are appropriate [References E.1-4, E.1-5].
The Csl release fraction indicates the fraction of in-vessel radionuclides escaping to the
environment. (Noble gas release levels are non-informative since release of the total core
inventory of noble gases is essentially complete given containment failure.) The source terms
were grouped into five distinct radionuclide release categories or bins according to release
magnitude.

(1) High (HI) - A radionuclide release of sufficient magnitude to have the potential
to cause early fatalities. This implies a total integrated release of >10 percent of
the initial core inventory of Cesium Iodide (Csl) [Reference E.1-6]1

(2) Medium (MED) - A radionuclide release of sufficient magnitude to cause near-
term health effects. This implies a total integrated release of between 1 and 10
percent of the initial core inventory of Csl [Reference E. 1-6]2.

(3) Low (LO) - A radionuclide release with the potential for latent health effects.
This implies a total integrated release of between 0.1 percent and 1 percent of
the initial core inventory of CsI.

(4) Low-Low (LL) - A radionuclide release with undetectable or minor health effects
over most of the population. This implies a total integrated release of between
0. 001 percent and 0.1 percent of the initial core inventory of CsI.

(5) Negligible (NCF) - A radionuclide release that is less than or equal to the
containment design base leakage. This implies total integrated release of
< 0.001 percent of the initial core inventory of Csl.

1. Once the Csl source term exceeds 0.1, the source term is large enough that doses above the early fatality
threshold can sometimes occur within a population center a few miles from the site.

2. The reference document indicates that for Cs release fractions of 1 to 10 percent, the number of latent fatali-
ties is found to be at least 10% of the latent fatalities for the highest release.
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The "total integrated release' as used in the above categories is defined as the integrated
release within 36 hours after RPV failure. If no RPV failure occurs, then the "total integrated
release" is defined as the integrated release within 36 hours after accident initiation.

E.1.2.2.4 Release Category Bin Assignments

Table E.1-5 summarizes the scheme used to bin sequences with respect to magnitude of
release, based on the predicted cesium iodide release fraction and release timing.

The combination of release magnitude and timing produce thirteen distinct release categories for
source terms. These are the representative release categories presented in Table E.1-6.

Table E.1-5
Release Severity and Timing Classification Scheme Summary

Release Severity Release Timing

Classification Classification Time of Initial Release from
Category CsI O Release Category Accident Initiation

High Greater than 10
Early (E) Less than 6 hours

Medium 1 to 10

Low 0.1 to I Intermediate (I) 6 to 24 hours

Low-Low 0.001 to 0.1
Late (L) Greater than 24 hours

Negligible Less than 0.001

Table E.1-6
Vermont Yankee Release Categories

Timing of Magnitude of Release
Release Low Low-Low Medium High

Early Early/Low Early/LoLo Early/Med Early/High
NCF

Intermediate Inter/Low Inter /LoLo Inter/Med Inter/High

Late Late/Low Late/LoLo Late/Med Late/High

E.1-24



Vermont Yankee Nuclear Power Station
Applicant's Environmental Report

Operating License Renewal Stage

E.1.2.2.5 Magging of Level 1 Results into the Various Release Cateaories

Plant Damage States (PDS) provide the interface between the Level 1 and Level 2 analyses (i.e.
between core damage accident sequences and fission product release categories). In the plant
damage state analysis, Level 1 results were grouped ("binned") according to plant characteristics
that define the status of the reactor, containment, and core cooling systems at the time of core
damage. This ensures that systems important to core damage in the Level 1 event trees and the
dependencies between containment and other systems are handled consistently in the Level 2
analysis. A Plant Damage State therefore represents a grouping of Level 1 sequences that
defines a unique set of initial conditions that are likely to yield a similar accident progression
through the Level 2 Containment Event Trees and the attendant challenges to containment
integrity.

From the perspective of the Level 2 assessment, PDS binning entails the transfer of specific
information from the Level 1 to the Level 2 analyses.

* Equipment failures in Level 1. Equipment failures in support systems, accident
prevention systems, and mitigation systems that have been noted in the Level I analysis
are carried into the Level 2 analysis. In this latter analysis, the repair or recovery of failed
equipment is not allowed unless an explicit evaluation, including a consideration of
adverse environments where appropriate, has been performed as part of the Level 2
analysis.

* Reactor pressure vessel (RPV) status. The RPV pressure condition is explicitly
transferred from the Level 1 analysis to the CET.

* Containment status. The containment status is explicitly transferred from the Level 1
analysis to the CET. This includes recognition of whether the containment is bypassed or
is intact at the onset of core damage.

* Accident sequence timing. Differences in accident sequence timing are transferred with
the Level I sequences. Timing affects such sequences as station blackout, internal
flooding, and containment bypass (ISLOCA).

This transfer of information allows timing to be properly assessed in the Level 2 analysis.

Classifying core damage sequences by similar functional groupings can provide additional
insights. A generalized core damage sequence functional classification scheme from NEI 91-04
[Reference E. 1-7] is shown in Table E. 1-7. The description of functional classes is presented
here to introduce the terminology to be used in characterizing the basic types of challenges to
containment.

In assessing the ability of the containment and other plant systems to prevent or mitigate
radionuclide releases, it is desirable to further subdivide these generalized functional categories.
In the second level binning process, the similar accident sequences grouped within each core
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damage functional class are further categorized into subclasses such that the potential for
system recovery can be modeled. The interdependencies that exist between plant system
operation and the core melt and radionuclide release phenomena are represented in the release
frequencies through the binning process involving these subclasses. The binning process, which
consolidates information from the systems' evaluation of accident sequences leading to core
damage in preparation for transfer to the containment-source term evaluation, involves the
identification of 17 classes and subclasses of accident sequence types. Table E.1-8 provides a
description of the Vermont Yankee functional classes that are used to summarize the Level 1
results.

The plant damage state accident class designators and subclasses listed in Table E.1-9
represent the core damage end state categories from the Level 1 analysis that are grouped
together as entry conditions for the Level 2 analysis. The Level 2 accident progression for each
of the subclasses is then evaluated using a single containment event tree to determine the
appropriate release category for each Level 2 sequence. Each end state associated with a Level
2 sequence is assigned to one of the release categories depicted in Table E. 1-6. However, since
not all the Level 2 sequences associated with each Level 1 core damage class may be assigned
to the same release category, there is no direct link between a specific Level 1 core damage
class and Level 2 release category. Rather, the sum of the Level 2 end state frequencies
assigned to each release category determines the overall frequency of that release category.
The release category frequency attributed to each Level 1 core damage class is determined by
the binning rules described in the RISKMAN Level 2 model.

Based on the above binning methodology, the salient Level 2 results are summarized in Tables
E.1-9 and E.1-10 respectively. Table E.1-9 summarizes the results of the CET quantification.
This table identifies the total annual release frequency for each Level 2 release category.
Table E.1-10 provides the release frequency for each Level 1/Level 2 end state combination.

Table E.1-7
Level I Core Damage Functional Classes

Core Damage R1VCniinContainment
Functional Class RPV Condition Condition

I Loss of effective coolant inventory (includes high and Intact
low pressure inventory losses)

II Loss of effective containment pressure control, e.g., Breached or Intact
heat removal

III LOCA with loss of effective coolant inventory Intact
makeup

IV Failure of effective reactivity control Breached or Intact

V LOCA outside containment Breached (bypassed)
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Table E.1-8
Summary of Vermont Yankee Core Damage Accident Sequence Functional Classes

Sub- Pit % Of
Class Class Description Estimate CDF

A Transient sequences with loss of all high- pressure 1.20E-06 23.98%
injection and failure to depressurize. Core damage
occurs with the reactor at high pressure.

BE 'Early' SBO sequences. Core damage occurs due 3.19E-07 6.35%
to early failure of HPCI and RCIC.

BL 'Late' SBO. Core cooling is maintained by HPCI/RCIC 8.39E-07 16.69%
until batteries deplete.

I C ATWS sequences where core damage is caused by 1.59E-08 0.32%
loss of injection during level/power control.

0 Transient sequences with loss of all injection. Core 1.43E-06 28.46%
damage occurs with the reactor at low-pressure.

EC Transient sequences with delayed loss of dc power due O.OOE+00 0.00%
to failure of battery chargers.

ED 'Early' SBO sequences caused by failure of DC-1 and 5.52E-08 1.10%
DC-2.

A Transient sequence with loss of all containment heat 4.43E-07 8.81%
removal. Core damage is caused by containment
failure.

L Loss of containment heat removal with RPV breach but 4.82E-08 0.96%
no initial core damage; core damage after containment
failure.

V Transient sequences where the main condenser and 1.82E-07 3.63%
RHR fail, and the torus vent opens for containment
pressure relief. Core damage occurs when ECCS
systems fail NPSH, due to failure to reclose the vent.
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Table E.1-8
Summary of Vermont Yankee Core Damage Accident Sequence Functional Classes

(Continued)

Sub- Pit % of
cass Class Class Description Estimate ToCDF

A RPV ruptures due to failure of all over-pressure 4.36E-09 0.09%
protection systems.

B Small or Medium LOCA sequences for which the reactor 1.35E-07 2.70%
cannot be depressurized prior to core damage
occurring.

111
C LOCA sequences with loss of injection. Core damage 1.25E-07 2.49%

occurs with the reactor at low pressure.

D LOCA sequences where core damage is caused by 6.35E-09 0.13%
containment failure. Containment fails due to failure of
vapor suppression (stuck-open vacuum breaker).

A ATWS sequences where core damage is caused by 1.11E-07 2.20%
containment failure.

IV
L ATWS sequences where core damage occurs due to 5.26E-08 1.05%

overpressure failure of the Reactor Coolant System.

- Containment Bypass sequences. (Interfacing systems 5.32E-08 1.06%
LOCA and LOCA outside of containment.)

Total 5.03E-06 I .OOE+OO
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Table E.1-9
Vermont Yankee PSA Model 04 RI

Release Category Release Frequency
(Timing/Magnitude) (Per year)

NCF 6.06E-07

ULL 0.0

I/LL 1.07E-08

E/LL 4.04E-09

L/LO 0.0

I/LO 0.0

E/LO 7.81 E-08

UMED 1.83E-08

l/MED 2.43E-09

E/MED 2.09E-06

L/HI 6.53E-07

I/HI 4.37E-09

E/HI 1.56E-06

Nomenclature

Timing

L (Late) - Greater than 24 hours

I (Intermediate) - 6 to 24 hours

E (Early) - Less than 6 hours

Magnitude

NCF

LL

LO

MED

Hi

(Little to no release) - Less than 0.001% Cs Iodide

(Low-Low) - Less than 0.1% Cs Iodide

(Low) - 0.1 to 1% Cs Iodide

(Medium) - 1 to 10% Cs Iodide

(High) - Greater than 10% Cs Iodide
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Table E.1-10
Release Category Frequency Associated with Each Level I Core Damage Class

Vermont Yankee PSA Model 04 RI

Class No Early/ Inter/ Late! Early/ Inter! Late! Early/ Inter/ Late! Early! Inter/ Late/ Total Total
Release Lo-Lo LoLo Lo-Lo Low Low Low Med Med Med High High High Release

IA 5.14E-7 3.22E-12 2.55E-9 3.48E-7 1.73E-10 1.11E-11 3.40E-7 6.57E-12 2.20E-10 6.91 E-7 1.20E-6

IEC

IED 5.74E-11 5.51 E-8 5.52E-8 5.52E-8

IBE 1.39E-7 1.80E-7 3.19E-7 3.19E-7

IBL 5.46E-7 2.16E-9 2.86E-7 4.37E-9 8.39E-7 8.39E-7

IC 9.69E-9 2.19E-11 4.08E-9 2.15E-9 6.25E-9 1.59E-8

ID 4.08E-11 7.94E-9 9.35E-7 7.39E-11 5.44E-12 4.87E-7 1.54E-10 1.43E-6 1.43E-6

IIA 1.65E-8 4.26E-7 4.43E-7 4.43E-7

IlL 1 .82E-9 4.64E-8 4.82E-8 4.82E-8

IIV 2.37E-9 1 .80E-7 1 .82E-7 1 .82E-7

lIlA 2.66E-9 5.68E-12 5.96E-10 5.16E-13 1.11E-14 1.10E-9 7.30E-13 1.70E-9 4.36E-9

11IB 7.98E-8 1.73E-10 1.97E-8 1.59E-11 1.20E-12 3.58E-8 2.83E-11 5.57E-8 1.35E-7

11IC 1.78E-11 4.51 E-8 1.59E-12 5.42E-14 8.02E-8 2.82E-12 1.25E-7 1.25E-7

IIID 6.35E-9 6.35E-9 6.35E-9

IVA 3.11 E-9 5.99E-8 2.78E-8 1.99E-8 1.11E-7 1.11E-7

IVL 8.85E-10 1.82E-8 2.31 E-8 1.04E-8 5.26E-8 5.26E-8
V 5.32E-8 5.32 E-8 5.32E-8

Column 6.06E.7 4.04E.9 1.07E-8 O.OOE+O 7.81E-8 O.OOE+O O.OOE+O 2.09E-6 2.43E-9 1.83E-8 1.56E-6 4.37E-9 6.53E-7 4.42E-6 5.03E-6
Total

Fraction 12.07% 0.08% 0.21% < 0.01% 1.55% < 0.01% < 0.01% 41.57% 0.05% 0.36% 31 .01% 0.09% 112.99% 87.93% 100.00%
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E.1.2.2.6 Release Magnitude Calculations

The MAAP computer code is used to assign both the radionuclide release magnitude and timing
based on the accident progression characterization. Specifically, MAAP provides the following
information:

* containment pressure and temperature versus time (time of containment failure is
determined by comparing these values with the nominal containment capability);

* radionuclide release time and magnitude for a large number of radioisotopes; and

* release fractions for twelve radionuclide species.

E.1.3 IPEEE Analysis

E.1.3.1 Seismic Analysis

The seismic portion of the IPEEE program was completed in conjunction with the SQUG
program. VYNPS performed a seismic margins assessment (SMA) following the guidance of
NUREG-1407, Procedural and Submittal Guidance for the Individual Plant Examination of
External Events (IPEEE) for Severe Accident Vulnerabilities, June 1991, and EPRI NP-6041 -SL,
Revision 1, A Methodology for Assessment of Nuclear Power Plant Seismic Margin, August
1991. The SMA approach is a deterministic evaluation that does not calculate risk on a
probabilistic basis. A number of plant improvements were identified in NUREG-1 742 [Reference
E.1-101. These improvements were implemented, with the exception of a recommendation for
upgrading the CST tank HCLPF value from 0.25g to 0.30g. However, the CST tank analysis has
been reviewed and it was concluded that the tank shell stresses at the juncture with the chair rail
support anchorage is the limiting feature in defining the HCLPF analysis results. Additional
scoping investigation has been performed to define any modifications that can be implemented
to raise the HCLPF value. No simple cost-effective enhancements have been identified that will
significantly improve the HCLPF value of 0.25g. This value is significantly above the design SSE
value of 0.14g. Therefore, no structural modifications to this tank will be implemented.

A number of plant improvements were identified in Tables 2.7 and 2.12 of NUREG-1742. These
improvements have been implemented.

E.1.3.2 Fire Analysis

The VYNPS internal fire risk model was performed in 1998 as part of the IPEEE submittal report
[Reference E.1-8]. The VYNPS fire analysis was performed using EPRI's Fire Induced
Vulnerability Evaluation (FIVE) methodology for qualitative and quantitative screening of fire
areas and for fire analysis of areas that did not screen [Reference E.1-9]. The FIVE methodology
is primarily a screening approach used to identify plant vulnerabilities due to fire initiating events.
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Table E.1-11 presents the results of current VYNPS IPEEE fire analysis. (The values presented
in Table E.1-11 are taken from NUREG-1742 [Reference E.1-10]. These values reflect the re-
evaluation of the IPEEE fire CDF results [Reference E.1-8] to include response to NRC
questions/issues regarding fire-modeling progression.) The significant fire scenarios involve fires
occurring in the east and west switchgear rooms at elevation 248 feet, cable vault and cable vault
battery room at elevation 262 feet, and control room at elevation 272 feet.

A number of plant improvements relative to Vermont Yankee were identified in Table 3.5 of
NUREG-1 742. These improvements were implemented.

E.1.3.3 Other External Hazards

The Vermont Yankee IPEEE submittal [Reference E.1-8], in addition to the internal fires and
seismic events, examined a number of other external hazards:

* high winds and tornadoes,
* external flooding, and
* ice, hazardous chemical transportation, and nearby facility incidents.

In consequence of the above external hazards evaluation, a number of HFO-related plant
modifications have been implemented at Vermont Yankee, as identified in Table 4.1 of
NUREG-1742 [Reference E.1-10].

No risks to the plant occasioned by high winds and tornadoes, external floods, ice, hazardous
chemical transportation, and nearby facility incidents were identified that might lead to core
damage with a predicted frequency in excess of 10-6/year. Therefore, these other external event
hazards are not included in this attachment and are expected not to impact the conclusions of
this SAMA evaluation.
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Table E.1-11
Vermont Yankee Fire Updated Core Damage Frequency Results

Building/ Fire Initiator Total
Area Compartment Description CDF (/yr) Compartment

CDF (lr)
Reactor RBNEC Northeast ECCS Comer Room, El. 213' and 232' 3.80E-09 3.80E-09
Building RBHP HPCI Room, El. 213' 9.OOE-09 9.00E-09

RBRCL Lower RCIC Comer Room, El. 213' at NW Comer 6.70E-08 6.70E-08

RBRCU Upper RCIC Comer Room, El. 232' at NW Comer 4.50E-08 4.50E-08

RBSEC Southeast ECCS Comer Room, El. 213' and 232' 1.00E-08 1.OOE-08

RBSWC1 Southwest CRD Corner Room, El. 213' and 232' (treated as part of RB4) See RB4 See RB4

RB1 Torus Room, El. 213', Zone RB1 (north) 1.30E-07 1.30E-07

RB2 Torus Room, El. 213', Zone RB2 (south) 7.40E-07 7.40E-07

RB3 Reactor Building, El. 252', Zone RB3 (north), self-ignited cable fire 5.1 OE-06

Reactor Building, El. 252', Zone RB3 (north), in-situ MCC fire

Reactor Building, El. 252', Zone RB3 (north), transient lube oil spill

Reactor Building, El. 252', Zone RB3 (north), transient/in-situ Class A trash fire

RB4 Reactor Building, El. 252', Zone RB4 (south), self-ignited cable fire 3.30E-06

Reactor Building, El. 252', Zone RB4 (south), CRD Repair Room fire

Reactor Building, El. 252', Zone RB4 (south), in-situ MCC fire

Reactor Building, El. 252', Zone RB4 (south), transient lube oil spill

Reactor Building, El. 252', Zone RB4 (south), transient/in-situ Class A trash fire
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Table E.1-11
Vermont Yankee Fire Updated Core Damage Frequency Results

(Continued)

Building/ Fire Description Initiator Totpa
Area Compartment CDF (Iyr) CDF (lyr)

Reactor RBMG Reactor Building, El. 280', Recirc. MG Set fire 3.40E-07 3.40E-07
Building RB5 Reactor Building, El. 280', Zone RB5 (north) 7.30E-07 7.30E-07

RB6 Reactor Building, El. 280', Zone RB6 (south) 3.50E-07 3.50E-07
RB303 Reactor Building, El. 303' 4.90E-07 4.90E-07
RB318 Reactor Building, El. 318' 1.90E-08 1.90E-08
RB345 Reactor Building, El. 345' 1.50E-09 1.50E-09
RBSZ-S1 Reactor Building, El. 252', Separation Zone Div. SI trays 6.50E-07 6.50E-07
RBSZ-S2 Reactor Building, El. 252', Separation Zone Div. S2 trays 6.50E-07 6.50E-07
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Table E.1-11
Vermont Yankee Fire Updated Core Damage Frequency Results

(Continued)

Building/ Fire Initiator Total
Area Compartment Description CDF (Iyr) Compartment

CDF (Iyr)

Control SGW West Switchgear Room at El. 248', Bus 1/8 Fire 9.OOE-06
Building West Switchgear Room at El. 248', Bus 3 Fire

West Switchgear Room at El. 248', T-8 Transformer Fire

SGE East Switchgear Room at El. 248', Bus 2/9 Fire 7.OOE-06

East Switchgear Room at El. 248', Bus 4 Fire

West Switchgear Room at El. 248', T-9 Transformer Fire

CV Cable Vault, El. 262', Division S1 Panel Fire Affecting Division S2 Cable Trays 1.50E-05

Cable Vault, El. 262', Division S2 Panel Fire Affecting Division S1 Cable Trays

Cable Vault, El. 262', Self-ignited Cable Fire

Cable Vault Battery Room, El. 262' 3.20E-06 3.20E-06

Control Room, El. 272' 5.70E-06 5.70E-06

Turbine DGA Emergency Diesel Generator Room A 4.50E-07 4.50E-07

Building DGB Emergency Diesel Generator Room B 4.60E-07 4.60E-07

TURB Turbine Building, All General Areas 1.10E-06 1.1OE-06

WMACH Machine Shop and Stores Warehouse - South Turbine Building See TURB

Intake INTCW Circulating Water Pump Room Fire - Intake Structure 1.60E-09 1.60E-09

and INTSW Service Water Pump Room Fire - Intake Structure 3.10E-07 3.10E-07
scre Discharge

Structure DISCH Discharge Structure Fire 9.40E-1 0 9.40E-1 0
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Table E.1-11
Vermont Yankee Fire Updated Core Damage Frequency Results

(Continued)

Builiing/ Fire Descripton Initiator Totat
Area Compartment CDF (1yr) CDFo(yr)

Radwaste RADW FRADW Radwaste Building Fire See RWC See RWC

RWC FRWC Radwaste Corridor Fire 5.20E-08 5.20E-08
Misc. AOG Advanced Off Gas Building Fire 1.40E-07 1.40E-07
Structures DGOP EDG Fuel Oil Storage Tank and Transfer Pump House Fire 1.20E-08 1.20E-08

FOB Office Building - North End of Turbine Building See TURB
RHOUSE Relay and Metering House - 345 kV Switchyard 4.OOE-07 4.OOE-07

MTFRM Main/Aux. Transformer Fire W/Propagation to Turbine Building 6.80E-08 6.80E-08

STFRM Startup Transformer Fire W/Propagation to Turbine Building 2.80E-07 2.80E-07
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E.1.4 PSA Model Peer Review

In September 2000, the VYNPS PSA model was peer reviewed by the NEI/BWROG Peer
Review Certification team. The peer review team published the final report in November 2000.
The Peer Review Certification identified the following strengths and areas of improvements for
the VYNPS PSA model:

* Containment Capability: The Vermont Yankee containment failure analysis represents a
state of the art analysis of the containment strength and failure probability. The analysis
was supported by a detailed plant specific analysis developed by Chicago Bridge and
Iron. The documentation was detailed, traceable and available for review.

* Interfacing System LOCA: A realistic plant specific evaluation of the interfacing system
LOCA frequency was prepared. The model was well documented and provided a
systematic process identification and evaluation of potential containment bypass paths.

* Maintenance Unavailability and Failure Rate Analysis: The maintenance unavailability
incorporated in the PRA was based on an excellent review and analysis of plant-specific
data. Plant component failure date had also been recently evaluated at the time of the
review.

* Tier 2 System Analysis Documentation: Vermont Yankee has maintained Tier 2
notebooks for the system analyses containing extensive background material. This
information source proved useful to the reviewers and is a valuable resource for the PRA
staff.

* System Dependencies: Although there was no single system dependency matrix, the
system dependencies were clearly presented for each system in the system analysis
notebook.

* Human Reliability Analysis: The Vermont Yankee PRA included a comprehensive
treatment of human reliability. This included extensive incorporation of pre-initiator
actions for post-initiators.

* Spatial Dependencies: Internal flooding and HVAC dependencies were systematically
evaluated and documented. Plant-specific analyses supporting the models and modeling
assumptions were provided.

* Level 2 Analysis: The Level 1/Level 2 interface, including the plant damage state and
containment event tree end state definitions, was very detailed. The full spectrum of
severe accident phenomena listed in the ASME PRA Draft Standard was considered in
the Level 2 evaluation.
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Maintenance and Update Process: VYNPS follows the standardized practice guidance
for documentation of PSA model elements developed by Entergy Nuclear Northeast to
maintain the PSA model.

E.1.4.1 Recommended Areas of Improvement

The Peer Review Certification identified the following areas of improvement for the VYNPS PRA.

PRA Guidance

The lack of guidance documents was cited as a weakness for most of the technical
elements examined as part of this review. In some areas (e.g., elements SY, HR, L2 and
AS), the documentation has sufficient detail to provide a certain level of guidance. But
the reviewers agreed that the development of guidance documents, if followed and
maintained, can be an important element in maintaining the quality of the PRA.

Resolution

Entergy Nuclear Northeast has developed and utilized standardized practice guidance for
documentation of PSA model elements, which will be used in planned future updates of
the VYNPS PSA model.

* Dependence of Human Actions

There did not seem to be any systematic check to insure that where multiple human
actions are included in a scenario, the potential dependence between these actions had
been considered. One significant scenario containing potential dependence between
human actions (the third highest in core damage frequency) was identified by the
reviewers (see Fact and Observation sheet QU-6). A sensitivity quantification (e.g., set
all human actions to 0.1) is commonly performed as part of the PRA quantification
process to confirm that the CDF frequency is not being understated by treating multiple
human failure probabilities as independent events.

Resolution

Dependencies among human actions were examined and documented in "Vermont
Yankee Dependent HEP Assessment." All of the dynamic operator actions modeled in
the VYNPS PRA were included in this assessment. The approach used to judge the level
of dependence among operator actions was based on dependency level categories and
conditional probabilities developed in NUREG/CR-1278, Handbook of Human Reliability
Analysis with Emphasis on Nuclear PowerPlantApplications. NUREG/CR-1278
identifies five levels of dependence: ZD (zero dependence), LD (low dependence), MD
(moderate dependence), HD (high dependence), and CD (complete dependence).
Based on NUREG/CR-1278, time, function, and spatial attributes were used to determine
the level of dependence among operator actions within an accident sequence.
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These attributes were used to develop qualitative criteria (rules) that were used to assign
the level of dependence (CD, HD, MD, LD, ZD) among the operator actions. Quantitative
values associated with the level of dependence were assigned and used in a quantitative
sensitivity assessment.

These updated dependencies resulted in an increase in CDF of 0.61%, compared to the
base model. Based on the 5E-07 threshold it can be concluded that this negligible
change did not justify the need for a permanent model change.

* Independent Review Process

There is little documentation of any independent review associated with most documents.
A documented process calling for a review by a qualified, independent analyst should be
added to the PRA maintenance procedure. This would improve the quality of the PRA.

Resolution

The PRA update procedure calls for the undertaking and documentation of an
independent review of modeling changes and evaluations. This has been implemented
for all PRA updates.

* Generic Initiating Event Data

The generic sources of LOCA and loss of offsite power frequencies referenced in the
PRA are outdated. More recent data is available in NUREG/CR-5750 (LOCAs) and
NUREG/CR-5496 (LOSP) and should be incorporated during the next PRA update.

Resolution

Initiating event frequencies were reviewed and updated as documented in 2002
[Reference E.1-11I as well as in 2004 [Reference E.1-12].

• Success Criteria Traceability

Documentation of the accident sequence model success criteria and their bases should
be improved. There are notebooks containing some of the necessary documentation,
although no clear roadmap is provided linking MAAP calculations and other supporting
analyses to the accident sequence model.

Resolution

In 2002 the PSA success criteria were reviewed and documented, definitions clarified and
references identified.
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System Modeling

The system models were graded as capable of supporting risk significant evaluations, but
the review team had difficulty reaching consensus on this grade as there were a number
of areas identified that should be improved to make the models more flexible and easier
to use for applications. The Vermont Yankee PRA uses a number of modeling
simplifications that reduce the capabilities of the RISKMAN program to produce
potentially insightful reports (e.g., basic event importance, system importance). For
example, taking advantage of model symmetries reduces the number of split fractions
that need to be quantified and simplifies the event tree input, but skews the basic event
importance results (see F&O Sys-14). Also, there is an optional conditional split fraction
replacement logic input that allows the software to associate the correct basic event
importance (for a class of scenarios) that has not been developed in the Vermont Yankee
model (see F&O Sys-13). These modeling simplifications had distinct advantages when
PRA software and personal computers were less powerful but should be removed to take
advantage of all the reporting features.

Resolution

Symmetric split fractions have been developed for all multi-train top events as part the
2004 EPU RISKMAN model (VY04RI).

* Common Cause Parameters

Common cause failures are modeled extensively and appropriately in the PRA, but the
data source for the common cause failure parameters is outdated. New data available
through the NRC and INEEL need to be incorporated in the PRA as part of the next
update. This is critical due to the importance of common cause failures with respect to
CDF.

Resolution

As part of the PSA 2002 update, a review of the Common Cause Failure (CCF)
parameters presented in NUREG-5497 was performed and the results compared with the
values used in the VYNPS PSA model. It was concluded that the values utilized in the
Vermont Yankee PSA model remain appropriate and there is not a strong basis for
replacing our current common cause factors with those provided in NUREG-5497 at this
time.

* Presentation and Interpretation of Results

The presentation of PRA results should be expanded to assist in developing insights.
Additional reports could be generated with the current model (e.g., initiator contribution to
CDF), and the model should be requantified with the "save sequence cutoff" reduced to
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include a higher percentage of total CDF in the split fraction and top event importance
reports. It is also suggested that the LERF results be requantified as part of the PRA
update.

Resolution

The cutoff values for importance calculations have been reduced from the original IPE.
LERF results are included in all major PSA model updates.

• Uncertainty Analysis

No data uncertainty analysis has been performed for the current Vermont Yankee PRA.
A documented analysis in this area may provide additional insights into the PRA results.
It is again noted that the current structure of the model makes the uncertainty calculation
engine of the RISKMAN PRA software ineffective. Many of the basic event failure rates
loaded into the program are point estimates. The model simplifications identified in F&Os
SY-13 (CSF replacement) and SY-14 (symmetry) also need to be addressed before the
RISKMAN uncertainty engine can be used effectively.

Resolution

F&Os SY-13 and SY-14 were resolved and implemented in models VYOO and VY04,
respectively. The uncertainty associated with the core damage frequency was estimated
using Monte Carlo techniques implemented in RISKMAN for the base case model
VY04R1. Results include mean, 5th, 50th, and 95th percentile values. These values
reflect the uncertainties associated with the data distributions used in the analysis.

* Maintenance and Update Process

The PRA update procedure was in a draft form at the time of the review. As mentioned
under "PRA Strengths," it is the opinion of the review team that the Vermont Yankee PRA
staff is headed in the right direction with this procedure. It is mentioned here to
emphasize the importance of addressing the review comments and finalizing this
procedure in the near future.

Resolution

The VYNPS PSA update procedure was completed and was utilized for the VY 2002 PRA
update and subsequent updates. This procedure has since been replaced by Entergy
fleet procedure ENN-DC-151, PSA Maintenance and Update.

E.1.4.2 Major Changes since Original IPE Submittal

The following major changes have been incorporated in the Vermont Yankee PSA model since
the original IPE submittal.
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* Updated IE frequencies

Initiating event frequencies were reviewed and updated as documented in 2002
[Reference E.1-11] as well as in 2004 [Reference E.1-12].

* Updated HEP values

HEP values were updated to reflect EOP and SAMG revisions, plant modifications and
extended power uprate.

* Revised flooding events modeling

Significant changes were made to the modeling of flooding events to reflect
enhancements to operating procedures and evaluation of component vulnerability to
flooding.

* Main station battery chargers

A plant upgrade was made to the main station battery chargers to provide 100%
redundancy and improve reliability for the 125 VDC main station batteries and DC buses
DC-1 and DC-2.

This upgrade consisted of the following:

- Adding a new 125 VDC charger, designated BC-l-lD, dedicated to 125 VDC bus
DC-2. This charger will be identical to the existing chargers, except for some
small electronics parts on circuit cards.

- Dedication of the existing battery charger BC-1-1C, formerly called the 'swing
charger', to 125 VDC bus DC-1.

- All four battery chargers are modeled. If either, or both, aligned battery chargers
fail, its corresponding backup charger is questioned. It is conservatively
assumed that operator failure to align one backup charger will also guarantee
failure to align the other backup charger.

- Removal of the load shed feature from each of the 480 VAC feeder breakers to
the three existing battery chargers. Consistent with this modification, there will
be no load shed feature on the feeder breaker to the new battery charger.
Removal of the load shed feature eliminates the need for plant operators to
restore the battery chargers following a loss of normal power event. This results
in the elimination of LNP specific split fractions for C1C2.
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(The original IPE model took no credit for alignment of the swing charger (BC-1-
1 C) following failure of one of the two normally aligned battery chargers.)

Revised modeling of the recirculation loop discharge valves MOVs 53A/53B for LPCI
injection (1998)

Depending on the postulated break size and location (particularly a large, suction side
break), LPCI flow to the intact loop could bypass the core by flowing through the RPV
lower plenum and out the break if the intact loop discharge valve is not closed. Thus,
failure to close the intact recirculation loop discharge valve could be a LPCI subsystem
failure mode for some events and is now considered in the model.

* Modification to OS rules to better reflect operating procedures

Automatic isolation of non-essential SW loads was implemented to satisfy conservative
design basis criteria. Based on our review, this modification has little effect on the "best
estimate" IPE analysis which is not limited to design basis.

Service water valves SW-20, SW-19A and SW-19B were modified to automatically close
when SW header pressure (as measured in the ECCS corner rooms) decreases below
50 psig for greater than 27 seconds. Sustained low SW header pressure is indicative of a
loss of normal power event (LNP) which causes all operating SW pumps to stop and only
two SW pumps to automatically restart. When postulating conservative design basis
assumptions of single active pump failure and no credit for operator action, only one
operating pump may be subject to damage from run-out flow, and flow to critical
components (EDGs) may be deficient. Automatic isolation of non-essential cooling loads
will quickly increase the SW system flow resistance, limit pump run-out, and allow time for
operators to manually start other pumps if needed. The original plant design required
control room operators to manually isolate the non-essential loads if a loss of normal
power (LNP) event occurred.

* Revised split fraction values

The PRA models many multi-train systems as single top event. The original IPE often
used the same split fraction to model a top event where one train was degraded or failed
due to support system failures. This provided accurate CDF values but did not always
accurately reflect the risk importance of specific components or trains. An update to the
PRA model was performed to create train-specific split fractions for all top events.

* Updated generic failure rate data for selected components

The failure rates of selected components for which generic failure rates were applied
were updated to reflect more recent industry data. In the LPCI ISLOCA (Interfacing
System LOCA) analysis, the probability for the LPCI check valve LCV46A leakage failure
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was inadvertently doubled. The correct failure probability for LCV-46A is 7.45E-04/yr,
(IPE Section 3.2.36) but the value used in the model was 1.48E-03Iyr.

Using the correct check valve failure probability, the frequency of the LCPI ISLOCA
initiating event was reduced by approximately 30%. The total annual ISLOCA frequency
(for LPCI, CS, and SDC) changed from 2.29E-07Oyr to 1.71 E-07Iyr, a reduction of 25%.
There were no other model changes required to correct this error.

* ARI/RPT instrumentation

New ARIIRPT instrumentation was installed to satisfy the ATWS rule equipment diversity
requirements. The diverse equipment installed by this EDCR included new reactor level
and reactor pressure transmitters, alarm relay modules and relays and modification of
two existing water level transmitter loops. The intent of the design upgrade is to diversify
the ATWS mitigation equipment (ARI/RPT) from reactor protection system (RPS)
equipment so as to reduce the likelihood of common mode failures between both
systems.

* Revised feedwater/condensate (FWCN) system

The original feedwater/condensate model conservatively credited only the feedwater low
flow valve as an injection path for power levels below 10 percent power, when in fact
success could also be achieved through either of the main feedwater control valves. A
modification was made to the FWCN model to credit either of the main feedwater
regulation valves, in addition to the low flow valve, for power levels below 10 percent
power.

* Modeled plant modification - 24VDC ECCS system

The following modifications were made to the 24V DC ECCS system.

- The 24V ECCS batteries were removed.

- The 24V DC battery chargers were replaced with 24V DC converters.

* Modeled plant modification - containment N2 system

A seismically designed backup system has been installed consisting of two high-pressure
N2 cylinders regulated to feed the SRV accumulators when normal N2 system pressure
degrades. This modification was added to the N2 systems model.
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Improved service water recovery model

Changes were made to the AW top event fault tree to include an improved SW recovery
model, in place of the estimated recovery factor that was being used. The recovery model
reflects operator response to a variety of system failure modes. The SW recovery model
was based upon the Vermont Yankee LOSW initiating event fault tree analysis.

* Updated RPS fault tree model

The VYNPS 2004 PSA model update incorporated an update of the scram failure
probabilities using NUREG/CR-5500, Vol.3, Reliability Study: General Electric Reactor
Protection System, 1984-1995, May 1999. This report documents an analysis of the
safety-related performance of the reactor protection system (RPS) at U.S. General
Electric commercial reactors during the period 1984 through 1995. The General Electric
RPS designs covered in the unavailability estimation included those with relay-based trip
systems. The fault tree developed for this design assumed a BWR/4 plant, virtually
identical to that used at VYNPS.

* Modeled effects associated with extended power uprate (EPU)

The EPU caused three model changes.

- Thermal hydraulic calculations using the MAAP computer code at the proposed
increased power level indicated that the number of times an SRV would be
expected to cycle open/closed would increase by approximately 15%. This
increased cycling would increase the probability that an SRV would fail to
re-close. Therefore, the stuck-open relief valve probabilities given a transient
initiator for the individual SRVs was increased a similar amount.

- VYNPS installed a spring safety valve (SSV) to provide additional overpressure
capacity to satisfy ASME code requirements at the proposed increased power
level. Top event fault trees SO (i.e., 'Safety/Relief Valves Fail to Open") and PR
(i.e., "Pressure Relief System - ATWS Mitigation") were revised to include the
addition of this new valve.

- Human error probabilities (HEPs) were revised because a higher power level
results in reduced times available for some actions. To quantify the potential
impact of this performance shaping factor change, thermal hydraulic calculations
were used to re-quantify a number of the HEPs used in the Vermont Yankee PSA
model.
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E.1.5 The MACCS2 Model - Level 3 Analysis

E.1.5.1 Introduction

SAMA evaluation relies on Level 3 PRA results to measure the effects of potential plant
modifications. A Level 3 PRA model using the MELCOR Accident Consequences Code System
Version 2 (MACCS2) [Reference E.1-13] was created for VYNPS. This model, which requires
detailed site-specific meteorological, population and economic data, estimates the
consequences in terms of population dose and offsite economic cost. Risks in terms of
population dose risk (PDR) and offsite economic cost risk (OECR) were also estimated in this
analysis. Risk is defined as the product of consequence and frequency of an accidental release.

For postulated internal events, this analysis considers a base case and two sensitivity cases to
account for variations in data and assumptions. The base case uses estimated time and speed
for evacuation. Sensitivity case 1 is the base case with delayed evacuation. Sensitivity case 2 is
the base case with lower evacuation speed.

PDR was estimated by summing over all releases the product of population dose and frequency
for each accidental release. Similarly, OECR was estimated by summing over all releases the
product of offsite economic cost and frequency for each accidental release. Offsite economic
cost includes costs that could be incurred during the emergency response phase and costs that
could be incurred through long-term protective actions.

E.1.5.2 Input

The following sections describe the site-specific input parameters used to obtain the off-site dose
and economic impacts for cost-benefit analyses.

E.1.5.2.1 Projected Total Population by Spatial Element

The total population within a 50-mile radius of VYNPS was estimated for the year 2032, the end
of the proposed license renewal period, for each spatial element by combining transient (tourist)
population data with total resident population projections obtained from Massachusetts, New
Hampshire, New York, and Vermont. All projections were based on 2000 census data.

To determine the number of transient individuals, each state agency with authority over tourism
was contacted (Table E.1-12). The four states provided different types of tourism data, and
different methods were used to estimate transient populations.
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Table E.1-12
State Tourism Offices

State Office Data Reporting RegionsYear ReotnReis

Massachusetts Massachusetts Office of Travel 2000 Six geographic
and Tourism regions

New Hampshire New Hampshire Division of 2002 Seven geographic
Travel and Tourism regions
Development

New York New York State Department of 2002 Entire state
Economic Development

Vermont Vermont Department of Tourism 2001 Twelve geographic
and Marketing regions

Massachusetts tourism regions are based on towns. The appropriate data layer was
downloaded from Massachusetts Geographic Information System (GIS) and reclassified to
tourism regions. No GIS ready base map was available for the New Hampshire tourism regions.
To assemble a map layer for New Hampshire, detailed locator maps were geo-referenced and
tourism regions were digitized on-screen. Only state level data existed for New York and the
state base map was used. Vermont tourism regions are based on Vermont Regional Planning
Commission boundaries and the appropriate map layer was downloaded from Vermont Center
for Geographic Information and reclassified to tourism regions.

To determine the resident projections, each state agency responsible for population projections
was contacted (Table E. 1-13). Because no reporting entity projected populations to the target
year of 2032, least square regression approximation was used to project the resident population
for all counties within a 50-mile radius of VYNPS.

The total county level population values were estimated by summing the projected resident and
transient population with an assumption that the transient/resident population ratio remains
constant through 2032.
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Table E.1-13
State Population Projection Offices

Years Final Year
State Office Projections Projected

Based on

Massachusetts Massachusetts Institute for Social and 1980-2000 2020
Economic Research

New Hampshire Office of State Planning 1960-2000 2025

New York New York Statistical Information System 1990-2000 2030

Vermont Department of Aging & Disabilities 1990-2000 2020

The estimated 2032 total population was then interpolated to target areas (spatial elements) by
weighting each variable by the area it covers. The distribution of projected 2032 total population
within the 240 spatial elements is illustrated in Figure E.1-3.
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Figure E.1-3
Projected 2032 Total Population within 50 Miles of VYNPS
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E.1.5.2.2 Land Fraction

Census 2000 TIGER/Line Water Bodies data [Reference E.1-14] for the four states and
seventeen counties within the 50-mile radius were used to calculate the extent of land and
surface water coverage. The land fraction value for each spatial element equals 1 (area of
spatial element in water / total area of spatial element). Calculated values ranged from 0.01 to
1.00. A value of 1.00 indicates the spatial element area is all land, with no significant surface
water.

E.1.5.2.3 Watershed Class

Watershed classes are defined as either land (Class 1) or water (Class 2). As noted in
Section E.1.5.2.2, all spatial elements have non-zero land fraction values, showing that none of
them are composed solely of surface water. Therefore, there is only one watershed type (Class
1 - land) in the 50-mile area around VYNPS, so all 240 spatial elements were assigned the
watershed class value of 1.

E.1.5.2.4 Regional Economic Data

County level economic data were obtained from the US Department of Agriculture. The Census
of Agriculture is conducted every five years and data from 1997, 1992, and 1987 were used to
extrapolate 2002 using least squares regression.

Region Index

Each spatial element was assigned to an economic region, defined in this report as a county.
Where a spatial element is comprised of more than one county, it is assigned to the county that
has the most area in that element.

FRMFRC - Fraction of Land Devoted to Farming (Table E. 1-14)

Approximate land area, proportion in farms (percent) was downloaded directly from the Census
of Agriculture CD-ROM for each county. Because1987 data was not available, only 1992 and
1997 data were used to extrapolate to 2002.

ASFP - Total Annual Farm Sales (Table E. 1-14)

Land in farms (acres) was downloaded from the Census of Agriculture CD-ROM for each county
and converted to hectares. Market value of agricultural products sold ($1,000) was downloaded
from the CD-ROM for each county, multiplied by 1000, and divided by Land in farms (in hectares)
to obtain ASFP (dollars/hectare).

DPF- Fraction Of Farm Sales Resulting From Dairy Production (Table E. 1-14)

Dairy products sold ($1,000) was downloaded from the Census of Agriculture CD-ROM for each
county and divided by Market value of agricultural products sold ($1,000). In two cases (1997
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Hampden County, Massachusetts, and 1992 Franklin County, Massachusetts), privacy issues
precluded reporting values for Dairy products sold ($1,000). In each of these instances, values
were estimated by the following method: first, the total reported value of Dairy products sold for
the state of Massachusetts was downloaded ($59,773,000 in 1997 and $60,430,000 in 1992);
second, the values of Dairy products sold for all Massachusetts reporting counties in that year
were summed ($57,597,000 in 1997 and $60,305,000 in 1992); third, the difference ($2,176,000
in 1997 and $125,000 in 1992) was distributed to all counties not reporting based on the
proportion of reported dairy farms in each county.

VFRM - Farmland Property Value (Table E. 1-14)

Estimated market value of land and buildings: average per acre (dollars) was downloaded
directly from the Census of Agriculture CD-ROM for each county and converted to dollars/
hectare.

E.1-51



( ( (
Vermont Yankee Nuclear Power Station

Applicant's Environmental Report
Operating License Renewal Stage

Table E.1-14
Regional Economic Data for Counties within 50 Miles of VYNPS

FRMFRC ASFP (dollars/hectare) DPF VFRM (dollars/hectare)
1992 | 1997 | 2002 1987 | 1992 | 1997 2002 1987 | 1992 1 1997 | 2002 1987 | 1992 | 1997 l 2002

Massachusetts

Berkshire 10% 11 % 12% 613 728 815 921 52% 54% 46% 45% 4,964 8,216 7,784 9,808

Franklin 17% 17% 17% 733 996 1,339 1,628 45% 41% 30% 24% 5,165 6,427 5,632 6,208

Hampden 10% 10% 10% 1,007 1,249 1,922 2,308 21% 19% 12% 8% 7,213 8,093 11,409 13,101

Hampshire 16% 15% 14% 1,054 1,146 1,685 1,926 34% 29% 20% 14% 6,427 9,516 9,536 11,602

Middlesex 6% 6% 6% 3,183 3,512 4,631 5,224 6% 6% 4% 3% 12,256 18,896 24,122 30,291

Worcester 12% 11% 10% 996 1,068 1,385 1,538 30% 29% 22% 19% 9,294 8,933 10,467 10,738

New Hampshire

Cheshire 8% 9% 10% 1,211 1,342 1,634 1,818 29% 29% 24% 22% | 6,494 6,247 5,520 5,113

Hillsborough 7% 7% 7% 875 939 1,069 1,155 29% 29% 20% 17% | 8,967 10,885 | 8,582 9,093

Merrimack 8% 11% 14% 569 936 1,139 1,452 37% 38% 24% 19% | 4,947 5,827 5,837 6,426

Sullivan 11% 14% 17% j_529 822 948 1,186 67% 45% 32% 13% | 4,008 4,287 I 4,940 5,343

New York

Columbia 28% 28% 28% 11,027 1,228 1,563 1,809 41% 39% 37% 35% 6,541 7,085 6,390 6,521

Rensselaer 22% 24% 26% 1613 702 1717 781 63% 58% 57% 53% 3,252 3,815 4,480 5,077

Washington 39% 37% 35% 1_751 975 983 1,134 |_79% 72% 74% 70% | 2,486 2,936 3,049 3,387
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Table E.1-14
Regional Economic Data for Counties within 50 Miles of VYNPS

(Continued)

FRMFRC ASFP (dollars/hectare) DPF VFRM (dollars/hectare)
C ounty lF 2 9 1 0 2~1 9 0 2 _ _ _ _ _ _ _ _ _ _ _

1992 |1997 12002 1987 1992 1997 2002 1987 1992 1997 2002 1987 1992 1997 2002

Vermont

Bennington 8% 8% 8% 502 490 617 652 62% 65% 59% 59% 3,205 4,221 4,529 5,309

Rutland 22% 21% 20% 464 509 557 603 79% - 77% 74% 71% 2,921 3,314 3,158 3,368
Windham 9% 9% 9% 622 791 1,075 1,282 61% 56% 46% 40% 4,218 4,917 5,379 6,000
Windsor 14% 15% 16% 1 344 358 544 615 68% 58% 36% 21% 4,008 4,485 5,184 5,735

Values in bold extrapolated using least squares regression.
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VNFRM - Non-Farm Property Value

To determine VNFRM, each state agency with authority over taxation was contacted (Table
E.1-15) and a 2002 equalized valuation for each county was obtained. Within each state,
equalized fair market values were used to account for inherent variation in locally derived
assessment levels. However, no equalization across states was performed. Additionally, while
New York has a state agency responsible for property taxation (Office of Real Property Services)
this agency only reported equalization rates, not assessed market value. Each New York county
individually holds assessed market values, thus equalized market values for New York counties
were calculated by multiplying the assessed market value by the equalization rate which was
obtained from the New York Office of Real Property Services. Equalization rates were 99.72 for
Columbia County, 41.45 for Rensselaer County, and 85.95 for Washington County. Farmland
market values were downloaded directly from the Census of Agriculture CD-ROM for each
county and extrapolated to 2002 using least squares regression on data from 1997, 1992, and
1987. VNFRM (Table E.1-16) is the equalized value minus farmland market value, divided by
the population.

Table E.1-15
State and County Offices Contacted for Property Tax Information

State Office

Massachusetts Department of Revenue - Division of Local Services

New Hampshire Department of Revenue Administration

New York Office of Real Property Services

Columbia Columbia County Real Property Tax Service Agency

Rensselaer Rensselaer County Bureau of Tax

Washington Washington County Real Property Services

Vermont Department of Taxes - Division of Property Valuation and Review
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Table E.1-16
2002 Non-Farm Property Value (VNFRM) for the VYNPS 50-Mile Area

County Equalization Value Farmland Market Population VNFRM (dollars/

Massachusetts

Berkshire 10,128,705,700 259,731,000 125,984 78,335

Franklin 5,324,642,100 143,333,000 72,630 71,338

Hampden 22,241,884,700 177,993,000 454,321 48,565

Hampshire 8,719,157,400 54,931,000 158,108 54,167

Middlesex 177,029,532,800 319,118,000 1,467,201 120,440

Worcester 49,986,317,100 339,680,000 798,563 62,170

New Hampshire

Cheshire 4,751,674,409 113,754,000 75,025 61,818

Hillsborough 31,402,845,100 152,054,000 392,844 79,550

Merrimack 10,951,143,111 165,530,000 140,122 76,973

Sullivan 2,833,432,669 115,613,000 41,075 66,167

New York

Columbia 5,019,609,652 291,141,000 63,345 74,646

Rensselaer 5,959,712,490 239,393,000 152,219 37,580

Washington 3,141,437,197 227,897,000 61,640 47,267

Vermont

Bennington 3,375,796,622 48,967,000 37,124 89,614

Rutland 4,201,027,749 142,922,000 63,617 63,790

Windham 4,229,687,483 102,626,000 44,578 92,581

Windsor 5,275,153,879 196,634,000 57,731 87,969
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VALWF - Value of Farm Wealth

MACCS2 requires only an average value of farm wealth (dollars/hectare) for the 50-mile radius
area. This value is Estimated market value of land and buildings ($1000) plus Estimated market
value all machinery and equipment ($1000) divided by Land in Farms (acres) converted to
hectares (all values from Census of Agriculture CD-ROM extrapolated to 2002) and weighted by
the area each county has in the VYNPS 50-mile radius area VALWF is $9,550.39/hectare.

FRFIM - Fraction of Farm Wealth due to Improvements

MACCS2 requires an average fraction of farm wealth due to improvements (roads, buildings,
ponds, etc.). Census of Agriculture Estimated market value of land and buildings ($1000) could
not be used because the value of land and buildings could not be separated. Thus the MACCS2
default value of 0.25 was assumed.

VALWNF- Value of Non-Farm Wealth

MACCS2 input requires an average value of non-farm wealth. This value is VNFRM for each
county (Table E.1-16), weighted by the area of each county in the VYNPS 50-mile radius.
VALWNF is $72,098.28/person.

FRNFIM - Fraction of Non-Farm Wealth due to Improvements

MACCS2 requires an average value of the fraction of non-farm wealth due to improvements. The
MACCS2 default value of 0.8 was assumed.

E.1.5.2.5 Agriculture Data

MACCS2 requires input regarding crop types, growing season, and average fraction of farmland
devoted to each crop type. Average values for the 50-mile radius area are used instead of
specific values for each of the 240 spatial elements.

MACCS2 uses the seven crop categories listed in Table E.1-17.

E.1-56



Vermont Yankee Nuclear Power Station
Applicant's Environmental Report

Operating License Renewal Stage

Table E.1-17
Crop Categories

Pasture StoredGri Legumes Leafy Green Roots and Other Food
Forage Grain and Nuts Vegetables Tubers

Various Alfalfa Wheat Soybeans Lettuce Potatoes Apples
grasses

Clover Oats Peanuts Cabbage Carrots Grapes
Sorghum Barley Snap beans Broccoli Beets Oranges

Corn Dried beans Spinach Sugar Grapefruit
(incl. sweet corn)

Sorghum Peas Celery Onion Lemon
Nuts Cauliflower Tomatoes

Greens Cucumbers
Peppers

The number of acres used for each crop category was obtained from the Census of Agriculture
CD-ROM for each county. These values were divided by Land in farms (acres) to determine the
fraction of farmland devoted to each crop category. Summing the fraction of farmland devoted to
each of the seven crop categories does not necessarily add up to one because significant
farmland acres are devoted to woodlands, idle cropland, cropland used for cover crops (not
harvested and not pasture), cropland on which crops failed, cropland in summer fallow, and
farmland in houses, ponds, and roads. Each crop category was extrapolated to 2002 using least
squares regression from 1997, 1992, and 1987 data (Table E.1-18) and weighted by the area of
each county in the VYNPS 50-mile radius. The final weighted average fraction of farmland
devoted to each crop is shown in Table E.1-18.

The recommended MACCS2 growing season dates were assumed [Reference E.1-15].
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Table E.1-18
Average Fraction (Percent) of Farmland Devoted to Each Crop Type

County Stored Legumes Leafy Green Roots and OtherPasture Forage jiand Nuts Vegetables Tubers Food

Massachusetts

Berkshire 19.0 33.5 3.6 0.0 0.0 0.0 1.1

Franklin 20.0 25.6 1.2 0.0 0.2 1.3 4.3

Hampden 15.0 23.3 1.6 0.1 0.1 0.0 4.3

Hampshire 13.1 27.5 6.4 0.4 0.3 4.9 6.2

Middlesex 10.9 25.1 4.2 0.2 0.5 0.3 7.0

Worcester 15.4 27.7 1.0 0.1 0.0 0.0 4.0

New Hampshire

Cheshire 12.7 16.8 0.5 0.0 0.0 0.0 3.9

Hillsborough 17.2 27.4 1.3 0.1 0.1 0.1 7.1

Merrimack 4.4 22.6 0.5 0.0 0.0 0.0 2.3

Sullivan 11.0 22.1 1.0 0.0 0.0 0.0 3.9

New York

Columbia 16.0 44.4 12.1 1.7 0.1 0.1 3.3

Rensselaer 16.0 36.2 15.6 0.3 0.0 0.0 0.8

Washington 18.6 48.3 5.1 0.4 0.0 0.2 1.2

Vermont

Bennington 12.9 32.7 0.3 0.0 0.0 0.0 5.7

Rutland 20.1 34.2 0.4 0.0 0.0 0.0 2.9

Windham 20.4 27.6 0.1 0.0 0.2 0.1 8.7

Windsor 18.2 23.9 1 0.1 I 0.0 0.0 0I .0 6.6

Weighted 15.3 29.3 1 3.2 0.2 0.1 0.4 4.3
Average43
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E.1.5.2.6 Meteorological Data

The MACCS2 model requires meteorological data for wind speed, wind direction, atmospheric
stability, accumulated precipitation, and atmospheric mixing heights. The required data were
obtained from the VYNPS site meteorological monitoring system and regional National Weather
Service stations.

Site specific meteorological data included 8,760 consecutive hourly values of wind speed, wind
direction, and delta temperature recorded at the VYNPS meteorological tower in 2002. The
VYNPS meteorological monitoring system meets the technical requirements of Regulatory Guide
1.23. The meteorological data were provided in Microsoft Excel format in twelve monthly data
files [Reference E.1-16].

Processing of VYNPS site meteorological data to conform to the MACCS2 input specifications
was made using Microsoft Excel spreadsheets. Data processing was performed as follows.

Date and Time

The VYNPS data format of mm/dd/yyyy was converted to "day of the year" format. Values
ranged from 1 (January 1, 2002) through 365 (December 31, 2002). Hours were converted from
0 to 23 daily to 1 to 24, by adding 1 to every hour in the raw VYNPS data file.

Wind Direction

The VYNPS raw data for wind direction was expressed as degrees 'from". MACCS2 requires the
data in terms of downwind sector values of 1 to 16 (N to NNW). This conversion was
accomplished in Excel by using a lookup table to assign the mirrored directional bin (each 22.5
degrees wide) to the raw wind direction data. For example, a raw data wind direction value of
180 degrees (from), was converted to a sector value of I indicating the downwind direction was
in sector 1 (north). The lower (35 feet above ground level) wind direction data was used for the
MACCS2 input.

Wind Speed

The VYNPS raw data for wind speed was in miles per hour. MACCS2 requires the data in terms
of tenths of a meter per second. The conversion of wind speed from miles per hour to tenths of a
meter per second was accomplished by Excel in two steps. The first step applied a conversion
factor of 0.4470392 to the data in miles per hour to obtain meters per second. The second step
multiplied the result of the first step by a factor of 10. The VYNPS lower (35 feet above ground
level) wind speed was used for MACCS2 input.

Atmosohenc Stability Class

Atmospheric stability is usually given in terms of a Pasquill Stability Class index based on the
adiabatic lapse rate, or rate of change of temperature with altitude. This value is normally
negative unless there is a temperature inversion-when temperature increases with altitude.
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The Pasquill Stability Class index is alphabetic (letters A through G) where each letter denotes a
specific lapse rate range. MACCS2 input requires the conversion of Pasquill Stability Class to
numerical values 1 through 7. Table E.1-19 shows the relationship between lapse rates,
atmospheric stability, Pasquill classes, and MACCS2 input values.

The VYNPS meteorological raw data files include values of upper and lower delta temperature.
The upper delta temperature value is the difference between the temperature recorded at the
33-foot and 295-foot levels; the lower delta temperature value is the difference between the
33-foot and 198-foot levels. The lower delta temperature values were used to calculate MACCS2
input hourly stability class values.

An Excel spreadsheet was used to first calculate the lapse rate (degrees C/100 meters) by
changing the hourly VYNPS lower delta temperature values from degrees Fahrenheit to degrees
Celsius, then dividing by the change in elevation converted from feet to 100 meters, and finally
determining the MACCS2 input value according to the ranges shown in Table E.1-19.

Table E.1-19
Stability Class Categories

Lapse Rate Atmospheric Stability Pasquill Stability MACCS2
(degrees C/100 meters) Description Class Input Value

<-1.9 Extremely unstable A 1

-1.9 to -1.7 Moderately unstable B 2

-1.7 to -1.5 Slightly unstable C 3

-1.5 to -0.5 Neutral D 4

-0.5 to 1.5 Slightly stable E 5

1.5 to 4.0 Moderately stable F 6

>4.0 Extremely stable G 7

Accumulated Precioitation

The VYNPS raw meteorological data files provided hourly precipitation values in the format x.xx
inches. These values were converted to the MACCS2 input format by multiplying each value by
100 to provide precipitation in hundredths of an inch.

Regional Mixing Height Data

One of the most important parameters to characterize the dispersion potential of the atmosphere
is the mixing height. Mixing height is defined as the height of the atmosphere above ground level
within which a released contaminant will become mixed (from turbulence) within approximately
one hour. Mixing height values are computed using readily available ground-level and upper-air
data from the National Weather Service.
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MACCS2 requires morning and afternoon mixing height values, in hundreds of meters, for each
season of the year. Daily mixing height values (for morning and afternoon) for the vicinity of
VYNPS in 2002 were obtained from the National Climatic Data Center (NCDC) [Reference E.l-
17].

The morning values were calculated by NCDC using the lowest surface temperature which
occurred from 0200 to 0600 hours each day. The afternoon values were calculated in a similar
way, except the maximum surface temperature which occurred from 1200 to 1600 hours was
used.

The NCDC daily values for morning and afternoon mixing heights were averaged for each month,
then monthly values were averaged into seasonal values. Each season was defined as a
3-month period starting with the winter season of January, February, and March.

Calculated seasonal mixing height values were rounded to the nearest hundred and divided by
100 to express values in hundreds of meters. Mixing height values for 2002 are shown in Table
E.1-20.

Table E.1-20
Morning and Afternoon Mixing Height Values in 2002

Morning Mixing MCCS2 Input Afternoon Mixing MCCS2 InputeasonHeight (m) Value (100 m) Height (m) Value (100 in)

Winter 679 7 954 10

Spring 502 5 1504 15

Summer 368 4 1423 14

Fall 640 6 752 8
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E.1.5.2.7 Emergency Response Assumptions

Emeroencv Planning Zone Description

VYNPS is located in southeast Windham County, Vermont, on the west bank of the Connecticut
River immediately upstream of the Vernon Hydroelectric Station. The topography of the area is
gently rolling terrain and low hills along the Connecticut River valley. The land use is a mixture of
industrial, commercial, and diversified agricultural production.

The VYNPS area is served by limited access highways such as Interstate 91, and secondary
traffic roads such as Route 5, Route 9, Route 10, Route 30, Route 63, Route 78, and Route 119.
There is non-commercial boat traffic on the Connecticut River. The New England Central
Railroad has access through the Emergency Planning Zone (EPZ).

The VYNPS Emergency Planning Zone is composed of a 10-mile radius area (Figure E.14)
divided into 16 compass bearing sectors and 1-mile radii.

Evacuation De/ay Time

A detailed analysis of evacuation scenarios in EPZ was addressed in the VYNPS Evacuation
Time Estimate Study [Reference E.1-18]. This analysis addressed the range and variation of
public reaction to the evacuation notification process. The time between the issuance of an
evacuation notification and the beginning of the public evacuation is referred to as either "delay
time" or "public response time." Public response time has three components:

* receive warning - the time period between the activation of the prompt public notification
system and the receipt by the public of the message to evacuate;

* travel home - the time period required for the public to drive from work or shopping, etc.,
to home; and

* prepare home for evacuation - the time period required to gather essential belongings
and prepare home for absence.
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Figure E.1-4
VYNPS 10-Mile EPZ
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The VYNPS evacuation time estimate study addressed numerous scenarios including
time of day, normal and adverse weather conditions, resident and transient populations,
special facilities (schools, hospitals, etc.), and other factors. Public response time
estimates are summarized in Table E.1-21. These values indicate that within the
10-mile EPZ the general public would be prepared to begin an evacuation within a
minimum of 0 minutes to a maximum of 2 hours and 35 minutes from activation of the
evacuation notification process. The maximum response time estimate is based on the
worse case scenario which would occur during the day under adverse (winter) weather
conditions. The average of response time values of 1 hour and 20 minutes was used in
the analysis.

Table E.1-21
Public Evacuation Response Time Estimates

Range of Response Times
I I (Minutes)

1. Receive warning

-General population 0-15

-Special locations 0-45

2. Travel home

-Normal weather 0-30

-Adverse weather 0-50

3. Prepare home for evacuation 0-60

Evacuation Speed

The VYNPS evacuation time estimate study estimated that the general public within the full EPZ
could be evacuated within 2 to 3 hours after the delay time. The longest times were required for
evacuation scenarios occurring during the day under winter adverse weather conditions.

The VYNPS evacuation time estimate study did not report estimates of specific evacuation
speeds for the various scenarios. Therefore, speed was estimated using the following
assumptions:

* the distance traveled by the general public from evacuated sites near VYNPS would be
10 miles, and

* total evacuation time for the general public within the 0-10 mile radius zone would range
from 2 to 3 hours.
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A conservative estimate of evacuation speed, therefore, ranges from 5.0 miles/hour (2.2 meters/
sec) to 3.33 miles/hour (1.5 meters/sec). The average evacuation speed of approximately
4 miles/hr (1.8 meters/sec) was used in the analysis.

E.1.5.2.8 Core Inventory

The estimated VYNPS core inventory (Table E.1-22) used in the MACCS2 input is based on an
extended power uprate level of 1912 MWt, which is 20 percent higher than the rated power of
1593 MWt. The information in Table E.1-22 is derived from NUREG/CR-4551 [Reference E.1-
15] for a power level of 1912 MWM.
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Table E.1-22
VYNPS Core Inventory (Becquerels)

Nuclide Inventory [Nuclide Inventory
Co-58 1.08E+16 Te-131m 2.70E+17
Co-60 1.29E+16 Te-132 2.64E+18
Kr-85 1.77E+16 1-131 1.83E+18
Kr-85m 6.44E+17 1-132 2.68E+18
Kr-87 1.17E+18 1-133 3.83E+18
Kr-88 1.58E+18 1-134 4.19E+18
Rb-86 9.92E+14 1-135 3.61E+18
Sr-89 1.96E+18 Xe-133 3.84E+18
Sr-90 1.39E+17 Xe-135 9.12E+17
Sr-91 2.55E+18 Cs-134 2.99E+17
Sr-92 2.66E+18 Cs-136 8.02E+16
Y-90 1.49E+17 Cs-137 1.79E+17
Y-91 2.40E+18 Ba-1 39 3.53E+18
Y-92 2.67E+18 Ba-140 3.49E+18
Y-93 3.04E+18 La-140 3.56E+18
Zr-95 3.15E+18 La-141 3.28E+18
Zr-97 3.25E+18 La-142 3.16E+18
Nb-95 2.98E+18 Ce-1 41 3.16E+18
Mo-99 3.44E+18 Ce-143 3.08E+18
Tc-99m 2.97E+18 Ce-144 2.05E+18
Ru-103 2.61E+18 Pr-143 3.02E+18
Ru-105 1.74E+18 Nd-147 1.35E+18
Ru-1 06 7.09E+17 Np-239 4.02E+19
Rh-105 1.30E+18 Pu-238 2.79E+15
Sb-127 1.64E+17 Pu-239 7.08E+14
Sb-129 5.71E+17 Pu-240 8.87E+14
Te-127 1.59E+17 Pu-241 1.53E+17
Te-127m 2.14E+16 Am-241 1.55E+14
Te-129 5.35E+17 Cm-242 4.10E+16
Te-129m 1.41 E+17 Cm-244 2.21E+15
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E.1.5.2.9 Source Terms

Twelve release categories corresponding to internal event sequences were identified and
entered as part of the MACCS2 input. The details of the source terms for postulated internal
events are available in on-site documentation. A linear release rate was assumed between the
time the release started and the time the release ended.

E.1.5.3 Results

Risk estimates for one base case and two sensitivity cases were analyzed with MACCS2. The
base case assumes an 80-minute delay and 1.8 meters/sec speed for evacuation. Sensitivity
case 1 is the base case with delayed evacuation of 2 hours. Sensitivity case 2 is the base case
with lower evacuation speed of 1 meter/sec.

Table E.1-23 shows estimated base case mean risk values for each release mode for postulated
internal events. The estimated mean values of population dose risk (PDR) and offsite economic
cost risk (OECR) for VYNPS are 9.16 person-rem/yr and $21,000/yr, respectively.

Table E.1-23
Base Case Mean PDR and OECR Values for Postulated Internal Events

Offsite Population Offsite
Population Economic Dose Risk Economic Cost

Release Frequency Dose Cost (PDR) Risk (OECR)
Mode (Vyr) (person-sv)* ($) (person-remlyr) (Slyr)

NCF 6.06E-07 1.30E+01 1.89E+06 7.88E-04** 1.15E+00
E/ Hi 1.50E-06 2.73E+04 6.20E+09 4.1OE+00 9.30E+03
E/MED 2.1OE-06 1.47E+04 3.39E+09 3.09E+00 7.12E+03
E/ LO 7.81 E-08 2.11E+03 8.36E+07 1.65E-02 6.53E+00
E/ LL 3.99E-09 6.18E+02 1.02E+07 2.47E-04 4.07E-02
V 5.32E-08 2.96E+04 5.60E+09 1.57E-01 2.98E+02
I/Hi 4.37E-09 3.53E+04 8.40E+09 1.54E-02 3.67E+01
I/MED 2.43E-09 1.02E+04 1.29E+09 2.48E-03 3.13E+00
I/LO 1.07E-08 2.71 E+03 1.12E+08 2.90E-03 1.20E+00
I/LL 0.OOE+00 2.80E+02 3.52E+06 O.OOE+00 0.OOE+00
U/HI 6.53E-07 2.69E+04 6.37E+09 1.76E+00 4.16E+03
UMED 1.83E-08 1.13E+04 1.77E+09 2.07E-02 3.24E+01

Totals 9.16E+00 2.1QE+04

^1 sv 100 rem
** 7.88E-04 (person-rem/yr) = 6.06E-07 (/yr) x 1.30E+01 (person-sv) x 100 (rem/sv)
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Results of sensitivity analyses indicate that a delayed evacuation or a lower evacuation speed
would not have significant effects on the offsite consequences or risks determined in this study.
Table E.1-24 summarizes offsite consequences in terms of population dose (person-sv) and
offsite economic cost ($) for the base case and the sensitivity cases. Comparison of the
consequences indicates that the maximal deviation is less than 4% between the base case
population dose and the Sensitivity Case 2 population dose for the Early, Low-Low Magnitude
release mode (E/LL).

Table E.1-24
Summary of Offsite Consequence Results for Postulated Internal Events

Population Dose (person-sv) Offsite Economic Cost ($)

Release 2-hr Lower 2 -hr Lower
Mode Base Case Delayed Speed of Base Case Delayed Speed of

ode Evacuation Evacuation Evacuation Evacuation

NCF 1.30E+01 1.30E+01 1.31 E+01 1.89E+06 1.89E+06 1.89E+06
E/ Hi 2.73E+04 2.75E+04 2.78E+04 6.20E+09 6.20E+09 6.20E+09
E/MED 1.47E+04 1.48E+04 1.48E+04 3.39E+09 3.39E+09 3.39E+09
E/ LO 2.11E+03 2.12E+03 2.13E+03 8.36E+07 8.36E+07 8.36E+07
E/ LL 6.18E+02 6.28E+02 6.39E+02 1.02E+07 1.02E+07 1.02E+07
V 2.96E+04 3.02E+04 3.03E+04 5.60E+09 5.60E+09 5.60E+09
I/HI 3.53E+04 3.53E+04 3.54E+04 8.40E+09 8.40E+09 8.40E+09
I/MED 1.02E+04 1.02E+04 1.02E+04 1.29E+09 1.29E+09 1.29E+09
I/LO 2.71E+03 2.71E+03 2.71E+03 1.12E+08 1.12E+08 1.12E+08
I/LL 2.80E+02 2.81 E+02 2.81 E+02 3.52E+06 3.52E+06 3.52E+06
UHI 2.69E+04 2.69E+04 2.69E+04 6.37E+09 6.37E+09 6.37E+09
LIMED 1.13E+04 1.13E+04 1.13E+04 1.77E+09 1.77E+09 1.77E+09
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E.2 EVALUATION OF SAMA CANDIDATES

This section describes the generation of the initial list of potential SAMA candidates, screening
methods, and the analysis of the remaining SAMA candidates.

E.2.1 SAMA List Compilation

A list of SAMA candidates was developed by reviewing industry documents and considering
plant-specific enhancements not identified in published industry documents. Since VYNPS is a
conventional GE nuclear power reactor, considerable attention was paid to the SAMA candidates
from SAMA analyses for other GE plants. Industry documents reviewed include the following.

* Hatch SAMA Analysis (Reference E.2-1)

* Calvert Cliffs Nuclear Power Plant SAMA Analysis (Reference E.2-2)

* GE ABWR SAMDA Analysis (Reference E.2-3)

* Peach Bottom SAMA Analysis (Reference E.2-4)

* Quad Cities SAMA Analysis (Reference E.2-5)

* Dresden SAMA Analysis (Reference E.2-6)

* Arkansas Nuclear One Unit 2 SAMA Evaluation (Reference E.2-7)

The above documents represent a compilation of most SAMA candidates developed from the
industry documents. These sources of other industry documents include the following.

* Limerick SAMDA cost estimate report (Reference E.2-8)

* NUREG-1437 description of Limerick SAMDA (Reference E.2-9)

* NUREG-1437 description of Comanche Peak SAMDA (Reference E.2-10)

* Watts Bar SAMDA submittal (Reference E.2-11)

* TVA response to NRC's RAI on the Watts Bar SAMDA submittal (Reference E.2-12)

* Westinghouse AP600 SAMDA (Reference E.2-13)

* NUREG-0498, Watts Bar Final Environmental Statement, Supplement 1, Section 7
(Reference E.2-14)

* NUREG-1560, Volume 2, NRC Perspectives on the IPE Program (Reference E.2-15)

* NUREG/CR-5474, Assessment of Candidate Accident Management Strategies
(Reference E.2-16)

In addition to SAMA candidates from review of industry documents, additional SAMA candidates
were obtained from plant-specific sources, such as the VYNPS individual plant examination
(Reference E.2-17) and individual plant evaluation of external events (Reference E.2-18). In
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both the IPE and IPEEE, several enhancements related to severe accident insights were
recommended and implemented.

The current VYNPS PSA model was also used to identify plant-specific modifications for
inclusion in the comprehensive list of SAMA candidates. The risk significant terms from the PSA
model were reviewed for similar failure modes and effects that could be addressed through a
potential enhancement to the plant. The correlation between SAMAs and the risk significant
terms are listed in Table E.1-3.

The comprehensive list, available in on-site documentation, contained a total of 302 Phase I
SAMA candidates.

E.2.2 Qualitative Screening of SAMA Candidates (Phase i)

The purpose of the preliminary SAMA screening was to eliminate from further consideration
enhancements that were not viable for implementation at VYNPS. Potential SAMA candidates
were screened out if they modified features not applicable to VYNPS, if they had already been
implemented at VYNPS, or if they were similar in nature and could be combined with another
SAMA candidate to develop a more comprehensive or plant-specific SAMA candidate. During
this process, 57 of the Phase I SAMA candidates were screened out because they were not
applicable to VYNPS, 4 of the Phase I SAMA candidates were screened out because they were
similar in nature and could be combined with another SAMA candidate, and 175 of the Phase I
SAMA candidates were screened out because they had already been implemented at VYNPS,
leaving 66 SAMA candidates for further analysis. The final screening process involved
identifying and eliminating those items whose implementation cost would exceed their benefit as
described below. Table E.2-1 provides a description of each of the 66 Phase II SAMA
candidates.

E.2.3 Final Screening and Cost-Benefit Evaluation of SAMA Candidates (Phase II)

A cost/benefit analysis was performed on each of the remaining SAMA candidates. If the
implementation cost of a SAMA candidate was determined to be greater than the potential
benefit (i.e., there was a negative net value), the SAMA candidate was considered not to be cost
beneficial and was not retained as a potential enhancement.

The expected cost of implementation of each SAMA was established from existing estimates of
similar modifications. Most of the cost estimates were developed from similar modifications
considered in previously performed SAMA and SAMDA analyses. In particular, these cost-
estimates were derived from the following major sources.

• GE ABWR SAMDA Analysis (Reference E.2-3)

* Peach Bottom SAMA Analysis (Reference E.2-4)

* Quad Cities SAMA Analysis (Reference E.2-5)
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* Dresden SAMA Analysis (Reference E.2-6)

* ANO-2 SAMA Analysis (Reference E.2-7)

The cost estimates did not include the cost of replacement power during extended outages
required to implement the modifications, nor did they include contingency costs associated with
unforeseen implementation obstacles. Estimates based on modifications that were implemented
or estimated in the past were presented in terms of dollar values at the time of implementation (or
estimation) and were not adjusted to present-day dollars. In addition, several implementation
costs were originally developed for SAMDA analyses (i.e., during the design phase of the plant),
and therefore do not capture the additional costs associated with performing design
modifications to existing plants (i.e., reduced efficiency, minimizing dose, disposal of
contaminated material, etc.). Therefore, the cost estimates were conservative.

The benefit of implementing a SAMA candidate was estimated in terms of averted
consequences. The benefit was estimated by calculating the arithmetic difference between the
total estimated costs associated with the four impact areas for the baseline plant design and the
total estimated impact area costs for the enhanced plant design (following implementation of the
SAMA candidate).

Values for avoided public and occupational health risk were converted to a monetary equivalent
(dollars) via application of the NUREG/BR-0184 (Reference E.2-19) conversion factor of $2,000
per person-rem and discounted to present value. Values for avoided off-site economic costs
were also discounted to present value.

As this analysis focuses on establishing the economic viability of potential plant enhancement
when compared to attainable benefit, often detailed cost estimates were not required to make
informed decisions regarding the economic viability of a particular modification. Several of the
SAMA candidates were clearly in excess of the attainable benefit estimated from a particular
analysis case.

For less clear cases, engineering judgment on the cost associated with procedural changes,
engineering analysis, testing, training and hardware modification was applied to determine if a
more detailed cost estimate was necessary to formulate a conclusion regarding the economic
viability of a particular SAMA. Based on a review of previous submittals' SAMA evaluations and
an evaluation of expected implementation costs at VY, the following estimated costs for each
potential element of the proposed SAMA implementation are used.
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Type of Change Estimated Cost Range

Procedural only $25K-$50K

Procedural change with engineering $50K-$200K
required

Procedural change with engineering and $200K-$300K
testing/training required

Hardware modification $1 OOK to >$IOOOK
r I

In most cases, more detailed cost estimates were not required, particularly if the SAMA called for
the implementation of a hardware modification. Nonetheless, the cost of each unscreened
SAMA candidate was conceptually estimated to the point where conclusions regarding the
economic viability of the proposed modification could be adequately gauged. The cost-benefit
comparison and disposition of each of the 66 Phase II SAMA candidates is presented in
Table E.2-1.

Bounding evaluations (or analysis cases) were performed to address specific SAMA candidates
or groups of similar SAMA candidates. These analysis cases overestimated the benefit and thus
were conservative calculations. For example, one SAMA candidate suggested installing a digital
large break LOCA protection system. The bounding calculation estimated the benefit of this
improvement by total elimination of risk due to large break LOCA (see analysis in Phase II SAMA
62 of Table E.2-1). This calculation obviously overestimated the benefit, but if the inflated benefit
indicated that the SAMA candidate was not cost-beneficial then the purpose of the analysis was
satisfied.

A description of the analysis cases used in the evaluation follows.

Additional Service Water Pum12

This analysis case was used to evaluate the change in plant risk from installing an additional
service water pump. An additional service water pump reduces the impact of common cause
pump failures on failure of the service water system. A bounding analysis was performed by
setting the CDF contribution due to loss of service water to zero in the level 1 PSA model, which
resulted in an upper bound benefit of approximately $120,000. This analysis case was used to
model the benefit of Phase II SAMA 1.

Redundant Train to EDG Building HVAC

This analysis case was used to evaluate the change in plant risk from providing a redundant train
to the existing EDG building ventilation system. Enhancements of the HVAC system increase
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the availability of components dependent upon room cooling. A bounding analysis was
performed by setting both emergency diesel generator failure probabilities to zero in the level 1
PSA model, which resulted in an upper bound benefit of approximately $470,000. This analysis
case was used to model the benefit of Phase II SAMA 2.

Improvements Related to Diagnosis of EDG Building HVAC

This analysis case was used to evaluate the change in plant risk from providing a high
temperature alarm, or redundant louver and thermostat, for the EDG building ventilation system
to improve diagnosis of EDG building HVAC system failures. A bounding analysis was
performed by reducing the failure probability of both EDGs to continue to run by a factor of three
in the level 1 PSA model, which resulted in an upper bound benefit of approximately $160,000.
This analysis case was used to model the benefit of Phase II SAMA 3.

Decay Heat Removal Capability

This analysis case was used to evaluate the change in plant risk from installing an additional
decay heat removal system. Enhancements of decay heat removal capability decrease the
probability of loss of containment heat removal. A bounding analysis was performed by setting
the events for loss of the torus cooling mode of the RHR and RHRSW systems to zero in the
level 1 PSA model, which resulted in an upper bound benefit of approximately $530,000. This
analysis case was used to model the benefit of Phase II SAMAs 4, 12, and 17.

Filtered Vent

This analysis case was used to evaluate the change in plant risk from installing a filtered
containment vent to provide fission product scrubbing. A bounding analysis was performed by
binning all successful torus venting sequences into the Low-Low release category. Reducing the
releases from the vent path resulted in an upper bound benefit of approximately $2,000. This
analysis case was used to model the benefit of Phase II SAMAs 5, and 22.

Containment Vent for ATWS Decay Heat Removal

This analysis case was used to evaluate the change in plant risk from installing a containment
vent to provide alternate decay heat removal capability during an ATWS event. A bounding
analysis was performed by setting the events for loss of the torus cooling mode of the RHR and
RHRSW systems during ATWS sequences to zero in the level 1 PSA model, which resulted in no
benefit. This analysis case was used to model the benefit of Phase II SAMAs 6, and 56.

Molten Core Debris Removal

This analysis case was used to estimate the change in plant risk from providing a molten core
debris cooling mechanism, thereby preventing a melt-through of the base mat. A bounding
analysis was performed by setting containment failure due to core-concrete interaction (not
including liner failure) to zero in the level 2 PSA model, which resulted in an upper bound benefit
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of approximately $640,000. This analysis case was used to model the benefit of Phase II SAMAs
7, 8, 11, 14,15, 25 and 26.

Drywell Head Flooding

This analysis case was used to evaluate the change in plant risk from providing a modification to
flood the drywell head such that if high drywell temperature occurred, the drywell head seal
would not fail. A bounding analysis was performed by setting the probability of drywell head
failure to zero in the level 2 PSA model, which resulted in an upper bound benefit of
approximately $20,000. This analysis case was used to model the benefit of Phase II SAMAs 9
and 23.

Reactor Building Effectiveness

This analysis case was used to evaluate the change in plant risk by mitigating fission product
release from the reactor building. Reactor building effectiveness was conservatively modeled by
binning all releases in the reactor building into the Low-Low release category. This resulted in an
upper bound benefit of approximately $1,410,000. This analysis case was used to model the
benefit of Phase II SAMAs 10, 16, and 24.

Strengthen Containment

This analysis case was used to evaluate the change in plant risk from strengthening containment
to reduce the probability of containment over-pressurization failure. A bounding analysis was
performed by setting the CDF contribution due to ATWS and loss of the torus cooling mode of
the RHR and RHRSW systems to zero in the level 1 PSA model and setting all energetic
containment failure modes (DCH, steam explosions, late over-pressurization) to zero in the level
2 PSA model. This resulted in an upper bound benefit of approximately $530,000. This analysis
case was used to model the benefit of Phase II SAMAs 13, 18, 19, and 27.

Vacuum Breakers

This analysis case was used to evaluate the change in plant risk from improving the reliability of
vacuum breakers to reseat following a successful opening and eliminate suppression pool
scrubbing failures from the containment analysis. A bounding analysis was performed by setting
the vacuum breaker failure probability to zero in the level 1 PSA model, which resulted in an
upper bound benefit of approximately $40,000. This analysis case was used to model the benefit
of Phase II SAMA 20.

Temoerature Margin for Seals

This analysis case was used to evaluate the change in plant risk from increasing the temperature
margin for seals to reduce the potential for containment failure under adverse conditions. A
bounding analysis was performed by setting containment failure due to high temperature drywell
seal failure to zero in the level 2 PSA model, which resulted in an upper bound benefit of
approximately $20,000. This analysis case was used to model the benefit of Phase II SAMA 21.
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DC Power

This analysis case was used to evaluate the change in plant risk from plant modifications that
would increase the availability of Class 1 E DC power (e.g., increasing battery capacity or using
fuel cells). It was assumed that battery life could be extended from 4 hours to 24 hours to
simulate additional battery capacity. This enhancement would extend HPCI and RCIC
operability and allow more credit for AC power recovery. A bounding analysis was performed by
changing the time available to recover offsite power before HPCI and RCIC are lost from 4 hours
to 24 hours during station blackout scenarios in the level 1 PSA model. This resulted in an upper
bound benefit of approximately $160,000. This analysis case was used to model the benefit of
Phase II SAMAs 28, 29, 33, 40 and 41.

Improve DC System

This analysis case was used to evaluate the change in plant risk from improving injection
capability by auto-transfer of AC bus control power to a standby DC power source upon loss of
the normal DC source. A bounding analysis was performed by setting the loss of DC bus I
initiator to zero in the level 1 PSA model, which resulted in an upper bound benefit of
approximately $290,000. This analysis case was used to model the benefit of Phase II SAMA
30.

Dedicated DC Power and Additional Batteries and Divisions

This analysis case was used to evaluate the change in plant risk from plant modifications that
would enhance the availability and reliability of Class I E DC power (e.g., providing a dedicated
DC power supply, additional batteries, or additional divisions). A bounding analysis was
performed by setting the loss of DC bus 1 initiator, and one division of DC power, to zero in the
level 1 PSA model, which resulted in an upper bound benefit of approximately $480,000. This
analysis case was used to model the benefit of Phase II SAMAs 38 and 39.

Turbine Generator

This analysis case was used to evaluate the change in plant risk from plant modifications that
would improve onsite AC power availability and reliability (e.g., installing a gas turbine generator,
steam driven generator, or gas turbine). A bounding analysis was performed by setting failure of
the Vernon tie to zero in level 1 PSA model, which resulted in an upper bound benefit of
approximately $460,000. This analysis case was used to model the benefit of Phase II SAMAs
31, 34, 35, 36 and 37.

Bypass Diesel Generator Trips

This analysis case was used to evaluate the change in plant risk from changing emergency
procedures to bypass EDG protective trips, or changing the trip set points, to enable continued
EDG operation beyond the current trip point. A bounding analysis was performed by reducing
the failure probability of both EDGs to run by a factor of three in level 1 PSA model, which
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resulted in an upper bound benefit of approximately $160,000. This analysis case was used to
model the benefit of Phase II SAMAs 32.

Locate RHR Inside Containment

This analysis case was used to evaluate the change in plant risk from moving the RHR system
inside containment to prevent an RHR system ISLOCA event outside containment. A bounding
analysis was performed by binning the ISLOCA sequences adding into the same end states as
medium LOCA sequences, which resulted in an upper bound benefit of approximately $70,000.
This analysis case was used to model the benefit of Phase II SAMA 42.

ISLOCA

This analysis case was used to evaluate the change in plant risk from reducing the probability of
an ISLOCA by increasing the frequency of valve leak testing. A bounding analysis was
performed by setting the ISLOCA initiator to zero in the level I PSA model, which resulted in an
upper bound benefit of approximately $50,000. This analysis case was used to model the benefit
of Phase II SAMA 43.

ISLOCA Release

This analysis case was used to evaluate the change in plant risk from plant modifications that
would ensure all ISLOCA releases are scrubbed. A bounding analysis was performed by binning
the ISLOCA sequences to the Low-Low release category, which resulted in an upper bound
benefit of approximately $50,000. This analysis case was used to model the benefit of Phase II
SAMA 44.

Containment Isolation Valve Position Indication

This analysis case was used to evaluate the change in plant risk from installing redundant and
diverse limit switches on each containment isolation valve to reduce the failure frequency of
containment isolation valves and ISLOCA. A bounding analysis was performed by setting the
ISLOCA initiator to zero in the level 1 PSA model and making all containment isolation valve fault
trees successful in the level 2 PSA model, which resulted in an upper bound benefit of
approximately $70,000. This analysis case was used to model the benefit of Phase II SAMA 45.

MSIV Design

This analysis case was used to evaluate the change in plant risk from improving MSIV design to
decrease the likelihood of containment bypass scenarios. A bounding analysis was performed
by setting the main steam line LOCA outside containment to zero in the level 1 PSA model,
which resulted in an upper bound benefit of approximately $4,000. This analysis case was used
to model the benefit of Phase II SAMA 46.
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Shield Electrical System from Water Spray

This analysis case was used to evaluate the change in plant risk from installing a barrier to shield
electrical equipment from water spray induced by internal flooding. For this case, setting the
CDF contribution due to water spray on electrical equipment to zero in the level 1 PSA model
constituted a bounding analysis. Elimination of core damage from internal flooding sequences
by installing a shield on electrical equipment resulted in an upper bound benefit of approximately
$260,000. This analysis case was used to model the benefit of Phase II SAMA 47.

Diesel to CST Makeup Pumps

This analysis case was used to evaluate the change in plant risk from installing an independent
diesel for the CST makeup pumps to allow continued operation of the high pressure injection
system during an SBO event. As currently modeled, if CST water level is low, swapping HPCI/
RCIC suction from the CST to the torus allows continued HPCI/RCIC injection. Therefore, a
bounding analysis was performed by setting the probability of the operator failing to switchover
from CST to torus to zero in the level 1 PSA model, which resulted in an upper bound benefit of
approximately $20,000. This analysis case was used to model the benefit of Phase II SAMA 48.

High Pressure Injection System

This analysis case was used to evaluate the change in plant risk from plant modifications that
would increase the availability of high pressure injection (e.g., installing an independent AC

\. powered high pressure injection system, passive high pressure injection system, or an additional
high pressure injection system). A bounding analysis was performed by setting the CDF
contribution due to unavailability of the HPCI system to zero in the level 1 PSA model, which
resulted in an upper bound benefit of approximately $1.56 million. This analysis case was used
to model the benefit of Phase II SAMAs 49, 50, 51, 53 and 54.

Improve the Reliability of High Pressure Iniection System

This analysis case was used to evaluate the change in plant risk from plant modifications that
would increase the reliability of the high pressure injection system. A bounding analysis was
performed by reducing the HPCI system failure probability by a factor of three in the level 1 PSA
model, which resulted in an upper bound benefit of approximately $1.05 million. This analysis
case was used to model the benefit of Phase II SAMAs 52.

SRV Reseat

This analysis case was used to evaluate the change in plant risk from improving the reliability of
SRVs reseating. A bounding analysis was performed by setting the stuck open SRVs initiator to
zero in the level 1 PSA model, which resulted in an upper bound benefit of approximately
$90,000. This analysis case was used to model the benefit of Phase II SAMA 55.
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ATWS

This analysis case was used to evaluate the change in plant risk from improving ATWS coping
capability. For this case, setting the CDF contribution due to ATWS events to zero in the level 1
PSA model constituted a bounding analysis. Elimination of all core damage due to ATWS
resulted in an upper bound benefit of approximately $110,000. This analysis case was used to
model the benefit of Phase II SAMA 57.

Diversity of Explosive Valves

This analysis case was used to evaluate the change in plant risk from providing an alternate
means of opening a pathway to the RPV for standby liquid control (SLC) system injection,
thereby improving success probability for reactor shutdown. A bounding analysis was
performed by setting common cause failure of SLC explosive valves to zero in the level 1 PSA
model, which resulted in an upper bound benefit of approximately $4,000. This analysis case
was used to model the benefit of Phase II SAMA 58.

Reliability of SRVs

This analysis case was used to evaluate the change in plant risk from installing additional signals
to automatically open the SRVs. This improvement would reduce the likelihood of SRVs failing
to open, thereby reducing the consequences of medium LOCAs. A bounding analysis was
performed by setting the probability of SRVs failing to open to zero during medium LOCA
sequences in the level 1 PSA model, which resulted in an upper bound benefit of approximately
$120,000. This analysis case was used to model the benefit of Phase II SAMA 59.

Improve SRV Design

This analysis case was used to evaluate the change in plant risk from improving the SRV design
to increase the reliability of opening, thus increasing the likelihood that accident sequences could
be mitigated using low pressure injection systems. A bounding analysis was performed by
setting the probability of SRVs failing to open during RPV depressurization to zero in the level 1
PSA model, which resulted in an upper bound benefit of approximately $780,000. This analysis
case was used to model the benefit of Phase II SAMA 60.

Self-Cooled ECCS Pump Seals

This analysis case was used to evaluate the change in plant risk from providing self-cooled
ECCS pump seals to eliminate dependence on the component cooling water system. A
bounding analysis was performed by setting the CDF contribution from sequences involving RHR
pump failures to zero in the level I PSA model, which resulted in an upper bound benefit of
approximately $40,000. This analysis case was used to model the benefit of Phase II SAMA 61.
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Large Break LOCA

This analysis case was used to evaluate the change in plant risk from installing a digital large
break LOCA (LBLOCA) protection system. A bounding analysis was performed by setting the
LBLOCA initiator to zero in the level 1 PSA model, which resulted in an upper bound benefit of
approximately $40,000. This analysis case was used to model the benefit of Phase II SAMA 62.

Controlled Containment Venting

This analysis case was used to evaluate the change in plant risk from changing the design of the
containment vent valve and venting procedure to establish a narrow pressure control band. This
would prevent rapid containment depressurization when venting, thus avoiding adverse impact
on the ability of the low pressure ECCS injection systems to take suction from the torus. A
bounding analysis was performed by reducing the probability of the operator failing to recognize
the need to vent the torus by a factor of three in the level 1 PSA model, which resulted in an
upper bound benefit of approximately $180,000. This analysis case was used to model the
benefit of Phase II SAMA 63.

Cross-Tie of RHRSW System to RHR Loop B

This analysis case was used to evaluate the change in plant risk from installing a crosstie from
the RHRSW system to RHR loop B for alternate injection to the vessel. A bounding analysis was
performed by setting the probability of the RHRSW loop A crosstie valves failing to open to zero
in the level I PSA model, which resulted in an upper bound benefit of approximately $4,000.
This analysis case was used to model the benefit of Phase II SAMA 64.

ECCS Low Pressure Interlock - Procedure Chanae

This analysis case was used to evaluate the change in plant risk from changing the procedure to
allow the operator to defeat the ECCS low pressure interlock circuitry that inhibits opening the
RHR low pressure injection and core spray injection valves following sensor or logic failure. A
bounding analysis was performed by setting the CDF contribution due to sensor failure, low
pressure permissive logic failure, and miscalibration to zero in the level 1 PSA model. This
resulted in an upper bound benefit of approximately $1.43 million. This analysis case was used
to model the benefit of Phase II SAMA 65.

ECCS Low Pressure Interlock - Hardware Modification

This analysis case was used to evaluate the change in plant risk from installing a bypass switch
to allow operators to bypass the ECCS low pressure interlock circuitry that inhibits opening of the
RHR low pressure injection and core spray injection valves following sensor or logic failure. A
bounding analysis was performed by setting the CDF contribution due to sensor failure, low
pressure permissive logic failure, and miscalibration to zero in the level 1 PSA model. This
resulted in an upper bound benefit of approximately $1.43 million. This analysis case was used
to model the benefit of Phase II SAMA 66.
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E.2.4 Sensitivity Analyses

Two sensitivity analyses were conducted to gauge the impact of assumptions upon the analysis.
The benefits estimated for each of these sensitivities are presented in Table E.2-2.

A description of each sensitivity case follows.

Sensitivity Case 1: Years Remaining until End of Plant Life

The purpose of this sensitivity case was to investigate the sensitivity of assuming a 28-year
period for remaining plant life (i.e., eight years on the original plant license plus the 20-year
license renewal period). The 20-year licensing renewal period was used in the base case. The
resultant monetary equivalent was calculated using 28 years remaining until end of facility life to
investigate the impact on each analysis case. Changing this assumption does not cause any
additional SAMAs to be cost-beneficial.

Sensitivity Case 2: Conservative Discount Rate

The purpose of this sensitivity case was to investigate the sensitivity of each analysis case to the
discount rate. The discount rate of 7.0% used in the base case analyses is conservative relative
to corporate practices. Nonetheless, a lower discount rate of 3.0% was assumed in this case.
Changing this assumption caused SAMAs 49, 50, 51, 53 and 54 to appear cost-beneficial
because implementation costs were estimated to be > $2,000,000 and the benefit of these
SAMAs with a 3% discount rate is $2,080,000. However, these SAMAs involve installation of
entirely new systems. The implementation costs were only estimated to the point that the base-
case SAMAs were shown not to be cost-beneficial and the averted cost estimates are
conservative. A rigorous estimate of costs and benefits, with a 3% discount rate, would show
that these SAMAs are not cost-beneficial. Therefore, this sensitivity case does not cause any
additional SAMAs to be cost-beneficial.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation

Ph s II R s l f P t ni lC FOff-Site U pperPhase II SAMA Result of Potential CDF | Estimated Bound Estimated Conclusion
SAMA ID I Enhancement Reduction Rdutone Benefit Estimated Cost

Redu tionBenefit

Improvements Related to RCP Seal LOCAs (Loss of CCW or SW9

001 8.a. Add a service SAMA would reduce 1.79% 2.40% $12,000 $120,000 $5,900,000 Not cost
water pump. the impact of common effective

cause failures on
failure of the SW
system.

Basis for Conclusion: The CDF contribution due to loss of service water was eliminated to conservatively assess the potential
benefit of this SAMA. The cost of implementing this SAMA at Quad Cities was estimated to be $5.9 million. Therefore, this SAMA is
not cost effective for VYN PS.

Improvements Related to Heating, Ventilation, and Air Conditioning

002 Provide a SAMA would increase 7.36% 9.28% $47,000 $470,000 >$1,000,000 Not cost
redundant train of the availability of effective
EDG room components
ventilation. dependent on room

cooling.

Basis for Conclusion: The CDF contribution from EDG failures was eliminated to conservatively assess the benefit of this SAMA.
The cost of implementing this SAMA was estimated to be greater than $1 million by engineering judgment. Therefore, this SAMA is
not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

PhsOffeut-fPtetaSCF~ite UpperPhase 11 SAMA Result of Potential CDF Dose Estimated Bound Estimated Conclusion
SAMA ID Enhancement Reduction Reducton Benefit Estimated Cost

RedutionBenefit

003 Add a diesel SAMA would improve 2.39% 3.06% $16,000 $160,000 >$250,000 Not cost
building high diagnosis of a loss of effective
temperature diesel building HVAC.
alarm, or
redundant louver
and thermostat.

Basis for Conclusion: The probability of EDG run failures was reduced by a factor of three to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA was estimated to be greater than $250,000 by engineering judgment. Therefore, this
SAMA is not cost effective for VYNPS.

Improvements Related to Accident Mitigation Containment Phenomena

004 Install an SAMA would decrease 7.36% 10.59% $53,000 $530,000 $5,800,000 Not cost
independent the probability of loss effective
method of of containment heat
suppression pool removal.
cooling.

Basis for Conclusion: The CDF contribution from loss of the torus cooling mode of RHR and RHRSW was eliminated to
conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at Quad Cities was estimated to be $5.8 million.
Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered In Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF Doste Estimated poun EstimatedUper
SAMA ID SAMA Enhancement Reduction Reducton Benefit Estimated Cost

Redu tionB enefit

005 Install a filtered SAMA would provide 0.00% 0.11% $200 $2,000 $3,000,000 Not cost
containment vent an alternate decay effective
to provide fission heat removal method
product for non-ATWS events,
scrubbing. with fission product
Option 1: Gravel scrubbing.
Bed Filter
Option 2: Multiple
Venturi Scrubber

Basis for Conclusion: Successful torus venting sequences were binned into the Low-Low release category to conservatively assess
the benefit of this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be $3 million. Therefore, this SAMA
is not cost effective for VYNPS.

006 Install a Assuming that injection 0.00% 0.00% $0 $0 >$2,000,000 Not cost
containment vent is available, this SAMA effective
large enough to would provide alternate
remove ATWS decay heat removal In
decay heat. an ATWS event.

Basis for Conclusion: The CDF contribution from loss of the torus cooling mode of RHR and RHRSW in ATWS event sequences
was eliminated to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at Peach Bottom was
estimated to be greater than $2 million. Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II SAMA Result of Potential CDF Dosite upe Estimated Cncur
SAMA ID Enhancement Reduction Reduse on Benefit Estimated Cost

RedutionBenefit

007 Create a large SAMA would ensure 0.00% 14.41% $64,000 $640,000 >$100 million Not cost
concrete crucible that molten core debris effective
with heat removal escaping from the
potential under vessel would be
the base mat to contained within the
contain molten crucible. The water
core debris. cooling mechanism

would cool the molten
core, preventing a
melt-through of the
base mat.

Basis for Conclusion: Containment failure due to core-concrete interactions (not including liner failures) was eliminated to
conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at ANO-2 was estimated to be $100 million.
Therefore, this SAMA is not cost effective for WNPS.

008 Create a water- SAMA would contain 0.00% 14.41% $64,000 $640,000 $19,000,000 Not cost
cooled rubble bed molten core debris effective
on the pedestal. dropping on to the

pedestal and would
allow the debris to be
cooled.

Basis for Conclusion: Containment failure due to core-concrete interactions (not including liner failures) was eliminated to
conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at ANO-2 was estimated to be $19 million.
Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF Off-Site Estimated Upper
SAMA ID SAMA Enhancement Reduction Reduction Benefit Estimated Cost

Redu tionBenefit

009 Provide SAMA would provide 0.00% 0.30% $2,000 $20,000 >$1,000,000 Not cost
modification for intentional flooding of effective
flooding the the upper drywell head
drywell head. such that if high drywell

temperatures occurred,
the drywell head seal
would not fail.

Basis for Conclusion: Drywell head failures due to high temperature were eliminated to conservatively assess the benefit of this
SAMA. The cost of implementing this SAMA was estimated to be greater than $1 million by engineering judgment. Therefore, this
SAMA is not cost effective for VYNPS.

010 Enhance fire SAMA would improve 0.00% 33.00% $141,000 $1,410,000 >$2,500,000 Not cost
protection system fission product effective
and standby gas scrubbing in severe
treatment system accidents.
hardware and
procedures.

Basis for Conclusion: Releases into the reactor building were binned into the Low-Low release category to conservatively assess
the benefit of this SAMA. The cost of implementing this SAMA was estimated to be greater than $2.5 million by engineering judgment.
Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Off-Site UpperPhase II S Result of Potential CDF Dose Eneit Estimate d C otu n
SAMA ID SAMA Enhancement Reduction Reduction Benefit Es ed Cost

011 Create a core melt SAMA would provide 0.00% 14.41% $64,000 $640,000 >$5,000,000 Not cost
source reduction cooling and effective
system. containment of molten

core debris. Refractory
material would be
placed underneath the
reactor vessel such
that a molten core
falling on the material
would melt and
combine with the
material. Subsequent
spreading and heat
removal from the
vitrified compound
would be facilitated,
and concrete attack
would not occur.

Basis for Conclusion: Containment failure due to core-concrete interactions (not Including liner failures) was eliminated to
conservatively assess the benefit of this SAMA. The cost of implementing this SAMA was estimated to be greater than $5 million by
engineering judgment. Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase 11 SAMA Candidates Considered In Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF osite Estimated Bound Estimated
SAMA ID SAMA Enhancement Reduction Reducion Benefit Estimated Cost

Redu tionBenefit

012 Install a passive SAMA would decrease 7.36% 10.59% $53,000 $530,000 $5,800,000 Not cost
containment spray the probability of loss effective
system. of containment heat

removal.

Basis for Conclusion: The CDF contribution from loss of the torus cooling mode of RHR and RHRSW was eliminated to
conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at Quad Cities was estimated to be $5.8 million.
Therefore, this SAMA is not cost effective for WNPS.

013 Strengthen SAMA would reduce 7.36% 10.59% $53,000 $530,000 $12,000,000 Not cost
primary and the probability of effective
secondary containment over-
containment. pressurization failure.

Basis for Conclusion: The CDF contnibutions due to ATWS and loss of containment heat removal were eliminated. In addition, all
energetic containment failure modes (DCH, steam explosion, late over-pressurization) were eliminated to conservatively assess the
benefit of this SAMA. The cost of implementing this SAMA at Quad Cities and ABWR was estimated to be $12 million. Therefore, this
SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered In Cost-Benefit Evaluation (Continued)

Off-Site UpperPhase II SAMA Result of Potential CDF Dose Estimated Bound Estimated Co Ion
SAMA ID Enhancement Reduction Reduction Benefit Estimated Cost

Benefit

014 Increase the SAMA would prevent 0.00% 14.41% $64,000 $640,000 >$5,000,000 Not cost
depth of the base mat melt-through. effective
concrete base
mat or use an
alternative
concrete material
to ensure melt-
through does not
occur.

Basis for Conclusion: Containment failure due to core-concrete interactions (not including liner failures) was eliminated to
conservatively assess the benefit of this SAMA. The cost of implementing this SAMA was estimated to be greater than $5 million by
engineering judgment. Therefore, this SAMA is not cost effective for VYNPS.

015 Provide a reactor SAMA would provide 0.00% 14.41% $64,000 $640,000 $2,500,000 Not cost
vessel exterior the potential to cool a effective
cooling system. molten core before it

causes vessel failure, if
the lower head could
be submerged in
water.

Basis for Conclusion: Containment failure due to core-concrete interactions (not including liner failures) was eliminated to
conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at Quad Cities was estimated to be $2.5 million.
Therefore, this SAMA is not cost effective for VYNPS.

E.2-22



( ( (
Vermont Yankee Nuclear Power Station

Applicant's Environmental Report
Operating License Renewal Stage

Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase 11 Result of Potential CDF OffSite Estimated Upper Estimated
SAMA ID SAMA Enhancement Reduction Dose Benefit Estimated Cost

Redu tionBenefit

016 Construct a SAMA would provide a 0.00% 33.00% $141,000 $1,410,000 >$2,000,000 Not cost
building method to effective
connected to depressurize
primary containment and
containment that reduce fission product
is maintained at a release.
vacuum.

Basis for Conclusion: Releases into the reactor building were binned into the Low release category to conservatively assess the
benefit of this SAMA. The cost of implementing this SAMA was estimated to be greater than $2 million at Peach Bottom. Therefore,
this SAMA is not cost effective for VYNPS.

017 2.g. Add SAMA would decrease 7.36% 10.59% $53,000 $530,000 $5,800,000 Not cost
dedicated the probability of loss effective
suppression pool of containment heat
cooling. removal.

Basis for Conclusion: The CDF contribution from loss of the torus cooling mode of RHR and RHRSW was eliminated to
conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at Quad Cities was estimated to be $5.8 million.
Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF Offsite Estimated Upper
SAMA ID SAMA Enhancement Reduction Reduction Benefit Estimated Cost

RedutionBenefit

018 3.a. Create a SAMA increases time 7.36% 10.59% $53,000 $530,000 $8,000,000 Not cost
larger volume in before containment effective
containment. failure and increases

time for recovery.

Basis for Conclusion: The CDF contributions due to ATWS and loss of containment heat removal were eliminated. In addition, all
energetic containment failure modes (DCH, steam explosion, late over-pressurization) were eliminated to conservatively assess the
benefit of this SAMA. The cost of implementing this SAMA at Quad Cities was estimated to be $8 million. Therefore, this SAMA is not
cost effective for VYN PS.

019 3.b. Increase SAMA minimizes 7.36% 10.59% $53,000 $530,000 $12,000,000 Not cost
containment likelihood of large effective
pressure releases.
capability
(sufficient
pressure to
withstand severe
accidents).

Basis for Conclusion: The CDF contributions due to ATWS and loss of containment heat removal were eliminated. In addition, all
energetic containment failure modes (DCH, steam explosion, late over-pressurization) were eliminated to conservatively assess the
benefit of this SAMA. The cost of implementing this SAMA at Quad Cities and ABWR was estimated to be $12 million. Therefore, this
SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF Off-Site Estimated Bound Estimated
SAMA ID SAMA Enhancement Reduction Reduc on Benefit Estimated Cost

Redu tionBenefit

020 3.c. Install This SAMA addresses 0.20% 0.66% $4,000 $40,000 >$1,000,000 Not cost
improved vacuum the reliability of a effective
breakers vacuum breaker to
(redundant valves reseat following a
in each line). successful opening.

Basis for Conclusion: Vacuum breaker failures and suppression pool scrubbing failures were eliminated to conservatively assess
the benefit of this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $1 million.
Therefore, this SAMA is not cost effective for VYNPS.

021 3.d. Increase the This SAMA would 0.00% 0.30% $2,000 $20,000 $12,000,000 Not cost
temperature reduce the potential for effective
margin for seals. containment failure

under adverse
conditions.

Basis for Conclusion: Containment failure due to high temperature drywell seal failure was eliminated to conservatively assess the
benefit of this SAMA. The cost of implementing this SAMA at Quad Cities and ABWR were estimated to be 12 million and was judged
to exceed the attainable benefit, even without a detailed cost estimate. Therefore, this SAMA was not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF Off-Site Estimated Upped Estimated
SAMA ID SAMA Enhancement Reduction Dose Benefit Estimated Costncluson

Reduction Benefit

022 5.b/c. Install a SAMA would provide 0.00% 0.11% $200 $2,000 $3,000,000 Not cost
filtered vent an alternate decay effective

heat removal method
for non-ATWS events,
with fission product
scrubbing.

Basis for Conclusion: Successful torus venting sequences were binned into the Low-Low release category to conservatively assess
the benefit of this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be $3 million. Therefore, this SAMA
is not cost effective for VYNPS.

023 7.a. Provide a SAMA would provide 0.00% 0.30% $2,000 $20,000 >$1,000,000 Not cost
method of drywell intentional flooding of effective
head flooding. the upper drywell head

such that if high drywell
temperatures occurred,
the drywell head seal
would not fall.

Basis for Conclusion: Drywell head failures due to high temperature were eliminated to conservatively assess the benefit of this
SAMA. The cost of implementing this SAMA was estimated to be greater than $1 million by engineering judgment. Therefore, this
SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF OfSte Estimated Under
SAMA ID SAMA Enhancement Reduction Deduction Benefit Estimated Cost

Redu tionBenefit

024 13.a.Usealtemate This SAMA provides 0.00% 33.00% $141,000 $1,410,000 >$2,500,000 Not cost
method of reactor the capability to use effective
building spray. firewater sprays in the

reactor building to
mitigate release of
fission products into
the reactor building
following an accident.

Basis for Conclusion: Releases into the reactor building were binned into the Low-Low release category to conservatively assess
the benefit of this SAMA. The cost of implementing this SAMA was estimated to be greater than $2.5 million by engineering judgment.
Therefore, this SAMA is not cost effective for VYNPS.

025 14.a. Provide a SAMA would allow the 0.00% 14.41% $64,000 $640,000 $2,500,000 Not cost
means of flooding debris to be cooled. effective
the rubble bed.

Basis for Conclusion: Containment failure due to core-concrete interactions (not including liner failures) was eliminated to
conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at Quad Cities was estimated to be $2.5 million.
Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II I Result of Potential
SAMA ID SAMA Enhancement

026 14.b. Install a
reactor cavity
flooding system.

SAMA would enhance
debris coolability,
reduce core concrete
interaction, and
provide fission product
scrubbing.

J.

Basis for Conclusion: Containment failure due to core-concrete interactions (not including liner failures) was eliminated to
conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at ANO-2 was estimated to be $8.75 million.
Therefore, this SAMA is not cost effective for VYNPS.

027 Add ribbing to the This SAMA would 0.00% 10.59% $53,000 $530,000 $12,000,000 Not cost
containment shell. reduce the chance of effective

buckling of
containment under
reverse pressure
loading.

Basis for Conclusion: The CDF contributions due to ATWS and loss of containment heat removal were eliminated. In addition, all
energetic containment failure modes (DCH, steam explosion, late over-pressurization) were eliminated to conservatively assess the
benefit of this SAMA. The cost of implementing this SAMA at Quad Cities and ABWR was estimated to be $12 million. Therefore, this
SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase ii Result of Potential CDF DOffSte Estimated Bounp Estimatedper
SAMA ID Enhancement Reduction dos Benefit Estimated Cost

Improvements Related to Enhanced AC/DC Power Reliability/Availability

028 Provide additional SAMA would ensure 2.98% 2.95% $16,000 $160,000 $500,000 Not cost
DC battery longer battery effective
capacity. capability during an

SBO, which would
extend HPCI/RCIC
operability and allow
more time for AC
power recovery.

Basis for Conclusion: The time available to recover offsite power before HPCI and RCIC are lost was changed from 4 hours to 24
hours during station blackout scenarios to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA was
estimated to be $500,000 by engineering judgment. Therefore, this SAMA was not cost effective for VYNPS.

029 Use fuel cells SAMA would extend 2.98% 2.95% $16,000 $160,000 >$2,000,000 Not cost
instead of lead- DC power availability in effective
acid batteries. an SBO, which would

extend HPCI/RCIC
operability and allow
more time for AC
power recovery.

Basis for Conclusion: The time available to recover offsite power before HPCI and RCIC are lost was changed from 4 hours to 24
hours during station blackout scenarios to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at
Peach Bottom was estimated to be greater than $2 million. Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF OffsSite Estimated Upper Estimated
SAMA ID SAMA Enhancement Reduction Reducton Benefit Estimated Cost

RedutionBenefit

030 Provide auto- SAMA would increase 5.17% 5.79% $29,000 $290,000 >500,000 Not cost
transfer of AC bus reliability of AC power effective
control power to a and injection capability.
standby DC
power source
upon loss of the
normal DC
source.

Basis for Conclusion: The CDF contribution due to loss of DC bus I was eliminated to conservatively assess the benefit of this
SAMA. The cost of implementing this SAMA was estimated to be greater than $500,000 by engineering judgment. Therefore, this
SAMA is not cost effective for VYNPS.

031 Install a gas SAMA would improve 7.55% 8.95% $46,000 $460,000 >$2,000,000 Not cost
turbine generator. onsite AC power effective

reliability by providing a
redundant and diverse
emergency power
system. The use of
gas fuel for a turbine
generator would
provide diversity plus
additional redundancy.

Basis for Conclusion: The CDF contribution due to failure of the Vernon Tie was eliminated to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million. Therefore, this SAMA
is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II SAMA Result of Potential CDF offSite Estimated Bound Estimated
SAMA ID Enhancement Reduction Reduction Benefit Estimated Cost

Redu tionBenefit

032 Change SAMA would allow 2.39% 3.06% $16,000 $160,000 >$250,000 Not cost
procedure to EDGs to operate effective
bypass diesel longer.
generator trips, or
change trip set-
points.

Basis for Conclusion: The probability of the EDGs failing to run was reduced by a factor of three to conservatively assess the benefit
of this SAMA. The cost of implementing this SAMA was estimated to be greater than $250,000 by engineering judgment. Therefore,
this SAMA is not cost effective for VYNPS.

033 2.i. Provide 16 SAMA includes 2.98% 2.95% $16,000 $160,000 $500,000 Not cost
hour station improved capability to effective
blackout injection. cope with longer

station blackout
scenarios.

Basis for Conclusion: The time available to recover offsite power before HPCI and RCIC are lost was changed from 4 hours to 24
hours during station blackout scenarios to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA was
estimated to be $500,000 by engineering judgment. Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

PhsOffeul-fSoetil CD ~ite Upper
Phae 1 esut f otetil DFEstimated Bound Estimated

SAMA ID SAMA Enhancement Reduction Dose Benefit Estimated Cost Conclusion
Reduction Benefit

034 9.a. Install a This SAMA would 7.55% 8.95% $46,000 $460,000 >$2,000,000 Not cost
steam driven provide a steam driven effective
turbine generator. turbine generator that

uses reactor steam
and exhausts to the
suppression pool. If
large enough, it could
provide power to
additional equipment.

Basis for Conclusion: The CDF contribution due to failure of the Vernon lie was eliminated to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million. Therefore, this SAMA
is not cost effective for VYNPS.

035 9.b. Provide an This SAMA would 7.55% 8.95% $46,000 $460,000 >$2,000,000 Not cost
alternate pump provide a small, effective
power source. dedicated power

source such as a
dedicated diesel or gas
turbine for the
feedwater or
condensate pumps so
that they do not rely on
offsite power.

Basis for Conclusion: The CDF contribution due to failure of the Vernon Tie was eliminated to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million. Therefore, this SAMA
is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Ph sOffe-tSfP teta C F~ite Upper
Phase 11 SAMA Result of Potential CDF Dos Estimated Bound Estimated Conclusion

SAMA ID Enhancement Reduction Reduction Benefit Estimated Cost
Redu tionBenefit

036 9.h. Install a gas SAMA would improve 7.55% 8.95% $46,000 $460,000 >$2,000,000 Not cost
turbine. onsite AC power effective

reliability by providing a
redundant and diverse
emergency power
system.

Basis for Conclusion: The CDF contribution due to failure of the Vernon Tie was eliminated to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million. Therefore, this SAMA
is not cost effective for VYNPS.

037 9.1. Install a This SAMA would 7.55% 8.95% $46,000 $460,000 >$2,000,000 Not cost
dedicated RHR improve the reliability effective
(bunkered) power of the RHR System by
supply. enhancing the AC

power supply system.

Basis for Conclusion: The CDF contribution due to failure of the Vernon Tie was eliminated to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million. Therefore, this SAMA
is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF OffSite Estimated Uoundesrio
SAMA ID SAMA Enhancement Reduction Dose Benefit Estimated CostReduction Benefit

038 10.a. Add a This SAMA addresses 7.95% 9.40% $48,000 $480,000 $3,000,000 Not cost
dedicated DC the use of a diverse DC effective
power supply. power system such as

an additional battery or
fuel cell for the purpose
of providing motive
power to certain
components (e.g.,
RCIC).

Basis for Conclusion: The CDF contribution due to loss of DC bus 1, and one division of DC power (battery and bus), were
eliminated to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at Quad Cities was estimated to be
$3 million. Therefore, this SAMA is not cost effective for VYNPS.

039 10.b. Install This SAMA addresses 7.95% 9.40% $48,000 $480,000 $3,000,000 Not cost
additional the use of a diverse DC effective
batteries or power system such as
divisions. an additional battery or

fuel cell for the purpose
of providing motive
power to certain
components (e.g.,
RCIC).

Basis for Conclusion: The CDF contribution due to loss of DC bus 1, and one division of DC power (battery and bus), were
eliminated to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at Quad Cities was estimated to be
$3 million. Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered In Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF DoSite Estimated Upped Estimatedr
SAMA ID SAMA Enhancement Reduction Dose Benefit Estimated Cost

RedutionBenefit

040 10.c. Install fuel SAMA would extend 2.98% 2.95% $16,000 $160,000 >$2,000,000 Not cost
cells. DC power availability in effective

an SBO, which would
extend HPCIIRCIC
operability and allow
more time for AC
power recovery.

Basis for Conclusion: The time available to recover offsite power before HPCI and RCIC are lost was changed from 4 hours to 24
hours during station blackout scenarios to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at
Peach Bottom was estimated to be greater than $2 million. Therefore, this SAMA is not cost effective for VYNPS.

041 10.e. Extended SAMA would extend 2.98% 2.95% $16,000 $160,000 $500,000 Not cost
station blackout DC power availability in effective
provisions. an SBO, which would

extend HPCI/RCIC
operability and allow
more time for AC
power recovery.

Basis for Conclusion: The time available to recover offsite power before HPCI and RCIC are lost was changed from 4 hours to 24
hours during station blackout scenarios to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA was
estimated to be $500,000 by engineering judgment. Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase i| Result of Potential CDF Off-Site Estimated Bound Estimated
SAMA ID Enhancement Reduction Red Benefit Estimated Cost Conclusion

___uc__ o Benefit_

Improvements in Identifying and Mitigating Containment Bypass

042 Locate residual SAMA would prevent 0.87% 1.31% $7,000 $70,000 >$500,000 Not cost

heat removal intersystem LOCA effective
(RHR) inside (ISLOCA) outside
containment. containment.

Basis for Conclusion: ISLOCA accident sequences were binned into the same end states as medium LOCA accident sequences to

conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at Quad Cities was estimated to be greater than

$0.5 million. Therefore, this SAMA is not cost effective for VYNPS.

043 Increase SAMA could reduce 0.83% 1.20% $5,000 $50,000 $100,000 Not cost
frequency of valve ISLOCA frequency. effective
leak testing.

Basis for Conclusion: The CDF contribution due to ISLOCA was eliminated to conservatively assess the benefit of this SAMA. The

cost of implementing this SAMA was estimated to be $0.10 million by engineering judgment. Therefore, this SAMA is not cost

effective for VYNPS.

044 Ensure all SAMA would scrub all 0.00% 1.20% $5,000 $50,000 >$2,500,000 Not cost

ISLOCA releases ISLOCA releases. effective
are scrubbed. One example is to plug

drains in the break
area so that the break
point would cover with
water.

Basis for Conclusion: ISLOCA sequences were binned into the Low-Low release category to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA was estimated to be greater than $2.5 million by engineering judgment. Therefore,
this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Ph sOffeuto-Ptnia D Site UpperPhase SAMA Result of Potential CD- Dose Estimated Bound Estimated Conclusion
SAMA ID Enhancement Reduction dos a Benefit Estimated Cost

Redu tionB enefit

045 Add redundant SAMA could reduce 0.80% 1.42% $7,000 $70,000 '$1,000,000 Not cost
and diverse limit the frequency of effective
switches to each containment isolation
containment failure and ISLOCAs
isolation valve. through enhanced

isolation valve position
indication.

Basis for Conclusion: The CDF contribution due to ISLOCA was eliminated and containment isolation was made successful in the
level 2 model to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA at ANO-2 was estimated to be
greater than $1 million. Therefore, this SAMA is not cost effective for VYNPS.

046 8.e. Improve This SAMA would 0.20% 0.11% $400 $4,000 >$2,000,000 Not cost
MSIV design. decrease the likelihood I effective

of containment bypass I
scenarios. l

Basis for Conclusion: The CDF contribution due to a main steam line LOCA outside containment was eliminated to conservatively
assess the benefit of this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million.
Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered In Cost-Benefit Evaluation (Continued)

Phase J CDF Off-Site Estimated Bound Estimated
SAMA ID SAMA Enhancement Reduction Dose Benefit Estimated Cost Conclusion

__ _4_ __ jRdcin Reduction _ _ Benefit _ _ I_
Improvements in Reducing Internal Flooding Frequency

047 Shield injection This SAMA would 4.77% 4.91% $26,000 $260,000 $250,000 Retain
system electrical reduce risk associated
equipment from with internal flooding.
potential water Train A of the ECCS
spray. power cabinet, which

provides power to one
train of low-pressure
sensors, would be
impacted by flooding
initiators. These low-
pressure sensors
provide a permissive
signal, which allows
the core spray and
LPCI injection valves to
open for RPV injection.

Basis for Conclusion: Eliminated the CDF contribution due to internal flooding initiators that could impact injection system electrical
equipment to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA was estimated to be $250,000 by
engineering judgment.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Ph s IR s l f P t ni lC FOff-Site UpperPhase II S A Result of Potential | CDF Dose Estimated Bound Estimated ConclusionSAMA ID SAMA Enhancement Reduction dos Benefit Estimated Cost
I m p r v e m n t s R e l t e d t o _ _ _ _ _ _ _ _ _ _ _ _ _ _ R d u c i o nB e n e fi t

Improvements Related to Feedwater/Feed and Bleed Rellability/Availability

048 Install an SAMA would allow 0.20% 0.20% $2,000 $20,000 $135,000 Not cost
independent continued inventory in effective
diesel for the CST during a SBO.
condensate
storage tank
makeup pumps.

Basis for Conclusion: As currently modeled, if CST water level is low, swapping HPCI/RCIC suction from the CST to the torus
allows continued HPCI/RCIC injection. Therefore, operator failure to switchover from CST to torus was eliminated to conservatively
assess the benefit of this SAMA on CDF. The cost of implementing this SAMA was estimated to be $135,000 by engineering
judgment. Therefore, this SAMA is not cost effective for WNPS.

Improvements Related to Core Cooling System

049 Provide an SAMA would reduce 33.40% 28.71% $156,000 $1,560,000 >$2,000,000 Not cost
additional high frequency of core melt effective
pressure injection from small LOCA and
pump with SBO sequences.
independent
diesel.

Basis for Conclusion: The CDF contribution due to failure of the HPCI system was eliminated to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million. Therefore, this SAMA
is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF OffSte Estimated Bound Estimatedp
SAMA ID SAMA Enhancement Reduction educsen Benefit Estimated Cost

Redu tionBenefit

050 Install SAMA would allow 33.40% 28.71% $156,000 $1,560,000 >$2,000,000 Not cost
independent AC makeup and feed and effective
high pressure bleed capabilities
injection system. during an SBO.

Basis for Conclusion: The CDF contribution due to failure of the HPCI system was eliminated to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million. Therefore, this SAMA
is not cost effective for VYNPS.

051 2.a. Install a SAMA would improve 33.40% 28.71% $156,000 $1,560,000 >$2,000,000 Not cost
passive high prevention of core melt effective
pressure system. sequences by

providing additional
high pressure
capability to remove
decay heat through an
isolation condenser
type system.

Basis for Conclusion: The CDF contribution due to failure of the HPCI system was eliminated to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA was estimated to be greater than $2 million at Peach Bottom. Therefore, this SAMA
is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II SAMA Result of Potential
SAMA ID Enhancement

052 2.d. Improved
high pressure
systems

SAMA will improve
prevention of core melt
sequences by
improving reliability of
high pressure
capability to remove
decay heat.

Basis for Conclusion: Assumed the CDF contribution from reducing the HPCI system failure probability by a factor of 3 was
estimated to bound the potential impact of this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be
greater than $2 million and is judged to exceed the attainable benefit, even without a detailed cost estimate. Therefore, this SAMA
was not cost effective for VYNPS.

053 2.e. Install an SAMA will improve 33.40% 28.71% $156,000 $1,560,000 >$2,000,000 Not cost
additional active reliability of high- effective
high pressure pressure decay heat
system. removal by adding an

additional system.

Basis for Conclusion: The CDF contribution due to failure of the HPCI system was eliminated to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million. Therefore, this SAMA
is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase 11 SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF Doste Estimate d Bound Estimatedpp
SAMA ID SAMA Enhancement Reduction Reduction Benefit Estimated Cost

RedutionBenefit

054 8.c. Add a diverse SAMA will improve 33.40% 28.71% $156,000 $1,560,000 >$2,000,000 Not cost
injection system. prevention of core melt effective

sequences by
providing additional
injection capabilities.

Basis for Conclusion: The CDF contribution due to failure of the HPCI system was eliminated to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million. Therefore, this SAMA
is not cost effective for VYNPS.

Improvements Related to ATWS Mitigation

055 Increase safety SAMA addresses the 1.39% 1.64% $9,000 $90,000 $2,000,000 Not cost
relief valve (SRV) risk associated with effective
reseat reliability. dilution of boron

caused by the failure of
the SRVs to reseat
after standby liquid
control (SLC) injection.

Basis for Conclusion: The CDF contribution due to stuck open relief valves was eliminated to conservatively assess the benefit of
this SAMA. The cost of implementing this SAMA was estimated to be $2 million at Peach Bottom. Therefore, this SAMA is not cost
effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered In Cost-Benefit Evaluation (Continued)

Phase II Result of Potential CDF Off-Site Estimated Bound Estimated
SAMA ID SAMA Enhancement Reduction Reductos Benefit Estimated Cost

Redu tionBenefit

056 11.a. Install an This SAMA would 0.00% 0.00% $0 $0 >$2,000,000 Not cost
ATWS sized vent. provide the ability to effective

remove reactor heat
from ATWS events.

Basis for Conclusion: The CDF contribution from loss of the torus cooling mode of RHR and RHRSW in ATWS event sequences
was eliminated to conservatively assess the benefit of this SAMA. The cost of implementing of this SAMA at Peach Bottom was
estimated to be greater than $2 million. Therefore, this SAMA is not cost effective for VYNPS.

057 11.b. Improve This SAMA includes 2.78% 1.75% $11,000 $110,000 >$500,000 Not cost
ATWS coping items which reduce the effective
capability. contribution of ATWS

to core damage and
release frequencies.

Basis for Conclusion: The CDF contribution from ATWS sequences was eliminated to conservatively assess the benefit of this
SAMA. The cost of implementing this SAMA was estimated to be greater than $0.5 million by engineering judgment. Therefore, this
SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phs IRsl fPtnil CF Off-Site Upper
Phase 11 SAMA Result of Potential CDF Dose Estimated Bound Estimated Conclusion
SAMA ID Enhancement Reduction Reduction Benefit Estimated Cost

RedutionBenefit

058 Diversify An alternate means of 0.20% 0.11% $400 $4,000 >$200,000 Not cost
explosive valve opening a pathway to effective
operation. the RPV for SLC

system injection would
improve the success
probability for reactor
shutdown.

Basis for Conclusion: Common cause failure of SLC explosive valves was eliminated to conservatively assess the benefit of this
SAMA. The cost of implementing this SAMA was estimated to be greater than $0.2 million by engineering judgment. Therefore, this
SAMA is not cost effective for VYNPS.

Other Improvements

059 Increase the SAMA reduces the 3.98% 1.75% $12,000 $120,000 >$1,500,000 Not cost
reliability of safety consequences of effective
relief valves by medium break LOCAs.
adding signals to
open them
automatically.

Basis for Conclusion: The CDF contribution from operator failure to open SRVs for vessel depressurization during medium LOCAs
was eliminated to conservatively assess the benefit of this SAMA. The cost of implementing this SAMA was estimated to be greater
than $1.5 million by engineering judgment. Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Ph soffeul-fsoetiiCi ~te Upper
Phase IIA Result of Potential CDF Dosie Estimated Bound Estimated Conclusion

SAMA ID SAMA Enhancement Reduction Reducton Benefit Estimated Cost
Redu tionBenefit

060 8.e. Improve SRV This SAMA would 21.47% 13.43% $78,000 $780,000 >$2,000,000 Not cost
design. improve SRV reliability effective

thus increasing the
likelihood that
sequences could be
mitigated using low-
pressure heat removal.

Basis for Conclusion: The probability of SRV failure to open for vessel depressurization was eliminated to conservatively assess the
benefit of this SAMA. The cost of implementing this SAMA was estimated to be greater than $2 million at Peach Bottom. Therefore,
this SAMA is not cost effective for VYNPS.

061 Provide self- SAMA would eliminate 0.60% 0.66% $4,000 $40,000 >$200,000 Not cost
cooled ECCS ECCS dependency on effective
pump seals. the component cooling

water system.

Basis for Concluslon: The CDF contribution from sequences involving RHR pump failures was eliminated to conservatively assess
the benefit of this SAMA. The cost of implementing this SAMA was estimated to be greater than $0.2 million by engineering judgment.
Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase II SAMA Result of Potential CDF Doste Estimated Boune Estimatedr
SAMA ID Enhancement Reduction Rducton Benefit Estimated Cost

Redu tionBenefit

062 Provide digital Upgrade plant 0.40% 0.55% $4,000 $40,000 >$100,000 Not cost
large break LOCA instrumentation and effective
protection. logic to improve the

capability to identify
symptoms/precursors
of a large break LOCA
(a leak before break).

Basis for Conclusion: The CDF contribution due to large break LOCA was eliminated to conservatively assess the benefit of this
SAMA. The cost of implementing this SAMA was estimated to be greater than $100,000 by engineering judgment. Therefore, this
SAMA is not cost effective for VYNPS.

063 Control This SAMA would 2.39% 3.50% $18,000 $180,000 $250,000 Not cost
containment establish a narrow effective
venting within a pressure control band.
narrow band of This would prevent
pressure. rapid containment

depressurization when
venting, thus avoiding
adverse impact on the
ability of the low
pressure ECCS
injection systems to
take suction from the
torus.

Basis for Conclusion: The probability of the operator failing to recognize the need to vent the torus was reduced by a factor of 3 to
conservatively assess the benefit of this SAMA on CDF. The cost of implementing this SAMA was estimated to be $0.25 million by
engineering judgment. Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered In Cost-Benefit Evaluation (Continued)

Phs iIRsl fPtnil CF Off-Site Upper
Phase | |_ ResultofPotential _CDF J _ Estimated Bound | Estimated Conclusion

SAMA ID SAMA Enhancement Reduction Rdose n Benefit Estimated Cost
ReductionBenefit__

Improvements Related to Internal Event Model (IPE, IPE Update, EPU) Insights

064 Provide a crosstie This SAMA would 0.20% 0.11% $400 $4,000 >$500,000 Not cost
from the RHRSW improve injection effective
system to RHR capabilities.
loop B. _
Basis for Conclusion: The CDF contribution from failure of firewater crosstie to RHRSW loop A was eliminated to conservatively
assess the benefit of this SAMA. The cost of implementing this SAMA was estimated to be greater than $0.5 million by engineering
judgment. Therefore, this SAMA is not cost effective for VYNPS.
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Table E.2-1
Summary of Phase 11 SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phs IRsl fPtnil CF Off-Site Upper
Phase II SAMA Result of Potential CDF Dose Estimated Bound Estimated Conclusion
SAMA ID Enhancement Reduction Reduction Benefit Estimated Cost

RedutionBenefit

065 Improve operator This SAMA would 25.84% 27.51% $143,000 $1,430,000 $50,000 Retain
action: Defeat low reduce the core
reactor pressure damage frequency
interlocks to open contribution from
LPCI or core transients with stuck
spray injection open SRVs and from
valves during LOCAs. Core spray
transients with and LPCI injection
stuck open SRVs valves require a low
or LOCAs in pressure permissive
which random signal from the same
failures prevent all two sensors to open
low pressure the valves for RPV
injection valves injection.
from opening.

Basis for Conclusion: The probability of the ECCS low pressure permissives failing was eliminated to conservatively assess the
benefit of this SAMA on CDF. The cost of implementing this SAMA was estimated to be $50,000 by engineering judgment.
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Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation (Continued)

Phase 11 Result of Potential CDF OffSite Estimated Bouperd Estimated
SAMA ID SAMA Enhancement Reduction Reducion Benefit Estimated Cost

Redu tionBenefit

066 Install a bypass This SAMA would 25.84% 27.51% $143,000 $1,430,000 $1,000,000 Retain
switch to bypass reduce the core
the low reactor damage frequency
pressure contribution from
interlocks of LPCI transients with stuck
or core spray open SRVs and from
injection valves. LOCAs. Core spray

and LPCI injection
valves require a low
pressure permissive
signal from the same
two sensors to open
the valves for RPV
injection.

Basis for Conclusion: The probability of the ECCS low pressure permissives failing was eliminated to conservatively assess the
benefit of this SAMA on CDF. The cost of implementing this SAMA at Dresden was estimated to be $1 million.
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Table E.2-2
Sensitivity Analysis Results

Upper Upper Upper

Phase Estimated Bound Estimated Bound Estimated Bound
II Benefit Estimated Estimated Benefit Estimated Benefit Estimated

SAMA SAMA Benefit Cost Benefit Benefit

ID Base Lne Base Line Sensitivity Sensitivity Sensitivity Sensitivity
BsLie BsLieCase I Case I Case 2 Case 2

1 8.a. Add a service water $12,000 $120,000 $5,900,000 $14,000 $140,000 $16,000 $160,000
pump

2 Provide a redundant train/ $47,000 $470,000 $1,000,000 $56,000 $560,000 $64,000 $640,000
means of EDG Room
ventilation

3 Add a diesel building high $16,000 $160,000 >$250,000 $19,000 $190,000 $22,000 $220,000
temperature alarm, or
redundant louver and
thermostat

4 Install an independent $53,000 $530,000 $5,800,000 $62,000 $620,000 $72,000 $720,000
method of suppression pool
cooling

5 Install a filtered containment $200 $2,000 $3,000,000 $200 $2,000 $300 $3,000
vent to provide fission product
scrubbing.
Option 1: Gravel Bed Filter
Option 2: Multiple Venturi
Scrubber

6 Install a containment vent $0 $0 >$2,000,000 $0 $0 $0 $0
large enough to remove
ATWS decay heat
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Table E.2-2
Sensitivity Analysis Results (Continued)

Upper Upper Upper
Phase Estimated Bound Estimated Bound Estimated Bound

ii Benefit Estimated Estimated Benefit Estimated Benefit Estimated
SAMA SAMA Benefit Cost Benefit Benefit

ID Sensitivity Sensitivity Sensitivity Sensitivity
Base Line Base Line Case I Case I Case 2 Case 2

7 Create a large concrete $64,000 $640,000 >$100 million $73,000 $730,000 $89,000 $890,000
crucible with heat removal
potential under the basemat
to contain molten core debris

8 Create a water-cooled rubble $64,000 $640,000 $19,000,000 $73,000 $730,000 $89,000 $890,000
bed on the pedestal

9 Provide modification for $2,000 $20,000 >$1,000,000 $2,000 $20,000 $2,000 $20,000
flooding the drywell head

10 Enhance fire protection $141,000 $1,410,000 >$2,500,000 $161,000 $1,610,000 $198,000 $1,980,000
system and/or standby gas
treatment system hardware
and procedures

11 Create a core melt source $64,000 $640,000 >$5,000,000 $73,000 $730,000 $89,000 $890,000
reduction system

12 Install a passive containment $53,000 $530,000 $5,800,000 $62,000 $620,000 $72,000 $720,000
spray system

13 Strengthen primary and $53,000 $530,000 $12,000,000 $62,000 $620,000 $72,000 $720,000
secondary containment
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Table E.2-2
Sensitivity Analysis Results (Continued)

Upper Upper Upper

Phase Estimated Bound Estimated Bound Estimated Bound
II Benefit Estimated Estimated Benefit Estimated Benefit Estimated

SAMA SAMA Benefit Cost Benefit Benefit
ID Sensitivity Sensitivity Sensitivity Sensitivity

Base Line Base Line Case I Case I Case 2 Case 2

14 Increase the depth of the $64,000 $640,000 >$5,000,000 $73,000 $730,000 $89,000 $890,000
concrete basemat or use an
alternative concrete material
to ensure melt-through does
not occur

15 Provide a reactor vessel $64,000 $640,000 $2,500,000 $73,000 $730,000 $89,000 $890,000
exterior cooling system

16 Construct a building to be $141,000 $1,410,000 >$2,000,000 $161,000 $1,610,000 $198,000 $1,980,000
connected to primary/
secondary containment that is
maintained at a vacuum

17 2.g. Add a dedicated $53,000 $530,000 $5,800,000 $62,000 $620,000 $72,000 $720,000
suppression pool cooling

18 3.a. Create a larger volume in $53,000 $530,000 $8,000,000 $62,000 $620,000 $72,000 $720,000
containment

19 3.b. Increased containment $53,000 $530,000 $12,000,000 $62,000 $620,000 $72,000 $720,000
pressure capability (sufficient
pressure to withstand severe
accidents)
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Table E.2-2
Sensitivity Analysis Results (Continued)

Upper Upper Upper
Phase Estimated Bound Estimated Bound Estimated Bound

ii Benefit Estimated Estimated Benefit Estimated Benefit Estimated
SAMA SAMA Benefit Cost Benefit Benefit

ID Sensitivity Sensitivity Sensitivity Sensitivity
Base Line Base Line Case I Case 1 Case 2 Case 2

20 3.c. Improved vacuum $4,000 $40,000 >$1,000,000 $4,000 $40,000 $5,000 $50,000
breakers (redundant valves in
each line)

21 3.d. Increased temperature $2,000 $20,000 $12,000,000 $2,000 $20,000 $2,000 $20,000
margin for seals

22 5.b/c. Install a filtered vent $200 $2,000 $3,000,000 $200 $2,000 $300 $3,000

23 7.a. Provide a method of $2,000 $20,000 >$1,000,000 $2,000 $20,000 $2,000 $20,000
drywell head flooding

24 13.a.Use alternate method of $141,000 $1,410,000 >$2,500,000 $161,000 $1,610,000 $198,000 $1,980,000
reactor building spray.

25 14.a. Provide a means of $64,000 $640,000 $2,500,000 $73,000 $730,000 $89,000 $890,000
flooding the rubble bed

26 14.b. Install a reactor cavity $64,000 $640,000 $8,750,000 $73,000 $730,000 $89,000 $890,000
flooding system

27 Add ribbing to the $53,000 $530,000 $12,000,000 $62,000 $620,000 $72,000 $720,000
containment shell

28 Provide additional DC battery $16,000 $160,000 $500,000 $19,000 $190,000 $22,000 $220,000
capacity
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Table E.2-2
Sensitivity Analysis Results (Continued)

Upper Upper Upper
Phase Estimated Bound Estimated Bound Estimated Bound

II Benefit Estimated Estimated Benefit Estimated Benefit Estimated
SAMA SAMA Benefit Cost Benefit Benefit

ID Sensitivity Sensitivity Sensitivity Sensitivity
Base Line Base Line Case I Case I Case 2 Case 2

29 Use fuel cells instead of lead- $16,000 $160,000 >$2,000,000 $19,000 $190,000 $22,000 $220,000
acid batteries

30 Provide auto-transfer of AC $29,000 $290,000 '$500,000 $35,000 $350,000 $40,000 $400,000
bus control power to a
standby DC power source
upon loss of the normal DC
source.

31 Install a gas turbine generator $46,000 $460,000 >$2,000,000 $54,000 $540,000 $62,000 $620,000

32 Change procedure to bypass $16,000 $160,000 >$250,000 $19,000 $190,000 $22,000 $220,000
diesel generator trips, or
change trip set-points

33 2.i. Provide 16 hour station $16,000 $160,000 $500,000 $19,000 $190,000 $22,000 $220,000
blackout injection

34 9.a. Install a steam driven $46,000 $460,000 >$2,000,000 $54,000 $540,000 $62,000 $620,000
turbine generator

35 9.b. Provide an alternate $46,000 $460,000 >$2,000,000 $54,000 $540,000 $62,000 $620,000
pump power source

36 9.h. Install a gas turbine $46,000 $460,000 >$2,000,000 $54,000 $540,000 $62,000 $620,000

37 9.i. Install a dedicated RHR $46,000 $460,000 >$2,000,000 $54,000 $540,000 $62,000 $620,000
(bunkered) power supply .

E.2-54



( ( C
Vermont Yankee Nuclear Power Station

Applicant's Environmental Report
Operating License Renewal Stage

Table E.2-2
Sensitivity Analysis Results (Continued)

Upper Upper Upper
Phase Estimated Bound Estimated Bound Estimated Bound

Ii Benefit Estimated Estimated Benefit Estimated Benefit Estimated
SAMA SAMA Benefit Cost Benefit Benefit

ID Sensitivity Sensitivity Sensitivity Sensitivity
Base Line Base Line Case I Case I Case 2 Case 2

38 10.a. Add a dedicated DC $48,000 $480,000 $3,000,000 $56,000 $560,000 $65,000 $650,000
power supply

39 10.b. Install additional $48,000 $480,000 $3,000,000 $56,000 $560,000 $65,000 $650,000
batteries or divisions

40 10.c. Install Fuel Cells $16,000 $160,000 >$2,000,000 $19,000 $190,000 $22,000 $220,000

41 10.e. Extended station $16,000 $160,000 $500,000 $19,000 $190,000 $22,000 $220,000
blackout provisions

42 Locate residual heat removal $7,000 $70,000 >$500,000 $8,000 $80,000 $9,000 $90,000
(RHR) inside of containment

43 Increase frequency of valve $5,000 $50,000 >$1 00,000 $6,000 $60,000 $7,000 $70,000
leak testing

44 Ensure all ISLOCA releases $5,000 $50,000 >$2,500,000 $5,000 $50,000 $6,000 $60,000
are scrubbed

45 Add redundant and diverse $7,000 $70,000 >$1,000,000 $8,000 $80,000 $9,000 $90,000
limit switches to each
containment isolation valve

46 8.e. Improved MSIV design $400 $4,000 >$2,000,000 $500 $5,000 $500 $5,000
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Table E.2-2
Sensitivity Analysis Results (Continued)

Upper Upper Upper

Phase Estimated Bound Estimated Bound Estimated Bound
Pa Benefit Estimated Estimated Benefit Estimated Benefit Estimated

SAMA SAMA Benefit Cost Benefit Benefit
ID Sensitivity Sensitivity Sensitivity Sensitivity

Base Line Base Line Case I Case I Case 2 Case 2

47 Shield injection system $26,000 $260,000 $250,000 $31,000 $310,000 $35,000 $350,000
electrical equipment from
potential water spray

48 Install an independent diesel $2,000 $20,000 $135,000 $2,000 $20,000 $2,000 $20,000
for the condensate storage
tank makeup pumps

49 Provide an additional high $156,000 $1,560,000 >$2,000,000 $185,000 $1,850,000 $208,000 $2,080,000
pressure injection pump with
independent diesel

50 Install independent AC high $156,000 $1,560,000 >$2,000,000 $185,000 $1,850,000 $208,000 $2,080,000
pressure injection system

51 2.a. Install a passive high $156,000 $1,560,000 >$2,000,000 $185,000 $1,850,000 $208,000 $2,080,000
pressure system

52 2.d. Improved high pressure $105,000 $1,050,000 >$2,000,000 $125,000 $1,250,000 $141,000 $1,410,000
systems

53 2.e. Install an additional $156,000 $1,560,000 >$2,000,000 $185,000 $1,850,000 $208,000 $2,080,000
active high pressure system

54 8.c. Add a diverse injection $156,000 $1,560,000 >$2,000,000 $185,000 $1,850,000 $208,000 $2,080,000
system
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Table E.2-2
Sensitivity Analysis Results (Continued)

Upper Upper Upper
Phase Estimated Bound Estimated Bound Estimated Bound1I Benefit Estimated Estimated Benefit Estimated Benefit Estimated
SAMA SAMA Benefit Cost Benefit Benefit

IDBase Line Base Line Sensitivity Sensitivity Sensitivity Sensitivity
Case I Case 1 Case 2 Case 2

55 Increase the safety relief $9,000 $90,000 $2,000,000 $10,000 $100,000 $12,000 $120,000
valve (SRV) reseat reliability

56 11.a. Install an ATWS sized $0 $0 >$200,000 $0 $0 $0 $0
vent

57 11.b. Improved ATWS coping $11,000 $110,000 >$500,000 $13,000 $130,000 $14,000 $140,000
capability

58 Diversify the explosive valve $400 $4,000 >$200,000 $500 $5,000 $500 $5,000
operation

59 Increase the reliability of $12,000 $120,000 >$1,500,000 $14,000 $140,000 $15,000 $150,000
safety relief valves by adding
signals to open them
automatically

60 8.e. Improved SRV design $78,000 $780,000 >$2,000,000 $94,000 $940,000 $103,000 $1,030,000

61 Provide self-cooled ECCS $4,000 $40,000 >$200,000 $5,000 $50,000 $5,000 $50,000
pump seals

62 Provide digital large break $4,000 $40,000 >$100,000 $4,000 $40,000 $5,000 $50,000
LOCA protection
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Table E.2-2
Sensitivity Analysis Results (Continued)

Upper Upper Upper

Phase Estimated Bound Estimated Bound Estimated Bound
II Benefit Estimated Estimated Benefit Estimated Benefit Estimated

SAMA SAMA Benefit Cost Benefit Benefit
ID Sensitivity Sensitivity Sensitivity Sensitivity

Base Line Base Line Case I Case I Case 2 Case 2

63 Control containment venting $18,000 $180,000 $250,000 $21,000 $210,000 $24,000 $240,000
within a narrow band of
pressure

64 Provide a crosstie from the $400 $4,000 >$500,000 $500 $5,000 $500 $5,000
RHRSW system to RHR loop
B.

65 Improve operator action: $143,000 $1,430,000 $50,000 $168,000 $1,680,000 $192,000 $1,920,000
Defeat the low reactor
pressure interlocks to open
LPCI or core spray injection
valves during the transients
with stuck open SRVs or
LOCAs in which random
failures prevent all low
pressure injection valves from
opening

66 Install a bypass switch to $143,000 $1,430,000 $1,000,000 $168,000 $1,680,000 $192,000 $1,920,000
bypass the low reactor
pressure interlocks of LPCI or
core spray injection valves
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1.0 INTRODUCTION

This Annual Report 34 is submitted on behalf of Entergy Nuclear Vermont Yankee, LLC (Vermont
Yankee) and fulfills requirements of Part IV, of their Final Amended Discharge Permit #3-1199,
dated 28 September 2004 (NPDES number VT0000264). This is the fourth annual report submitted
under the five-year discharge permit issued in August 2001, and is the first presented under the final
amended discharge permit issued on 28 September 2004. Annual Report 34 presents the methods and
results of monthly NPDES thermal compliance and water quality monitoring in Sections 2 and 3,
respectively, and the methods and results of macroinvertebrate, fish, and mollusk monitoring, in
Sections 4, 5, and 6 respectively. The NPDES permit environmental sampling stations referred to in
this report are described by number, name, and type of sampling conducted, in Table 1-1, and are
geographically identified in Figure 1-1.

At the request of the Vermont Agency of Natural Resources (VANR) no adult American shad were
processed during the spring of 2004. Low passage numbers at Vernon Dam during the 2004
spawning season prompted these actions. Adult American shad will be processed during the 2005
migration season if numbers are considered sufficient and approval is obtained from the VANR.
Juvenile American shad studies were conducted during 2004. The final report outlining this study
will be submitted under separate cover to the Environmental Advisory Committee (EAC) in spring
2005 as Analytical Bulletin No. 82 (Normandeau 2005).

Annual Report 34 for 2004 was produced as a collaborative effort between Vermont Yankee and
Normandeau Associates, Inc.
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Figure 1-1. Connecticut River in the Vicinity of Vernon Pool.
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Table 1-1. Sampling Station Numbers, Names, and Descriptions of Sampling Conducted for
the Vermont Yankee NPDES Program in the Connecticut River in the Vicinity of
Vernon, Vermont.

Downstream Stations
Station Number Station Name Sample Type(s)

217 Station 2 NH South General electrofishing
227 Station 2 VT South Macroinvertebrates
031 Station 3 NH Macroinvertebrates, anadromous

electrofishing
032 Station 3 VT Water quality, general electrofishing
624 Stebbins Island VT Lower Anadromous electrofishing
614 Stebbins Island NH Lower Anadromous electrofishing, general

efishing
613 Stebbins Island NH Mid Anadromous electrofishing
615 Stebbins Island NH Upper Anadromous electrofishing
724 0.1 Mi. South of Vernon Dam General electrofishing

(Lower)
725 0.1 Mi. South of Vernon Dam Anadromous electrofishing

(Upper)
020 Vernon Dam Fish Ladder Water quality, adult shad

Upstream Stations
051 Station 5 NH Zebra mussel. corbicula. general

053
052

072
091
102
300
416

436
426

800

Station 5 Mid-River
Station 5 VT

Station 7 VT
NH Setback
Rum Point
VY Discharge
Station 4 NH North

Station 4 Mid-River North
Station 4 VT North

VY Intakes

electrofishing
Zebra mussel, corbicula
Zebra mussel, corbicula, general
electrofishing
Water quality
General electrofishing
General electrofishing
Water quality
Zebra mussel, corbicula, general
electrofishing
Zebra mussel, corbicula
Zebra mussel, corbicula, general
electrofishing
Larval fish, impingement
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2.0 COMPLIANCE WITH THERMAL STANDARDS

2.1 THERMAL STANDARDS

The operational mode of Vermont Yankee's cooling water system is related to calendar dates and
ambient Connecticut River water temperatures as specified in Vermont Yankee's discharge permit
(Permit No. 3-1199, NPDES Number VT0000264) effective 28 September 2004 and expiring on 31
March 2006. During the "summer" period of 16 May through 14 October of each year, Vermont
Yankee is permitted to discharge heat to the river within the following thermal standards (A.6.b of the
NPDES permit):

Connecticut River Temperature at Calculated Increase in
Station 7 (T7) River Temperature above Ambient

T7>630 F 20F
630F(T7>59OF 30F
590F(T7>550 F 40F

550F(T7 50F

During the "winter" period of 15 October through 15 May of each year, Vermont Yankee is permitted
to discharge heat to the Connecticut River within the following thermal standards (Section A.6.a of
the NPDES permit):

* The temperature at Station 3 during open cycle operation shall not exceed 650F;

* The rate of change of temperature at Station 3 shall not exceed 50F per hour; and,

* The increase in temperature above ambient at Station 3 shall not exceed 13.4 0F.

The river discharge near Vernon is regulated by Vernon Dam Hydroelectric Station to remain at or
above 1250 cubic feet per second (cfs) or inflow if less than 1250 cfs. Since the theoretical maximum
increase in temperature at full power due to Vermont Yankee's thermal discharge at a river flow of
1250 cfs is 12.90F, these standards, in effect, permit open cycle condenser cooling without cooling
tower operation when ambient river temperatures are less than 52.1°F during 15 October through 15
May. If ambient river temperatures are equal to or greater than 52.1 'F, the amount of heat discharged
to the river can be reduced by using the cooling towers if the river flow is low.

2.2 METHODS OF DEMONSTRATING COMPLIANCE

Compliance with the criterion that limits open cycle operation to times when the downstream
temperature is less than 650F (i.e. winter period) was demonstrated by examination of the hourly
average Connecticut River temperature measured at Station 3 and hourly average plant operating
data. The rate of change of temperature is defined in the NPDES permit as the difference between
consecutive hourly average temperatures measured at Station 3. Measurements recorded in the
Connecticut River below the Vernon Dam (Station 3) were used to calculate these differences.

Increase in temperature above ambient is defined in the NPDES permit as a plant-induced
temperature increase as calculated by Equation 1-1 from the executive summary of the 1978 316
Demonstration (Binkerd et al. 1978). This equation is based on the principle of conservation of
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energy, a principle integral to the computer simulation of the Vermont Yankee/Connecticut River
system. Using measured upstream (Station 7) river water temperature, plant operating data, and core
thermal power, the amount of heat discharged to the river was calculated. Then, using thermodynamic
and hydrodynamic principles and river discharge information, the mixed river temperature increase
was calculated and compared with thermal standards.

Equation I -I, rearranged for ease of computer computation using input from the plant environmental
thermal sensor network, is as follows:

Equation la HRECIRC, = (TCI,-1 - TC1,) * 472640.5 / 3600

Equation lb IF (TCIT, I - TCIT,) < 10.1 THEN HRECIRC, = 0

Equations Ic IF CWPT = 1 AND CWBP, =0 THEN PUMPCAP, =267.38
IF CWP, = 2 AND CWBP, = 0 THEN PUMPCAP, = 304.14
IF CWPt = 2 AND CWBP, > 0 THEN PUMPCAP, = 267.38
IF CWPt = 3 AND CWBP, = 0 THEN PUMP-CAP, = 259.58
IF CWPT, = 3 AND CWBP, > 0 THEN PUMP-CAP, = 254.01

Equation lb HRIV, = (PUMP CAP, * CWP,) * ((TCO, - TCI,) - (CWBP, / CWP,) * TCO,-
(TETO, + TWTOZ) / 2)))

Equation 1: DELTAT, = (H_RIV, + H-RECIRC,) / Q,

where,

H_RECIRC,

TCI,l

TC1,

CWPI

CWBP,

PUMPCAP,

H_RIV,

TCO,

TETO,

TWTO,

= heat content of the circulating water system and cooling towers in cfs TF
at time interval t

= condenser inlet temperature in "F at time interval t-I

= condenser inlet temperature in OF at time interval t

= number of circulating water intake pumps operating in time interval t

= number of cooling tower booster pumps operating in time interval t

= pump capacity of the circulating water intake pumps in cfs

= heat content of the cooling water discharge in cfs TF in time interval t

= condenser outlet temperature in "F at time interval t

= east cooling tower outlet temperature in TF at time interval t

= west cooling tower outlet temperature in OF at time interval t

DELTA_T, = average simulated Connecticut River temperature increase at Station 3 in
"F in time interval t

Q. = average Connecticut River discharge observed at Vernon Dam in cfs in
time interval t

Vermont Yankee's Azonix® thermistor temperature monitoring systems at Stations 3 and 7 are linked
to the Station's process computer. This allows Vermont Yankee operators to utilize real time,
accurate temperature data for thermal compliance. It also allows Vermont Yankee's Environmental
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personnel an opportunity to generate thermal compliance reporting. The WaDaR® units remain in
the river at Stations 3 and 7 as the back-up temperature recorders to the Azonics®. Both the Azonix®
thermistors and the WaDaRe temperature monitoring systems record ambient river water temperature
to the nearest 0.1°F. The simulation is based on electronically acquired five-minute river discharge
data from the Vernon Dam and Vermont Yankee's five minute observations of thermal temperatures
at Stations 3 and 7 and thermal heat discharge to the river.

2.3 THERMAL IMPACT

Figures in this section illustrate the principle of conservation of energy as applied to the Vermont
Yankee/Connecticut River system. Figure 2-1 depicts core thermal power produced and plant
discharge flow by Vermont Yankee in 2004. This data was obtained from five minute records
supplied by Vermont Yankee. The licensed maximum reactor core thermal power is limited to 1593
megawatts. About one-third of this power was converted to electrical power, while the remainder was
transferred as heat to the atmosphere via the cooling towers, or discharged to the river (Figure 2-2,
Table 2-1). Vermont Yankee experienced a planned refueling outage from 2349 on 3 April 2004
through 2307 on 4 May 2004. An additional forced outage occurred from 16 June through 5 July
2004 as a result of an electrical fault which caused a transformer fire. Otherwise the plant remained
at full power throughout 2004, with occasional brief periods of power derating.

Figure 2-3 is a plot of hourly Connecticut River discharge for the Vernon Hydroelectric Station in
Vernon, Vermont during 2004. The hourly average Connecticut River discharge was computed using
observations obtained every five minutes by Vermont Yankee through their computer system from
sensors installed at the Vernon Dam. When the river flows were above 32,000 cfs at Vernon Dam,
electronic hourly river flow data was obtained from US Generation New England (formally, PG&E
New England Generation). Table 2-2 presents the average daily and monthly Connecticut River
discharge computed from the hourly observations obtained for 2004 as described above. For
discharge greater than 12,000 cfs, a rating curve was used by Vernon Station to convert stage height
to discharge. The rating curve was the same one used by the USGS prior to abandoning the Vernon
gauging station (Aquatec 1995). This curve is believed to be sufficiently accurate because backwater
from the Northfield Mountain Pump Storage Facility and the modification at Turners Falls Dam have
had little impact on stage height near Vernon Dam during times of high discharge (Aquatec 1995).
Below 12,000 cfs, discharge data were obtained from turbine rating curves at Vernon Station.

The peak daily Connecticut River average flow for 2004 was 50,618 cfs, which occurred on 2 April
2004 (Table 2-2) compared to 62,765 cfs on 30 October 2003 (Vermont Yankee and Normandeau
2004). The hourly average flows are represented in Figure 2-3. The peak hourly average Connecticut
River flow of 56,250 cfs was observed on 1 April 2004 at 2200 DST. The lowest daily Connecticut
River flow at Vernon Dam was 1707 cfs on 8 August 2004. The lowest hourly Connecticut River
flow at Vernon Dam was 1277 cfs observed on 29 August 2004 at 0900 DST.

The calculated increases in Connecticut River temperature at Station 3, due to Vermont Yankee's
operation are plotted for each hour of operation and compared to the NPDES permit limit delta T in
Figure 2-4. Vermont Yankee's discharged heat remains dependant upon reactor power and plant
operational mode. During normal full power operations these values range from 1035 to 1120 MWT.
Connecticut River discharge (Figure 2-3), Vermont Yankee daily average discharge flow (Figure 2-2)
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and river temperature increase (Figure 2-4) illustrates that for a constant heat rejection rate to the
river, the temperature increase is inversely proportional to the river discharge.

Vermont Yankee's operation remained at or below the permit limits for all of 2004 except for one
hour on 6 July 2004 between 2000 and 2001 when the calculated hourly average temperature increase
was 2.06T, which rounded to 2.1F, compared to a NPDES permit limit of 2.0T. The calculated
increase in temperature was slightly above 2.00F for 45 minutes (2005 through 2050) on 6 July 2004
when the plant was brought back on-line after the outage caused by the transformer fire.

During the cold water (winter) period from 15 October through 15 May when the permit limit was
13.4F, the maximum calculated river water temperature increase observed was 12.97F on 2 February
2004 when the river flow was 1331 cfs. The rate of change of temperature at Station 3 did not exceed
±50F permitted change per hour.

2004 VY Annual Report 34.doc 5/18105 7 Normandeau Associates, Inc.
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Figure 2-1. Vermont Yankee Core Thermal Power and Plant Discharge Flow 2004.
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Table 2-2. Average Daily Connecticut River Discharge (cfs) at Vernon Dam during 2004.

Month | Jan [ Feb I Mar I Apr May | Jun Jul I Aug | Sep Oct | Nov I Dec

Day

I 23072 6166 3461 44630 10545 12685 3243 3109 21345 5391 3931 23889

2 19803 4433 4655 50618 9501 13193 3623 5510 15657 4556 4186 31625

3 20743 5207 6897 48032 9683 15603 3170 5068 12493 4561 4541 30478

4 15849 6215 8194 40165 12714 15143 2770 5211 8327 3777 4446 21909

5 19654 5282 9537 34445 18975 12388 4254 5572 5032 3683 6041 14737

6 18230 6046 9310 29605 18354 11684 3483 2600 4293 3937 7271 12222

7 13928 4514 11524 21510 17278 10039 1757 2165 5376 3989 7469 10579

8 12689 6172 13779 19287 13771 7262 4493 1707 6825 3759 6021 10629

9 9405 5247 12565 17163 10772 7726 5449 2550 13323 1890 4126 12894

10 8245 4776 10351 15508 9788 8690 6520 3835 23383 3822 4367 14848

11 9466 4296 9245 13687 9628 9728 6778 4654 21216 2769 4214 17070

12 8612 5561 9361 14107 9567 8211 5407 5458 14328 3095 5028 16975

13 9193 4817 9435 15795 9611 5742 5348 7615 10521 2392 4541 15960

14 9138 5468 7964 30639 6612 6205 5366 11476 8442 2682 3504 13890

15 10690 4701 8337 32489 6578 6898 5333 7041 8386 3267 3578 9526

16 9839 4211 8905 29115 8274 4931 5118 4769 6551 6195 3960 9482

17 9376 4949 8504 21414 9741 3633 4102 5652 4137 7374 3859 8693

18 8574 5688 7581 19586 8717 4463 1908 6661 18502 6072 3852 8212

19 7848 4628 7352 19455 10842 3510 4725 6839 22114 5571 3806 8332

20 7061 4122 4933 18728 8973 3850 5572 7102 12693 5275 4457 8899

21 6891 3427 6555 20258 8101 4832 3823 5698 8419 4239 3446 9276

22 7339 3822 7506 18235 6916 3157 3897 11880 8527 4351 4594 6398

23 7287 5367 5963 17191 9117 3612 2992 11214 7178 3352 5265 9294

24 6556 4325 6248 17075 24632 3185 5954 9938 6668 4155 6420 26994

25 7285 3677 5973 16398 43004 3491 9175 8119 4662 4478 9737 25372

26 4985 4011 7983 16433 30053 3620 5442 5984 4929 3054 15585 17159

27 5530 5161 17357 18884 26708 2776 5158 5224 5349 2558 15790 11694

28 7020 4910 29393 18094 22818 2946 8388 4594 4474 3167 14990 9397

29 6024 4395 27754 15692 25388 2723 8413 3185 4790 3502 17915 9381

30 5146 30551 12850 20225 3626 5801 8262 3837 3449 23058 10456

31 5544 29952 14656 5190 18051 2606 11143

_onthlyAv 10356] 48831 III823570[ 145661685214924] 6347[ 10059 39671 70001 14433
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3.0 WATER QUALITY

3.1 COPPER, IRON AND ZINC CONCENTRATIONS

Beginning in April 1996, and continuing through 2004, monthly grab samples of Connecticut River

water from Stations 3, 7, and the plant discharge (Figure 3-1) were analyzed for total copper, iron,

and zinc, as required by Vermont Yankee's NPDES permit #3-1199. Results of the analysis are

presented in Table 3-1 and Figures 3-2, 3-3 and 3-4.

Total copper concentrations in Connecticut River water from the upstream Station 7, Vermont

Yankee's discharge, and downstream Station 3 ranged from <0.002 to 0.135 mg/I, 0.003 to 0.011

mg/I, and 0.001 to 0.0123 mg/I, respectively, in 2004 (Table 3-1, Figure 3-2). The highest total

concentration of copper observed at Station 7 was 0.135 mg/I on 16 March 2004. The highest total

concentration of copper observed in the Vermont Yankee Station discharge was 0.011 mg/I on 16

August 2004. The highest total copper concentration of 0.123 mg/I at Station 3 was observed on 19

October 2004.

On twelve occassions, the total iron concentration in the Connecticut River water samples at all three

monitoring locations was greater than 0.5mg/I during 2004 (Table 3-1, Figure 3-3). The highest total

iron concentration of 117 mg/l was measured at the upstream Station 7 on 16 March 2004, and was

likely caused by the inadvertent contamination of the sample with suspended river sediments. The

highest total iron concentration measured in the Vermont Yankee Discharge water was 0.569 mg/l on

17 January 2004. The highest total iron concentration measured at Station 3 was 2.42 mg/l observed

on 19 October 2004.

Total zinc concentrations in Connecticut River water samples were generally less than 0.05 mg/l

during 2004 (Table 3-1, Figure 3-4). The highest total zinc concentration at upstream Station 7 was

0.425 mg/l observed on 16 March 2004. Three other grab samples from Station 7 had total zinc

concentrations above 0.5 mg/l; 0.105 mg/liter on 15 July, 0.112 on 4 September, and 0.052 mg/i on

19 October 2004. Total zinc concentrations in the Vermont Yankee discharge water (Station 4) were

low compared to the two river stations, with the highest total zinc concentration of 0.041 mg/I

observed in the sample from 16 August 2004. The two highest total zinc concentrations observed at

Station 3 were 0.159 mg/I on 4 September and 0.143 mg/I on 19 October 2004.

High concentrations of total copper, iron, and zinc tend to be observed at upstream Station 7 at

irregular times throughout the year. Station 7 is relatively shallow (water depth <1 foot) with a mud

substrate that is easily disturbed by wave action. Each monthly water quality sample from Station 7 is

collected as a surface grab from the shallow, near-shore area and may include some suspended

sediments if the wind and water conditions at the time of collection facilitate sediment re-suspension.

For example, total copper, iron and zinc were all highest in the grab sample collected from Station 7

on 16 March 2004, suggesting that some re-suspended bottom sediments were included in the grab.

Prior to 1996, water quality samples were removed from a continuous stream of pumped water

withdrawn from an off-shore mid-depth intake at Station 7. The discharge (Station 4) grab samples

are taken from the water surface in the concrete discharge structure of the Station and therefore is not

likely contaminated by sediments. The Station 3 grab sample is collected from a continuous stream

of pumped water withdrawn from an off-shore mid-depth intake in the Vernon Dam tailrace.

Therefore, some of the observed monthly and location differences in total copper, iron and zinc
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concentrations, particularly at Station 7, are likely due to differences in the physical nature of the
stations and events during sampling that result in sediments being inadvertently collected in the
sample container. In previous years, the concentrations of copper, iron, and zinc were determined in
both the dissolved and particulate fractions for some sampling events, although not required by the
NPDES permit (Vermont Yankee and Normandeau 2004). These previous results confirmed that
most of the metals were found in suspended sediments and not in the dissolved fraction.

3.2 WATER TEMPERATURE

Water temperature was measured continuously in the Connecticut River at Station 7 and Station 3
during 2004 and at the Vernon Dam fishway during its operation. Daily and monthly average
temperature data for Station 7 and Station 3 are summarized in Tables 3-2 and 3-3; the hourly average
temperature data for both stations are plotted on Figure 3-5. Station 7 is well upstream of the plant,
where water temperatures are unaffected by the plant's thermal discharge, and reflect the natural
seasonal changes associated with atmospheric heating and cooling experienced in the northern New
England climate. Heat discharged from the plant was well mixed at Station 3, due to passage through
the Vernon Dam. Temperatures measured at Station 3 reflected both the natural and plant-induced
changes in temperature between the upstream and downstream locations, and never exceeded the
65-F limit during the winter permit period from 15 October through 15 May (Figure 3-5).

Hourly and daily average temperature data from the Vernon Dam fishway are presented in Table 3-4
and Figure 3-6. The fishway operated daily from 19 May 2004 at 1030 to 7 July 2004 at 0930. During
the 2004 period of fishway operation, the hourly water temperature observed in the fishway ranged
from a low of 54.80F at 0730 on 27 May 2004 to a high of 76.1 F at 1644 on 3 July 2004

On three occasions, the downstream Station 3 modem failed and the primary temperature data was
not available from the Azonix®D temperature probe system. For each of those occasions backup
temperature data from the WaDaR® data logger was used. The three time periods for which the
backup data was used in 2004 were from 15 May at 1900 to 17 May at 1700, 24 May at 0400 to 0800,
and 20 August at 2000 to 23 August at 2000.
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Figure 3-1. NPDES Copper, Iron and Zinc Sampling Stations.
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concentration values were equal to 0 mg/l fell below detection limits.
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Table 3-1. Metal Concentrations in Connecticut River Water Samples Collected at NPDES
Stations 7,3, and Vermont Yankee Discharge during 2004.

Station 7 (3-7) Station 3 (3-3) Discharge (3-4)

mg/L mg/L mg/L

Date Copper Iron Zinc Copper Iron Zinc Copper Iron Zinc

01/17/2004 0.004 1.18 0.025 0.001 0.287 0.004 0.006 0.569 0.019

02/16/2004 <0.002 0.100 0.015 <0.002 0.290 0.012 0.004 0.225 0.009

03/16/2004 0.135 117 0.425 <0.002 0.580 0.004 0.003 0.290 0.010

04/19/2004 0.003 0.491 0.004 0.006 1.640 0.026 0.004 0.498 0.009

05/18/2004 0.01 4.8 0.024 0.006 1.660 0.015 0.007 0.249 0.009

06/15/2004 <0.002 0.271 0.003 0.049 1.360 0.094 0.004 0.201 0.012

07/15/2004 0.013 7.13 0.105 0.007 0.147 0.019 0.005 0.178 0.017

08/16/5004 0.005 0.352 0.031 0.036 0.447 0.010 0.011 0.278 0.041

09/04/2004 <0.003 0.233 0.112 0.050 0.918 0.159 0.007 0.247 0.015

10/19/2004 0.017 10.9 0.052 0.123 2.42 0.143 0.003 0.216 <0.003

11/15/2004 0.004 0.498 0.013 0.010 0.294 0.027 0.007 0.272 0.009

12/15/2004 0.008 0.317 0.022 0.030 0.196 0.015 0.005 0.214 0.013
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Table 3-2. Average Daily Connecticut River Temperature (°) at Station 7 for the Year 2004.

Month [ Jan Feb Mar | Apr j May Jun | Jul Au [ Sep | Oct Nov Dec

Day . . ._____ _____ _ ___ _
1 34.00 32.54 32.64 37.26 50.27 57.72 70.15 72.79 72.71 62.82 49.73 40.29
2 34.15 32.54 32.70 37.06 52.88 57.46 71.20 73.25 72.01 62.80 49.38 40.01
3 34.31 32.53 32.56 36.84 54.33 57.94 72.21 74.34 70.85 62.25 49.42 39.39
4 34.52 32.49 32.46 36.98 54.35 58.26 72.36 75.52 69.87 62.22 48.77 38.73
5 34.39 32.51 32.47 37.10 53.25 59.15 72.76 76.39 69.82 61.12 47.57 38.28
6 34.11 32.50 32.50 37.12 52.70 59.76 72.91 75.88 69.21 60.45 46.41 37.38
7 33.36 32.46 32.58 37.66 53.39 59.76 73.02 74.96 68.98 59.98 46.20 36.47
8 32.93 32.53 32.46 38.16 53.65 60.60 73.19 74.09 69.23 59.94 46.16 36.03
9 32.87 32.48 32.43 39.21 52.58 62.79 73.65 73.77 68.31 59.94 45.04 36.11
10 32.77 32.50 32.51 40.00 52.26 64.82 73.64 73.77 67.24 60.12 43.94 36.22
l l 32.67 32.55 32.51 41.06 52.67 65.27 73.50 73.65 66.91 59.54 43.36 37.06

12 32.74 32.51 32.45 41.57 55.09 65.62 73.83 73.56 66.44 58.52 42.69 37.14
13 32.68 32.49 32.55 41.99 57.01 66.29 73.36 72.87 66.64 57.95 42.12 37.06
14 32.66 32.53 32.51 41.25 58.28 66.00 72.13 73.06 66.40 57.57 41.50 36.96
15 32.60 32.55 32.59 41.30 60.42 66.72 71.48 73.02 66.37 57.05 40.47 36.28
16 32.61 32.51 32.56 41.68 61.82 67.25 71.77 72.21 66.57 56.56 39.91 35.70
17 32.58 32.48 32.46 42.49 62.92 68.25 71.92 70.55 66.94 55.57 44.88 35.12
18 32.62 32.48 32.51 43.99 64.11 68.91 71.87 70.08 65.34 54.67 39.54 34.75
19 32.64 32.46 32.70 45.52 63.88 69.47 71.75 70.75 61.88 53.98 40.45 34.31
20 32.70 32.48 32.97 47.49 63.67 69.52 71.75 71.33 60.96 53.45 40.61 34.07
21 32.67 32.47 33.41 48.58 63.62 69.89 72.22 71.74 60.82 53.14 40.59 33.97
22 32.64 32.45 33.64 48.89 63.97 69.79 73.14 70.87 61.67 52.25 40.90 34.05
23 32.69 32.47 33.61 49.24 63.15 69.57 74.28 70.53 62.60 51.72 40.73 33.91
24 32.67 32.46 33.66 48.86 61.39 69.91 74.72 70.33 63.45 50.97 40.93 33.98
25 32.66 32.47 34.28 48.22 57.46 70.35 74.83 69.53 64.17 50.91 41.65 33.78
26 32.65 32.56 34.91 47.48 55.11 70.47 74.62 69.78 64.43 50.55 41.46 33.65
27 32.60 32.52 35.69 47.11 54.83 70.12 74.52 70.09 65.00 50.32 40.32 33.68
28 32.53 32.47 35.46 47.59 55.91 69.38 72.20 70.82 65.01 49.92 40.46 33.78
29 32.54 32.54 36.90 47.89 56.44 69.17 70.57 71.55 64.34 49.53 40.65 33.62
30 32.55 37.35 48.62 56.48 69.59 71.38 72.43 63.60 49.39 40.42 33.62
31 32.55 37.66 57.16 72.02 72.89 49.49 33.65

Monthb'Ay.A 32.99 32.50 33.47 42.94 57.26 65.66 72.67 72.46 66.26 55.96 43.21 35.78
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Table 3-3. Average Daily Connecticut River Temperature (F) at Station 3 for the Year 2004.

Month Jan Feb Mar Jun Jul Au ct Nov Dec

Day __I _ _ _.______ ____

1 34.38 34.53 35.63 37.78 51.09 59.34 71.22 74.28 74.11 64.57 53.19 40.50

2 34.77 34.92 35.71 37.41 53.51 59.44 71.82 76.00 73.46 64.00 52.15 39.70

3 34.98 34.74 34.86 37.09 55.59 59.72 73.29 76.43 72.72 63.98 52.06 39.16

4 35.40 34.79 34.06 36.96 56.06 60.23 73.80 77.28 72.39 63.45 51.11 38.90

5 35.07 34.90 33.53 37.02 55.28 61.18 73.35 78.08 71.10 63.20 49.74 38.88

6 34.82 34.54 33.68 37.11 54.67 61.71 73.64 77.41 70.93 61.84 47.68 38.27

7 33.99 35.16 33.66 37.65 55.41 62.41 74.70 76.44 71.05 61.82 47.40 37.22

8 33.40 34.79 33.24 38.21 55.94 63.51 75.08 75.58 70.68 61.87 47.87 36.68

9 33.52 34.52 33.23 39.10 54.87 65.19 75.62 75.76 70.01 61.32 47.65 36.23

10 33.86 34.56 33.58 39.86 54.79 66.73 76.22 75.97 67.78 61.71 46.19 36.29

l l 33.60 35.01 34.04 40.97 55.16 67.63 76.50 75.68 67.70 60.91 46.18 36.78

12 33.81 34.70 33.74 41.71 57.04 68.24 75.92 75.10 67.61 59.93 44.64 36.99

13 33.66 34.81 33.83 42.10 59.93 68.50 75.51 75.20 67.86 59.78 44.32 36.87

14 33.58 34.97 34.18 41.61 62.06 68.61 74.62 74.53 68.18 59.83 44.26 37.13

15 33.40 34.91 34.13 41.41 63.93 69.42 73.86 75.14 68.00 60.24 44.16 36.89

16 33.47 35.13 33.71 41.74 65.31 70.31 73.65 73.96 68.44 59.11 43.42 35.91

17 33.61 35.01 33.92 42.49 65.60 70.77 74.23 73.49 68.20 57.55 42.91 35.20

18 33.79 34.51 34.24 44.03 67.25 70.48 74.46 72.20 66.38 56.88 46.17 34.60

19 34.04 35.07 34.34 45.68 67.64 70.31 74.68 72.08 62.22 56.23 43.52 34.39

20 34.13 35.30 35.37 47.88 67.29 69.95 74.55 73.10 62.01 55.85 42.79 33.89

21 34.28 35.74 35.51 49.10 67.44 70.38 74.36 73.51 62.34 55.47 43.76 33.59

22 34.12 36.08 35.34 49.89 66.95 70.66 75.02 72.70 63.19 55.26 43.37 34.32

23 34.19 35.39 35.91 50.05 66.59 71.19 75.46 72.49 64.05 55.06 43.09 34.25

24 34.27 35.36 36.33 50.03 63.98 71.32 76.47 72.39 64.28 54.50 42.62 32.80

25 34.37 35.47 36.47 49.26 58.86 71.38 77.12 71.76 64.90 53.64 43.02 32.92

26 34.64 35.18 37.29 48.10 55.94 71.46 77.05 71.40 66.10 53.85 41.99 33.09

27 34.63 34.97 37.03 47.78 55.61 70.95 76.41 71.90 65.99 54.89 40.95 33.46

28 34.52 34.66 35.80 48.02 56,83 71.02 75.23 72.87 66.26 54.06 41.32 33.83

29 34.38 35.32 37.52 48.59 57.35 71.30 73.20 73.42 65.98 53.44 40.89 33.93

30 34.69 38.02 49.20 57.86 71.41 73.17 74.12 64.86 53.66 40.55 33.82

31 34.68 38.37 58.82 73.94 74.17 53.27 33.77

Monthly Avg 34.19 35.00 35.04 43.26 59.51 67.49 74.65 74.34 67.63 58.42 45.30 35.81
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Table 3-4. Hourly and Daily Average Temperature at the Vernon Dam Fishway During 2004.

DHy 19-May 20-May 21-May 22-May 23-May 24-May 25-May 26-May 27-May 28-May 29-May 30-May
Hour ____

0 66.31 67.60 67.46 66.59 64.60 60.69 56.64 55.06 56.49 56.82 57.01
1 66.95 67.44 67.31 66.38 64.34 60.26 56.47 54.99 56.46 56.78 56.96
2 67.01 66.68 67.23 66.13 64.09 59.89 56.33 54.93 56.44 56.74 56.95
3 67.00 66.64 66.98 66.09 63.81 59.65 56.31 54.88 56.43 56.75 56.95
4 67.01 66.66 67.04 66.06 63.68 59.50 56.26 54.84 56.43 56.69 56.83
5 67.05 66.63 66.87 66.07 63.73 59.34 56.17 54.83 56.43 56.69 56.74
6 67.02 66.66 66.76 66.03 63.67 59.18 56.10 54.80 56.40 56.72 56.75
7 1 67.28 67.09 66.69 66.58 63.43 58.94 56.02 54.81 56.34 56.83 56.84
8 67.56 67.21 66.85 67.10 63.26 58.74 55.98 54.85 56.37 56.96 57.09
9 67.86 68.16 66.50 67.23 63.10 58.51 55.90 55.12 56.37 57.04 57.39
10 66.60 68.13 68.72 66.76 66.67 62.99 58.29 55.81 55.31 56.38 57.17 57.61
11 67.14 68.44 68.79 67.17 66.86 62.83 58.13 55.70 55.49 56.35 57.30 57.86
12 66.92 68.34 68.64 67.74 67.33 62.73 58.01 55.64 55.64 56.35 57.35 58.01
13 66.92 68.62 68.01 67.69 67.69 62.81 57.88 55.61 55.68 56.36 57.37 58.11
14 66.95 68.53 68.14 67.79 68.06 63.00 57.85 55.54 55.83 56.46 57.40 58.13
15 67.35 68.42 68.73 67.84 68.04 63.09 57.71 55.50 55.95 56.63 57.40 58.09
16 67.61 68.19 68.82 67.90 67.72 62.89 57.58 55.39 56.08 56.70 57.33 57.96
17 67.45 68.02 68.68 67.91 67.39 62.63 57.45 55.30 56.11 56.67 57.18 57.84
18 67.39 67.86 68.76 67.84 67.44 62.38 57.33 55.29 56.13 56.68 57.03 57.76
19 67.85 67.92 68.62 67.61 67.39 62.15 57.21 55.25 56.17 56.67 57.00 57.70
20 67.78 67.94 68.41 67.51 67.16 61.91 57.06 55.17 56.25 56.71 57.00 57.64
21 67.77 67.72 68.32 67.31 65.77 61.65 56.95 55.16 56.29 56.75 57.04 57.61
22 67.63 67.76 68.07 67.27 65.63 61.38 56.84 55.14 56.42 56.81 57.06 57.55
23 67.27 67.74 67.73 67.10 65.28 61.07 56.75 55.09 56.50 56.81 57.03 57.52

DailyAverage 67.3 67.7 67.9 67.3 66.8 63.0 58.3 55.7 55.5 56.5 57.0 57.5
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Table 34. (Continued)

)

C

'8

a

0CD

0
le

Day 31-Ma -Jun 2-Jun 3-Jun 4-Jun | 5-Jun | 6-Jun 7-Jun 8-Jun 9-Jun 10-Jun I 1-Jun

Hour _____

0 57.48 58.50 58.72 58.38 58.82 60.85 61.44 61.47 63.35 65.33 67.17 67.79
1 57.51 58.51 58.64 58.40 58.70 60.42 61.64 61.43 62.81 64.64 67.13 67.84
2 57.47 58.52 58.63 58.48 58.75 59.81 61.12 61.40 63.02 64.34 67.11 67.62
3 57.41 58.52 58.58 58.60 58.77 59.82 60.65 61.28 64.43 65.38 66.91 67.67
4 57.35 58.53 58.59 58.66 58.70 59.88 60.51 62.12 64.40 65.74 66.74 67.67
5 57.35 58.55 58.67 58.70 58.67 59.98 60.46 61.89 64.42 65.70 66.36 67.58
6 57.39 58.54 58.89 58.74 58.68 60.05 60.40 62.13 64.19 65.46 65.56 67.41
7 57.57 58.55 58.97 58.88 58.87 60.18 60.41 62.35 65.00 65.56 65.02 67.72
8 57.78 58.61 59.06 59.07 59.09 60.29 60.66 62.69 65.23 65.88 66.49 67.82
9 58.07 58.65 59.66 59.36 59.29 60.32 60.95 62.85 66.32 66.41 66.93 68.02
10 58.29 58.85 59.69 59.52 59.53 60.78 62.02 63.61 66.83 66.67 67.09 68.64
11 58.43 58.84 58.94 59.58 59.79 62.87 62.63 64.23 66.04 66.48 67.23 68.92
12 58.66 58.92 59.01 59.49 59.98 63.49 62.99 64.81 65.76 66.46 67.60 69.17
13 58.99 59.23 59.06 59.36 60.28 63.69 61.89 65.16 65.28 67.20 68.08 69.32
14 60.32 59.20 59.17 59.71 60.53 63.60 62.32 65.30 65.53 67.67 68.68 69.46
15 61.75 59.19 59.13 60.54 60.68 63.80 61.77 65.08 65.72 67.82 68.88 69.50
16 61.45 59.04 59.12 60.36 60.21 63.37 61.81 64.32 65.86 68.11 68.67 69.51
17 61.11 59.22 59.07 60.08 60.89 62.14 61.65 64.01 65.33 68.04 68.71 69.15
18 60.17 59.09 58.91 60.13 60.57 61.67 61.50 64.40 65.10 67.84 68.91 68.96
19 58.90 58.97 58.79 60.03 60.30 61.39 61.41 64.64 65.44 67.48 68.91 69.06
20 58.86 59.01 58.70 60.06 60.26 61.80 61.54 64.89 65.70 67.97 68.69 69.06
21 58.72 58.92 58.63 59.91 60.50 61.62 61.37 64.87 65.48 68.20 68.34 68.87
22 58.58 58.86 58.53 59.89 60.83 61.44 61.38 64.79 65.39 68.26 68.20 68.70
23 58.56 58.77 58.44 59.20 60.64 61.61 61.42 64.17 65.47 67.79 67.79 68.59

Daily Average 58.7 58.8 58.9 59.4 59.7 61.5 61.4 63.5 65.1 66.7 67.5 68.5
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Table 3-4. (Continued)

Day 12-Jun J 13-Jun 14-Jun | 15-Jun 16-Jun [ 174un 18-Jun 19-Jun [ 20-Jun 21-Jun 22-Jun | 23-Jun
Hour I

0 68.04 68.82 69.43 69.90 70.49 73.32 72.91 70.61 70.65 70.45 71.27 71.12
1 67.98 68.73 69.18 69.33 70.10 73.17 72.70 70.55 70.47 70.40 71.18 71.04
2 67.95 68.22 69.02 68.89 69.77 73.14 72.62 70.40 70.10 70.30 71.11 70.98
3 67.55 68.06 68.84 68.37 70.20 72.98 72.73 70.37 69.86 70.24 71.03 70.93
4 67.44 67.93 68.69 68.23 70.17 72.78 72.72 70.31 69.64 70.15 71.00 70.84
5 67.51 67.71 68.62 68.33 70.09 72.68 72.69 70.30 69.57 70.10 70.97 70.79
6 67.81 67.79 68.44 69.26 70.11 71.95 72.74 70.31 69.53 70.10 70.89 70.80
7 68.08 68.12 68.72 70.37 70.30 71.72 72.70 70.36 69.57 70.17 70.88 70.87
8 68.24 68.62 69.62 71.07 70.68 71.82 71.66 70.57 69.68 70.28 70.92 71.01
9 68.54 69.58 69.68 70.98 71.35 72.06 71.17 70.58 69.81 70.48 70.90 71.25

10 68.81 70.04 69.45 70.34 71.06 72.21 71.70 70.57 69.97 70.57 71.01 71.60
11 69.41 70.55 69.67 70.79 73.20 73.08 71.59 70.67 70.15 70.67 71.05 71.89
12 70.08 71.08 69.88 71.28 74.02 73.11 70.81 71.11 70.42 70.86 71.10 71.92
13 70.33 71.23 70.03 71.74 74.31 72.93 72.08 71.25 70.54 71.23 71.21 72.07
14 70.49 71.20 70.24 71.82 74.36 73.40 72.07 71.74 70.69 71.41 71.22 72.27
15 70.50 71.13 70.09 71.86 74.54 73.34 72.34 71.83 70.77 71.67 71.26 72.28
16 70.60 71.15 69.95 71.93 74.30 73.57 72.10 72.03 70.90 71.60 71.30 72.59
17 70.43 71.10 70.03 72.14 73.80 72.83 71.55 71.59 70.99 71.76 71.31 72.83
18 70.38 70.97 70.08 71.80 73.83 72.87 71.35 71.32 70.95 71.57 71.29 72.53
19 70.48 70.72 69.82 71.46 73.79 73.63 71.27 71.14 70.93 71.64 71.28 72.19
20 70.13 70.44 69.89 71.48 73.70 73.33 71.14 71.02 70.87 71.57 71.28 72.35
21 69.78 70.29 69.80 71.30 73.76 73.05 70.91 70.84 70.76 71.37 71.30 72.51
22 69.16 69.92 69.95 71.32 73.48 72.96 70.69 70.72 70.64 71.37 71.26 72.10
23 69.05 69.62 69.91 71.30 73.29 73.08 70.60 70.69 70.54 71.30 71.18 71.80

Daily Average 69.12 69.71 69.54 70.64 72.28 72.87 71.87 70.87 70.33 70.89 71.13 71.69
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Table 34. (Continued)
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Day 24-Jun 25-Jun | 26-Jun | 27-Jun 28-Jun 29-Jun 30-Jun 1-Jul 2-Jul 3-Jul | 4-Jul 5-Jul

Hour _____ _

0 71.64 71.67 72.29 71.14 71.19 71.38 71.88 71.58 71.40 72.97 74.35 74.07
1 71.46 71.58 72.20 71.05 71.08 71.32 71.68 71.45 71.34 72.96 74.19 73.90
2 71.38 71.37 72.14 70.98 70.97 71.28 71.50 71.35 71.28 72.93 74.06 73.80
3 71.26 71.25 72.10 70.89 70.88 71.22 71.36 71.24 71.19 72.90 73.93 73.71
4 71.13 71.24 72.03 70.79 70.82 71.17 71.26 71.19 71.16 72.76 73.76 73.65
5 71.09 71.23 71.99 70.70 70.81 71.11 71.17 71.14 71.16 72.69 73.63 73.63
6 71.10 71.23 71.94 70.75 70.84 71.12 71.16 71.14 71.20 72.68 73.58 73.62
7 71.15 71.35 71.84 70.84 70.95 71.18 71.20 71.19 71.29 72.72 73.63 73.61
8 71.39 71.51 71.77 71.10 71.18 71.31 71.42 71.45 71.54 73.01 73.77 73.56
9 71.91 71.83 71.72 71.32 71.51 71.62 71.61 71.74 72.14 73.27 74.11 73.63

10 72.10 72.16 71.60 71.75 71.62 71.78 71.75 72.27 72.24 73.30 74.66 73.68
11 72.62 72.44 71.57 71.56 71.59 72.11 72.08 72.79 72.07 73.75 75.42 73.70

12 72.47 72.50 71.55 71.57 71.85 72.25 72.48 73.25 72.52 74.16 75.64 73.78

13 72.89 72.77 71.55 71.95 72.02 72.58 72.67 73.00 73.50 74.79 75.45 73.91

14 73.25 72.82 71.53 72.15 72.07 72.73 72.72 72.88 74.09 74.96 75.74 74.06

15 73.31 72.84 71.56 72.26 72.15 72.90 72.70 72.82 74.06 75.41 75.68 74.22

16 73.11 72.77 71.57 72.33 71.91 72.90 72.57 72.65 74.03 76.05 75.61 74.31

17 72.83 72.77 71.56 72.43 71.99 72.69 72.50 72.36 74.22 75.84 74.86 74.38

18 72.65 72.72 71.46 72.25 71.80 72.83 72.39 72.17 73.81 75.97 75.00 74.37

19 72.42 72.66 71.46 72.04 71.75 72.95 72.78 72.05 73.57 75.74 75.16 74.32

20 72.15 72.66 71.46 71.82 71.68 72.76 72.42 72.09 73.64 75.47 75.05 74.09

21 72.02 72.53 71.34 71.59 71.58 72.54 72.06 71.92 73.26 75.08 74.93 73.90

22 71.96 72.37 71.28 71.43 71.53 72.36 71.83 71.62 73.12 74.85 74.70 73.84

23 71.79 72.31 71.22 71.32 71.44 72.06 71.73 71.48 73.03 74.59 74.42 73.91

Daily Average 72.04 72. 11 71.70 71.49 71.45 71.92 71.94 71.994.61 73.90
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Table 3-4. (Continued)
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6-Jul 7-Jul
Hour
0 73.87 74.58
1 73.83 74.56
2 73.77 74.49
3 73.73 74.40
4 73.67 74.35
5 73.63 74.42
6 73.62 74.57
7 73.61 74.71
8 73.69 74.73
9 73.76

10 73.88
11 74.02
12 74.14
13 74.19
14 74.31
15 74.36
16 74.50
17 74.57
18 74.52
19 74.46
20 74.56
21 74.73
22 74.99
23 74.78

Daily Average 74.13 74.53
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4.0 MACROINVERTEBRATE COLLECTIONS

4.1 METHODS OF COLLECTION AND PROCESSING

Macroinvertebrate sampling station locations have changed with modifications to the NPDES Permit.

The upstream stations were eliminated in 2000 and Station 2 was relocated in 2001 (Normandeau
Associates, 2001 and 2002). In 2004 three rock baskets were deployed at each of two stations,

Station 2 (substation 227) and Station 3 (substation 031, Figure 4-1). Station 2, near the Vermont

shore is the most downstream sampling station and is approximately 10-12 ft deep with a substrate of

cobble, boulders, and mud. Station 3 is located near the New Hampshire shore, in an eddy bordered

by a swift-water riffle area approximately 10 feet deep with a sandy substrate.

Rock baskets used in 2004 and in previous surveys were made of one-inch square, 14-gauge

galvanized wire with a PVC coating. The cylindrical basket measured 6.5 inches in diameter and 11
inches in length. Each rock basket was filled with clean, cobble-sized rocks (2.5 in. to 4 in. diameter)

from the Connecticut River prior to sampling, and deployed at the sampling Station. The deployed

rock baskets were allowed to incubate in the river at each sampling station for a period of

approximately four weeks to allow benthic invertebrates to colonize them. The benthic

macroinvertebrates that colonized each sampler were then removed at the end of the incubation
period to constitute the rock basket sample. Retrieval of the rock basket samples in the field was
initiated when each sampler was placed into an individual 5-gallon bucket. The rocks were

individually examined for attached organisms, which were removed and washed onto a number 30

sieve (600pum mesh openings). The contents of each sample were preserved in 70% ethanol in a

sample container that was labeled with date, time, Station, and sample number, and taken to the

laboratory for later processing.

The NPDES permit for Vermont Yankee requires rock baskets (cage samplers) to be deployed in

June, August, and October of each year at Stations 2 and 3. Rock baskets were deployed at Stations 2

and 3 on 17 June, 23 July, 11 August and 7 October 2004, and retrieved on 22 July, 31 August, 16

September, and 11 November, respectively. An extra deployment of rock baskets on 23 July 2004

was performed because all three rock baskets at Station 2 were found to be missing when the field

crew arrived on 22 July to retrieve the samplers that had been previously deployed at the start of the

incubation period on 17 June 2004. A replacement set of three rock baskets was deployed at Station 2

for an incubation period from 23 July through 31 August 2004. To insure temporal comparability

between Station 2 and Station 3, a set of rock baskets was also redeployed at Station 3 on 23 July and

allowed to incubate through 31 August 2004. As a result of this redeployment on 23 July, a two-week

temporal overlap of incubation periods occurred between the July and August sets of rock basket

samples at Stations 2 and 3 (overlap was from 11 August to 31 August). The two remaining sampling

periods were successfully collected at Stations 2 and 3, with the August 2004 rock basket deployment

represented by an incubation period of 11 August to 16 September, and the October 2004 rock basket

deployment represented by an incubation period of 7 October to 11 November. A total of 21 rock

basket samples were collected in 2004. This included three replicate samples from each station

collected in July, August, and October, and one set of three replicate samples from Station 3 collected

in June 2004.

In the laboratory, the contents of each macroinvertebrate rock basket sample were examined in their

entirety under low magnification (2x) to separate and sort the organisms from sediment and detritus.
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Identification of organisms to the lowest possible taxonomic level, given their life stage and
condition, was completed using dissecting (45x) and compound (1,000x) microscopes. Chironomids
and oligochaetes were separated by subfamily, tribe, or recognizable type prior to identification to the
genus/species level. All or representative subsamples from each grouping were prepared by clearing
and mounting, and then identified with a compound microscope. Where subsampled, the number of
specimens identified to genus/species was used to apportion the remaining individuals from each
group into specific taxa. In instances where chironomid or oligochaete specimens could be identified
to genus or species without the aid of a compound microscope, no preparation was necessary.
Taxonomic keys used to identify all specimens in addition to chironomids and oligochaetes, were:
Burks (1953), Hitchcock (1974), Burch (1975), McCafferty (1975), Brown (1976), Simpson and
Bode (1980), Wiederholm (1983), Klemm (1985), Roback (1985), Brinkhurst (1986), Peckarsky
(1990), Jokinen (1992), Merritt and Cummins (1996), Wiggins (1996).

Four rock basket samples were inadvertently misplaced and lost at Normandeau's laboratory between
the time they were collected and prior to processing and examination of content. The missing four
samples, identified as missing on 1 February 2005, were replicates 1, 2, and 3 from Station 2 and
replicate 2 from Station 3 all collected on 11 November 2004 and representing the incubation period
from 7 October through 11 November 2004.

4.2 RESULTS

A total of 1,595 macroinvertebrates were collected, identified and enumerated among the four
sampling periods in 2004 (Table 4-1). A total of 555 benthic macroinvertebrates were collected from
rock baskets deployed at Station 2, and 1040 benthic macroinvertebrates were collected from rock
baskets deployed at Station 3 during 2004 (Table 4-1). A majority of the total consisted of true flies
(Diptera, 33.5%), caddis flies (Trichoptera, 25.6%), and mayflies (Ephemeroptera, 23.1%, Table 4-1).

At Station 2, 394 macroinvertebrates were collected in July and 161 macroinvertebrates were
collected in August (Table 4-2). No macroinvertebrates were captured at Station 2 for the 17 June to
22 July sampling period due to the samplers being lost. Similarly, no macroinvertebrates were
identified from Station 2 for the 7 October to 11 November sample due to a laboratory error described
above

At Station 3, 352 macroinvertebrates were collected in June, 531 in July, 109 in August, and 48 in
October 2004 (Table 4-3). The majority of the collection consisted of the taxonomic groups Diptera
(64.5%), Ephemeroptera (16.2%) and Oligochaeta (9.4%, Table 4-3).

The greatest number of benthic macroinvertebrates collected during a sampling period occurred in
August 2004 (22 July to 31 August) at both stations. At Station 3, 531 macroinvertebrates were
collected in August and consisted primary of Diptera (36.2%), Trichoptera (32.6%) and
Ephemeroptera (17.0%, Table 4-3). Three hundred and ninety four macroinvertebrates were collected
at Station 2 during the August sample, and included Ephemeroptera (32.7%), Trichoptera (27.9%)
and Mollusca (21.1%, Table 4-2).

Between 11 August and 16 September, 161 and 109 macroinvertebrates were collected at Stations 2
and 3, respectively. Ephemeroptera (32.3%), Trichoptera (41.0%), and Mollusca (14.3%) constituted
87.6% of the organisms collected at Station 2 (Table 4-2). Ephemeropterans (33.9%), Trichopterans
(27.5%) and Dipterans (26.6%) comprised 88.0% of the sample collected at Station 3 (Table 4-3).
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The sampling period between 7 October and II November produced the lowest count of

macroinvertebrates at Station 3 (N=48), with Dipterans representing 52.1% of the sample. However,

only two replicate samples are included in this count, due to the loss of the third replicate at the

laboratory. Macroinvertebrate data are not available from Station 2 for the October 2004 incubation

period, due to the loss of samples in the laboratory.

4.3 CONCLUSION

The macroinvertebrate communities found at both Stations 2 and 3 during 2004 reflect what would be

expected from their location in the mainstem of the Connecticut River watershed (Vanote 1980). This

community was dominated by Dipterans and Trichopterans whose primary mode of foraging is the

collection and filtering of particulate detritus. In addition, benthic periphyton consumers and an

assemblage of dominant predatory taxa accompany these taxa. While differences in community

composition exist between these two stations, a number of environmental dissimilarities exist such as

substrate size and mobility, and the character of organic matter, which may affect community

composition to some degree and help explain the observed differences.

The number and relative percent of macroinvertebrate taxonomic groups that have been collected in

rock baskets deployed at Stations 2 and 3 in June, August, and October of each year since 1996 are

presented in Table 4-4. Results from the 2004 macroinvertebrate monitoring program are similar to

and fall within the range of variability demonstrated in Table 4-4 for each major taxonomic grouping.

This trend is demonstrative and indicative of natural inter-annual and spatial variability of

macroinvertebrate populations at the locations sampled in the Connecticut River.
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Figure 4-1. NPDES macroinvertebrate rock basket sampling at Stations 227 and 031.
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Table 4-1. Total Number, Mean of Three Replicates, and Percentage of Total Macroinvertebrates Collected at Stations 3 and 2
during the combined sampling periods of June, July, August, and October 2004.

Station 3 NH Station 2 VT All

Tason C C C |

Turbellaria
Dugesia tigrina 41 3.7 3.9 1 0.2 0.2 42 2.5 2.6
Subtotal 41 3.7 3.9 1 0.2 0.2 42 2.5 2.6

Hoplonemertea
Prostoma graescense 3 0.3 0.3 0 0.0 0.0 3 0.2 0.2
Subtotal 3 0.3 0.3 0 0.0 0.0 3 0.2 0.2

Oligochaeta
Dero sp. 3 0.3 0.3 1 0.2 0.2 4 0.2 0.3
Limnodrilus sp. 3 0.3 0.3 0 0.0 0.0 3 0.2 0.2
Naididae 14 1.3 1.4 0 0.0 0.0 14 0.8 0.9
Nais sp. 4 0.4 0.4 3 0.5 0.5 7 0.4 0.4
Ripistes parasita 12 1.1 1.2 0 0.0 0.0 12 0.7 0.8
Stylaria fossularis 5 0.5 0.5 0 0.0 0.0 5 0.3 0.3
Tubificidae inim. w/o cap. chaetae 2 0.2 0.2 0 0.0 0.0 2 0.1 0.1
Subtotal 43 3.9 4.1 4 0.7 0.7 47 2.8 2.9

Mollusca
Amnicola limosa 0 0.0 0.0 1 0.2 0.2 1 0.1 0.1
Ferrissia rivularis 14 1.3 1.4 92 15.3 16.6 106 6.2 6.6
Helisoma sp. 3 0.3 0.3 0 0.0 0.0 3 0.2 0.2
Physa sp. I 0.1 0.1 13 2.2 2.3 14 0.8 0.9
Subtotal 18 1.6 1.7 106 17.7 19.1 124 7.3 7.8

Veneroida
Pisidium sp. 1 0.1 0.1 0 0.0 0.0 I 0.1 0.1
Subtotal 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1

Hydrachnidia
Hydrachnida 8 0.7 0.8 3 0.5 0.5 11 0.6 0.7
Subtotal 8 0.7 0.8 3 0.5 0.5 11 0.6 0.7

Isopoda
Caecidotea sp. 4 0.4 0.4 0 0.0 0.0 4 0.2 0.3
Subtotal 4 0.4 0.4 0 0.0 0.0 4 0.2 0.3

Amphipoda
Hyalella azteca 2 0.2 0.2 8 1.3 1.4 10 0.6 0.6
Subtotal 2 0.2 0.2 8 1.3 1.4 10 0.6 0.6

K3

0

R
a0

0i
C,

0

C,-

M

CD

0
(a

co
0

0)

co

:C
?3

0
a



(

Table 4-1. (Continued)
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Station 3 NH Station 2 VT All

Taxon e. ' 0 0

Decapoda

Crangonyx sp. 4 0.4 0.4 0 0.0 0.0 4 0.2 0.3
Orconectes rusticus I 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Subtotal 5 0.5 0.5 0 0.0 0.0 5 0.3 0.3

Ephemeroptera
Caenis sp. 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Heptagenia sp. 2 0.2 0.2 0 0.0 0.0 2 0.1 0.1
Leucrocuta sp. 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Stenacron interpunctatum 41 3.7 3.9 104 17.3 18.7 145 8.5 9.1
Stenacron sp. 83 7.5 8.0 45 7.5 8.1 128 7.5 8.0
Stenonema mediopunctatum 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Stenonema sp. 44 4.0 4.2 30 5.0 5.4 74 4.4 4.6
Stenonema terminatum 3 0.3 0.3 1 0.2 0.2 4 0.2 0.3
Tricorythodes sp. 11 1.0 1.1 1 0.2 0.2 12 0.7 0.8
Subtotal 187 17.0 18.0 181 30.2 32.6 368 21.6 23.1

Odonata
Argia sp. 0 0.0 0.0 2 0.3 0.4 2 0.1 0.1
Boyeria vinosa 0 0.0 0.0 5 0.8 0.9 5 0.3 0.3
Neurocordulia sp 2 0.2 0.2 5 0.8 0.9 7 0.4 0.4
Subtotal 2 0.2 0.2 12 2.0 2.2 14 0.8 0.9

Plecoptera

Acroneuria lycorias 4 0.4 0.4 0 0.0 0.0 4 0.2 0.3
Acroneuria sp. 4 0.4 0.4 0 0.0 0.0 4 0.2 0.3
Allocapnia sp. I 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Isoperla bilineata I 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Strophopteryx sp. I 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Subtotal 11 1.0 1.1 0 0.0 0.0 11 0.6 0.7
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Table 4-1. (Continued)

Station 3 NH Station 2 VT All

Taxon a c
Coleoptera

Ancyronyx variegata 0 0.0 0.0 1 0.2 0.2 1 0.1 0.1

Dubiraphia bivittata 0 0.0 0.0 1 0.2 0.2 1 0.1 0.1

Macronychus glabratus 0 0.0 0.0 1 0.2 0.2 1 0.1 0.1

Psephenus herricki 3 0.3 0.3 0 0.0 0.0 3 0.2 0.2

Subtotal 3 0.3 0.3 3 0.5 0.5 6 0.4 0.4
Trichoptera

Ceraclea sp. 9 0.8 0.9 0 0.0 0.0 9 0.5 0.6

Cheumatopsyche sp. 91 8.3 8.8 6 1.0 1.1 97 5.7 6.1

Glossosoma sp. 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1

Hydropsyche phalerata 8 0.7 0.8 2 0.3 0.4 10 0.6 0.6

Hydroptila sp. 3 0.3 0.3 0 0.0 0.0 3 0.2 0.2
Hydroptilidae 0 0.0 0.0 1 0.2 0.2 1 0.1 0.1

Leucotrichia pictipes 0 0.0 0.0 1 0.2 0.2 1 0.1 0.1

Limnephilidae 0 0.0 0.0 1 0.2 0.2 1 0.1 0.1

Macrostemum sp. 4 0.4 0.4 0 0.0 0.0 4 0.2 0.3

Mystacides sepulchralis 0 0.0 0.0 1 0.2 0.2 1 0.1 0.1

Mystacides sp. 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1

Nectopsyche sp. 5 0.5 0.5 0 0.0 0.0 5 0.3 0.3

Neureclipsis sp. 31 2.8 3.0 122 20.3 22.0 153 9.0 9.6

Oecetis sp. 57 5.2 5.5 24 4.0 4.3 81 4.8 5.1

Orthotrichia sp. 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1

Polycentropus sp. 21 1.9 2.0 17 2.8 3.1 38 2.2 2.4

Rhyacophila sp. 0 0.0 0.0 1 0.2 0.2 1 0.1 0.1

Subtotal 232 21.1 22.3 176 29.3 31.7 408 24.0 25.6
Diptera

Ablabesmyia mallochi 1 0.1 0.1 1 0.2 0.2 2 0.1 0.1

Ablabesmyia sp. 3 0.3 0.3 0 0.0 0.0 3 0.2 0.2

Chironomini 0 0.0 0.0 2 0.3 0.4 2 0.1 0.1

Clinocera sp. 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1

Cricotopus bicinctus 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1

Cricotopus sp. 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1
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Table 4-1. (Continued)
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Station 3 NH Station 2 VT All

a s... -; a

Taxon _ c '_-___e_'_-_
Diptera (Continued)

Dicrotendipes sp. 63 5.7 6.1 10 1.7 1.8 73 4.3 4.6
Microtendipes pedellus gp. 0 0.0 0.0 2 0.3 0.4 2 0.1 0.1
Microtendipes rydalensis gr. 0 0.0 0.0 1 0.2 0.2 1 0.1 0.1
Microtendipes sp. 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Nanocladius alternantherae 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Nanocladius sp. 2 0.2 0.2 0 0.0 0.0 2 0.1 0.1
Orthocladiinae 19 1.7 1.8 2 0.3 0.4 21 1.2 1.3
Orthocladius sp. 54 4.9 5.2 5 0.8 0.9 59 3.5 3.7
Paratanytarsus dissimilis 0 0.0 0.0 9 1.5 1.6 9 0.5 0.6
Paratanytarsus sp. 13 1.2 1.3 0 0.0 0.0 13 0.8 0.8
Paratendipes sp. 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Polypedilum flavum 7 0.6 0.7 0 0.0 0.0 7 0.4 0.4
Polypedilum sp. 1 0.1 0.1 5 0.8 0.9 6 0.4 0.4
Polypedilum tritum 5 0.5 0.5 0 0.0 0.0 5 0.3 0.3
Psectrocladius sp. 9 0.8 0.9 1 0.2 0.2 10 0.6 0.6
Pseudochironomus sp. 0 0.0 0.0 1 0.2 0.2 1 0.1 0.1
Rheotanytarsus exiguus gr. 19 1.7 1.8 3 0.5 0.5 22 1.3 1.4
Rheotanytarsus sp. 201 18.3 19.3 5 0.8 0.9 206 12.1 12.9
Tanypodinae 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Tanytarsini 41 3.7 3.9 0 0.0 0.0 41 2.4 2.6
Tanytarsus sp. 14 1.3 1.4 12 2.0 2.2 26 1.5 1.6
Thienemanniella lobapodema 2 0.2 0.2 0 0.0 0.0 2 0.1 0.1
Thienemanmiella sp. 5 0.5 0.5 0 0.0 0.0 5 0.3 0.3
Thienemannimyia gr. 6 0.5 0.6 0 0.0 0.0 6 0.4 0.4
Tribelos sp. 0 0.0 0.0 2 0.3 0.4 2 0.1 0.1
Xenochironomus sp. 1 0.1 0.1 0 0.0 0.0 1 0.1 0.1
Subtotal 473 43.0 45.5 61 10.2 11.0 534 31.4 33.5

Empldoldea
Hemerodromia sp. 7 0.6 0.7 0 0.0 0.0 7 0.4 0.4
Subtotal 7 0.6 0.7 0 0.0 0.0 7 0.4 0.4

STATION TOTALS 1040 94.5 100.0 555 92.5 100.0 1595 93.8 100.0
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Table 4-2. Macroinvertebrates Collected at Station 2 During July and August of 2004.

0
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23 July -31 Aug | 1 Aug - 16 Sept All

Taxon a

Turbellaria
Dugesia tigrina 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Subtotal 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2

Oligochaeta
Dero sp. 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Nais sp. 3 1.0 0.8 0 0.0 0.0 3 0.5 0.5
Subtotal 4 1.3 1.0 0 0.0 0.0 4 0.7 0.7

Mollusca
Amnicola limosa 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Ferrissia rivularis 70 23.3 17.8 22 7.3 13.7 92 15.3 16.6
Physa sp. 12 4.0 3.1 1 0.3 0.6 13 2.2 2.3
Subtotal 83 27.7 21.1 23 7.7 14.3 106 17.7 19.1

Hydrachnidia
Hydrachnida 3 1.0 0.8 0 0.0 0.0 3 0.5 0.5
Subtotal 3 1.0 0.8 0 0.0 0.0 3 0.5 0.5

Amphipoda
Hyalella azteca 2 0.7 0.5 6 2.0 3.7 8 1.3 1.4
Subtotal 2 0.7 0.5 6 2.0 3.7 8 1.3 1.4

Ephemeroptera
Stenacron interpunctatum 76 25.3 19.3 28 9.3 17.4 104 17.3 18.7
Stenacron sp. 30 10.0 7.6 15 5.0 9.3 45 7.5 8.1
Stenonema sp. 21 7.0 5.3 9 3.0 5.6 30 5.0 5.4
Stenonema terminatum 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Tricorythodes sp. 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Subtotal 129 43.0 32.7 52 17.3 32.3 181 30.2 32.6

Odonata
Argia sp. 1 0.3 0.3 1 0.3 0.6 2 0.3 0.4
Boyeria vinosa 5 1.7 1.3 0 0.0 0.0 5 0.8 0.9
Neurocordulia sp 2 0.7 0.5 3 1.0 1.9 5 0.8 0.9
Subtotal 8 2.7 2.0 4 1.3 2.5 12 2.0 2.2
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Table 4-2. (Continued)

23 July -31 Aug 11 Aug - 16 Sept All

Taxon U -21
Coleoptera

Ancyronyx variegata 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Dubiraphia bivittata 0 0.0 0.0 1 0.3 0.6 1 0.2 0.2
Macronychus glabratus 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Subtotal 2 0.7 0.5 1 0.3 0.6 3 0.5 0.5

Trichoptera
Cheumatopsyche sp. 2 0.7 0.5 4 1.3 2.5 6 1.0 1.1
Hydropsyche phalerata 0 0.0 0.0 2 0.7 1.2 2 0.3 0.4
Hydroptilidae 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Leucotrichia pictipes 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Limnnephilidae 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Mystacides sepulchralis 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Neureclipsis Sp. 73 24.3 18.5 49 16.3 30.4 122 20.3 22.0
Oecefis sp. 20 6.7 5.1 4 1.3 2.5 24 4.0 4.3
Polycentropus Sp. 10 3.3 2.5 7 2.3 4.4 17 2.8 3.1
Rhyacophila sp. 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2
Subtotal 110 36.7 27.9 66 22.0 41.0 176 29.3 31.7
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Table 4-2. (Continued)
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23 July -31 Aug 11 Aug - 16 Sept All

Taxon U _ U. U 2

Diptera
Ablabesmyia mallochi 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2

Chironornini 2 0.7 0.5 0 0.0 0.0 2 0.3 0.4

Dicrotendipes sp. 10 3.3 2.5 0 0.0 0.0 10 1.7 1.8

Mirtn ipe dl~lu gp 0.0 0.0 2 0.7 1.2 2 0.3 0.4

Microtendipes rydalensis gr. 0 0.0 0.0 1 0.3 0.6 1 0.2 0.2

Orthocladiinae 2 0.7 0.5 0 0.0 0.0 2 0.3 0.4

_Orthocladius sp. 5 1.7 1.3 0 0.0 0.0 5 0.8 0.9

Paratanytarsus dissimilis 9 3.0 2.3 0 0.0 0.0 9 1.5 1.6

Polypedilum sp. 4 1.3 1.0 1 0.3 0.6 5 0.8 0.9

Psectrocladius sp. 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2

Pseudochironomus sp. 1 0.3 0.3 0 0.0 0.0 1 0.2 0.2

Rheotanytarsus exiguus gr. 3 1.0 0.8 0 0.0 0.0 3 0.5 0.5

Rheotanytarsus sp. 1 0.3 0.3 4 1.3 2.5 5 0.8 0.9

Tanytarsus sp. I11 3.7 2.8 1 0.3 0.6 12 2.0 2.2

Tribelos sp. 2 0.7 0.5 0 0.0 0.0 2 0.3 0.4

Subtotal 52 17.3 13.2 9 3.0 5.6 61 10.2 11.0

MONTH TOTALS 394 131.3 100.0 161 53.7 100.0 555 92.5 100.0
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Table 4-3. Macroinvertebrates Collected at Station 3 During June, July, August, and October 2004.

17 June - 22 July 23 July - 31 Aug 11 Aug -16 Sept 7 Oct -11 Nov All

Taxon ' U 6 , , 6 f e
Turbellaria

Dugesia tigrina 0 0.0 0.0 38 12.7 7.2 3 1.0 2.8 0 0.0 0.0 41 3.7 3.9
Subtotal 0 0.0 0.0 38 12.7 7.2 3 1.0 2.8 0 0.0 0.0 41 3.7 3.9

Hoplonemertes
Prostoma graescense 0 0.0 0.0 3 1.0 0.6 0 0.0 0.0 0 0.0 0.0 3 0.3 0.3
Subtotal 0 0.0 0.0 3 1.0 0.6 0 0.0 0.0 0 0.0 0.0 3 0.3 0.3

Oligochaeta
Dero sp. 3 1.0 0.9 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 3 0.3 0.3
Limnodrilus sp. 0 0.0 0.0 0 0.0 0.0 1 0.3 0.9 2 1.0 4.2 3 0.3 0.3
Naididae 11 3.7 3.1 1 0.3 0.2 1 0.3 0.9 1 0.5 2.1 14 1.3 1.3
Nais sp. 4 1.3 1.1 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 4 0.4 0.4
Ripistesparasita 10 3.3 2.8 1 0.3 0.2 0 0.0 0.0 1 0.5 2.1 12 1.1 1.2
Stylaria fossularis 5 1.7 1.4 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 5 0.5 0.5
Tubificidae imm. w/o cap. chaetac 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 2 1.0 4.2 2 0.2 0.2
Subtotal 33 11.0 9.4 2 0.7 0.4 2 0.7 1.8 6 3.0 12.5 43 3.9 4.1

Mollusca
Ferrissia rivularis 1 0.3 0.3 9 3.0 1.7 2 0.7 1.8 2 1.0 4.2 14 1.3 1.3
Helisoma sp. 0 0.0 0.0 2 0.7 0.4 1 0.3 0.9 0 0.0 0.0 3 0.3 0.3
Physa sp. 0 0.0 0.0 1 0.3 0.2 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1
Subtotal 1 0.3 0.3 12 4.0 2.3 3 1.0 2.8 2 1.0 4.2 18 1.6 1.7

Veneroida
Pisidium sp. 0 0.0 0.0 0 0.0 0.0 1 0.3 0.9 0 0.0 0.0 1 0.1 0.1
Subtotal 0 0.0 0.0 0 0.0 0.0 1 0.3 0.9 0 0.0 0.0 1 0.1 0.1

Hydrachnidia
Hydrachnida 4 1.3 1.1 3 1.0 0.6 0 0.0 0.0 1 0.5 2.1 8 0.7 0.8
Subtotal 4 1.3 1.1 3 1.0 0.6 0 0.0 0.0 1 0.5 2.1 8 0.7 0.8

Isopoda
Caecidotea sp. 0 0.0 0.0 3 1.0 0.6 0 0.0 0.0 1 0.5 2.1 4 0.4 0.4
Subtotal 0 0.0 0.0 3 1.0 0.6 0 0.0 0.0 1 0.5 2.1 4 0.4 0.4

Amphipoda
Hyalella azteca 1 0.3 0.3 1 0.3 0.2 0 0.0 0.0 0 0.0 0.0 2 0.2 0.2
Subtotal 1 0.3 0.3 1 0.3 0.2 0 0.0 0.0 0 0.0 0.0 2 0.2 0.2

Decapoda
Crangonyx sp. 0 0.0 0.0 1 0.3 0.2 0 0.0 0.0 3 1.5 6.3 4 0.4 0.4
Orconectes rusticus 0 0.0 0.0 1 0.3 0.2 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1
Subtotal 0 0.0 0.0 2 0.7 0.4 0 0.0 0.0 3 1.5 6.3 5 0.5 0.5

M-1

i

z
X-
m
M

fa

DA
C
0.

imp
0

c1

w
&I

2

0C:

en
0,

Ip



z

0

0

(Ja

;D

If

sw

a01

U)
(A

01
O

V

Table 4-3. (Continued)

17 June - 22 July 23 July - 31 Aug 11 Aug - 16 Sept 7 Oct - 11 Nov All

a a O c e e e

Taxon U

Ephemeroptera
Caenis sp. 1 0.3 0.3 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1

Heptagenia sp. 2 0.7 0.6 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 2 0.2 0.2

Leucrocuta sp. 1 0.3 0.3 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1

Stenacron interpunctatum 10 3.3 2.8 15 5.0 2.8 16 5.3 14.7 0 0.0 0.0 41 3.7 3.9

Stenacron sp. 26 8.7 7.4 45 15.0 8.5 12 4.0 11.0 0 0.0 0.0 83 7.5 8.0

Stenonema mediopunctatum 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.5 2.1 1 0.1 0.1

Stenonema sp. 14 4.7 4.0 22 7.3 4.1 8 2.7 7.3 0 0.0 0.0 44 4.0 4.2

Stenonema terminatum 1 0.3 0.3 0 0.0 0.0 0 0.0 0.0 2 1.0 4.2 3 0.3 0.3

Tricorythodes sp. 2 0.7 0.6 8 2.7 1.5 1 0.3 0.9 0 0.0 0.0 11 1.0 1.1

Subtotal 57 19.0 16.2 90 30.0 17.0 37 12.3 33.9 3 1.5 6.3 187 17.0 18.0

Odonata
Neurocordulia sp 0 0.0 0.0 0 0.0 0.0 2 0.7 1.8 0 0.0 0.0 2 0.2 0.2

Subtotal 0 0.0 0.0 0 0.0 0.0 2 0.7 1.8 0 0.0 0.0 2 0.2 0.2

Plecoptera

Acroneuria lycorias 0 0.0 0.0 4 1.3 0.8 0 0.0 0.0 0 0.0 0.0 4 0.4 0.4

Acroneuria sp. 3 1.0 0.9 0 0.0 0.0 1 0.3 0.9 0 0.0 0.0 4 0.4 0.4

Allocapnia sp. 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.5 2.1 1 0.1 0.1

Isoperla bilineata 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.5 2.1 1 0.1 0.1

Strophopteryx sp. 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.5 2.1 1 0.1 0.1

Subtotal 3 1.0 0.9 4 1.3 0.8 1 0.3 0.9 3 1.5 6.3 11 1.0 1.1

Coleoptera
Psephenus herricki 0 0.0 0.0 3 1.0 0.6 0 0.0 0.0 0 0.0 0.0 3 0.3 0.3

Subtotal 0 0.0 0.0 3 1.0 0.6 0 0.0 0.0 0 0.0 0.0 3 0.3 0.3

Trichoptera
Ceraclea sp. 0 0.0 0.0 9 3.0 1.7 0 0.0 0.0 0 0.0 0.0 9 0.8 0.9

Cheumatopsyche sp. 14 4.7 4.0 67 22.3 12.6 8 2.7 7.3 2 1.0 4.2 91 8.3 8.8

Glossosoma sp. 0 0.0 0.0 1 0.3 0.2 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1

Hydropsyche phalerata 0 0.0 0.0 6 2.0 1.1 1 0.3 0.9 1 0.5 2.1 8 0.7 0.8

Hydroptila sp. 0 0.0 0.0 3 1.0 0.6 0 0.0 0.0 0 0.0 0.0 3 0.3 0.3

Macrostemum sp. 3 1.0 0.9 0 0.0 0.0 1 0.3 0.9 0 0.0 0.0 4 0.4 0.4

Mystacides sp. 0 0.0 0.0 1 0.3 0.2 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1

Nectopsyche sp. 0 0.0 0.0 2 0.7 0.4 3 1.0 2.8 0 0.0 0.0 5 0.5 0.5

Neureclipsis sp. 3 1.0 0.9 22 7.3 4.1 5 1.7 4.6 1 0.5 2.1 31 2.8 3.0

Oecetis sp. 2 0.7 0.6 48 16.0 9.0 7 2.3 6.4 0 0.0 0.0 57 5.2 5.5
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Table 4-3. (Continued)

17 June - 22 July 23 July - 31 Aug II Aug - 16 Sept 7 Oct - I INov All

Taxon c o c
Trichoptera (Continued) _
Orthotrichia sp. 1 0.3 0.3 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1
Polycentropus sp. 2 0.7 0.6 14 4.7 2.6 5 1.7 4.6 0 0.0 0.0 21 1.9 2.0
Subtotal 25 8.3 7.1 173 57.7 32.6 30 10.0 27.5 4 2.0 8.3 232 21.1 22.3

Diptera
Ablabesmyia mallochi 0 0.0 0.0 1 0.3 0.2 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1
Ablabesmyia sp. 0 0.0 0.0 3 1.0 0.6 0 0.0 0.0 0 0.0 0.0 3 0.3 0.3
Clinocera sp. 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.5 2.1 1 0.1 0.1
Cricotopus bicinctus 0 0.0 0.0 0 0.0 0.0 1 0.3 0.9 0 0.0 0.0 1 0.1 0.1
Cricotopus sp. 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.5 2.1 1 0.1 0.1
Dicrotendipes sp. 3 1.0 0.9 59 19.7 11.1 1 0.3 0.9 0 0.0 0.0 63 5.7 6.1
Microtendipes sp. 1 0.3 0.3 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1
Nanocladius altemantherae 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.5 2.1 1 0.1 0.1
Nanocladius sp. 1 0.3 0.3 1 0.3 0.2 0 0.0 0.0 0 0.0 0.0 2 0.2 0.2
Orthocladiinae 19 6.3 5.4 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 19 1.7 1.8
Orthocladius sp. 9 3.0 2.6 41 13.7 7.7 1 0.3 0.9 3 1.5 6.3 54 4.9 5.2
Paratanytarsus sp. 0 0.0 0.0 2 0.7 0.4 0 0.0 0.0 I1 5.5 22.9 13 1.2 1.3
Paratendipes sp. 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.5 2.1 1 0.1 0.1
Polypedilum flavum 7 2.3 2.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 7 0.6 0.7
Polypedilum SD. 0 0.0 0.0 1 0.3 0.2 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1
Polypedilum tritum 5 1.7 1.4 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 5 0.5 0.5
Psectrocladius sp. 0 0.0 0.0 9 3.0 1.7 0 0.0 0.0 0 0.0 0.0 9 0.8 0.9
Rheotanvtarsus exiguus gr. 6 2.0 1.7 9 3.0 1.7 0 0.0 0.0 4 2.0 8.3 19 1.7 1.8
Rheotanytarsus sp. 128 42.7 36.4 48 16.0 9.0 25 8.3 22.9 0 0.0 0.0 201 18.3 19.3
Tanypodinae 0 0.0 0.0 1 0.3 0.2 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1
Tanytarsini 40 13.3 11.4 0 0.0 0.0 0 0.0 0.0 1 0.5 2.1 41 3.7 3.9
Tanytarsus sp. 0 0.0 0.0 14 4.7 2.6 0 0.0 0.0 0 0.0 0.0 14 1.3 1.3
Thienemanniella lobapodema 0 0.0 0.0 0 0.0 0.0 1 0.3 0.9 1 0.5 2.1 2 0.2 0.2
Thienernanniella sp. 3 1.0 0.9 2 0.7 0.4 0 0.0 0.0 0 0.0 0.0 5 0.5 0.5
Thienemannimy*a gr. 5 1.7 1.4 0 0.0 0.0 0 0.0 0.0 1 0.5 2.1 6 0.5 0.6
Xenochironomus sp. 0 0.0 0.0 1 0.3 0.2 0 0.0 0.0 0 0.0 0.0 1 0.1 0.1
Subtotal 227 75.7 64.5 192 64.0 36.2 29 9.7 26.6 25 12.5 52.1 473 43.0 45.5

Empidoidea II
Hemerodromia sp. 1 0.3 0.3 5 1.7 0.9 1 0.3 0.9 0 0.0 0.0 7 0.6 0.7
Subtotal 1 0.3 0.3 5 1.7 0.9 1 0.3 0.9 0 0.0 0.0 7 0.6 0.7
MONTHLY TOTALS 352 117.3 100.0 531 177.0 100.0 109 36.3 100.0 48 24.0 100.0 1040 94.5 100.0
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Table 4-4. Total Number and Percent of Macroinvertebrates Collected at Stations 2 and 3

from 1996 through 2004.

Station and Taxonomic 1 1991 1992 1993 | 1994 1995 [ 1996

Group | N % N %]N % N % N %[N%

Downstream Station 2
Crustacea 20 4.8 28 5.1 107 10.7 38 3.4 58 9.0 20 14.9

Diptera 111 26.5 132 23.9 296 29.6 307 27.7 191 29.7 10 7.5

Ephemeroptera 24 5.7 67 12.1 69 6.9 207 18.7 67 10.4 50 37.3

Gastropoda 18 4.3 26 4.7 30 3.0 18 1.6 6 0.9 2 1.5

Oligochaeta 5 1.2 51 9.2 13 1.3 25 2.3 10 1.6 4 3.0

Other 43 10.3 29 5.3 20 2.0 74 6.7 52 8.1 14 10.4

Pelecypoda 7 1.7 142 25.7 5 0.5 1 0.1 1 0.2 2 1.5

Trichoptera 130 31.0 58 10.5 185 18.5 437 39.5 221 34.4 32 23.9

Turbellaria 61 14.6 19 3.4 274 27.4 0 0.0 37 5.8 0 0.0

Total 419 100 552 100 999 100 1107 100 643 100 134 100

Downstream Station 3
Crustacea 1 1.0 94 10.9 41 11.0 30 4.4 19 4.4 136 13.6

Diptera 25 25.8 91 10.6 65 17.4 271 39.9 161 37.2 160 16.0

Ephemeroptera 9 9.3 59 6.8 69 18.5 25 3.7 59 13.6 18 1.8

Gastropoda 7 7.2 18 2.1 45 12.1 74 10.9 3 0.7 6 0.6

Oligochaeta 0 0.0 16 1.9 0 0.0 0 0.0 3 0.7 356 35.5

Other 11 11.3 412 47.8 90 24.1 170 25.0 147 33.9 54 5.4

Pelecypoda 0 0.0 0 0.0 0 0.0 4 0.6 0 0.0 0 0.0

Trichoptera 8 8.2 76 8.8 63 16.9 98 14.4 39 9.0 272 27.1

Turbellaria 36 37.1 96 11.1 0 0.0 8 1.2 2 0.5 0 0.0

Total 97 100 862 100 373 100.0 680 100 433 100 1002 100
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Table 4-4. (Continued)

Station and Taxonomic 1997 _ _1998 1999 [ 2000 20011 2002
Group N % N % N % N % |N % N %

Downstream Station 2
Crustacea 2 4.0 12 4.7 114 44.5 2 2.4 101 17.7 47 6.0
Diptera 6 12.0 80 31.5 10 3.9 56 66.7 137 24.0 144 18.4
Ephemeroptera 2 4.0 28 11.0 44 17.2 0 0.0 144 25.2 232 29.7
Gastropoda 26 52.0 22 8.7 40 15.6 0 0.0 57 10.0 112 14.3
Oligochaeta 0 0.0 14 5.5 4 1.6 10 11.9 11 1.9 7 0.9
Other 2 4.0 16 6.3 22 8.6 0 0.0 22 3.9 36 4.6
Pelecypoda 0 0.0 0 0.0 4 1.6 4 4.8 0 0.0 0 0.0
Triclioptera 12 24.0 82 32.3 18 7.0 12 14.3 93 16.3 197 25.2
Turbellaria 0 0.0 0 0.0 0 0.0 0 0.0 6 1.1 6 0.8
Total 50 100 254 100 256 100 84 100 571 100 781 100

Downstream Station 3
Crustacea 0 0.0 6 2.5 24 27.3 84 80.8 47 0.5 11 0.3
Diptera 10 4.5 68 28.8 16 18.2 4 3.8 484 5.3 1050 30.7
Ephemeroptera 0 0.0 20 8.5 24 27.3 10 9.6 401 4.4 452 13.2
Gastropoda 10 4.5 4 1.7 4 4.5 6 5.8 72 0.8 13 0.4
Oligochaeta 2 0.9 4 1.7 0 0.0 0 0.0 19 0.2 2 0.1
Other 194 88.2 14 5.9 18 20.5 0 0.0 54 0.6 81 2.4
Pelecypoda 0 0.0 2 0.8 0 0.0 0 0.0 6 0.1 0 0.0
Trichoptera 4 1.8 118 50.0 2 2.3 0 0.0 7114 77.5 1722 50.4
Turbellaria 0 0.0 0 0.0 0 0.0 0 0.0 984 10.7 86 2.5
Total 220 100 236 100 88 100 104 100 9181 100 3417 100
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Table 4-4. (Continued)

Station and Taxonomic 2003 2004 All
Group |N % N %j N %

Downstream Station 2
Crustacea 92 5.0 8 1.4 649 7.9
Diptera 540 29.6 61 11.0 2081 25.3
Ephemeroptera 311 17.1 181 32.6 1426 17.3
Gastropoda 172 9.4 106 19.1 635 7.7
Oligochaeta 13 0.7 4 0.7 171 2.1
Other 69 3.8 20 3.6 419 5.1
Pelecypoda 0 0.0 0 0.0 166 2.0
Trichoptera 621 34.1 174 31.4 2272 27.6
Turbellaria 5 0.3 1 0.2 409 5.0
Total 1823 100 555 100 8228 100

Downstream Station 3
Crustacea 61 17.5 11 1.1 565 3.1
Diptera 72 20.7 473 45.5 2950 16.3
Ephemeroptera 40 11.5 187 18.0 1373 7.6
Gastropoda 2 0.6 18 1.7 282 1.6
Oligochaeta 8 2.3 43 4.1 453 2.5
Other 19 5.5 42 4.0 1306 7.2
Pelecypoda 3 0.9 1 0.1 16 0.1
Trichoptera 139 39.9 224 21.5 9879 54.6
Turbellaria 4 1.1 41 3.9 1257 7.0
Total 348 100 1040 100 18081 100
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5.0 FISH COLLECTIONS

General fish collections were made monthly in May, June, September, and October, 2004 via
electrofishing at the eight primary stations specified in the NPDES permit (Table 1-1 "general
electrofishing," Figure 5-1). Larval fish were collected weekly from 6 May through 15 July 2004 in
the vicinity of the Vermont Yankee circulating water intake structure. Fish impinged on the
circulating water traveling screens were collected weekly from 29 March through 15 June and again
from 27 July through 26 October 2004. An unscheduled plant outage due to a transformer fire
occurred between 16 June and 5 July 2004 (Section 2.3), which prevented the collection of
impingement samples during this period because the intake pumps were not operated. Anadromous
fish collections were conducted twice a month from July through October 2004 at the three primary
stations specified in the NPDES permit (Table 1-1 "anadromous electrofishing," Figure 5-1). All fish
samples were successfully collected as specified in the NPDES permit.

5.1 METHODS OF COLLECTION AND PROCESSING

5.1.1 Electrofishing - General

General electrofishing was performed with a boat-mounted Coffelt Electronics Model VVP-1 5
electroshocker. All general electrofishing samples were collected in the evening beginning
approximately 0.5 hour after sunset. General electrofishing was conducted monthly in May, June,
September, and October 2004 at the following eight primary stations: Rum Point (substation 102),
Station 5 (substations 051 and 052), Station 4 (substations 416 and 426), N.H. Setback (substation
091), 0.1 mile south of the Vernon Dam (substation 724), Station 3 (substation 032), Stebbin Island
(substation 614) and Station 2 (substation 217) (Table 1-1, Figure 5-1). All fish collected by general
electrofishing were identified to species, weighed to the nearest gram (wet weight), and measured to
the nearest millimeter (total length).

5.1.2 Electrofishing - Anadromous Fish

Anadromous fish electrofishing was performed with a boat-mounted Coffelt Electronics Model VVP-
15 electroshocker, the same boat and equipment used for general electrofishing (Section 5.1.1 above).
All anadromous fish electrofishing samples were collected in the evening beginning approximately
0.5 hour after sunset. Fish other than clupeids were not processed if collected during the anadromous
fish electrofishing runs. Anadromous fish electrofishing collections were conducted twice a month
during July through October 2004 at the following three primary stations downstream of Vernon
Dam: 0.1 mile south of Vernon Dam (substation 725), Station 3 (substation 031), and Stebbin Island
(substations 615, 613, 614, and 624) (Table 1-1, Figure 5-1). Collected juvenile American shad were
weighed to the nearest gram (wet weight), measured to the nearest millimeter (total length), and
released alive after processing.

5.1.3 Impingement

Weekly and 24-hour spring and fall impingement samples were collected on Monday and Tuesday of
each week from 29 March through 15 June and 27 July through 26 October 2004. Weekly samples
(i.e., Monday collections) were produced from back-washing the traveling screens into the collection
bin and represented the collection of fish impinged during the previous six days (i.e., Tuesday to
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Monday). The debris from the collection bin was examined for Atlantic salmon and American shad
only as specified in Vermont Yankee's NPDES Permit. The screens were again back-washed
approximately 24 hours later (i.e., Tuesday collections) and all fish collected in this 24-hour sample
were identified to species, weighed to the nearest gram (wet weight), and measured to total length
(mm) as specified in Vermont Yankee's NPDES permit. The 2004 Atlantic salmon and American
shad impingement limits were calculated as 252 and 1005, respectively, using the formula specified
in Vermont Yankee's NPDES Permit.

5.1.4 Larval Fish

The NPDES Permit requires larval fish sampling to be conducted on a weekly basis from May to July
15, when Vermont Yankee is operating the cooling water system in an open or hybrid cycle. During
2004, larval fish samples were collected between 6 May and 15 July in the vicinity of the Vermont
Yankee circulating water intake structure (Figure 5-1).

A 50-cm diameter, 363-pm nitex nylon plankton net was towed behind the boat, at surface
(approximately 0.3 in), mid (approximately 1.8 in), and near bottom (approximately 3.7 in) depths. A

flume-calibrated, General Oceanics Inc. Model 2030R mechanical flow meter was mounted in the net
mouth and used to measure the volume of water filtered in each tow.

The contents of each ichthyoplankton sample were washed into a collection cup fastened to the distal
end of the net. Each larval fish sample was rinsed from collection cup, labeled with sample number,
date, time, and location, preserved in 5% formalin, and then taken to the laboratory for sorting and
identification. In the laboratory, ichthyoplankton was separated from debris in each sample using an
8x to 80x variable magnification dissecting microscope. Larval fish and fish eggs were identified to
the lowest practical taxonomic level using the following published larval fish keys: Fish (1930),
Lippson and Moran (1974), Jones et al. (1978), and Auer (1982).

5.2 RESULTS

Twenty-one species of fish were collected during 2004, plus two unidentified fish (Table 5-1). The
total number of species and species composition were similar to past years (Aquatec 1993, 1995, and
Normandeau Associates 1997- 2003). All fish species collected were typical of the Connecticut River
drainage, and no federally listed threatened or endangered species were collected during 2004.

5.2.1 Fish - General Electrofishing

During 2004, a total of 40 electrofishing collections representing 6.7 hours of sampling effort were
completed among the eight general electrofishing Stations at ten substations (Figure 5-1, Table 5-2).
The total number of fish collected by general electrofishing was 627 (Table 5-3). The overall catch
per unit effort (CPUE) for the 40-electrofishing collections was 94.1 fish per hour (Table 5-2).

There were 463 fish weighing a total of 60,680 grams collected in the Connecticut River upstream
from Vernon Dam and 164 fish weighing a total of 19,530 grams collected downstream from Vernon
Dam during the 2004 general electrofishing survey (Table 5-3). Numerically, the most abundant fish
species upstream from Vernon Dam were yellow perch (194 fish) and bluegill (123 fish, Table 5-3).
Downstream from Vernon Dam, the numerically most abundant fish species were smallmouth bass
(48 fish) and rock bass (30 fish, Table 5-3). Common carp (14,500 g), largemouth bass (12,542 g),
and bluegill (12,300 g) accounted for the majority of the biomass of fishes collected by general
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electrofishing upstream from Vernon Dam (Table 5-3). Smallmouth bass (8,427 g), largemouth bass
(3,423 g), and white sucker (3,406 g) accounted for the majority of the biomass of fishes collected by
general electrofishing downstream from Vernon Dam (Table 5-3). No Atlantic salmon were collected
by general electrofishing either upstream or downstream from Vernon Dam during 2004 (Table 5-3).
No American shad were collected upstream from Vernon Dam, and 19 American shad were caught
downstream of Vernon Dam during the 2004 general electrofishing collections (Table 5-3).

Based on catch per unit of effort (catch per hour), which standardizes for differences in the number of
general electrofishing samples and effort between upstream and downstream locations, yellow perch
(48.5 fish/hour), bluegill (30.8 fish/hour), and pumpkinseed (12.0 fish/hour) were numerically the
most abundant fishes upstream from Vernon Dam (Table 5-4). Based on grams of fish caught per
hour, common carp (3,625 grams/hour), largemouth bass (3,135 grams/hour), and bluegill (3,075
grams/hour) accounted for the majority of the biomass of fishes collected by general electrofishing
upstream from Vernon Dam (Table 54). Downstream from Vernon Dam, smallmouth bass (18.0
fish/hour), rock bass (11.3 fish/hour), and spottail shiner (9.8 fish/hour) were numerically the most
abundant fishes caught by general electrofishing, while smallmouth bass (3,160 grams/hour),
largemouth bass (1,284 g/hour), and white sucker (1,277 g/hour) accounted for the majority of the
biomass of fishes (Table 5-4).

5.2.2 Fish - Impingement

Seventy-three American shad were among the 236 fish comprising 18 taxa collected off of the
circulating water traveling screens (CWTS) at the Vermont Yankee intake structure (Table 5-3).
American shad (73 fish), bluegill (67 fish), rock bass (23 fish), and yellow perch (20 fish) were
numerically the most abundant species in the impingement samples during the six months of
sampling (Table 5-3). Bluegill (831 g), American shad (783 g), rock bass (643 g) and yellow perch
(467 g) exhibited the highest total biomass among the total fish impinged during 2004 (Table 5-3).

No Atlantic salmon were impinged during 2004. Four American shad were impinged in August, 4
were impinged in September, and 66 were impinged in October 2004 (Table 5-5). The American
shad and Atlantic salmon impingement limits of 252 Atlantic salmon and 1005 American shad were
not exceeded during 2004. The month of October 2004 exhibited the highest total number of fish
impinged, representing 104 total fish or 44% of the total number fish collected. The month of April
exhibited the highest biomass of fish impinged, representing 986 g or 22% of the total biomass of fish
impinged.

5.2.3 Anadromous Fish Electrofishing

In fulfillment of the NPDES permit requirements for anadromous fish sampling, electrofishing
samples were collected at least twice in each month from July through October 2004 at Station 3
(substation 031), Stebbin Island (substations 615, 613, 614, 624) and 0.1 mile south of Vernon Dam
(substation 725) (Table 1-1, Figure 5-1). Results reported in this section include American shad
collected during anadromous fish sampling events only, not those American shad reported above in
the general electrofishing Section 5.2.1.

A total of 92 juvenile American shad was collected in the anadromous electrofishing program
performed between July and October 2004 (Table 5-6). August and September 2004 yielded the
highest catch of American shad (36 and 37, respectively), representing 79% of the total catch.
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American shad lengths recorded in August 2004 ranged from 56-88 mm total length and weight

ranged from 3-6 g (Table 5-6). American shad lengths recorded in September 2004 ranged from 78-

98 mm total length and weight ranged from 4-8 g (Table 5-6). The CPUE in August and September

was highest (36.0 and 30.0 fish/hour, respectively) at Station 3. The bi-monthly collections during

July and October resulted in the collection of 5 and 14 American shad, respectively. The American

shad collected during July 2004 ranged in length from 46-74 mm. The CPUE in July 2004 was

highest (3.0 fish/hour each) at Station 3 and 0.1 Miles south of Vernon Dam (Table 5-6). October

American shad collections produced a catch ranging in length from 94-110 mm. The CPUE in

October 2004 was highest at Station 3 (24.0 fish/hour) (Table 5-6).

5.2.4 Ichthyoplankton

Thirty-three ichthyoplankton samples were collected in close proximity to Vermont Yankee's

circulating water intake structure between 6 May and 15 July 2004 (Table 5-7). A total of 1057

ichthyoplankters were identified and enumerated (Table 5-8). Lepomis sp. made up 68.7% of the total

ichthyoplankton collected and exhibited the highest mean density per tow during the weeks of 24

June (29.67/100 m3) and 2 July 2004 (194.80/1OOm3, Table 5-9). Spottail shiner, white perch, white

sucker, common carp, yellow perch, tessellated darter, and walleye eggs and larvae made up the

remaining 31.3% of ichthyoplankton collected (Table 5-8). Spottail shiners were most abundant

during the period from 17 June through 15 July 2004, with mean densities from 1.06/100 M3 to

38.78/100 m3 .

5.2.5 Long-Term Fish Data

Relative abundances of each fish taxon collected during the general electrofishing efforts from 1991
to 2003 were compiled annually for comparison with the results from 2004 (Table 5-10). Upstream
of Vernon Dam, yellow perch (4,413 fish) bluegill (2,418 fish), pumpkinseed (1,144 fish), and
spottail shiner (1,071) were the most abundant species collected, representing 73% of the total catch
among all 14 years (Table 5-10). These four fish taxa collectively represented 81% of the upstream
general electrofishing collections from 2004 (276 fish/341 fish), and three of these species (yellow
perch, bluegill and pumpkinseed) were also the most abundant species collected in 2004 (Table 5-3,
Table 5-10). Below Vernon Dam, smallmouth bass (1,354 fish), spottail shiner (878 fish), American

shad (541 fish) and rock bass (404 fish) were the most abundant species collected by general
electrofishing over the past 14 years, representing 64% of the total collection among years (Table 5-
11). These four fish taxa collectively represented 79% of the downstream general electrofishing
collections from 2004 (84 fish/106 fish), and three of these species (smallmouth bass, spottail shiner

and rock bass) were also the most abundant species collected in 2004 (Table 5-3, Table 5-1 1). These
results indicate stability in species composition and relative abundance of the fish community in both
lower Vernon Pool and in the Vernon Dam tailrace areas sampled by general electrofishing over the

past 14 years.
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Figure 5-1. General and anadromous fish electrofishing sampling stations.
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Table 5-1. Check List of Fishes (Nelson et al. 2004) Collected in the Connecticut River near
Vernon, Vermont in each NPDES Sampling Program During 2004.

_ _ _ _ _ _ _ _ _ _ _ _ _ _P ro gra _ _ _ _ _ _ _

Anadromous 1 General
Scientific Name Common Name Ichthyoplankton Impingement Electrofishing Electrofishing

CHORDATA

AGNATHA

PETROMYZONTIFORMES

Petromyzontidae
Peiromyzon marinus

Anguilla rostraia

OSTEICHTHYES
CLUPEIFORMES

Clupeidae
Alosa sapidissima

CYPRINIFORMES

Cyprinidae
Cyprinus carpio

Noiemigonus crysoleucas

Notropis hudsonius

Semotilus corporalis

Catostomidae
Caiosiomus commersoni

SILURIFORMES

Ictaluridae
Ameiurus ca/us

Ameiurus natalis

Ameiurus nebulosus

SALMONIFORMES

Esocidae
Esox niger

PERCIFORMES

Percichthyidae
Morone americana

Centrarchidae
Ambloplites rupestris

Lepomis gibbosus

Lepomis macrochirus

Lepomis sp.

Microplerus dolomieu

Micropterus salmoides

Pomoxis nigromaculatus

Percidae
Etheostoma olmstedi

Percaflavescens

Sander vitreus

Sea lamprey

American eel

American shad

Common carp

Golden shiner
Spottail shiner

Fallfish

White sucker

White catfish

Yellow bullhead

Brown bullhead

Chain pickerel

White perch

Rock bass

Pumpkinseed

Bluegill

Lepomis sp.

Smallmouth bass

Largemouth bass

Black crappie

Tessellated darter

Yellow perch

Walleve

x

x

x

x

x

x

x
x
x

xx

x

x
x
x
x

x

x
x

x

x
x
x

x
x
x

x
x

- i

I 6 1 1
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Table 5-2. Catch Per Unit of Effort (CPUE) for General Electrofishing Collections in the
Connecticut River in the Vicinity of Vernon, Vermont during 2004.

Numberof l
Primary Station (Substation) Collections | Hours Fish CPUE'

Upstream
Rum Point (102) 4 0.7 61 91.5
Station 5 - New Hampshire (051) 4 0.7 72 108.0
Station 5 - Vermont (052) 4 0.7 117 175.5
New Hampshire Setback (091) 4 0.7 65 97.5
Station 4 - New Hampshire (416) 4 0.7 82 123.0
Station 4 - Vermont (426) 4 0.7 66 99.0

Upstream Total 24 3.9 463 116.0
Downstream

0.1 Miles south of Vernon Dam (724) 4 0.7 39 58.5
Station 3 - Vermont (032) 4 0.7 54 81.0
Stebbin Island - New Hampshire Side (614) 4 0.7 18 27.0
Station 2 - New Hampshire (217) 4 0.7 53 79.5

Downstream Total 16 2.7 164 61.7
VERALL TOTAL 40 6.7 627 94.1

'CPUE = number of fish caught per hour

2004 VY Annual Report 34.doc 5J18105 51 Normandeau Associates, Inc.



))

Table 5-3. Number, Weight, and Species of Fish Collected During Impingement and General Electrofishing Upstream and

Downstream of Vernon Dam in 2004.

)

M
CD

0ip
's

0
0
a

CD

05I

Electrot shing Impingement
Upstra m Downstream CWTS Summary

Total Total Total Total Relative Total Relative
Weight Weight Weight Number Number Weight Weight

Species Number (g) Number Number n( (No.) (%)

Sea lamprey
American eel I
American shad
Chain pickerel 2 210 2 328 4 0.5 538 0.6

Common carp 4 14500 4 0.5 14500 17.1

Golden shiner 27 1030 1 3 28 3.2 1033 1.2

Spottail shiner 6 77 26 80 5 23 37 4.3 180 0.2

Fallfish 8 409 8 0.9 409 0.5

White sucker 4 1339 5 3406 1 10 10 1.2 4755 5.6

White catfish 1 23 1 0.1 23 0.0

Yellow bullhead 4 705 1 16 5 0.6 721 0.9

Brown bullhead 1 700 3 398 4 0.5 1098 1.3

Rock bass 3 197 30 1445 23 643 56 6.5 2285 2.7

Pumpkinseed 48 4706 2 147 6 197 56 6.5 5050 6.0

Bluegill 123 12300 12 1410 67 831 202 23.4 14541 17.2

Smallmouth bass 48 8427 9 235 57 6.6 8662 10.2

Largemouth bass 33 12542 7 3423 3 10 43 5.0 15975 18.9

Black crappie 9 1307 1 175 10 91 20 2.3 1573 1.9

Tessellated 2 8 1 3 3 0.3 1 1 0.0

Yellow perch 194 10803 5 465 20 467 219 25.4 11735 13.9

Walleye 1 345 1 0.1 345 0.4

Unidentifiable 2 256 2 0.2 256 0.3

Total 463 60680 164 19530 236 4449 863 100 84659 100
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Table 5-4. CPUE' and Relative (%) CPUE by Number and Weight of Fish Species Collected
by General Electrofishing Upstream and Downstream of Vernon, Vermont in
2004.

Ups ream Downstream Total

By Number By Weight By Number By Weight By Number By Weight

CPU
Species CPUE % CPUE % E % CPUE % CPUE % CPUE I %

Sea lamprey 0.4 0.6 1.5 0.0 0.2 0.2 0.6 0.0

American eel 0.3 0.2 0.0 0.0 0.2 0.2 0.0 0.0

American shad 7.1 11.6 52.1 0.7 2.9 3.0 20.9 0.2

Chain pickerel 0.5 0.4 52.5 0.3 0.3 0.3 31.5 0.3

Common carp 1.0 0.9 3625.0 23.9 0.6 0.6 2175.0 18.1

Golden shiner 6.8 5.8 257.5 1.7 4.1 4.3 154.5 1.3

Spottail shiner 1.5 1.3 19.3 0.1 9.8 15.9 30.0 0.4 4.8 5.1 23.6 0.2

Fallfish 3.0 4.9 153.4 2.1 1.2 1.3 61.4 0.5

White sucker 1.0 0.9 334.8 2.2 1.9 3.0 1277.3 17.4 1.4 1.4 711.8 5.9

Yellow bullhead 1.0 0.9 176.3 1.2 0.6 0.6 105.8 0.9

Brown bullhead 0.3 0.2 175.0 1.2 0.2 0.2 105.0 0.9

Rock bass 0.8 0.6 49.3 0.3 11.3 18.3 541.9 7.4 5.0 5.3 246.3 2.0

Pumpkinseed 12.0 10.4 1176.5 7.8 0.8 1.2 55.1 0.8 7.5 8.0 728.0 6.1

Bluegill 30.8 26.6 3075.0 20.3 4.5 7.3 528.8 7.2 20.3 21.5 2056.5 17.1
Smallmouth bass 18.0 29.3 3160.1 43.1 7.2 7.7 1264.1 10.5
Largemouth bass 8.3 7.1 3135.5 20.7 2.6 4.3 1283.6 17.5 6.0 6.4 2394.8 19.9

Black crappie 2.3 1.9 326.8 2.2 0.4 0.6 65.6 0.9 1.5 1.6 222.3 1.8

Tessellated darter 0.5 0.4 2.0 0.0 0.3 0.3 1.2 0.0

Yellow perch 48.5 41.9 2700.8 17.8 1.9 3.0 174.4 2.4 29.9 31.7 1690.2 14.0

Unidentifiable 0.5 0.4 64.0 0.4 0.3 0.3 38.4 0.3

Totals 115.8 100.0 15170.0 100.0 61.5 100.0 7323.8 100.0 94.1 100.0 12032.0 100.0

'CPUE = number of fish caught per hour
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Table 5-5. Monthly Impingement of Fish on Entergy Nuclear Vermont Yankee Circulating
Water Traveling Screens in 2004.

April May June August September October

Species No. Wt(g) No. Wt (g)No. Wt (g) No. Wt (g) No. Wt (g) No. Wt (g)

American shad 4 13 3 30 66 740

lack crappie 1 36 7 20 1 29 1 6

Bluegill 5 200 3 6 1 5 5 510 19 50 34 60

Brown bullhead 2 380 1 18

Chain pickerel 1 310 1 18

olden shiner 1 3

Largemouth bass 2 7 1 3

Pumpkinseed 4 17 2 180

Rock bass 10 23 2 189 6 298 3 61 2 72

Sea lamprey 9 43

mallmouth bass 1 3 1 3 2 117 5 112

Spottail shiner 2 7 1 4 2 12

Tesselated darter 1 3

Walleye 1 345

hite catfish 1 23

hite sucker 1 10

Yellow bullhead 1 16

Yellow perch 10 430 3 10 1 7 3 10 3 10

Total 20 986 39 150 9 784 25 980 39 668 104 881
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Table 5-6. Summary of 2004 Anadromous Electrofishing Fish Collections of American shad
at Stebbin Island, Station 3, and 0.1 Mile Below Vernon Dam.

No. of ] Minimum | Maximum | Minimum | Maximum
Month and Station I Fish JHoursjCPUE' Length (mm) J Length (mm) J Weight (g) W Weight (g)

July

Station 3 (031) 1 0.3 3.0 51 51 3 3

Stebbin Island 3 1.3 2.3 46 51 3 3
(613,614,615,624)

0.1 Miles south of 1 0.3 3.0 74 74 4 4
Vernon Dam (725)

August

Station 3 (031) 12 0.3 36.0 56 79 3 4

Stebbin Island 22 1.2 18.3 63 88 3 6
(613,614,615,624)

0.1 Miles south of 2 0.3 6.0 71 74 3 4
Vernon Dam (725)

September

Station 3 (031) 15 0.5 30.0 78 96 4 8

Stebbin Island 21 2.0 10.8 81 98 4 8
(613,614,615,624)

0. I Miles south of 1 0.5 2.0 95 95 8 8
Vernon Dam (725) _

October

Station 3 (031) 8 0.3 24.0 99 105 8 10

Stebbin Island 3 1.3 2.3 103 105 9 10
(613,614,615,624)

0.1 Miles south of 3 0.3 9.0 94 110 6 9
Vernon Dam (725)

'CPUE = number of fish caught per hour
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Table 5-7. Entergy Nuclear Vermont Yankee Ichthyoplankton Sampling Effort in the
Connecticut River near the Vermont Yankee Intake Structure during 2004.

Depth (m)

Date N Volume IN Volume N Volume N Mean

06-May-04 1 100.0 1 95.7 1 92.9 3 96.2

1 1-May-04 1 88.0 1 90.7 1 104.7 3 94.5

17-May-04 1 98.0 1 98.4 1 98.4 3 98.3

26-May-04 1 90.4 1 79.8 1 87.2 3 85.8

01-Jun-04 1 86.5 1 96.1 1 99.5 3 94.0

07-Jun-04 1 102.0 1 94.0 1 119.9 3 105.3

17-Jun-04 1 75.1 1 99.7 1 102.0 3 92.3

24-Jun-04 1 95.6 1 81.1 1 83.2 3 86.7

02-Jul-04 1 108.4 1 101.2 1 104.1 3 104.6

08-Jul-04 1 96.1 1 94.1 1 93.0 3 94.4

15-Jul-04 1 97.9 1 94.9 1 87.9 3 93.6

Total 11 1038.1 11 1025.6 11 1072.7 33 1045.5
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Table 5-8. Earliest and Latest Collection Dates and Total Number of Ichthyoplankton
Collected Near the Vermont Yankee Circulating Water Intake Structure in 2004.

Earliest Latest
Species Capture Capture Number Percent

Common carp 17-Jun-04 24-Jun-04 5 0.5
Spottail shiner 17-Jun-04 15-Jul-04 269 25.4

White sucker 26-May-04 26-May-04 11 1.0

White perch I 1-May-04 24-Jun-04 36 3.4

Lepomis sp. 17-May-04 15-Jul-04 726 68.7

Tessellated 26-May-04 26-May-04 3 0.3
darter
Yellow perch 6-May-04 26-May-04 5 0.5
Walleye 17-May-04 26-May-04 2 0.2

Total 1057 100
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Table 5-9. Density per 100 cubic meters of Ichthyoplankton Collected at Three Depths in the
Vicinity of the Vermont Yankee Circulating Water Intake Structure during 2004.

Depth
l lMean

Week Species 0.3 m 1.8 m 3.7 m Density

6-May-04 Yellow perch 0.0 1.0 1.1 0.7

1I1-May-04 White perch 1.1 1.1 1.0 1.1

17-May-04 Lepomis sp. 0.0 1.0 0.0 0.3

Walleye 1.0 0.0 0.0 0.3

White perch 6.1 5.1 16.3 9.2

Yellow perch 1.0 1.0 0.0 0.7

26-May-04 Tessellated darter 1.1 1.3 1.1 1.2

Walleye 0.0 0.0 1.1 0.4

White sucker 11.1 0.0 1.1 4.1

Yellow perch 0.0 1.3 0.0 0.4

I-Jun-04 Lepomis sp. 2.3 2.1 1.0 1.8

White perch 0.0 1.0 0.0 0.3

7-Jun-04 Lepomis sp. 0.0 1.1 0.8 0.6

17-Jun-04 Common carp 0.0 0.0 2.0 0.7

Lepomis sp. 2.7 0.0 0.0 0.9

Spottail shiner 20.0 2.0 3.9 8.6

White perch 0.0 0.0 3.9 1.3

24-Jun-04 Common carp 3.1 0.0 0.0 1.0

Lepomis sp. 12.5 29.6 46.9 29.7

Spottail shiner 32.4 2.5 4.8 13.2

White perch 0.0 0.0 1.2 0.4

2-Jul-04 Lepomis sp. 67.4 349.9 167.2 194.8

Spottail shiner 6.5 87.0 1.0 31.5

8-Jul-04 Lepomis sp. 30.2 6.4 3.2 13.3

Spottail shiner 1.0 1.1 1.1 1.1

15-Jul-04 Lepomis sp. 0.0 0.0 2.3 0.8

Spottail shiner 84.8 17.9 13.7 38.8
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Table 5-10. Summary of the Number and Percent of Fish Species Collected by General
Electrofishing Upstream of Vernon Dam, from 1991 through 2004.

| 1991 1 1992 1 1993 1 1994 1 1995 1 l996
Species N N /% I N% N % N % I N % N %

merican eel 7 0.5 2 0.2 8 0.8 4 OA 2 0.2 0 0.0
merican shad 19 1.3 29 3.3 5 0.5 2 0.2 24 2.4 3 0.3
tlantic salmon 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
anded killifish 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
lack crappie 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 5 0.4

Blueback herring 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Bluegill 128 9.0 56 6.4 99 10.5 118 11.5 135 13.7 222 19.8
Brook trout 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Brown bullhead 19 1.3 19 2.2 29 3.1 8 0.8 20 2.0 1 0.1
Chain pickerel 17 1.2 29 3.3 5 0.5 4 0.4 5 0.5 12 1.1
Common carp 11 0.8 6 0.7 8 0.8 7 0.7 11 1.1 2 0.2
Common shiner 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
E. silvery minnow 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Fallfish 1 0.1 0 0.0 0 0.0 0 0.0 I 0.1 0 0.0
Gizzard shad 0 0.0 0 0.0 0 0.0 0 0.0 I 0.1 0 0.0
Golden shiner 74 5.2 70 8.0 16 1.7 41 4.0 46 4.7 39 3.5
Goldfish 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Largemouthbass 151 10.6 83 9.5 99 10.5 58 5.7 69 7.0 44 3.9
Lepomis sp. 0 0.0 I 0.1 I 0.1 12 1.2 49 5.0 0 0.0
Mimic shiner 6 0.4 0 0.0 0 0.0 17 1.7 5 0.5 0 0.0
Northern pike 7 0.5 11 1.3 6 0.6 2 0.2 6 0.6 4 0.4
Notropis sp. 0 0.0 I 0.1 0 0.0 0 0.0 0 0.0 0 0.0
Pumpkinseed 157 11.0 94 10.8 144 15.2 97 9.5 68 6.9 109 9.7
Redbreast sunfish 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Rock bass 37 2.6 26 3.0 10 1.1 5 0.5 18 1.8 41 3.7
Sea lamprey 2 0.1 0 0.0 I 0.1 0 0.0 0 0.0 I 0.1
Smallmouth bass 15 1.1 10 1.1 18 1.9 11 1.1 22 2.2 12 1.1
Spotfin shiner 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Spottail shiner 104 7.3 73 8.4 46 4.9 85 8.3 23 2.3 249 22.2
ressellated darter 2 0.1 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Walleye 15 1.1 I 0.1 12 1.3 12 1.2 13 1.3 6 0.5
White perch 19 1.3 11 1.3 7 0.7 34 3.3 18 1.8 0 0.0
White sucker 121 8.5 86 9.9 75 7.9 108 10.6 73 7.4 22 2.0
Yellow bullhead 5 0.4 4 0.5 5 0.5 4 0.4 7 0.7 2 0.2
Yellow perch 507 35.6 260 29.8 352 37.2 394 38.5 373 37.7 346 30.9
Total Number 1424 100 872 100 946 100 1023 100 989 100 1120 100
No. Collections 24 24 24 24 24 20
Effort (Hrs) 7.8 8.1 7.9 6.5 8.2 3.5
CPUE' 183 108 120 157 121 320

(continued)
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Table 5-10 (Continued)

1 19971 1998 1 999 2000[ 2001 [ 2002
Species N % IN % IN % N % N % IN %

American eel 0 0.0 2 0.2 1 0.1 0 0.0 0 0.0 0 0.0

American shad 0 0.0 0 0.0 0 0.0 I 0.1 0 0.0 0 0.0

Atlantic salmon 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Banded killifish 0 0.0 0 0.0 0 0.0 I 0.1 4 0.3 0 0.0

Black crappie 3 0.5 7 0.8 10 1.2 12 1.5 9 0.7 4 0.7

Blueback herring 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Bluegill 46 7.2 234 25.8 296 35.2 221 28.4 360 27.8 197 34.1

Brook trout 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Brown bullhead 2 0.3 2 0.2 0 0.0 3 0.4 2 0.2 0 0.0

Chain pickerel 14 2.2 20 2.2 9 1.1 12 1.5 11 0.8 5 0.9

Common carp 1 0.2 2 0.2 3 0.4 2 0.3 0 0.0 1 0.2

Common shiner 0 0.0 0 0.0 I 0.1 0 0.0 0 0.0 0 0.0

E. silvery minnow 0 0.0 0 0.0 9 1.1 5 0.6 0 0.0 2 0.3

Fallfish 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Gizzard shad 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Golden shiner 15 2.4 74 8.1 66 7.8 24 3.1 55 4.2 29 5.0

Goldfish 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Largemouth bass 30 4.7 31 3.4 43 5.1 47 6.0 91 7.0 31 5.4

Lepomis sp. 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Mimic shiner 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Northern pike 0 0.0 0 0.0 0 0.0 4 0.5 1 0.1 1 0.2

Notropis sp. 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Pumpkinseed 11 1.7 71 7.8 23 2.7 70 9.0 104 8.0 81 14.0

Redbreast sunfish 1 0.2 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Rock bass 9 1.4 17 1.9 18 2.1 24 3.1 21 1.6 5 0.9

Sea lamprey 9 1.4 5 0.6 4 0.5 1 0.1 4 0.3 0 0.0

Smallmouth bass 7 1.1 26 2.9 21 2.5 10 1.3 2 0.2 6 1.0

Spotfin shiner 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Spottail shiner 146 22.9 39 4.3 76 9.0 50 6.4 141 10.9 17 2.9

Tessellated darter 0 0.0 2 0.2 0 0.0 0 0.0 4 0.3 1 0.2

Walleye 7 1.1 6 0.7 3 0.4 2 0.3 7 0.5 2 0.3

White perch 1 0.2 0 0.0 I 0.1 0 0.0 0 0.0 3 0.5

White sucker 11 1.7 8 0.9 13 1.5 11 1.4 21 1.6 18 3.1

Yellow bullhead 0 0.0 2 0.2 4 0.5 7 0.9 5 0.4 0 0.0

Yellow perch 324 50.9 360 39.6 240 28.5 272 34.9 454 35.0 175 30.3

Total Number 637 100 908 100 841 100 779 100 1296 100 578 100

No. Collections 24 24 24 24 24 24

Effort (Hrs) 4.0 4.3 4.0 3.9 4.0 4.0

CPUE' 159 211 210 200 324 145
(continued)
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Table 5-10 (Continued)

2003 2004 All Years
Species N % N % N % CPUE

American eel 0 0.0 1 0.3 27 0.2 0.37
American shad 0 0.0 0 0.0 83 0.7 1.13

Atantic salmon 0 0.0 0 0.0 0 0.0 0.00
Banded killifish 0 0.0 0 0.0 5 0.0 0.07
Black crappie 13 2.0 7 2.1 70 0.6 0.96
Blueback herring 0 0.0 0 0.0 0 0.0 0.00
Bluegill 202 31.8 104 30.5 2418 19.5 33.02

rook trout 0 0.0 0 0.0 0 0.0 0.00
rown bullhead 3 0.5 1 0.3 109 0.9 1.49

Chain pickerel 8 1.3 1 0.3 152 1.2 2.08
Common carp 0 0.0 2 0.6 56 0.5 0.76
Common shiner 1 0.2 0 0.0 2 0.0 0.03
E. silvery minnow 0 0.0 0 0.0 16 0.1 0.22

allfish 0 0.0 0 0.0 2 0.0 0.03
Gizzard shad 0 0.0 0 0.0 I 0.0 0.01
Golden shiner 19 3.0 24 7.0 592 4.8 8.09
Goldfish 0 0.0 0 0.0 0 0.0 0.00
Largemouth bass 27 4.2 21 6.2 825 6.7 11.27

epomis sp. 11 1.7 0 0.0 74 0.6 1.01
Mimic shiner 0 0.0 0 0.0 28 0.2 0.38
Northern pike 0 0.0 0 0.0 42 0.3 0.57
Notropis sp. 0 0.0 0 0.0 I 0.0 0.01
Pumpkinseed 75 11.8 40 11.7 1144 9.2 15.62

edbreast sunfish 0 0.0 0 0.0 I 0.0 0.01
ock bass 9 1.4 2 0.6 242 2.0 3.31
ea lamprey 4 0.6 0 0.0 31 0.3 0.42

Smallmouth bass 5 0.8 0 0.0 165 1.3 2.25
Spotfin shiner 0 0.0 0 0.0 0 0.0 0.00
Spottail shiner 18 2.8 4 1.2 1071 8.6 14.63

essellated darter 0 0.0 2 0.6 11 0.1 0.15
alleye 0 0.0 0 0.0 86 0.7 1.17
hite perch 2 0.3 0 0.0 96 0.8 1.31
hite sucker 8 1.3 2 0.6 577 4.7 7.88

ellow bullhead 3 0.5 2 0.6 50 0.4 0.68
Yellow perch 228 35.8 128 37.5 413 35.6 60.27
Total Number 636 100 341 100 12390 100 169
No. Collections 24 18 326
Effort (Hrs) 4.0 3.0 73.2
CPUE' 158 114 169

CPUE is catch per unit of effort expressed as fish per hour.
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Table 5-11. Summary of the Number and Percent of Fish Species Collected by General
Electrofishing Downstream of Vernon Dam, from 1991 through 2004.

199 1 1992 1993 1 1994 1 1995 _ 1996
Species 19N % I1 N * I N % I N % I N %N % .193 TN190 %19

American eel
American shad
Atlantic salmon
Banded killifish
Black crappie
Blueback herring
Bluegill
Brook trout
Brown bullhead
Chain pickerel
Common carp
Common shiner
E. silvery minnow
Fallfish
Gizzard shad
Golden shiner
Goldfish
Largemouth bass
Lepomis sp.
Mimic shiner
Northern pike
Notropis sp.
Pumpkinseed
Redbreast sunfish
Rock bass
Sea lamprey
Smallmouth bass
Spotfin shiner
Spottail shiner
Tessellated darter
Walleye
White perch
White sucker
Yellow bullhead
Yellow perch

13 2.0
166 25.6

0 0.0
0 0.0
0 0.0
0 0.0
8 1.2
0 0.0
1 0.2
3 0.5
3 0.5
0 0.0
0 0.0

49 7.6
0 0.0
5 0.8
0 0.0
8 1.2
6 0.9

15 2.3
2 0.3
0 0.0

11 1.7
0 0.0

30 4.6
0 0.0

101 15.6
0 0.0

107 16.5
0 0.0

18 2.8
1 0.2

73 11.3
0 0.0

28 4.3

I
37
0
0
0
2

12
0
1
6
1
0
0

22
0
2
0
5
0
0
7
0
3
0

25
I

85
0

104
0

13
1

62
0

1 1

0.2
9.2
0.0
0.0
0.0
0.5
3.0
0.0
0.2
1.5
0.2
0.0
0.0
5.5
0.0
0.5
0.0
1.2
0.0
0.0
1.7
0.0
0.7
0.0
6.2
0.2

21.2
0.0

25.9
0.0
3.2
0.2

15.5
0.0
2.7

10
82
0
0
0
0

15
0
2
4
3
0
0

11
0
4
0

15
1
4
0
0
3
0

22
3

99
0

49
0

16
8

40
0

21

2.4
19.9
0.0
0.0
0.0
0.0
3.6
0.0
0.5
1.0
0.7
0.0
0.0
2.7
0.0
1.0
0.0
3.6
0.2
1.0
0.0
0.0
0.7
0.0
5.3
0.7

24.0
0.0

11.9
0.0
3.9
1.9
9.7
0.0
5.1

7

28
0
0
2
4
0
0

27
0
4
0
3
0
6
6
8
4
0

37
0

109
0

60
0
9
0

71
0

18

1.6
9.6
0.0
0.0
0.0
0.0
6.3
0.0
0.0
0.4
0.9
0.0
0.0
6.1
0.0
0.9
0.0
0.7
0.0
1.3
1.3
1.8
0.9
0.0
8.3
0.0

24.4
0.0

13.5
0.0
2.0
0.0

15.9
0.0
4.0

1
59

I
0
0
0

25
0
5
0
7
0
6
9
1
0
0
8
0
I

10
2
4
0

47
0

118
0

27
0
9
2

30
1
6

0.3
15.6
0.3
0.0
0.0
0.0
6.6
0.0
1.3
0.0
1.8
0.0
1.6
2.4
0.3
0.0
0.0
2.1
0.0
0.3
2.6
0.5
1.1
0.0

12.4
0.0

31.1
0.0
7.1
0.0
2.4
0.5
7.9
0.3
1.6

10
0
0
0
0

37
0
0
3
4
0
0
6
2

14

3
0
0
3

5
0

37
7

73
0

171
0
5
0

18
0

21

0.2
2.4
0.0
0.0
0.0
0.0
8.8
0.0
0.0
0.7
1.0
0.0
0.0
1.4
0.5
3.3
0.2
0.7
0.0
0.0
0.7
0.0
1.2
0.0
8.8
1.7

17.3
0.0

40.6
0.0
1.2
0.0
4.3
0.0
5.0

Total Number 648 100.1 401 99.5 412 99.8 446 99.9 379 100.1 421 100.0

No. Collections 20 20 20 20 20 16

Effort (Hirs) 5.6 5.9 5.7 5.7 6.2 3.1

CPUE' 116 . 68 72 78 61 136
(continued)
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Table 5-11 (Continued)

997 1 1998 1 1999 1 2000 1 2001 1 2002
Species !- I N / I N % I N % I N %

merican eel 1 0.4 3 0.8 0 0.0 2 1.0 0 0.0 2 0.9
merican shad 39 16.2 12 3.3 1 0.2 12 6.0 34 7.3 21 9.8
tlantic salmon 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
anded killifish 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 2 0.9
lack crappie 0 0.0 3 0.8 0 0.0 0 0.0 1 0.2 3 1.4
lueback herring 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
luegill 5 2.1 28 7.7 12 2.6 23 11.4 41 8.8 22 10.2

Brook trout 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 0.5
Brown bullhead 0 0.0 0 0.0 2 0.4 0 0.0 0 0.0 0 0.0
Chain pickerel 3 1.2 0 0.0 0 0.0 1 0.5 1 0.2 0 0.0
Common carp 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Common shiner 0 0.0 0 0.0 21 4.6 1 0.5 1 0.2 0 0.0
E. silvery minnow 0 0.0 5 1.4 0 0.0 0 0.0 0 0.0 2 0.9
Fallfish 0 0.0 25 6.8 86 19.0 26 12.9 24 5.2 13 6.0
Gizzard shad 0 0.0 0 0.0 1 0.2 1 0.5 0 0.0 0 0.0
Golden shiner 4 1.7 4 1.1 10 2.2 3 1.5 1 0.2 1 0.5
Goldfish 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Largemouth bass 5 2.1 3 0.8 5 1.1 0 0.0 8 1.7 1 0.5
Lepomis sp. 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Mimic shiner 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Northern pike 1 0.4 0 0.0 0 0.0 0 0.0 1 0.2 0 0.0
Notropissp. 0 0.0 0 0.0 0 0.0 2 1.0 9 1.9 0 0.0
Pumpkinseed 3 1.2 10 2.7 5 1.1 10 5.0 5 1.1 10 4.7
Redbreast sunfish 0 0.0 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0
Rock bass 6 2.5 43 11.8 38 8.4 13 6.5 60 12.9 13 6.0
Sea lamprey 0 0.0 6 1.6 3 0.7 0 0.0 3 0.6 2 0.9
Smallmouth bass 72 29.9 141 38.6 127 28.0 42 20.9 197 42.5 71 33.0
Spotfin shiner 0 0.0 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0
Spottail shiner 64 26.6 37 10.1 65 14.3 51 25.4 48 10.3 40 18.6
Tessellated darter 0 0.0 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0
Walleye 2 0.8 5 1.4 12 2.6 6 3.0 3 0.6 4 1.9
White perch 1 0.4 0 0.0 0 0.0 0 0.0 1 0.2 0 0.0
White sucker 7 2.9 17 4.7 20 4.4 6 3.0 11 2.4 6 2.8
Yellow bullhead 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Yellow perch 28 11.6 20 5.5 45 9.9 2 1.0 15 3.2 1 0.5
Total Number 241 100.0 365 100.0 453 99.7 201 100.1 464 99.7 215 100.0
No. Collections 16 16 16 16 16 16
Effort (Hrs) 2.7 2.7 2.7 2.6 2.7 2.7
CPUE' 89 135 168 77 172 80

(continued)
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Table 5-11 (Continued

1 2003 | 2004 | All Years
Species j N %/ I N ° I N % CPUE'

American eel
American shad
Atlantic salmon
Banded killifish
Black crappie
Blueback herring
Bluegill
Brook trout
Brown bullhead
Chain pickerel
Common carp
Common shiner
E. silvery minnow
Fallfish
Gizzard shad
Golden shiner
Goldfish
Largemouth bass
Lepomis sp.
Mimic shiner
Northern pike
Notropis sp.
Pumpkinseed
Redbreast sunfish
Rock bass
Sea lamprey
Smallmouth bass
Spotfin shiner
Spottail shiner
Tessellated darter
Walleye
White perch
White sucker
Yellow bullhead
Yellow perch

0
15
0
0
1
0

42
0
0
2
2
1
0
6
0
0
0
2
0
0
0
0
5
0

18
1

84
0

31
1

7
0
2

0.0
6.8
0.0
0.0
0.5
0.0

18.9
0.0
0.0
0.9
0.9
0.5
0.0
2.7
0.0
0.0
0.0
0.9
0.0
0.0
0.0
0.0
2.3
0.0
8.1
0.5

37.8
0.0

14.0
0.5
0.5
0.5
3.2
0.0
0.9

0
10
0
0
1
0
7
0
0
0
0
0
0
3
0
0
0
S
0
0
0
0
2
0

15
0

35
0

24
0
0
0
3
0
1

0.0
9.4
0.0
0.0
0.9
0.0
6.6
0.0
0.0
0.0
0.0
0.0
0.0
2.8
0.0
0.0
0.0
4.7
0.0
0.0
0.0
0.0
1.9
0.0

14.2
0.0

33.0
0.0

22.6
0.0
0.0
0.0
2.8
0.0
0.9

41
541

1
2
9
2

305
1

11
25
24
24
13

307
5

52
1

71
7

26
30
21
80

I
404

26
1354

1
878

2
103
15

371
1

219

0.8 0.77
10.9 10.21
0.0 0.02
0.0 0.04
0.2 0.17
0.0 0.04
6.1 5.76
0.0 0.02
0.2 0.21
0.5 0.47
0.5 0.45
0.5 0.45
0.3 0.25
6.2 5.80
0.1 0.09
1.0 0.98
0.0 0.02
1.4 1.34
0.1 0.13
0.5 0.49
0.6 0.57
0.4 0.40
1.6 1.51
0.0 0.02
8.1 7.63
0.5 0.49

27.2 25.56
0.0 0.02

17.7 16.58
0.0 0.04
2.1 1.94
0.3 0.28
7.5 7.00
0.0 0.02
4.4 4.13

Total Number 222 IOOA 106 99.8 4974 99.7 93.90
No. Collections 16 12 240
Effort (Firs) 2.7 2.0 53.0
CPUE' 83 53 94

1 CPUE is catch per unit of effort expressed as fish per hour.
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6.0 2004 ZEBRA MUSSEL AND ASIATIC CLAM MONITORING

6.1 METHODS OF COLLECTION AND PROCESSING

Larval (veliger) mollusk sampling was conducted bi-weekly between 17 May and 8 October 2004.
Collections were made at quarter point stations (at 25, 50 and 75% of the rivers width) at Stations 4

and 5. Station 4 is composed of sub-stations 416 on the New Hampshire shore, 436 at mid-river and
426 on the Vermont shore. Station 5 is composed of sub-stations 051 on the New Hampshire shore,

053 at mid-river and 052 on the Vermont shore (Figure 6-1). At each sample station, 1,000 liters of
river water were pumped through a 64-micron plankton net at each quarter point for each collection.
Six samples were collected during each bi-weekly sampling for a total of 66 pumped veliger samples
in 2004. Samples were preserved in 70% ethanol, and later examined in the laboratory for the
presence of the microscopic veligers.

Juvenile/adult (settling stage) zebra mussel (Dreissenapolymorpha) sampling was conducted
between 17 May and 8 October 2004 at Stations 4 and 5 (Figure 6-1). One settlement plate sampler
was deployed at each station for a total of four samplers. Settlement plates were made of six, 6-inch
by 6-inch, plates of 1/4 inch hardboard threaded laterally onto a rope with approximately 1.25 in
between plates. The sampler was suspended in the water column at 1-2 m below the surface.
Approximately every two weeks; the plate sampler at each station was lifted out of the water and one
plate was randomly selected and cleaned into a 64-micron sieve. The sample was then preserved in
70% ethanol for examination in the laboratory. A total of 42 veliger plate samples were collected and
processed during 2004.

One plate sampler deployed at Station 416 on 2 July 2004, could not be located when retrieval was
attempted on 20 July 2004. A new plate sampler was deployed at that location on 30 July 2004.
Therefore, one zebra mussel settling plate sample was not collected between 2 July and 30 July 2004.
A second plate was found to be missing from Station 436 on 21 September 2004 that was deployed
on 7 September 2004. A new plate was deployed on 21 September 2004.

Asiatic clam (Corbiculafluminea) samples were collected with a 9-inch Ponar dredge in July,
August, and October 2004 at Station 4 (substations 416, 426, and 436) and Station 5 (substations 051,
052, and 053) (Figure 6-1). Dredge samples were collected at all six locations for a total of 18
dredges. At each station three dredges were combined into a single sample and sieved. All dredge
samples were sieved through a 600-micron sieve in the field, prior to being preserved in 70% ethanol
for laboratory examination.

6.1.1 Laboratory Identification Procedures

Each zebra mussel veliger sample was emptied into a petri dish and examined in entirety with cross-
polarized light on a dissecting microscope with 40x magnification. The use of cross polarized light
allows zebra mussel veligers to be distinguished from other planktonic organisms that are also
collected in the samples, as the larval shells stand out as bright spots against a dark background
(Johnson 1996).

In the laboratory, the 18 ponar dredge samples were examined in entirety under low magnification
(2x) for the presence of Corbiculafluminea.
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6.2 RESULTS

River water temperatures ranged from 12.0 to 25.50C, dissolved oxygen ranged from 6.9 to 13.2 mg/I,
and pH ranged from 6.0 to 8.0 during zebra mussel veliger and settlement plate sampling in the
vicinity of the Vermont Yankee Plant (Stations 4 and 5).

No Asiatic clams or any life stage of zebra mussels were found in the samples collected during the
2004 Vermont Yankee monitoring program.

Normandeau presented information regarding Vermont Yankee's zebra mussel monitoring program
and results at the 2004 annual watershed conference at the New Hampshire Department of
Environmental Services office in Concord, New Hampshire which was attended by over 200 people
(Gonyaw and Pierce 2004). Normandeau also gave a similar presentation at the 30th Annual Atlantic
International Chapter of the American Fisheries Society on 19 September 2004, attended by
approximately 150 people (Comeau and Hanson 2004).
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Figure 6-1. Zebra mussel and Asiatic clam monitoring stations. Zebra mussel veliger pump
samples and Asiatic clam dredges at all stations. Zebra mussel plates at 051, 052,
426, and 416 only.
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