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SUMMARY AND CONCLUSIONS

This Final Environmental Statement was prepared by the U.S. Atomic Energy
Commigsion, Directorate of Licensing.

1. This action is administrative.

2. The proposed action is the issuance of an operating license to the Vermont
Yankee Nuclear Power Corporation (applicant) for the Vermont Yankee Nuclear
Power Station (plant) located on the Connecticut River in the State of
Vermont, County of Windham, in the Village of Vernon (Docket No. 50-271).

The Vermont Yankee Nuclear Power Statfon will use a single-unit boiling-
water reactor with an initial power rating of 1593 thermal megawatts (MWt)
to provide a net power output of 513 electrical megawatts (Mie). The
reactor will be cooled by a once-through flow of water pumped from and
returned to Vermon Pond, an existing impoundment of the Connecticut River
(built to serve the Vernon Hydroelectric Station) and also by means of
mechanical draft cooling towers. )

3. Summary of environmental impact including beneficial and adverse effects
follows:

a. Cooling water heated to about 20°F above inlet temperature will be
discharged to Vernon Pond at a rate of 840 cfs when the plant operates
on a total open-cycle basis. Mechanical-draft cooling towers are
provided to protect Vernon Pond during low flow and critical temper-
ature periods in the Connecticut River.

b. About 150 acres of Vernon Pond in the vicinity of the station may be
subjected to some thermal and biological stress from discharge of the
station's condenser cooling water. This impact will be kept below
significant levels by the limits described in Conclusion 7a.

c. A possible impact on aquatic resources may occur in the cooling water
intake structure through entrainment of plankton and small fish.
While limited pre-operational experience with the circulating water
pumps has revealed no fish mortalities, close surveillance of this
aspect of plant operation will be required.

d. Chemical effluents from the station should cause only mimimal impact
on Vernon Pond. The total residual chlorine concentration will be
limited to 0.1 mg/liter in the immediate vicinity of the plant discharge,
and no significant impact on the aquatic biota in the pond is expected.

-«
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The program for construction and maintenance of transmission lines has
been designed to reduce environmental impact. Herbicides are applied
in accordance with suggested precautions and labeled registration with
the Environmental Protection Agency and the U. S. Department of Agri-
culture and are regulated by the Vermont Department of Agriculture in
order to protect aquatic biota in nearby watercourses and also to avoid
roadways or areas which have been selectively cut to reduce visual
impact,

Operation of the cooling towers will result in a small increase in local
fogging. This impact 1is considered minimal in comparison with shutting
down the station or allowing full or partial operation of the plant with
once-through river cooling.

Approximately 60 acres of 125 acres of land formerly used for pasture
and agricultural habitat have been occupied by the plant facilities.

Noise from operation of the mechanical draft cooling towers may be a
source of irritation to the populace in offsite residential areas. At
present there is no scientific evidence that such levels of awmbient
noise cause any long- or short-term health effects, Quantitative
assessment of the nuisance effects of this noise source can be deter~
mined only after the towers have operated for sustained periods of time.

No significant environmental impacts are anticipated from normal
operational releases of radioactive materials.

A very low probability risk of accidental radiation to the population
will be created.

A local historic site is the Governor Jonathan Hunt house located on the
western boundary of the site; the building which was built in the 1780's
has been acquired by the applicant and will be maintained as a public
museun,

Operation of the station will add about 3.6 billion kilowatt hours of
electricity per year for use by residents, communities, and industries
in the State of Vermont and in the New England region as a whole. The
local economy will be aided by an increased operating payroll and
locally purchased goods and services, as well as additional property
taxes,

Principal alternatives considered:

Purchase of power from outside sources
Use of fossil fuels or hydroelectric sources

Construction of. an equivalent plant at some other site
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Use of alternative cooling systems

Use of alternative modes of cooling system operation (open, closed
or helper-cycle)

Use of other blocides than chlorine in cooling system
Use of alternative radwaste systems

Use of alternative transmission lines

dgencies and organizations listed below and have been considered in: the
preparation of the Final Environmental Statement. Copies of these comments
i are included as’Appendix XII-A and discussed in Section XII.

Department of Agriculture

Department of Army (Corps of Engineers)

Department of Commerce

Environmental Protection Agency

Federal Power Commission

Department of Interior

Department of Transportation

Advisory Council on Historic Preservation

State of Vermont Agency of Environmental Conservation

State of Vermont Agency of Development and Community Affairs

State of New Hampshire Fish and Game Department

State of New Hampshire Water Supply and Pollution Control
Commission ' \

Commonwealth of Massachusetts Department of the Attorney
General

Vermont Yankee Nuclear Power Corporation

New England Cocalition on Nuclear Pollution

This Final Environmental Statement has considered the above mentioned
omments and is being made available to the public, to the Council on
vironmental Quality, and to other agencies in July 1972.

‘On the basis of the analysis and evaluation set forth in this statement,
fter weighing the environmental, economie, technical and other benefits
£ the Vermont Yankee Nuclear Power Station against the environmental
costs and considering available alternatives, it is concluded that the
action called for is the issuance of an operating license for the facility
subject to the following conditions for protection of the environment:

In consideration of potential ecological damage to approximately
150 acres of Vernon Pond, the staff has established a requirement that
except in a 10 acre exempt area, resulting river temperatures shall
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FOREWORD

This Final Environmental Statement evaluates the anticipated impact of
3‘\, the proposed operation of the Station on the enviromment for the purpose

of determining whether the action called for issuance of an operating license to
the applicant for the operation of the Vermont Yankee Nuclear Power Station
(Docket No., 50-271), The document has been prepared by the Directorate of
Licensing (the staff) of the U,S. Atomic Energy Commission (Commission or
AEC) with assistance from Oak Ridge National Laboratory and in accordance
with the requirements of the National Environmental Policy Act of 1969 (NEPA)
and the provigsions of Appendix D to Part 50 of the Commission's Regulations.l

The applicant submitted an Environmental Report — Vermont Yankee Nuclear
Power Station, on August 26, 1970.4 The Commisaion forwarded copies of this
report to the following Federal, State, and local agencies3 requesting their
review and comment:

Department of Agriculture
Department of Commerce
Department of Defense
Federal Power Commission
Department of Health, Education, and Welfare
Department of Housing and Urban Development
Department of the Interior
Department of Transportation
. State of Vermont Agency of Environmental Conservation

Subsequently, copies of the Environmental Report were provided to the
appropriate New Hampshire and Massachusetts agencies and to the Vernon,
Vermont, Board of Selectmen. A copy of the report was also placed in the
Commission's Public Document Room at 1717 H Street, N.W., Washington, D. C,,
and the local Public Document Room (Brooks Memorial Library), 224 Main Street,
Brattleboro, Vermont.

Notice of the availability of the report, together with a request for
comments, was publighed in the Federal Register.” Members of the public and
Federal and State agencies responded to this request, and the regulatory staff
considered these comments in their preparation of a detailed environmental
statement, which was publighed on June 1, 1971.5 Copies of this report were
provided to appropriate Federal and State agencfes and a notice of availability
of the document was published in the Federal Register on June 9, 1971.°




¢-

‘n—/

xviii

In accordance with the requirements of Appendix D to 10 CFR 50, as revised
following the “Calvert Cliffs" decision,’ the applicant, on December 21, 1971,
supplemented its environmental report.

The Directorate of Licensing, on April 7, 1972, issued a Draft Detailed
Statement. Notice of availability of that Draft Detailed Statement, with a
request for comments, was also published in the Federal Register,9 and coples
thereof, with requests for comments, were also sent to appropriate Federal,
State and local agencies.

This Final Environmental Statement takes into account the applicant's
and agencies’ comments on the Draft Detailed Statement issued April 7, 1972,
the applicant's reply to the Federal and State agency comments, as well as
the applicant 8 Final Safety Analysis Report and amendments thereto,lo the
Commission's Safety Evaluation,!! the report of the Advisory Committee on
Reactor Safeguards (ACRS), the applicant's Environmental Report and supple-
ments thereto, and the AEC Detailed Envirommental Statement issued
June 1, 1971.g Copies of all the aforementioned documents are available
for inspection by members of the public in the Commission's Public Document
Room, 1717 H Street, N, W., Washington, D. C., and the Brooks Memorial
Library, 224 Main Street, Brattleboro, Vermont.

Independent calculations and sources of information were also utilized
as a basis for the Commission's assessment of environmental impact. In
addition, some of the information was gained from a visit to the Vermont
Yankee plant site and surrounding areas on September 2 and 3, 1971, by the
staff.

As a part of its safety evaluation leading to the issuance of construc-
tion permits and operating licenses, the Commission staff makes a detailed
evaluation of (1) the applicant's plans and facilities for minimizing and
controlling the release of radioactive materials under both normal operating
and potential accident conditlons, (2) the adequacy of the applicant's
effluent and environmental monitoring programs, and (3) the potential
radiation exposure of plant workers and members of the public. Because of
the fuller consideration given to those questions in other Commission
documents, only the salient points that bear directly on the anticipated
doses to the public are repeated here. Similarly, more detailed descriptions
of the plant and its effluent control systems and the environmental charac-
teristics of the site, such as meteorology, geology, and hydrology are
provided in the applicant's preliminary and final safety analysis reports
and amendments thereto and are not repeated in detail in this report.

The applicant is required to comply with Section 21(b) of the Federal
Water Pollution Control Act, as amended by the Water Quality Improvement
Act of 1970.

A license authorizing initial fuel loading and 1Z startup and plant
testing was 1ssued by the AEC on March 21, 1972,

Mr. Walter G. Belter (Telephone: (301) 973-7370) is the AEC Eavironmental
Manager for this Final Environmental Statement.,
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I. INTRODUCTION

The Vermont Yankee Nuclear Power Station 1s located on a 125-acre
site on the west shore of the Connecticut River, in the town of Vernonm,
Vermont, which is approximately four miles north of the Massachusetts
state line. The site is bounded on the north, south, and west by privately
owned land and on the east by the Connecticut River. About 30X of the area
within a 1-mile radius of the site consists of the Vernon Pond, Connecticut
River, and undeveloped land adjacent to the river. The remainder of the
land within this area is predominantly used for dairy feed products and
pasture.

The plant will generate 540 megawatts of electricity for distribution
to other utilities in the New England area. The station will use a boiling
water nuclear reactor system with condenser cooling water being cobtained
from the Connecticut River, Two mechanical draft cooling towers will be
used in conjunction with a once-through cooling water system. The heat
dissipation system is flexible in that either or both cooling systems can
be used to minimize the environmental effects of heated water discharge to
the river or to the surrounding atmosphere.

The Vermont Yankee Nuclear Power Cooperation filed with the AEC an
application dated November 30, 1966, for a construction permit for the
Vernon plant. On December 11, 1967, a provisional construction permit was
issued by the AEC. A final safety analysis report was submitted by the
applicant on December 31, 1969. A safety evaluation on operation of the
Vermont Yankee Nuclear Power Station was issued by the AEC Division of
Reactor Licensing on June 1, 1971. Public hearings to consider issuance
of an operating license have been held during 1971 and 1972. Further
sesgions of the hearing will be held before a decision is made on whether
or not to 1ssue an operating license.

A. SITE SELECTION

When the process of site selection was initiated, Gibbs & Hill, Inc.,
consulting engineers of New York, were engaged to study site availability
in Vermont. Twenty-three sites were considered: six located aloag the
Connecticut River in Vermont and 17 on the Vermont shore of Lake Champlain.

In 1965, the preliminary appraisall of sites considered requirements
such as:

1. Sufficient land area.

2. Adequate supply of cooling water.

3. Accessibility by rail, highway, or navigable waterways.
4. Remoteness from heavily populated areas.
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Based on this preliminary appraisal, six sites were chosen for further
investigation., Further studies, such as subsurface structure, geology,
selsmology, hydrology, and meteorology, were then conducted on these six
sites. These studies concluded that three sites were suitable: Five Mile
Point and the Way Property on Lake Champlain, and the Vernon site on the
Connecticut River. Ebasco Services, Inc., another consulting engineering
firm, was retained to conduct a study? of energy transmission costs from
the three recommended sites. Ebasco Services found that the Vernon site
required less transmission construction, thereby favoring it as the site
for construction of the plant.

Using these site study reports,ls2 the nearness to population centers
was evaluated by the AEC Regulatory Staff for all of the sites under con-
sideration. Five sites had higher population densities than Vernon, and the
remainder had lower densities. After further site study of the environmental
factors noted above, Five Mile Point and Vernon were considered in the final
selection, The Five Mile Point area within a 10-mile radius was mostly rural
except for the city of Ticonderoga, New York (4 miles away), which had a
population of 3568. PFor the Vernon site, within a 10-mile radius, the area
was predominantly rural with the exception of Brattleboro, Vermont, which at
the time of the study had a population of 9315 (5 miles away), and Hinsdale,
New Hampshire, which had a population of 2187 (2 miles away). Alsoc, at
Vernon, the plant property is adjacent to residential property slightly
more than 1000 ft from the reactor. However, the Vernon site met all siting
requirements of Commission regulatioms,

In an evaluation of energy sources, the Gibbs and Hill power study3
concluded that bituminous coal and petroleum oils are not.economically com-
petitive with nuclear fuel in the Vermont area. Subsequent analysis by
the Federal Power Commission" on the New England fuels situation explain
why nuclear fuels are more practical in Vermont. The New England area has
a shortage of fossil fuel resources; and since Vermont is far distant from
other sources of fossil fuels, electric power costs have always been high.

Another factor which influences choice of fuel in New England is the
growing need to improve air quality in conjunction with the shortage of low-
sulfur fossil fuels. Three New England states, Connecticut, Massachusetts,
and New Hampshire, have already imposed limitations on the sulfur content
of fuels which can be burmed, and Vermont is considering similar legislation.
The Pederal Power Commission states further that, under these circumstances,
it appears unlikely that a coal- or oil-burning steam~electric plant would
be the best source of needed generating capacity in the State of Vermont.,"
In consideration of these factors, it is understandable why the applicant
decided that nuclear fuel would be most suitable for the Vernon plant.
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The pollution load on the air and water at the Vernon site is quite
nominal. The river carries a high silt load, which limits its sport fish-
ing potential, but other factors are reasonable. The air is generally
clean, because of the lack of industry or other sources of pollution. More
detailed discussion of these factors will be found "in later portions of the
report, particularly in the discussion on impacts, Section V. Further dis-
cugsion of site selection will also be found in Section XI, "Altermatives
to the Proposed Action and Cost-Benefit Analysis of Their Envirommental
Effects."

B. APPLICATIONS AND APPROVALS

Pernits and approvals from various Federal and State agencies as
related to environmental aspects of the Vermont Yankee Nuclear Power
Station are detailed in the applicant’s Supplement to the Environmental
Report, dated December 21, 1971. Appendix I-1 lists chronologically the
applications, permits, and envirommental actions taken to date.

References
1. Gibdbs & Hi1l, Inc., Site Study, October 1965,

2. Ebasco Services, Inc., Nuclear Plant Site Evaluation for Central
Vermont Public Service Corporation and Green Mountain Power any,
undated report received by the USAEC Division of Reactor Licensing
in September 1971.

3. Gibbs & Hill, Inc., Consulting Engineers of New York, Power Study,
July 1965,

4. Letter from J. N. Nassikas, Chairman of the Federal Power Commission,
to H. L. Price, Dec. '8, 1970, with report Federal Power Commission
Comments Relative to the Eavirommental Statement on the Vermont Yankee
Nuclear Power Station.
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II. THE SITE

A. GENERAL

The Vermont Yankee Plant i3 on a strip of lowlands and terraces, about
one mile wide, that borders the Connecticut River. The lmpounded section
of the river adjacent to the site is known as Vernon Pond, which extends
upriver for approximately six miles. The area around the station is level,
with uplands rising several hundred feet east and west of the lowlands.

B. LOCATION OF PLANT

The plant site is near the town of Vernon, Windham County, in southeast
Vermont (Fig. II-1). The plant is on the west shore of the Connecticut
River, 250 ft sbove mean sea level, approximately two-thirds of a mile
upstream of the Vernon Hydroelectric Dam at Connecticut River mile 142,

The site (Fig. II-2) is bounded by the Connecticut River (Vernon Pond)

on the east, by farm and pasture land mixed with wooded areas on the morth
and south, and by the town of Vernon on the west. The site coordinates
are 42°47' north latitude and 72°31' west longitude,

Warwick and Northfield State Forests (Mass.) (Fig. IX-1l) are approxi-~
mately 8 miles southeast of the site, with other sections of Northfield
&J Forest 6 miles southwest. Colrain State Forest (Mass.) 1s also southwest
of Vernon, at a distance of approximately 18 miles. Northeast of the site
is the Pisgah Mountain range, rising to 1500 ft. Mountains and hills extend
to the west and northwest, some attaining helghts of 1800 ft. Green Mountain
National Forest covers a large area approxmately 30 miles west of Vernon.

Most of the land around the site is undeveloped (75 to 80Z within five
wiles is wooded). The developed land is used for agriculture and dairying,
and for residential areas of small villages. The plant site includes about
125 acres owned by the Vermont Yankee Nuclear Power Corporation and an
adjoining narrow strip of river bank to which the corporation has perpetual
rights and easements from the New England Power Company. The New England
Power Company, one of the sponsor corporations of the Vermont Yankee Nuclear
Power Corporation, owns the east bank of the Connecticut River opposite
the plant site, The nearest site boundary is 910 ft west of the reactor
building. The exclusion area, as defined in 10 CFR 100, includes a portion
of the Connecticut River above Vernon Dam (Fig. IX-2). Approximately 60
acres of the site is taken up by the reactor building and associated
structures. Some of the remaining acreage is used for parking, storage,
and underground construction, so that almost the entire site has been
modified during plant construction.

J'—‘* Interstate Highway 91 passes approximately 2 miles west of the site;
wont State Route 142 parallels the west bank of the Connecticut River

&J
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and passes 2,000 ft west of the reactor building. Access to the site is
provided by Governor Bunt Road (local) or by a spur of’the Central Vermont
Railroad, which also parallels the west bank.

C. REGIONAL DEMOGRAPHY AND LAND USE

In a staff visit to the site in September 1971, it was observed that
the nearest settlements are: a small cluster of homes (pop. about 50)
approximately one fourth mile from the reactor; a group of about 30 homes
0.7 mile across the river; the villages of Vernon, North Vernon, and
South Vernon (1970 township population 1024) extending for about 4 uiles
along Route 142; Hinsdale, New Hampshire (1970 township pop. 3276), 2 miles
across the river to the east. Brattleboro (1970 urban area pop. 21,294)
is 5 miles upstream. Other populated areas include Turners Falls (pop.
4400), 12 miles south; Greenfield, Mass. (pop. 15,000), 14 miles southwest;
Keene, N. H. (pop. 19,000), 17 miles northeast; Athol, Mass. (pop. 10,000),
20 miles southeast; and Northampton, Mass. (pop. 30,000), 32 miles south.

The area within 5 miles of the site is rural and sparsely settled
(Fig. II-3), containing 6,583 people (1970 pop.). Small towns in the area
have populations ranging between 1,000 and 3,000. The 1970 population
density was 87 people per square mile within a S-mile radius of the plant.
The density in this area is expected to be 115 per square mile in 1980 and
160 per square mile in 2000.! The 1970 population distribution within a
5-mile and a 50-mile radius is shown in Table II-l and in Fig. II-4.2 The
projected distribution of population in the area within a 50-mile radius
for year 2010 is also shown in Fig. II-4.

The nearest house is 1300 ft from the reactor building and is one of
several just west of the site (Fig. II-5). The Vernon Elementary School
(enrollment 163) is about 1500 ft from the reactor building (Fig. II-6).
The Vernon Library and City Hall are approximately 2300 ft away.

The largest sports facility in the immediate vicinity is a horse
racetrack at Hinsdale (average attendance approx. 4000). A nursing home
with a resident population of about 35 (planned expansion to 54) has been
completed south of Vernon, 2 miles downriver. The nearest hospital is
in Brattleboro (103 beds, 269 working staff). Cawping facilities along
the river are limited to a small family-picnic type maintained by the New
Eogland Power Company. Approximately 3 miles across the river in New
Hampshire is a large (115 unit) trailer park. The resident population of
this trailer park is expected to remain at 80 to 100 units after comple-
tion of the reactor.

Land within 25 miles of the site 1s approximately 80% undeveloped;
and most of the developed land is used for agriculture and dairying. The
nearest dairy farm is approximately one-half mile northwest of the reactor,
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Table I1-1. Population totals, Vermont Yankee (1970)

Ring miles Populstion Cumulative miles Population
0-5 Miles
0-1 455 0-1 458
-1-2 1,605 0-2 2,060
2-3 780 0-3 2,840,
3-4 740 0-4 3580
4-$ 3010 0-$ 6,590
0-30 Miles
0-10 23,030 0-10 23,030
10-20 64,800 0-20 87,830
20-30 123,800 0-30 211,630
30-40 263,800 0-40 '471.430

40-50 671,800 0-350 1,149,200
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and there are two others within a 5-mile radius (Fig. II-3). There are
no large industries within 25 miles of the site, but several small indus-
tries are located in nearby towns and along the river between Vernon and
Brattleboro. The only major industries in the immediate vicinity are a
papex processing plant 9 miles upriver and a large lumbering operation

3 miles north of the site. The sewage treatment plant for the city of
Brattleboro is upriver approxmately 2.5 miles.

Sand and gravel mining operations are common in the area, particularly
in former floodplain areas of the river.

The Vernon Pond and river areas above and below the plant are used to
some extent for canoeing, and for a limited amount of sport fishing. The
countryside surrounding the site 18 used for seasonal hunting of small
game, The New England Power Company is developing a series of small
recreation areas along the Connecticut River; one of these has been, con-
structed on the pond south of the reactor site. The land bordering Vernon
Pond has the potential for more extensive recreation development, as does most
undeveloped land bordering a waterway. The Bureau of Outdoor Recreation
has identified Vernon Pond as having moderate outdoor recreation potential
for use as a natural area. The Connecticut River Comprehensive Report
states that Vernon Pond has regional recreation significance.? These
Judgments were published in 1968, after construction of the Vermont Yankee
Plant had begun.

No commercial fishing is practiced on this section of the Connecticut
River,* and the river is not utilized for mumicipal or industrial water
supplies, with the exception of the upstream paper processor and the
Northfield-Quabbin Reservoir Project described in Section II.E.2, The
predominant crops in the area are used for dalry feed in the immediate
vicinity. The milk products from these dalries are consumed principally
within a 25-mile radius of Vernon.’ Within a 5-mile radius of the plant
site, water for private use is supplied by wells and springs and there
appears to be no extensive use of river water for irrigation purposes. As
noted before, transportation on the river is limited to small sporting
groups. The series of dams (4 below reactor site, 9 above; Fig. II-7)
developed by the New England Power Company precludes any industrial navi-
gation, since there are no locks. At present, the only other nuclear
facility within a 50-mile radius is the 175 MW(e) Yankee Nuclear Power
Station at Rowe, Mass., approximately 22 miles from the Vermont Yankee
site. The 50-mile radius circle overlaps that of the Connecticut Yankee
Power Station at Haddam Neck, Conn.

D. HBISTORIC SIGNIFICANCE

The Vermont Archaeological Society has been contacted concerning the
possibility of archaeological materials being found in this section of
the Connecticut River Valley. The past secretary (H. N. Muller who 1is
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also Assistant Dean of Arts and Sciences at the University of Vermont)
of the society is not aware of any significant fossil deposits in the
Vernon area; however, it appears that archaeological surveys of the area
are incomplete and no survey was made before site preparation began.
Extensive subsurface exploration followed by excavation was done before

 construction began at the site. Neither of these activities revealed any

fossil deposits or archaeological materials of significance; and since
construction is essentially complete none can be expected in the future.

The National Register of Historlic Places does not list any sites in
the immediate vicinity of the reactor. The Vermont Board of Historic Sites
1ists a historic "site marker" for the location of an old fort 3 miles west
of the reactor, and there is a state~owmed historic covered bridge 20 miles
northwest of the station (Scott Covered Bridge in Townshend).

A site that is locally historic is the Governor Jonathan Hunt house on
the western boundary of the plant site; it was acquired by the applicant and
efforts are undexway to maintain the building as a public museum. Additions
have been made to the building for use as a visitors' center for the plant
(Fig. I1-8). Jonathan Hunt was born in Northfield, Massachusetts, in 1738
and elected Lieutenant Governor of Vermont in 1794, The Hunt mansion was
built in the early 1780's near the river for his bride, and it was she who
suggested the name Vernon for a new town organized near her home.

Discussion by the staff with the Vernon Historians, Inc., a local
organization active in preserving the historical heritage of the community,
has estasblished the fact that no other historical sites exist in the
immediate vicinity of the reactor. The staff contacted the State Liaison
Officer, Board of Higtoric Sites, wvho aleo stated that there are no
nationally registered historic sites in the vicinity of the Vernon Plant
(Appendix XII-A).

E. ENVIRONMENTAL FEATURES

1. Climate

The climate of the Vermont Yankee site is of a continental type, with
some influence from the maritime climate of the Atlantic Coast. Temperature
records indicate a range from -33° to 100°F. Apnual snowfall has varied
from 30 to 118 in. Extremes of temperature, precipitation, snowfall, and
wind for Brattleboro, Vernon, and Westover AFB (Mass.) have been reported
by the U. S. Weather Bureau for a 20-year period.® The site has been moni-
tored for over 5 years by the applicant; monitoring will continue when the
plant becomes operational. The Air Resources Environmental Lab, National
Oceanic and Atmospheric Administration, as part of the staff safety review,
analyzed the data provided by the applicant.
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Data collected at the on-site station in the meteorological site
monitoring program’ from August 1967 through July 1968 indicate that the
most frequent wind direction is from the north-northwest (downriver) at an
average speed of 7 to 8 miles per hour. Inversion frequency varies from
36% in the fall to 42% in the spring (av 39%). Rainfall as heavy as 2.7
in./hr has been recorded in the area. Freezing rain or drizzle is common
in the Vemmon area during the winter months. As many as 10 ice storms per
year have been recorded, with ice thickness up to 0.75 in. Severe storms
such as tornadoes do occur in the vicinity of the plant. In a 50-year
period (1916-1965), two tornadoes have been reported in Bennington, Vermont,
eight in Cheahire County, New Rampshire, and nine in Franklin County,
Massachusetts;? however, property damage repaorted has been swmall, Infor-
mation on occurrence of fogging conditions near this section of the
Counnecticut River 1s not tabulated in any of the weather summaries. How-
ever, according to a recent study? of potential seasonal effects that might
result from the cooling tower plumes at the Vermont Yankee Plant, natural
fog frequency occurs about 140 hr/year.

2. Surface Water Hydrology

There are three dams downstream of the Vermon Dam and nine upstrean.
These dams are largely used for hydroelectric power production, although
they do provide some measure of flood control,

The Vernon hydroelectric plant and most of the other hydroelectric
plants on the Connecticut River are used to produce power at times of
peak demand. When the demand is low, as late at night or on weekends,
the plants produce little power and the river flow 1s greatly reduced to
conserve water. Whea the demand is high, the river flow is greatly in-
creased. The flow past Vernon Dam varies from a low of about 125 cubic
feet per second {(cfs) to a high which itself varies from about 5,000 cfs
in late summey to 15,000 cfs or more in the spring. Once the nuclear power
plant is in operationa the river will be so regulated that the minimum
instantaneous flow3:10 15 1,200 cfs. The low, average, and high mean
monthly discharges at Vernon Dam over a S5-year period are shown in
Fig. II-9. The highest average monthly flow for the period of record
from 1945 to 1965 was 46,000 cfs in April, and the lowest was 1,805 cfs
in August.

, The river is still subject to floods, despite the many dams.
However, the greateast and most destructive flood was on March 19, 1936,
when the discharge was 176,000 cfs and the river stage at Vernon was

231.4 ft above mean sea level (MSL). The Corps of Engineers "Standard
Project Maximum Probable Flood" would have a flow, with the present 16
flood~control dams in place, of 230,000 cfs and a stage of 235.1 £t MSL.
The plant site grade is 250 ft MSL, so that it is in no danger from floods.



. P

‘u

II-15

335 T T T 71 T T T

f\/ﬂlfsn,

50"" —
asl- -
s0f- -
35 -

N
,' \

930} gy
Q i
2 ]

x ]
Lol |
25 !
|

|

N
o

] 1 1 1 i ) 1 1l T
OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT.
MONTH
Fig II-9
Mean Monthly Discharge.
Vernon Dam



1I-16

In a feasibility study by the Metropolitan District Commission of
Magsachusetts, Connecticut River water at a point 15 miles downstream
from the Vernon plant would be directed, under certain conditions, to
Quabbin Reservoir, a domestic water supply for over two million people
in Massachusetts.l! The plan would divert this water via Northfield"
Mountain Reservolir only when the flow in the Connecticut River exceeds
17,000 cfs. Flow above this figure occurs normally during 70 to 80 days
of high freshet flow, which takes place primarily in the spring. When
the flow in the Connecticut River is 17,000 cfs (about 7,600,000 gpm)
radionuclide and chemical liquid effluents from the Vermont Yankee plant
would be greatly diluted; they would be diluted further when they are

. pumped into Quabbin Reservoir.

During the staff site visit in early September 1971, the water in
Vermon Pond near the Vermont Yankee site appeared dirty, in comparison with
other bodies of water in the surrounding environment. The water's appearance
probably accounts for its limited use for recreation. However, the water
quality studies by Webster-Martin, Inc.,12 showed that the dissolved
oxygen concentration was quite good during all the periods sampled (1967-
1970). In moat cases the water was nearly saturated with oxygen. A
heavy silt load ia carried by the river, as shown by the Webster-Martin
studies. This silt load undoubtedly accounts for much of the appearance
of the water.

The river water temperatures as measured near the plant site from
January 1968 through December 1970 are plotted in Fig. II-10. 13 The tem-
perature of the river water varies from 32° to 84°F with the daily variations
rarely exceeding 2°F, From December through March the water temperature
averages below 35°F, and in July, August, and September it averages between
70° and 77°F.

Chemical quality of the river water was also determined in the
Webster-Martin study. The pH of the river water varies from 6.40 to 7.82,
the total solids from 55 to 142 milligrams per liter (mg/liter) and the dis-
solved oxygen from 4.8 to 14.6 ppm. Chloride varies from 1.5 to 10.2
mg/liter, sulfate from 5.5 to 13.0 mg/liter, and sodium from 3.5 to 7.0
ng/liter. 1% Maximum concentrations of various elements in the water at
stations 3 and 7 (Pig. II-3) above and below the plant site are given in
Table 1I-2 for the period from May 1969 to May 1970. With values in these
ranges, the river is not considered seriocusly polluted.

The river at the plant site, or rather the lake formed behind the
dam, Vermon Pond, is a half mile wide and up to 35 ft deep.
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Table 112, Sumemry of water quality da!?

Eleme 4 Value measured®
ntsand parameters Minimum Median Maximum
pH 6.40 2.30 7.82
Tusbidity, A.PH.A. units R S X S [
Concentration, mgflites ’
Chloride ) 1.3 7.0 102
Sulfats 5.0 9.4 13.0
Total solids £1 ] 78 142
Suspended solids 0 L] 17
Dissolved oxygen 6.3 9.30 126
Cadmium <0.08
Chromivm 0.019
Coppet 0.01 0.07
lron 0.08 0.34 34
Nickel <0.01 0.04
Sodium s 4.3 7.0
Zinc <0.02 Q28

SValue measured, May 1969 to May 1970, at cither Staticn 7 oc Station 3
above and below plant (see Fig 11-3).
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3. Geology N

Extensive geological investigation of the site has been carriled out
in conjunction with the design and construction of the major scructures
of the nuclear power station.l® The subsurface exploration program has
included 93 borings at depths up to 100 ft. These borings show that
the area is overlaid by glacial deposits from the Pleistocene age,
with an average 30 ft of glaclual overburden above the bedrock. It
is important to consider the geology and groundwater conditions in
selection of a reactor site, in order to assess the possibility of
flood damage.

The bedrock 1s composed of quartz diorite gnelss (granite-1like rock)
and has a long and complex history. The original bedrock in the area was
composed of early Paleozoic sedimentary rocks (over 230 million years old).
These rocks were strongly folded from east to west to form a structure
referred to as a nappe, in which the fold was not only overturned and
recumbent but may also have been displaced to the west by faulting.l

This recumbent fold was in 1its turn intruded from below by a number
of domes or plutons of quartz diorite. The Vernon dome, the rocks of
which actually underlie the site, was 8 miles long and 2 miles wide and
is one of a series of similar atructures which extend northward into
northern New Hampshire and southward into Connecticut. Further down-~
folding of the rocks on a smaller scale produced a 8ynclinal area between
the Vernon and the Westmoreland dome to the north.l7

Very wmuch later, at the beginning of the Triassic period some 70
million years ago, the area was further deformed by downfaulting. A
large block of land extending from Long Island Sound on the south to
somevhat north of the plant site was downfaulted., Similar graben areas,
nany still filled with Triassic red beds and basalts, are found along the
eastern coast of the United States.l® There has been no apparent movement,
however, of these structures during the past several million years.

4. Groundwater

The local groundwater level fluctuates depending upon precipitation
and water level changes in the Connecticut River, Drainage from precipi-
tation or flooding in the area occurs over a rock surface beneath a thin
layer of overburden. Some of the nearby communities rely entirely on
strean water, other than the river, and some get their water supply gartly
from wells. There are many private wells in the area (Fig. II--ll).1
Although some of the wells have yields of several hundred gallons per
minute, such ylelds may be obtained only where the glacial deposits are
unusually thick and permeable. Some of the wells go into bedrock, which
in this area ylelds only small flows of water.20
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There are no deep artesian aquifers (water-permeable rock, sand,
or gravel) in the area, and all of the groundwater is contained in the
surficial glacial deposits or in the uppermoat fractured bedrock. In
general, the water table slopes toward the river, into which the groundwater
discharges; however, when the river stage is rising rapidly, the slope of
the water table adjacent to the river may be reversed, in which case the
river will recharge the groundwater.

P. BIOTA

The Vermont Yankee site, which was formerly agricultural and pasture
land, is on one of the terraces formed by the Connecticut River. The
nearby hillas are covered with forest of beech, birch, maple, and white 3
pine. Animals of the area are typical of those assoclated with pasture
land and forest of this type.

Moat of the organisms associated with the aquatic ecosystem are
those found in Vernon Pond, which is an impoundment of the Comnecticut
River created when the Vernon Hydroelectric Dam was constructed in 1909.
The water impounded by the dam covers an area of approximately 2500 acres
and varies in width from 400 to 3000 fr and in depth from 15 to 50 ft.

Except for the applicant's ecological studies,2! very 1little informa-
tion is available on the aquatic biota in this part of the Connecticut
River., The Vermont Yankee Nuclear Power Corporation contracted with
Webster-Martin, Inc., as an aquatic biological consultant to undertake
a water quality and aquatic biota study program. Although the program
was initiated in 1967, some of the important studies, such as those on
phytoplankton and zooplanktou, were not initiated until May of 1970. The
biological phase of the program includes phytoplankton, zooplankton, benthic
fama, fish, and vascular plants. These studies are primarily descriptive,
with some quantitative data given, especially for fish.

The Bcological Studies of the Connecticut River, Vermon Vetmont,zl
subuitted by the applicant, is a preoperational report. This report is
not exhaustive but is probably the best source of information on water
quality and biota in the Connecticut River in this. area. The applicant
plans similar postoperational studies for at least 4 years, as discussed
in Section V.C.S.

1. Terrestrial and Amphibious Vertebrates

The applicant's ecological studies did not include the terrestrial
environment, Population counts of mammals, reptiles, and amphibians in
the area are not available; however, Dr. William Countryman, a consultant
with Webster-Martin, Inc., and a professor at Norwich University, Northfield,
Vermont, supplied the AEC staff with check 1ists of these animals for the
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state.?2 Lists of mammals, reptiles, and amphiblans found in Vermont are

given in Tables II-3, II-4, and II-5. Not all species and subspecies listed

for the state are present on the Vermont Yankee site and immediate environs.

It {8 unlikely that many subspecies will occur together in this general area,
and it is considered improbable that mammals such as nutria, gray wolf, wolverinet
cougar, or moose are ever in the Vermont Yankee area except 23 "accidentals”

or wanderers. .

2. Birxds

A check 1list of the birds23 shows that 258 species representing 45
famili{es are found in Vermont. - Of the 258 species, 143 are regular nesting
species in the state. Birds associated with the Vermont Yankee site would
be those endemic to pasture land and the nearby forest habitat, such as
eastern meadowlarks, red-winged blackbirds, song sparrows, starlings, and
black-capped chickadees. Since the site 1s adjacent to Vernon Pond, some
water birds would be common to the area; examples are kingfisher, black
duck, and wood duck.

3. Vascular Aquatic Plants

The vascular plant communities assoclated with Vernon Pond were
studied for the applicant.2" Approximately 160 species of marsh and
shoreline plants were identified. Collection dates and descriptions
of the species are given in the applicant's report.2"

In addition, two small marshes (Fig. 1I-2) were studied in detail.
One marsh, about an acre in size, is 0.4 mile upstream from the cooling
water intake; the other marsh, of similar size, is about the same distance
dovnstream from the cooling water discharge. A species 1list and the
frequency of the more abundant vascular plants was compiled by making
transect studies of the two marshes,

These two marshes were studied intensively so that they might serve
as gensitive indicators of possible changes in water quality. The more
abundant specles were Equisetium fluviatile (water-horsetail), Galiun
palustre (bedstraw), Typha glauca (cattail), Carex crinita (sedge),

Scirpus pedicellatus (wool-grass), Polygonum punctatum (water smartweed),

and Acorus calamus (sweet flag).

4. Phytoplankton and Periphyton

Microscopic plants which occur as free-living forms carried by the
river current (phytoplankton) or as attached forms (periphyton) growing
on submerged objects are the primary producers of the aquatiec ecosystem.
Phytoplankton samples were collected from May 1970 to April 1971 ac six
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Tablell-). Mammals of Vermont??

Species

Common name

Didelphis marsupialis virginiana Kerr

Sorex cinereus cinereus Kerr

Sorex palustris albibarbis (Cope)

Sorex fumeus fumeus Miller

Sorex fumeus umbrosus Jackson

Sorex dispar dispar Batchelder

Micgosorex hoyl thompsoni (Baird)

Blarina brevicauda hooper® Bole and Moulthrop
Blasina brevicauda talpoides (Gapper)
Parascalops breweri (Bachman)

Condylura cristata cristata {(Linnacus)

Myotis lucifugus kicifugus (Le Conte)

Myotis keenii septentrionalis (Troucssast)
Myotis soldalis Miler and G. M. Allen

Myotis subulatus Jeibii (Audubon and Bachman)
Lasionycteris noclivagans (Le Conte)
Pipistrelius subfavus obscurus Miller

Eptesicus fuscus fuscus (Palisot de Beauvokls)
Lasiurus borealis borealis (Mulles)

Lasiurus cinereus cineseus (Palisot de Besuvois)
Sylvilagus transitionalis (Bangs)

Lepus americanus virginianus Harlan

Tamias striatus Jysters (Richardson)

Marmota monax canadensis (Erxleben)
Masmota monax preblorum A. H. Howel)
Marmota monax rufescens A. H. Howell
Sciutus carolinensis pennsylvanicus Ord
Tamiasciurus hudsonicns gymnicus (Bangs)
Tamiasciurus hud sonicus Joquax (Bangs)
Glhaucomys volans volans (L innaens)
Glaucormys sabrinus macrotis (Mearns)

Castor canadensis acadicus V. Bailey and Doutt
Peromyscus maniculatus gracilis (Le Conte)
Pesromy scus leucopus noveboracensis (Fischer)
Ciethrionomys gapperd gappeti (Vigors)
Clethrionomys gappesi ochraceous (Miller)
Microtus pennsylvanicus pennsylvanicus (Ord)
Microtus chrotosthinus chrotorrhinus (Miller)
Microtns pinetorum scalopsoides (Avdubon and Bachman)
Ondatra 2ibetbicu. ‘bethicus (Linnaeus)
Synaptomys cooperi cooper] Baird

Rattus rattus rattus (Linnaeus)

Rattus norvegicus norvegicus (Berkenhout)
Mus musculus domesticus Rutty

Zapus hudsonius acadicus (Dawson)
Napaeozapus insignis insignis (Miller)
Erethizon dorsatum dorsatum (Linnaeus)
Myocaster coypus bonaciensis (E. Geoffroy St.-Hilaire)
Canis lupus lycaon Schreber

Opossum

Masked shrew
White-lipped water shrew
Smoky shrew

Nova Scotian smoky shrew
Gray shrew

Pigmy shrew

Short-tailed shrew
Short-tailed shrew
Hairy-tailed mole
Star-nosed mole

Litile brown bat

Eastern Jong-ezred brown bat
Kentucky brown bat
Least brown bat
Silver-haised bat
Pipistrelle

Big brown bat

Red bat

Hoary bat

Allegheny cottontail
Virginia varying hare
Northeastesn chipmunk
Camads woodchuck

New England woodchuck
Rufescent woodchuck
Gray squirrel

Bangs' ted squirre}
Southem red squirrel
Southem flying squirrel
Northern flying squirrel
New Brunswick beaver
Camadian deer mouse
Northern white-footed mouse
Boteal red-backed vole
White M. yed-backed mouse
Meadow vole
Yellow-cheeked vole
Pine vols

Muskrat

Southem bog lemming
Roof 5at

Norway rat

House mouse

Meadow jumping mouse
Woodland jumping mice
Porcupine

Nutcia

Gray woll
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Table 11-), Continued

Species Common name
Vuipes fulva fulva (Desmarest) Red fox
Utocyon cinereoargenteus borealis Memriam Notthern gray fox
Ursus americanus americanus Pallas Black bear
Procyon Jator lotor (Linnacus) Raccoon .
Martes americans americana (Turton) Marten
Martes pennanti pennantl (Erxleben) Fisher
Mustela erminea cicognanii Bonsparts Small brown weasel \
Mustels frensta occisor (Bangs) Northem long-tailed weasel .
Mustela vison vion Schreber Mink
Guilo huscus huteus Etliot Wolverine
Mephitis mephitis nigra (Peale and Patisot de Beauvols) Eastern skunk
Lutra cansdensis canadensis fSchreber) River otter :
Felis concolor cougusr Kerr Cougar :
Lynx cansdensis canadensis Kest Lynx
Lynx rufus gigas Bangs Bobcat
Lynx rofus rufos (Schreber) Bobest .
Dama virginiana borealis (Miller) White-tal dees
Alces akes americana (Clinton) Moose ?
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Table 114, Reptiles of Veemont?2

Species Common mame
Chelydra serpentina serpentina Linnacus Snapping turtle
Stemnothacerus odomtus Latreillo Stinkpot
Clemmys Insculpta Le Conte Wood turtle
Chrysemys picta picta Schneider Painted turtie
Natrix sipedon sipedon Linnaeus Common wateg smakes
Storeris dekayl dekayl Hobrook Brown smake
Thamnophis sauritus saurites Linnacus Ribbon snake
Thamnophis sirtalis sictalis Linnasns Common garter snake
Disdophis punctatus edwardd Merrem Notthern singneck snake
Coluber comstrictor constrictor Linnacus Races
Opheodrys vernalis yernsls Harlan Smooth green smke
Elaphe obsoleta obsoleta Say Rat smke
Lampropeltis doliata triangutum Lacepede  Eastern milk snake
Crotalus horridus horridus Linnseus Timber rattleanake
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Table II-5. Amphibians of Vermont®?

Species

Common name

Necturus maculosus maculosus Rafinesque
Ambystoma jeffersonianum Green

Ambystoma maculatum Shaw

Notophihalmus viridescens viridescens Raflneaque
Desmognathus fuscus fuscus Rafinesque
Plethodon cinereus cinereus Green
Hemidactylium scutatum Schiegel
Gyrinophilus porphyriticus porphyriticus Green
Euryces bistineata bislineata Green

Hyh crocifer crucifer Wied

Hyla versicolor vessicolor Le Conte

Rana catesbeiana Shaw

Rana clamitans Latreille

Rana sylvatica sylvatica Le Conte

Rana pipicns pipiens Schrebet

Rana palustris Le Conte

Mud puppy

Jefferson's salamander
Spotted salamander
Newt

Dusky salamsnder
Red-backed salamander
Eastern four-1oed salamander
Purple satamander
Twolined satamander
Spring peeper
Common tree frog

Bull {rog

GCreen frog

Wood frog

l.eopan'i frog

Pickerel frog
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sampling stations. The locations of the sampling stations are shown in

Fig. II-12, and a description of each station is given in the applicant’s
report.2! Periphyton samples were collected along the shore among wvascular
plants and in bays and eddies of the Connecticut River. A 1list of 44 genera
and 71 species of phytoplankton and 43 genera and 66 species of periphyton
is given.2

Phytoplankton were the most abundant in Vernon Pond during August,
September, and October. The total number of organisms per liter ranged
from 20,000 to 74,000 at sampling stations near the Vermont Yankee Plant.
Ten species occurred consistently in the samples, and these species are
listed in Table II-6. Microspora stagnorum, a filamentous green algae,26
was the most abundant species at sampling station 4 during August,
Septenber, .and October. The number of Microspora stagnorum dropped rapidly
from 8000 organisms per liter at the end of October to less than 1000
organisms per liter at the middle of November. One-celled algae with rigid
cell walls are referred to as diatoms. Melosira varians, a diatom which
is characteristic of organically enriched areas,?’:<% was abundant 1in
September (2000 organisms per liter). Asterionella formosa, a diatom, was
the next most abundant species; peak pogulations of about 1000 organisms
per liter occurred in June and October.2% Asterionella formosa is known
as a filter clogging algae, and when 1t is abundant can produce a fishy
taste in water.

Species of Scenedesmus, a green algae characteristic of organically -,
enriched areas,?? were abundant in July and August at sampling station 4
(approximately 800 organisms per liter). The blue-green algae, Oscillatoria

limosa, a pollution algae,2? along with six other species were collected

in Vernon Pond but were not abundant.

5. Zooplankton

The microscopic animals which float in river water and feed primarily
on phytoplankton (algae) are known as zooplankton. An annotated list of
42 genera found in the Connecticut River is given in the applicant's
report.21 The most common groups were rotifers (microscopic animals with
a wheel-like ring of cilia), daphnia (water-fleas), and nauplii (small
crustacea). Seasonal variation in the total number of organisms and the
number of genera observed were based on collections started in May 1970
at six sampling stations (Fig. 1I-12). The greatest number of organisms
per sample and the greatest diversity of genera occurred during the months
of June through October.?d

In Vernon Pond at station &, near the Vermont Yankee Plant, approxi-
mately 8000 zooplankton organisms were collected in 10-liter samples
during June and July. The number decreased rapidly during the colder

/ " months to less than 200 organisms in October and November.
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Table 11-6. Tea Phytoplankton Specics Common to Yemon Pond

Specics

Common mame

Microspors stagnorum (Kuetz.) Lagerheim
Pediastrum spp. ’

Scenedesmus spp.

Tribonema bombycinem (Ag.) Desbes and Solier
Dinobryon cylindricuns Imhofl

Melosita varians C. A, Agardh

Tabellaris spp.

Fragillaria crotonensis Xitton

Asterionells formosa Hasnall

Cenatium hirundinelia (DFM) Shrank

Green algac-filamentous
Green algse-nonfilamentous
Green algse-nonfitamentous
Yellowgreen algae
Yellowgreen algace, flageltates
Diatoms

Diatoms

Diatoms

Distoms

Yeliow-green aigae, fageliates
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6. Benthic Fauna

The invertebrate animals which live on the river bottom are known
as benthic fauna. Webster-Martin, Inc., conducted studies on the bottom
organisms in the Connecticut River near the Vermont Yankee Plant for the
applicant. An annotated list of the benthic fauna is provided.3? The
list is based on samples collected from May to October of 1967 to 1970 at ‘
eight sampling stations; high flows and icing of the river prevented sampling
at other times. The locations of the sampling stations are shown in
Fig. II-12.

The most common benthic organisms collected were Tubellaria (flat-
worm) , Oligochates (Tubicifid roundworms), Helobdella glassiphonia (leeches),
Asellus (isopods), Sphaerium musculium (small fresh water clams), immature
stages of Tendipedidae (two-winged, mosquito-like flies), and nymphs of
Odonata (dragonflies). The greatest diversity of species occurred at sampling
stations 1, 2, and 3. These stations are below Vernon Dam, and benthic
organisms found at these stations are those that are found in flowing streams
with rocky bottoms. Such organisms as Ephemeroptera (May flies), Trichoptera
(caddis flies), and Plecoptera (stoneflies) were found at these stations.
There is less diversity of species in the thick silt found on the bottom
of Vemon Pond than in the river below the dam. The benthic fauna found
in Vermmon Pond are typical of those found in impounded waters.

7. Fish

Studies of the resident fish gspecies in the Connecticut River in the
area of Vernon, Vermont, were conducted during 1969-1970 for the applicant,3!
These studies provide an inventory of the species and their relative abundance
before the Vermont Yankee Plant becomes operational. Few studies have been
made on the fish populations in this part of the Connecticut River. Besides
the applicant's study, Morrison32? made a similar study for the state of
New Hampshire in connection with the anadromous fish restoration progran.

In general Morrison's results agree with the results of the Webster-
Martin study. A species list for fish in Vernon pond was compiled from
the applicant's report3! and from Morrison’s study32 (Table II-7). Of
the 31 species listed in the table, 24 species were listed as being captured
in the applicant's report and 18 species 1listed as being captured in
Morrison's report. Some of the species listed but which were not captured
in either study were the American shad, brown trout, black dace, and long-
nose dace. The American shad is discussed in the section on the anadromous
fish restoration program (see Chapter V). Some species listed, such as
c:rp, largemouth bass, black crapple, and white perch, are not native to
the area.
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Table 11-7. Fisk in Yernon Pond

i Specics Common name
!
3 Alosa sapidissima American shad
. Ambloplites rupestris Rock bass
: Anguilla rostrata Ametican eel

Catostomus commersoni ~ White sucker
Catostomus nannomyzon  Longnose sucker

Cottus cognatus Slimy sculpin

Cyprinus carpio Carp

Etheostoma olmatedi Darter

Esox niger Chain pickerel

Fundulus diaphanus Banded kiltflsh

Hybognathus nuchalis Eastern silver minnow

lcataturus natalis Yellow bullhesd

Icatalurus nebulosus Brown bullhead

v Lepomis auritus Redbreast sunfish

b-’ Lepomis gibbosus Pumpkinseed

Lepomis mactochirus Bluegill
Micropterus dolomicui Smafimouth bass
Micropterus salmoides Largemouth base
Notemigonus csysoleucas  Golden shiner

Notropis hudsonius Spotiail shiner
Notropis umbratitis Red(in shiner
Perca flavescens Yellow perch
Pomoxis nigromaculatus  Black crappie
Rhinichthys atralutus Blacknose dace
Rhindchthys cataractae f.ongnose dace
Morone americanus White perch
Sakmo gairdneril Rainbow trout
Salmo trutta Brown trout
Salvelinus fontinalis Brook trout
Semotilus corporalis Fall fish
Stizostedion vitreum Walleye
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A comparison of the number and average weight of the fish captured
in the two independent studies 1s shown in Table 1I-8. The primary difference
between the two studies was that smallmouth bass represented a greater per-
centage of the resident fish population in Morrison's study. About 30X of
the fish captured were carp and white sucker; however, they represented

about 66% of the total weight.

Morrison32 concluded from his study that the density of the resident
fish population was quite low in this part of the Connecticut River and
that there was relatively little fishing. This is not an unusual situa-
tion in water where most of the large fish are caxp and sucker. Based
on the abundance and weight studies, white perch, yellow perch, small-
mouth bass, and largemouth bass afford most of the local sport fishing

in. the river.
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Table 11-8. Comparison of the Number and Averags Weight
of Sedectod Species of Fish Captured® by Morrison®?

and Webster-Martin®'
Morrison (1969) . Webster-Martin (1970)
. Species - Number Avenage Number - Average
of fish weight (Ib) of fish weight (Ib)
Smallmouth bass 728 0.34 109 0.33
Lasgemouth bass s 15 1N 0.03
Rock bass n 0.26 282 0.18
Sunfish and bliegill 109 0.22 362 0.04
White perch 93 0.49 181 0.32
Yellow peich 474 0.28 1178 0.27
Willeye 174 0.64 64 0.62
White sucker m 19 847 0.34
, Cluin pickesel 8 0.6 9 08
& Carp 122 80 158 8.5
Rainbow trout 1 0.6 1 0.23
Other species 13 0s 2186 0.002

*Sampling techniques and equipment differed to some extent.
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III. THE PLANT

A. EXTERNAL APPEARANCE

The reactor building, turbine butlding, and stack are visible from
Vermont State Route 142 (Fig. II-3), which passes by the plant, and also
from New Hampshire on State Route 119 (Fig. IIXI-1), on the othexr side of
the river. The cooling towers, although partially visible from Route 142
now, will not be visible when planned landscaping is finished.

The turbine building has a structural steel frame covered with cor-
rugated metal siding. The reactor building has reinforced concrete side
walls, with the top 40 ft covered with metal siding (Fig. III-2). The
318-ft-high tapered, reinforced concrete stack is about 650 ft from the
end of the turbine building (Figs. III-2 and II1-3). The visitors' center
serves both to screen the plant from the highway and to provide a view
of the buildings (Fig. II1I-4). After planned landscaping, the cooling
towers will not be visible from the visitors' center.

The intake and discharge structures can be seen only from the New
Hampshire side of the river; their appearance is not obtrusive.

The plume from the cooling towers will possibly be the most noticeable
visual feature of the plant. It will be visible from Vernon and from State
Route 119 in New Hampshire. The towmspeople of Hinsdale, New Hampshire,
will probably notice the plume in the rare cases when the wind blows it
in their direction.

B. TRANSMISSION LINES

Transmission lines are needed to transmit power and to tie into the
regional transmission network. The Vermont Yankee Station will significantly
increase Vermont's power generation when it goes into service; however,
about 45X of the plant's output will be delivered to utilities (including
Vernont Yankee sponsors) outside the state. The 345-kV New England grid
loops from western Massachusetts north to the Vermont Yankee switchyard,
where Vermont Yankee is connected to the grid, and then east through
New Hampshire. The two 345-kV grid transmission lines built to the Vermont
Yankee switchyard would have been required to supply purchased power
to the State of Vermont even 1f the station had not been located at the
Vemon site. The only facilities added as a result of the construction of
the Vermont Yankee Station are two 115-kV lines that connect the station
to the interconnected Vermont-New Hampshire 115-kV grid.
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Two double-circuit 345-kV lines have been constructed, which run
north from the plant switching station 1400 ft on the plant's property
to two towers and then cross Vernon Pond to the New Hampshire side (Fig.
11I-5). The Public Service Company of New Hampshire is responsible for
the tie~in with the transmissfon grid for the New England area. Two
115-kV lines run from the power plant to the towers on the Vermont side
of Vernon Pond. One of them crosses the river and connects with the
Brattleboro-to-Keene, New Hampshire, line. The other continues northward
along the river.

Transmission line development includes two substations and a 345-kV
transmission line requiring a right-of-way 150 ft wide and approximately
51 miles long that runs from the switching station at the Vermont Yankee
Plant to a proposed substation 3 miles NE of the village of Ludlow, Vermont.
The substation requires an area 600 ft by 585 ft. Vermont Electric Power
Company, Inc. (VELCO), an organization established for transmission. of
electric power in Vermont, has plans for two 345-kV lines and has acquired
a 250-ft-wide right-of-way (to accommodate two lines in the future) and
ample acreage at the substation sites. Descriptions of these transmission
1li{nes and proposed alternates can be found in the State of Vermont Public
Service Board's Findings of December 31, 1969,! and June 12, 1970.2

The VELCO program for maintenance of {ts transmisgion lines uses
herbicides but also includes erosion control and selective cutting. Herbi-
cides are used to control the growth of vegetation in the rights-of-way.
Applications of herbicides are made shortly after clearing and every 2 or 3
years thereafter. The use and application of the herbicides are controlled
at the state level by the Pesticide Advisory Council in the Vermont Department
of Agriculture and at the federal level by the U. S. Department of Agriculture.
The program is degigned to reduce the impact of transmission lines on the
environment. .

Approval of the transmission faclilities has been obtained at the
local, state, and Federal level. The Vernon Board of Selectmen and
Vernon Planning Commission issued statements saying that transmission
1lines associated with the Vermont Yankee Plant would not influence the
orderly development of the town. 1 Approval for the construction of the
transmission facilities has been obtained from the State of Vermont.l:2
On July 31, 1970, the Federal Power Commission approved the use of lands
for the transmigsion of electrical energy asgoclated with the Vermont
Yankee Plant.3

C. REACTOR AND STEAM-ELECTRIC SYSTEM

The 1593 MW(t) nuclear system uses a single-cycle, forced-circulation,
boiling-water reactor, that produces steam for direct use in the steam
turbine. Fuel for the reactor core consists of slightly enriched uranium
dioxide pellets contained in sealed Zircaloy-2 tubes. Steam produced
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in the reactor core drives the turbine-generator, which generates 540 MW(e).
Steam is condensed in the single-pass~type main condenser, which will
accept normal steam discharge or bypass discharge (up to 1052 of the
turbine design flow) resulting from a load loss.

A circulating water system cools the main condenser with water pumped
from and returned to Vernon Pond. As an alternate operation, cooling
water 1s recirculated through cooling towers which digsipate heat to the
atmosphere.

The designer and fabricator of the nuclear steam—supply system was the
General Electric Company, which also supplied the turbine. Primary con-

tainment for the reactor is a steel vessel surrounded by reinforced concrete.
Secondary containment (the reactor bullding) surrounds the primary con-
tainrent vessel and serves as another barrier to release of radioactive
fission products and activation products.

D. EFFLUENT SYSTEMS

10 ueat
a. Thermal Source Term

Heat is dissipated from the main condenser to the circulating
vater system (Fig. ITI-6), which provides a continuous flow of cooling water
through the condenser. The circulating water follows one basic flow path
for full open cycle and another for closed cycle, In the open cycle, the
water is pumped from the river, passed through the condenser, and dis-
charged back into the river. In the closed cycle, 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. Blowdown refers to the water continuously removed from
the cooling tower collection basins to rid the cooling towers of dissolved
solids. In a modification of the open cycle described below, both flow
paths are used. ’

Vernon Pond is the source of water for both the circulating
water system and the service water system. The service water system supplies
cooling water to auxillary equipment and heat exchangers. Water will be
removed from the river at 10,000 gallons per minute (gpm) or 22.2 cubic
feet per second (cfs) for the service water system in closed-cycle operation
or 376,000 gpm (84G cfs) for both systems in open-cycle operation. Heated
service vater is discharged into the circulating water being returned to
the river during open-cycle operation or is used as makeup water during
closed-cycle operation. Maximum consumptive use of water occurs during
closed~cycle operation, when about 5000 gpm (11.1 cfs) evaporates and
drifts from the cooling towera. Consumptive use refers to water removed
from the river and lost (not returned to the river). '



COOLING

GENERATOR

Fig. IL-6
Heat Dissipation System.
Vermont Yankee Nuclear Powsr Station

6-1I1X



111-10

The intake is a reinforced concrete structure on the river bank NE
of the reactor. Openings in the intake are covered by trash racks, which
are vertical steel bars 3/8-in. thick by 3-in. deep spaced on 3-in. centers.
Inside the intake are traveling screens made of copper wire with 3/8-in,
clear openings. Recirculation of warm discharge water is provided when
needed to keep the intake bays and service bays free of ice. For normal
pool water level, velocity through the trash racks is ~1 ft per second
(fps) and velocity through the traveling screens is 1.57 fps. The struc-
ture houses intakes and pumps for the circulating water system, the service
water system, and the radicactive waste dilutfon systenm.

There are two mechanical draft cooling towers, each about 463
ft long, 60 £t wide, and 50 ft high (Pig, ITI-7). Each tower has 11 induced-
draft fans with 14-ft-high fiberglass fanstacks, polyvinyl chloride £i11, and
drift eliminators. The cooled water is collected in a reinforced concrete
basin which algo serves as a foundatf{on for the tower. The towers were
designed to operate at a noise level less than 88 decibels above the ASA
Standard Reference Level when measured 50 ft from the air inlet face and
5 ft above grade. In the residential area 600 ft W of the towers, sound
has been measured at 68 dB(C), which is 56 dB(A); the standard A weighting
scale is usually considered to approximate the response of the human ear.

The basin for the No, 2 cooling tower is about 15 ft deep and
serves as a storage reservoir for 1,500,000 gallons (200,000 £t3) of water to
be used for emergency cooling. A de-icing line supplies warm water to
the basin to prevent the emergency cooling water from freezing.

Chlorine (sodium hypochlorite) and sulfuric acid will be added
to the condenser cooling water to control biological fouling and scale depo-
sition. This is discussed in more detail in Sect. III.D.3.a.

A concrete discharge-aerating structure on the river bank south of
the intake discharges water to the river over 27 concrete deflector blocks
(Pig. 1II-8), which aerate the water. Flow velocity over the aeration
spillway is about 5 fps. Compartments and pumps in the discharge structure
are arranged so that water can be discharged to the river or pumped through
the cooling towers, or both. Water returning to the discharge structure
from the towers can be mixed with' circulating water and discharged or
returned to the intake structure, .

Figure III-6 shows the intake, discharge, cooling towers, and con-
denser, The three operating modes of the circulating water system are shown
by flow lines. In each mode, 366,000 gpm (815 cfs) passes through the
condenser with a temperature rise of 19.7°F.
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(1) Open Cycle

1 In the open-cycle mode of operation, no water is pumped
rough the cooling towers. The total flow (366,000 gpm cooling water plus

,000 gpm service water) 1s directed frot the discharge structure into the
o river.

(2) Closed Cycle

In the closed-cycle mode, the total cooling water flow of

376, 000 gpm is pumped to the cooling towers, where it is cooled by evaporation.
About 5000 gpm is lost through evaporation and drift during full-power closed-
cycle operation. The only water discharged to the river is about 5000 gpm

"of cooling tower blowdown, which is discharged at a maximum temperature

of 90°F. The remaining 366,000 gpm of effluent from the cooling towers is
returned to the intake structure for recirculation.

. (3) Helper Cycle

In the helper-cycle mode, only part of the water is cir-
culated through the cooling towers before being discharged to the river.
Cooling tower effluent is mixed with heated water from the condenser to
lover the temperature of the water before discharge. There is some loas by
evaporation and drift.

&/ The mode of operation of the cooling system can be selected
80 as to limit the heat load on the river according to administratively
chogen criteria. The applicant states that he will conform to requirements
of the State of Vermont Water Resources Board in its Final Order of Permit,
dated June 10, 1968, and as amended November 26, 1971, These orders
establish allwable increases in the river water temperatures that are
dependent on ambient river temperature. No discharge of heated condenser
water 18 permitted when the river temperature is 70°F or greater, with the
exception that chemical blowdown from the cooling towers may be discharged
at a flow not to exceed 15 cfs at a temperature not greater than 90°F,
For water temperatures between 67° and 70°F, a 1°F rise in river temperature
is permitted; below 55°F, a 5°F rise is allowed' intermediate increases are
allowed between 55 and 67°FP. The rate of change of temperature is limited
to 0,5° to 1°F per hour at different seasons of the year. The temperature
changes are to be measured downstream of the mixing zone - that is, at a
point below the Vernon Dam (discussed in Section 1II.D.1l.b and Chapter V).
Thermal restrictions imposed by the New Hampshire Water Supply and Pollution
Control Comission (NHWS&PCC) in its "Final Permit to Discharge Certain
Station Wastes,” dated March 2, 1972, are similar to the Vermont requirements
described above, except that a11 temperatures are to be measured at points
within the State of New Hampshire as later determined by the NHWS&PCC.
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b. Dispersion of Heat

The extent and severity of calefaction of Vermon Pond will depend
upon factors: (1) the cooling system mode of operation (open, helper, or
closed cycle); (2) the design of the discharge opening; (3) the river flow
rate; (4) the fraction of flow taken from various depths going through Vernon
Dam; (5) the air temperature relative to water temperature; and (6) wind speed
and direction.

The cooling wode is a directly controllable factor, because it
can be chosen. The design of the discharge opening could be changed by the
applicant. The depth from which water enters the dam could be changed through
a special agreement with the corporation that operates the dam. The effects
of the other factors can be largely compensated for by the applicant's choice
of cooling mode. The applicant has proposed to exercise this choice in such a
way as to conform to the requirements of the State permits, as discussed above,
operating the cooling towers when necessary to limit the temperature of the
river as measured at monitoring stations below the Danm.

The temperature of Connecticut River water is recorded continuoudsly
at two stations (Fig. II-3). One station, No. 7, is about 4.25 miles upstreanm
from the plant, near the Brattleboro town line; warm water from the discharge
plume is unlikely to reach this point. The other, station 3, is about 0.65
nile downstream from Vernon Dam; this location effectively extends the allowable
mixing zone to this distant point. These two stations send continuous tempera-
ture signals to the plant, and the applicant has proposed that the release of
heated water to Vernon Pond be based on these signals. The intake from Vernon
Pond to operate the hydroelectric generators in Vernon Dam (Fig. II-2) extends
from 5 to 35 ft below the surface of the pond. If cold water is drawn from
the lower levels, the temperature recorded below the dam will not reflect the
temperature on the surface should thermal stratification occur; in fact, the
" measured water temperature below the dam could be colder than that at the
upstrean station, even though heated water is being released by the Vermont
Yankee Plant. Thus, the cooling towers might not be used at times when they
are needed.

Knowledge of temperature distributions in Vernon Pond is essential
for an assessment of environmental impact of plant operation. Presently
available physical and mathematical methods of predicting temperature distri-
butions are discussed below. Because these predictions are not sufficiently
reliable, the staff has chosen to identify thermal limits derived from
consideration of possible damage to the pond and then to require the applicant
to adhere to specified thermal limits (Sect. V.C.7).

Two different techniques were employed to predict thermal plume
dispersion in the pond. The applicant ran dye dispersion studies, while the
staff considered mathematical models of thermal plume dispersion. Another
vay to determine thermal plume dispersion would be to measure the temperatures
and their ecological effects during operation of the plant. However, this
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would require a significant period — a year or so — during which inadequately
restrained plant operation could possibly result in a significant ecological
impact on the pond. Assessment of the restraint that would be provided by
the applicant's compliance with Vermont's Final Order of Permit, as amended,
and identification of a better alternative, if one is needed, must be based
on the best available predictions of thermal plume dispersion,

'l'he applicant sponsored dye dispersion studies in Vemnon Pond in
August 1971.% Figures I1I-9 and III-10 show isotherm lines derived from dye
concentration measurements at river flows of 1270 and 4900 cfs, respectively.
However, this study was carried out with unheated water and the dye density
and dispersion do not adequately replicate those for heated water. Accordingly,
the staff has estimated thermal plume dispersion in Vernon Pond by use of a
wathematical model.

The warm water from the discharge structure is expected to form a
layer near the surface, flowing out for several hundreds of feet before it
disperses. The shape of this plume will depend in part on the quantity of

river flow through the dam. At the minfmum river flow of 1200 cfs (538,000 gpm),

the heated plume will flow across the pond to the New Hampshire shore, where
it will be deflected both north and south along the shore line. At high river
flow, the plume will curve more toward the dam and probably deflect into the
intake of the hydroelectric statiom,

Several mathematical models were investigated by the staff,
although no mathematical model was set up to incorporate all the flow character-
istics of Vernon Pond. The Motz-Benedict Model® was selected to study thermal

.plumes from a surface discharge into a flowing water body. The model conser-

vatively assumes entrainment only at the sides of the discharge plume. Values
for the drag coefficient and for the entrainment coefficient must be obtained
by empirical methods. The entrainment coefficient is the most uncertain value
in the wodel. Several calculations were carried out to determine the sensi-
tivity of the discharge plume to the coefficient wvalue. The results shown
include what is believed to be a realistic value of 0.1 for the entrainment
coefficient for the hydraulic conditions in Vernon Pond below the Vermont
Yankee discharge, Isotherm lines were cowputed and plotted to predict how the
heated water will disperse, The cases covered the following river flows:

River flow Area within 5°F Area within 10°F
(cfa) River condition igotherm (acres) isotherm (acres)
1,270 Low flow 150 5.5
4,900 Prevailing average flow 29 3
10,000 Approximate yearly average flow 26 2.5
15,000 Approximate average flow 22,5 2,5

during spring months
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The thermal plumes are plotted with the plume center line and
isotherm lines for 5°, 10°, and 15°F above the ambient water temperature (see
Figs. III-11-III-14). Isotherms, plotted from the computer output, are drawn
as solid lines until the heated effluent begins to strike the New Hampshire
shore line. Dotted lines show a prediction of how the remainder of the heated
effluent will be deflected. The area within the dotted lines is equal to the
area that the plume would have covered in a large body of water where it would
not be deflected by land,

As the rate of flow of the river increases, the thermal plume is
bent more toward the dam. However, our predictions are that the temperature
of water in the plume will not decrease below 5°F before reaching the New
Hampshire shore. 1In fact, at low flows much of Vernon Pond between the discharge
structure and the dam will contain water 5°F above ambient river temperature; the
temperature will be even higher near the center of the plume. For the lowest
flow (1270 cfs), the computer output indicates that about 150 acres — or a
part of Vernon Pond extending beyond the intake structure — would contain water
S°F or more above ambient river temperature.

The dispersion data from the dye studies appear to be in approxi-
mate agreement with the surface temperatures predicted by the mathematical model
at both low-flow conditions. However, there ig still uncertainty about the
accuracy of the mathematical model and about the sufficiency with which the dye
study simulates heated water discharge. Moreover, the mathematical model fails
to predict the vertical extent of the thermal plume. For these reasons, the
staff has chosen field temperature monitoring as the controlling factor in thermal
pluze management.

In Sect. V.B.2, the need for temperature monitoring stations will
be discussed, and in Sect., V.C.7, temperatures and locations of isotherms will
be developed to serve as altermative criteria for restrained operation while
thermal plume and ecological impact studies are being made to support the
development of better criteria. During this interim period, the applicant
could operate at full power, satisfying the alternative thermal criteria by
running the cooling system in closed-cycle mode when necessary.

Adoption of these thermal criteria would allow the applicant to
operate the plant initially without gross damage to the enviromment while
affording the applicant an opportunity to gather data on thermal and ecological
effects caused by plant operation with the ultimate aim of producing data which
would support more refined and possibly less restrictive criteria for thermal
discharges.

2, Radioactive Waste

In the operation of nuclear power reactors, radicactive material is
produced by fission and by neutron activation reactions of metals and
material in the reactor system. Small amounts of gaseous and liquid radio-
active wastes enter the effluent streams, which are monitored and processed
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within the Station to minimize the radioactive nuclides that will ultimately
be released to the atmosphere and into the Connecticut River at low concen-
trations under controlled conditions, The radioactivity that may be re-
leased during operation of the Station at full power will be in accordance
with the Commission's regulations, as set forth in 10 CFR 20 and 10 CFR 50,
In addition, modifications will be made to the Station's radwaste system to
reduce these levels to the lowest level practicable, and the applicant has
stated that he intends to use the present waste treatment system to its

full capability.

The waste treatment systems described in the following paragraphs
are designed to collect and process the gaseous, liquid and solid waste

- which might contain radioactive materials.

The waste handling and treatment systems currently installed at the
Station are discussed in detail in the Final Safety Analysis Report and in
the applicant's Environmental Report, Vermont Yankee Nuclear Power Stationm,
and Supplement to the Enviroamental Report dated December 21, 1971.

a, Liquid Radfoactive Waste

In a boiling water reactor, the circulating primary coolant water
recelves radloactive 1sotopes from two sources: (1) fission products
escape into this water through defects in the cladding of the fuel rods
as the water passes through the reactor core, and (2) corrosion products
and erosion products from the reactor coolant circulation system are
carried along in this water and made radioactive by neutron (and proton)
bombardment in the reactor. To keep the activity level af the reactor
primary coolant water low, a fraction of the circulating stream is con-
tinually withdrawn, passed through a filter-demineralizer system (the
"reactor water cleanup system") to remove suspended and dissclved radio-
active (and nonradioactive) materials, and returned to the primary coolant
stream. The radioactivities of many of the radionuclides present in the
primary coolant were calculated for the condition when equilibrium has
been reached between escape of these nuclides from failed fuel elements
and their removal by decay, purification of the coolant, and leakage.
These activities were calculated with the assumption that 0.25% of the total
thermal power is produced in leaking fuel elements and that the reactor water
cleanup system had a removal efficiency of 90% for all fission products
except molybdenum and yttrium.

Molybdenum and yttrium are not generally removed by demineralizers.
However, if no removal is assumed, the calculated activity in the reactor
coolant is significantly greater than activity measured in operating boiling
water reactors. By ratioing the total activities of the coolants, on the
basis of such measurements, the activity level of tellurium is also over-
predicted by the calculations. PFmpirical removal efficiencies were, therefore,
used for these isotopes to obtain the primary coolant activities considered
in the effluent calculations,
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The origins and processing of liquid radioactive wastes in the
Vermont Yankee Nuclear Station are shown in Fig. II1I~-15. These wastes will
be segregated for treatment into two main streams - the equipment drains
stream and the floor drains stream. The equipment drains stream will consist
of about 15,000 gpd of "high purity" water which is low in dissolved and
suspended solida content. The floor drains stream will consist of about 8,000
gpd of "low purity" effluent which is somewhat lower in radioactivity but
higher in dissolved and suspended solida. The processing systems will be
operated batchwise with wastes accumulated in tanks and processed as necessary.

The equipment drain stream will be purified by filtration and
demineralization, and then returned to the reactor makeup water. The origins
of the waste streams entering the system are leakage from the pumps and valves
involved in circulating condensate, feedwater, and waste liquids and from the
control rod, scram, shutdown, and recirculation systems; drainage and overflows
from the above systems; heat exchangers; steam lines; fuel pool system; and
reactor water cleanup systenm. .

When enough effluent has collected in the wagte collector tank the
effluent is passed through a precoat filter and a mixed bed demineralizer.
The filter removes sludge and suspended corrosion products. The efficiency
of the demineralizer in adsorbing metallic and nonmetallic ilons from the
solution depends on a number of factors, such as the identity of the ion, the
acidity of the solution, and the amount of material already adsorbed in the
msino :

After passage through the filter-demineralizer system, the
effluent is pumped to the waste sample tanks, where its radiocactivity is
weasured, If the radioactivity level is low enough (e.g., <3 x 10~3 uci/em3),
the effluent is pumped to the 500,000-gal condensate storage tank to be used
as makeup primary coolant water. However, {f the activity of the effluent is
too high for use as makeup water, the effluent is not sent to the condensate
storage tank but is returned to the waste collector tank.

The daily volume of wastes entering these streams (15,000 gal)
is made up of 6,000 gal from the drywell equipment drain sump (at the activity
of the primary coolant); 2000 gal from the reactor equipment drain sump,
1000 gal from the radioactive duilding equipment drain sump, 3000 gal from the
turbine building: drain sump, and 3000 gal of miscellaneous drains (all at an
activity of 1X of that of the primary coolamnt, representing small leakages that
are diluted with other process liquids). An overall decontamination factor of
about 100 must be realized in the filter-demineralizer to reduce the activicy
below the required 3 x 10~3 uci/cn3. The anticipated releases shown in
Table III-1 are based on achieving this decontamination factor and on recycling
90X of the influent to the condensate storage tank. Operating experience at
other similar reactor stations has shown that this is attainable.



~9
o

AE |-

STRUCTURE | —a—mee
-‘.\
TURBINE T
REACTOR DEMINERALIZER %
’ :
& a
g MAXEUP WATER -
(11
% REACTOR VATER
CLEANUP SYSTEM 2
. (=]
| PRDMARY cOOLANT uATZR * ~
LOW-SOLIDS
HIGH-PURLTY
CONDENSATE VERNON
FROM EQUIPKENT DRAINS, ETC. ~——owi LIQUID WASTE
EQ ' SYSTEM STORACE TARK POND
(SEZ NOTE 1)
HICH-SOLIDS :
LoV PURETY v MONITOR 1
FROM FLOOR DRAL:S, EIC. -m—to] LIQUID WASTE »
SYSTRM .
(sex u!rz 1) o L
| COOLING WATER 1 prscussce | [ rontror |
NOTE 1 . SLUDGE, PILTER,CAKE, AND SPENY RESINS WILL BE DRUMMED FOR _ ——
STORACE AND/OR BURIAL AS SOLID RADIOACTIVE WASTES.
COOLING
TOWERS

l
!
|
i
J

| S

Fig. III-15. Schematic of Vermont Yankee Nuclear Power Station Liquid Radiocactive Waste System.

x4

¢ZT-I11



.U

III-26

The floor drain system collects liquid wastes from floor drain
sumps which are estimated to be 2000 gpd from the reactor building floor
drain sump, 1000 gpd from the radioactive waste building floor drain sump,
2000 gpd from the turbine building floor drain sump (all at a radicactivity
of 12 of the primary coolant), and 3000 gpd from the drywell floor drain
sump (at the activity of the primary coolant). These liquids are processed
through a filter to the floor drain sample tank, sampled, and released
if the activity is low in comparison to applicable regulations. If the
radiocactivity content of the sample tank is such that a discharge limit
would be approached, the waste can be held in the tank for a period of
tine to allow radioactivity reduction through decay. If this delayed
release 1is not practical because of the volumes of waste being generated,
or because the radionuclides are long lived, then the liquid in the sample
tank will be pumped through the equipment drain system filter and demin-
eralizer to the waste sample tank for analysis. This waste may not be
of sufficient chemical purity to allow reuse within the reactor system.

In this case, the waste sample tank contents would be diluted and discharged.
The anticipated releases shown in Table III-1 are based on processing all
liquid wastes from the floor drains through the equipment drain system (with
a decontamination factor of 100) and releasing them.

Chemical wastes collect in the chemical waste tank. Subsequent
treatment is dependent upon the results of analysis to determine chemical
purity of the liquid. When this shows that the waste can be chemically
neutralized sufficiently to allow treatment as a low purity waste, the contents
of the chemical waste tank will be directed, after neutralization, to the
floor drain collector tank for treatment as low purity wastes as described
above. If the chemical nature or radiocactivity content precludes treatment
as lov purity waste, this liquid may be pumped into drums, mixed with water—
adsorbent material to remove free water and handled as a solid waste.
Detergent wastes are collected in the decontamination solution tank where
they are sampled for radicactivity content. These wastes will then be
filtered, diluted, and discharged. Table III-1 includes the calculated
releases from these sources.

b. Gaseous Wastes

During power operation of the Station, radiocactive materials
xeleased to the stmosphere in gaseous effluents include fission product
noble gases (krypton and xenon); activated argon and nitrogen; halogens
(mostly iodines); tritium contained in water vapor; and particulate material
including both fission products and activated corrosion products. Fission
products will be released to the coolant and carried to the turbine by the
steam 1f defects occur in the fuel clad or if uranium is present as an
impurity in, or on, the clad itself,




Tablc 11I-1. Annual release of radioactive material in Hquid effivent ’
from Yermont Yankee Nuclear Power Station (100% power)

IX1-27

Nuclide Clyear Nuclide CVyear
s 045 1y 0.042
90g, 0.029 133 o.14
Yge 0.00044 135, 0.00013
"0y 0.10 134c, 0.25
Yimy 0.028 e, 0.073
My 0.22 1370 0.19
Ny 0.0044 137mg, 0.036
52 0.0047 140p, 0.65
272 0.000079 1401, 0.8

164 1 0.0043 141, 0.0050
7Ny 0.000076 143¢c, 0.0005$
"Nv 0.0000079 144c, 0.0032
o 0.095 143p, 0.0040
iy 0.091 L 0.0032
103pu 0.0034 MTng 0.0016
106 0.0011 Sly 0.040
1038ph 0.0034 $43a 0.0035
193pn 0.00033 $3Fe .18
s T 0.0011 i ) 0.0066
R 0.00097 8¢ 0.42
1?7, 0.0010 ¢, 0.044
139y 0.0091 324 0.000088
1397, 0.0058 ooz, 0.000021
Pimg, 0.0010 17y 0.016
iy, 0.00019 LA 'A 0.0021
132, 0.040 3y 0.0015
129 0.000096 Total =
1 [ 12 3 H ~20
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The major source of gaseous waste activity during normal Statiom
operation will be the off-gas from the steam condenser air ejectors. Other
sources include primary containment purge, the gland sehl off-gas system
and the reactor building, radiocactive waste building, and the turbine

~ building exhaust systems. Figure III-16 is a schematic of these systems.

Prior to release, the off-~gases from the main condenser air
ejectors will be delayed for a minimum of 30 min in a holdup pipe (to allow
decay of activity of short-~lived radioactive noble gases) and filtered
through high efficiency particulate filters and charcoal adsorbers. Release
will be through the main station 318-ft~high stack.

The reactor building exhaust system removes air from the reactor

building ventilation system and from the drywell and torus purge exhaust

system. This alr, which normally contains low coocentrations of activity,
is discharged to the main station stack. The system is so arranged that
the exhaust ailr can be directed to the standby gas treatment system (high
efficlency particulate filters and charcoal adsorbers in serles) for release
through the main station stack if the activity level is high. The primary
containment (drywell) is normally a sealed volume. However, during periods
of refueling, maintenance, or whenever primary containment access is
required, the potential exists for the release of airborne radioactivity
to the environment. In such cases, air is removed through the drywell

and torus purge system (prefilters and high efficiency particulate

filters) and discharged to the reactor building vent stack.

The turbine building exhaust system which is expected to contain
low concentrations of activity, priwarily from steam aystem leakage, draws
air from the turbine building and is discharged to the atmosphere through
the main station stack which is continuously monitored.

The ateam/air exhaust from the turbine sealing system passes
through & gland seal condenser where the steam s condensed and the non-
condensables are exhausted to the gland seal holdup line. The small quantity
of radioactive gases released by way of the gland seal off-gas system 13
delaged for about 2 min to allow decay of the major activation gases Acn

d 190) prior to release through the main statfon stack. All sources of
gaseous vastes are continuously monitored to assure that effluent releases
are within applicable standards.

On the basis of operating experience with reactors of similar
design, it is expected that the off-gas aystem described above will keep
releases of gaseous radioactive wastes well within the limit specified in
10 CFR 20. In order to reduce these levels to the lowest level practicable
during extended power operation, the applicant plans to install additional
gaseous holdup equipment. .A modification to the present system will provide
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recombination of the hydrogen and oxygen formed in the reactor coolant, a
condenser to remove much of the water vapor, and a charcoal delay system

to provide additional retention time for krypton and xenon and to provide
additional adsorption of iodines and particulates., The modified system 1s
expected to be operational by the time of the first refueling. The staff
anticipates that the proposed modification will result in a reduction of
off-gas activity (curies of noble gases) released by a factor of at least 20
relative to a 30-min holdup system and that 1311 from all gaseous gources
will be reduced to less than 0.6 Ci/year.

On the basis of experlence at other operating plants, gaseous
activity releases for Vermont Yankee are estimated at 3,000,000 Ci/year,
prior to the installation of the modified treatment system. However, based
on commitments wmade in the Technical Specifications to the operating license,
the actual effluents will be administratively controlled to an annual
average rate of 22,000 puCi/sec or about 700,000 Ci/yr. The expected
distribution is shown in Table III-2.

¢+ Solid Radwaste

Since both the condensate and reactor water cleanup systems use
pre-coat Powdex type ion exchange resins, which are not regenerated, wmost
of the xadiocactivity from corrosion and fission products is collected and
retained on these resins. In addition, activity removed from the high purity
wastes by the liquid radwaste system demineralizer is also retained. There-
fore, the bulk of the solid radioactivity wastes consists of spent ion
exchanger resins. The remaining solid wastes consist of filter sludges, air
filters, and miscellaneous paper and rags.

Ion exchange resins are dewatered in phase separators and placed
in shielded casks. Dry wastes are compacted in druma. No solid wastes
will be stored permanently at the Station. All solid radioactive wastes
will be packaged and shipped offsite for disposal at an AEC licensed disposal
site in accordance with AEC and Department of Transportation (DOT) regulations.

3. Chemical and Sanitary Wastes

a. Chemlical Wastes

There are four operations which affect water quality: (1) cationm,
snion, and mixed-bed ion-exchanger regeneration, (2) chlorination of the
circulating water system, (3) blowdown from the cooling towers, and (4)
sewage diapoaal. Basically, three chemicals will be discharged by Vermont
Yankee® into Vernon Pond in substantial quantities. residual chlorine,
sodium, and sulfate (Sect. V.C.4).
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Table 111-2, Annual relesss of ndlosctive «
matetial in gasecus effiuents from Vermoat

Yankee Nuclear Fower Station?

Nuclide Cilyear
Omy, 3,500
it 100
3%, 105,000
g, 126,000
( 133y 57,400
. . 1357xe 49,000
138y, 154,000
3y, 147,000
Total ~700,000
I)Il ~1.7

*Based on adminhtrative controls in
Technical Specifications,
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Sulfuric acid and sodium hydroxide are used to regenerate cation
and anion exchange resins in both individual and mixed beds. The resultant
waste liquid contains sodium sulfate. Sodium hypochlorite will be used
to control the growth of algae in the circulating water system. Since
this salt is highly alkaline, sulfuric acid will be added to the water
to keep it neutral. The quantities of chemicals used and discharged
depend on whether the open or closed cycle i3 used for cooling. Table
III-3 gives details.

During the site visit, the applicant advised that no corrosion
inhibitors would be added to the cooling water system. In the impact analysis
no antifouling agents other than sodium hypochlorite will be assessed
(Section V.B.3). However, corrosion inhibitors and antifoulants are discussed
in detail in Appendix II-A.

Blowdown water will be released continuously from the plant at
a maximum rate of 5000 gpm when the cooling towers are operating in the
closed cycle. Under these conditions, solids originally present in the
river water will be concentrated by a factor of approximately 2.3 before
being discharged in the blowdown water. (Preoperational water quality
paramaters are listed in Table II-2.) However, the applicant's limits
of detection were relatively insensitive and some trace elements (such as
mercury and cadmium) were not measured to.be far enough below per-
missible limits in the existing river water to assure that they would remain
below these limits after concentration. The spplicant has included cadmium
and mercury in his operational monitoring program, vh:lch will use adequately
sengitive instruments and procedures.

About 300 to 700 gpm of cooling water? will be discharged to the

.atoosphere in the form of minute droplets. Although the applicant has

estimated a solids deposit from drift of 25 1b/day (4.6 tons/year), the
staff feels that a more conservative estimate should be used. Assuming a
solids content iIn the cooling water of 230 ppm (2.3 times the 100-ppm average
solids content of river water), a drift loss of 700 gpm, plant operation at
0.8 capacity and cooling tower operation for 9 months of the year, a deposit
of slightly more than 200 tons/year would result. 1In any case, whether the
actual deposit 18 as much as 200 tons/year or as little as 4.6 tons/year,
they will be water-soluble and spread over a large area and will be easily
removed by rain. However, they may constitute a minor nuisance in the plant
area.

b. Sanitary Wastes

The sanitary waste system of the Vermont Yankee Nuclear Power
Station was designed to handle the wastes of 120 employees, although only
about 70 persons will work at the Station. Water use is expected
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Table 111-3. Principal Noarsdioactive Chemical Components of Effluent Strexm

Discharge schedule Maxlmuni concentration® (ppm)
. Use Ch;dd;d F Amount Rate Ni*  so . * o :pm
: fequency (sh gpm ‘ chlorine
Cation and anjon bed H3804 Twice 2 week 9,000 S0 1900 4100
' segencrtion N2OH :
P Mixed bed regenesation M350,  Onceeveryd 9,000 S0 1250 2600
. N2OH to § months
Condenser cooling wates
chlosination
Open cycle mode N2OCt Twice a day 15440000 386,000 4 6 0.1
Closed cycle mode NaOC1 Continuous 5000 3 7
H3S0,

“The increase in the conceatrations of the discharge stream above amdlent river concentration during the period of the
dischargs,

(.
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to average 15 to 35 gpd for each employee; maximum use will therefore be 4200
gpd. A maximum of 20 gal of sludge per employee is expected annually, for

a design total of 2400 gal. The detention tank has a volume of 7000 gal,
which is wore than sufficient to contain the maximum of 4200 gpd plus 2400
gal of sludge.

The sanitary wastes are discharged through a septic tank to a
leaching field, No surface discharge or overflow is provided. The leaching
field comprises fine alluvial sands deposited by the river. Two separate
tests ylelded a percolation rate of 1 in. per 5 min. At this percolation rate,
a 4200~-gpd disposal would require an 1800-ft2 leaching field. This require-
ment has been met by installation of 1200 ft of 18~in. trenches that are
300 ft from the turbine building and 250 ft from the river bank at their
closest point.

The staff has assessed this system and concluded that it will
have no discernible adverse effect on Vernon Pond or the environment of the
Vermont Yankee Nuclear Power Station.

+ 4, Other Waste Systems

Floating debris and dead fish will be collected from the trash racks
and screens at the intake and buried in a landfill on the plant site.

"~ BE.  TRANSPORTATION OF NUCLEAR FUEL AND SOLID RADIOACTIVE WASTES

The nuclear fuel for the Vermont Yankee reactor is slightly enriched
uranium in the form of sintered uranium oxide pellets encapsulated in
zircaloy fuel rods. Each fuel element is made up of 49 fuel rods, is
about 14-1/2 fr long, and weighs about 680 1b. In each year of normal
operation, about 88 fuel elements will be replaced.

The applicant has indicated that unirradiated fuel for the reactor will
be transported by truck from Wilmington, North Carolina, to the plant site,

. a shipping distance of about 700 miles. The applicant has not stated

where the irradiated fuel or solid wastes will be shipped, but he did
indicate irradiated fuel will be transported by truck or rail and solid
wastes by truck. Distances of 9500 miles for shipping the irradiated
fuel and of 500 miles for shipping the solid radioactive wastes have
been assumed.

l. Unirradiated Fuel

The applicant has indicated that unirradiated (cold) fuel will be
shipped in AEC-DOT approved containers which hold two fuel elements per
container. About three truckloads of 16 containers each will be
required each year,
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2., Irradiated Fuel

Fuel elements removed from the reactor will be unchanged in appearance

and will contain some of the original 235y (which is recoverable). As a
result of the irradiation and fissioning of the uranium, the fuel element
will contain large amounts of fission products and some plutonium. As the
radioactivity decays, it produces radiation and "decay heat." The amount

of radfoactivity remaining in the fuel varies according to the length of

time after discharge from the reactor. The fuel elements are placed under
water in a storage pool for cooling and radioactive decay prior to being
loaded into a cask for transport,

Although the specific cask design has not been identified, the appli- .
cant states that the irradiated fuel elements will be shipped after a
minimum 90-day cooling period in approved casks designed for transport
by either truck or rail. The cask will weigh perhaps 30 tons for truck or
100 tons for rail. Transport of the irradiated fuel will require an
estimated 15 truckload shipments per year with six fuel elements per cask
and one cask per truckload or five rail carload shipments per year with
20 fuel elements per cask and one cask per carload. An equal number of
shipments will be required to return the empty casks.

3. Solid Radioactive Wastes

The applicant estimates that the solid radioactive wastes generated
by the reactor will amount to from 1500 to 1800 ftd/year of resins, 65 ft3
of which may contain up to 15 curies per cubic foot (Ci/ft3) and the rest,
approximately 0.3 Ci/ft3. In addition, about fifty 55-gal drums of mis-
cellaneous wastes will be generated each year. The resins will be shipped
in shielded casks weighing up to 45,000 1b when loaded. The applicant
estimates that 8 to 12 truckloads of casks and drums of wastes each year
will be shipped for disposal - probably to West Valley, New York ~ a shipping
distance of about 500 miles,

References for Section IIIL
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to use of lands and resexvoir, Project No. 1904, July 31, 1970.
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1V. ENVIRONMENTAL IMPACTS OF SITE PREPARATION AND PLANT CONSTRUCTION

A, SUMMARY OF PLANS AND SCHEDULE

Site preparation and construction, begun-in 1967, are essentially complete.
Remaining work is primarily landscaping and cleaning up the site. The plant
was originally scheduled for operation in the fall of 1971.

B. IMPACT ON LAND, WATER, AND HUMAN RESOURCES

The staff has visited the reactor statfon to gain famillarity with
the site and surrounding area. Although a few private residences are
within 1500 ft of the plant, construction noise was not distracting at
the site boundary. However, a relocation of wildlife may have tresulted
from the noise and congestion of comstruction activities,

The 125-acre site i1s located on a terrace on the west shore of the
Connecticut River. Elevation of the site ranges from 220 to approximately
280 ft above mean sea level, which helped shield the construction activities
from the public road on the west boundary where gseveral regsidences are
located, The peak construction period is over, and the landscaping and
cleanup should be completed in 1972,

During the construction period, heavily loaded trucks traveled on
Governor Hunt Road on the west boundary of the site. The peak traffic
periods started at 6:45 AM and at 4:30 PM, each lasting a little more
than an hour, At the beginning of construction, concern for the safety
of school children attending the local elementary school caused the town
of Vernon to build its first sidewalks and a road to the site. The appli-
cant reimbursed the town for the construction.

Mr. Raymond Puffer, Chairman of Selectmen of the town of Vernon, stated
in an interview with the Vermont Electric Power Company that the applicant
was very cooperative in working out problems with the town of Vernon and
that construction of the plant had few adverse effects on the surrounding
environment,

t

Most of the construction workers commuted from distant locations, such
as Greenfield, Massachusetts, and Brattleboro, Vermont. At the peak period
of construction, approximately 1200 workers were employed. The plant
will have a permanent staff of approximately 70 employees. The impact
on the local school was estimated as a maximum increase over “normal" of
9 to 12 students, which presented no unusual problems. As a result of
the plant a few new homes (6 to 12) have been constructed in the town
of Vermon.
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Congtruction of the plant had little impact on the town of Hinsdale,
New Hampshire, although it 13 located directly across the river from the
Vermont Yankee Plant. Hinsdale is not readily accessible to the area
as the nearest bridge i1s at Brattleboro. As viewed from the Hinsdale
side of the river, the plant is a modern structure. Proper landscaping
should help blend the site with the surrounding countryside. The terrace ,
effect and decrease in elevation make the plant appear deceptively small
from the public road along the western bordex.

The more distant towns evidently experilenced no concentrated impact
from construction workers. Brattleboro, the nearest sizable town, probably .
had the largest concentration of the 1200 workers. Since Brattleboro has
a population of approximately 21,000 and accommodates a transient population
of tourist and sports enthusiasts, the city easily absorbed the construction '
workers. The effect was even more dispersed in more distant towns.

During construction of the plant, excavated material was relocated
on the plant site. The shore line of Vernon Pond was extended with £111
end "riprap" between the Intake and discharge. Other excavated material
was relocated to form a level site for the cooling towers. Approximately
60 acres of the site was involved in active construction.

The water level in Vernon Pond is controlled by the Vermon Hydro—
electric Station, which is operated as a peaking unit. The daily impound-
ing and releasing of water in Vernon Pond continually flushed the area
near the plant; therefore, little silt or debris was noticed on the river
during construction.

During construction diesel powered machinery which was ewmployed released
some combustion products to the atmosphere creating intermittent and localized
alr pollution such as any large construction project would cause.

C. CONTROLS OR REDUCE OR LIMIT IMPACT

The location of the site limited the impact of construction to the site
itself and to the village of Vernon. The applicant appears to have been
successful in minimizing impact upon the town. Only 60 acres of the site
will be occupied by plant structures. The remaining area will be cleaned
up and will be landscaped with local trees and shrubs to match the surround-
ing environment.

The historical significance of the Jonathan Hunt House is discussed
in Section II.D. The applicant plans to turn this old home over to the
Vernon Historians, Inc. (Mrs. Irma Puffer, current Chairman) to serve
as a public museum, An addition has been made to the Jonathan Hunt House,
which will provide a space for meetings and displays concerning the Vermont
Yankee Nuclear Power Station which will provide information on peaceful uses
of atomic energy. .



o~

.\-—’

V-1

V. [ENVIRONMENTAL IMPACT OF PLANT OPERATION
A. LAND USE
The plant site is located on a river terrace with a strip of forest inter-
spersed. About 60 acres of the site will be occupied by plant structures.
The remaining area will be landscaped with local trees and shrubs to match
the surrounding environment.

1., General Effects

During the staff's site visit, little evidence was noted of recrea-
tional use of the land around the plant property, and the Recreation Board
of the town of Vernon stated that no rxecreational use was planned for the
station property. WNew England Power Company, one of the parent corpora-
tions of the applicant, maintains a small picnic area with tables and
toilet facilities on the southern boundary of the plant property., Operation
of the plant should not interfere with continued use of this area, although
noise from the cooling towers during the summer months may be bothersome.
The applicant has announced no plans for recreational facilities in the area.
The plant facilities will not be open to the public, but the museum located
outside the perimeter fence will be available to the public.

Present water surface activities such as boating and fishing are of
relatively low frequency and can continue at present levels. A canoe portage
was reported by the applicant to be one of the most frequently used recreational
areas near the site., Canoes going down the river must portage around Vernon
Dam. The applicant expects that the use of this portage can continue under
normal. plant operation.

The exclusion area along the New Hampshire side of Vernon Pond is
owned by the New England Power Company, and this area will be available to the
public except in case of accidents, when the entire exclusion zone would come,
under the controls specified in state emergency plans. The construction and
operation of the Vermont Yankee Station will have little impact on the present
recreational use of the land around the site. However, despite findings and
assurances that operation of the plant poses no hazard to the health and safety
of the public, it can be debated that operation of the plant will create a
psychological barrier to some members of the general public in terms of use
of Vernon Pond and the land around the site for recreation.

2. Transmission Line Effects

A 51-mile transmission line has been constructed from the Vermont
Yankee Station and occupies 12 times more land (1550 acres) than does the
plant site. Regardless of the type of power plant, transmission lines
are necessary to distribute the electrical power. The land under the power
lines, although effectively removed as building sites, can be used for
agriculture and wildlife management., Transmission lines reduce the aesthetic
value of most environments, especilally forest and rural areas. In a
"certificate of public good" issued by the State of Vermont Public Service
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Board, the Vermont Electrical Power Company, Inc. (VELCO) was required to
ninimize the visual impact of transmission lines. Speclal care was taken
to assure that critical locations along the route were properly landscaped
through various means such as selective clearing, planting, and screening.
Underground transmission lines were evaluated, but were dismissed because
of excessive costs. Possible inductive interference with railroad signal
lines has been reduced by constructing a minimal amount of transmigsion
line next to railroad rights-of-way and by crossing these lines perpen-
dicularly where necessary. Ozone, which is toxic to plants and animals,
is known to be produced by transmission lines, but no measurements of ozone
production from this source are available.

Two 345-kV trangmission -lines spanning Vernon Pond detract from the
aesthetic appearance of the area; however, on a site visit in September 1971,
the staff noted that these lines did not appear obtrusive in the setting.
The two transmission lines have effectively eliminated Vernon Pond as a
gseaplane landing gite for which it has been used only about once a year in
recent years.

In Vermont and New Hampshire, the general trend has been for agricul-
tural and pasture land to revert to forest. The countryside within 5 miles
of the Vermont Yankee Station is between 75 and 80% wooded, and the remainder
1s agricultural and pasture land, with some small industries and residential
property.

3. Cooling Tower Effects

The applicant engaged The Research Corporation of New England (TRC)
to predict the effects of the cooling-~tower plumes on fogging and icing in
the area. Studies were based on the cooling towers operating at full capacity
during all geasons. These studies! predicted that under some meteorological
conditions a layer of stratus clouds would be formed {n the Connecticut River
Valley which would cause some "fog" when the plume descended to the ground.
Fogging is not expected to occur in the vicinity of the towers but in the
nearby towns. An additional 22 hr/year of fog all occuring in the fall and
winter would be expected in downtown Brattleboro. 1In the area congsldered,
the greatest amount (129 hr) of additional fog would occur at the Schell
Bridge over the Connecticut River in the town of Northfield, Massachusetts.

Regults of the cooling tower plume atudy made by TRC have been
evaluated by AEC staff. The study uses the only currently available method
for estimating condensation downwind from the towers, and the staff agrees
that the estimates are likely to be conservative. For example, the downwind
fogging effects of the tower appear to be overestimated. The calculations
are based on the Holland plume rise model,? which is known to underestimate
plume rise. Also, only sensible heat was considered; release of latent heat
may increage plume rise. The calculated rise may be low for another reason —
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it is based on heat flux from a single cell; HannaJ) states that rise from a
milticell tower is usually greater than the rise calculated for a single cell.

Similarly the applicant has apparently ignored the problem of dowmwash,
i.e., the horizontal propagation of 2 plume of condensed vapor which may inter-
sect the ground under conditions of relatively high winds. Although there
are insufficient data to make an accurate calculation of this factor, gross
estimates (based on conditions derived from frequencies of wind speed and
direction given in Appendix G of the Final Safety Analysis Report) show that
the downwash could conceivably affect State Highway 142 for a period of time
not exceeding 15 hr/year if the cooling towers were operated: 100Z of the time.
The drifr loss from the cooling towers will be kept to a minimum by drift
eliminators, and no icing is expected off plant property.

The mechanical draft cooling towers will use large, high-speed,
rotating equipment to drive large quantities of air through the towers for
dissipating heat from the condenser cooling water to the atmosphere. In
testing the operation of the tower fans, the applicant has measured sound
levels of 68 dB(C) or 56 dB(A) in the off-site residential area about 600
ft W of the cooling towers. The predominant noise components with only water
running through the towers range from 1000 to 16,000 Hz; with all fans in
service, the predominant components range from 31.5 to 500 Hz. Of the three
standard sound level weighting scales, the C scale allows a flat response to
frequencies between 50 and 500 Rz, with slight rolloff outside these limits.
The A scale is considered to give a response generally approximating that of
the human ear. The 56 dB(A) measured at the nearest residence is not likely
to be more than a minor irritant. With both cooling towers in operation, a
maximum sound level of 63 dB(C) was measured near the closest residences in
New Hampshixe. For purposes of comparison, the Department of Housing and
Urban Development has set 45 dB(A) as the external noise standard for new
construction.

In assessing the possible harmful effects of noise, we compared 56
db(A) with the occupational standard of 90 dB(A)* set by the U,S. Department
of Labor pursuant to the Walsh-Healey Public Contracts Act as the maximum :
permissible occupational noise exposure for an 8-hr day for employees covered
by that Act. The residential sound levels measured by the applicant are
similar in intensity to autowmobile traffic noise that would be heard from
distances of 50 to 250 ft away from the noise source.> These noise levels
may possibly be a source of irritation to the populace in the off-site
residential areas. However, a recent National Academy of Sciences study
indicates that there i1s no evidence that annoying levels of ambient noise
produce any adverse long-term effects on physical health or any increase in
diagnosable mental illness.® Quantitative assessment of the nuisance effects
of the noise levels noted above will be possible only after the plant cooling
towers have operated for sustained periods of time.
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B. WATER USE

1. Thermal Discharge

The heat-dissipation system of the plant 1s described in Sect. III.D.l.
When the plant 1s operating in open cycle, 366,000 gpm (815 cfs) of water will
pass through the condenser and return to the river about 20°F above the intake
temperature. In addition, about 10,000 gpm (22.2 cfs) of plant service water
is taken from the river, which is a total of 376,000 gpm (840 cfs) of water
being used by the plant. This is more than two-thirds of the minimum flow
of 538,000 gpm (1200 cfs) which will be maintained in the river when Vermont

Yankee starts operating.

The Vermont Yankee Station has the capability of operating either in
open cycle, closed cycle, or helper cycle. In the closed-cycle mode,
mechanical cooling towers are used to cool the water. About 5000 gpm will
be evaporated during full-power operation on closed cycle, including from
300 to 700 gpm that will be lost to the environment as water droplets. On
the helper cycle, water is drawn from the river and pumped to the condenser.
Any desired portion (0 to 1002) of the condenser effluents may be circulated
through the cooling towers. When the cooling towers are under full-power
operation, a continuous discharge of about 5000 gpm will be released to the
river at a maximum temperature of 90°F, This is blowdown water to rid the
cooling towers of dissolved solids.

Since the average water temperature in Vernon Pond exceeds 66°F
during most of June, July, August, and September,’ the plant is expected
to operate on a closed cycle during these months. Thus, 5000 gpm of
blowdown water at a maximum temperature of 90°F would be mixed with the
minimum required river flow of 538,000 gpm (1200 cfs). This flow of blow-
down water is less than 1% of the required minimum river flow as compared
with open-cycle operation when about 70X of the minimum river flow will
be passed through the condenser.

The river flow will influence greatly the dilution of heated water
in Vernon Pond. The average river flow® at Vernon from 1944 to 1967 has
been 10,000 cfs. However, the monthly flow varies greatly from a high of
32,245 cfs in April to a low of 3,400 cfs in August.? Superimposed on the
monthly flow rates are the weekly and daily flow rates controlled by the
Vernon hydroelectric station. The flow rate has varied from 200 to over
100,000 cfs, but when the plant becomes operational a minimum flow rate of
1200 cfs will be maintained.

The maximum river flow occurs in March, April, and May; if the plant
13 operating on open cycle during these months, the heated water would be
diluted by the greater river flow. A buildup of heated water in Vernon
Pond would be anticipated during October, November, and December, when the



plant is operating on open cycle and the river flow is low. At this time,
heater water may be taken into the intake structure due to recirculation of
heated water in Vernon Pond.

By analyzing preliminary dye studies using unheated water, the
applicant has predicted configurations of the thermal plume needed to evaluate
the thermal effects of discharged heated effluents in Vernon Pond. These
studles are discussed in Sect. III.D.1l.b along with the staff's mathematical
model prediction studies of the plume shape and size at four different flow
rates. The applicant has plans for detailed thermal plume studies in the
pond after the plant begins operating; such studies will be necessary for
analyzing the thermal and ecological effects of discharged heated effluents.
Under some conditions, the warm water discharged could spread through Vernon
Pond 1f the plant is operated on open cycle.

If heated water is released to Vernon Pond during freezing conditions,
the surface water will undoubtedly be warmed, and the area around Vernon Dam
should be free of ice for most of the year. This will benefit the New England
Power Company by reducing the expense of keeping the dam free of ice. Appar-
ently Vernon Pond is not used extensively for winter sports; so there should
be no or, at most, a negligible impact on winter recreation in the area.

2. Temperature Monitoring

A comprehensive temperature profile study of Vernon Pond was conducted
by Webster—xartin, Inc., as a part of the preoperational aquatic bilological
study.’ Temperature measurements were made at quarter points and at various
depths along 13 cross sections, beginning approximately -6 miles above the
station discharge point and ending at.Vemmon Dam. In addition, temperature
has been and will be measured and recorded continuously at two water quality
monitoring stations: one (No. 7) located above any effects of the station
cooling water discharge and one (No. 3) located below Vernon Dam (see
Fig. II-12), °

There :ls doubt that the continuous temperature recording station below
Vernon Dam will give relevant information regarding thermal effects in Vernon
Pond. The staff believes that continuous temperature recording stations
should be installed in Vernon Pond in accord with the Technical Specifications
for operating the plant and that temperature profiles in Vernon Pond should be
measured to define the thermal plume after the reactor begins operation. The
reason given by the applicant's consultants, Webster-Martin, Inc., for the
location of stations 3 and 7 was the difficulty in finding suitable sites.
Their contention was that ice conditions and high water make maintenance of
permanent stations in the river difficult. The staff believes that permanent
stations should be located in Vernon Pond in the vicinity of the plant., Such
stations would provide realistic temperature data on Vernon Pond, where the
greatest ecological impact 1s anticipated. Both horizontal and vertical
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temperature profiles should be made for each of the reactor cooling and dis-
charge modes, covering the range of river flow rates, and should be correlated
with the continucus temperature monitors to provide sufficient data to evaluate
the thermal effects of discharged heated effluents in Vernon Pond. This
thermal study should be coordinated with a study of the ecological impact

on Vernon Pond resulting from plant operation.

For the interim period while these studies are being done, the staff
suggests that temperatures in the thermal plume and the location of the inter-
face between bottom water and top water be measured. The use of such data to
limit thermal impact on Vernon Pond during this period is discussed in
Sects. I11.D.1.b and V.C,7.

3. Chemical Discharges

Basically three chemicals will be discharged by the applicant into
Vernon Pond in substantial quantities: residual chlorine, sodium, and sulfate.
The detafls of these operations are discussed in Sect. III.D.3.a, and the
amounts of chemicals discharged are summarized in Tables II1I-3 and V-1l.

The residual chlorine enters the river at 0.1 ppn in the amount of
25 1b/day during open-cycle cooling. The effects of this discharge will be
discussed in Sect. V.C.

Sodium and sulfate ions will be discharged in the regeneration of
makeup demineralizers used to process primary coolant makeup water, at rates
of 1100 and 90 1b/day, respectively, during open-cycle cooling, and 170 and
360 1b/day, respectively, during closed-cycle cooling. The mixed bed
demineralizers are regenerated every 4 to 6 months and will discharge 9000
gallons at each regeneration with sodium and sulfate ion concentrations of
1200 and 2600 wg/liter, respectively. The cation and anion units will be -
regenerated twice per week and will discharge 3000 gallons per batch to
the condenser cooling system with sodium and sulfate concentrations of 1900
and 4100 mg/liter, respectively. Concentrations discharged to Vernon Pond
will be 4 and 7 mg/liter, respectively, above existing river concentrations

Although the amount of dissolved solids released into Vernon Pond
appears great, at a minimum river flow of 1200 cfs the water flow will be
3.23 million tons/day and at 100 ppm the normal dissolved solids flow will be
about 350,000 1lb/day. Therefore, the amount of solids released to the river
by the applicant is small compared with the content of the river water. The
releases of these salts are not expected to limit the quality or usability of
the river water.

Although 275 gal/day of sulfuric acid is added to the circulating
water in closed-cycle operation, the pH should remain near neutral. The
sulfuric acid is added to neutralize the sodium hypochlorite regulting from
cooling-tower treatments. These releases of chemicals should have no adverse
effect on the pH of the river water’ which varies from about 6.3 to 8.0.




Table V-1. Discharge of chemicals to Yemon Pond

Na* - 50,% Cly
Amount discharged, It/ day
Open cycle 1100 1640 90 28
Closed cycle 170 360
lon concentration, mg/liter
In jon-exchenger regeneration discharge
Anjon and cation beds® 2000 4000
Mixed beds® 1200 2600
In tlowdown discharge® 3.4 7.2 <0.1
In Connecticut Rives, May 1969-May 19707
Average 4.5 6.7 9.6
Maximum 7 10 13
Public water criteria®
' Permitted ! 250 250
07) Desired ;< <25
Average of drinking water in 100 large cities®
Median 12 13 26
Maximum 198 540 [37]
Concentration increase in Connecticut River at minimum flow, mg/liter
Open cycle 0.17 0.26 0.014 0.004
Closed cycle 0.0 0.06 <0.001
Srwice each week,

Once every 4 to 6 months.
“Continuous during closed-cycls operation.
9Ref. 7.
*Ret. 10.
No recommendation.
. SRef. 11.
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The staff asked specific questions about other chemlcal effluents at
the time of their visit to the Vermont Yankee Station, especially those dealing
with cooling-tower treatments. The applicant has stated that the discharges
listed above were the only ones contemplated, The gtaff's assesgment of the
impact is based only on release of chemicals given in Table III-3. In gummary,
the chemical effluents released by the applicant are expected to have a minimal
fmpact on the Connecticut River.

4., Effects on Drinking Water

Table V-1 gives the amounts of sodium, chloride, and sulfate ions to
be discharged to the Connecticut River (i.e., Vernon Pond) during operation
of Vermont Yankee. The table also gives the average concentration of these
ions meagured in the Connecticut River for a typical year,’ the recommended
concentrations for drinking water,!? and the average concentrations in
drinking water of 100 large cities in the United States.!! An examination
of the data shows that the increase of ion concentrations in the Connecticut
River i1s quite small compared to present river concentrations, recommended
drinking water concentrations, or actual drinking water concentrations in
the United States.

The staff has considered the possible impact of plant operations on
drinking water supplies. The proposed Quabbin Reservoir Project will draw
water from the Comnecticut River for ultimate use as domestic water in
Hagssachugetts (Sect. IL.E.2). Calculations of radionuclide concentra-
tions are presented in Section V.D.2. 1In view of the extreme degree of
dilution, one would not expect that detectable levels of chemicals could
occur in Quabbin Reservoir from the normal operation of Vermont Yankee.

There are gseven municipalities with a total population of 33,944
within a 10-pile radius of the reactor that use groundwater as a source
of domestic water supply. Wells and springs within a l-mile radius of
Vermont Yankee are shown in Fig. II-11, The level of the local water table
fluctuates and depends upon the amount of precipitation and level changes
in the Connecticut River. When Vermont Yankee begins operating, a minimum
flow of 1200 cfs will be maintained through Vernon Dam. The Dam has served
as a peaking unit in supplying electrical power to the area. When the
demand for electrical power is the greatest, the hydroelectric plant
operates at full capacity, allowing larger quantities of water to pass
through the dam. However, at times of lesser demand for power, usually at
night, the water accumulates in Varnon Pond, with as little as 200 cfs
passing through the dam. Wi{th the activation of Vermont Yankee, a flow
of 1200 cfs will be maintained through Vernon Dam by regulating the releases
from Bellows Falls Dam upstream. This regulated flow will aid in stabilizing
the water table in the low area.



C. BIOLOGICAL IMPACT

1. Terrestrial

The diversion of approximately 60 acres of pasture and agricultural
habitat to plant use should have little adverse impact on the local popu-
lations of mammals, amphibilans, reptiles, and birds (Section II.F). The
land used was primarily pasture with a few trees. Most of this area is
now lost as habitat to mammals. Possible mammals which could have lost
entire home ranges are eastern chipmunks, moles, shrews, cottontail rabbits,
woodchucks, mice, and rats. Other mammals which could have included the
area as-part of their territory are weasels, minks, foxes, muskrats, and
striped skunks. Vermont has a large deer herd, but the several ‘residences
near the plant site probably had reduced use of the area by deer before
the site was established.

Although a small number of mammals, reptiles, and amphibians were
undoubtedly affected by construction of the power plant, the local popu-
lation should suffer little adverse effect. As a general rule, Vermont
is reverting to forest from agricultural and dairy land. The size of
the area diverted is small compared with the large amount of similar
habitat available; consequently the staff concluded that the loss of
the site as habitat will have no significant effect on the local
terrestrial animals.

More terrestrial habitat will be influenced by transmission lines
than by plant structures. In some cases, the land under transmission
lines can be managed successfully for wildlife. However, from observation
during the visit to the Vermont Yankee Station, the staff concluded that
this is not the case in the New England area of Vermont, New Hampshire,
and Massachusetts. The transmission lines were very obvious when viewed
from an airplane, appearing as brown superhighways bigecting a green forest.
Apparently these conditions are the result of clearing the right-of-way or
broadcasting of herbicides. Under these circumstances, cover for many
animal species is lost. As previously discussed, the Vermont Electric Power
Company has been required by the State Public Service Board to provide
erosion control and selective cutting procedures in its transmission line
maintenance program in order to reduce this environmental impact.

In general, transmission lines cutting through a forest create a
different habitat 150 to 250 ft wide and many miles long. Essentially
a new plant successional stage i1s established with an associated animal
life. Some species of plants and animals will benefit from these changes
while others will be eliminated. If food and cover are provided under
power lines, some mobile species benefit from the presence of ecotones
(transition zone between diverse comrunities) between powerline areas and
surrounding forest and fields.
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With the reversion of habitat from pastures and agricultural land to
forest habitat, a shift in the bird populations in Vermont from meadow
type to forest type would be expected., The elimination of the construc-
tion site for meadow-type birds would coutinue this population shift.
Proper landscaping of the construction area should restore some of the
site as good bird habitat. Because of the location of the power plant
and 1ts use of river water, the concern for water birds is obvious.
Although waterfowl would be anticipated in the area, apparently they are
not abundant. Black duck and wood duck are listed in the bird check list
as being common to Vermont and would be expected in this area (Sect. II.F.2).

The vascular plant communities associated with the Connecticut River
near Vernon, Vermont, are discussed in Sect. IT.F.3. Trangect studies were
made for the applicant on two marshes: one about 0.4 mile upstream from
the cooling-water intake and the other about 0.4 mile downstream from the
cooling-water discharge. These marshes were studied intensively to serve
as indicators of posaible changes in water quality. Undoubtedly the marsh
downstream will be exposed to effluents from the cooling-water diachaxrge.
The extent of the increase in water temperature is unknown and will depend
upon the operational mode of the plant and the discharge of water from
Vermmon Dam. Little adverse effect is anticipated, although the species
composition may change. The size of the two marshes restricts their
influence on the local environment (Sect. II.F.3).

2. Phytoplankton, Zooplankton, and Benthic Fauna

Phytoplankton and zooplankton will be exposed to thermal shock,
pressure changes, and chemical toxicity during entrainment passage through
the condenser cooling water. In general, phytoplankton are more tolerant
of temperature shock than zooplankton. The sensitivity of both depends
upon such factors as the stage of the life cycle during exposure and con-
ditioning periods before entrainment. Undoubtedly, large numbers of
phytoplankton and zooplankton will be killed while passing through the
condenser of the Vermont Yankee Station, which increases the ambient water
temperature 19.7°F. However, the cooling towers will be operating when the
phytoplankton and zooplankton populations are at their peaks. Under such
conditions, the volume of intake water will be sbout 3% of the open-cycle
intake flow (840 cfs); therefore, a much smaller percentage of organisms
will be entrained and killed during closed-cycle operation than during
open—-cycle operation.

The impact of entrainment depends upon the gart of the total volume
of the river water diverted through the condenser.l? 1In the case of open-
cycle cperation of the Vermont Yankee Station, approximately two-thirds of
the minimum assured river flow of 1200 cfs will pass through the condenser.
Under these conditions, a large number of phytoplankton and zooplankton
would be affected to the extent discussed below.
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Although there is a large amount of literature on temperature and
its relation to aquatic fauna, very little is known about the effects of
thermal discharges upon algal communities.l3 Each species has an optimum
temperature range.l" Increases 1n water temperature can ghift species
composition; for example, Buck)S noted a phytoplankton and periphyton
increase from diatoms to the less desirable blue-green algae in the mixing
zone of the Connecticut Yankee Power Plant. Alteration of the seasonal
cycle such as lengthening the reproductive season may occur, and algal
blooms may extend into fall. In general, until extreme temperatures are
reached, increases in temperature enhance total preductivity.

If the Vermont Yankee Station were to operate on open cycle durlng
April and May (Sect. V.B), there would be a general increase in the water
temperature in Vernon Pond. Phytoplankton populations are usually low during
these months;!® however, the increase in water temperature should bring
about an increase in the phytoplankton. Such species as Asterionella

formosa and Melosira varians should reach their peak populations earlier

in the season than if the increase in water temperature did not occur.

As the temperature of the river water increases during June, the
plant will probably have to be operated on closed cycle in order to satisfy
State requirements, and the amount of heated water released to Vernon Pond
will decrease to about 1% of the minimum flow,., As the river water reaches
its maximum temperature in July and August, a change in species composition
will probably occur in the discharge area. Green algae and diatoms such as
Microspora stagnorum, Scenedesmus spp., Fragillaria crotonesis, and

Melosira varians will be replaced by filamentous blue-green algae such as

Oscillatoria limosa and Oscillatoria agardhii.

In the fall when the temperature of the river decreases, the plant
could again be operated on open cycle. Since the phytoplankton population is
still dense (about 40,000 organisms per liter), a large number of organisms
would be entrained in the condenser cooling water. If stratification and
recirculation of the water in Vernon Pond occur (Sect. V.B), the greatest
effect on the phytoplankton will be anticipated during October.

In the Green River in Kentucky, biclogists found that although zoo-
plankton did not survive passage through the cooling system of the Paradise
Power Plant, repopulation occurred a short distance downstream.l? While
thermal shock may kill large numbers of organisms, it does not destroy
the carcasses, and these plus the nutrients in discharge water can enrich
the water and promote high densities of zooplankton in discharge areas.l

The zooplankton population reachea its peak density in June and July
(8213 organisms per 10-liter sample).l® A massing of zooplankton in the
vicinity of the power plant i3 not expected because of the fluctuating river
flow. At this time, i1f the plant is operated on closed cycle, little adverse
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effact should be caused by entrainment. The zooplankton population is largely
dependent upon the phytoplankton population; therefore, the zooplankton may
parallel the phytoplankton and reach its peak population earlier in the geason
as a result of increased water temperatures in Vernon Pond. The number of zoo-
plankton decreases rapidly at the end of September, and whether or not the
reproductive cycle will be extended into the fall by increased water tempera-
tures from open-cycle operation of the plant is unknown. In general, a larger
population of zooplankton 1s expected in Vernon Pond, with some changes in
species composition and alteration of the seasonal population peaks.

Benthic organisms may be killed in the summer by heated effluents
but the reverse is often the case in the winter. Temperature in excess of
18°F above normal caused an increase in the number of benthic organisms in
the discharge area of the Connecticut Yankee Plant.l9 Little change is
expected in the temperature of the bottom water in Vernon Pond except in
the vicinity of the discharge; therefore, the heated effluents from'Vermont
Yankee gshould have little adverse effect on the benthic organisms.

The greatest diversity of benthic organisms was found at three sampling
stations below Vernon Dam (Sect. II.F.6). The effluents from the Vermont
Yankee Station will have little effect on the fauna at these stations. Warnm
water from the discharge should be well mixed and should cause little change
in temperature there. Impurities released from the plant should be dispersed
and add little to the total volume of dissolved solids that now flow down the
river.

Several of the benthic specles ligted have weak-swimming or floating
stages of their life cycle. For example, the pupal stage of the life cycle
of the Tendipedidae (midges) can be carried by the current and passed through
the plant's cooling-water system which would kill a large number by temperature
shock, mechanical damage, or chemical toxicity. These organisms do not travel
a great distance downstream; therefore, only the organisms developing in the
vicinity of the Vermont Yankee Station will be involved in entrainment. Depend-
ing upon the dilution of chemical discharges and heated water, a difference in
abundance and specles composition is likely to occur near the outfall of the
water discharge. Typical specles that occur in such areas are tublficids
(round worms)<? and pollution-tolerant species of Chironomids (midges).

In general only in the vicinity of the Vermont Yankee Station will the
benthic fauna be affected by the effluents from the plant., Entrainment may
kill up to 100% of the organisms, but the increased temperature of the water
and nutrients should maintain the population. In the vicinity of the outfall,
eutrophication probably will occur, with a shift to pollution-tolerant thermo-
philic species. The extent of this condition will depend upon the degree of
dilution of chemical discharges and the change in temperature of the water
flow through the dam. ’



V-13

Since the temperature of Vernon Pond will be increased in the vicinity
of the Vermont Yankee Station, the phytoplankton, zooplankton, and benthic
fauna will be influenced. Many organisms may be killed by entrainment, but
the general warming and enrichment of Vernon Pond will probably produce larger
populations., Some chaunges in species composition and alteration of seasonal
population peaks are expected, and reproductive cycles of some species may be
extended. The greatest effect on the phytoplankton would be expected in the
£all when the population density is still high, Lf the station changes from
closed-cycle to open-cycle operation. The staff does not anticipate a serious
adverse effect on these populations if the plant is operated in conformity
with the temperature limits discussed in Sect. V.C.7. These predictions are
made without benefit of field verification of predicted thermal plumes. For
this reason, the phytoplankton, zooplankton, and benthic fauna studies will
be continued after the plant becomes operational.

3. Anadromous Fisheries Restoration Program

The restoration of the "flounsing Sammon" to the Connecticut River
has long been the dream of piscatorial purists and fisheries scientists. 1S
Under the provisions of the Anadromous and Great Lakes Fisheries Restoration
Act of 1965, a cooperative fishery regtoration program was initiated in the
Connecticut River Basin.2! This restoration program includes restoration
of the Amarican shad, Aloga sapidissima, as well as the Atlantic salmonm,

Salmo gsalar, to the upper reaches of the Comnecticut River. The impact of

the Vermont Yankee Station on this program must be considered.

Historically, Atlantic salmon ascended the Connecticut River to West
Stewartstown, New Hampshire; however, the magnitude of the original run is
unknown. Since the southern limits of the salmon are generally accepted to
be just south of the Connecticut River, one would expect that the abundance
of this fish would be less than in streams farther to the north. Although
the runs may have been small, nevertheless, modern fisheries' techniques
may be able to restore the Atlantic salmon to the Connecticut River,

The American shad, which still spawms in the lower reaches of the
Comnecticut River, originally ascended the river as far upstream as Bellows
Falls, approximately 35 miles north of the Massachusetts border. The size
of the ariginal American shad run is also unknown.

Navigational dams began appearing more than a century ago on the
Comnecticut River,}S and the decline of the Atlantic salmon coincides with
the appearance of these dams. The industrial dam in the Chicopee-Holyoke

"area built in the mid-1800's was responsible for the disappearance of

Atlantic salmon and American shad sbove this point in the river.}® The



¢

V-14

restoration of the anadromous fish to the upper part of the river depends
upon providing passageways for the fish around such physical obstacles.

Besides the physical structures on the Connecticut River, the
salmon and shad must contend with power-plant mixing zones with temperature
rises about 21°F. Merriman?2 lists ten sources of thermal input into the
Connecticut River but concludes that thermal effluents from various
electrical generating plants along the river from southern Vermont to
Haddam Neck, Ct., should not provide barriers either to the emigrant smolt
or the returning adult salmon during their run up the river. He reached
this conclusion from several studies on the Connecticut River resulting
from the building of the Connecticut Yankee Power Plant. However, the
sensitivity of advocators of the anadromous fish program to the possibility
of another obstacle being added to the gauntlet that must be run by ascend-
ing salmon can easily be understood. The fisheries program has already
sponsored studies of the resident fish population above Vernon Dam and
the release of salmon parr in the Counecticut River!®; thus the program
is wore than just conjecture.

A typical temperature distribution (based on Sect. IIX.D.1l.,b) in
Vernon Pond during the period of an adult salmon run is shown in Fig. V-l.

Providing that a salmon run could be established to Vernon Dam,
fish ladders or some means of transporting the fish over the dam will be
necessary to continue the rum upstream. If a fish ladder is built near
Vernon Dam, heated water from Vermont Yankee could flow into the ladder
and serve as a thermal obstacle to migrating salmon. Since Vermont
Yankee's predicted thermal plume studies only roughly estimate the
spread of wamm water, post-operational plume studies and temperature
recording in Vermon Pond are needed to answer this question. Such
studies are expected to provide information to assist in the design and
location of the fish ladder to circumvent the problem.

In order to comply with State pemit requirements, Vermoant Yankee's
release of heated water must not interfere with the restoration of anadromous
fish to the river. The applicant will have to satisfy the requirements of
this program, even though nine other mixing zones with maximum temperature
rises from 11 to 24°F!5 must be traversed by the fish or avoided before
reaching Vermon Dam.

If salmon were restored above Vernon Dan and smolt started
waking their run to the sea, the impact of the water intake on this
fish population could become morxe important. The intake has a velocity
of 1.0 fpa, which should have little adverse effect on the local fish
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population, but could present a different problem to sea-bound smolt.

Since construction of the fish ladder had not commenced as of April 1972,
operational experience with the intake could be obtained before the problem
of the returning smolt is faced. Studies on the fish kills by the intake
gstructure and entrainment that may occur could predict whether the structure
or plant operations would have to be altered for the anadromous fish program.’

According to DeCola,2l to restore a run of two million shad to the
Connecticut River would require passage facilities for 750,000 shad at
Vernon. The Department of the Interior's letter of December 28, 1970, to
Vermont Yankee questioned whether 1200 cfs would be sufficent stream flow
to support the anadromous fish program and suggested a stream flow of
1550 cfs. Vermont Yankee's response was that it had no control over the
stream flow, which was controlled by the New England Power Company. In
the letter of May 7, 1971, the Department of the Interior accepted the
applicant's conclusion but stated that the power plant should remain
flexible enough to accommodate any increased flow provided to restore
anadrowous fish to the river. Obviously after the flow of the Connecticut
River required for the anadromous fish program has been established, Vermont
Yankee must operate under these conditions. A typical temperature distri-
bution (based on Sect. III.D.1l.b) in Vernon Pond during the period of a
shad run 1is shown {n Fig. V-2.

In sumnary, the staff concludes that Vermont Yankee could have two
potential deleterious effects on the anadromous fish program. One, heated
water could flow into fish ladders and block the progress of ascending
fish unless the ladders are properly designed. Two, smolt, migrating to
the.sea, could be killed in the intake. Post~operational studies by
Vermont Yankee can predict the magnitude of these effects, and, if indicated,
corrective action could then be taken.

4, Effects on Fish Populations

a. Spawning Habits of Fish in Vermon Pond

The species of fish in Vernon Pond are discussed in

Sect, II,F.7. The species listed do not have spawning runs up or down
the river, although they may mové into bays or riffles to spawn. Much
of the habitat in Vernon Pond near the Vermont Yankee Station does not
afford good spawning sites for most of the species. The water level
fluctuates daily, the sides of the pond are steep, most of the bottom is
too deep for spawning, and the bottom is of silty sand, an unsuitable
substrate for many of the species. Of the species listed, Ictalurus

nebulosus, the brown bullhead, is the most likely to spawn in the area.
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Carp, Cyprinus carplo, will usually spawn along most shorelines; however,
they prefer shallow water with ebundant vegetation. Bluegill, Lepomis

macrochirus, could spawn in the area, but are more likely to spawn in

shallow water, The spawning of fish and the hatchinﬁ of the eggs are
dependent upon the water temperature (Table V-2),%12%2:%4743 qypical
temperature distributions across Vernon Pord are shown for two spawning
times in Figs. V-3 and V-4, From the above, one would conclude that a
min{mum amount of spaming occurs in the vicinity of the Vermont Yankee
Station. Therefore, thexre should not be an abundance of embryonic and
immature fish in the area susceptible to entrainment in the cooling

water.

~b. Bioclogical Insults

The plant affects fish by entraimment, by thermal changes,
and by chemical impurities.

(1) Eantrainment

Experience at another nuclear power plant has demon-
strated that a large number of fish can be killed in cooling-water intake
structures. The velocity of the water entering the intake structure is
one of the eritical factors. As the velocity decreased from 1.20 to 0.85
fps, a significant decrease in the number of fish killed has been reported.

The effectiveness of the proposed cooling-water intake
structure for Vermont Yankee to eliminate or minimize excessive fish
mortalities can only be determined after the plant is placed in operatiom.
The staff bhas analyzed the plant design which calls for an intake velocity
of 1.0 fps through the trash racks and 1.57 fps through the traveling
screen behind the trash racks. Experience and new intake designs for
other plants have been assessed; the applicant and its consultant have
also obtained the guidance and recommendations of the States of Vermont,
Massachusetts, and New Hampshire, as well as che Bureau of Sport Fisheriea
and Wildlife, on the intake structure design.?“ Also, the plant has oper—
ated all three circulating water pumps simultaneously for over 200 hours
during 1971 without any fish mortalities being observed. While this total
pump operating time is short, the apparent lack of any fish entrepment
problem is encouraging., However, this aspect of plant operation will
require close surveillance since some of the more abundant juvenile fish
in Vernon Pond such as Lepomis (sunfish), Perca flavescens (yellow perch),
Catostomus commersonii (white suckaer), and Micropterus dolomieue

(smallmouth bass) will likely be killed. If a significant loss of fish
should occur by entrapment or entrainment in the cooling-water system,
corrective action will be required.

23
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. Table V-2. Spawning conditions required for Jocat fish Ia Vernon Fond

Usual Water temperature Lethal
Species spawning required for temperature
. time spawning (°F) (9 7]

Smallmouthbass  * June 62 90.5
Largemouth bags June 66 9.5
Walleye Spring 50 84
Yellow perch Early speing 45-30 4
Bhuegll Late speing 67 928
Pumpkinseed Late spring 68 9s
Rock bass Eatly summer 63 approx
White perch Spring 60
White sacket Speing S0 82
Carp Summer 65-68 96

-



~@

BOY LARPININE

%TOR AND
TURBINE BUILDING

wpaued? s

Fig. V-3, Predicted Temperatures in Vernon Pond During Spawning Time (Early
Spring) of Yellow Perch, White Sucker, and Walleye (River Flow =
15,000 cfs. and temperature = 42°F),

0Z-A



209 YAEPIRIRG

.,z*;m.. \
1’9*
wwgcncut RIVER /73.0 F e
VERNON N PN /f«w 3
1SOTHERM
vr

/ .' \’ e e -
ISOTNERH 18.6°F 2 )

/ Auwﬁl\’?

(3

559

REACYOR AND
TURBINE BUILDING

7

feneo | 30 %o worur

woomons

Fig. V-4. Predicted Temperatures in Vernon Pond During Spawning Time (Late
Spring) of Smallmouth Basgs, Largemouth Bass, Bluegill, Pumpkin-
seed, Rock Bass, White Perch, and Carp (River Flow = 10,000 cfs.

and Temparature = 66°F).

TZ-A



'||§-J

v-22

(2) Thermal

Small and immature fish which pass through the condenser of
the Vermont Yankee Station will be exposed to a thermal shock of 19.7°F above
the temperature of the intake water. Perhaps not all of the fish passing
through the condensers of a nuclear power reactor are killed by thermal shock,
but sufficient data on most species are not available. High survival rates
have been claimed for juvenile chinook salmon and juvenile striped bass
actually pasaing through the condenser of the Contra Costa Steam Plant where
the temperature rise was 29°F. At the Connecticut Yankee Power Plant, in~
dications?® were that larval river herring (Alosa spp.) could pass through
the condenser cooling water where the temperature was raised to 93°F. However,
as reported later,27 of nine species of young fish entrained in the condenser
cooling-water system of the Connecticut Yankee Plant, none survived passage
to the lower end of the plant's discharge canal. Species entrained that are
comnon to Vernon Pond are: white perch, carp, spottail shiner, and American
eel. The sudden rise in temperature may not be lethal to the fish} hcnm\re::i
the physiological shock may cause them to be more susceptible to predation. 8

If the Vermont Yankee Station 18 assumed to operate on open
cycle only when the river water 1s below 66°F, then the organisms passing
through the condenser cooling water will be exposed to a maximum temperature
of B6°F (30°C). The upper temperature tolerance limits for many. of the species
found in Vernon Pond are above this temperature — largemouth bass 90.5°F;
bluegill.92.8°F; carp 96°F; yellow perch 91.4°F. These tolerance levels
tell very little about the thermal effects on fish passing through the
condenser cooling system because many other factors are involved. The
acclination temperature, the duration of the temperature shock, the stage
of the life cycle, and the temperature of the water to which the fish are
returmed are important factors to be considered.

When the plant is operating on closed cycle during the summer
months, only 10,000 gpm of service water will be taken into the plant, which
is less than 2X of the winimum required river flow of 538,000 grm (1200 cfs).
The number of fish killed in the intake structure during closed-cycle operation
should be insignificant. On open-cycle operation, about 70% of the ndnimm
river flow will pass through the condenser. In the spring the river flow is much
greater than in the fall (Sect. V.B), and a smaller percentage of the total flow
vill be passing through the condenser. The largest number of fish probably
would be killed if the plant is operating on open cycle during the fall and
vinter months when the river flow is low,}2

An effect, often overlooked in evaluating thermal effluents, is
the creation of a warm pool of water which attracts fish. In general, adult
fish will enter heated water up to 90°F, but are driven out whem the texperature
reaches 95 to 102°F.12 1If there is a considersble difference in the temperatures
of the river water and the heated pool — for example, 1f they are 42 and 68°F
(5.5 and 20°C) — a cessation of heated water caused by a shutdown of the power
plant can produce mortalities (cold-kill) in fish. Temperatures and the size
of the plume across Vernon Pond during Pebruary are shown in Fig. V-5.
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Fish living in heated effluents for any length of time become
acclinmated to the water temperature. They are subjected to speeded metabolic
rates and increased oxygen and food consumption. Such conditions can result
in loss of weight. Merriman et al,2? found that brown bullhead living in the
discharge canal of the Connecticut Yankee Plant lost 20X of their weight
during the winter. Premature spawning can also occur in discharge canals .26
Repercussions of premature spawning may result in loss of progeny due to lack
of proper food or species change due to overly dominant warm-water fry.

The effect of the heated water on Vernon Pond will depend upon the temperature
increase in the water and the size of the heated area and will be discussed
further in Sect. V.C.7.

Since the solubilities of gases, such as dissolved oxygen,
in water vary inversely with temperature, increasing the temperature by
20°F will decrease the dissolved oxygen saturation levels in the cooling .
wvater. If oxygen levels were reduced to certain critical levels, the
biota in Vernon Pond would be affected.

According to Alabaster and Downing,3? most unheated water was
not saturated, and there was either a slight rise or little change in oxygen'’
concentration in the heated water discharged from condensers. Adame3l
reported similar findings for a power station in Califomia. Measurements
at the intake and outfall points showed that dissolved-oxygen concentrations
vere not decreased by passage through the cooling-water system. Instead, the
water merely became supersaturated with oxygen.

The water in Vernon Pond is not saturated with oxygen; at an
average temperature of 20°C, the dissolved oxygen3? was 7.35 mg/liter.
According to Parker and Krenkel33 the solubility of oxygen in water at 20°C
(68°F) is 9.2 mg/liter. Thus, increasing the water temperature to approximately
30°C (86°F) should have little effect on the oxygen concentration in the
vater. However, the water passing over the plant's aeration structures would
probably be saturated with oxygen; mixing with Vernmon Pond should quickly
restore oxygen levels to normal. '

Supersaturation of gases in water produces gas-bubble disease
in fishes when concentrations exceed 115Z. Supersaturation is brought about
by increases in temperature and pressure. Neither temperature nor préssure
changes in Vermont Yankee are likely to induce supersaturation;. therefore, no
problem with gas-bubble disease in Vernon Pond is expected.

In water with a high BOD (biochemical oxygen demand), an
increase in oxygen demand could exceed the rate of reoxygenation from surface
diffusion and photosynthetic production; oxygen levels would decrease below
those normally expected. The BOD was relatively small for the water in the
Connecticut Biver. The 5-day BGD at 20°C ranged3? from 0,70 to 2.95 mg/liter.
Although there might be a slight change in dissolved oxygen concentration across
the condenser and an increase in BOD near the discharge area, the resulting
dec;eaee in diseslved oxygen should have little effect on the biota in Vermon
Pond.
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(3) Chemical

Fish in the discharge area of the Vermont Yankee Station will
be exposed to chemicals in the discharge water. Basically, three chemicals
will be discharged into Vernon Pond: residual chlorine, sodium, and sulfate

" (Sect. III.D). The Vermont Yankee Station will use chlorine to reduce growths

of algae and other organisms in the cooling water.

The toxic effects of chlorine and its reaction products with
water, ammonia, and nitrogenous material require the most careful consideration
of all the chemical effluents. Table V-1 shows that the quantities of sodium,
chloride, and sulfate ions discharged into the river will not change the river
concentration appreciably., The effects of chlorine are more difficult to assess
and its products harder to measure. At pH values of 6 to 8, hypochlorous acid
and hypochlorite ions form the principal species in water and are usually called
“free" residual chlorine. The Connecticut River near Vernon Pond contains ammonia
and nitrogenous materjial in concentrations that will also form chloramines called
“combined” residual chlorine. Although chloramines are generally thought to be
less toxic than hypochlorous acid and hypochlorite fons, they are longer
1ived®" and thus have a similar toxic effect. The sum of the "free" and "combined"
residual chlorines is called "total active" or “total available" residual chlorine.
This 1s the significant quantity to be monitored,3%?35

The applicant has agreed to analyze for total residual chlorine in
the immediate discharge area,

The chemistry of chlorine in natural and waste waters and its
analyses are discussed more fully in Appendix V-B,

A comparison of the proposed release of 0.1 mg/liter of residual
chlorine for Vermont Yankee with toxicity information in the biological literature
1s instructive, Merkens3® gtudied the toxicity of chlorine and chloramines
on fish, separating the effects of free chlorine and each of the chloramines.

He found the monochloramines three times less toxic than "free" chlorine;
the di- and trichloramines had an effect intermediate between that of
monochloramines and that of "free" chlorine. At a pH of 7, with small
rainbow trout in 15°C (59°F) flowing water, half the fish were killed in
0.08 mg/liter total residual chlorine in 7 days. Two experiments investi~
gated the dependence of toxicity on total residual chlorine and pH ~ the
least fatal conditions are quoted. Basch37 reported a 50% kill of rainbow
trout at 0.2) mg/liter in 4 days. Coventry et al.3® reported that trout
fry were killed in 2 days at 0.05 mg/liter chloramine. Rainbow trout are
probably the most sensitive fish to chlorine residuals. Sprague and Drury39
showed an avoidance response by this species at 0.001 wg/liter, Arthur and
Eaton"? found a 96-hr survival of half of a population of the invertebrate
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Gammarus pseudolimnseus at a concentration of 0.22 mg/liter; reprodpction

was reduced where chronic concentrations (15 weeks) were maintained at

0.0034 mg/liter. They also showed that the highest concentration that
produced no effect on the 1ife cycle of the fathead minnow was 0,016 mg/liter.

Z1111ch35 conducted extensive tests with fathead minnows
in dilutions of effluents from two sevage treatment plants having quite
different concentrations of metal ions (Cd, Cr, Zn, Cu). He compared the
toxic effects of these effluents with the effect of one of the same effluents
that had been dechlorinated with thiosulfate treatment. The toxic effects
were a function of the total residual chlorine concentrations. The threshold
at which the figsh showed no symptoms in 4 days was a total residual chlorine
concentration of 0,04 mg/liter. In discussing why more fish aren't killed
below sewage treatment outfalls, he suggested that since fish can survive
several tenths of a milligram per liter for several hours, the fish have .
time to avoid the toxic concentrations, Thus, the effect of common sew- :
age effluents apparently is to reduce the volume of water available to
fish rather than to kill them.

Twelve and one-half pounds of total residual chlorine will be
discharged with the open-cycle cooling water at 0.1 mg/liter for 40 win twice
daily; the chlorine concentration will be monitored at the discharge exit.,

At minimm river flow (the worst case), the discharge emerging at 0.1 mg/liter
would be diluted 25 times by mixing with subsequent effluent and with river
flow; a concentration of 0,004 mg/liter would eventually be reached down-
stream, The average river flow is eight times greater than the minimum

flow; so concentration after average dilution will be even lower than
concentration after minimum dilution, which itself is harmless according

to the predominance of the evidence.’% 38 Note that the chlorine

effluents, unlike thermal effluents, are intermittent, each followed by

an 11.3-hr period of chlorine-free condenger discharge,

In closed-cycle operation, nearly all chlorine will be
dissipated in the cooling towers. Even if chlorine residues are mot
eliminated completely in the cooling towers, the blowdown flow is less than
1Z of the open-cycle condenser flow. A conservative conclusion is that
chlorine residuals will pose even less threat to aquatic life in cloged-cycle
operation than in open cycle,

The concentrations of sodium and sulfate in the discharge
water should not have an adverse effect on aquatic organismg, HNevertheless,
£ish inhabiting the discharge area could accumulate body burdens of dif-
ferent chemicals. The staff believes that during postoperational bioclogical
monitoring of the organiems in the plume area, sensitive chemical analyses
of these organisms should be made.
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c. Effects on Individual'Sgeciés

A brief discussion of same of the more important fish species in
Vernon Pond follows:

(1) Smallmouth Bass

The smallmouth bass, Micropterus dolomieui, was one of the
most abundant species found in Vernon Pond. They prefer temperatures of
68 to 70°F but can do quite well in higher temperatures. At an acclima-
tion temperature“l of 68°F, the upper tolerance limit 1s 90.5°F and the
lower limit is 41,9°F., Smallmouth bass spawn vhen the water temperature
is about 62°F. Nest sites are usually firm bottom with gravel in shallow
water (2 to 4 ft). The eggs stick to gravel and other bottom material.
The eggs hatch in a few days, and for a short time afterward the fry
are guarded by the male bass.

Based on water temperatures, the smallmouth bagss in Vernon
Pond spawn the first part of June; f£igh living in heated effluents could
spawn 1 month early. If the eggs hatched, the fry would be susceptible to
entrainment before the plant would start closed-cycle operation,

Young smallmouth bass will be killed in the intake structure,
and some fry may be entrained and killed by temperature shock and chlorine,
but the staff does not believe there will be a major impact on'the smallmouth
bass population in Vernon Pond,

(2) largemouth Bass

_ Largemouth bass, Micropterus salmoides, were not szbundant
in Vernon Pond. They are an introduced species which prefer water tcnperatures"l
of 79 to 81°F. With an acclimation temperature of 68°F, the upper lethal
1init 13 90.5°F and the lower 1limit is 41.9°F. Largemouth bass spawn
when the water temperature®l reaches 66°F. In Vernon Pond this tempera-
ture would occur about the middle of June, and fish living in heated effluents
could gpawn a month earlier. Largemouth bass are more tolerant of soft
bottom for spawning than smallmouth bass; therefore, more spawming sites
for largemouth bass may be available in the vicinity of Vermont Yankee.
Because of the small population of largemouth bass, no noticeable adverse
effect on the population is anticipated. A general warming of Vernon
Pond would probably favor largemouth basgs. .

(3) Walleye

Walleye, Stizoatedion yvitreum, were not abundant in Vernon
Pond. They prefer clear water over gravel, bedrock, and other firm bottoms,*?

which may account for their small population in Vernon Pond."3 1In
general, they prefer maximm summer temperatures“2 of 77°F. The upper
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temperature limit is 84°F, with an acclimation temperature of 45°F. In
the spring when the water temperature reaches about S50°F, the female
rolls along the shoreline strewing eggs which are fertilized by the
following males,

Some fish in the heated effluents could spawn earlier
in the spring, and a few could be killed in the intake structure. A
major adverse effect on the walleye population is not expected.

(4) Yellow Perch

The yellow perch, Perca flavesceng, was the most abundant
sport fish in Vernon Pond., They prefer 63°F water when acclimated at 50°F
and have an upper temperature limit"" of 91.4°F., In the spring when the
water temperature reaches 45 to 50°F, yellow perch move into shoal water
to spawn. The gelatinous rope of eggs 1s usually woven around aquatic
plant“52%6 There is no parental care of the egg masses, which are often
eaten by other animals.

Yellow perch will probably be one of the most numerous
fish killed in the intake structure. Since water in the vicinity of the
Vermont Yankee Station is not suitable for spawning sites, a large number of
egg and immature figsh should not be killed by entrainment. Fish ighabiting
the thermal plume could spawn about 1 month early. The staff does not
anticipate a major adverse effect on the yellow perch population in
Vernon Pond.,

(5) Bluepill

Bluegill, lLepomis macrochirus, were not abundant in Vernon
Pond but were found below Vernon Dam. The largest populations of bluegill
are found in warm shallow productive lakes,*7 They prefer water temperatures
between 60 and 80°F and have a upper temperature limit of 92,8°F, depend-
ing upon the acclimation temperature.'tt Spawvning occurs in the spring
when the water temperature reaches 67°F. The male prepares a nest to
which females are attracted, usually in shallow water on sand and gravel
or mud bottoms. The male guards the nest, which contains eggs that are
adhegive and cling to the bottom debris. After hatching, the fry are
protected by the male for several days.

A few fish may be killed in the intake structure when
Vermont Yankee becomes operational. Entraimment of small and immature fish
may occur, but no serious adverse effect is anticipated on the bluegill

population in Vernon Pond. This species may be benefited by warmer temperatures

in the vicinity of the Vermont Yankee Statiom.
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(6) Puspkinseed

The pumpkinseed, Lepomis gibbogus, were common in
Vernon Pond and below Vernon Dam. They prefer moderately warm water but
do better than bluegill in colder water. At an acclimation temperature
of 86°F, the upper tolerance limit** is about 95°F. Spawning occurs in
the Spring when the water temperature reaches 68°F. Their azawning habits
are very similar to bluegill and hybridization often occurs.*® The opera-
tion of the Vermont Yankee Station should not have a major adverse effect
on the pumpkinseed population, and they may benefit from the imput of
warm water into Vernon Pond.

(7) Rock Bass

The rock bass, Ambloplites rupestris, was abundant in
Vernon Pond and below Vernon Dam. Host of the fish collected were small."3
The rock bass prefers temperatures®“ from 58 to 70°F, It is a prolific
and environmentally tolerant species which spawns from early spring to
late summer, depending upon the latitude. Spawning is similar to other
centrarchids; the male prepares the nest in the shallow water on almost
any type of bottom.“S

No serious advergse effect is expected on the rock bass
population in Vernon Pond or below Vernon Dam. Some fish will be killed
in the intake structure and by entrainment. Fish in the heated water
near the discharge area may spawn prematurely, but like other sumfish
the rock bass tends to overpopulate and become stunted under such
conditions,

(8) White Perch

The white perch, Morone americanus, was common in Vernon
Pond. They are important recreational species in many inland lakes. When
the water temperature reaches about 60°F in the spring, they migrate into
shoal areas and tributary streans for spawning. The eggs are scattered
on the bottom and left wunattended to hatch in sbout three days.">

Because of their schooling tendencies, white perch may
sometimes be killed in the intake structure of the Vermont Yankee Station.
Some small and immature fish may be killed by entrainment, and fish in
the discharge area may spawn prematurely. A major adverse effect on
this specles in Vernon Pond is not expected, unless too many schools are
drawvn against the intake screens.

(9) White Sucker

The white sucker, Catogstomus commersonil, accounted for
13X by weight and 15X by number of all the fish collected in Vernon Pond.?
They prefer temperatures of about 57°F and, after acclimation at 50°f,
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tolerate temperatures“* up to about 82°F. White suckexrs are spring spamers
and move into shallows around gravelly riffles for spawning. Spawning occurs
about the middle of May in Vernon Pond when the water temperature reaches about
50°F. 1In some lakes and streams, white suckers are considered a nuisance fish
because they interfere with the reproduction of other fish.'"

Some fish may be killed in the intake structure of the Vermont
Yankee Station, and premature spawning could occur in the discharge area. An
adverse effect is not anticipated on the white sucker population in Vemon Pond.

(10) carp

| Carp, Cyprinus carpio, accounted for about 2% of the total
number of £ish caught’ in Vernon Pond but for about 53% by veight.“a An in- -
troduced species in Vernon Pond, carp can tolerate high turbidity and tempera-
ture and low oxygen concentration. The optimm temperature is 68°F and the
upper lethal temperature“ is 96°F. They spawn at water temperatures between
65 and 68°F. The females move into shallow vegetated areas where they broad-
cast their eggs. The fertilized eggs, being adhesive, stick to vegetation and
are left to develop unguarded. Large carp populations usually degrade the
aquatic environment; they commonly roil the water, making it unfavorable for
plant growth, fish, and fish food organisms,“?

The operation of the Vermont Yankee Station should not have
an adverse effect on the carp population in Vernon Pond. A slight warming and
eutrophication of the water would probably benefit the carp population, but an
increase in the carp population would probably be detrimental to some of the
other species of fish. ,

d. Conclusion

"The staff concludes that the Vermont Yankee Station will not have
4 major adverse effect on the fish populations in Vernon Pond if the plant
operates on closed cycle in conformity with the temperature limits set in
Sect. V.C.7. The fish populations in Vernon Pond are of low density, and the
area is not a good spawning ground for moat species. Undoubtedly some large
fish will be killed by entrainment in the condenser cooling water, Chemicals
released by the plant should have little adverse effect on the fish, except
for chlorine which at times may cause fish to move from the vicinity of the
discharge area or may damage less mobile organisms in a localized area.

5. "Biological Monitoring

Thg applicant has provided preoperational information on water quality
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and the aquatic biota. It has indicated that post-operational studies
will continue for at least 4 years. The applicant has also provided
dye studies of the discharge of unheated condenser water, and the

staff has calculated thermal plume isotherms at four river flow rates
(Sect, III.D.1.b). These estimates do not represent the field operating
conditions closely enough to allow the staff to make predictions of the
effects of the heated effluents in the Vernon Pond. The cobservations
of Sect. V.B,2 cannot be over-emphasized. Operational profiles of

the thermal plume in three dimensions will be made for each of the
reactor cooling and discharge modes. These studies will be conducted
to determine thermal plume configuration and extent for various

river flows and correlated with the continuous temperature monitors to
provide sufficient data to evaluate the thermal impact on Vernon Pond,

Studies of the phytoplankton, periphyton, and zooplankton will
be continued on a seasonal basis in the vicinity of the plant and at
the two permanent sampling stations. Preoperational and operational
studies on species diversity and population numbers will be compared,
Fxphasis will be placed on ascertaining the chemical and radionuclide
concentrations in different organisms.

Collection of benthic fauna in Vernon Pond and below Vernon
Dam will continue. Species which are known to concentrate chemicals
will be analyzed for chemical and radionuclide concentration, and
bottom sediments will also be analyzed for the accumuslation of
radionuclides. Aquatic vascular plants below the discharge area will
be investigated for change in species composition due to thermal
effluents, and radionuclide concentrations in the different species will
be determined.

Fish collections will be continued in Vernon Pond, especially
in the intake and discharge areas, These fish will be examined to
determine species, condition, and size, along with seasitive analyses
of chemical and radionuclide concentrations. The intake screens will
be checked at frequent intervals, and records will be kept of dead fish
and other organisms, along with other pertinent information. Seasonal
collections of organisms from the cooling water system will be made at
a point after transit through the condenser, and the number and kind
of dead organisms recorded. Simultaneous collections of organisms
at the intake will be made so that entrainment mortalities can be
estimated,

Full details of the biological monitoring program, such as
frequency, location, and method of sampling, will be provided in the
Technical Specifications.
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6. Radiological Effects.

Organisms living in the discharge water of the Vermont Yankee
Station will be exposed to radiation from the radionuclides released
in the discharge water from which they will receive an immersion
(external) dose. In addition, they will receive an internal dose from
radionuclides ingested in their food or directly absorbed from the
wvater,

Asgessment of the possible effects of radiation on these
organisms requires that the total accumulated dose be calculated.
The dose was calculated with the assumption that the concentration of
radionuclides in water remained constant, The water concentrations
used for calculating the dose are at the highest values for either
summer or winter releases. The radionuclide concentrations used for
calculating the dose (listed in Table V-3, column 2) were derived by
assuning that the predicted yearly releases in Table III-1 were
continuous during the entire year and were diluted by 20,000 gpm,
when the cooling towers are operated 30X of the year and by 386,000 gpm
during once-through cooling the rest of the year (a dilution with 19
times as much water).

The immersion dose was computed with the EXREM computer codeS051
assuning the organism remained continuously submerged. The total immer-
sion dose to an organism was less than 1 mrad/year.

. The internal dose to the organism was much more significant
than the external dose because of the high biloaccumulation factors
(defined as the ratio of radionuclide concentration in the organism
to that in water, usually in uCi/mg:uCi/cc) listed in Table V-4,
columns 2 through 5. Each species usually has a different accumulation
factor, which can be influenced by environmental factors; therefore,
the highest accumulation factors found in the literature>2 5% for
each grou in Table V-4 were selected. Not all animals in each group
would have such a high accumulation factor, and this leads to an
overestimation of the dose. Also as previously stated, the highest
concentration for either winter or summer releases of radionuclides was
used in the calculations, and this also leads to an overestimation of
the dose, ’ .
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Tsble V-3. Radiatioa dose to biota by water immersion

RADIO- CONCENTRATION BETA + GAMMA GAMMA DOSE
NUCLIDES (uCimh DOSE (MILLIRADS/YEAR) {MILLIRADS/YEAR)
SR~89 7.9E-~]0 44 1E~03 0+ 0E+00 -
SR-90 5.3E~11 S«4E-04 0.0E+00
SR=91 8.0E~13 2.7E-05 1.7E-05
Y-90 1.8E~10 1.6E~03 0.0E+00
Y~91 Se1E=-10 2+8E~03 3.4E-05S
Y~93 7+9E~]2 8+ 6E~05 1.5E~05
ZR~-97 1+5E-12 S5¢6E=-0S 3+8E~0S
NB=-95 8. T7E~{2 1.3E~04 1.2E~04 )
MO~-99 1.7E-30 15E-03 Be TE-04
RU~103 6.2E~]12 63E=0S" . Se 8E-05
RU=-106 2.0E~-12 3.7E~0S 1.0E~0S
RH=~105 5+9E~13 1.4E~06 3+5E~05
TE-127M 1.7E~12 6+ 7E~06 3.0E~06
TE~127 1.8E~12 4+ 1E~06 " 1e3E-07
TE~-129M 1«0E~11 6+ 6E~05 3.6E-05
TE-]31M 3.4E~-13 1.7E-0S 1+5E-05
TE~132 7.2E~11 3.7E~03 3.3E-03
1-1390 1+7E-13 T+9E-06 6.TE-06
I1-131 2+.2E~09 2.0E~02 1« 6E~-02
I1-133 2.5E~10 4+0E~03 2.8E~-03
1-135 243E~13 1.4E~05 1+4E~05
CS~-134 K+.5E~10 1+4E~02 1.3E=-02
€5-136 1.3E~]0 5¢9E~03 5¢4E-03
CS-137 J.4E-10 4.5E=-03 3.9E-03
BA=140 1.2E~09 6. 7E~-02 5.8E~02
LA-140 B«7E~10 4.3E-02 3.9E~02
CE-}4} 8.7E-12 2¢6E-05 1«3E~05
CE-143 1.0E~-13 1.9E~(6 1.2E~06
CE-l44 5«B8E=-12 7+4E~05 S«7E-06
PR~143 7.2E-12 2.3E~-05 0.0E4+00
ND~147 2.9E~12 1. B8E-05 9.7E-06
CR-51 ~7+2E=-11 4.1E~-05 4.1E~05
MN-54 5+9E~12 9+3E~05 9+3E~-0S
-FE=55 3+3E~-10 6+0E~-05 6+0E-05
FE-59 1.2E-11 2.8E-04 2.6E-04
C0O-58 8. 0E~10 1.SE=02 1.5E~02
CcO0-60 8+.0E~-11 3.8E-03 3.7E~03
=65 1+6E~13 1.6E~06 1«6E=~06
ZIN-69M 3+.8E~14 5:9E-07 2+9E-07
W-187 2+9E~-11 J.8E-04 2.9E~04
NA=24 3.8E~-12 2.9E-04 2.9E-04
pP=-32 2.7E-12 1.BE~05 0. 0E+0D
TOT DOSE 1.9E~01 1.6E~-01}
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Table V4. Biosccumutation factos for variows organisms

BIOACCUMULATION FACTOR

-—

RADIONUCLIDE AQUATIC PLANTS INVERTEBRATES FISH MUSKRATS

SR-89 J+00E+03 4.00E+03 1.S50E+02 6+52E+03
SR=90 J.00E+023 4.00E+403 1.50E+02 7+ 39E+0S
SR~91 3.00E+03 4. 00E+03 1.S0E+02 S«1BE+01)
Y-90 1.00E+04 1.00E403 1.00E+02 3.86E-01
Y-91 1.00E+04 1. 00E+03 1-00E+02 8.3SE+00
Y-93 1«00E+0A 1.00E+03 1.00E+02 6 I9E~-02
ZR=97 1.5S0E+03 1.50E+02 1.00E+0]} 1«S0E~02
NB-95 1.00E+03 1.00E+02 1.00E+01 3.35E+00
M3~-99 1.00E+D2 1. 00E+D2 le 00E+D2 2.07E+01}
=103 2.00E+03 2.00E+03 1.00E+02 5.36E+01
R=-106 2¢00E+03 2+.00E+03 1. 00E+02 6« 22E+401
RH-105 2.00E+03 2.00E+03 1.00E+Q2 1.1S5E+01
TE=-127TM 1.00E+02 250E+0} 4. Q0E+02 6+ 62E+00
TE=-127 1. 00E+02 2+S0E+01] 4.00E+D2 ~1+12E=-01
TE-129M 1-00E+02 2¢S0E+01 4.00E+02 3+.60E+01}
TE-131IM 1.00E+82 2.5S0E+01 4.00E+02 4+ 14E+00
TE=-132 1. 00E+02 2+50E+01 4. 00E+02 G9.J6E+00
1-130 2. 00E+02 1.00E+03 5« 00E+0) 1«423E+8]
1-131 2.00E+03 1.00E+03 5.00E+01 2+ 19E+82
1-133 2. 00E+02 1+00E+03 5.00E+0]) 2+51E+01
I-135 2.00E+02 1.00E+03 5.00E+0} 8+06E+80
CS~134 2.50E+04 1«10E+0%3 1«00E+03 2434E+405
CS-136 2.50E+04 1« 10E4DA 1«00E+03 3« 96E+04
cS-1317 2+.S0E+04 1.10E+04 1«00E+03 2.52E+405
BA-140 S5.00E+02 2.00E+02 100E+01 3.85E+01
LA-140 1. 00E+D4 1.00E+03 1«00E+02 2+42E~-01
CE~l4a} 1.00E+04 1.00E+403 1.00E+02 4+32E+00
CE~-143 1.00E+04 1.00E+03 1.00E+02 192E-01
CE-144 1.00E+04 1.00E+03 1. 00E+02 2.75E+81
FR-143 1.00E+04 1.00E+03 1. 00E+0Q2 1 94E+00
ND~-147 1.00E+04 1<00E+03 1. 00E+02 1.60E+400
CR-51 1.00E+02 S« 00E+0] 2+00E+Q2 1+92E+00
M=-54 3.S50E+04 1+40E+05 2.50E+01 2+ B2E+0J
FE-55 5.08E403 3.20E403 3.00E+02 3.33E+04
FE-S9 S«00E+03 3.20E+03 3.00E+02 3+07E+403
C0-58 2+50E+03 1.50E+403 S<00E+02 9.07E+02
0-60 2.50E+03 1.50E+03 5.00E+02 1.03E+03
&N=-65 4.00E+03 4.00E+04 1-00E+03 1+12E+03
N-69M 4.00E+03 4.00E+04 1.0CE+03 3.34E+40)
w-187 3.00E+01 3.00E+01 2:00E+00 2.16E-01
NA-24 1. 60E+D2 2.70E+01 J+20E+D1 1.38E+0)
P-32 1.00E+05 1+ 00E+05 1« 00E+05 1+36E+05
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w The interanal dose to an organism living in the discharge water of the
' Vermont Yankee Station was calculated from the following equatioa:
7

. _ D, = 1.87 x 10 wicizi,
b

i where

Di = dose rate due to 1th radionuclide (mrads/year),
: 1.87 x 10’= a constant to convert uCi/g of organism to mrads/year,

W, = the amount of radionuclide in water (uCi/ml),

ci = bioaccumulation factor, and
E, = the effective absorbed energy (MeV).

The maximum effective absorbed energies (Ef) in man were used in
these calculations.5S Therefore, for small one-cell organisms, the internal
dose will tend to be an overestimate, since some of the energy will not be
absorbed but dissipated from the organisms. The total doses for the different
groups ars given in Table V-5, columns 3 through 6.

A total dose was calculated also for a terrestrial animal or bird near
: the Vermont Yankea Station. There are many potential pathways of radiation
&) exposure to terrestrial organismg; the one selected would most likely lead to
the highest dosa. The animal selected would be a duck or a muskrat which
consumes only aquatic vegetation growing in the water near the point in dis-
charge of the radionuclides. Since the aquatic vegetation concentrates radio-
nuclides from the water by factors ranging from about 102 to 10* relative to
the water, the internal dose to the aelected animal should be much greater
than for animals having other food-chain pathways.

The internal doge for an animal consuming aquatic vegetation was
calculated from the following equation:

7 eq
(1.87 x 10°) xi E

Di- e ’

where

th

= dose rate due to 1  radionuclide (mrads/year),

'_ 1
1.87 x 107 = a constant to convert uCi/g of animal to mrads/year,
x, % = body. burden of the 1t radionuclide (uCi) at equilibrium

- L in the animal conguming 100 g of aquatic vegetation per

day,
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Table V.5, 1aternal radiation dose to biota

JNTERNAL DOSE (MILLIRADS/YEAR)

RADIO- CONCENTRATION
NUCLIDE uCiml) AQUATIC INVERTE-
r?.am's DRATES FISH MUSKRATS
SR-89 T79E~10 2.4E401 3.3E+01L 1.2E+00 S«3E+01}
. SR-90 5¢3E-11} 3.3E+00 4.3E+00 1«6E-01 8.0E+02
SR~91 8. 0E~13 9.4E~02 1.3E-01 4.7E-03 1.2E~-03
Y-90 1+8E~10 J.0E+01 J.0E+{0 3.0E-01 1.2E-03
Y=-91 Se¢1E~-10 5+6E+01 S«6E+00 5.6E~01 4.7E~02
Y-93 Te¢9E~-12 2.5E+00 2.5E~-01 2.5E~(2 1.4E~-05
ZR=-97 1.5E=-12 8.5E-02 B8.5E-03 5.7E-04 65E-07
NB=-95 B.7E~12 B8+3E~-02 8+ 3E-03 B8.3E~04 1.4E~04
MO=-99 1+7E=-18 1.8E-01 1.8E~-01 1.8E~01 3+.2E=-02
RU-103 6«2E~]12 1.0E~01 1.0E~01 5¢1E~03 1.7E-03
RU=-106 2.0E~-12 I.0E-01 1.0E-01 5.1E~-03 J.2E~03
RH-105 S¢9E~-}13 A«Q0E~03 4.0E~03 2.0E~04 23E~05
TE=127M 1.7E~}12 1.0E-03 2+ 6E=04 A.2E-03 6.9E~0S
TE=-127 1.8E~]12 8. 1E~04 2+.0E-04 3.2E~-03 9.1E-07
TE=-129M 1.0E-11] 2+1E-02 S« 2E~03 8.3E~-02 5.6E-03
TE-131M 3.4E~13 1.0E-03 2.5E~04 A+ $E~03 2.6E~05
TE=-132 T«2E~11 2.6E-01 6+.3E~(2 1. 0E+G0 1.4E~-02
I-130 - 1+7E~13 8+5E~04 4.2E~03 2+ 1E-04 2.B8E-05
I-131 2.2E-09 3.6E+00 1+.8E+0] 8.9E~01 2. 7TE+00D
1-133 2.5E-10 T+9E-01 4,0E+00 2. 0E-01 7.6E-02
I-135 2.3E~-13 1«1E-03 S«6E~03 2+8E~04 2.7E~05
CS~-134 4.5E~10 2.3E+402 1.0E+02 9.2E+00 1.1E403
CS-136 1.3E-10 4.0E+01 l«7E+01 1+6E+D00 3.4E+01
CS-137 3+4E~10 9.4E+01 4.1E+01 3.8E+00 6+ 6E+02
BA~140 1.2E~09 2.5E+401 1.0E+01 S« 0E-01 1.2E+00
LA~140 8. 7E~-10 Je1E+Q2 Je1E+01 3.1E+00 4.3E-03
CE-141 8¢ 7E=-12 J.4E~01 3.4E~02 3.4E~03 1«3E-D4
CE=-143 1+0E-13 f.8E~-02 1.8E~-03 1. 8E~04 3+.1E-07
CE~143 Se¢8E~}12 1+43E+00 1.4E~01 1+4E~-02 3.9E-03
PR=143 7.2E~12 4+3E-01 {4.3E~02 4.3E~03 8.4E-05
ND-147 2.9E=12 2.2E-01 2.2E=02 2+2E-03 2.BE-05
CR-51 Te2E~11 3+4E~-03 1.7E-03 6.8E~03 3.6E-05
MN=~-54 Se9E-12 240E+00 T«9E+00 1.4E~03 1.2E-02
FE=S5S 3.3E~-10 2.0E~01 1.3E~01 1.2E~02 1.3E+00
FE~-59 1.2E~11 8¢ 8E~-01 S«6E~01 5.3E-02 2. BE~0}
CO-58 8+0E-10 2.3E+01 1.4E401 JeSE+JO J.9E+00
CO-60 8.0E~11 S« 6E+00 3.3E+00 1. 1E+00 1.1E+00
ZN=65 1. 6E~13 3+.8E-03 3+.8E-02 9.5E-04 5.0E-04
IN-69M 3«BE~-14 1.8E-63 1+ 8E=-Q2 A4«.5E~04 1+2E=05
W~-187 2.9E-11 1.1E-02 1«1E-02 T+4E~04 S5«2E-05
NA=~24 3.8E~-12 3.0E-02 5.1E-03 6.1E~03 1.5E-03
P-32 2¢7E~-]12 3.5E+00 3SE+00 3.S5E+00 fH¢TE+0D
TOT DOSE 8. 6E+02 3.0E+02 3.2E+01 2+ 7E+03
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Ei = the effective absorbed energy (MeV) of the ith radionuclide
for a 10-cm-diam cylindrical-shaped animal, and

m = mags of the animal (1000 g).

The following expression was used to calculate the body burden, xieq (uci),
of the 1M radionuclide at equilibrium:

eq _ '
X, 1.4 T,W,C,gF,,

where

th radionuclide in the

-3
u

effective half time in days of the {
animal,

W, = concentration (uCi/ml) of the ith radionuclide in water
(Table V-3),

(g
L}

biocaccumulation factor for aquatic vegetationm,
g = mass in grams consumed per day (100 g/day), and

F, = fraction of ingested quantity of radionuclide initially
asgsimilated in the tissue.

The dose rate to the animal consuming only aquatic vegetation growing near the
point of discharge of radionuclides was 2.7 rads/year (Table V-5).

A voluminous amount of literature relates to radiation effects on
organisms, Most of the literature deals with acute, relatively high-level
external exposure to laboratory animals. Very few studies have been conducted
on the effects of chronic low-level radiation on natural populations of aquatic
organisms., The most recent and pertinent studies have been reviewed by Auverbach
et 21,56 and Templeton, Nakatani, and Held.57 1In general, results of the
studies in these two reviews support the prediction that radiation effects
would not be detected at the dose rates calculated for the aquatic organisms.

The literature on the effects of chronic low-level radiation on
terrestrial animals is also meeger.5® French5® found a suggested shortening
of the 1life span in the pocket mouse induced by 0.9 rad/day of chronic gamma
radiation. There is no information available to indicate that a detectable
radiation effect would be found at a dose rate of 2.7 rads/year for terrestrial

 enimals. This dose rate was calculated by assuming a hypothetical situation
where an animal consumed only aquatic vegetation growing in the discharge area
- of the Vermont Yankee Station. This exercise conservatively demonstrates the
. maximum possible dose that an animal could receive under cireumstances that are

very .improbable.
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An increased mutation rate in these organisms cannot be dismissed
completely. At 0.009 rad/min (12.9 rads/day), Russell®9 found a mutation
rate in mice of 5.6 x 108 mutation/locus.rad. Purdom®! concluded that
the spermatozoa of fish (Lebistes reticulatus) are less sensitive than the
spermatozoa of the mouse to the mutagenic effects of ionizing radiation.
Newcome and McGregor®2? predicted that an acute dose of 26 rads would be
required for sperm and eggs of rainbow trout to double the rate of malforma-
tions observed in controls. These doses are much greater than the chronic
doses calculated for the organisms in the effluents of the Vermont Yankee
Station. As is well known, an irradiation dose delivered within a short time
(acute exposure) will have a much greater effect (assuming a dose high enough
to produce a discermible effect) than the same dose delivered over a longer
period of time (chronic exposure). Therefore, an increased mutation rate
above the spontaneous mutation rate would be extremely difficult to determine
in natural populations at doses of 2,7 rada/year in mammals and 0,32 rad/year
in fish.

In summary, the staff concluded that no detectable adverse effect will
be produced on the aquatic biota or terrestrial animals as a result of radio-
nuclides released in the discharge water of the Vermont Yankee Station at the
levels given in Sect. 1II.D.2.

7. Criteria for Limiting Environmental Impact of Thermal Discharges

So that the environmental impact of themmal discharges upon Vernon
Pond will not be excessive, definite limits must be set upon the amount of
the pond to be subjected to thermal impact and upon the allowable temperature
increase. .

Monitoring of water temperature in Vernon Pond (Sect. V.B.2) has been
suggested because measurements of the water temperature at station 3 below
Vernon Dam are not expected to give a realistic indication of the water condi-
tions above the dam. During operation of the Vermont Yankee Station, constant
recordings of water temperature should be made in the vicinity of the plant:
in the discharge area and near the intake structure. Temperatures should be
recorded at different depths and at a sufficient number of points to determine
how far the heated water extends into Vernon Pond and whether the heated water
is recirculated through the condenser cooling water system.

When the water temperature falls below 55°F, compliance with Vermont's
Final Order of Permit, as amended, will allow an increase of 5°F as measured
downstream of the mixing zone, a point which is now below the base of Vernon
Dam, Therefore, all of the water in Vernon Pond in the vicinity of the Vermont
Yankee Station could be increased 5°F or greater. The effect of a 5°F increase
of all of the water in the vicinity of the power plant on the aquatic biota
should be explored. The temperature of the water in the discharge area will
be higher than the temperature in the rest of the pond. The effects of the
geated water ;n the aquatic biots in the discharge area have been discussed
n Sect. V.C.5.
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In the months of December, January, February, and March, an increase of
5°F should have very little detrimental effect on the aquatic biota. During
these months, the water temperature is near 33°F, and even a 10°F increase
should produce very little impact on the biota. Some species sensitive to low
* ftemperature could probably overwinter more easily at these temperaturea. The
primary effect probably would be the extension of the season for species that
enefit from warmer water temperatures. In the sapring, reproduction of the
different organisms would begin earlier and extend later im the fall.

e, If the 5°F increase continued through the summer months and water
temperatures reached 80°F and above in July, August, and September, a shift
! in species composition probably would occur. Fish species such as bluegill,

largemouth bass, pumpkingeed, bullhead, and carp would become more sbundant;
smallmouth basg, rock bass, yellow perch, and white suckers probably would

1 decrease in number because of the increased temperature or increased competi-
tion from other species. Denser populations of phytoplankton and zooplankton
would be expacted during the summer months with a shift' from diatoms and green
algae to filamentous blue-green algae. Such undesirable conditiong probably
could be tolerated without a major adverse affect on the aquatic biota.

1f the water temperature in Vernon Pond were increased 10°F, the most
serious effect on the aquatic biota would occur in the summer months, The
wvater temperatures would exceed 85°F during July, August, and September. These
temperatures are near the lethal limit' for some cold-water species and consider-
ably above their preferred temperatures. Species diversity would decreage, and
less desirable species would dominate the pond. The phytoplankton population
=~ probably would be dominated by blue-green algae and the fish population by
carp. Cold-water fish species would be eliminated, and very few desirable ones
‘ would be found in the pond. The parts of Vernon Pond not under the influence
of the heated water could be adversely affected, and anadromous fish such as
salmon might find it difficult to pass through this-part of the pond during
most of the year. Essentially, an increase of 10°F in the water temperature
in warm weather in Vernon Pond would change the existing aquatic biota.
However, a 10°F increase in pond temperature during the winter months could be
. tolerated.

o e et s S04 B o
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Thus, 1f temperature increase in the main part of Vernon Pond is
linited to 5°F above ambient temperature, the effects on aquatic biota would
not be excesasive; however, 1f the water temperature is allowed to increase by
10°F year round, appreciable effects would occur. The plan for regulating
thermal discharges by monitoring temperatures below the dam does not provide
assurance that water temperatures in the pond will be limited to a 5°F
: temperature rise. In order to limit the ecological impact of thermal

discharge to acceptable levels on the basis of predicted plume dispersion
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information, temperature monitoring within the pond will be necessary as
discussed in Sect. ILI.D.1.b. When the temperature of tmheated river water
is less than 40°F, the pond temperature should not be allowed to exceed 45°F;
when the temperature of unheated river water 1s more than 40°F, the pond
temperature must not be more than S°F higher.

About 150 acres of Vernon Pond in the vicinity of the station
could possibly be subjected to direct thermal discharges from the station.
If this entire area were subject to the above temperature limitations, the
ecological impact on Vernon Pond caused by themmal discharges would be
ninimal. However,_ in order to pemmit the Vermont Yankee Station to operate,
the Staff believes that a small area of the pond could be permitted to
exceed these temperature limits without asignificant adverse effect. TFor
adequate protection of the pond, the exempt area should be only a swall
fraction of the pond area. Ecological considerations fail to provide
sufficient information to specify precisely this small exewpt area. The
staff has established 10 acres as the extent of this exempt area; 1.e.,
at the edge of the l0-acre area, the temperature cannot axceed 45°F
when' the unheated river water is less than 40°F or {ncrease more than 5°F when
the unheated river water is above 40°F. Such an area is less than 10X of the
area of Vernon Pond below the station. Because the location of the thermal
plume from the plant's discharge is dependent on fluctuating river flows, no
location for this exempt area has been specified, rather the location of this
area will be allowed to fluctuate and occupy any 10 acre area in Vernon Pond
at any given instant,

Because the location and size of the themmal plume are dependent on
fluctuating river flows and because the ecological basis for setting a
10 acre exempt area is admittedly uncertain, the staff believes that a larger
area could be made available for testing purposes during the first year of
station operation. Fifty acres is considered the maximum area that could
be temporarily made available for such purposes. This area would be used, in
accordance with the comprehensive monitoring program detailed in the plants
Technical Specifications, to obtain needed information on the configuration
of the thermal plume and on thermal and ecological effects. If the results
from the l-year testing program, as proposed by the applicant, indicate that
an area larger than 10 acres could be permanently established without a signi-
ficant or irreversible effect on Vernon Pond, an appropriate permanent enlarge-
ment of the l0-acre limit would be considered.

If the staff's proposed limits on allowable temperature increases and
on the maximum area which may be subjected to thermal impact are observed, the
staff believes that ecological impact of thermal discharges on Vernon Pond will
be minimal.

D. RADIOLOGICAL IMPACT ON MAN

An independent calculation has been made by the staff to assess the dose
increments received through various exposure modes and pathways. These dose
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increments are examined, with reference to the 1limits set forth in 10 CFR Part
2083 and proposed Appendix I to-10 CFR Part 50.6%

1. Radioactive Effluents and Exposure Modes

The potential radiological impact from the operation of the Vermont
Yankee Station will arise from radioactive materials released as liquids or
gases. The amounts and isotopic composition of these mixtures of fission
products and activation products are discussed in Sect. III, as are the con-
trol measures, available or planned, by which such releases may be limited,

First, the potential modes and pathways of external and intermal
radiation exposure of individuals are considered. Potential external expo-
sures, which deliver an increment of dose during their persistence, may
result from (a) immersion in the gaseous effluent from the stack as diluted
and transported by the wind, (b) swimming in the waters of Vernon Pond or
other parts of the Connecticut River into which liquid radfcactive waste
effluents are diluted and dispersed, or (c) ground contamination by deposition
of iodine, radioparticulates, and daughter products of noble gases.,

Potential intermal exposures may result from radionuclide intake
through (a) drinking water from the Connecticut River containing released
radioactive effluents, (b) eating fish which have spent sufficient time in
areag of the river containing radloactive effluents to acquire radionuclides
in their flesh, (c) inhalation intake of iodime, radioparticulates, and daughter
products of noble gases, or (d) drinking milk from cows pastured within the wind
trangport range of jodine isotopes released in gaseous effluents. Other poten-~
tial internal exposure pathways are examined and discussed in Appendix V-A and
are found to be insignificant.

The ctotal dose estimated to result from internal exposures from the
time of radionuclide intake until terminated by processes of metabolism and
radioactive decay is the calculated dose commitment. Throughout these discus-
sions the use of the term "dose" should be understood to include "dose
commitment” whenever internal exposure modes are involved. The interval over
which the dose commitment 1is received will vary with different isotopes and

for different organs of the body. The doses from separate radionuclide

components which may apply to different body organs in the case of potential
exposure to a mixture of radionuclides have been calculated. To be
conservative, in the sense of maximizing the dose estimate, the potential
dose commitments were calculated for the body organ receiving the most
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significant dose for each of the radionuclides. In many cases, one isotope
will be by far the major dose contributor and — since different organ doses
are not additive — will dominate the intemal-dose evaluation.

Finally, the potential contribution by the power plant to exposures of
local subpopulations and also its contribution to the total population exposure
in "man-rem" is examined for those living within differing radial distances from
the reactor site, up to 50 miles. The man-rem dose {s a summation of the esti-
mated dose increments of potential external and internal exposures of each group
of the individuals accoxrding to location, totaling those within the specified
radial distance. An unusual situation led to the estimation of the exposures
of a population group much further away which might be exposed via the drinking
vater pathway. The population man-rem dose for a 50-mile radius is of interest
for comparison with background doses and for comparison of various power reactor
sites as regards their radiological impact.

2. Liquid Effluents

In Sect. I1I.D.2.a, the staff point out that, in handling radioactive
liquid effluents, the applicant has both the flexibility of batch processing and
the option of limited holdup (for decay) by use of tank storage or of disposal
in drums as solid wastes. In the calculations, potential intakes for the purpose
of estimating associated increments of dose commitment were postulated. These
intakes are based on the isotopic composition provided in Sect. III.D.2. Various
uncertainties, such as the effect of thermal flow pattexrns on dilutions in Vernmon
Pond, prompt the choice of pessimistic assumptions. These are given and discussed
in Appendix V-A. The extent to which they lead to overestimates of exposure may
eventually be determined from environmental monitoring after the plant is
operating.

a. Eating Fish

Fish that way be exposed to radioactive effluents discharged into
Vernon Pond are presently restricted to the river between Vernon Dam and Bellows
Palls Dam, next upstream. However, this area of the river 1s not at present
heavily populated with edible fish, A reasonable estimate of an average radio-
nuclide concentration for Vernon Pond, characteristic of the fish habitat, cannot
be made due to the current lack of diffusion and dispersion data and the potential
effects of thermal stratification. In lieu of this, the amount of activity in
fish is assumed to be the amount that they would accumulate by living and feeding
in water of the same radiochemical composition as the undiluted water discharged
from the plant (8.9 x 10~9 uCi/ml). Calculations, as detailed in Appendix V-A,
vield an estimated dose commitment from eating these fish of 1.8 mrem to the
adult thyroid per year of reactor operation. This 1s more than twice as large
as the next dose component, 0.83 mrem/year to the bone.
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Edible fish downstream from Vernon Dam may incorporate, from the
water and from organisms on which they feed, significantly lesser amounts of
radioisotopes released by the applicant than such fish near the plant above
the dam, This is due not only to the diminishing concentrations resulting
from tributary dilution and from adsorption onto sediments but also to the
wider range of habitat over which downstream fish may rove.

Over the year as a whole, the river flow at Vernon Dam averages
10,166 cfs (20 years of data) or 9.1 x 10!5 ml/year. Hence the average con-
centration below the dam will be less than 5.4 x 10~10 yci/ml. If an "average"
individual supplies his normal total intake®> of fish 20 g/day = 16 1b/year)
by eating fish postulated as having lived in water with the above potential
activity level, his yearly increment of dose commitment from this pathway would

. be 0.11 mrem/year of release for the stipulated waste composition. This again

1s the component of dose received by the thyroid. The results are given in
Table V~-6. The size of the subpopulation which eats a significant amount of
fish from these reachs of the Connecticut River is not available but, at most,
might possibly number a few hundred.

b. Swimning

Swinming in Vernon Pond or ather contaminated parts of the Connecticut
River may occur principally during the warm weather. The radiation exposure was
estimated on the basis of immersion for 1% of a year (87 hours), such as about an
hour a day during out-of-gchool vacation. The.maximum concentration available is
in Vermon Pond at the discharge from the plant, as discussed in Appendix V-A. To
swin there would give a potential exposure increment of approximately 1.1 x 1073
nrem/year. A reasonable assumption is that the number of such regular river
swimmers would not exceed half the total population within 5 miles of the plant.

c. Drinking Water

Drinking the umtreated, silt-laden water from Vermon Pond or the
Connecticut River below Vernon Dam is an improbable exposure pathway. As
discussed in some detail in Appendix V-A, the dose an individual would receive
1f he were to use the river as his sole source of drinking water has been esti-
mated, based on a standard daily fntake®6 of 1200 ml/day. The result, 1.7 mrem
to the thyroid per year of plant operation, is given with other values in
Table V-6, Such an individual drinking below Vernon Dam could receive an
estimated 0.11 mrem to the thyroid per year of plant ogeration, with the corre-
sponding calculated concentration averaging 5.4 x 10~ yci/ml. For perspective,
note that this average concentration in the Connecticut River is the additional
radioactivity postulated to result from the maximum annual release of 4.9
Ci/year. The average gross beta background activity in the Connecticut River
before plant operation, as measured in water samples®’ taken over a 2-year
period (July 1, 1969, through June 30, 1971) for all stations was 3 pCi/liter
or 30 x 10°19 yci/m1, i.e., about six times as much.
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Tabls V-6, Estimated doses to individuals per yeat

from liquid efflueat® -

Exposure pathways Dose estimates (millkunlyw)'
Eating fish caught

1a Vernon Pond 1.8 (thyroid)

Below Yernon Dam 0.11 (thyroid)
Swimming 1% of the year

Ia Vernon Pond 1.1 x 1072 (total body)
Drinking water from

Plant discharge outfall 1.7 (thyroid)

Below Vemon Dam 0.11 {thyroid)

Quabbin Reservoir 0.007 {thyroid)

“Based on fotal release of ~5 Ciyear with ditutions as
discussed in the textand Appendix V-A.,

B)ost significant organ given for reference. Organs with
Jesser dose covered in Appendix V-A.
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At present, no mmicipal water systems take water from the Connecticut
River below Vernon Dam, In view of a proposal to divert water from the
Connecticut River via Northffeld Upper Reservoir to recharge Quabbin Reservoir
(Sect. II.E.2), the potential exposure such usage may represent should be estimated.

If the plan of diverting the Connecticut River to recharge Quabbin
is adopted, such diversion will occur only when the Connecticut River flow rate
1s 17,000 cfs or greater.s8 An average flow rate during the period of spring
freshet flows, when water may be transferred, may be assumed as 20,000 cfs
(9 x 10° gpm, 4.89 x 10!3 nml/day) for the purpose of estimating potential
concentrations. During this period, a continuved random release of liquid
radfoactive effluents has been agsumed, at their postulated average radionuclide
concentrations corresponding to ‘the full open-cycle flow of 386,000 gpm (860 ’
cfs, 2.1 x 1012 ml/day). The resultant concentration values in 3.84 x 1010
nCi/ml for the source mixture considered,

A naximun of 2.6 x 1010 gal/year of Connecticut River water would
be diverted to Quabbin Reservoir, whose volume®® is 4.15 x 10!1 gal. BenceI
there should be a further dilution of at least a factor of 15 to 2.5 x 107!
pCi/ml. Use of this water at this concentration as a supply for drinking would
represent a thyroid dose commitment of .007 mrem/year from the isotopic mixture
involved. Since the Quabbin Reservoir could ultimately supply drinking water
for up to 2 million people, this would represent a potential population
dose of 14 man-rem/year i1f no allowance is made for radioactive decay during
the average holdup line of two years in the resexvoir. There is a limitation
to the effective dose reduction by decay since the bone dose (principally from
strontium isotopes) is 20% of the amount of the thyroid dose cited.

These increments of exposure are summarized in Table V-6,

3. Gaseous Effluents

The radioactive materials released to the atmosphere are principally
the fisslon-product noble gases krypton and xenon. The resulting potential
expogures depend on the composition of the mixture of isotopes and their con-
centrations, In turn, the airborme concentrations and locations in the environ-
ment as a function of time depend on meteorological conditions. The three
principal exposure modes to consider are immersion, inhalation, and the radiation
from surface deposition. The potential annual doses have been calculated, using
annual averages for meteorological conditions and assuming the constant release
rate given in Section I1X.D.2, The exposure condition considered is the initial
period of proposed operation (for the first fuel cycle). '

The potential consequences of the release of the radioiodine component
of the gaseous effluent have been examined. The estimated dose which could be
received by the thyroid of a child via the grass-cow-mflk-infant exposure path-
way, aasuming an intake of 1 liter of milk per day produced by a cow grazing
for 5 months/year, was calculated to be 1.3 mrem/year of effluent release (based
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on milk pooling, see Appendix V-A)., This does not appear to represent an impor-
tant radiological impact in comparison with other doses examined. The peak air
concentration noted in Table A-7 of Appendix V-A 1s about five times the weighted
average value, Hence, the milk from the corresponding group of cows, if not com-
bined with other milk, could provide a respectively greater dose to an infant
using it regularly (about 6.5 mrem/year). When the extended holdup charcoal
system 1s used, a further reductfon in radioiodine release will result.

Estimated annual potential exposures from gaseous effluents for several
groups in the population, both local and remote, have been calculated. In
addition, the annual dose at the Vernon Elementary School that could result from
gama-ray shine of 16§ in the turbine is estimated by the staff to be 20 mrem
assuming an occupancy factor of 0.2 The applicant has been informed of this
estimate and a radiation dosimeter has been placed at the school which will be
evaluated during operatfon of the plant. Details relevant to the remote groups
are given in the discugsion in Appendix V-A. Table V-7 presents the different
modes of exposure and their total estimsted dose. The peaking of the annual dose
for an individual occurs away from the reactor because of the distance and dir-
ection that gaseous effluents are carried by prevailing winds before diffusion
to ground level,

The potential external exposures from radioactive gases were evaluated
by comparison with the background exposure. Iwo years of preoperational eaviron-
mental monitoring®7 show an average of 14 stations of 156 mrem/year external
gamma background radiatiom.

The potential exposures for the approximately 1-1/2-year period of
proposed operation before installation of the extended off-gas holdup syatem
are a small fraction of the present applicable limits set forth in 10 CFR Part
20. The spplicant will be required to comply with the design objectives of
Appendix I to 10 CFR Part 50, as finally formulated.

4. Dose Evaluation

In the preceding sections the various potential exposure pathways have
been examined and the exposures to individuals within specific groups or at
particular locations calculated on the basis of available data and conservative
(i.e., upper limit) assumptions. The collective effects of the more significant

exposures to the population living in the vicinity of the reactor are considered. °

Tables V-6 and V-7 show that the potential exposures from gaseous effluents
are more important than those from liquid effluents. The estimated exposures
from liquid effluents are either very small or, if received, involve groups of
people who are few in number. Population distribution data are available, by
distance and direction, which can be combined with the corresponding estimates
of exposure increments from the gagseous effluents., The results are given in
Table V-8 for the present population sizes. The peak average snnual

)
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Table V-7. Estimated poteatial doses to Individal members of exphicit groups per year of gaseous efftueat discharge

Nomber of Dose (millirems) per year of discharge
Group and location Ak Al Surface
iduals
Indi immenion  inhalation  contamimation OO
Vernon Green Nuning Home 54* 189 0.064 1.01 20.0
1.1 MISSE
Vernon Elementary School® 163 0.059 0.00007 0.001 0.060
0.36 Ni SW :
Hinsdale School 900 2.23 0.00$ 0.08 231
0.7 MiENE
Braitledoro Hospital 31 329 0.023 0.31 362
_ $.2MINNW
Traler park? 240° 5.43 0.034 0.49 5.96
3.0 Mi NNW
Northfleld and Mt, Hermon Schools 1,130 528 0.037 0.49 580
6.0 MiSSE
Picnic area * 100 193 0.013 0.18 213
1MW
Yankee Atomic, Rowe, Mass. 2,400 0.037 0.0002 0.002 0.040
20 Mi WSW
Springfield, Mass. 459,000/ 0.028 0.00003 0.001 0.029
46MiS ‘
*With new addition.

’S&nilnvduuapplyto the nearest houses west of the site. Does not inchuda 20 mrems of gamma shine from Ten.
::os beds; the rest ace stafl.
puk ;‘n;x:gnh Race Track k occupled spproximately 1% of year. Doses compars with Brattleboro Hospital and with tradler
yesz. ' . s
€Approximately 100 of 115 units with 2.4 sverage occupants.
Metropolitan sres population, 1970.
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dose for cumulative population occurs at 4 miles and is a consequence of the
population distribution in the high wind frequency direction.

As part of the assessment of the total radiological impact of the

Vermont Yankee station, a comparison should be made between the annual average
radiation dose from the reactor and the annual average dose from natural back-
ground. The total doses are 147 man-rem (0.13 mrem/person) from Vermont Yankee
and 179,000 man-rem (about 156 mrem/person) from background sources. Thus,
operation of the Station will contribute only an extremely small increment to
the radiation dose that area residents receive from natural background. Since
fluctuations of the background dose may be expected to exceed the increment
" contributed by the plant, the dose will be immeasurable in itself and will
constitute no meaningful risk to be balanced against the benefits of the plant.

5. Envirommental Radiation Monitoring

The applicant has developed a two-phase environmental radiation moni-
toring program to determine the magnitude and nature of the radioactivity in
the air, water, silt, vegetation, and aquatic biota near the Vermont Yankee .
Power Station.é The first phase, a preoperational survey, was initiated in
July 1969 to provide two years of baseline data for evaluating changes in
radioactivity levels resulting from operation of the station. Radiation
wonitoring stations were located so that data could be obtained concurrently
from two regions about the station site. Data collected in Zone I, an area
within a 5-mile radius of the site that is considered to be under the influence
of the station, include: (1) integrated gamma doses at six locations about the
station boundary and (2) radionuclide concentrations in air, integrated gamma
doses, and radioactivity concentration in vegetation at five locations ranging
from 0.9 to 2,5 miles from the station. Data collected in Zone II, an area
outside the 5-mile radius that is not considered to be significantly under the
influence of the station, include radionuclide concentrations in air, integrated
gamma dosea, and radfonuclide concentrations in vegetation at three locations
ranging from 7 to 15 miles from the station. Station locations in the two-zone
network were chosen on the basis of stack effluent diffusion caleulations for
maximum ground-level concentrations under average meteorological conditions
(Zone I), population distribution, annual wind rose directional data, coordina-
tion with state radiological monitoring programs, availability of sites for
long-tern study, and accessibility of sites for year-round gservicing and
maintenance,

The Vermont Yankee environmental monitoring program includes a flexible
network for collecting river and ground water to identify and determine the
magnitude of any radfonuclide reconcentrations. Sampling stations for wells
and springs are located on site, in Vernon, and in Brattleboro. Collections
from the wells and springs are made quarterly and snalyzed for gross beta and
gamna activities.

‘The river is monitored by measuring the radioactivity in grab samples
of water, stream sediments, beathos organisms, and fish collected at two locations
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¥ Table V-8, Cumulstive populations, cumulstive man-rems, and

aversge anaval doses within selected clrcular aress
i Year 1970
N ' Rading ~ Cumulstive  Cumulative Averzge annual dose (milliresns)
{miles) population man-tems fot cumulative population .
1 L O B N
2 2,060 - 126 R X1 3
3 2,840 10.6 .13
4 jsso 13.7 3.82
5 6590 281 k¥ }|
10 23,030 56.4 245
20 37,830 82.4 1.00
30 211,600 1034 0.49
40 417400 121.1 0.25
50 1,149,000 146.4 LY &)
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(3.2 miles and 7,7 miles) upstream from the station, at the station discharge
structure, and at three locations (1.5 miles, 5.6 miles, and 7.3 miles) down-
stream from the station. In additfon, aquatic plants are sampled and analyzed
from the swamp areas about 0.3 mile upstream and dowmstream from the station
(Fig. IX-2). The sampling is performed under contract by Webster-Martin, Inc.,
who is conducting the aquatic biological studies on the river above and below
the station.

The second phase of the monitoring program, the continuing operational
survey after the station begins operations, will be the same as the preoperational
survey except that sampling of air and milk7? for the analysgis of radiolodine

-will be added, and the river will be sampled at the station discharge point by a
* - continuous sampler. The sample collection and analysis frequency for the various

environwental media range from weekly for air samples to quarterly for biological
media (both food chain and indicator) and river sediments. The radiometric
analysis of samples is performed under contract by Eberline Instriument Corporation,
Department of Nuclear Sciences, and is limited primarily to gross activity and
gama spectral measurements. The sensitivities of the analytical methods used

by the contractor are given in Table V-9.

‘The objectives of the continuing survey are:

8, To assure that radiation levels and concentrations of radioauclides
in the environment, resulting from station operatiom, stay within AEC regulations.

. b. To make possible the prompt recognition of any increase in eaviron-
mental levels of radioactivity velated to station operation; and

¢. To differentiate station~released radiocactivity from other abnormal
trends in environmental radiocactivity due to natural or manmade sources.

The applicant plans to augment the operational radiation monitoring
program if plant effluent measurements or radionuclide concentrations in the
eavironment indicate projected population doses in excess of 3Y of those that
would result from exposure to 10 CFR 20 concentrations. The steps to be taken
to augment the program include: (1) an appropriate increase in sampling fre-
quency end number of sampling stations throughout the network for the environ-
mental pedia involved and (2) a correlation study to compare the environmental
levels in the media in question with plant release records and other media
sampled.

The radiation monitoring program at Vermont Yankee is well designed,
with regard to sampling locations and enviroumental .media.sampled, for the
measurement of radioactive concentrations in the important exposure pathways.
Further specific details on the environmental radiation wonitoring program are
provided in the Technical Specifications for the station.
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Tabls V-9. Analytical Capabilities

Type of

" Minimum

Sample media tysh aBquot skee? Sensitivity
Al particulate Alphaandbeta 100 m? 0.0 pCl/m?
Water Alphs 150 m! 3 pCifliter
Water Beta 150 ml 2 pCifliter
Water Trithim 10 ml 2 pCYml
Yegetation Alphs 25 g (ary wt) 0.03 pCig
Vegetation Bets 25 g (dry w1) 0.02 pClg
Bottom sediments  Alpha 2Sg(arywt) 003 pCVg
Bottom sediments  Bets 25 g (dry wt) 0.03 pCig
Fhh Beta 250g(wetwt)  0.01 pCg
Al medla Gamma See below See below

Sensitivities (pCl/sarepls) for key pamms emitters
with 4ia.dlem by 44a.thick Nal{TT) detector.

Ganma Small sample Largs nnplc'
emitter next 1o crystal [n Marinelk beaker
110, 1 30
100Ry K S 270
144c, 70 210

13 l' 9 30
$0Co 14 40
$8Co k¥ 9%
$434n 9 30
$iCe 1] 240
632a 23 70
sog 140 420

“Aliquot taken frora a larger sample after it hes been blended 1o
provide a representative aliquot.

SUp 16 3.5 liters distributed equalty on to

4-in. crystal

pm.ldduonhu-h. by
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VI. ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS

A. PLANT ACCIDENIS

Protection against the occurrence of postulated accidents in the Vermont
Yenkee Nuclear Power Station 1s provided through the defense in depth concept
of design, manufacture, operation and testing, and a continued quality
assurance program is used to establish the necessary high degree of assurance
for the integrity of the reactor system. Postulated accidents were con-
sidered in the Commission's Safety Evaluation for the Vermont Yankee facility,
dated June 1, 1971 and in the Supplements to the Safety Evaluation. Off-design
conditions that may occur are limited by protective systems which place and - .
hold the power plant in a safe condition, Notwithstanding this, the conservative
postulaté is made that serious accident might occur, even though unlikely, and
engineered safety features are installed to mitigate the consequences of these
postulated events.

The probability of occurrence of accidents and the spectrum of their
consequences to be considered from an environmental effecta standpoint have
been analyzed using estimates of probabilities and realistic fission product
release and transport assumptions. For site evaluation in the staff’s mafety
review, extremely conservative assumptions were used for the purpose of
evaluating the adequacy of engineered safety features and for comparing cal-
culated doses resulting from a hypothetical release of fission products from
the fuel agatinat the 10 CFR 100 siting guidelines. The computed doses that
would be received by the population and environment from actual accidents
would be significantly less than those presented in the staff's Safety Evaluation.

The Commission issued guidance to applicants on September 1, 1971,1
requiring the consideration of a spectrum of accidents with assumptions
as realistic as the state of knowledge permits. The applicant's response
vas contained in the applicant’'s Supplement to the Environmental Report,
Volume I, dated December 21, 1971.

The effect of accidents has been evaluated, using the standard accident
asgumptions and guidance issued by the Commisgion as a proposed amendment
to Appendix D of 10 CFR 50.% Nine classes of postulated accidents and
occurrences ranging in severity from trivial to very serious have been identified
by the Commisgion. In general, accidents in the high potential consequence end
of the spectrum have a very low occurrence rate, and those on the low poten-
tial consequence end are characterized by a higher occurrence rate. The
examples selected by the applicant for these classes of accidents are shown
in Table VI-1. The examples selected are reasonably homogeneous in terms
of probability within each class with the exception of the failure of the
off-gas holdup system which the staff considers as more appropriately in Class 3.
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TABLE VI-1. CLASSIFICATION OF POSTULATED ACCIDENTS AND OCCURRENCES

AEC Applicant's
Class Description Example
1 Trivial incidents Not considered )
2 Miscellaneous small releages outside Turbine building effluents from
containment leaks or breaks within

technical specification limits

3 Failures of -radicactive waste system Single functional system or
' | equipment failures or single
operator error .

4 Events that release radiocactivity into No events identified
the primary system
5. Events that release radioactivity No events identified
into the primary and secondary
systens
6. Refueling accidents inside containment Dropped fuel assembly onto

reactor core, spent fuel racks
into fuel pool, or against
fuel pool, shipping cask “-op

7. Accidents to spent fuel outside Transportation incident
containment

8. Accident initiation events considered ‘Loss of coolant accident inside
in design-basis evaluation in the and outside primary containmer
Safety Analysis Report control rod drop accident;

off-gas holdup system failure

9. Hypothetical consequences of failures None
more severe than Class 8



Certain assumptions made by the applicant, such as the assumption of an
iodine partition factor in the suppression pool during a losa-of-coolant
accident, in our view, are optimistic; but the use of alternative
assumptions does not significantly affect the overall environmental risk.

Commission estimates of the dose which might be received by an assumed
individual standing at the worst location off-site, using the agssumptions
in the proposed Annex to Appendix D, are presented in Table VI-2, Estimates
of the integrated exposure in man-rem that might be delivered to the popu—
lation within 50 miles of the site are also presented in Table VI-2, .These
man-rem estimates ware based on the projected population around the site
for the year 2010.

To rigorously eatablish a realistic annual risk, the calculated doses
in Table VI-2 would have to be multiplied by estimated probabilities. The
events in Classes 1 and 2 represent occurrences which are anticipated during
plant operation and their consequences, which are very small, are considered
within the framework of routine effluents from the plant. Except for a
limited amount of fuel failures, the events in Classes 3 through 5 are not
anticipated during plant operation but events of this type could occur some-
time during the 40 year plant lifetime. Accidents in Classes 6 and 7 and small
accidents in Class 8 are of similar or lower probability than accidents in
Classes 3 through S but are still possible. The probability of occurrence
of large Class 8 accidents is very small. Therefore, when the consequences
indicated in Table VI-2 are weighted by probabilities, the environmental
risk is very low. The postulated occurrences in Class 9 involve sequences
of successive failures more severe than those required to be considered for
the design basis of protection systems and engineered safety features. Their
consequences could be severe. However, the probability of their occurrence
is so small that their environmental risk is extremely low. Defense in
depth {(multiple physical barriers), quality assurance for design, manufacture,
and operation, continued surveillance and testing, and conservative design
are all applied to provide and maintain the required high degree of as-
surance that potential accidents in this class are, and will remain, suf-
ficiently small in probability that the environmental risk is extremely low.

Table VI~2 indicates that the estimated radiological consequences of
the postulated accidents would result in exposures of an assumed individual at
the worst location off-site to concentrations of radioactive materials which
are within the Maximum Permissible Concentrations (MPC) listed in Appendix B,
Table 11 of 10 CFR 20. The table also shows that the estimated integrated
exposure of the population within 50 nmiles of the plant from each postulated
accident would be orders of magnitude smaller than from naturally occurring
radioactivity which corresponds to approximately 280,000 man-rem/year based
on a natural background level of 0,156 rem/year. When considered with the
probability of occurrence, the annual potential radiation exposure of the
population from all the postulated accidents is an even smaller fraction of



¢

VI-4

TABLE VI-2. SUMMARY OF RADIOLOGICAL CONSEQUENCES OF POSTULATED ACCIDENTS

Class

1.0
2.0

3.0

3.1

3.2

3.3

4.0

4.1

4,2

5.0

6.0
6.1

6.2

Event
Trivial incidents

Small releases outside
.containment

¥Yailures of radioactive waste
systenm

Equipment leakage or
malfunction

Releabe of waste gas
gtorage tank contents

Release of liquid waste
storage tank contente

Fission products to primary
system (BWR)

Fuel cladding defects

Off-design transients

that induce fuel.failures

above those expected

Fission products to primary.
and secondary systems (PWR)

Refueling accidents '

Fuel asgembly drop into
core

Heavy object drop onto
fuel in core

Estimated dose at

Egtimated dose

worst location offsite to population

(fraction of 12 CFR
Part 20 limit)

b

0.52

2.1

0.002

0.022

Not applicable

<0.001

0.003

within 50-mile

radius (man-rems)
b

6.8
27

<0.1

0.7

Not applicable

0.12

1.0

anepresenta the calculated whole-body dose as a fraction of 500 millirems (or
the equivalent dose to an organ).

b
These releases will be comparable with the design objectives indicated in the

proposed Appendix I to 10 CFR 50 for routine effluents (i.e., S millirems/year
to an individual from either gaseous or liquid effluents).



7.2

7.3
8.0

8.1.

8.1(a)

8.2(a)
8.2(b)
8.3(a)

8.3(b)

Table VI-2 - cont'd

Estimated doge st

Estimated dose

worst location offsite to population

(fraction of 10 CFR

within 50-mile
radius (man-rems)

Event Part 20 limit)a
Spent fuel handling
accident
Fuel assembly drop in
fuel storage pool <0,001
Heavy object drop onto
fuel rack 0.001
Fuel cask drop 0.78

Accident initiation events
considered in design basis
evaluation in the Safety
Analysis Report

Losgs-of~coolant accldents
inside containment

Small break . <0.001
Large break - 0.004

Break in instrument line
inside reactor building <0.001

Rod ejection accident (PWR) Not applicable
Rod drop accident (BWR) 0.024

Steanline breaks outside i
containment (PWR) Not applicable

Steamline breaks outside
containment (BWR)

Small break 0.018
Large break 0.093

0.22

0.42

10

<0.1
9.3

<0.1
Not applicable
0.83

Not applicable

0.24

1.2



the exposure from natural background radiation and, in fact, is well within
naturally occurring variations in the natural background. It is concluded
from the results of the realistic analysis that the environmental risks

due to postulated radiological accidents at the Vermont Yankee Nuclear Power
Station are exceedingly small,

B. TRANSPORTATION ACCIDENTS

1. Principles of Safety in Transport

Protection of the public and transport workers from radiation during
the shipment of nuclear fuel and waste, described in Sect. III1.3, is
- achieved by a combination of linitation on the contents (according to the
quantities and types of radioactivity), the package design, and the external
radiation levels. Shipments move in routine commerce and on conventional
transportation equipment. Shipments are therefore subject to normal acci-
dent environments, just like other nonradioactive cargo. The shipper has
essentially no control over the likelihood of an accident involving his
shipment, Safety in transportation does not depend on speclal routing.

Packaging and transport of radioactive materials are regulated at
the Federal level by both the Atomic Energy Cotmission (AEC) and the
Department of Transportation (DOT). 1In addition, certain aspects, such
as limitations on gross weight of trucks, are regulated by the States.

The probability of accidental releases of low-level contaminated
material is sufficiently swall that, considering the form of the waste,
the likelihood of significant exposure is extremely small. Packaging for
these materials is designed to remain leakproof under normal transport
condirious of temperature, pressure, vibration, rough handling, exposure
to rain, etc. The packaging may release part or all of its contents in an
accident, ) '

FPor larger quantities of radfcactive materials, the packaging design
(Type B packaging) must be capable of withstanding, without loss of con-
teats or shielding, the damage which might result from a severe accident.
Test conditions for packaging are specified in the regulations and in~
clude tests for high-speed impact, puncture, fire, and immersion in water.?

In addition, the packaging muat provide adequate radfation shielding
to limit the exposure of transport workers and the general public. For
irradfated fuel, the package must have heat~dissipation characteristics to
protect against overheating from radtoactive decay heat. For fresh and
irradiated fuel, the design must also provide nuclear criticality safety
under both normal and accident damage conditions.,
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Each package in transport is identified with a distinctive radiation
label on two sides, and by warning signs on the transport vehicle.

Based on the truck accident statistics for 1969," a shipmeht of fuel
or waste from a reactor may be expected to be involved in an accident about
once every gix years. In case of an accident, procedures which carriers
are requiredS to follow will reduce the consequences of an accident in
many cases. The procedures include gegregation of damaged and leaking
packages from people, and notification of the shipper and the Department
of Transportation. Radiological assistance teams are available through an
inter-Govermmental program to provide equipped and trained personnel. These
teams, dispatched in response to calls for emergency assistance, can
mitigate the consequences of an accident.

:

2. Exposures During Normal (No Accident) Conditions

a. Cold Fuel

The transport of cold fuel has been described in Sect. III.E.l.
Since the nuclear radiations and heat emitted by cold fuel are small, there
will be essentially no effect on the enviromment during transport under
normal conditions. Exposure of individual transport workers is estimated to
be less than 1 millirem (mrem) per shipment. For the three ghipments, with
two drivers for each vehicle, the total dose would be about 0.0l man-rem*
per year. The radiation level associated with each truckload of cold fuel
will ba legs than 0.1 mrem/hr at 6 ft from the truck. A member of the
general public who spends 3 min at an average distance of 3 ft from the
truck might receive a dose of about 0.005 mrem/shipment. The dose to
other persons along the shipping route would be extremely small.

b. Irradiated Fuel ’

Irradiated fuel will be transported either by truck or by rail.
Based on actual radiation levels associated with shipments of irradiated
fuel elements, we estimate the radiation level at 3 ft from the truck or
rail car will be about 25 mrem/hr. The individual truck driver would be
unlikely to receive more than about 30 mrem in the 900-mile ghipment, For
the 15 shipments by truck during the year with 2 drivers on each vehicle, the
total dose would be about 1 man-rem/year.

Train brakemen might spend a few minutes in the vicinity of the
car-at an average distance of 3 f£t, for an average exposure of about 0.5

*Han-tem is an expresaion for the summation of whole body doses to indivi-
duals in a group. In some cases, the dose may be fairly uniform and
received by only a few persons (e.g., drivers and brakemen) or, in other
cases, the dose may vary and be received by a large number of people
(e.g., 105 persons along the shipping route).



mrem per shipwent, With 10 different brakemen involved along the route, the
total dose for five shipments during the year is estimated to be about
0.03 man-rem.

A tember of the general public who spends 3 min at an average

distance of 3 £t from the truck or rail car might receive a dose of as much as

1.3 mrem, If 10 persons were so exposed per shipment, the total annual

dose for the 15 shipments by truck would be about 0.2 man-rem and for the
five shipments by rail, about 0.1 man-rem. Approximately 270,000 persons
who reside along the 900-mile route over which the irradiated fuel is
transported might receive an annual dose of about 0.l man-rem if transported
by truck, and 0.04 man-rem if transported by rail. The regulatory radiation
level limit of 10 mrem/hr at a distance of & ft from the vehicle was used

to calculate the integrated dose to persons in an area between 100 ft and
1/2 wile on both sides of the shipping route. It was assumed that the
shipment would travel 200 miles/day and the population density would
average 330 persons per square mile along the route.

The amount of heat released to the air from each cask will vary from

about 30,000 Btu/hr for truck casks to about 250,000 Btu/hr for rail casks.
For comparison, 35,000 Btu/hr is about equal to the heat released from an
air conditioner in an average size home. No appreciable thermal effects
on the enviomment will result because the amount of heat is small and ia
being released over the entire transportation route.

c. Solid Radioactive Wastes

As noted in Sect. III-E.3, about 12 truckloads of solid radio-
active wastes will be shipped to a disposal site. Under normal conditions,
the individual truck driver might receive as much as 15 nrem/shipment., If
the same driver were to drive the 12 truckloads in a year, he could receive
an estimated dose of about 180 mrem during the year. A total dose to all
gr:veta for the year, assuming 2 drivers per vehicle, might be about

+4 man-rem.

A member of the general public who spends 3 min at an average
distance of 3 ft from the truck might receive a dose of as much as 1.3 mrem.
1f 10 persons were so exposed per shipment, the total annual dose for the 12
shipments by truck would be about 0.2 man-rem. Approximately 150,000 per-
sons who reside along the 500-mile route over which the solid radiocactive
waste is transported might receive an annual dose of about 0.2 man~rem.
These doses were calculated for persons in an area between 100 ft and 1/2
mile on either side of the shipping route, assuming 330 persons per square

- mile, 10 mrem/hr at 6 ft from the vehicle, and the shipment traveling 200

miles/day.
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3. Exposures Resulting from Postulated Accidents

a. Cold Fuel

The cold fuel to be transported to Vexmont Yankee has been
described in Sect. III.E.l. Under accident conditions other than accidental
criticality, the pelletized form of the nuclear fuel, its encapsulation, and
the low specific activity of the fuel limit the radiological impact on the
environment to negligible levels.

The packaging is designed to prevent criticality under normal and
gevere accident conditions. To release a number of fuel assemblies under
conditions that could lead to accidental criticality would require severe
damage or destruction of more than one package, which is unlikely to
happen in other than an extremely severe accident.

The probability that an accident could occur under conditions that
could result in accidental criticality is extremely remote. In the highly
unlikely event that eriticality were to occur in transport, persons within
a radius of about 100 ft from the accident might receive a serious exposure
but, beyond that distance, no detectable radiation effecta would be likely.
Although there would be no nuclear explosion, heat generated in the reac-
tion would probably separate the fuel elements so that the reaction would
astop. The reaction would not be expected to continue for more than a few
seconds and normally would not recur. Residual radiation levels due to
induced radicactivity in the fuel elements might.reach a few xoentgens
per hdur at 3 ft. There would be very little dispersion of radiocactive
material, _

b. Irradiated Fuel

Effecta on the environment from accidental releases of radioactive
materials during shipment of irradiated fuel were estimated for the situa-~
tion where contaminated coolant is released and the situation where gasges
and coolant are released.

(1) Leakage of Qontaminated Coolant

Leakage of contaminated coolant resulting from improper
clogure of the cask is possible as a result of human error, even though the
shipper is required to follow specific procedures which include tests and
exarination of the closed container prior to each shipment. Such an accident
is highly unlikely during the 40-year-life of the plant.

4 Leakage of liquid at a rate of 0.001 cm3/sec or about 80 drops/hr
is about the smallest amount of leakage that can be detected by visual
observation of a large container. If undetected leakage of contaminated
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liquid coolant were to occur, the amount would be so small that the
individual exposure would not exceed a few millirems and only a very few
people would receive such exposures.

(2) Release of Gages and Coolant

Release of gases and coolant is an extremely remote posaibility.
In the improbable event that a cask is involved in an extremely severe
accident such that the cask containment is breached and the cladding of
the fuel assemblies penetrated, some of the coolant and some of the noble
gases might be released from the cask.

1f such an accident were to occur, the amount of radioactive
material released would be limited to the available fraction of the noble -
gases in the void spaces in the fuel ping and some fraction of the low-level
contanination in the coolant. Persons would not be expected to remain near
the accident due to the severe conditions which would be involved, includ-
ing a wajor fire. If releases occurred, they would be expected to take
place in a short period of time. Only a limited area would be affected.
Persons in the downwind region and within 100 ft or so of the accident
night receive doses as high as a few hundred millirems. Under average
weather conditions, a few hundred square feet might be contaminated to
the extent that it would require decontamination (that is, Range I con-
tamination levels) according to the standards® of the Environmental
Protection Agency.

c. Solid Radiocactive Wastes

It is highly unlikely that a shipment of solid radiocactive waste
will be involved in a severe accident during the 40-year 1life of the plant.
If it does happen that a shipment of low-level waste (in drums) becomes in-
volved in a severe accident, some release of waste might occur but the
specific activity of the waste will be so low that the exposure of
personnel would not be expected to be significant.

Other solid radioactive wastes will be shipped in Type B packages.

Considering the probability of release from a Type B package, and in view

of the solid form of the waste and the remote probability that a shipment
of such waste would be involved in a severe accident, the likelihood of
significant exposure would be extremely small.

In either event, spread of the contamination beyond the immediate
area is unlikely and, although local clean-up might be required, no
significant exposure to the general public would be expected to result.

4, Severity of Postulated Transportation Accidents

The events postulated in this analysis are unlikely but possible.
More severe accidents than those analyzed can be postulated and their
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consequences could be severe. Quality assurance for design, manufacture,
and use of the packages, continued surveillance and testing of packages
and transport conditions, and conservative design of packages ensure that
the probability of accidents of this latter potential is sufficiently
small that the environmental risk is .extremely low. For these reasons,
more severe accidents have not been included fn the analysis.

References for Section VI
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VII. UNAVOIDABLE ADVERSE EFFECTS

The construction and operation of a large facility such as the Vermont
Yankee Nuclear Power Station will produce some unavoidable adverse effects.
The estimated life of a nuclear power plant is 30 years; thus, the land for
the structure is committed for long-term use, The part of the site not used
for construction, the restricted zone, and the exclusion zone are effectively
removed as home and building sites.

The plant 1s not an imposing structure on the landscape because of the
terrace effect provided by the difference in elevation, However, it is a
modern structure thrust into rural surroundings, which detracts from the
continuity of the environment. For some people, the presence of the plant
would decrease the aesthetic value of the area.

Transmissjon lines do reduce the aesthetic value of most environmeats,
especially forest and rural areas. The combined area of the right-of-sray for
the power lines i3 several times that of the plant itself.

The operation of Vermont Yankee would not greatly Increase the level of
nonradioactive air pollution in the area, Only minor amounts of combustion
products will be released from the plant during operation of diegsel-powered

- engines for internal plant heating and process requirements and also for

emergency use,

Operation of the cooling towers will produce some adverse effects. The
mechanical draft cooling towers are noisy (88 decibels near the air inlet)

"and can be heard beyond the site boundary. Use of the cooling towers in the

fall and winter months might cause additional fogging in the nearby towns
(Sect. V.A), Icing would be produced from drift loss in the vicinity of the
cooling towers, but the condition should be limfited to the plant property.
The staff does not consider the loss of water by evaporation from the cooling
towers a serious adverse effect. The maximum loss is 5000 gpm (11 cfa) ~ 1X
of the instantaneous minimum flow of 538,000 gpm (1200 cfs).

Regardless of whether the plant operates with or without cooling towers,
some heated water will be released to Vernon Pond., The discharge of heated
water in the winter will reduce icing conditions in the plant vicinity and
possibly, attract fish and fish food organisms to this section of the river.
Potential problems of "cold shock™ can be created if the plant is then required
to be shutdown. Also, there probably will-be some changes in the aquatic biota in
the vicinity of the discharge because of increased temperature and nutrients
in the water. These changes are expected to be limited to the vicinity of
the discharge and not affect the total biota of Vernon Pond,

Some loss of fish and aquatic life will result as organisms are drawn into
the cooling water intake. Entrainment in the condenser system will kill some
small and immature fish along with other aquatic biota, by thermal shock,
chemical toxicity, or mechanical damage. Since aquatic organisms will be
affected only in the vicinity of the plant, these adverse effects should not
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seriously alter the populations in Vernon Pond. The Vermont Yankee Station

has the capability of operating with or without cooling towers; the operational
node of the plant can be managed so as to minimize adverse effects on aquatic
biota.

) Continued environmental studies to monitor the operation of the Vermont
Yankee Station are essential to obtain the temperature and biological data
needed to develop and establish a successful Anadromous Fisheries Restoration
Program in this section of the Connecticut River. Warm water released to
Vernon Pond might flow over conventionally designed fish ladders and prevent
fish from entering the ladder. Sea-bound smolt of the Atlantic Salmon and
eggs and larvae of the American Shad could be killed by entrainment in the
condenser cooling system. Since Atlantic Salmon and American Shad have not
been restored to the Connecticut River below Vernon Pond and the plant has
the capability of operating on either open or closed eycle, these adverse
effects can be prevented or limited.

The discharge of chemicals by Vermont Yankee into Vernon Pond should
produce few adverse effects on the aquatic biota. Chlorine will be released
at a maximum concentration of 0.1 ppm. Although gome adverse effects might
occur in the imediate vicinity of the discharge, the residual chlorine is
further diluted in Vernon Pond and no significant impact on the aquatic biota
in the pond is expected, especially since the releases will be limited and
internittent. The other chemicals which will be released in substantial
quantities are sodium chloride and sodium sulfate. These chemicals will not
be relesdsed at levels that will produce adverse effects on the aquatic biota.

The release of radioactive material from the plant will add to the back-
ground radiation of the area. Since the Vermont Yankee Station was designed,
8 proposal has been made that -the congervative Federal guideline for the
release of radioactive material be made more restrictive. While the potential
exposures are not in excess of the preseat applicable limits as set forth in
the Code of Federal Regulations, Title 10, Part 20 (10 CFR 20), the applicant
will have to meet the limits as finally established in the amendments to Appendix
I of 10 CFR 50. The applicant has submitted plans for an augmented off-gas removal
system which will result in potential exposures consistent with the objectives
adopted in Appendix I to 10 CFR 50. Despite findings and asaurances that opera-
tion of the plant poses no hazard to the health and safety of the public, it is
likely that operation of the plant will create a psychological barrier to some
members of the general public in terms of use of Vernon Pond and the land around
the site for recreation.

Transportation to and from the Plant of non~frradiated and irradiated fuel
and solid radioactive wastes which are packaged and shipped in Federally-approved
containers and shielded casks will be subject to both the Commission's regulations
in 10 CFR 70 and 71 and the Department of Transportation's (DOT) regulations in
49 CFR 170-179. The probability of accidental release of any radicactivity
during transport is sufficiently small, considering the form of the transported
material and its packaging, that the likelihood of significant radiation exposure
is remote. With use of proper packages and containers, continued surveillance
and testing of packages, and conservative design of packages, the environmental
risk 1s small.

f 8 e aml ey Gmemesm s e - 4 om
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The potential exposures to the population from postulated accidents during
operation of the Plant will depend on the type and magnitude of the accident
that may result. In Chapter VI, different types of accidents and the prob-
abflities of occurrence indicate that when multiplied by the probability of
occurrence, the potential annual radiation exposure of the population from
all the postulated accidents is an even smaller fraction of exposure than
that from natural background radiation and is, in fact, well within naturally
occurring variations in the natural background. It is concluded from the
results of the "realistic" analysis that the environmental risks due to
postulated accidents involving abnormal release of radioactivity during opera-
tion of Vermont Yankee Nuclear Power Station are exceedingly small.
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VIII, SHORT-TERM USES AND LONG-TERM PRODUCTIVITY

The region in the vicinity of the plant site is peripheral to a major
American megalopolis. It has been the home of much industry and also has been
part of the agricultural base for the industrialization of the Northeast., In
recent decades industrialization has generally declined. Although there are
several towns in the area which are economically independent of industries,
many area towns would probably welcomz :ore industry., The farming in Vermont
is largely dairying, but this activity has also declined over recent decades;
many old farms have reverted to woodland., About a quarter of the land area in
Vermont is in the Green Mowntain National Forest. Tourism is a very important
industry in Vermont and could reasona‘ly be predicted to become more important
as the affluence and population in the nearby urban area increases. Tourism
continues throughout the year in Vermont, centering around the many lakes and
mowntains, )

The region in close proximity to the plant includes the town of Brattleboro,
which is significantly dependent on tourism. In Vemon, Vermont, the land is
used largely for agriculture and for residences. The reactor site has been
owned by the utility for several years and has been used for agriculture; the
land that would be employed for power transmission was also largely devoted to
agriculture.

The plant should reduce power costs in this area, which would tend to
encourage industry to return. In general, the plant would likely cause an
increased population density and increased per capita income. The balance
between population demsity and standard of living is properly a subject of
public debate and political decision and is thus beyond the scope of this
report.

The town of Vernon will be affected by the presence of the plant itself
and by the significant tax revenue from the plant. The noise and drift from
the cooling towers, at least during part of the year, will make the immediately
adjacent land less desirable for residential use. Agricultural use of this
land would not suffer (except for possible effects of increased periods of
fog). The plant might (along with the Hunt House) attract some tourists. The
increased tax revenue might attract residents to Vernon. The effects of the
plant operation on the river may tend to cowpensate each other; the fluctuation
in the water level will be less than previously, but additional impurities and
heat will be released into the river. The effects of these changes on the life
in the river or on life, which might later become poasible if the river is
generally cleaned up and the anadromous fish program succeeds, cannot be com-
pletely predicted. However, the plant can operate in differeat modes, which
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provides flexibility for adjusting the plant operation to assure ecological
protection of Vernon Pond and the Comnecticut River. A monitoring program
designed to provide a basis for determination of an optimum operational mode
will be implemented.

After the period of the useful life of the reactor, the site and the
transmission avenues possibly would continue to be used for power generation
and transmissicn, However, 1f these operations have to be terminated, the
plant could then be decommissioned.

Decommission of the plant would be implemented by removing and reclaiming
fuel, decontaminating or otherwise "fixing" in place radiocactive material,
removing salvageable equipment, and final sealing of reactor components, If
required, the entire plant area could be restored to its original condition,
even to the extent of removing the reactor hardwvare and razing the buildings.
Hydrological condition at the site are an important factor in determining the
degree of removing underground structures and plant component systems from the
site. Analysis of the dismantling costs for smaller reactors has determined that
approximately 10 to 15% of the original construction costs would be required to
decoumission the facility and restore the site to its original productivity.

However, the degree of dismantlement, as with most abandoned industrial
plants, would be determined by the intended new use of the site and a balance
of safety considerations, salvage values, and envirommental impact.

On a scale of tiwe reaching into the future through several generations, the
life span of the Station would be considered a short term use of the natural
resources of land and water. The resource which will have been dedicated
exclusively to the production of electrical pover during the 30 years anticipated
11fe span of the Statiom will be the land itself. No significant commitment of
vater for consumptive use will have been made, since on an average Connecticut
River flow basis, less than 1% of the flow will be lost through evaporation from
the cooling towers. No deterioration of water quality is anticipated to occur
due to the station effluents.

In conclusion, the benefits derived from the plant in serving both the
economic and electrical needs of the state and New England region as a whole
outweigh the short-term uses of the environment in the vicinity of the plant.



IX. IRREVERSIBLZ AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

_ The construction and future operation of the Vermont Yankee Nuclear Fower
" 'Statfon will ugse a certain amount of air, water, and land. The plant site and
the nature and use of Vernon Pond will be affected. It is likely that the
plant site will be used for power production for a long period. The staff
believes that industry and population will increase in the region, which will
lead to increased commitments of resources and perhaps irreversible changes
in natural areas around Vernonm.

Long~-1ived radioactive materials will be produced by fission of nuclear
fuel in the core of the reactor and neutron activation of reactor parts near
the core. The eventual disposal and storage of radicactive materials will
require 2 certain amount of space, probably in an area remote from this plant,
for a very long period of time, and could for all practical purposes be con-
sidered as an irreversible commitment of resources.

Other possible irreversible changes include the long-range effects on fish
population, discussed in Sect. V.C.4, and transmission line requirements, in
Sect. III.B. ' '

Sone of the 2350, 238y, and 239y in the core of the reactor will be
consumed and must be considered an irretrievable use of resources. Additional
chenicals and fuels will be consumed for operation of associated plant equip-
ment, sich as emergency diesel generators and cooling towers., These commitments
are small compared with the need for production of essential electrical energy
for this area.

0f the ~ 60 acres of land-used for plant buildings, it would appear that
only a small portion of this land (less than 5 acres) beneath the reactor,
control room, radwaste and the turbine-generator buildings and the cooling
tower structures, would be irreversibly committed. Also, some components of
the facility such as large underground concrete foundations and certain equip-
ment are, in essence, irretrievable due to practical aspects of reclamation
and/or radiocactive decontamination. The degree of dismantlement of the plant,
as previously noted, will be determined by the intended future use of the-
site, which will involve a balance of health and safety considerationms,
salvage values, and environmental effects.
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X. NEED FOR POWER

. A. GROWTH OF POWER DEMAND TN NEW ENGLAND

The Vermont Yankee Nuclear Power Station will serve the New England area.
In power system planning, the Federal Power Commission has designated the
power supply areas (PSA's) in New England as PSA-1 (Maine) and PSA-2 (Vermont,
New Hampshire, Massachusetts, Connecticut and Rhode Island). The combined
PSA-1 and PSA-2 i3 knoun as the Coordinated Study Area A (CSA-A). 1In CSA-A
the utilities coordinate planning and operations wnder the New England Power
(NEPOOL) Agreement.1 At the end of 1970, NEPOOL had a total capacity, includ-
ing purchases and sales, of 13,627 MWe, a peak load (Dec. 22 1970) of 11,656
MWe, and a total annual energy requirement of 62,005 MW-hr.2

The 1970 National Power Survey! shows that the peak demand for electrical
energy from the New England Power Pool increased 6.9X per year during the
period 1965-70 and is expected to increase at a rate of 6.7% per year during
the decade 1970-80.* Since the 1970 National Power Survey's analysis of the
New England area was based on information developed prior to December 1968,

‘the forecasts were reviewed in 1971 by the Technology Advisory Committee on

Load Fbrecasting Methodology for the National Power Survey.? The Committee
concluded that “on balance, there will be an increase in electric energy
loads over the original 1970 National Power Survey forecasts.'

The schedule for addition of generating facilities in the New England
area has been sumarized recently by the Northeast Power Coordinating
Coumcil.?2 The Council's schedules for increased load and capacity in New
England are based on summer peak loads, projected and actual, that increase
during the period 1970 to 1980 at an average rate of 8.0Z per year and winter
peak loads that increase at an average rate of 7.6X per year during the same
period. The fact that these rates are somevhat higher than those of the 1970
National Power Survey is consistent with the Advisory Committee's conclusion.3
(In this connection, individual projected values of peak demand seldom
exactly equal actual experience primarily because of the weather dependence
of the peak demand. As a consequence, planning has to be based on the
extrapolation of average growth over a number of years with the extrapolation
being continually revised as experience accumulates.)

To meet these projected annual growth rates, the utilities in New England
are building new fossil-fueled and nuclear-fueled power plants for base-load
capability and hydroelectric, pumped-storage, diesel, fossil-fueled, and gas-
turbine power plants for peaking or long-hour emergency service. The Vermont

* These rates are to be compared with 7,7X, the average annual growth of
electric energy demand in the contiguous United States during 1965-70,
and 7.4X, the projected growth rate in 1965-70. (See Chapter 3 of Part I
of the National Power Survey.)
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Yankee Nuclear Power Station is one of the larger base-load plants in the
planned growth of the New England Power Pool.

B, VERMONT YANKEE CONTRIBUTION TO NEPOOL

The applicant is a corporation formed by ten New England investor-owned
utflities* who have contracted to pay the costs and purchase the power
generated by the Vermont Yankee Nuclear Power Station. Three utilities
(Central Vermont Public Service Corporation, Green Mountain Power Corporation,
New England Power Company) have about 70X of the ownership; the remaining
seven utilities (Connecticut Light and Power Company, Central Maine Power
Company, Public Service Company of New Hampshire, Hartford Electric Light
Company, Cambridge Electric Light Company, Montaup Electric Company, and
Western Massachusetts Electric Company) each own from 6% to 2.5% of the
Corporation stock.

The power supply situation in the area to be served by the Station is
sumnarized in Table X-1. The data have been obtained from several
sources.3»8>7 Without the Vermont Yankee Station, the reserve margin during .
this summer will be 15.4X. This i{s less than the margin that {s considered
necessary to provide reliable power during scheduled and/or unscheduled
outages and maintenance.

The flooding accident (April 22, 1972) at the Northfield Mountain Pumped
Storage Station has resulted in a delay of the availability of its four 250-
MW reversible wmits (1000 Mie total). Two of these units were scheduled to
be in service in May and Jue. It appears wmlikely that more than one of
these units will be in service by the end of 1972. This accident, plus the
fact that Vermont Yankee may not be avallable during the summer peak, does
not create a critical situatioan, but, as no:ed by the FPC,® "does not allow
leevay for extensive maintenance programs." Moreover, "the ability of the
New England Power Pool to assist the summer~peaking New York Pool will be
quite limited," as noted in an FPC Bureau of Power report (Attachment 3,
Appendix A of Reference 7).

The situation in winter 1972-73 will be sbout the same as during the
sumser of 1972, unless at least one of the Northfield Mountain units is in
sexrvice by the end of 1972. It should be noted (Table X-1) that to achieve
the expected 15.4% reserve margin during this summer, the New England Pool
has made firm commitments to purchase 471 MWe (60X of this from the New
Brunswick Electric Power Commission). If Vermont Yankee were in full opera-
tion, the amount of purchased capability could be reduced and some reduction
in power costs might be realized.

*  The applicant notes, in Section 7.1 of Reference 4, that 5.87 of the
corporation common stock has been purchased from Central Vermont Public
Service Corp. and Green Mountain Power Corp. by four mmicipal and
cooperative utilities in the State of Vermont.
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TABLE X-1

RESERVE MARGINS IN THE NEW ENGLAND POWER POOL

Feb, 29, Summer Winter
1972 1972 1972-73
Planned capability (including
new stations and net of trans- a b d.e
actions), MWe 13,407 13,845 15,4297
Peak load, MWe o -— 11,994a 13,477c
Necessary 20X reserve, MiWe - 2,399 2,695
Regserve (MWe and Z peak load) -—
Without Vermont Yankee -— 1,851 1,952e

(15.4%) (14.52)

With Vermont Yankee _— 2,364 2,465e
(19.7%) (18,3%)

. 8.

Ce

d.

Data from FPC "Summer Load-Power Supply Situation" (April 21, 1972).

Data from FPC April 21, 1972 report (op. cit.). Summer ratings.
Assumes: (1) Northfield Mountain pumped storage units not available,
(2) 98 MWe retirements and rating changea, (3) 471 MWe from purchases,
(4) 65 e planned additions available, (5) Vermont Yankee (513 MWe)
and Pilgrim (657 MWe) plants not operating,

Letter T. A. Phillips, Chief, Bureau of Power, Federal Power Commission,
to Lester Rogers, Director, Division of Radiological and Environmental
Protection, U.S. Atomic Energy Commission, dated May 10, 1972.

Appendix to Statement by J. N. Nassikas, Chairman, Federal Power Cormission,
before the Subcomittee on Fisheries and Wildlife Conservation, Committee
on Merchant Marine and Fisheries, House of Representatives, March 27, 1972,
Capability given here includes Pilgrim but not Vermont Yankee or Maine
Yankee. Assumes no Northfield pumped storage wnits available,

Salem Harbor No. 4 (465 MWe), a fossil-fueled plant, is scheduled to
become operational by October 1972, If its schedule slips, the capability
will be reduced by 465 MWe and the reserve margin by 3.5X.



As noted earlier, the Vermont Yankee Nuclear Power Station will provide
pover for its owner-operators. Since the Vermont utilities hold about 55%
of the applicant's stcck,” it is .apparent that they anticipate requirxing up
to 55% of the Station’s capability or 282 MWe. The energy use in Vermont
during 1971 was 3,200 million kilowatt-hours with a winter peak demand of .
about 700 MWe. The applicant has indicated" that the generating capability .
in the State of Vermont at the end of 1971 was less than this, that is,
there was a negative reserve margin at that time. .This required outside
purchases of capacity. When the Vermont Yankee Station is in full operationm,
the availability of the power from its operation will bring the reserve mar-
gin in the State of Vermont up to & reasonable value during winter 1972-73.
If Vermont Yankee 1s not operating by next winter, the utilities in the
State will have to continue importing sizable blocks of power. This will
result in increased cost to the customers in the area. It will also mean N
that the utilities of Vermont will be unable to carry their share of the
New England Power Pool load.

From the foregoing, it is concluded that (1) the State of Vermont now
needs the output of Vermont Yankee to meet the growing demand for electrical
power within the State, and (2) the New England Power Pool needs Vermont
Yankee in order not only to assure that the State of Vermont has a religble
power supply but also to strengthen the regional stability of the electrical
service provided by NEPOOL to all its members.

Referenceg for Section X

1., Federal Pover Commission, "The National Power Survey,'" in four parts,
U. S. Govermment Printing Office. Part II includes the Northeast
Regional Advisory Committee's "A Report to Federal Power Commission -
Electric Power in the Northeast, 1970-1980-1990" dated Dec. 2, 1968.
Part I (published in December 1971) includes Chapter 3, “The Projected
Growth in the Use of Electric Power" and Chapter 17, "Coordination for
Reliability and Economy.” )

2. Northeast Power Coordinating Coumcil, "Data on Coordinated Regional
Bulk Power Supply Programs," Appendix A, April 1, 1972.

3. The Technical Advisory Committee on Load Forecasting Methodology for
the National Power Survey, "Changed Underlying Factors Influencing
Electric Load Growth," A Report to the Federal Power Commission, 1971.

4. Vermont Yankee Nuclear Power Corporation, Supplement to the Environmental
Report (Dec. 21, 1971). .

5. FPC News Release 18,209 1972 Summer Load-Power Supply Situation,”
April 21, 1972. '

6. Letter from T. A, Phillips, Chief, Bureau of Power, Federal Power -0
Commission to Lester Rogers, Director of Division of Radiological and
Environmental Protection, U. S. Atomic Energy Commission, dated May 10,

1972.
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7. Statement of John N, Nassikas, Chairman, Federal Power Commission,
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XI. ALTERNATIVES TO THE PROPOSED ACTION AND COST-BENEFIT
ANALYSIS OF THEIR ENVIRONMENTAL EFFECTS

A. Alternatives

1. Alternative Sources of Power

The need for power is discussed in Sect. X of this report. Short-term
alternatives to the operation of the Vermont Yankee Nuclear Power Station are
load reduction under abnormal conditions, further purchases of power fronm
other utilities, delay in scheduled retirements of old units, and installation
of gas turbines,

Load reduction under abnormal conditions, resulting from unusually high
system load or unusually high unscheduled outage, could mean dropping contrac-
tually interruptible loads, instituting voltage reductions, requesting load
curtailment by large industrial and commercial customers, and appealing to the
general public for load curtailment. This course of action should be avoided,
if possible, and certainly should not be used repeatedly., The New England *
planning criterion for system reliability 1s that this should not occur more
often than once in ten years.

The possibility of purchases of power needs to be examined in the
context of the power supply situation in the New England Power Pool. In the
winter of 1971-72, a deficiency in capacity to meet the December peak in Vermont
was overcome by securing 95 MW of capacity from another member of the New England
Power Pool (Northeast Utilities). As noted in Section X, for the winter of
1972-73 the reserve margin for the Pool would be only 14.5Z without Vermont Yankee.
This assumes that the Pilgrim nuclear plant and the Salem Harbor No. 4 fossil-
fueled plant will become fully operational by that time. When alldwance 1s made
for scheduled maintenance and for the average value of unscheduled outages based
on operating experience in the winters of 1970-71 and 1971-72, it appears that
the power generated within the Pool would not provide sufficient reliability
without the operation of Vermont Yankee,

Power can be transferred from other areas to New England. The maximunm
transfer on existing transmission lines from New York is between 1100 and 1200
M4 and from New Brunswick, Canada, is 500 MW. There are firm.contracts for 150
M from New York and 260 MW from New Brunswick. Any additional large blocks of
pover are not expected to be available on a firm basis because of delays in
operation of new plants in New York and because of the relatively small capability
of the New Brunswick system.
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Even if power were available, a utility suffers an economic penalty by
purchasing it, paying a price that includes amortization of another utility's
plant, instead of operating an existing plant of its own, especially a nuclear
plant with its relatively low operating costs. Such increased costs would
ultimately have to be passed on to customers of the utility.

With regard to the alternative of delaying retirement of old generating
units, only 195 M4 is scheduled for retirement in New England {n 1972 and just
1 M4 (from miscellaneous hydroelectric units) is fn Vermont. Most of these
wmits will have to be retired on schedule because of worn-out equipment and
environmental requirements. In any case, these old units do not represent a
dependable source of power,

The alternative of installing gas turbines could be accomplished in a
few years at low capital cost, but the costs of fuel and of operation and main-~
tenance would be high. These units are intended for peaking and are not feasible
for meeting interwmediate or base loads. 1In New England, extensive use of pumped
storage for peaking is planned and should provide a more economical approach than
gas turbines.

A long-term alternative is the inatallation of a generating plant of
the capacity of the Vermont Yankee Nuclear Power Station but using a nonmnuclear
source of energy. A hydroelectric source 1s not a possibility because all
available streams in Vermont are already being used to their flow limits.
Natural gas is in stringent supply and is not available for use in an electric
generating plant. Low-sulfur coal is not available in New England, and many
existing coal-fired units are being converted to burning oil in order to satisfy
alr quality regulations. Equipment to remove sulfur dioxide from stack gases is
being tried by several utilities in the United States, but its techaical and
economic feasibility has not yet been demonstrated.

The remaining alternative is the construction of an oil-fired unit,
which would require about S years. Supplies of low-sulfur oil are linited,
and it is difficult to arrange for long-term contracts. Prices under short-
term arrangements have risen substantially. A cost-benefit analysis of this
alternative is included in Sect, XI.B.

2, Alternative Sites

The applicant sponsored an investigation of 23 sites for a nuclear plant
in the state of Vermont, six on the Connecticut River and 17 on Lake Champlain,
After a preliminary asppraisal of the topography, cooling water, transgportation,
and AEC site requirements, six of these sites were subjected to further investiga-
tion. One river site at Vernon and two lake sites at Five Mile Point and the
Way Property were then selected for study of costs of site preparation, cooling
facilicies, equipment delivery and access, and energy trangsport. Thée lake sites,
which otherwise would have been economically favorable, would have required
extensive construction in the lake for cooling facilities. The Vernon site was
nearer the transmission grid and therefore required shorter transmission lines,
with consequent lesser impact on the environment, .



J. Altexrnative Cooling Systems

One alternative to the mechanical-draft cooling towers of the Vermont
Yankee Nuclear Power Station is a natural-draft cooling tower, and this is
included in the cost-benefit analysis of Sect. XI.B. The natural-draft cooling"
tower would not use mechanical fans and would therefore not affect noise levels
at the site. It would be a massive structure, 300 ft in diameter and 400 ft
high, compared with the two mechanical-draft cooling towers, each of which is
460 ft long by 60 ft wide by 50 ft high.

Another altemative 1s to rely entirely on once-through cooling, which
could be accomplished by drawing 840 cubic feet of water per second from the
Connecticut River through a canal, passing it through the condensers where its .
temperature would be raised by about 20°F, and discharging it to Vernon Pond.

This is also included in the cost-benefit analysis fn Sect. XI.B.

Other alternatives are a spray pond requiring at least 17 acres and a
cooling pond requiring considerably more acreage. The staff has concluded
that the environmental impact of a cooling pond would be greater than that of
the present system, since a pond with an area greater than 1,000 acres would
have to be constructed. Comparison of the estimated impact of a spray pond
with a power spray module with the impact of the existing mechanical draft
cooling towers shows no appreciable difference between the two as regards the
impact on Vernon Pond, potential fogging, and concentration of dissolved solids.
The cooling tower requires less land but the spray module would cause less
nolse, wie less power, and might cause less aesthetic impact. In balance, the
preferred altemative is to use the existing mechanical draft towers.

4. Alternative Modes of Operation of Cooling System

The adopted cooling system contains pumps, gates, and valves that permit
flexibility in the mode of operation. It can be operated on a total open-cycle
or once~through basis, with all of the cooling water from the condensers by-
passing the cooling towers and flowing directly to the discharge structure in
Vemon Pond. Or it can be operated on a helper-cycle basis, with an adjustable
portion of the cooling water from the condensers diverted to the cooling towers
and subsequently mixed with the remainder of the water before discharge to
Vernon Pond. Or it can be operated on a closed-cycle basia, with all of the
water from the condensers diverted to the cooling towers and subsequently returned
to the intske structure for recirculation to the condensers. The chofce among
operating modes will vary with the season of the year, the cooling towers being
used as necessary to assure that the biological impact of the water discharged
to Vernon Pond is minimized.

5. Altemnatives to Use of Chlorine in Cooling System

The applicant has selected chlorine (sodium hypochlorite) for biocide
control and sulfuric acid for pH control in his cooling water system. The use
of chlorine for this purpose requires careful plant control in order to assure



that residual chlorine as discharged will not be toxic to aquatic life. Heat
exchanger design and cooling tower construction materials usually determine the
potential corrosion and thus the choice of chemicals to be added to the recir-
culating water. Many corrosion inhibitors are used (chromate, zinc, and
phosphate compounds). Similarly, biocides, other than chlorine or hypochlorite,
include various nonoxidizing organic chemicals such as chlorophenola, amines,

and numerous organometallic compounds, the use of which may be restricted because
of potential stream pollution. (See Appendix XI~A for detailed discussion of

the effectiveness and environmental limitations of these chemicals). Recent
strean pollution abatement laws and water quality standards are placiag
increasing restrictions on the use of chromate, zinc, and many organic chemicals.
On balance, when one considers both condenser heat transfer and cooling tower
requirements, the use of hypochlorite and sulfuric acid appears reasonable. If
adverse biological effects are observed in Vemon Pond, with the residual chlorine
operating limit of 0.1 mg/l, mechanical cleaning systems could be backfitted to
the steam condensers.

6. Altemative Radwaste Systems

A modification to the gaseous radwaste system is planned to be ready
for operation upon completion of the first scheduled shutdown of the reactor for
refueling. The purpose is to reduce the off-site dose due to release of radio-
active krypton and xenon to less than 1% of the limit established by the AEC in
10 CFR 20, This will be done by installing a number of tanks filled with char-
coal, which will increase the holdup time for radicactive gases and pemmit
further radioactive decay before release. This system will also remove any
radioactive iodine from the off-gas stream. During the same modification,
equipment will be added to recombine hydrogen and oxygen in the off-gas system
to reduce the volume of gaseous effluents and to improve the holdup efficiency.

The applicant is evaluating a modification of the liquid radwaste system
to provide additional filtration and demineralization of low-purity westes and
is cousidering whether further segregation and treatment would purify these wastes
sufficiently to permit recycle to the reactor system. This would reduce the
total volume of 1liquids discharged from the Vermont Yankee Nuclear Power Station.

7. Altemative Transmission Lines

Transmission lines from the Vermont Yankee Nuclear Power Station cross
the Connecticut River into New Hampshire by means of towers on each shore and
on an island in the river. One alternative considered was to eliminate the tower
on the island and make the towers on the shore substantially higher; this would
have made the towers on the shore visible at a much greater distance and would
have increased the cost of the crossing by about 30%. Another alternative con-
sidered was to use underground cables; this Would have required termination
towers, pothead cable-termination facilities, and a cleared right-of-way on
both banks of the river and would have increased the cost of the crosaing by a
factor of about five. A third alternative considered vas to use an existing



right-of-way crossing the river south of the Vermont Yankee site; this would
have required clearing trees from a stretch of land extending into the river
and possibly constructing towers in the river and would have routed the lines
through a wore developed area south of Hinsdale, New Hampshire.

8. Alternatives to Normal Transportation Procedures

Alternatives, such as special routing of shipments, providing escorts
in separate vehicles, adding shielding to the containers, and constructing a
fuel recovery and fabrication plant on the site rather than shipping fuel to
and from the station, have been examined by the regulatory staff for the general

case, The impact on the environment of transportation under normal or postulated

accident ‘conditions is not considered to be sufficient to justify the additional
effort required to implement any of the alternatives.

B, Cogt-Benefit Analysis

1. Use of Natural Resources

Land, The site of the Vermont Yankee Station consists of about 125 -
acres of lowlands and of terraces rising to about 80 ft above the Connecticut
River. The adjacent land area is used for dairy feed products and pasture
or for residences or is undeveloped. There are only 85 people per square mile
within a 5-mile radius of the plant. Approximately 85X of the land within a
25-mile radius is undeveloped. The construction of the Vermont Yankee Plant
has not replaced residential or commercial property. An oil-fired plant would
require about 250 acres, including an area for oil storage facilities. Land
amounting to 1550 acres is used as a right-of-way for a transmission line run~
ning northward from the site for 51 miles to a substation near Ludlow, Vermont,
and can be made available for agriculture and wildlife management, but not for
butlding sites.

Water. The consumptive use of water at the site amownts to 5,000
gallons per minute during the closed-cycle mode of operation. This represents
evaporative and windage losses from the cooling tower. It is less than 1X of
the required minimum river flow of 538,000 gallons per minute (1,200 ctbic feet
per second) and less than 0.15% of the average flow., Comparatively, during the
open-cycle mode of operation, about one half of the quantity of water that would
be lost through cooling tower evaporation would be normally lost through surface
evaporation of the receiving water course.

Fuel. The Vermont Yankee Plant will be fueled with uranium enriched
in the isotope U-235 in gaseous diffusion plants owned by the AEC. For this
purpose, natural uranium will be mined and converted to U0, (yellowcake).

The amount of U308 required is 420 shoxt tons for the 11t loading of the
reactor and about 100 tons per year for makeup. The AEC Report to Congress
for 1971 gives on page 136 a preliminary figure of 246,000 tons as of the end
of 1971 for U.S. reserves of U,0, recoverable at costs of $8 per pound, repre-

senting a 10 year forward supply. Potential U5°8 resources at costs of $10

A



per pound or less were estimated at 650,000 tons, but this additional supply
will require a major exploration effort to discover, develop, and bring into
production. The alternative of an oil-burning unit would require 5,500,000
barrels of fuel oil per year, with a sulfur content of less than 1X. Such oil
is presently in short supply and high in cost. Also, substantial construction
of oil storage facilities would be required.

2, Impact on Air and Land

Construction. Construction of the Vermont Yankee Station was accomplished
with little adverse effect on the terrestrial environment. Some impacts of con~
struction were noise heard at several residences near the plant, heavy truck
traffic on local roads that caused concern among parents whose children encoun-~
tered this traffic on their way to school, a small (9 to 12) increase in the
school population, a few new houses (6 to 12) for workers, the visual impact
of construction, grading, and the moderately tall structures on the rural scene.
The disruptions in living conditions were felt primarily by the commmity of
Vernon, although slight visual impact may have been felt on the opposite side
of the Vernon Pond by some residents of Hinsdale, New Hampshire.

Starting during early construction, Vernon received taxes from the
spplicant's property that enabled the town to make capital improvements to
the town property, namely, to build a new town office building and library and
at the same time to rxreduce the tax rate. One specific adverse impact was
corrected when the applicant reimbursed the towm of Vernon for the money spent
on construction of a new roadway and sidewalk along Governor Humt Road to
eliminate danger to school children from periodic heavy traffic along that road.

Some 1200 workers were used during the peak of construction, but they
were so dispersed among the nearby towns that no particular impact on any one
town seems to have been felt., Very few of the 1200 1ived fn Vernon. The few
families who established homes in Vernon and the few additional children in
the Vermon Elementary School did not noticeably affect the commumity. Income
to construction families wust have caused a slight increase in the total money
speunt in Vernon.

Fogping., Operation of the cooling towers of the Vermont Yankee Plant
will produce a visible plume that ordinarily will form a layer of stratus clouds
in the Connecticut River .Valley but occasionally will descend to the ground some
distance downwind or be intercepted by the side of a hill and cause fogging.

The increase in potential fogging if the cooling towers were operated continuously
has been provided by the applicant on the basis of assumptions that probably
overestimate the effects. The results are shown in the following table in hours

per year,



Location Spring Summer Fall Winter

Vermont Yankee Switchyard 1 0 0 0
Gov. Hunt Road 0 0 0 0
Vernon Elementary School 0 0 0 0
Vermont State Highway 142 2 0 0 0
Hinsdale, New Hampshire 0 0 0 0
Brattleboro, Vermont (downtown) 0 0 8 14
Schell Highway Bridge (Mass.) 0 0 0 129
Northfield, Mase. (town center) 0 0 0 73

The main effects would be in the winter, but the cooling towers are expected

to operate only 25Z of the time during that season. Applying this percentage

to the figures given above for the winter would reduce the potential fogging
problem to 11.5 hours per year for Brattleboro, 32 for Schell Highway Bridge,
and 18 for Northfield. A comparison can be made with the estimated natural .
occurrence of fogging, which is 48 hours per year in the winter or 140 hours per
year for all seasons, as exemplified by data taken in 1967-68 at the Vermont
Yankee site.

The staff has evaluated the results of the applicant's cooling tower
plume study in Sect. V and concluded that the estimates of potential fogging
effects of the towers appear conservatively high. The analysis given above
is for the mechanical-draft cooling towers already installed; a natural-draft
cooling tower with its greater height would probably cause lesa fogging.

Icing., The same study mentioned in the previous paragraph indicated
that the plume from the cooling towers would not create icing problems because
the condensed droplets would be so small (less than 100 microns in diameter)
that they would not fall to the surface. Drift losses from the towers would
consist of droplets assumed to be of the orxder of 500 microns in diameter, at
the borderline between a drizzle and a rain, and any precipitation would occur
on site within a few hundred feet of the towers. Drift eliminators will be used
to reduce drift losses to approximately 700 gallons per minute. As a result,
any on-site icing due to operation of the cooling towers will be less likely
than the natural occurrence of freezing rain and subsequent ice formation on
station facilities, Compared with the mechanical-draft towers installed, a
natural-draft tower would have a lesser tendency to produce any icing. The
open-cycle or once-through mode of operation would not cause icing.

Chemicals in Drift Water. Sodium hypochlorite will be added to the
cooling system to contrxol biological fouling. During closed cycle operation,
free chlorine is expected to be removed within the cooling towers, but minimal
quantities of chloramines will be released with the blowdowm and will be con-
tained in the drift water. Closed cycle operation will also require the
addition of sulfuric acid to prevent the deposit of calcium scale on the con-
denser tubes and the deterioration of any wood in the cooling tower structures.



In addition, there will be concentration by evaporation, so that the total

dissolved solids will be increased from an average 100 mg/l in normal river

water to about 230 mg/l. The rate of discharge of solids dissolved in the

drift water will be about 80 pounds per hour during closed cycle operation.

Most of these solids will be deposited on site, and there should be no appre-

ciable effects elsewhere. *

Noise. The two Vermont Yankee cooling towers each contain 11 fans and
are designed so that the total sound level of the installation does not exceed
88 decibels above ASA Standard Reference Lavel at the midpoint of the tower, :
50 feet from the air inlet, and 5 feet above grade. The sound level measured
in the residential area about 600 feet west of the cooling tower is approximately
70 decibels (C-scale). The sound level measured near the-closest residences on
the New Hampshire side of the river is a maximum of 63 decibels (C scale).
These noise levels may possibly be a source of irritation, but there is no evidence
that these annoying levels cause any long or short-term health effects. A
natural-draft cooling tower would not contain fans and would not generate such
noise.

Gaseous Radwaste. The gaseous effluents from the Vermont Yankee Plant
in nomal operation will contain some radioactive noble gases, primarily krypton.
With the off-gas system as it presently exists, the total man-rems per year
within a radius of 50 miles would be about 147, compared with 179,000 from natural
sources and 171,000 from medical sources. The modified system to be installed
will reduce the radioactivity of the gaseous effluents by a factor of about 20.

Emissions from Altemative Oil-Burning Plant. If fuel oil containing

1X sulfur were available in sufficient quantities for operation of the altema-
tive plant, about 18,000 tons of sulfur dioxide would be emitted annually, 1In
addition, about 900 toms of particulates and 8,300 tons of nitrogen oxides would
be emitted per year. During the five-year period required for construction of
an oil-burning plant, replacement power (if availabl2) would probably come from
more intensive use of older fossil units in New England and would increase the
enisgsions of sulfur dioxide by about 100,000 tons, particulates by about 5,000
tons, and nitrogen oxides by about 50,000 tons during that period.

3. Impact on Water

Intake from River. Water from the river contains various species of
plankton, the numbers being much greater in the summer and fall than during
the rest of the year. During these seasons, the Vermont Yankee Plant is
expected to operate on closed cycle with the intake of water amounting to less
than 1% of the required minimum river flow. Therefore, only a small proportion .
of the total number of plankton in Vernon Pond will then pass through the :
condenser and be killed. During the colder months, a greater proportion of the
small number of plankton then present will be kflled during open-cycle opera-
tion, but this may be balanced by an enhancement of growth in the river result-
ing from the increase in temperature of the diascharge water. Spawning grounds -




for the principal fish found in Vernon Pond are at a considerable distance
upstream, and it is not expected that fish eggs or larvae will be present in
the Intake water. Some small fish may be entrained in the cooling system and
killed. Larger fish may be drawn through the trash racks of the intake struc-
ture and caught on the traveling screen, although this is believed to be mini-
mized by the presently designed system. These effects will be greatly reduced
in the closed-cycle mode of operation.

Thermal Discharge to River. For open-cycle operation, the temperature
of the discharge water will be about 20°F higher than the temperature of the
intake water. For closed cycle operation, the discharge water consists only
of blowdown and its temperature will depend on the wet-bulb temperature of the
air but will rarely exceed 90°F. (It may reach 93°F for exceptionally high
wet-bulb temperatures recorded for a few days in July and August.) A themmal
impact on Vermon Pond will exist. However, it will not be excessive if the
applicant controls the heated water discharge so as to limit the axea of the
thermal plume to 10 acres and its maximum temperature difference from pond
temperature to 5°F (summer) and 10°F (winter). To establish whether less
restrictive limits are acceptable, the applicant must provide additional infor-
mation on the extent of the thermal plume and its effects on aquatic biota.

Chemical Discharge to River. Maximum concentrations in the discharge
water are to be 0.1 part per million (ppm) for residual chlorine (only for open-cycle
operation), 28 ppm for sodium, and 30 ppm for sulfates. There conceivably could
be some adverse effects on aquatic life in the immediate neighborhood of the
digcharge structure before much dilution has occurred. However, after mixing
with the river water, the concentrations in Vernon Pond relative to ambient
conditions will at most be increased from 4.5 to 4.7 ppm for sodium, from 10.0
to 10.4 ppm for sulfates, and from 100 to 101 ppm for total dissolved solids.
These values are well below established water quality standards and criteria
for drinking water and other important water uses such as irrigation, stock
and wildlife watering, fish and other aquatic 1ife.

Radiological Discharge to River, Radioactive materials in the discharge
water might be absorbed by fish and might result in an annual radiation dose of
a maximun of 1.8 mrem to the thyroid of a person who ate 20 grams of the flesh
of such fish datly. This level of exposure if received, is about 1.2% of that
due to natural background. Connecticut River water is not currently being used
for mmicipal drinking-water supplies downstream of the Vermont Yankee Plant, but
there 1s a proposal to divert river water at Northfield to the Quabbin Reservoir,
which provides a significant portion of the drinking water for metropolitan
Boston. Without allowing for radioactive decay during the average holdup time
of two years in the reservoir, the yearly population dose has been computed as
14 pan-rems, compared with about 300,000 man-rems for the normal background
dose (based on an estimated population of 2 million people).
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4. Radiological Impact of Tramsportation and Postulated Plant Accidents

The radicactive materials to be transported in and out of the plant
will be shipped in specially designed containers, which will be hauled by
common carrier under rigorous shipping controls of the Department of Transport-
ation. These heavy shipments must conform to the loading limits of the various
highway authorities responsible for public thoroughfares. The shipments will be
80 infrequent that the resulting wear and tear on public roads will not have a
significant effect on their maintenance or useful life. By comparison, if
fossil-fuel power installations had been located in this area, the shipments of
coal or oil would likely have required a combination of rail and truck tramsport
that would have amounted to a major fraction of the total current transportation
activities in this region.

From an analysis of the environmental risks due to postulated radiolog-
ical accldents at the plant and in the transport of nuclear fuel and radioactive
wastes, it is concluded that these risks are small,

5. Aesthetic and Cultural Effects

The composition of the landscape is noticeably changed by the power
plant structures, although the impact of this change is somewhat softened by
the architectural treatment and the low profile the atructures present. This
low~-profile effect is the ‘result of the plant elevation being lower than that
of the nearby residences. The net result is an appearance alteration that
blends the industrial installation with the New Eangland farm community with
less contrast than might be expected. In comparison with the approaches taken
in adding new industrial plants in many other rural areas throughout the United

. Statea, a commonly accepted action to enhance the economic well-being of a

community, the addition in this case is extremely well executed.

When the cooling towers are.operated, the plume will be visible from
Vernon, Verxrmont, and occasionally from Hinsdale, New Hampshire. The alternative
of a natural-draft cooling tower would require a massive structure 300 feet in
diameter by 400 feet high, which would be aesthetically impleasing in comparison
with the existing cooling towers having a height of 50 feet.

The most important alteration to the landscape results from the transaission
line rights~of-way which, by their nature, form contrasting strips of habitat
through wuch of the landascape through which they pass. The transmission line
routing and maintenance practices have been established to break up the effect as
seen from varlous points along the ground. Consequently, if the established pro-
grams are faithfully followed, the impact will continue to be mild, and, from
most vantage points, the lines will not dominate the surrounding scene.

For the alternative of an oil-burming plant, additional detrimental
aesthetic aspects would be the visible effects of air pollution and facilities
for transport and storage of large quantities of fuel oil.
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The restoration of the historic Govémmor Hunt House reclaims a cultural
asset for the region, and this historic building and the modern power plant
structures may draw tourist interest to the area. Since the winter sports
activities at nearby Brattleboro already have attracted some tourist interest
in the region, this additional influence is not a totally new impact.

6. Generating Costs

A comparison of generating costs of the Vermont Yankee Nuclear Power
Station and its alternatives is presented in Table XI~l, together with eanviron-
mental costs. The capital cost of the Station is about $158,000,000 ($307 per
net kilowatt), including $6,400,000 for the mechanical-draft cooling tower.
Operating costs in mills per kilowatt hour are taken as- 1.73 for the nuclear
fuel cycle, 0.50 for operation and maintenance, and 0.17 for nuclear insurance.
Annual operating costs are then $8,600,000 including about $1,000,000 for
operation of the mechanical-draft cooling tower. This is based on a capacity
factor of 80%, which 1s equivalent to 7,000 hours of full-power operation per
year. At a discount rate of 8.75X per annum, the present worth of these annual
costs for thirty years of operation is $90,000,000.

As discussed in Section VIII, 1f plant operations are terminated after
a certain operating period, it is estimated that up to approximately 15X of the
original construction costs would be required to decommission the facility. At
a discount rate of 8.75% per year, the present worth of these costs after thirty
years of operation is approximately $2,000,000.

The alternative mode of operation on a once-through or open-cycle basis,
bypassing the cooling tower, would reduce annual operating costs by about
$1,000,000 and would reduce the present worth for thirty years of operation by
about $10,500,000. )

The alternative of installing a natural-draft cooling tower for operation
in place of the existing mechanical-draft cooling tower would mean an incremental
capital cost of about $8,900,000, but the annual operating costs would be
decreased by about $70,000, primarily because of savings from not having to
operate fans to create a forced draft. At a discount rate of 8.75% per annum,
the present worth of the decreased annual operating costs for thirty years of
operation would be $740,000.

The alterative of installing an oil-burning unit for operation in place
of the existing nuclear wnit would require about five years of coustruction time.
This leaves 25 years for operation of the oil-burning unit within the totsal
calendar period of 30 years considered for operation of the nuclear unit. During
the period of construction of the oil-burning unit, replacement power would have
to be purchased and, if available, would cost $150,000,000, according to the
applicant. On the assumption that this cost is spread equally over each of the
five years, the pregent worth at a discount xate of 8.75% per annum would be
$117,000,000.
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Table X1-1. Cost amalysis for Vermoat Yankee Nuckear Powes Station 304 alternsiives

w Yermont Yankee Nucleat Power Station
Closedcycls operation Allesnative
Altermative oi-burning plant
Open-ycle Existing astutabdnaft tincremental cout)
opetation mechaakcal-draft cooling towet
cooting tower lincremental cost)
Generating costs (millions of dollars)
Capital 158 158 8.9 101
Openting® 9 90 % -0.7 75-121®
Pant dismantling? 2 2
Replacement powes — 117
Totsl 230 24 250 .. 82 293-339
Use of natund resoutces
Laad, acres 128 128 Same 250
Watee, gpm consumed 2500 $.000 $.000 3500
Fuel Uy0y: 420 tons ¢ (20 Uj;04: 420 tons+ 120 Same $.500.000 bbl/yea
tons/year tony/year
Impsct o air 2ad land
Fogging Negiigible Possible lacreases of 11.3 Lessthan for Sizmilar 10 nuclear

helyeacat Brattieboro,  mech draft
32 at Schell Bridge, cooling 1ower

and 18 at NorthfieM
leing Negligible Increase on site Negligithe Similar to nuclesr
Chemicals In drift None 80 Ib/ne 80 Ik Similat 1o nuchesr
Noise Negligitie 70 decidels ot Negligitle Similat 10 nuclear
nearest houses
/ Gaseous radicactive waste® 147 mantem/yesr 147 mansen/year Same None
Combustion products, tonyyear  None None None 18,000 foe SO,
8.300 for NO,
900 for pasticulates
Impact o watet
Intake from tiver Death of fraction of Negligible Negligible Similas to nuclear
plankton and fish in
Vernox Poad ia water
Discharge 10 river N '
Thermal Possidle advers Negligible Negligidle Similar to sucteas
effects on aquatic
) 1ife in mixing 20ne
Chemica! Potsible advense effects on aquatic life near the discharge point Similar 10 nuclear
Radloactive waste Dose ol 1.8 nailtirem/yeas (o person eating 20 g of river Mak daily None
Fopulation dose of 14 man-rem/yess from drinking water If past of river
should be diverted to Quabbin Reservorr i the future
Trsaspostation of fuel 2ad waste
Dose of about 2 man-rem annually lo personael iavolved
‘Accidents
Very low peobability of releass of radicsctive materials Pousibility of rclease of oil
: Acsihetics
Unobicysive appearsnce of existing plant Comspivuous towee  Similar to nuclesr, except
Obtrusive appearance of tranumission fines Same for visible effects of air
. pollution and ofl
transpoct and storage
facilitics
: ;hemu worth for 30 yers of operation at discount rate of 1.75%]year.
&) On an incremental basks, the $90 million for operating cost of the muclear plant has been deducted, The first figure is withost escalation of oil

peices, and the second figure is with an escalation of xlyeat.
€After a planned modification, emission will be reduced by 3 factot of 20.
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The capital cost of the oifl burning unit would be about $129,000,000
($250 per net kilowatt), and the present worth of the capital expenditures
taken at a uniform rate over the comstruction period would be about $101,000,000.
For fuel oil at a current delivered cost of 70 cents per million Btu and a heat
rate of 9,200 Btu per kilowatt hour, fuel costs would be 6.44 mills per kilowatt
hour or $23,200,000 per year at a capacity factor of 80X. Present worth of the
. cost of fuel oll for 25 years of operation, starting 5 years from now, would be
$153,000,000. The cost of operation and maintenance at 0.5 mills per kilowatt
hour would be $1,800,000 per year, and the present worth for 25 years of opera-
tion, starting 5 years from now, would be $12,000,000.

The cost of fuel oil given in the preceding paragraph makes no allowance
for escalatiom of oil prices with time., If it is assumed that oil prices increase ‘
2% per year, starting 1 year from now, the present worth of the cost of fuel oil .
for 25 years would be $199,000,000. This assumption is used to give a range of
operating costs in Table XI-1 in order to show the effect of continuing increases
in oil prices, which have been rising rapidly in recent years. Such a treand has
not been experienced to date with respect to costs of the nuclear fuel cycle,

The present worth of the incremental cost of the alternative of install-
ing and operating an oil-burning unit in place of the existing nuclear umit,
including capital cost, operating cost, and cost of replacement power, is given
in Table XI-1 as $293,000,000 with no escalation of oil prices or $339,000,000
with escalation.

7. Benefits

The principal benefit of the Vermont Yankee Plant will be the generation
of about 3.6 billion kilowatt hours of electricity per year. Another important
benefit is that the Vermont Yankee Plant will increase the reserve capacity and,
consequently, the reliability of the power supply for the State of Vermont
and the New England region as a whole. The reserve situation may be especlally
critical in the winter of 1972-73 if there are delays in starting operation of
the Vermont Yankee, Pilgrim, and Maine Yankee plants. Such operation may well be
needed to prevent pover curtailments at that time. Of longer-range significance
is the role that an economical and dependable supply of electric power from the
Vermont Yankee Plant will play in permitting further residential, commercial,
and industrial development of the State of Vermont.

There are a number of benefits that contribute to the local and state
economy. The construction of the Vermont Yankee Plant provided a peak employ-
ment of almost 1,000 persons and a peak payroll of $1,650,000 per month. More
than 10,000 local purchase orders have been issued for various types of mate-
rials and services, including minor construction contracts. Through the end
of 1971, Vermont Yankee paid the Town of Vermmon $1,650,000 in property taxes.
Future property taxes will be levied at an annual rate of 1.92% of the appraised
value of the plant, which is presently about $160,000,000; this will amount to
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about $3,000,000 per year and will be shared by the State of Vermont and the
Town of Vernon. Other continuing benefits to the local economy will result from
the operating payroll of approximately $500,000 per year,

The guarantee of a flow of 1,200 cubic feet per second through Vernon
Dam is a definite benefit to the environment associated with the operation of
the Vermont Yankee Plant. This will result 4in an increase in ground water supply
and an improvement in food sources for waterfowl at locations dowmstrean.

Vermont Yankee has purchased the Governor Hunt House, which was built
in the 1780's and is located near the site. (See Seection IX.) The outside of
the main building is to be restored to near its original condition during 1972,
This structure is of historical significanée, and the hope is that Vernon
Higtorians, Inc., will utilize the house as a public museum and will furnish
part of it in a style of the period when it was built. Attached to the back
of the building, in a consistent architectural design, is the Public Information
Center of Vermont Yankee,

8. Balancing of Costs and Benefits

The environmental costs of the Vermont Yankee Plant are the use of 125
acres of grazing land in a region where there is much undeveloped land; the
consumption of water amounting to less than 1% ogjéye required minimum river
flow; a possibility of an increase by as much as hours per year in the occur-
xence of winter fogging at a few locations where people live or travel; a
possibility of an increase in the occurrence of on-site icing; gaseous and
liquid effluents containing small amounts of radioactive materials that will
be negligible in their effects on human beings; an extremely low probability
of any accidents releasing radioactivity either on gsite or during transportation;
discharges of heat, chemicals and radicactive materials to the river water with
no appreciable effects on aquatic life except possibly in the immediate neighbor-
hood of the discharge structure; death of plankton and small fish entrained in
the cooling syStem and of larger fish caught on the intake screen, the numbers
varying with the wode of operation and the season of the year but not expected
to affect significantly the fishing potential of the Connecticut River; increased
noise levels in off-site residential areas during operation of the cooling towers;
the use of land for transmission lines and the aesthetic effect of those lines.

These adverse effects must be compared with the benefits of supplying
needed electricity and improving the reliability of such supply, thereby per-
mitting economic growth in the locality, the state, and the region. The
alternative of abandoning the Vermont Yankee Plant and constructing an oil-
burning plant would fnvolve incremental costs on a present-worth basis of
about $290,000,000 or $340,000,000 (depending on escalation of oil prices)
-and would make large contributions to pollution of the air with sulfur
dioxide, nitrogen oxides, and particulates. The alternative cooling system of
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a natural-draft cooling tower, installed for operation in place of the existing
mechanical-draft towers to reduce off-site noise and fogging, would mean
incremental costs on a present-worth basis of about $8,000,000 and would adversely
affect the appearance of the station.

The conclusion is that the benefits of the Vermont Yankee Plant outweigh
the environmental costs associated with it and that the altematives considered
are not econonmically or environmentally justified.
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XII. DISCUSSION OF COMMENTS RECELVED ON THE DRA¥T
DETAILED STATEMENT ON ENVIRONMENTAL CONSIDERATIONS

Pursuant to paragraphs A.6 and D.1 of Appendix D to 10 CFR Part 50,
the Draft Detailed Statement was transmitted with a request for comment to:
Department of Agriculture; Department of Army (Corps of Engineers);
Department of Commerce; Environmental Protection Agency; Federal Power
Commission; Department of Health, Education and Welfare; Department of
Housing and Urban Development; Department of the Interior; Department
of Transportation; Advisory Council on Historic Preservation; Massachusetts
Department of Public Health; Massachusetts Department of Natural Resources;
Magssachusetts Department of Public Utilities; Massachusetts Water Resources
Conmission; New Hampshire State Department of Health and Welfare; New
Hampshire Department of Labor; New Hampshire Public Utilities Commission;
New Hampshive Fish and Game Department; New Hampshire Water Supply and
Pollution Control Commission; Vermont Agency of Environmental Conservatlon;
Vermont Department of Industrial Relations; and Vermont Office of the
Attorney Geperal. In addition, the AEC requested comments on the Draft
Detalled Statement from interested persons by a notice published in the
Federal Register on April 14, 1972 (37 FR 7423),

Comments in responge to the requests referred to in the preceding
paragraph were received from the Department of Agriculture; Department of
the Army (Corps of Engineers); Department of Commerce; Environmental
Protection Agency; Federal Power Commission; Department of Interior;
Department of Transportation; the Advisory Council on Historic Preserva-
tion; the State of Vermont Agency of Environmental Conservation; the State
of New Hampshire Fish and Game Department; the State of New Hampshire
Water Supply and Pollution Control Commission; the Commonwealth of
Massachusetts, Department of the Attorney General; Vermont Yankee Nuclear
Power Corporation; and New England Coalition on Nuclear Pollution.

Our consideration of comments received i3 reflected in part by
revised text in other sections of this statement and in part by the
following discussion.

A. CHEMICAL DISCHARGES

Vermont Yankee Nuclear Power Corporation is establishing a post
operational ecological program which includes a water-quality monitoring
program upstream and downstream of the station. The monitoring program
will provide the information necessary to evaluate chemical discharges
and their effects. Several agencies expressed concern over the
concentrations of cadmium and mercury in the blowdown water from the
cooling towers, which will not be known until the station becomes
operational. The applicant now proposes to monitor cooling tower
blowdown for metals whose discharge concentrations may exceed the maxi-
mym values present in the Connecticut River. Analytical methods used
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for analyses in the earlier surveys were less sensitive than those
presently available, as noted by the staff in the Draft Environmental
Statement. If cadmlum and mercury were in the river water at concentra-
tions slightly below the old sensitivity levels, a toxic effect could be
produced on aquatic biota after concentration in the blowdown water.

This is highly unlikely, since the concentrations of cadmium and mercury
in waters of rivers in the U, S. are extremely low. Mercury and cadmium
in very low concentrations in water can produce toxic effects on aquatic
organisms. The concentration factors for cadmium and mercury in £ish
are relatively high and toxic effects could be produced in some fish,
Blowdown water is released in the summer months when the river water
temperatures are the highest. Therefore, fish should not be attracted
to the thermal plume as they are during the winter months. In additionm, ’
the size of the plume created by the blowdown water and dilution by the
minimum required stream flow, produces conditions that make it highly
unlikely that a sufficient number of fish would reach concentrations

of mercury or cadmium in their tissues that would produce a toxic éffect
if eaten by man.

Newer instrumentation and procedures will permit a lower limit of
detection for metals (such as cadmium and mercury) and chemicals in
the water-quality control program to be conducted by the applicant.

If treatment to reduce concentrations becomes necessary, the applicant
will install facilities as needed.

Several agencies commented on the analysis of total residual
chlorine that the applicant will release into Vernon Pond, The
applicant has instrumentation to measure free chlorine at the effluent
exit; however, the applicant has agreed to measure total residual
chlorine in the immediate vicinity of the outfall.

" B. TEMPERATURE STANDARDS

The State of Vermont has, in effect, approved a mixing zone
reaching to about 0.5 mile below Vernon Dam. Temperatures of river
water below this polnt cannot exceed the ambient river temperature
measured near Brattleboro by more than 5°F (when the ambient tempera-
ture is 55°F or below). If these standards are met, no thermal effect
could ever be evident as far down the river as 30 miles, where the
Mt. Holyoke unit will be located.

Some agencies questioned vhether discharge temperatures of 20°F
above the ambient river temperature should be permitted even under
limited conditions and critized the concept of an exempt area where
temperatures would be allowed to be 5°F above ambient in summer and
10°F above in winter. State of Vermont would permit even higher
temperatures over areas larger than the exempt area, as long as the
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temperature, as monitored below the dam, is sufficiently low. The use
of an exempt area is more restrictive on allowable effluent temperatures
than the restriction imposed by State of Vermont standards.,

C. THERMAL MONITORING

Comments were received from several agencles concerning expansion
of the thermal and biologlical monitoring program, the basis for exempting
a8 10-acre area from temperature limits, and the diffficulty of measuring
the 10-acre area itself. As indicated in Sect. V.C.7, the staff feels
that exempting 10 acres will assure that no significant ecological
damage to Vernon Pond will occur. Because thermal and ecological
effects on the pond need to be examined and because the ecological
basis for choice of exewpt area is admittedly uncertain, a mobile
50 acre area could be made avallable for study during the first year
of station operation., This area would be used in accordance with the
applicant's monitoring program to obtain needed information on the
configuration of the thermal plume and on thermal and ecological effects.
The staff feels that 50 acres is the maximum area that could be temporarily
made available for monitoring study without significant irreversible adverse
impact on the environment.

If, after the first year of station operation, the results from the
applicant's one year study program indicate that an area larger than
10 acres could be permanently exempted from the temperature limits
without a significant or irreversible effect on Vernon Pond, an appro-
priate permanent enlargement of the 10 acres limit will.be considered.
If ecological damage does occur in the first year of operation of the
station because of the 50 acres testing limit, such damage is not likely
to have a long-lasting effect on the pond.

1, Thermal Plume Studies

The dye studies furnished by the applicant provided useful information
on plume diapersal but did not take into account the buoyancy of the
heated discharge. Mixing of unheated water, as used in the dye studies,
would occur at all levels, while heated effluent would tend to rise to
the surface before dispersing. This limitation caused the staff to seek
some type of mathematical model analysis to verify the dye study results
or to provide additional information on the thermal plume. The staff
realizes that a three-dimensional model is superior to a two-dimensional
model, as used by the staff; however, a sufficiently sophisticated three-
dimensiocnal model is not available at the present time. In this case,
the Motz~Benedict model was chosen by the staff since it was reasonably
reliable for surface discharges.
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Additional modeling, using more sophisticated mathematics, would give
more exact results. Physical modeling is also limited in its application.
Vernon Pond itself is the least distorted physical model available. At
this time, actual field testing under operational parameters (with
proper temperature limits) can show exactly what types of the thermal plumes
will be obtained., A temperature-monitoring system in Vernon Pond will
allow operation under closely observed conditions that show the types and
extent of thermal plumes generated during plant operation. As temperature
limits are reached in the pond, operating modes of the plant can be
adjusted as required.

2. Temperature Measurements

Close observation of temperatures in Vernon Pond using a system of. .
monitoring stations will allow operation to begin on an experimental basis.
The results of dye and mathematical model studies should be used to
establish the preliminary locations of monitors., As tests progress,
especially under varying river conditions, a pattern 1s expected to emerge
that will indicate the optimum locations of monitors.

These temperature monitors will provide warming of the spread of water
with temperatures exceeding the 5°F limit for summer or the 10°F limit for
winter. Such warning will allow station operators to vary the mode of plant
operation to prevent further spreading. These methods preclude recir-
culation of heated effluents exceeding 5°F (or 10°F) above river ambient
temparature, :

The preliminary locations, the numbers and types of monitors,
and the test procedures will be stated in the Technical Specifications.

3. Attraction of Fish to Intake Structure During Winter

Concern was expressed that heated water used for de-icing the‘intake
structure might attract fish into the intake stream. The heated water
would be taken in immediately with the intake water. The area of heated
water created in Vernon Pond by such an operation should be relatively
small in comparison with the discharge plume. It is very unlikely that
such a small heated area would attract large numbers of fish.

D. SKIMMER WALL

~ Several agencles commented on the suggestion in the Draft Eaviron-
mental Statement of constructing a skimmer wall (submerged baffle) at
Vernon Dam that would enable the dam to use heated water off the top
of the pond for turbine operation. This device was mentioned as a
possible method to alleviate potential heated water conditions inm Vernon
Pond 1f complete mixing of the Vermont Yankee Station condenser cooling
water and the pond does not occur. A concensus of agency comments indicates
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a concern that such a device might adversely affect operation of fish passage
facilities below the dam and may also, by transfer of warm water through the
dam, be damaging to aquatic organisms dowmstream. The comprehensive

thermal and biological monitoring program as previously described will
determine the extent of the thermal plume and its mixing characteristics

in Vernon Pond. If evaluation of the results of the monitoring program
reveals unacceptable ecological damage in the pond, the applicant will be
required to take corrective action.

‘E. ANADROMOUS FISH RESTORATION PROGRAM

Several agencies commented on the impact that the operation of the
Vermont Yankee Station would have on the restoration of anadromous fish
to the Connecticut River. The major comments concerned blockage of fish
ladders with heated water, operation of plant during critical migration
perlods, and entrainment of immature and small fish migrating to the ocean.
These comments are addressed in Sect. V.C.3.

F. USE OF HERBICIDES UNDER TRANSMISSION LINES

Some agenclies commented on the uvse of herbicides by VELCO to coatrol
vegetation under transmission lines. VELCO's program consisted of applying
a ground or basal spray of Amchem Weedone to stumps shortly after the right-
of-way was cleared., This treatment was to control rapid growth of vegetation
with strong root systems which can send up large sprouts within one year.
This reduces the number of applications of herbicides required. After the
basal spraying which was completed in the fall of 1971, the right-of-ways
will not need to be treated for another six years. In accord with this
schedule the right-of-ways will not be treated again until 1976-77. At that
time, they would be treated every 2-3 years with Amchem 171DP. .Only areas
containing brush are sprayed and no defoliant spraying takes place when the
vegetation 1s below 4 feet. Defoliant is not applied within 100 feet of
streams to protect aquatic biota. Similarly, it is not applied within 100
i::t of roadways or areas which have been selectively cut to reduce visual

act.

Amchem Weedone contains 2-4-5T as the active ingredient and 1s applied
at a concentration of 4 pounds in 30 gallons of water. Amchem 171 DP contains
2-4~D and 2-4-DP as the active ingredient and is applied from a helicopter at
a conceatration of 6 pounds of active ingredient in 12 gallons of water to a
brush acre. These chemicals are applied at a rate recommended for brush
control in accordance with suggested precautions and labeled registration
with the EPA and the U,S.D.A., as regulated by the Pesticide Advisory
Cowncil in the Vermont Department of Agriculture,
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G. CLEARING OF FOREST AREAS IN PLANT & TRANSMISSION LINE CONSTRUCTION

A question was raised by one commenter concerning the amount of forest
land cleared during plant and transmission line construction. The appli-
cant has reported that no forest land was cleared in the construction of
the Vermont Yankee Station. The procedures used in minimizing environ- : .
mental impact of transmission line comstruction has been presented in
public hearings before the Vermont Public Service Board and certificates
of public good were issued in 1969, 1970 and 1971 (see Appendix I-A).
Further details on transmission line location, alternatives considered,
and methods of rights-of-way clearing which were used are provided in
Section 5.5 of Volume I, Supplement to the Applicants' Environmental
Report. .

H. COOLING TOWER OPERATION -

1. Extended Operation of the Cooling Towers

Comnents were received that the cooling towers should be operated
8-9 months of the year and also that they should be operated until results
of the biological monitoring program are known. The applicant is proposing
to operate the towers in accord with State of Vermont and New Hampshire
temperature standards. It is clear that the towers will be needed and
will be operated during the summer to protect Vernon Pond when the ambient °
river temperatures are high. Similarly, once-through cooling will be used
during the winter months (January-March), when river temparatures and
biological productivity are low. During the spring and fall wonths,
there will be times when the towers should be operated (low stream flows,
high river temperatures, or both); likewise, there will be times during
this period that once-through cooling could be used with minimal thermal
effects in Vernon Pond. It 1s the staff's opinion that operation of the
cooling towers should be based on an evaluation of the overall environ—
mental effects (blovdown, drift, fogging, noise, aquatic) and economic
costs to determine the optimum operating schedule. It i{s also belfeved
that the flexible modes of cooling system operation available to the
applicant and if the plant is operated in accord with the temperature
limits and comprehensive thermal monitoring program outlined in this
statement and detailed in the Technical Specifications, adequate ecological
protection of Vernon Pond and the Connecticut River will be provided. .

2. Atmospherié Effects of Cooling Towers

The estimated amount of fogging caused by cooling tower operation and .
possible remedies for this condition caused several comments. The staff -
feels that the small probability of excessive fogging and the lack of any
basis for predicting the time of occurrence of such fogging preclude the
establishment of operating controls at this time. The environmental effects

retm o
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of cooling tower operation are clearly less than the effects of abruptly
shutting down the station or of allowing full or partial operation of the
station with the proposed temperature limits in abeyance.

I. RADIOACTIVE WASTE SYSTEMS

1. lodine Adsorbers in the Station Ventilation System

A comment was received inquiring as to the benefits and costs of pro—
viding fodine adsorbers in the station ventilation systems. The Staff has
not made a feasibility study of adding iodine adsorbers to the station
ventilation systems, However, from analysis performed on other statioms,
it appears that the principal potential source of airborne radioiodine in
ventilation systems is from steam leakage in the turbine building. 1f this
source were treated, we would project total annual airborme 1131 releases
of less than 0.2 Ci/yr (with the augmented offgas system) rather thamn our
present estimate of 0.6 Ci/yr. As indicated in Table III-2, the total
1132 prior to installation of the augmented offgas system 18 1.7 ci/yr.
Neither the applicant nor the AEC has performed cost estimates for this
treatment system. The augmented offgas system, when installed, will
reduce iodine releases to below the proposed Appendix I, 10 CFR Part 50,
as finally adopted. ’

2. Use of an Evaporator for Chemical & Floor Drain Wastes

A comment was received requesting that the feasibility and need of
adding an evaporator to treat the chemical and floor drain liquid waste
be evaluated. ‘The Staff has not studied the feasibility of adding an
evaporator to the existing liquid radwaste.treatment system. The need
to add an evaporator to the system has been considered on the basis of
operating experience at the Monticello Nuclear Generation Plant, a
comparably sized BWR. At this plant, which uses a nonregenerative
Powdex resin in the full flow condensate demineralizers and has no
evaporator in the liquid waste system, nearly all the liquid influent
to the radwaste system is returned for reuse within the plant. Based
on this experience, the addition of an evaporator would not substan-
tially reduce the radioactivity released in liquid effluents.

3. Doses From Secondary Gaseous Sources

One comment indicated that doses from secondary gaseous sources should
be provided. The gaseous source term as presented in Table III~2 and the
resulting doses, include containment venting, gland seal condenser vent-
ing, and radwaste and turbine ventilation. Turbine shine dose is discussed
in Section XII.J.l. '
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J. RADIOLOGICAL IMPACT

1. Turbine Shine Radiation Dose

Several agencies inquixed as to the reasons for differences in radiation
dose estimates made by the AEC and the applicant for gamma shine (decay of 16N .
in the station turbine) to students at the Vermon Elementary School. These
differences result from different interpretation of the radiation measurements
made at the Oyster Creek BWR. Interpretations can differ significantly due
to assumptions regarding the effective source distribution within the reactor .
complex, It should be noted that at the low levels being comsidered and with
the approximations necessary to make thése estimates, the difference between
2 and 20 mrem/year (a factor of 10) is within the accuracy of the estimate.

It is also noted that recent radiation measurements have been made of -
the natural background in the Vernon schoolyard and in the school buflding
which indicated radiation levels of 80 mrem/year and 105 mrem/year, respectively.
In any case, the Vernon Elementary School will be monitored routinely by use
of a pressurized ion chamber and thermoluminescent dosimeters as part of the
environmental monitoring program.

2, Radioiodine Dose from Milk

A comment was recelved covering the overall grase-cow-milk food chain as
a critical radiation pathway to man. In this regard it should be noted that
Table A~7 indicates the locations of dairies by sector and the number of cows
at these locations. Combining the milk from these dairies tends to reduce
the effect of the iodine impact on any significant portion of the population.
The calculated dose to the thyroid of a child based on combining or pooling
milk is 1.3 mrem/year. There may be isolated instances where dairies do not
pool their milk, and the dose to an indfvidual could be higher. The highest
calculated dose on a non-pooling basis would be about five times the average
(approximately 6.5 mrem/year). These doses do not represent a significant
Tadiological impact and are lower than any increment that can be reliably
measured due to background fluctuations. When the extended hold-up charcoal
systen 1is used, the doses will be further reduced.

3. Radiological Effect of Gaseous Effluents

Meteorological assumptions used in computing radiological effects of gaseous
effluents have not been provided in the environmental statement. This information
is normally discussed in detail in the applicant's safety analysis report and
is not duplicated in the environmental statement. Diffusion and other meteor-
ological data for the Vermont Yankee Nuclear Power Station are provided in .
Appendices E and G of the applicant's Final Safety Analysis Report.
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4. Strontiwm Bioaccumulation Factor (BAC)

The calculation of doses to fish properly include the contribution from
905r accumulated in a fish's bones. However, since people eating fish do
not normally consume the fish bones, this 90sr intake 1s avoided; hence
a lower BAC is used to reflect this effect.

5. Estimated Doses to Individuals from Liquid Effluents

A comment was received that Table V-6 should contain whole body dose
estimates for eating fish and drinking water as well as thyroid doses. Whole
body doses are not cited because they are much less than thyroid doses. To
cite whole body doses would be misleading since the controlling thyroid
dose is more important.

K. PLANT ACCIDENT ANALYSIS

1. Assumed Release Rates for Failed Fuel and Radwaste Systems

A coment was made that the value for failed fuel used in the analysis of
plant accidents and the value used for analysis of the radiocactive waste treat-
ment system should be the same although the difference in the level of risk
associated with the present numbers is small. Consideration will be given to
lowering the value presently specified for analysis of plant accidents in the
proposed Annex to Appendix D of 10 CFR Part 50 to a level consistent with
that used in the amalyais of the radioactive waste treatment system. This
would result in lower dose consequences for plant accidents than those
indicated in Sect, VI. ’

2. Environmental Impact of Poatulated Accidents

A comment was made that the environmental effects of releases to water
are lacking. In this regard, the doses calculated as consequences of the
postulated accidents are based on alrbome transport of radioactive materials
resulting in both a direct and an inhalation dose. Our evaluation of the
accident doses assumes that the applicant's environmental monitoring program
and appropriate additional wmonitoring (which could be initiated subsequent to
an incident detected by in-plant monitoring) would detect the presence of
radioactivity in the environment in a timely manner so that remedial action
could be taken if necessary to limit exposure from other potential pathways
to man. The small quantities of dispersed radioactive material which might
enter the food chain would not be significant in terms of endangering aquatic
life,

3. Radiation Doses From Cextain Accident Classes

- A comment was made that the doses from accident classes 1, 2 and 4.1
should be presented in the statement. These releases are included in the
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estimates of routine release quantities and doses in Sections III and VI
of this statement. Specific accident mechanisms have not been postulated
for Classes 1.0 or 2.0 but operating experience has indicated that
occassional minor releases, which are well within the routine effluent
design objectives, can occur. It is anticipated that these events would
result in doses less than one one-thousandth of the 10 CFR Part 20 limit,

L. RADIATION EXPOSURE DURING NORMAL TRANSPORT OF RADIOACTIVE MATERIALS

A coment was expresgsed that the exposures to truck drivers hauling .
irradiated fuel and solid wastes seem excessively high when compared to the .
5 rem/yr radiation limit in plants and the 5 mrem/yr at the site boundary
in proposed Appendix I to 10 CFR 50. It was also stated that a substantial
effort should be devoted to reduction of truck drivers' exposure. In this ’
regard, it ia noted that the number of truck drivers who might receive the
kinds of exposure referred to when transporting radicactive materials to
and from Vermont Yankee is estimated to be about 4 during the year. These
truck drivers will be subjected to the exposure as part of their employment
as radiation workers. Furthermore, they may choose whether they want to
drive a truck hauling radioactive material. Their employers are required
by DOT regulations to give the drivers instructions necessary for handling
the material safely.

The limits on radiation levels from shipment of radioactive materials used
for estimating the exposures are imposed by the Department of Transportation
regulations. Measures used for reducing the exposures include (1) reducing
the quantity of radloactive material in each package; (2) increasing the
emount of shielding in the package; and (3) adding shielding between the
driver and the package.

M. IRREVERSIELE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

‘ Comments were received regarding the ultimate use of the land directly
beneath the reactor buildings. Leakage of radioactive materials beyond and

below the reactor buildings is not expected. If required, the applicant could
restore the entire plant area to its original comdition, even to the extent

of removing the reactor hardware and razing the buildings. If the plant were
decommisgfioned, fuel and long-lived radioactive materials could be removed

from the site; there would be no effect on local ground water or on the .
Connecticut River.

N. NEED FOR POWER

- Two responders commented that the information from which the staff prepared
their analysis of the need for power was either inadequate or out of date.
The applicant pointed out that flooding of the Northfield Pumped Storage facility
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has removed a generating source from availability; they will report the latest
information on overall load demands and generation.capability as soon as it is
available. Section X has been revised to reflect infoxmation and data on energy
needs and peak demands in the New England area which have become available to
the staff. ’

0. COST-BENEFIT ANALYSIS

A request was received for an explanation of the basis for using a discount
rate of 8.75X per year. The discount rate may be figured from the return on
new investments in electric utilities. About 65X of such investments consists
of bonds and preferred stock with a rate of return taken as 7% per year. The
other 35X of the investments consists of common equity (common stock and retained
earmings) with a rate of return taken as 12X per year. The weighted average
is then (0.65 x 7X) + (0.35 x 12%) = 8.75% per year. These figures vary from
time to time and from utility to utility but are believed to provide a reasonable
baasis for calculations of present worth in AEC environmental statements.

Present worth calculations have been modified and are in general agreement
vith the suggestions made in comments on the draft statement. Corrections
consist primarily of present worthing the fuel and operating costs so as to
take into account the five years between the present (1972) and the start of
operation for an oil-fired plant. The $129,000,000 capital cost of the oil-fired
plant has been divided into five equal yearly installments and its present
worth, $101,000,000, is showa in Table XI-1.

One agency comment stated that the benefits of the plant primarily accrue
to a larger segment of society than do the environmental costs. The region
surrounding the small community of Vemon will feel the benefits of increased
tax revenue and at least part of the salaries paid for plant operation as well
as the benefits of power availability. Thus local environmental costs are
at least partially balanced by local benefits.

It was also suggested that Table XI-1 should be expanded to include benefits
from plant operation and impacts from the transmission lines. Table XI-l is
a comparison of economic and environmental costs of four alternatives. Benefits
are primarily the result of power generation and therefore are egsentially
independent of the particular alternative considered. Considerations of

-benefits are incorporated in the text of the statement.

Since the alternatives chosen for tabular comparison do not include either a
different site or the purchase of power, the impact of transmission lines would
be the same for each of the altermatives tabulated.
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P. EFFLUENTS FROM AUXILIARY POWER SOQURCES

The Vermont Yankee Station has two diesel-powered generators as emergency
sources of on~site power. These units are normally on standby; however, they
are tested monthly as part of the maintenance program for emergency equipment.
Each diesel generator 19 rated at 3000 kW and consumes 220 lb/hr of No. 2 fuel
oil when in operation. The station -also has two 400-bhp fire-tube auxiliary
boilers to provide steam for space heating and process requirements. Each
boiler uses about 120 1b/hr of No. 2 fuel oil when operated at full capacity.

Although none of these units is large enough to be considered a point
source of air pollution, the applicant should use low-sulfur oil to reduce the

. possibility of noxious emissions. Combustion of 100,000 gallons of No. 2 fuel

oil, with a density of 0.83 g/cc and 0.2X sulfur, would result in emission of
morxe than 1 ton of SO, and almost 2 tons of RO each year.

Q. LOCATIONS OF PRINCIPAL CHANGES IN THIS STATEMENT IN RESPONSE TO COMMENTS

SECTION WHERE TOPICS

TOPICS COMMENTED UPON ARE ADDRESSED
Population Density I.A
Contacted State Historical Officials II.D
Weather Records ' I1I.E.1
Summary of Water Quality Data Table II-2
Sampling of Benthic Fauna II.F.6
-Comparison of Fish Captured Table 1I-8
Transmission Lines I11.B, V.A.2
Herbicides Use I1I1.B
Cooling Tower Noise I11.D.1
Temperature Predictioms ' I111.D.1
Mathematical Models and Dye Studies I1I,.D.1
Cadmium and Mercury Monitoring III.D.3
Cooling Tower Drift I11.D.3
Exclusion Zone V.A.l
Pgsychological Barrier Against Nuclear Power V.A.1
Cooling Tower Noise : V.A.3
Entrainment of Biota v.C.2
Anadromous Fish Restoration Program v.C.3
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Potential Fish Kills at Intake Structure V.C.4
Effects of Thermal Release on Dissolved Oxygen v.C.4
Total Residual Chlorine Analyzer V.C.4
™ Biological Monitoring Program V.C.5
. " Thermal Monitoring V.C.7
! Radiation Dose from Milk v.D.3
o, Dose Evaluation from Gaseous Effluents Table V-7 & V-8
: Enviroumental Radiation Monitoring V.D.5
Need for Power . : X
Cost-Benefit Analysis ' XI.A.1, 3 & 8;
X1.8.6, 7 & 8;
Table XI-1

Estimation of Potential Dose Increments from
Gaseous Effluents App. V-A.C

Where comments raised questions which are adequately answered by
material carried over in the same form that it appeared in the draft
statement, no attempt is made to address such comments in this sectien

: i of the final statement.



V APPENDIX I-A

Listing of Government Agency Applications, Petmits, and Actions Involving the Vermont Yankee

Nuclear Powet Station
= . Dates of . ‘
Government Agency or Organization Action Subject or Agreement
Federal
Atomic Energy Commission 11-30-66 Applicant’s application to AEC for construction
. pemit
8-1-67 Public hearing (Brattleboro, Vermont) on
8-2-67 provisional construction permit
9-6-67 :
97617
12-11-67 Provisional constsuction permit issued by AEC
1-28-69 Public heatings (Washington, D.C.) on
2-18-69 financial qualification of appliant
6-19-70 AEC request 1o applicunt for environmental data
8-12-70 Construction Permit CPPR-36 isswied by AEC
9470 Construction Permit supplemented
8-26-70 Applicant submits Environmentat Repocl to
AEC
9-23-70 (1) Apphicant’s Environmental Report made

available to public and seat to Federal
Register for filing and publication (published

&J 9:26-10; 35 F.R. 15026)
{2) Copy of notice sent to applicant
{3) Copies of report sent to Council on Eaviron-

mental Quality, appropriate Federal Agencies,
and State of Vermont Agency on Environ-

mental Conservation
11-13-70 Applicant submits Water Quality Certification
11-19-70 AEC letter 10 applicant transmitting comments

from HUD, DOD, N.H. Fish and Game De-
partment, and N.H. Water Supply and

Pollution Control Commission
12.7-70 AEC letter to applicant transmitting HEW and
USDA comments
. 12-11-70 Applicant’s Water Quality Certification sent
to Environmental Protection Agency (EPA)
12-24-70 Copy of applivants Environmental Report

sent to Chairman, Vernon, Vermont.
Board of Selectmen

b 1-7-71 AEC letters to State of New Hampshire Fish
and Game Department and Water Supply
and Pollution Control Commission
1-14-71 AEC letter to applicant transmitting FPC, DOL,
and State of Yermont comments, and AEC
. responses to N, H. Fish and Game Department,
: and Water Supply and Pollution Control
Commission

2-18-71 AEC request to applicant for additional

&/ information
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Government Agency or Organization D“e.’ of Subject or Agreement
Action
22411 (1) Notice of availability of AEC Draft
Detailed Environmental Statement (DDES)
sent to Federal Register for filing and
publication
(2) Copy of AEC-DDES sent to applicant .
(3) Copies of AEC-DDES sent to Council
on Envitonmental Quality, appropriate
Federal and State Agencies (VT., N.H.,
and Mass.) : -
330-711 Applicant’s letters to AEC requesting additional
tnformation
4171 Applicant’s letter to AEC in response to AEC's
lettes of 2-18-71 : '
6-1-71 Detailed Environmental Statement (DES) on
Yermont Yankee Station issued by AEC
&1-71 Copics of AEC-DES sent 1o Council on
Eavironmental Quality and approptiate
Federal, State, and Local Agencies (V°.,
N.H., and Mass.)
61471 Safety evaluation of the Vermont Yanker
station issued by AEC and supplemented
on 61971
9-3-71 AEC letter to applicant requesting compliance
with “Calvert Clilfs” decision, and sevision
to Appendix D, 10CFRS0, regarding scope
of applicants Environmental Report with
tespect to Transportation, Transmission
Lines, and Accidents
122171 Applicant submils “Supplement to the
Environmental Report,™ updaling previous
versions
12:27-71 Copies of Applicant’s Supplemental Report
(Vol. L and 2) sent to appropriate Federal
Agencies
AEC Public Heatings 8167 In Bratticboro, Yermont, on provisional
8-2.67 construction permit (AEC)
9-6-67
9-7-67
1:28-69 In Washington, D.C., on financial qualification ’
2-18-69 of applicant (AEC)
8-10-71 In Brattleboro, Vermont, on issuance of an
11-29-71 operating license (AEC)
12271 -
1-31.72 .
31372
Department of Housing and 92370 Applicant’s Environmenta) Report sent
Urban Development (HUD) to HUD .
10-12-70 Comments to AEC from HUD on Report
- 11-19-70 HUD comments sent to applicant
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Government Agency ot Organization D;?;:: Subject or Agreement
Depariment of Defense (DOD) %2370 Applicant’s Environmental Repost et lo DOD
10-28-70 Comments to AEC from DOD on Report
11-19-70 DOD comments sent to applicant
12-28-70 Applicant's responses to DOD
1-28-71
US. Department of Agriculture (USDA) 9-23-70 Applicant’s Environmental Report sent to USDA
111770 Comments to AEC from USDA on Report
12-7.10 USDA comments sent to applicant
US. Department of Health, Education, 9-23-70 Applicant’s Environmental Report sent to HEW
and Welfare (HEW)
12-3-70 Comments to AEC from USDA on Report
12-7-70 HEW comments sent to applicant
1-28-71 Applicant’s response to HEW
Federal Powes Commission (FPC) 7-31-70 Ozder from FPC approving use of project lands
and reservoir
92370 Applicant’s Environmental Report seat to FPC
12-8-70 Comments to AEC from FPC on Report
LN FPC comments sent to applicant
Department of Transportation (DOT) 2:24-71 AEC Draft Detailed Environmental Statement
sent to DOT
3-26-11 Comments to AEC from DOT
U.S. Department of the Interior (DOI) 9-23-70 Applicant’s Environmental Report sent to DOL
12-30-70 Comments to AEC from DOI on Report
1-1471 DO comments sent 10 applicant
2-2-71 Applicant’s response to DOI
$1-1N Comments to AEC from DOI
Council on Environmenta) Quality (CEQ) . 92370 Applicant’s Enviroamental Report sent to CEQ
22471 AEC Draft Detailed Statement sent to CEQ
Environmental Protection Agency (EPA) 2-18-71 EPA (Boston Regional Office) letter to
Massachusetts and New Hampshire advising of
Wates Quality Cettification issued by Vermont
Federal Aviation Administration (FAA) 4469 Letter from FAA 10 applicant approving
construction of Vermont Yankee Station
plant stack
51669 Letler from FAA to applicant approving
construction of meteorological tower
State
State of Vermont 9-23-70 Applicant's Environmeatal Repost sent to
State of Yermont Agency on Environmental
Conservation
112370 Telegram from Vermont Attorney General and

Yermont State Board of Health requesting
extension of time (o file Jetter and AEC letter,
dated 12-1-70, granting request
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Government Agency or Organization

Dates of
Action

Subject or Agreement

Yemont Water Resources Board (VWRB)

Yermont Water Resources Board Public
Hearings

Yermont Depastment of Water Resources
(VDWR)

12-10-70

121870
12:18-70

1-34-71

2-10-71
2:24-71

6-10-63
824-70
10-29-70

11-26-71

11-29-71

82167
9-5-67
11-30-67
7-9-11
9-3-68

2-369

4-23-69

9569
9-18-69

10-1-69

.

Letter from Attorney Genetal of Vermont
Tequesting extension of time for comments
and AEC letter, dated 1-27-71, granting
request

Comments from State of Vermont

Letter (rom State of Vermont transmitting
comments of Dr. Irving Lyon

AEC fetter 10 applicant transmitting comments
from State of Vermont

Applicant’s response to State of Vermont's comments

AEC Draft Detailed Statement sent to State of
Vermont

Petition of Vermont Yankee Nuclear Power
Corporation presented to VWRB for Discharge
of Cooling Water and Radioactive Substances
to the Connecticut Rives, Vemon, Vermont

Application to VWRSB for centification that dis-
charges into Connecticut River will not
violate applicable water quality standards

Approval of YWRB that discharges into
Connecticut River will not violate applicable
water quality standazds

Amendment to VWRB approval of 10-29-70,
adding certain restrictions

Letter from YWRB (M. L. Johnson) to Vermont
Yankee Nuclear Power Corporation stating
restriction on discharges to Connecticut River
of liquid radwaste

Public hearings in Brattleboro, Vermont
before the Vermont Water Re-
sousces Boasd, on water quality of dis-
charges of Vermont Yankee Station into
Connecticut River

Vermont Yankee proposal for water quality
and biological studies found to be satis-
factory by VDWR (letter)

Approval from VDWR of Environmental
Radiation Surveillance Program of Vermont
Yankee Nuclear Power Cotporation (Dated
1-8-69 and submitted to VDWR on 1.21-69)
(letter)

Approval from VDWR of application from
Vermont Yankee for permission to alter oc
divert 3 natural stream on the Connecticut
Rives at Yemon, Vermont (letter)

Approval by VDWR of concept of proposed
ecological studies by Vermont Yankee
(letter)

Preliminary outline of radiation emergency
plan for Vermont Yankee Station approved as
adequate for developing detailed plan

Approval by VDWR of concept and location

of Water Quality monitor station No. 7
for Vermont Yankee Station
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' )
c) Government Agency or Organization

Dates of
Action

Subject or Agreement

Vermont Department of Health (VDH)

Vermont Public Service Board

s\

State of New Hampshire

New Hampshirs Fish and Game Department

New Hampshire Water Supply and Pollution
Control Commission

Public Utilities Commission of New
* Hampshire

State of Massachusetts

Board of Selectmen, Vernon, Vermont

10-2-69

11-30-71

2.5-70

8-5-70

12-31-69

61270

22471

4-21-71

9-23-70

10-23-70
11-19-70

1-72-73
11471

9-23-70

11.2.70

11-19-70

1-7-71

1.1471

3n

6-16-69

2:2471

42371

Local
12.24-70

2-24-71

Approval by YDWR of designs for intake
and discharge structures, with certain
restrictions

Discharge permit from VDWR for Yermont
Yankee Station

Approval by VDH of sewage disposal system for
Vermont Yankee Nuclear Power Station
Approval by VDH of plans for plumbing and
drainage system for Vermont Yankee Station
Certificate of Public Good, No. 3384, issued
Certificate of Public Good, No. 3412, issued:

supplemental findings (1-15-71); second
supplemental findings (6-8-71)

AEC Draft Detailed Eavironmental Statement
sent ta state of N.H.
Request 1o AEC from Stalc of N.K. for
hearing on Water Quality Certification
Applicant’s Environmental Report sent to
N.H. Fish and Game Department
Comments from N.H. Fish and Game Department

AEC letter 10 applicant transmitling comménts
from N.H. Fish and Game Department

AEC letter 10 N.H. Fish and Game Department

AEC letter 1o applicant transmitting AEC
response 1o N.H. Fish and Game Department

Applicant’s Environmental Report sent to N.H.
Water Supply and Pollution Control Com-
mission

Comments from N.H. Water Supply and
Poliution Control Commission

AEC letter to applicant transmitting comments
from N.H. Water Supply and Pollution Control
Commission

AEC letter to N.H. Water Supply and Poliution
Control Commission

AEC letter to applicant transmitting AEC

response to N.H. Water Supply and Pollution
Control Commission

lssued water quality permit to Yermont Yankee
Nuclear Power Corporation

License for two-span crossing, Order No. 9728,
fssued

AEC Draft Detsiled Environmenta! Statement
sent to State of Massachusetts

Comments to AEC from State of Massachusetts

Copy of applicant's Environmental Report sent
to Chairman, Board of Selectmen, Vernon,
Vermont

Copy of AEC Draft Detailed Statement sent to
Chairman. Bourd of Selectmen, Vetnon,
Vermont




APPENDIX V-A

ESTIMATION OF POTENTIAL DOSES AND DOSE COMMITMENTS

A, GENERAL

The consequences of each type of effluent has been examined in turn,
The various components of external and internal dose which are significant
are then gsummed and evaluated.

B, ESTIMATES OF .DOSE INCREMENTS FROM LIQUID EFFLUENTS

The sources and processing of radioactive wastes are discussed in
Sect, I11,D.2,a, in which i3 presented the composition of the mixture
of effluent radionuclides. This mixture has been used as the source
term in calculations of dose estimates for ingesting fish, swimming in
the river, and drinking river water, The various isotopes of the mixture
are presented in Table A~l together with the percentages of their presence
as weighting factors. Given herein, also, are values of dose per unit
intake for individual component isotopes and the food chain concentration
factors used, as well as submersion exposure rates per unit concentration.
This permits consideration of the relative importance of constituent dis-
charged radionuclides. As an upper bound for the dose estimates, it is
assumed as a starting point that exposures involve the water discharged as
effluent from thea site. The discharge flow under open-cycle operation is 386,000
gpm (860 cfs, 210.4 x 1010 ml/day). However, subject to .compliance with
limitations on the thermal rise of the receiving waters (according to river
‘temperature values shown in Fig, II-10), the cooling towers will have to
be used at least 302 of the year. When the cooling towers are used on
closed cycle, the discharge flow is reduced to 20,000 gpm (44.6 cfs,
10,9 x 1019 nl/day). The expected maximum volume of water discharged is
thus 14,5 x 1019 gal/year (55 x 10!3 ml/year). The predicted annual quantity
of radioactivity in the liquid waste effluents, exclusive of tritium, is
given in the source term as 4.9 Ci, compared with the suggested guidance
value of 5.0 Ci/year in 10 CFR 50, proposed Appendix I. The resultant
average annual concentration of the effluent water 1s 8.9 x 10™9 uCi/mi,
a factor of approximately 2.2 below the suggested guidance value of 2 x 1078
uCi/ml, in proposed Appendix I to 10 CFR S0. Average exposure concentra-
tions should be less than this locally, or anywhere in the river abave
Vernon Dam, regardless of what diffusion and dispersion patterns result
from the thermal content of the discharged waters. Neither will there
be 2 significant influence on this postulated maximum from the effects
of potential thermal stratification or the intermittent drawdown of Vernon
Pond by peak load requirements for operation of the hydroelectric plant.
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Table A-1. Datall for sstimates of ndiation doss to iadividuals from liquid effluents

{,

«

Eating fish
Drinking water Weighted - Submersion®
fsotope Rctum'cc Percent Uul% Weighted Bioaccumulation blosccumulation 'w;:h: Unit dose Welghted dose
organ compozition dose dose factor CV factor ¢ ¥ (miltirems/year (mill your)
(mlliremy/uCh  (milisemu/uCY WCTn)  GClgat i a1 ucym Hirems/
. 1uClmp  M0¥
N Gt 0.0428 9.7 ' 0.0042 32 0.0137 0.133 770 x 10° 033 x 10*
3p BN 0.0306 193.8 0.0593 100,000 30.6 5,930.28 0.0 0.0
Siee Gl 0.8151 097 0.0075 200 1.630 1.581 5.66 X 10° 0.05 x 10°
Ma Gl 0.07113 19.4 0.0138 25 0.0178 0.345 1.57 x 10° 0.11x 10°
$3re SPN 3.6679 246 0.0902 300 11.004 27.070 1.87 x 10® 0.07 x 10°
%Fe Gl 0.134$ 323 0.0434 300 0.403S$ 13.033 2.25 x 10° 0.30 % 10°
3¢, Gl 85584 194 1.6603 500 42792 830.16$ 1.83 x 10° 15.66 x 10°
$9Co Gl 0.8966 388 0.3479 500 4.483 173.940 4.68x 10 4.20x 10°
524 TB 0.0018 X 0.0001 1,000 0018 o117 1.02 % 10% 0.0
$9m7a Gt 0.0004 323 0.0001 1,000 _ 0.004 0129  7.80x 10 0.0
se BN 9.1697 3103 28.4536 1S 1.375 426.663 0.0 0.0
905 BN 0.5909 8312.0 49,1186 1$ 0.0886 736.443 0.0 0.0
sy Gl 0.0090 38.81 0.003$ 15 0.0014 0.084 1.58 x 10° 0.01 x 10° >
oy Gl 20377 97.02 1.9770 100 2.0377 197.698 0.0 0.0 ~
simy Gt 0.5706 0.65 0.0037 100 0.5706 0.371 9.86 x 10* 0.56 x 10°
My Gl 44830 64.68 2.8996 100 4.483 289.960 6.77x 10? 0.03 % 10°
3y Gt 0.0897 64.68 0.0580 100 0.0897 $.802 1.89 x 10* 0.02x 107
"2 Gl 0.0938 32.34 0.0310 - 10 0.0096 0.310 1.37x 10* 0.13x 10°
Mz Gl 0.0016 97.0 0.0016 10 0.0002 0.019 9.46 x 103 0.0
"N Gt 0.0978 19.40 1.8973 10 0.0098 0.190 1.42x 10* 0.14 x 10°
e, 7 0.001$ ! 10 0.0002 1.38 x 10° 0.0
"Ny Gl 0.0002 2.16 0.0004 10 0.0 0.0 1.25 x 10% 0.0
e 71 XID 19358 10.1 0.19558 100 1.9358 19.552 2.34 x 10 0.45 % 10°
my, Gt 1.8543 0.6S 0.0121 1 0.018S 0.012 2.43 x 104 0.45 x 10
103 Gl 0.0693 243 0.0168 100 0.0693 1.684 9.02 x 104 0.06 % 10°
106pu Gl 0.0224 194.0 0.0438 100 0.022¢ 4.346 0.0° 0.0
103mpy Gl 0.0693 0.19 0.0001 100 0.0693 0.013 4.01 x 10° 0.0
195pn Gl 0.0067 19.4 0.0013 100 0.0067 0.130 5.85 x 10° 0.0
196pn ! 0.0224 / 100 0.0224 523 x 10 0.01 x 10?
137y, XID. 0.0198 36.0 0.0071 400 0.0792 2.851 1.66 x 10* 0.0
1377, Gl 0.0204 647 0.0013 400 0.0816 0.528 7.14 X 10? 0.0
129mr, Gl 0.1854 91.02 0.1799 400 0.7416 71.950 5.96 % 10° 0.01x 10°
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‘Tabls A-l. (Contisued)

Eating fish '
Drinking wates Welghted Submetsion®
liotope  Refwremcs  Pescent Unit Weghted | Blosccumulation  blosccumulation  Weind o Unit dose Welhted &
omn®  composition dos® dose® factor ol (millicemyyear Velghied dose
(milliremy/uCl)  (millremyuCpy (36107 oyga (millremyg Ty (miliemyyea)
LuCymh 1 uCyml)
1397, Gi 0.1182 243 0.0029 400 0.4728 1,149 4,53 % 10 0.08 x 10°
imr, o] 0.0204 48.51 0.0099 400 00816 3.958 3.50x 10 0.07x 10°
131, !/ 0.0039 7 400 0.0156 739 x 104 0.0
132y, Gl 0.8151 91.02 0.7908 400 3,260 . 316,288 4.56 x 10* 0.37 x 10°
130 THY 0.0020 379.0 0.0056 $0 0.0010 0.279
134y THY 244525 1922.0 469,977 50 12.2263 23,498.95 7.52% 104 18.39 x 107
133; THY 0.8558 69.31 0.5932 50 0.4279 29,658 4,10 x 10° 3.51% 10°
133; THY 2.8528 516.8 14.2347 $0 14264 . 7136136 1.10 % 10¢ 3.14 x 10°
13%; THY 0.0026 160.1 0.0042 50 0.0013 . 0.208 611 x 105 0.02 x 10°
1340, LVR $.0943 139.3 1.0964 1,000 50,943 7.096.36 2,95 % 10° 15.03 x 10°
13¢¢, 8 14878 32.34 0.4811 1,000 14.878 481,058 4,34 x 10 6.46 x 10°
137¢4 LVR 3.8716 110.1 42626 1,000 38,716 4,262.63 0.0 0.0
13mg, I’ 0.7336 ! 10 0.0734 1.13x 10° 0.83 x 10°
t40p, a1 13.2451 91.02 12,3504 10 13248 128,503 3.87% 10* 5.13x 10°
1401, Gl 10.1888 97.02 9.8849 100 10.189 988.537 4.57 % 10° 46.56 x 10°
e, Gl 0.1019 21.86 100 0.1019 2.197 1.52x 10* 0.02x 10?
143¢c4 Gl 0.0102 43.51 100 0.0102 0.495 1.17 x 10* 0.0 x 10°
144e, Gt 0.0652 194.0 0.1268 100 0.0652 12.649 397 x 107 0.0
143p, Gt 0.0815 383 0.0316 100 0.0815 3.162 0.0 0.0
144p, ! 0.0652 ! 100 0.0652 578 x 10° 0.0
T Gl 0.0326 323 0.0108 100 0.0326 1,083 3,26 x 10* 0.01 x 10?
187y Gl 0.3260 32.34 0.1054 15 0.0489 1.581 108 x 10* 0.35 x 10°
Total _ 122.54 x 10°¢%

®This is the organ recelving the largest dos commitment. GI, gastrolntestinal tract; BN, bone; SPN, spleen; TB, total body; KID, kidney; THY, thyzoid; LVR, Liver.

ONormally based oa soluble Isotope; for G, the larger dose Iscluble or insolubls) Is used.

®To estimate total dose pes year of ¢ffluent discharge, multiply by concentration of this mixture of ndionuclides in water (WClUml) and by the annual intake (1200
ml/day X 355 daysyesar). The componant doms are sumsmad fos like organs to get the differing ocgan doses.

o estimata tota] dose per year of effluent discharge, multiply by concentration of this mixtuse of radionuclides in water (xCi/ml) and by the assumed annual intake

{approx §350g). The component doses ars summad for like organs 10 get the differing organ doses.

¢ Atsumes submersion only 1% of year.

SAsmumes internal dose coatribution of this daughtes isotope Is considesed In connection with the parsat.

£T0 estimate tolal doss per year of sffluent discharge, multiply by concentration of this mixture of radionuclides in water (LC¥mi).
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Below the dam the average concentration is found by dividing the
annual release of activity (4.9 Ci/year) by the total average annual flow
(10,166 cfs = 9.1 x 1015 mi/year) as noted in the text portion of the
report. Actual average concentrations will be less than this because of

“successive dilutions by tributaries, adsorption losses, etc,

1. Eating Fish

The uptakes of different isotopes by fish from the water in which
they live and by lower elements of the food chain on which fish prey are
different, This results from the specific behavior of different chemical
elements in the metabolic processes encountered in the food chain, Based
on the best avajilable realfstic values for uptake, considered as "bioaccumu-~
lation factors,” the resulting activity per gram of fish flesh for each
constituent igsotope may be calculated from its concentration in the water
of the fish's habitat, .To these values "dose factors" are applied that
are the dose commitment components resulting from unit intakes of the
corresponding isotope. With a postulated average dietary intake from sport
fish, in this case approximately 20 g/day, the potential dose commitment
can be calculated. This 1is done for exposure components to the whole
body, bone, thyroid, liver, kidneys, and gastrointestinal tract. These
regspective cowponents from the constituent isotopes as reconcentrated are
summed and the maximum reported.

2, Swimming

The exposure rate per unit concentration of each isotope of the source
is applied to the respective concentrations of the mixture under the postu-
lated dilution conditlons. The sum of these component exposures is con-
sidered to apply for the time interval postulated.

Closed-cycle operation of the cooling towers, with only 20,000 gpm
(44.6 cfs, 10.9 x 1010 ml/day) released from the plant will coincide with
much of the warm weather favored for swirming, Thus for swimming in Vernon
Pond, even if the river flow were only the guaranteed minimum of 1200 cfs,
the released liquid effluent would be dfluted greatly. The extent of this
probable dilution indicates the factor by which the dose may have been
overestimated,

3, Drinking Water

The case of drinking untreated water from the Connecticut River has
been examined as a potential exposure pathway. The dose commitment per
unit ingestion intake of each respective component isotope of the mixture
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released is applied to the corresponding concentration of that isotope.
These dose commitments from each isotope to the different body organs are
calculated on the basis of a standard drinking water consumption per year
and summed, with the maximum reported. The maximum concentrations available
are found only at the discharge outfall from the plant. That an individual
would use this as his sole annual source of drinking water is not credible.
This, however, is an upper limit estimate which amounts to a dose commit-
ment of 1.7 mrem/year to the thyroid.

A more realiatic estimate of the conceivable, although unlikely,
dose increment from year-round consumption of untreated river water should

" . use the yearly average river flow rate (based on 20 years) of 10,166 cfs

(4.56 x 106 gpm, 2.49 X 101 ml/day). This amounts to a total annual
flow volume of 9.1 x 10!5 ml. The maximum total annual amount of radio-
activity in the released liquid waste effluents was calculated, above, to
be 4.9 Ci for the postulated composition. This gives an annual average
concentration in the river of 5.4 x 10710 uCi/ml, Drinking river water
at this concentration throughout the year would result in a dose incre~
ment of 0,11 mrem/year.

The eatimate of dose in the paragraph above would apply only below
Vernon Dam, as the lack of data on diffusion, dispersion, thermal strati-
fication, and drawdown effects does not permit realistic estimates of
concentrations in various parts of Vernon Pond. An estimate is feasible
of average exposures resulting from drinking water below the dam for omly
a part of the year, with suitable adjustment for the fraction of the year
applicable.

Occasional use of the Connecticut River as a source of drinking
water by swimmers, fishermen, or even summer houseboat residents does not
represent a regular, continuing, or significant intake. There are no data
available to estimate the numbers of such users or the extent of their
consumption of untreated river water.

The increments of exposure possibly sustained by those receiving
their drinking water from Quabbin Reservoir have been estimated and dis-
cussed in Sect. V.D,2,

4, Exposure Pathways of Minor Importance

Calculations were not made of the potential exposure from uge of
Connecticut River water for irrigation, as no instances of this usage
are known. Nor was consideration given to the ingestion of 1311 by
cows which might drink water from the Connecticut River., If there are
any such dairy cattle, their numbers are not considered to be significant,
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The Connecticut River below Vernon Dam already receives liquid

radioactive waste contributions from two existing nuclear power plants,
Yankee-Rowe, on the Deerfield River which drains into the Connecticut
. River at Greenfield, Massachusetts, released 0,034 Ci in 1970.2 This
" had no radiological health significance with respect to public water

. supply, because the Connecticut River below this confluence is not used
for this purpose, Connecticut Yankee at Haddam was reported to have
released 3.9 Ci in 1968.3 The same conclusion of lack of significance
applies to the approximately 18 miles of Connecticut River between
Connecticut Yankee and Long Island Sound. 1It, therefore, follows that

the radioactive 1liquid wastes discharged from existing nuclear power
plants impose no restraint on the operations of Vermont Yankee.

In view of the applicant's capability to control the timing and
the amounts of liquid radioactive wastes he will discharge, and the low
exposure potential of the conservative estimates made in Sect. V.D.2, the
radiological impact of these wastes appears acceptable,

C. POTENTIAL DOSE INCREMENTS FROM GASEOUS EFFLUENTS

The off-gas system and gas-borne radioisotopes releaged via the
stack are discussed in Sect, III1.D.2.b and listed in Table III-2, Exposure
concentratious were calculated using a meteorological dispersion computer
. code;* the results were converted to appropriate estimates of dose 1ucrements
w' from immersion, inhalation, and deposition using another computer code, 3
The values of dose increments for the postulated ‘off-gas release condi-
tion of operation (and source term) are tabulated for a number of dis-
tances and directions in Tables A-2 through A-4, From these doses, values
- can be selected that are applicable to individual members of particular local
subpopulation groups in which there may be an interest, These values of
dose are cited in Sect, V.D.3, Table V-7. These dose estimates are con-
sidered to be upper limit values because: (1) the source terms are based
on maximum leakage at the end of the fuel cycle, hence average values should
be significantly less, and (2) environmental decay by weathering and leach-
ing of daughters of noble gases that are deposited on the surface of the
soil has been ignored.

The only nuclear production or utilization facility within the 50-mile
radius of Vermont Yankee is the Yankee Nuclear Power Station at Rowe,
Massachusetts. This facility has been the subject of surveillance studies?
which indicated maximum exposure rates, corrected for background, at its
northeast perimeter of 3 yur/hr dropping to 0.3 % 0.3 ur/hr within a kilometer,
(These measurements are essentially at the threshold of sensitivity of the
instruments used,) The maximum exposure rate would correspond to 26 mrems/year
at the perimeter, while a calculation in the report on these surveillance
studies showed that the 17,2 Ci/year (beta-gamma) of effluent gaseous releases



VERNONT YAMKEZE
TOTAL DOSE

DISTANCE
805.
1609.
3218,
4827,
6436,
6045,
16090,
32187.
48280,
64374,
-80467.

DISTANCE
80S.
1609.
3218,
46827.
6436.
80465,
16090.
321687,
482864,
64374,
80467,
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0.51722 01
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0.32472 01V
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0,2023E 01t
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0.22868 00
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0.56642-01
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0.9000% 00
0.68132 00
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0.83422-01%
0.1520p-01
0.69822-02
0.3771£-02

21,600 uCi/sec (6.81 X 10° Cilyear).
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Table A-2. Estimsted Immersion Doses o Individuals from Gaseous Elfluents (mrem per year of Dischargs) by Distance (meters) and Direction
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TOTAL DOSE

pISTANCE
805,
1609,
3218,
€827,

80867,

CISTARCE
805,
1609,
3218,
4827,
6436,
8045,
16090,
32187.
48280,
64374,
80867,

z
0.32253-02
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0, 17113~01
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0.56792-02
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0,2212%-0)
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0.10563-01
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0. 15223-02
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21,600 uCi/tec (6.81 X 10° Cl/year)

14 3
0. 17642-02
0. 73086202
0.62812-02
0.73572-02
0.61612+02
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Q. 13322-0)
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0,33352-0%

b1
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0,31622-02
0,376452-02
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0.17102-0)
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0. 184 82-08
0.87002-05

1 334
0,16682-02
0.,77852-02
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0.93382-02

-0.79832-02
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0,25112-02
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ssu
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Table A-3. Estimated Inhatation Doses to Individuals from Gaseous Effluents (trem per year of Discharge) by Distance (metars) and Direction

N
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TOTAL DOSE

DISTANCE
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1609.
3218,
4827.
6436.
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6437,
80467,

DISPANCE
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3216.
4827.
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0.25142 0C
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21,600 uCi/sec (6.81 X 10° Cifyear).
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Table A4. Estimated External Exposure Doses to Individuals (mrem/year) from Gsound Deposition by Distance (meten) and Direction
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would produce a dose of 0.4 mrem/year at the perimeter. The report attributes
the measured exposure rates to radiocactive wastes (stored aboveground)

which would be shielded by the terrain to yield a zero dose rate within

and beyond 2 kilomaters, Seventy-five percent of the area within 50 miles

of Vermont Yankee is within 50 miles of Yankee-Rowe. From the information
cited above, the staff concludes that the radiological impact resulting

from the gaseous effluents released by Yankee~Rowe will not impose any
restraint on the operation of Vermont Yankee.

Conversely, Tables A-2 through A-4 have been examined for the dose
increments calculated to result at Yankee-Rowe from the projected opera-
tion of Vermont Yankee, Yankee-Rowe is 20 miles WSW and will receive a
dose increment totaling 0,040 mrem/year of release for the off-gas holdup
conditions considered. (Winds have an average annual frequency in that
direction of less than 2X of the time.) This projected dose is less than
one-tenth of a percent of present background values and a factor of ten
below that of the maximum exposure from Yankee~Rowe's own off-gas. The
staff does not regard the resultant dose at Yankee-Rowe as a significant
impact or such as to impose any constraint on the operation of Vermont Yankee,

The city of Springfield, Massachusetts (metropolitan area popula-
tion 459,000, per 1970 census) is within the 50-mile radius of Vermont
Yankee, centered 46 miles due south, The residents may receive estimated
dose increments, calculated as mentioned in earlier paragraphs, which
total 0.029 mrem/year of discharge from released effluents. However,
this community has been given additional consideration since it is
potentially affected also by releases from three other nuclear power reactors -
(Connecticut Yankee, Millstone Point, and Yankee-Rowe) at distances varying
from 43 to 57 miles. At these distances, there is greater uncertainty as to
the precision obtained with the meteorological dispersion formulas normally
employed, Therefore, a secondary (conservative) evaluation was undertaken
by an independent professional meteorological staff.® Table A-5 presents
their calculated dilution factors (x/Q) for unit emissions together with
either the emission rates (Q*) authorized by Technical Specifications or
reported actual annual emissions. The product ¥ may be considered as an
applicable index of exposure rate. The comparison 1s of particular interest
for Millstone Point since it is also a boiling water reactor, currently with
30-min holdup of off-gas.

Table A-5 shows that only Millstone Point has the same order of
radiological impact as Vermont Yankee. The dose contributions due to off-gases
from Connecticut Yankee and Yankee-Rowe, two pressurized-water reactors, are
much less., The combined radiological impact is not considered significant, in
conformity with the spirit of the guidance provided by proposed Appendix I to
10 CFR 50.7 1In this instance, the aggregate effect of the multiple impact of
the several power reactors cited will not impose any restraint on the operation
of Vermont Yankee.
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Table A-5. Calculation of Exposure at Spﬁn;ﬁeld.”mchmetﬂ.!m Four Nuclear Powes Reactors

Distance x/Q Q* . w (relative
Reactor (mile)  (sec/md)® (Cifyean)® (Basis) merit)®
Vermont Yankes 4 2.3x 10~%4 681 % 10%  (Sect.1IFD.2) 1.91 x 1073
Connecticut Yankee 43 1.9x% 107 33 (1968, sef. 3) 7.2x 107
Millstone Point 57 7.8x% 10710 2.52% 107 (T.S. 0.8 Ci/sec) 19.7x 1073
Yankeo-Rowe 44 49%x107? 17.2 (1970, ref. 2) 24.3x% 107
®For 2 unit release of § CVsec, thess are numerically equal to x(Ci/m?).
C Because of differences in sotopic composition of seleases from different reactors, comparisons of effects
".J a1¢ not necessarily proportional.
“This product is an approximate index of relative merit. If divided by 3.154 X 107 (sec/year), the resulting

estimate of concentration x(C¥m>) will reflect exposure rate within vasiations of composition.
'Compares with 2.4 X 10~? Ci/m? foc 1 Ci/xc unit smission rate as cakulated by computer code®. §a
Table V-7, lor the release rate and composition postulated, the associsted exposure is 0.029 mrem/yeas.

o
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The amounts of airborne radioparticulates and radioiodine potentially

released will vary over the life of the fuel during its cycle, according

to the integrity of the cladding, the reactor design, the off-gas treat-
ment, etc, (see Sect., III,D.2), Because of the differing characteristics
~of newer stationg, care must be exercised in estimates extrapolated from
measurements of earlier reactors. - If, when the reactor is operatedi the
surveillance monitors indicate release of a measurable quantity of

a degree of effect can be predicted in the proportion of the observed value
to the release rate assumed in Sect, III and used in these calculations.

. Again, an independent estimate has been made using a meteorological

dispersion code" to calculate ground-level air concentrations as a

function of distance and direction. The results are given in Table A-6
(values of 1311 expected to be released when the system is installed after
the first fuel cycle will be further reduced). Application of suitable
factors will relate ground-level air concentrations to deposition, and
deposition areal density to resultant concentration in nilk.® The local
farmers, in most cases, in effect, combine (or pool) their milk by sending it
to the central procesaing facility, This results in an averaged concentration
to the extent that such milk pooling is operative, The distribution of
dairy cows by discance and direction is given in Table A-7, together with
the appropriate 1311 average air concentrations computed from values in
Table A~6. A weighted average (for the number of cows involved) is computed,
which was 8.9 x 10~16 uCi/em? . The concentration of 1311 in wmilk from cows
grazing with an air concentration of 1 uCi/cm? would be approximately

5.6 x 10% uCt/liter. Application of this conversion factor to the weighted
average shows that if all the milk from these cattle were pooled, the average

311 concentration would be 0.5 pCi/liter. Milk not pooled would have 1311

concentrations in proportion to the air concentration values.

Regular milk consumed by an infant, up to the age of 1 year, is
agsumed to be 1 liter (approximately a quart) of milk per day. If this
wilk has an average concentration of 1 pCi/liter, the estimated dose to
the thyroid of the infant would be 6.25 mrems/year. Hence, the dose increment
which may be expected from the average milk concentration of 0.5 pCi/liter
is 1.3 mrems/year (based on cow grazing 5 months/yr.).

Any other pathways from gaseous effluents do not seem credible or
realistic, Tritium in gaseous effluents is much below the levels at
- which it could be significant, according to other studies. 2,3

D, DOSE EVALUATION

- Population distributions by distance and direction in the vicfnity
of Vermont Yankee for the year 1970 are presented in Table A-8. These
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Tabls A7, Distribution of milk cows around Vermont Yankse (1970, sstimatad) with associated averags airborns *>* 1 concentrations

1 mile $ miles 10 mifes 15 miles
Sector x 131 T x 1311 x 1311 Ovenall
3 & n 3 n 3 n total

N-NNE 0 6.17 60 n 3,20 a1 99 174 305 530
NNE-NE 0 4.40 64 8l 2.04 30 60 1.0 131 138
NE-ENE 0 4.97 65 323 0 ow 78 87
ENE-E 0 12.25 81 991 $.99 95 569 317 217 689
E~ESE 0 17.04 76 1,294 123 85 656 398 0 120
ESE-SE 0 26.14 156 4,078 12.64 90 1,138 . 0
SE-SSE 0 4357 383 16,638 20.78 760 15,772 10.72 38 407
SSE-S 0 14.35 250 3713 7.40 719 4,282 3.89 111 431
S-SsW 0 593 1712 1,021 287 303 871 1.50 73 111
SSw-~-sSW 0 4.70 148 695 .19 491 1,072. L1t 286 i
SW-wsw o .12 76 389 246 241 593 1.29 619 197
WSW-w 0 5.66 10 57 .87 296 850 1.56 177 275
W-WNW 8.65 110 952 18.51 2 407 8.95 284 2,542 4.67 177 826
WNW-NW 0 19.94 76 1,515 10.87 228 2,446 596 45 269
NW-NNW 0 0 1N 223 2,638 6.32 212 1339
NNW-N o - 15.78 31 329 7.88 29 228 4.16 306 1273
Total product 952 32,152 33,813 760% 74,526
Total cows 110 1660 3764 2802 8336

Cow-weighted averge alr concentzation 8.94 X 10716 uClcm?®

*Number of cows, Information sources; Univenity of Vermont Extansion Service — Mr. Fred Webster (Butlington); New Hampshire Depactment of Agriculture ~ Mr.
Viacent Peterson (Concard); Franklin (Mass.) County Agent — Mr. Hill (Greenfleld).
¢t of number of cows and concentzation of 131],
“Based on 1.7 Cl/ysar 1311 a5 passous effluent, lnterpolated from meterological code, ref. 4.

61~V
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Table A-8. 1970 Population Distribution ia the Viciaity of Yermont Yankee

A-20

Distance (miles)*
Section
1 2 3 4 E) 10 20 30 40 50
N 10 100 150 50 520 1,900 $.900 11,100 5800
NNE 50 60 ToL1%0 1,700 .54,000 4,100 22,100
NE 15 $0 . 120 91s 3,100 1,200 3,600 4,600
ENE 100 1,000 100 20 $.400 2,200 6,200 4,300
E 60 150 30 100 250 3% 1,800 5,700 8,100 24,900
ESE 20 20 1,160 3,700 16,300 49,900 59,200
SE 50 50 50 60 590 10,200 6,900 6,800 60,600
SSE 30 30 30 1,290 1,900 1,300 14,600 26,500
S 40 60 $0 950 9.500 20,200 72,400 331,200
Ssw 60 50 390 16,600 2,900 20,300 32,700
swW 20 43 338 3,000 2,300 4,700 - 39,700
wsw 40 40 40 280 1,100 1,700 33400 35,500
v 60 20 60 120 240 900 1,100 17,700 13,000
WNW 50 50 50 70 120 2,260 1,100 700 2,300 4,600
NW 100 350 4,130 2,200 900 2,100 3,500
NNW — _% 120 100 2000 500 1.300 500 3.000 3,600
Tota} 4355 1,605 780 740 3010 16440 64,800 123,800 265800 671,800

®ropulation Is from preceding 10 stated distance.
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be combined, as a product, with the increments of estimated dose by

distance and direction given in Tables A-2 through A-4 and the products
summed to give the population doses in man-rems presented earlier in Table

v-8.

The exposure rates growing out of operation of the plant appear to

be very small compared with natural exposure rates.
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APPENDIX V-B

CHEMISTRY OF CHLORINE IN FRESHWATER

A summary of the chemistry of chlorine in freshwater is presented because
the possible impacts of chlorine are not well established. To appreciate the
potential impacts, one must become reasonably familiar with a concise termi-
nology and some applied chemistry.

Much progress was made in the 1940's in the use of chlorine for the
sterilization of water supplies. Griffin! gave an annotated guide to over a
hundred papers published between 1939-1952. Fair? gave a lucid exposition of
the behavior of chlorine as it was then understood. The subject has been sum-
marized recently by Lewis.3

Certain terms have come into use to describe chlorine in water. They are
often useg carelessly in industrial practice. The distinctions given are those
of Lewis.

a., Free Chlorine (Short for Free Available Chlorine)

That part of the chlorine injected into the water that remains as
molecular chlorine, hypochlorous acid, and hypochlorite ion.

b. Comhined Chlorine (Short for Combined Available Chlorine)

That part of the chlorine injected into the water-that remains combined
with ammonia or other nitrogenous compounds.

c. Active Chlorine (Alternative for Total Available Chlorine or Chlorine
Regidual) |
The total free and/or combined chlorine that remains. The terms "active"
and "available" refer by implication to activity and availability for steriliza-
tion. The amount of "active chlorine" present is recognized as being equivalent
to the amount of fodine that will be released from potassium iodide at acid pH.

d. Chlorine Demand

By implication, the exact amount of chlorine required to oxidize
completely all compounds that reduce free chlorine in the water. In practice,
the term is used when referring to the difference between the dose and the
active chlorine left (chlorine residual) after a particular period of contact,
for one particular dose rate.
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Reactions During Chlorination

When chlorine or sodium hypochlorite dissolves in water the equilibrium
between hypochlorous acid and hypochlorite ion is quickly established.

CL + K0 = HCIO + it + c1”

and
+ - -t
Na® + CL0 + H_0 = KCLO + OH™ + Na®.

Only when the pH is below 3.0, or if the chlorine concentration is of the
order of 1,000 mg/liter, is there any measurable quantity of .
chlorine. The full oxidizing capacity of the chlorine is retained in the
hydrolysis products, HC10 and C10~. The hypochlorous acid ionizes:

#e1o = wY + c10”.

At pH 7.0 the equilibrium is approximately 75% HC10 and 25% Cl0 , and at
pH 8.0 this 13 reversed to approximately 25% HC10 and 75% Cl0~ (at a water
temperature of 20°C).

When ammonia or organic amines are present in the water they react with
hypochlorous acid to give chloramines that are also toxic to aquatic 1ife.

NH + HC10 = NH C1 + H O,
3 2 2

Similarly NHC1, and NC1, are formed with increasing HC1O concentration. The
rate of reaction between ammonia and thochlorous acid is dependent on pH
and is maximum at pH 8.3. Pair et al.? found that for a mixture of 0.8 ppm
chlorine and 0.32 mg/liter ammonia~nitrogen, at 25°C, 95X of the chlorine
reacted in 1 min at pH 8.3, in 210 min at pH 5.0, and in 50 min at pH 11.0.
The rate of reaction varied with temperature (Q;g values ranging from 2.0 to
2.5 according to pH). :

Although the most stable products of hypochlorous acid and ammonia are
N,, €17, and HY, intermediate products can and do persist. Pullham" found
cgloramines continue to exist in the presence of excess chlorine.

Ingols et al.S studies reactions between chlorine and amino acids at
concentrations of 10~% M amino acid. HC10 would oxidize sulfhydryl groups
to sulfonic groups and then deaminate the amino acid through the formation
of ‘chloramines. With slightly more monochloramine an organic chloramine
formed that was stable for some hours. With monochloramine the sulfhydryl
groups were oxidized to give disulfide linkages.
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Analyzing for Chlorine Residuals

Several evaluations haye been made of the numerous analytical methods
used for determining residual chlorine in water. Nicolson,6 who evaluated
nine colorimetric and three titrimetric methods, found that the barbituric
acid method was the best laboratory colorimetric procedure if combined
chlorine residual was abgent. In the presence of combined chlorine, the
N-diethyl-p~penylenediamine (DFD) method was more satisfactory. Lishka
et al, ,/ who analyzed the results from 72 participating laboratories using
several different analytical methods, reported that the ferrous-DPD method
had the best accuracy and precision, followed closely by the methyl orange,
SNORT (Stabilized Neutral Orthotolidine), and amperometric methods. None
of the methods has outstanding reliability even when care is taken (see
Table B-1). Reliability is. undoubtedly even less in routine analyses.

The Standard Methods for the Examination of Water and WastewaterS

The ferrous-DPD, the orthotolidine-arsenite, the leuco crystal violet,
the methyl orange, and the SNORT methods all determine both free and com-
bined chlorine residuals. However, the determination of combined chlorine
residual 1s dependent upon monochloramine and dichloramine, and the extent
of their influence depends upon the types of organic compounds present.
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8. American Public Health Association, Standard Methods for the Examina-
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Table B-1, Precision and accuracy data foe residual chlorine methods based vpon determination by several laboratories

Residual chlorine Relative )

Method ' concentration Number of standard Relative
¢ . (ugliter) _ hbontories deviation c(',:;'

Free " Total - (%)

Todometric 840 k7] 21.0 23.6
640 30 24 18.5
1830 k¥ 216 16.7
Amperometric 800 23 42.3 25.0
640 24 248 85
1830 24 12.3 88

Ortho-tolidine 800 Is 64.6 Qs
640 ¥} 313 20.2
1830 18 ' 19 414
Ortho-tolidine~arsenite 800 20 524 42.3
[ 640 21 *28.0 14.2
‘.) 1830 23 35.0 49.6
Stabilized neutral ortho-tolidine 800 15 4.7 12.8
640 16 80 20
1830 1?7 26.1 124
Ferrous DPD 800 19 398 19.8

640 19 . 19.2 8.1.

1830 19 9.4 4.3
Leuco crystal violet 800 17 327 1.1
640 17 34.4 0.9
1830 18 324 18.6
Methyl orange 800 26 43.0 22.0
640 26 30.1 14.2
1830 26 199 1.2

Sousce: ref. 8.

.‘-J
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. APPENDIX XI-A

COOLING TOWER CHEMICALS~~POTENTIAL ENVIRONMENTAL DEGRADATIONA

Introduction

Cooling towers dissipate heat directly into the atmosphere without first
utilizing a reservoir or heat sink as in once-through cooling. The main
justification for the towers, as at Vermont Yankee, has been concerned for the
environmental effects of once~through cooling on aquatic life. However, cool-
ing towers, too, have the potential for environmental damage that ghould be
carefully studied prior to their widespread installation and use. The principal
impact to be studied is long-range meteorological changes caused by large amounts
of heat and water vapor added to the atmosphere from the towers. Other environ-
mental impacts, most notably dispersion of the chemical discharges of the blow-
down and drift from cooling towers, have been little studied.

Wet cooling towers require large amounts of chemicals in the recirculating
water to prevent corrosion and to inhibit biological attack. Because large
amounts of water evaporate, salt concentrations build up in the remaining tower
water, and some of this--the blowdown--must be bled off and discharged. 1Im addi-
tion to losses from blowdowm and evaporation, there is a drift (droplets of water
that escape from the tower stacks along with the vapor plume) that contains
chemicals in the same concentration as in the recirculating water and blowdown.
Thus, chemicals added to tower water can find their way directly into surrounding
aquatic or terrestrial ecosystems through blowdown and drift.

Although untreated blowdown is undoubtedly the major source of environmental
problems connected with cooling towers (its quantity and content of chemicals are
easily determined), drift is too often considered negligible. Depending upon
tower design and drift eliminators, calculated drifts vary from 0.01Z to 0.3% of
the recirculating water rate, the losses usually being higher for small towers.
Drift from large natural draft cooling tower serving a 2,500 megawatt power plant
has been calculated to be 4 tons of solids per day, assuming makeup water with
200 pgm of total dissolved solids (TDS) and drift of 0.2X of the recirculation
rate.(1) Most of the solids would be calcium and magnesium salts occurring

naturally in the makeup water, and the rest would be chemicals added to the tower
water.

Relative volumes of blowdown to the aquatic environment and drift to the
terrestrial environments have been calculated for smaller towers. Drift is 30%

- to 45% of the water loss, so that treatment of the blowdown alone removes only

55X to 70X of the chemical pollution. In order to further reduce the chemical
effluents from cooling towers, drift eliminators must be used.

* Summarized from draft manuscript, S. H. Hale, R. S, Carlsmith, and
C. C. Coutant, Oak Ridge National Laboratory, Oak Ridge, Tennessee.
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COMPOSITIONS AND CONCENTRATIONS OF COOLING TOWER CHEMICALS

Coxrrosion and Scale Inhibitors

“ Commonly used corrosion inhibitors for open recirculating systems
include various mixtures of zinc, chromate, phosphate (organic or in-
organic), sodium silicate, nitrate, borate, and organic inhibitors. To

i prevent scale deposition and to provide effects, organic phosphate com~

P pounds such as aminimethylenephosphate are used in concentrations up to

3 ppm. Mr, R. J. Cunningham, Calgon Corporation, listed the following
coxrosion and scale-inhibiting chemicals (with their concentrations) in
an open letter to Mr. Frank Rainwater of the Environmental Protection

Agency: 3
1, Chromate plus zinc 5 to 30 mg/liter* Cr0y
1 1 to 15.mg/l 2n
' 2, Chromate plus zinc plus phosphate 5 to 30 mg/1l CrOy
) 1 to 15 mg/l 2n
1 to 5 mg/1 PO4 (inorganic)
1 to 5 mg/l PO4 (organic)
3. Zinc plus inorganic phosphate 10 to 30 mg/1 POy
‘U 2 to 10 mg/l Zn
4. Zinc plus organic phosphate 1 to 10 mg/l Zn
: 3 to 15 mg/l PO4 (oxganic)
5. Organic phosphate scale inhibitor 1 to 18 mg/l P04 (organic)
6. Specific copper corrosion inhiﬁitors 1 to 5 mg/l sodium
mercaptobenzothiazle or
benzotriazole

* 1 mg/liter = 1 ppm

As geen in numbers 1 and 2 above, chromate, zinc, and phosphate are often used
- together because of the synergistic anticorrosive effects produced when they are
combined.

Biocides

0f the commonly ugsed biocides, chlorine or hypochlorite (as planned at
Vermont Yankee) or nonoxidizing organic compounds such as chlorophenols,
quaternary amines, and organo-metallics such as organotin compounds, organo-
sulfur, and organothiocyanate (Table 1) are most frequently employed. They
— are all uged to prevent deterioration of tower wood, loss of heat transfer

| X
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efficiency, general fouling or plugging arising from active microbial growths,

and corrosion that results from microbial attack,(2) Organotin must be formulated

with quaternary ammonium and other complex amines to produce a synergistic effect

and to be dispersible. Chlorophenocls, as soluble potassium and sodium salts, are

more pergistent than free chlorine and remain in systems longer. Common

chlorophenols include: 2,4,5-trichlorophenate; 2,4,6-T; 2,3,4,6-T; tetrachlorophenol; -
and pentachlorophenol. Organosulfurs are noted for low toxicity to animals,

but are effective against bacteria, fungl, and especially sulfate~reducing bac-

teria, Quarternary and complex amines are effective wetting agents and destroy
microbial agents by surface-active properties; these are the least toxic of all
antimicrobial compounds to animals, although they may cause aesthetic problems.

The organothiocynates, the most modern of the nonoxidizing biocides, are used

whenever problems are rather severe and where the use of free chlorine is not ’
acceptable, Typical concentrations for continuous use are 1 to 25 ppm; for

periodic treatment typical concentrations are 4200 ppm, Elemental chlorine

is an oxidizing agent and can cause rapid deterioation of wood. The use of

free chlorine as a bilocide is usually restricted to 1.0 ppm as free residual

chlorine for a maximum of 1 to 2 hours per day.

The use of extremely toxic biocides such as those containing mercury, arsenic,
lead, or boron i1s limited by stringent regulations that prohibit release to the
environment. These biocides are rarely if ever used now; however, a review of
label names in Table 1 reveals that the potentially toxic materials, copper and
thiocyanate ions, are present in some commercial compounds. Tin is also
questionable as far as toxicity is concerned. All chemical labels reviewed noted
that precautions should be ugsed in handling of the product, and two indicate
that the product may be harmful or’ fatal if absorbed through the skin. Only two,
however, cautioned against release into lakes, streams, or ponds. Some of the
products containing 2,4,5-T listed no such precautions; yet release of this
compound to waterways is now expressly banned. .

pH Adjustors and Silt Control (Antifoulant) polymers

-Scale and corrosion inhibitors and biocides require the addition of
acid or alkali to makeup water to keep the pH at an optimum level, usually
a range from 5.5 to 7.5. Silt control polymers may be used 1f the makeup is
raw water from a nearby lake or river. Lignin-tannin dispersives such as
1 to 50 ppm sodium lignosulfonate may also be employed. Antifoulants such as
0.1 to 5 ppm of acrylamids, polyacrylate, polyacrylate, polyethyleneimine,
or :t?g; high molecular weight synthetic organic polyelectrolytes may also be
used,
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e 1. CHEMICAL COMPOSITION OF TRADE NAME MICROORGANISM CONTROL CHEMICALS

.(From company sources and Environmental Protection Agency)

NALCO 21-S

Sodium pentachlorophenate

Sndium 2,4,5-trichlorophenate
Sodium salts of other Chlorophenols
Inert ingredients

NALCO 25-1 or NALCO 425~L

1-Alkyl (C, to C,.)~amino-3-aminopropane
propiouaée-cOp%gr

Isopropanol

Copper sulfate expressed as metallic copper

Inert ingredients

NALCO-201

Potassium pentachlorophenate -
Potassium 2,4,5~trichlorophenate
Potassium salts of other chlorophenals
Inert ingredients

NALCO-202

Methyl-1l, 2-dibromopropionate
Inert ingredients

NALCO0-207

Methylene bisthiocyanate
Inert ingredients

NALCO-209

1.3-Dichloro~5, 5 dimethyl hydantoin
Inert ingredients

* COMPOSITION

(€3]

10.0

USAGE

periodically,
as needed
25-400 ppm

or continuously

weekly
20-300 ppm

periodically,
as needed
300-400 ppnm
or
12-60 ppm
continuously

5-200 ppm

periodically
or

continuously

weekly
25-50 ppm

as needed
50-100 ppm
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NALCO-321

1-Alkyl (C, to 018
monoacetate

Isopropanol

Inert ingredients

)#* amino~3aminopropan

* As in fatty acids of coconut oil
NALCO-322

1-Alkyl (C, to C1
monoacetate

2,4,5~Trichlorophenol

Iaogropanol

Inert ingredients

8)* amino-3-aminoprxopane

* As in fatty acids of coconut oil
NALCO~405

2, 4-Dinitrochlorobenzene
2, 6-Dinitrochlorobenzene
Inert ingredients

Betz A-9

Sodium pentachlorophenate

Sod{um 2, 4, 5-Trichlorophenate

Sodium salts of other chloxophenates

Sodium dimethyl dithiocarbamate

N-Alkyl (C,,-4%, C,,~50%, C, ~10%
dimethyl Benzyl immonium $hloride

Inert ingredients (including solubilizing and
dispersing agents

Betz C-5

1, 3, Dichloro-5, S-Dimethylhydantoin
Inert ingredients (including solubilizing and
dispersing agents)

Betz C~-30

Bis (trxichloromethyl sulfone

Methylene disthiocyanate

Inert ingredients (including solubilizing and
dispersing agents)

COMPOSITION

(%)

20.0
30.0
50.0

=t

W~ O W
L4

~NOWno®

&H N

USAGE

weekly
5-200 ppm

as needed
10-200 ppm

as needed
100-200 ppn
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COMPOSITION
(¢4

Betz C-34
Sodium dimethyl dithiocarbamate 15.0
Nabam (disodium ethylene bisdithiocarbamate) 15.3
Inert ingredients (including solubilizing and

dispersing agents) 60.7
Betz J-12
N-Alkyl (C32-5%, €14~60%, C;¢=30%, Cyg-5%)

diwethyl benzyl ammonium chloride 24,0
Bis (tributyltin) oxide 5.0
Inert ingredients (including solubilizing and

dispersing agents) : 71.0
Betz F-14
Sodium pentachlorophenate 20.0
2,4,5, T or Sodium 2,4,5 trichlorophenate 7.5
Sodium salts of chlorophenate 2.5
Dehydrobutyl ammonium phenoxide 2.0
Inert ingredients, including dispersants 68.0

Chemical Action

Corrogsion Inhibition

The chromate ion 1s one of the most effective corrosion inhibitors, It is
effective where it can react with iron-containing alloys to form alpha ferric
oxide and chromic oxide film on the iron surface. Usually this treatment is
most effective when a high concentration of chromate is circulated throughout
the system until the film forms; then maintenance of a low concentration of
chromate is sufficient to maintain the protective film.

Phosphate acts both as a corrosion and a scale inhibitor and may be
found as sodium tripolyphosphate, sodium hexametaphosphate, as several types
of "glassy" phosphates of high molecular weight, These compounds also form
a protective film on metal, mostly on cathodic areas. However, at high
temperatures, low pH, or high calcium concentrations, the polyphosphates revert
to orthophosphates, of low molecular weight or react with iron or water hardness
salts to form an insoluble sludge.

The zinc ion alone is a relatively weak corrosion inhibitor but has strong
synergistic qualities., It is a cathodic inhibitor that forms a deposit of
zinc hydroxide on cathodic areas, thereby diminishing cell potential,
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Sodium silicate forms a thin protective gelatinous film over the first
layer of corrosion product on the metal surface, High concentrations of
chloride or sulfate ions may distrub the protective layer.

Organic inhi{bitors aid in developing protective metal oxide films by
forming a protective layer of insoluble material or by creating a surface-
active barrier.

Nitrite is a passivator for steel that makes the steel effectively a
more noble metal, A similar passivation is provided by tin alloys; copper
is a bit weaker. High concentrations of chlorides reduce the effectiveness
of nitrites; for example, about 4,000 ppm of NO is required in a 3% NaCl
solution, as compared with only 50 ppm in distilled water to achieve the
same effect.

Borax i{s often included in nitrite-based inhibitors to maintain a pH
of 8 to 10 in the water. It has not been demonstrated to be effective
as an inhibitor.

Antifoulant Polymers(z)

Plocculants agglomerate individual particles so that they remain suspended
and are easily bled off. Dispersants interfere with the agglomeration of
colloidal particles that are attracted to metal surfaces, often modify their
crystallization, and allow them to slough off, Chelating agents react with
certain metal ions to form stable, soluble complexes; calcium, magnesium,
iron, aluminum, and manganese ions may be chelated to prevent their precipitation
but the reaction i{s stoichiometric and chelation of water hardness ions is
generally uneconomical.

Toxicity

General

Table 2 1ists some elements (present in different valent states
in chemical compounds) which, historically have been used in cooling towers, (5)
together with their respective concentration factors by plankton and blown algae,
These concentration factors may signify increased toxic effects of various elements
through a food chain, and suggest that even low concentrations of some con-
taminants in water may be harmful by the third or fourth trophic levels. Some
high concentration factors, such as those exhibited by Foraminifora and Porifora
for silicon, are normal. Some elements, not toxic to aquatic life, may un-
balance the ecosystem by overstimulating the growth of certain plants or
animals, It is well established that nitrogen and phosphorus, particularly in
combination, cause massive algal bloouws under conditions where these elements
were previously limiting factors. While the accumulating poisons, mercury
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Table 2. TOXICITY AND CONCENTRATION FACTORS OF ELEMENTS ONCE - OR PRESENTLY
USED IN COOLING TOWERS

ELEHENIa) CONCENTRATION FUNCTIONS ENVIRONMENTAL TOXICITY
SYMBOL FACTOR*#** (not injected)

Plankton Brown algae

*As 2,500 carcinogenic;
moderately toxic to plants, highly to
mammals-—-especially as A3H3;

B 6.6 essential for " moderately ‘toxic to plants, slightly
green algae, to mammals
angiosperes
egssential for Br, 1is very toxic; Br- is relatively
*Br 2.8 marine organisms; hatmless to organisms
amino acids
*Cl 1 +062 essential for Cl- is relatively harmless; Clz, C10
mamnals and 0103 are highly toxic
anglosperms
may serve some Cr(II1) is moderately toxic; Cr(VI)
*Cr 17,000 6,500 physiological is highly toxiec to organisms and is
function probably carcinogenic (by inhalation)
very toxic to algae, fungi, and seed
*Cu 17,000 920 essential to plants; highly so to invertebrates;
all organisms moderately so to mammals

a cumylative poigson in mammals very
g - 250 - toxic to fungl and green plants;
highly to mammals in some forms

N 19,000 7,500 essential as xelatively harmless; concentrations
structural atom higher in plankton and fish

*? 15,000 10,000 vital in many
ways

*Pb 41,000 70,000 none very toxic to most plants, moderately
: S0 to mammals; cumulative poiscn

———. + e
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*s 1.7 3.4

2" high to bacteria and fungi; re-
latively harmless to green algae,
seed plants and mammals; H,S is
highly toxic to mammals, Sa =
moderately to highly; SO4 is
relatively harmless

ASq - -

essential to
some plants

gscarcely toxic, but large amounts
in mammalian lung harmful (used by
Foraminifera and Porifera, etc.)

%#Sn 2,900 92

none

very toxic to plants and green
algae

AZn - -

essential to
all organisms

moderately toxic to plants, slightly
toxic to mammalg; uptake by plant
roots not linked to metabolic
process

(a) The elements listed above exist in the form of different chemical
compounds with the element in different valent forms to which biota
are toxic but concentrations are expressed in terms of ppm of the
element not the actual compound.

* accumulator species or genera known

#* ppm in fresh organism/ppm in sea water

Toxicity terms;

very, 1-10 ppm, highly, 10-100 ppm;

moderately, 100-1,000 ppm; slightly, over 1,000 ppm

(as 24 hr TLm in moderate sized
organismg--i,e., fish)

and lead, are no longer marketed for use in cooling towers, any of the heavy metals
(e.g., chromium, zinc, or tin) may cause environmental problems if they remain in
sediments or are concentrated in some forms of aquatic life. Establishment of the
potential threat to the environment becomes extremely difficult because the different
forms and valence states of elements may vary greatly in toxicity--as with

sulfur, chlorine, and mercury.

Factors contributing to the change from one state

to another and synergistic toxic effects must be known before cooling tower chemicals
can be ranked in order of potemtial environmental threat,
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Chromium#*

Because of its widespread use and high toxicity, chromium present in
different valent states in compounds merits careful attention in its rela-
tion to aquatic life, It is not currently being considered for use at the
Vermont Yankee Station, but it is an alternative, if the effects of residual
chlorine prove harmful to aquatic life in Vernon Pond. Some sources say that
the trivalent form shows none of the toxicity of the hexavalent for? (as in
the chromate ion) and is not of concern in drinking water supplies,
However, accordiqg to a report of the Federal Water Pollution Control Adminis-
tration (FWPCA,) (now part of the Environmental Protection Agency), 'Most
evidence points to the fact that under long-term exposure the. hexavalent form
i3 no more toxic toward fish than the trivalent form."* Thus total chromium in »
a water supply may be much more indicative of a possible environmental problem
than hexavalent chromium alone. In environments containing chromium, fish
have shown that the toxicity of chromium varies with the species of fish, pH
of the water, valence state of the element, and hardness of the water--the last
a synergistic or antagonistic effect., Although the FWPCA recommends 0.05 ppm
as the drinking water standard, it states that data are too incomplete to
warrant more than caution in the discharge of chromium,

Concentrations of 0.01 and 0.02 ppm chromium in soft water have been found
for salmonid fish, but Daphnia and Microregma show threshold effects at
coni93trations of 0.016 to 0.7 ppm, and 0.032-0,.32 ppm inhibits growth of

diatoms. A Oyster mortality studies at long-term (2 years) concentrations of
0.01 and 0.012 ppm showed a definite increase with an increase in temperature,

so that synerglstic effects may(’?tensify the damages resulting from exposure to
chronium in low concentrations. Thus, even these low levels (less than '
drinking water standards) were found to be toxic to certain forms of plant and
animal life, As concentrations of chromium increase, the ingestion~elimination
balance changes and accumulation takes place. Some fish accumulate chromium "Qﬁ?
it is in concentrations as low as 1 microgram per liter or 1 part per billion.

In 1958 Fromm and Schiffman published a study of the toxic action of Cr6+
largemouth basi }n which they determined the 48-hour median tolerance limit, TL
to be 195 ppm. However, the focus of the study wag on the physiological effects
of less than acutely lethal dosages., At 94 ppm of Cr no changes were observed
in the respiratory epithelium of the fish, but a slight decrease in general
metabolism did occur along with widespread destruction of the intestinal epithelium.
these effects differ markedly from those caused by zinc, copper, and lead, where
mucus is caused to be secreted by the gills and damage to gill tissue causes

- eventual death.

6+

* Chromium can exist as Cr3+ (trivalent) or c:oz' (hexavalent - Cr but

concentrations are based on the weight of Cr,
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In 1959 the same authors reported a %iayour median tolerance 1limit for
raipbow trout to be 100 ppm of chromium. A concentration of 20 ppm of
Cr ' was chosen for the study of chronic physiological changes. Red blood
cell concentration (hematocrit) in the circulating blood of the trout signifi-
cantly increased as a result of the exposure, most probably because of an
unmeasurable decrease in plasma volume., Perhaps more importantly, the hematocrit
is affected at 2 to 4 ppm of chrorium, a concentration much lower than the
median tolerance limit and one which could easily be found in a stream receiving
blowdown.

Not all fish are as tolerant of Cr6+ as are trout, bass, and bluegill.(ll)
The median tolerance limit,for 24-hour exposure to potassium dichromate in soft
water was 4,10 ppm (as Cr0, for guppies, 39.6 ppm for fathead minnows, and up
to 284 ppm for bluegills., 'In these tests, there were insignificant differences
for 24, 48—, and 96-hour expasures. Trivalent chromium was found to be a toxi-
cant; mortality rates, however, did not always increase with increasing concentra-
tion. At acutely toxic levels for fish (in the range of the medium tolerance
limit), the hexavalent chromium was more toxic, but no comparisons were made of
the two valence states at very low concentrations,

Water Quality Standards

Table 3 lists FWPCA recommendatitgg for drinking water standards with respect
to chemicals used in cooling towers. As yet, not all of the elements have been
assigned limits; some limits were set lower because of aesthetic considerations

rather than because of health congiderations; for example, the low concentration limit
for phenol was probably set in light of the threshold for phenol taste in water.

Severity of the Environmental Problem from Blowdown

The magnitude of the environmental chemical dispersion problem, {f any, connected
with blowdown from a specific cooling tower depends upon: (1) the rate of blow-
down, which is usually directly related to the size of the system and the number
of cycles of concentration allowed by the quality of input water; (2) the choice
of chemicals--a choice often dictated by the system's potential for corrosion or
microbial attack, which in turn is often directly.dependent on tower design and
construction materials; and (3) the effectiveness of treatment of blowdown water
before discharge to the environment. Drift has received less study, and the
factors controlling its quantity and content are less well-~known.,

Envirommental problems assoclated with blowdown can be substantial, although
immediate impact on aquatic environments may depend more upon the ratio of the
stream flow rate to blowdown rate (the dilution factor) than on absolute amounts,
Less immediate problems, such as the dispersion of heavy metals to the entire
ecosystem, would revolve more around absolute amounts,
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Reducing Impact

1, Cycles of Concentration

Pretreatment techniques can increase cycling of water in cooling towers and
thus decrease system discharge. They include: (1) clarification and chemical
softening of makeup water, (2) partial zeolite softeni?g)or demineralization of
makeup water and (3) bypass or side-stream filtration, By removing from the
makeup many of the original dissolved solids which could concentrate to
unacceptable levels very quickly, many more cycles of concentration--more
recirculation with less blowdown may be allowed before concentrations become too
high.

2. Choice of Chemicals

Heat exchanger design and tower construction materials usually determine
the potential corrosion and thus determine the choice of chemicals to be added
to the recirculating water. Some towers, notably natural draft towers, use no
corrogion inhibitors (except acid as a gg control), while others require high’
concentrations of chromfum, zinc and PO, as inhibitors, Similarly, some towers
can use chlorine as a biocide, while otéers use a nonoxidizing biocide. TVA's
cooling tower at its Paradise Steam Plant uses only acid and chlorine in the
cooling water, Because corrosion resistant construction materials, principally
concrete, was used and due to a low heat flux at the exchanger, heavy metals and
phosphate are not needed in that tower for corrosion control.

3. Construction of Towers

Certain design characteristics can be aiigtegaso avoid galvanic corrosion
and reduce the need for chemical treatment,  ~* °~° Operational factors influenc-
ing the corrosion rate (and thus choice of inhibitor chemicals) include mineral
content of the system water (which also may dictate how many times it may be
recirculated), dissolved gases, electrical conductivity, suspended matter
(turbidity) in the water, slime and microbial activity. More important are the
design factors such as the use of corrosion resistant metals and the use of
dissimilar metals of which one is expendable, a common practice throughout the
industry., If the metals differ significantly in electrochemical potentfal, one
may serve as the cathode of an electrochemical corrosion cell, and the expendable
metal acts as an anode and corrodes rapidly at a rate determined to some extent
by the difference between the electrode potentials of the metals., If the water
has good electrical conductivity, the metals need not be coupled or adjacent to
corrode. The choice of metals and proper construction of the heat exchanger are
extremely important, as a mistake might necessitate heavy chemical applications
for the life of the tower. The primary concern is not with rapid destruction or
perforation of the tube sheet, since design specifications normally call for
adequate thickness, but is with the buildup of corrosion products that effectively
block tubes or restrict water flow. Under certain conditions, metals that are
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Table 3. RECOMMENDED UPPER LIMITS TO THE IONIC CONCENTRATIONS IN DRINKING

WATER (Ref. 7)

Element or Compound

As

B

Br

c1

Cr

CN

Cu

Hg

K

N (total)
N0y

P

Pb

S

Sn

Zn
Phenols

* No criterion has been established,

Upper Limit (ppm)

0.05
1.00
*
250
0.05
0.01
1.0

10.0
45.0

0.05
250

5.0
0.001
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normally cathodic can corrode, particularly where deposits form on the metal
surface to set up locally different corrosion cells. Metals to be concerned
with most are those that are electropositive with respect to steel, since steel
adjacent to copper or copper alloys can corrode rapidly. Other unsuitable

~metallic pairs are copper~aluminum or steel-aluminum. However, some alloys

such ag admirality brass and stainless steel are extremely corrosion-resistant
metals if they are protected from galvanic activity,

4, Cooling Temperatures

Temperature of the heat exchanger has a major role in determining corrosion
potential. Control of scale and corrosion in the heat exchanger is more
difficult at high temperature.

5. Blowdown Treatment

Effective blowdown treatment systems have been developed for removal of
chromium, Basically two methods are recognized, reduction-precipitation th? 4)
discaxrds the chromium and ilon exchange that provides for chromate recovery.

The best known process, reduction-precipitation, is commonly used in the chrome-
plating industry. When property employed, it removes virtually all traces of
chromium from the waste stream, leaving a chromium-containing sludge for

disposal. This method also is effective in removing zinc and other heavy metals,
phosphate, insoluble chromic hydroxide, and all dirt and suspended solids. (ig?e
biocides may also be reduced in concentration (by a factor of 1/2 or more).

Ion exchange on the other hand, while effective for removing chromate for reuse
(which must be in the dichromate form), is ineffective for zinc salts or phosphate
even when these are used in comwbination with chromates. Accessory treatment must
therefore be employed for these ions. Sodium hydroxide and sodium chloride are
used to regenerate the ion exchange resin, and these may be detrimental if released
to natural environments.

Conclusions

All factors--enviromnmental, economic, engineering design, and construction--
should be weighed before a tower is constructed in order that adequate environmental
protection can be built in. There is very little information concerning biocides,
thelr fate after discharge, and methods to render them harmless. Evidence
indicates that most biocides will not remain unchanged for long periods of time.
However, since their toxicity is the very reason for the use of biocides in the
towexs danger to aquatic ecosystems receiving blowdown remains a matter of concern.
Breakdown and dilution of biocides should be monitored after release. It is
recoummended that tests to ascertain necessary levels of usage in each tower be
performed since possible overuse in current practice is indicated by the broad
ranges of concentrations suggested on product labels. Corrosion tests are perhaps
more common and relatively easy to do, the results indicating the concentrations
of chromium that are sufficient and whether nonchromate inhibitors such as
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phosphate could be substituted. However, substitution of phosphate would
involve a trade-off among alternative environmental damages, since phosphate
encourages the growth of noxious plants. If blowdown treatment 1s not employed,
resort to biocides less toxic to animal life (such.,as the organo-sulfurs or
quaternary and complex amines) or those that volatilize quickly and are not
released in the blowdown would reduce envirommental impact. Redesigning of
common industrial heat exchangers may result in use of little or no corrosion
inhibitors, but some biocide will still be required.

Blowdown treatment seems to be the final determinant over what chemfcals
will be discharged to the environment. Increased use of chemfcal additives for
recirculating cooling water should include consideration of blowdown treatment.
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APPENDIX XII-A

COMMENTS ON DRAFT DETAILED STATEMENT
ON THE ENVIRONMENTAL CORSIDERATIONS OF THE
VERMORT YANKEE NUCLEAR POWER STATION
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SECAKTARY

STATE OF YERMONT '
AGENCY OF DEVELOPMENT AND COMMUNITY AFFAIRS

MONTPELIER, YEAMONT 08808
802} 233-2311, KX, 481

June 9, 1972

Daniel R. Muller
Assistant Director for Environmental Projects
Directorate of Licensing

U.S. Atomic Energy Commission
Washington, D.C. 2054S

Docket No, 50-271
Dear Mr. Muller:

Subject:

In reply to your letter regarding environmental effect of
tne Vermont Yankee Nuclear Power Station, there are no

nationally registercd historic sites in the vicinity of
the Vernon plant.

It is, therefore, our understanding
that effect on historic places is not a consideration

in determining its environmental impact.
Sincerely yodrs,

'/ e ~ >
//{'«' Aty
William B, Pinney /
Director

Historlc Sites Division

WBP:md
cc: L. G, Farrar
Oak Ridge National Lab.
P.0. Box P PRI
Oak Ridge, Tenn. 37830 z 5
9'::; .% =
Zos 7 o
5 -
22 .
=8
g2z S
[ A3l LAY S
LA I
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DEPARTMENT OF AGRICULTURE
OFFICE OF THE SECRETARY

WASHINGTON, D. €. 20250

May 3, 1972

Mr. Lester Rogers
Director Division of Radiological and MAY8 1972>
Environmental Protection ’
U, 8., Atonic Energy Coomission
Washington, D,C. 20545

Dear Mr. Rogers: .
¥We have had the draft envirommental statement for the
Vermont Yankee Nuclear Power Corporation, AEC Docket No., 50-2T1,
reviewved in the relevant agencies of the Department of Agriculture,
and cooments from the Forest Service and the Soil Conservationm,
both agencies of the Depariment, are attached. |
Bincerely, ]
—70Hy 24
T; c. mmx/
Coordinator, Envirommental
Quality Activities
Attachments

2499
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UNITED STATES DEPARTMENT OF AGRICULTURE
FOREST SERVICE "

We have reviewed the draft detailed statement telatiﬂé to the proposed
issuance of an operating license to the Vermont Yankee Power Corporation
for the operation of the subject Station.

The Station Is located on the west shore of the Connecticut River, in
the town of Vernon, Vermont approximately four miles north of the
Massachusetts state line, The statement indicates that 125 acres of
land has been modified during plant construction, and that required
transmission lines will extend over 50 miles of countryside. In each
ifnstance the statement should {ndicate the acreage of forest land that
was cleared, Loss of forest land 1s related only to a reduction in
aesthetic values in the statement, Other adverse fwpacts of forest
clearing, which should be added include the displacement of wildlife,
the logss of timber inventory base and its annual growth and an increase
in s0i]l movement and sediment production.

The statement would be improved {f it would discuss criteria that was
used in locating transmission lines to assure adequate consideration
of environmental values, If possible, costs that are asasociated with
environmental protection in line location, construction and mainte-
nance should be made knowm. Also the statement might report the
company's policy in respect to utilization of non-air polluting
practices in dispoesal of waste vegetation and methods of controlling
vegetative growth i{n right-of-wvay lands,

On page 123, reference is made to a two-phasa environmental radiation
monitoring program. We are in agreement with the emphasis placed on
radiation monitoring; however, the statement is not clear as to whether
chemical, thermal and physical impacts are being monitored. The
environmental monfitoring program should provide a basis for the detection
of all significant impacts, and should be explained in detail.

In regard to gaseous radiocactive wastes which would be held for decay
before discharged through a 318-fr, stack, the statement might give
consideration to the amount and contents of the discharged gases at the
stack and discuss any effects they would have on the environment.
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Sotl Conservation Service, U.S.D,A., Comments on
Draft Environmental Statement Prepared by the
Atomic Fnergy Commission for Operation of the

Yermont Yankee Nuclear Power Station at Vernon, Vermont

‘¥e have no specific comments xegarding the impact of plant
operation. The statement does document the fact that a great deal

of careful study has been given to all environmental aspects.

¥Whether the plant is permitted to operate or mot, it would
appear that the site is comnitted to its present use for some tine
to come, The atatement recognizes the need for protecting this
land agalnst erosion, and for emhancing aesthetic values, We do
note that surficlal geology @nd soils are not discussed in as
smuch detall as some other physical features of the site, and
would point out that information on this resource, available locally
through the Soll Conservation Service, could be useful in planning
for optimum use of the slte, its surrounding area, and transmlsslnon

corridors,
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DEPARTMENT OF THE ARMY 5‘0 - a 7/
NEW ENGLAND DIVISION. CORPS OF ENGINEERS
424 YRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

IN RTPLY REFER TO:

- NEDED-R 22 May 1972

Mzr. Lester Rogers

Director, Division of Radiological
and Environmental Protection

U.S. Atomic Energy Commission

Washington, D.C. 20545

Dear Mr, Rogers:

Your letter of 7 April 1972 to the North Atlantic Division of
the Corps of Engineers requesting comments on the following
document has been referred to this Division for appropriate
reply:

Draft Detailed Statement on the Environmental
Considerations Related to the Proposed Issuance
‘./ of an Operating License to the Vermont Yankes
. Nuclear Power Station, Docket No, 50-271, By
the U,S. Atomic Energy Commission, Division
of Radiological and Environmental Protection.
Issued April 7, 1972, '

Our comments on the draft Environmental Impact Statement
are inclosed, '

Sincerely yours,

M 0 it

. Incl(dupe) JOHN WM. LESLIE
i as stated Chief, Enginecering Division
’ 2BL0
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COMMENTS RELATED TO THE

DRAFT DETAILED STATEMENT
o BY THE . :
DIVISION OF RADIOLOGICAL AND ENVIRONMENTAL PROTECTION
U.S. ATOMIC ENERGY COMMISSION
ON THE ENVIRONMENTAL CONSIDERATIONS
RELATED TO THE PROPOSED ISSUANCE OF AN OPERATING LICENSE .

TO THE VERMONT YANKEE NUCLEAR POWER STATION

DOCKET NO. 50-271

Prepared by
U.S. ARMY ENGINEER DIVISION, NEW ENGLAND, WALTHAM, MASSACHUSETTS

MAY 1972 a :
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* COMMENTS

General. It is suggested that a new paragraph be added to.Section V, En-
vironmental Impact of Plant Operation, in order to bring together descriptions
of the methods and techniques to be used in performing continuing studies,

- tests and analyses related to environmental impacts.

‘The following comments are made by the Environmental Resources

Section, Planning Branch:

- PAGE

vi, Sect. III.D. 1,
7to13

l 9’ 3rd Par,

.t..! .21

24, 3rd Par.
29, Sect. 1I-F¥-3

32, Sect. II-F-6

COMMENT

Omitted b, "* Dispersion of Heat, after "a."

In Sect. llc, under"...Land Use,” you mentioned
aquatic recreation (sport fishing and boating) but
what -about land recreational use; such as, sport
hunting in the general area. Is there seasonal
hunting for deer, pheasant, squirrels, ducks, etc.
in the area?

In last sentence of this paragraph, mentioned "river
is not considered seriously polluted. " What water
quality criteria standard has State of Vermont
designated for this section of the river?

.Table I1-2. Recommend that the table include a
range of values (minimum & maximum) plus mean
in order to get a better idea of water quality of area.

In Jast sentence, mentioned applicant plans for post-
operational ecological studies. How long will studies
continue?

2nd Par. Recommend that during discussion of marsh,
reference should be made back to Figure II-2 for
location of marsh areas.

1st Par. Why was benthos surveyed only during summer
months? Should have extended sampling throughout the
year, barring ice conditions,

Table 11-7. Genus for white perch is now Moronein=
stead of Roccus. Also, there is a subspecies for
Walleye and therefore should be: Stizostedion vitteum
(for reference, see American Fisheries Society; 1970,
A list of Common and Scientific Names of Fishes, Spec.
--Publ. No. 6). In addition, recommend put asterisk (¥) i1
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34 (cont'd)

39, Sec. IIIA

45, 2nd Par.

46, D. 2nd Par.

.51, D1b

61, Sec. III-D-2-a

64, 2b.

75, Sect. 1IVB

719, Sec. V-A-3

88, lst Par.

94, 9th-10th line

A-50
COMMENT

front of those species more commonly abundant in
Vernon Pond {e.g. Rock bass, yellow perch, etc,)

1st Par. Should expand on details of planned land-
scaping or given reference to Section where it is
explained.

What type of herbicides, in what concentration, and how

often used should be included,
Should give definition of service water system.
Under Dispersion or Heat, information should be given

on a 3-dimensional heat plume jnstead of just 2-di-
mensional. How deep will thermal plume extend?’

"...2 fraction of circulatory stream is continually
withdrawn..." What fraction (vol. per 1 unit time) is this

Under Gaseous Wastes, recommend give limit of gaseous
radiocactive waste as specified in 10CFR20, rather than
just referring to that reference; for example, might
include it in Table III-2, p. 69.

Should either include impact of excavation, clearing,
construction and destruction of terrestrial flora and
fauna at the 125 acre site, or make reference to p. 85
and p. 159,

No mention or discussion is made of the possibility of
air contamination by fog formed from condensed water
vapor from cooling towers, as suggested on p, ii. N
Disagree as to little adverse effect on aquatic life

during closed cycle operation.” True that only 2% of
minimum flow will be taken in during closed cycle, but
the fact that plankton is not uniformly distributed
across Vernon Pond but tend to congregate in masses

can cause severe consequences to these weak swimmers
if sucked in by the intake, Since they will be experiencing
90°F temperatures, toxic chemicals and physical agitatio
mortality might be expected to be high.

What about embryonic and immature fish drifting down
into Vernon Pond from upstream.

2
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Page
108, Sth Par.

108. Sec- V-C"s

119

144, Sec. VU1

144

169+

A~51
COMMENT

Should define ""bioaccumulation factor,
Discussion in "Radiological Effccts, ' is excellent.

Table V-6, is a éood idea. Recommend that a 3rd

‘column be added to include maximum critical values

{mrem/yr) for man, as a reference. This would be of
interest to the layman reading the impact statement.

3rd Par. "proper design and location of lines can minimiz:
some visual impacts,..'" Will this be done? If so, how?
No discussion is presented here on unavoidable adverse °*
effects on aquatic life during plant shutdown (reverse
thermal shock) for refueling which will take place about
once per year -~ If discussion will not be included here,

at lease make reference to it on p. 98.

The included appendices are a good idea.

Mention should be made of the fact that the mortality to organisms within
the cooling tower water will be 100 per cent. Any organism within the cooling
water will probably not be able to survivé the continual cooling, reheating, as
well as mechanical injury and chlorination procedures associated with the re-
circulation of cooling tower water. R -

This will include mortality to those organisms within the initial 376, 000
g2llons as well as the 10, 000 gpm which will be used as makeup water. The
10, 000 gpm of makeup water will be pumped to the cooling towers during the
months of June, July, August and September, the months in which planktonic
organisms are in the greatest abundance.” How this relates to the planktonic
population in general as well as to the. impact it will have upon Vernon Pond !
should also be mentioned.

-

The last three sentences at the bottom of page 53 state 'the computer
output indicates that about 150 acres-or a part of Vernon Pond up past the
intake structure--would be covered by water at 5°F or more above ambient
river temperature. ' Studies should be pérformer to determine if recirculation
will occur between the discharge and intake waters.
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The following comment is made by the Hydrologic Engineering Branch:

On Page 17, par. 2, surface Water Hydrology, 3d Par, 4th line., Change the
sentence beginning "The Corps of Engineers---" to read: The Corps of
Engineers Standard Project Flood would have a flow, with its present 16
flood control dams in place, of 230,000 cfs and a stage of 235.1 msl.



THE ASSISTANT SECRETARY OF COMMERCE
Washington, D.C. 20230

50-2771

May 5, 1972

Mr. Lester Rogers, Director
Division of Radiological and
Environmental Protection
U.S. Atomic Energy Commission
Washington, D. C. 20545

Dear Mr, Rogers:

The draft detailed statement on the environmental considerations
by the U.S. Atomic Energy Commission related to the proposed
issuance of an operating license for the Vermont Yankee Nuclear
Power Station, Docket Number 50-271, which accompanied your
letter of April 7, 1972, has been received by the Department

of Commerce for review and comment.

In order to give you the benefit of the Department's analysis,
the following comments are offered for'your considerxation.

The statement candidly discusses various environmental effects
that are expected to result from construction and operation
of the facility. Consideration of the following points may,
however, be of value in strengthening the statement.

The fourth paragraph on page 33 (7. Fish) contains an error
in that smallmouth bass are listed as the fourth most abundant
fish species taken by Countryman (1971). Table II-8 indicates
that rock bass is the fourth most abundant species (if the
sunfish-bluegill category is ignored).

There is apparently a discrepancy in the figures given in
Table II-8 and on page 105 for the white sucker. It is stated
that this species made up 11 percent by number of the fish
taken in Vernon Pond (Countryman, 1971). Assuming that Table
I1-8 remains the reference point for this study, the catch
amounts more nearly to 24 percent of the total number taken.
This apparent contradiction likely results from the fact that
Table II-8 does not include all of the fish taken. If so, the

*2497
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true situation could be displayed by simply adding a
"miscellaneous" or "other species' category to Table II-8.
The same type of discrepancy pertains to carp, wherein the
text refers to 2 percent of the catch by number and the table
indicates about 4 percent.

The meaning or intent of the last sentence of the second
paragraph of page 52 is not clear.

The last sentence on page 86 states that . . . it is planned
to operate the cooling towers when these populations are at
their peak. The inference here is that operation of the cool-
ing towers will lessen the mortality of plankters passing
through the condenser. However, the statement might also be
interpreted as indicating that the mortality is less signifi-
cant because populations are at their peak, and that the degree
of significance is a matter of relativity. In either case,
the .first assumption appears erxoneous, and the second at
least illogical. Deletion or clarification of the sentence
would seem warranted.

The several attempts to explore the probable effects of heated

"discharges on plankters, benthic-organisms, and fishes is

exceptionally complete and noteworthy. Moreover, we think it
is commendable that candid recognition is given (page 92) to
the possible adverse influences that the plant may conceivably
have on the attempt being made to restore anadromous fish runs
to the Connecticut River, and that suggestions are made con-
cerning conducting operational studies that will deal with
problems that may arise and the remedial actions that may be
required to ensure the success of the restoration program.

The conclusion that a major adverse effect on the fish population
will not result from the operation of the reactor is not

clearly established. Although the effect of thermal variations
is discussed in detail for a variety of fish, the possibility

of severe damage to small and immature fish has not been demon-
strated to be small. These fish can be killed by being drawn
against the intake screens or through the cooling system.
Although some may survive in going through the system this
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should not be assumed (it is not clear in the report whether
a 1007 loss is assumed or not). Clearly the fraction of small
and immature fish killed in this way is important. The report
states that under some operating conditions as much as 707 of
the minimum river flow goes through the cooling system. This
would seem to present a serious problem. The assumption in
the report seems to be that the fraction when averaged over
actual river flow and weighted by the time of year when small

. and immature fish are most prevalent (presumably spring) is

much smaller than the maximum value of 70%. Although this may

- be true, the report does not attempt to give this any quanti-

tative support.

The last sentence of the first paragraph on page 94 draws the
conclusion that young f£ish should not be abundant in the area
susceptible to entrainment in the cooling water. This con-~
clusion is unsubstantiated in that no. information 1is provided
concerning the distribution of fish eggs, larvae, or juveniles
in Vernon Pond.

In the discussions of temperature-xelated influence on
individual species of fish (pages. 103-106), several subjective
conclusions are presented. The validity, for example, of
assuming that largemouth bass will benefit from warming of
Vernon Pond, while at the same time conjecturing that there
will be no major influence on the smallmouth bass population
seems debatable and subject to various interpretations.

The report states that the noise level in some residential
off-site areas may be as high as 70dB. This is below 904B (A)
permissible occupational noise level for an 8-hour day. It
does say that these levels may be a source of irritation. A
more detailed analysis of the degree of irritation for a 24-
hour day might be desirable before plant operation commences.

In the discussion of the liquid waste treatment the report
appears to base its conclusions on two assumptions. One is
that much of the untreated liquid waste is only 17 as radio-
active as the primary and ‘the other is that the equipment drain
system has a decontamination factor of 100. Although both
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assumptions appear reasonable, the bases do not appear to be
given for either. Such important assumptions should be
thoroughly substantiated.

On page 68 the report states that after modification of the
present off-gas system the iodine~131 will be reduced to 0.6
Ci/yr from all sources. Since Table III-1 shows 1.2 Ci/yr as
being emitted in liquid effluent which should not be changed
by modifications to the off-gas system, we don't see how the
statement on page 68 can be consistent with Table III-1l.
Furthermore, Tables III-1 and IIX-2 indicate a total iodine-
131 release of 2.9 Ci/yr. The xeduction to 0.6 Ci/yr for the
modified system as stated on page 68 would give about a reduc-
tion of a factor of five. On page 121, however, the report
states that a factor of 100 or more is expected when the
extended holdup charcoal system is ugsed. If this is different
from the modified system referred to on page 68 shouldn't it
be discussed there? 1f it is the same system, why is credit
taken for a factor of 100 on page 121 when only a factor of 5
appears to result from the earlier discussions on page 68. If
there 1s a rational explanation, it should be clearly stated.
The whole iodine-131 picture appears to be presented in pieces
which makes it appear inconsistent from one part of the report
to another. '

The annual dose to school children near the plant boundary of
20 ‘mrem is high compared to the new AEC guidelines of no more
than 5 mrem/yr at the site boundary. Although this may be a
very conservative calculation, it appears to be dismissed too
lightly. Although these levels are to be checked after plant
operation starts, we believe the conclusions of the report
that the adverse effects of the plant are acceptable are con-
siderably weakened by thelr 20 mrem estimate of the dose to
occupants of the elementary school. Perhaps a more realistic
calculation could be made or steps taken to minimize the
nitrogen-16 sky shine itself. '

The subsection on Radiological Effects (pages 108-114) properly
evaluates radiation exposure of aquatic organisms, but the
subsection on Radiation Monitoring (pages 123~126) would bene-
fit from the addition of certain specific information.
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The locations of sampling stations are simply .said to be

"upstream and downstream from the station." These locations
should be described and delineated more accurately and shown
on a map of the area. In the postoperational program, water

- will be sampled near the effluent discharge. Sediments and

biota should also be sampled at this location so that any
radioactive accumulation will be detected quickly. The fre-
quency of biota sampling is given only as "periodic." We
recommend that time intervals. between gsampling periods should
not exceed 6 months. Furthermore, the types of benthic organ-
isms and fishes selected for sampling should be specified, and
the species should be representative of different feeding
habits. If possible, organisms should be selected that are
known to accumulate certainradionuclides.

The AEC submitted a copy of a suggested insert to the Draft
Third Edition and we note this insert appears as the last
paragraph on page 78 and the first paragraph on page 79 of
the current (4/7/72) draft statement.

The AEC staff's insert to the report covers most of the
deficiencies of the consultant's plume rise model. However,
without specific information on how the staff computed dowm-
wash effects on State Highway 142 for a period of time not
exceeding 15 hours per year, we cannot substantiate the results.

Again, in general, we believe the consultant's estimate of
fogping at the ground is conservative except for the remaining
question of " downwash.

We are unable to usefully comment on the radiological effect
of gaseous effluents since the computed doses as they appear

in Table A-2, A-3 and A-4 do not specify the meteorological
assumptions. The applicant is equally noncommittal about
these assumptions saying only on page 5.3-14 of Volume I,
Supplement to the Environmental Report dated 12/21/71 that

they were based on 'Meteorology Data Collected at the Site
from August 1967 to July 1968." 1In order to assess the radio-
logical effect of routine and inadvertent releases to the
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atmosphere we would need a listing of the meteorological
agsumptions and the resulting relative atmospheric diffusion
rates in units of sec m™3,

We hope these comments will be of assistance to you in the
preparation of the final statement.

Sincerely,

Sidney R. Galler
Deputy Assistant Secretary
for Environmental Affairs
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ENVIRONMENTAL PROTECTION AGENCY 5 o a 7/

WASHINGTON, D, C. 20460

MAY 12 W2 r\/\ "‘-'\\/ ornetor Tht
ADMIRISTRATOR
s ~ ’ — .'. .
": e S
R ST 6
- '7‘.'-_._: <t o [T : C.t
Mr. L., Manning Muntzing e 2SI A S
Director of Regulation - . R

U.S. Atomic Energy Commission et A

Washington, D.C. 20545 \igk' }_:;,4<"n
aTVe

Dear Mr. Muntzing:

The Environmental Protection Agency has reviewed the draft
environmental statement for the Vermont Yankee Nuclear Power
Station and we are pleased to provide our comments to you.

The major environmental impact of operating the Vermont Yankee
Nuclear Power Station involves the potential impact on aquatic biota
due to the direct discharge of condenser cooling water to Vernom
Pond. Since several modes of operating are possible with regard to
discharging heated condenser cooling water, we believe that the
station should be operated on the basis of data from an adequate
biological and thermal monitoring program. This program should be
developed as soon as possible; in the interim we recommend that the
station should be operated using closed cycle cooling.

Vith respect to radiological aspects of the facility, an evaluation
should be made of the feasibility and need for the addition of an
evaporator in the liquid radioactive waste treatment system to treat
chenical and floor drain wastes. Additional attention should also
be given to the impact of direct radiation doses at Vernon Elementary
School from turbine shine.

We will be pleased to discuss our comments with you or members
of your ataff,

Sincerely,

Enclosure

2674
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ENVIRONMENTAL PROTECTION AGIE.NCY
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T INTRODUCTION AND CON(?LUSIONS
The Environmental Protection Agency has reviewed the draft envixon-
. mental impact stacement for Vermont Yankee Nuclear Power Station prepared
by the U.S. Atomic Energy Commission and {ssued on April 7, 1972,
Following are our major conclusions:
1. fn order to insure compliance with Federally approved state
standards and to adequately protect the aquatic biota of Vernon
Pond, the Vermont Yankee Nuclear Power Station should be operated
' in accordance with biological and thermal data generated from an
.adequate monitoring program. The development of this monitoring
program, in conjunction with expanded biological studies, should
‘v‘ be initiated as soon as possible. In the Interim, the plant should

be operated using closed cycle cooling.
2. 1In ovder to achieve lowest practicable radwaste discharge
levels until treatment system modifications become operational,
the present waste treatment system should be utilized to its
full capability.
3. In considering modifications to the 1liquid radiocactive waste
treatwent system, the applicant should also evaluate the feasibility
and need for evaporator capability to treat chemical and floor
drain wastes,
4. Actual population doses should be estimated for plant operation
with the modified gaseous'treatment system and the dose estimates
should include contributions from all secondary sources. Special

emphasis should be given to the turbine shine dose at the Vernonm

.U
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Elementary Schéo} and the applicant should indicate the levels,
of turbine shine doses that will require corrective action. The

s corrective -actions that will be taken if needed should aisé be
presented.
S. Additional information 1s needed to cvaluate the impact of
cooling tower and tﬁrbine genefator noise, An 6cfave band analysis
should be done giving speclal attention to possible speech

interference levels at. the Veraon Elementary School.
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RADIOLOGICAL ASPECTS

Radiocactive Waste Management

The present waste treatment systems are not capable of limiting
the Vermont Yankee Station radioactive discharges to levels which
can be considered "as low as yracticablel" The draft statement
indicates that thevVermont Yankee Station will operate with the
originally designed gaseous radwaste system until the first scheduled
ghutdown of the reactoﬁ for regueling at ghich time the modificaiion
to the gaseous radwaste system will be ready for operation. An installation
schedule for operation of the modifications to the 1iquid treatment system
vas not presented. Until the system modifications are operational, the
minimf{zation of radiocactive effluent discharges will primarily depend
on administrative controls. .

In order to mininmize radioactive effluent discharges, the existing
wvaste management equipment should be utilized to {ts design capabilities.
This position is consistent with 10 CFR Part 350.36a. Examples of
procedures which would restrict discharges to "lowest practicable levels"
include : operation of the 1iquid waste system with emphasis on the
solidification of wastes to minimize discharges of liquid radvaste to
Vernon Pond ; and utilization of the standby gas treatment system to
irea: the reactor building exhaust. Providing iodine absorbers for
the building ventilation system would also mininmize discharges.

The draft statement Indicates that in the event of high activicy

levels, the standby gas treatment system cdn provide for charcoal

;dsorpéion and particulate filtration of the reactor building exhaust



system Wwhich removes air from the reactor ﬁqilding ventilation system
and from the drywell and tbrus purge exhaust system, The levels of
radioactivity which determine when this system will be utilized were
not specified. The standby g;a_treatment system {s designed as an
englneering safeguard; therefore, it may not be desirable to use the
system during routine operations because of reliability consideraticnms,
' The statement should discuss the feasibility of using the system during
routine operationis and the measures that will be taken to insure the
availability and reliability-of the system as an engineering safeguard.
I£ the standby gas treatment system is not to be utilized to treat
routine releases from the reactor buiiding and containment purging, the
feasibility of alternative methods of treatment should be discussed.

Radiofodine in the main condenser off-gas line will be treated by
the charcoal beds in the modified system. Radiofodine in the building
ventilation system which includes the turbine and radwaste building
éxhaust and radiciodine in the gland geal exhaust will be discharged
untreated. The ‘statement should discuss the feasidility and expected
benefits of providing iodine adsorbers in the station ventilation system
and the additional costs involved.

The draft statement indicates that the charcoal system modification
to the gaseous radwaste system’'will result in a reduction factor for
off-gas activity of at least 20 relative to that using a 30 minute
delay system; whereas, the applicsnt's environmental report indicates

that the wodification will result in an activity reduction factor of
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40, ' The amount of xenon and kryptom holdup provided by the charcoal

system modification and the overall dose reduction benefit gained from

the use of the system should be specified,

Additional information on aging charac:eri;tics and degradation
of the charcoal beds should be provided and plans for periodic testing
of the retention characteristics of the filters should be stated.
Estimates of the dulldup of radionuclides on the charcoal beds,
particularly the particulates formed as a result of noble gas decay, should
be prqﬁided. The ultimate diop;sal of the charcoal containing residual
quantities of radioactive material should ie discussed.

The draft statement and the applicant's environmental report
indicate that the applicant is evaluating a modification of the liquid
radwaste system to provide additional filtration and demineralizatfon
of low-purity wastes in a manner that would. permit a degree of recycle
to the reactor system. A summary of the modification to be made to
the liquid systen and any ioplementation schedule should be included
in the final statement. In the environmental report, the applicant
also indicated that other alternate treatment methods such as fncreasing
the holdup capacity for the low-purity Tadvaste system have been examined.

In considering modifications to the 1liquid waste treatment system, the

E applicant should also evaluate the fcasibility and need of adding an

évaporator to treat the chemical and floor drain waste. Nearly all
other BWR nuclear pover plants currently under design or construction

have an evaporator in the chemical waste treatment system. The
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applicané has provided for solidffication of waste within the chemical
1iquid treatment system rather than using an evaporator. The statement
should address the adequacy of the solidification system to'routihely
treat chemical waste as coupared with evaporation to malntain discharges

at the lowest level practicable.

Population Dose Assessment

Dose estimates from gascous effluents were presented in the draft
statement for the first fuel “cycle; however, doses were not presented
for plant operation a;ter the extended ﬁoldup charcoal system becones
operational., The estimated doses with the extended holdup charcoal
systen in operation should also be presented so that an asséssmcnt can be
made of the effectiveness of the guseous system modification.

‘Because of the addition of extcﬁd;d gaseous holdup and proposed
additional treatment for liquid radwaste, usually minor sources of
radiation effluents may become of primary importance in detemining
the ability of this facility to meect the proposed Appendix I criteria
of the Atomic Eaeréy Commission. These secondary sources will constitute
a nuch greéter portion of the total station radwaste discharge. Doses
fronm the following sources of exposur; should be presented: .

a. direct radiation exposure from the liquid radwaste tanks and

‘turbine shine :

b. drywell agd torus purge exhaust (containment venting)

¢, gland-peal leakage

d. radwaste and turbine building gascous exhaust
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In addition to the ma;imun off-site individual dose, doses (including
secondary contributors) should aiso be calculated at the Visitor Center
and Yernon Elementary School.

Both the applicant and the AEC have estimated the turbine shine
dose at the school; hovever,‘the estimates differ greatly. The applicant
calculated a turbine shine dose of 8 mr/yr for 100 percent occupancy
and no shielding to the nearest neighbor (dose would be slightly less
at Fhe school); whereas the AEC calculated a dose of 100 mr/yr for
100 percent occupancy and 20 mr/yr for 20 percent occupancy. Details
regarding ‘both calculations should be given so that the 31fferences
in the calculated doses can be resolved, From a ai;e vigit to the
station, {t was determined that the ;pplicant's calculations are based
on actual turbine shine measurements made at an operating BWR power
station with credit for the eightein in;hea of conbre:a'shielding between
the high pressure turbine and tpé school.

In addition'to the resolution of dose discrepancies between the

applicant and the AEC, a determination should be wmade as to what levels

of turbine shine doses will require corrective action and what corrective

sction will be takén if needed. In;erp;etation by the AEC on allowable
turbine shine doses would be helpful since the proposed Appendix I does
not address direct radiation doses.

The draft statement indicates that a radiation dosimeter will be
placed at the school; however, tpe type of dosimeter was not spacified.

The type of dosimeter that will be employed should be specified Qith

16.

emphasis on the dosimeter's ability to discriminate the "N radiation
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dose from &ther gamma dose components and for its efficiency in the

" assegssment of dose to acﬁool children. The experience gained fronm

actual field measurements from operating BWR's should be utilized in-

-chooging the dosimeter to monitor the turbine shine,

Transportation and Reactor Accidents

In its reviewv of nuclear power plants, EPA h;s identified a need
for ndditional information on two types of accidents which could reault
in radiation exposufe to the public; (1) thnse involving transportatibn
of spent fuel and radioactive wistes and (2) in;blant accidents
1nvo?ving reactor systems. Since many of the factors in accident analysis
appl; to all nuclear power plants, the environmental risk for each
type ;f accident is samenadble to a general analysis. Although the AEC
has ﬁone considerable work for a number of years on the safety
agpects of such accidents, we believe that a thorough analfsis'bf the
progabilities of occurrence and the expected consequences of such
acefdents 1s necessary. A general study would result in a better
understanding of the environmental risks tgan would a less-~detailed
examination of the questions on a case-by-case basis. An understandink-
has been reached with the AEC that they will conduct such analyses,
vith EPA participation, concurrent with reviews of impact statements
for individual facilities and will make the results public in the
near fu:ure; We believe that any changes in equipment or operating
procedures for individual plauts, required as a result of these
analyses,-could be included without appreciably changing the overall
plant design. If major redesign of the plants to include engineering

changes were expected, or if an izmediate public or environmental
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. risk were being taken vhile these two issues were being resolyea;

we will, of course, make our concerns known, and an updated impact
statement may be necessary. .

The statement concludes "...that the eavironmental risks due to
postulated radiological accidents at the Vermont Yankee Nuclear Power
Station are exéeedingly small and constitute a negligible'hazard yhen
compared to tha beneffts gained from the plant operation." This .
conclusion is based on the.sfandard accident assumptions and guidance
issued by the AEC for light-water~cooléd reactors as a proposed amendument
to Appendix D of 10 CFR Part 50 on December 1, 1971. EPA commented
on this prop;sed amendment in a letter to the Cocmission on January 13, 1972,
indicating the necessity.for & detailed discussion.of the technical
bases of the assumptions involved'in determining the various classes of
accidents and expected consequenc;s. We believe that the general
analysis of accidents mentioned above will be adequate to resolve
the;e points and that the AEC will gpply the results to all licensed
facilities,
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NON-RADIOLOGICAL ASPECTS

Thermal and Biological Effects

* Condenser cooling can be accomplished at the Vermont Yankee Nuclear
Power Station by employing the once-through cooling system, the cooling
towers, or a combination of bth of these systems (helper mode). Because
of this flcxibility, the flant can be ;péréted in compliance with
Federally approved state standards for thermal discharges and in a
manner that will provide adeguate protection for ;quatic biota. This
éaﬁ be accomplished, however, only if the decision to employ a particular
cooling mode is based on fnformation gained from an expanded thermal and
biological monitoring program. We commend the AEC for supporting such
& program and suggest that it be developed as soon as practicable. The
%inal environmental statement ahbuld-descriﬁe the proposed monitoéing
érogtam in detail, indicate its state of development, and provide interim
operational plans for meeting standards and protecting aquatic life.

If 1t is not possible to institute this program prior to operation
of the Vermont Yankee plant, it is reqommended that cooling towers.be
employed during the interim pericd. In our opinion, the environmental
effects of these towers are less severe than suggested in the draft
statement and, until the operation of the once-through and helper modes

are proven to be environmentally acceptable, cooling towers are

preferred. For example, the draft statement indicates that high drift

" rates will occur resulting in fogging, icing, and transport of chemicals

* dissolved in the cooling vater to the environment. We believe however,

that the drift rate will be closer to 20 gpm rather than the 300 to 700
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gpm cited in the statement, In addition to developing an expanded
nonitoring program, it is yrecommended that, prior to plant operation,
furiher thermal studies and modeling be done. In our opinion, neither

the mathematical model of Motz and Benedict nor the use of fleld dye

* dispersion data for temperature prediction, constitiute reliable

predictive techniques for the Vérnén Pond.

The mathematical model of Motz and Benedict is applicable to a
ﬁituation that {s steady state (i.e., time independent), non-rdcirculating
and two-dinensional.! The conditions 1ntVernon Pond, however, are not
steady state and, as a result, the plume temperature distributions change
with continued discharge of heated water even though :he.environment
and rivar flow do not change apprcciably, This is particularly true during
low flows, when conditions for heat accumulation are most favorable. In
add{tion to these fundamental difficulties, the model requires the use
of an entrainment coefficient of 0.1, It {8 not known whether this value

is appropriate for Vernon pond,

The applicability of dye dispersion data to temperature prediction

" 1s quest{onable., A heated plume has buoyancy that cannot be simulated

with dye alone. Kaowledge of the buo;ancy characteristics of tge thermal
plume is essential for proper modeling. The dye might have identified
some of tbe problems related to tﬁe bufldup of heat in the Vernon Pond;
however, no‘dye dfapersion history 18 reported; nor will the three-day
dispersion test be adequate for predictions over an extended period.

In our opinion, techniques such as the use of undistorted physfcal

! models are more appropriate for the Vernon Pond system and would, in

all vrobability, previda mere aceurate prodictinns than the mathematical
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~model and field studies employed by the applicant. Reliable modeling

and preope;ational thermal studies will supply not only needed basic
information to operate the plant during the interim period, ‘but néy.
well prove beneficfal to the development of the moaitoring program.

As indicated in the draft statement, the aquatic biology of Vernon
Pond and the Connecticut River {s not well undetsiood. 1t 1s appréprtate,
thercfore, that the biological studies being done on this systen be
expanded to determine more fqlly the types, numbers, distribution, and
life patterns of those principal speciés present, Such baseline
1n£ormati;n. }n conjunction with the biological monitoring program, would
contribute to development of operational plans for the Vermont Yankee
plant that will adequately protect the biota in Vernon Pond and in waters
below the dam site. .

In our opinioﬁ, the operation of the Vermont .Yankee plant, unless
conducted i{n accordance with an aéequa{; wonftoring program, may have
adverse effects on aquatic biota. The most critical of these fnvolves
the effect on present and future fisheries. In particular, the Atlantic

Salmon and American Shad, should they be reintroduced to tha river,

way experiénce adverse effects from the heated discharge. Both shad .

. and palmon develop sexual maturation and migration problems at temperatures

above normal ambient conditions. .Since.theée bilological activities
occur during Ehc'spring and fall of the year when the plant may be
employing once thtougk cooling, the heated discharge could interfere
wvith the general health and distribution of the species, In particular,
this Qould be most likely.to occur if the thermal plume from the.Vernon:

Vanlaa nlant blochaed or oceupied a major part of the Vernon Pond.
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In addition to possible future effects on the shad and salmon,.
nonmigratory fish species such as the yellow perch, white per?h, )
smallmouth bass, and white sucker may also react adversely to the_
elevated water temperatures in Vernon Pond and below the dam site.

. For example, the heated discharge could, during periods when the receiving
waters contain gggcs at ncar-saturation levels, induce supersaturation
conditions. This may lead to significant fish kills from gas bubble
disesse. Also, increased wager temperature in Vernon Pond and below
the- dam site during the spring and fall, may favor the more thermally

resistant fish species. This could 1lcad to increased numbers of suckers

and bass and reduce or_displaco salmon and other speeles. 1n addit}on,

-

during the winter, fish will tend to congregate in the warmer water of
the discharge plume., Should the plant shut down for any reason 2
temperature shock effect may occur, leading to a fish kill,

In oxder to avoid or mitigate the effects of the heated discharge,
it is recommended that, during periods of critical ambient water
tesperature or low flow, the plant be operated so0 as to minimize the
size of the thermal plume. Also, as indicated previously, should tha
Atlantic Salmon and American Shad be reintroduced, it is important

that the plume, xegardless of the total aiea Lt occupies, not block

_ or occupy a major part of Vernon Pond.

To aid in lowering the thermal discharge to Vernon Pond the draft
statement recommended the construction of a skimzer wall or submerged
baffle. This will allow warm watér. that extends down to Vernon Danm,

to pass over the dam while permitting rcténtion of the cool deep water
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tn the pond. Althou;} this approach will enhance the ability of
Vernon Pond to accept larger amounts of heat,.the warm water discharged
through the dam would be damaging to aquatic organisms downscreamt
In our opinion, the decision to construct such devieces should await
the results of new thermal models and cxpaqded biologiéal studies.
This is necessary in order to gcéuratcly predict the effects on the
vater tcmperature in Vernon Pond and below the dam site. The final
statement should discuss in detail the plans to regulate the size and
effects of the thermal disch;rge on Vernon Pond and on the water below
tﬁe dan,

The cooling system for the Vermont Yankee plant may entrain

significant numbers of vartou§ fish species. Entrainment problems are

‘ particularly critical during the Atlantic salnon smolt migration in the

sﬁting and during the low water periods of the fall months. The final
statement should discuss this problem and indicate the desirability of
installing inta&e structure protective devices or adopting other measures
to prevent entrainzeant.

In addition to fish, other- aquatic biota will be drawn into the
cooling water 1ntaﬁe. The final statement should include a more detailed
aQalyais of this problem and indicate the principal species affccted,
nunbers entrained, the duration of exposure toc elevated temperatures in
the cooling system, and probable mortality rates. Studies performed -
at-the Connccticut Yankee Power Station indicate that mortality rates up
to 100X were experienced for fish eggs and larwae of those fish species

founé at the Vermont Yankece site.
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The problem of entrainment could be intensified by the intentional
recirculation of treated water to clear the intake of ice during the
wvinter. 7This practice could, by raisimg the water tenpetatute at the
discharge point, attract fish and fish food organisms directly into the
intake and thus increase entrainment rates.

In addition, the applicant should further consider the developtent
of a systeé ihat would recover 1living organisms from the moving intake
screens, The prescnt design does not provide for sluicing the entrapped
organisms back into the river. Instead they are periodically washed
into a catch basket and dumped into a aolid waste disposal site. The
importance of returning living organisms to the water, however, will
increase in the future as programs to restore the Connecticut River
to its natural state progress,

The draft statement {ndicatcs that chlorine will be used as s
blocide for cond;nser cleaning, The rate of chlorine addition, however,
may on occasion.lead to residual levels in the discharge tﬁat pose 2
hazard to aquatic biota, In the past, EPA has recommended that the
level of residual chlorine should not exceed 0.1 ng/liter for 30 minutes/day
or 0.5 mg/liter for 2 hours/day. The final statement should 1ndicate‘
the plans for chlogine addition and describe the probable adverse effects
on the aquatic biota, . . '

Presently there exist unususlly high levels of cadnium and nercury
in the Connecticut River. During periods when it 18 necessary to employ

tooling towers, the concentration of these metals will increase. This

* occurs becausc the blowdown water from the cooling towers contains
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higher concentrations of dissolve& substances as a result of evaporative
losses. Thus, fish and other aquatic biota that are attracted to. the
heated blowdown.diéchafge will tend to accumulate higher levels of
cadmivn and mercury in their tissues. The final statement shoul& consider
this possibility, indicate the effects on aquatic biota, and describe

any huzan bealth problems that may arise., Also, if the AEC determines
that a serious problem exists, the final statement ghould describe what
correctiva steps will be taken, One possibility would be treatment of

blowdown water to remove cadmium and mercury.

Alr Quality Effects

The draft statement does not discuss th; use of suxilfary boflers
or diesel engines at the facility. Suome of the auxiliary boileis used
at nuclear generating stations are large enough to be classified as a
point source from an air pollution emission standpoint especially if
used occasionally to provide power to the system grid. The final
statewment should contain information on the extent of their use, the
size of the units, type snd sulfur content of the fuel, and any other
pertinent information necessary to appraise the magnitude of potential
emissions from the use of auxiliary boilers and engines at this facility.

The impact of high voltage :ransnission_lines discussed in the
draft statement does not mention the production of ozone by the lines.
Since 1little information concerning the production of ozone by high
voltage transmission lines is ayailable, the EPA is preparing to study
lbis péoblem. It would also be desirable for the AEC to provide whatever

available information the utility companies may have in the final staccment.
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Nolse Effects .

The final Impact statement should include an octave band analysis
of an area equal distance to the mechanical draft cooling tovers from
approximately 400 feet south of the Visitor Centcr extending to
approximately 400 feet N.W. of the Vernon Elementary School (along the
road). This analysis should include data taken from actual measurements
of the mechanical draft cooling tovers and data from the turbine
generators (predicted data if actual data cannot be obtained). This

data should reflect differeant modes of operation (changes in rpm) as

well as operations during different periods of the day.

The data collected should be presented in such a way as to predict
possible specch interference levels wath particular emphasis being
directed to those sound levels received by Vernon Elementary School.

This analysis may be of considerable local interest if it became necessary
to close the windows of the school to maintain levels below those
commonly accepted for speech interference. This situation might require
air-conditioning of the school.’ The External Nofse Standards of the
Departnent of Housing and Urban Development for new construction sites
state that sound levels ahguld not exceed 45dBA for more than 30 minutes
per 24 hours. These criteria should also be applied to the houses in

the immediate area of the facility.
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COST BENEFIT

The statcment has presented a summary of the costs and the
benefits of this plant, in which the AEC has concluded, on the basis
of their analysis, that the bencfits excced the costs. Rhile EPA
is in genoral agrcement with the majority of thesc listed eavironmental
factors and to somo cxtent in agrcemcﬁt with.thc tabulation of the -
benefits, a number of aspects require furthoer clarification and/or
nodification beforo we can support fully this conclusion. These
aspects are as follows:

1. The bencfits derived from the Vermont Yankee Nucloar Power Station

are primarily enhanced system reliability reducing tho likelihood

of power curtailment, and a sccondary benefit, the guarantce

of a uniform flow through Vernon Dam, for an eventual environ-

mental enhancement. The benefits arc not the sales price of

the power, particularly when the majority of the ﬁowcr is not

urgently necded.

2. The Vermont Yankce Nuclear Power Plant will almost double the

genorating capacity in tho State of Vermont. Tho majority of

this power will be utilized by the New England Power Pool,

which will be in an excellent position with respcct to reserve
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generating capacity (including consideration of unscheduled
outages, and maintenance) to the point of achieving a power

excess with present demand. This is a case, however, the

benefits primarily accrue to.a larger segment of society than

the environmental costs which are borne by those residing in

the locale of the power plant.

3. The draft statement indicates that "The plant should

reduce power costs in this area, which would alse tend to encourage
industxy to return.” A reduction in the price of power to consumers
i1s a real bengfit of this plant that should be considered and
quantified. Should industry ba enticed to return to the area,
however, the environmental costs associated with this indus-
trialization should be considered. Evaluation and further

details on this point should be provided {n the final statement.

In addition, it is stated in the draft statement that tourism
would consume a large portion of the power produced by the plant,
hence the power would produce more tourism. Juscification is
needed for such a conclusion.

4. The impacts due to gaseous radiocactive release and the

thermal discharge will be minimized by the installation of the
charcoal bed gas hold-up system, and the closed cycle cooling
system. The long term effects, however, of the cooling tower
noise and the additional fogging during winter months, should
closed cyele céoling be used year-round, requires further discussion

to determine their coats to society.
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MONITORIRG AND SURVEILLANCE

As supgested previously, a comprehensive thermal and biological
wonitoring program should be developed for the Vermont ankee_plaut
to insure compliance with exiéting standards and adequate protection
of aquatic biota. EPA will be pleascd to work with Federal and |
state agencies in developing gencral g;idelines which can be used by
the applicant in preparing a comprehensive and consolidated plan. In
our opinion, the plan should include the following:

1)  Routine monitoring to judge the impact of thermal discharges,

entrainment, and other aspects of plant operation on fish and

snaller aquatic organisms., This should include for example,
determinations of the effect on populations, population distri-
butions, food sources, and 1life patterns.

2. Continuous water temperature monitoring at various points

in and sbove Vernon Pond 2s well as in the river below the danm

site.

3. Dissolved oxygen monitoring to insure that receiving waters

Temain within applicable standards and that levels are

sufficient to protect biota.

4. General water quality monitoring to detect concentrations

of sulphates, phosphates, toxic metals, chlorine residuals, and

other hazardous subatances.

5. Provision for providing all monitoring data to sppropriate

Federal and state agencies for review.
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ADDITIONAL COMMENTS

During the review we noted in cextain instances that the statement

. does- not present.sufficient information to substantiate the conclusfons

presented, We recognize that much of this informat{on is not of major'.’
importance in evaluating the environnental impact of the tarmoﬁth;Hgé;
Nuclear Power Station. The cumulative effect, aodeé;r; could be
significant. It would, thercfore, be help}ul in determining the kmpact
of the plant if the following information were included fn the final
statement:
1. The draft statement uses different assumptions for caléulatins:
a) the source tern for input into the radicactive waste treatment
systems; and b) the source term for accident calculation?. The
primary difference appears to arise because 0.25Z failed fuel {is
-assumed in determining the input for the liquid radioactive waste
treatment system (even less for gaseous waste); whereas 0.5X failed
fuel is asgumed for the reactor accident case. Although the
difference.in the level of risk assoclated with these two nunSera
are small, we believe that the values should be the same.
2, The statement should discuss the monitoring of liquid and
geseous discharges in grtater.detail. Discharges should be analyzed
m&nwnd1nummauvnhmcuc&&wcu®2L In this
nmanner, meaningful dose eatimates can be calculated during operation
of the plant. The final ltatenént should also ;valuate the amounts

of liquid and gaseous radiocactivity that could be released undetected

and should present estimates of the amount of activity that will
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be discharged before monitoring alarms are activated and the

-discharge terminated.

"3, The dose consequences of transportation accidents involving

spent fuel should be expanded to include the source terms utilized
in the calculations,:if this source ternm.is different than that
assuned for the general AEC transportation analysis.
4, The statement should di{scuss the potential leakage of primary
coolant water through the resfdual heat removal (RHR) heat exchangers
with subsequent discharge to the environment. The applicant
indicates that a radiation monitor i{s provided for the discharge
of the RHR service water system; however, the magnitude of this
souzce was not specified. Leakage may be possible during the
shutdown-depressurization mode of.the RHR system, The statement
should discuss the adequacy of the present system to prevent and
control such leakage.
5. The statement should present ;ore information concerning the
calculations of offsite doses, for example:
a2, Assunptions for the Sr bioaccngulation factor (BAC) used
in calculating the individual dose due to eating fish. A Sr
BAC of 150 was used in calculating doses to fish, whereas, a.
St BAC of 15 was used in calculating doses to man., The bases
for the difference should be spécified.
b. Table V-6 of the statement should contain whole body dose
estimates a; vell as the presented thyrofd dose estimates for

the critical pathways of cating fish and drinking water.
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c. Doses from accident classes 1, 2, and 4.1 should be
presented in the statement. .
d. The m;n-rem doses estimates presented for Vermont Yaﬁkee

should include contributions from the Yankee Rowe Nuclear Plant.

-e. Assumptions for the total radioiodine source term and

estimates of the cumulative thyroid dose expréssed'in ihytoié
man-rem, including all assumptions and their beses, should be

discussed in the final statement.
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Non-Radiological

1. The statement should contain additfonal information ip order
to allow a more complete assessment of air quality effects. The

disposal of non-radioactive solid wastes generated during plant

operation with particular attention devoted to combustibles should

be addressed, The final statement should also contain a more
complete discussion of drift deposits from cooling towers with
enphasis on how much land area will be affected, the chenical
compounds represented, and the distribution and cumulative
bilological effect of driftc de;osits on the land for this facility.
The addition of meteorological data such as the annual percentage
frequencies of wind direction and speed, supplemented by relevant

etability information from the on-site meteorological system, will

'facilitate our review.

2, The final atatement should consider the synergistic and
cunulative effects of heat and chedical releases. The combination
of residual chlérine. increased mercury and cadmium concentrations,
and high water temperatures could significantly increase the effects

of the Vermont Yankee Nuclear Power Station on the aquatic biota.
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Dear Mr., Rogers:

This is in response to your letter of April 7, 1972, requesting
comments on the AEC's Draft Detalled Statement on the Envirconmental
Considerations Related to the Proposed Issuance of an Operating License
to the Vermont Yankee Ruclear Power Corporation for the Vermomt Yankee
Nuclear Power Station.

The Federal Power Commission's Bureau of Power has commented previously
on the need for the Vermont Yankee Nuclear Power Station in a letter dated
Decenber 8, 1970, (Reference 4 - page 3 of Draft Detailed Statement) and
has submitted more recent comments on the need for this and other nuclear
power units in the New England area and the effects of their capacity on
the reserves of the New England Power Pool during the 1972 summer and ’
1972-73 winter peak seasons in & letter to the Chairman of the Atomic
Energy Commission dated October 15, 1971 (Reference 2 - page 154 of
Draft Detailed Statement). Most recently, in a letter dated March 17,
1972, the need for the facility to serve the area's growing electric
demands was reaffirmed (Footnote page 149 - Draft Detailed Statement).
The following comments update those made earlier relative to the
adequacy and reliability of the electric power systems of the State of
Vermont and the New England Power Pool, in which the owner companies of
this multi-company enterprise are members. This review is in accordance
with the National Environmental Policy Act of 1969 and the Guidelines
of the President's Council on Eavironmental Quality dated April 23, 1971.

The construction of the Vermont Yankee Nuclear Power Station is
completed. The AEC issued a license to the Applicant for this unit
for fuel loading and lower power teating up to 15.9 megsawatts thermal
or one parcent of full power on March 22, 1972, At this power level
no electrical energy will be produced.

Need for the Facilities

This plant was initially scheduled for commercial operation
September 1970, but has been delayed due in part, as reported by the
Applicant, to environmental considerations and regulatory processes.

2623
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Mr. Lester Rogers

In its April 21, 1972 News Release No. 18209, Electric load-Supply
S{tuation for the Summer of 1972, the FPC did not {nclude the capacity
of the Vermont Yankee Plant in the 17,5 percent reserves shown for the
New England (NEPEX) area because it is not now considered likely that
the plant will be in commercial operation at the time of the summer
peak. The 17.5 percent reserve margin shown has since been reduced

to 15.4 percent due to the loss of the 250-megawatt Northfield Mountain
pumped storage unit when the underground powerhouse was flooded, This
area i3 a winter-peaking area and will necessarily schedule some pre~
ventive maintenance during the summer, but its projected margin for the
1972 summer does not allow leeway for extensive maintenance programs.

The projected 1972-73 winter -peak for the NEPEX area is 13,477
megavatts, an increase of 1,483 megawatts over the 1972 summer peak.
The 540-megewatt Vermont Yankee Plant represents 36.4 percent of this
increase in peak demand,

The staff of the Buresu of Power customarily relates its evaluation
of the adequacy and reliability of electric bulk power systems to the

‘pesk load period immediately following the projected commercial operation

of the considered generating unit in order to obtain a measure of the
risk when construction schedules are not met. However, large base-load
units, such as the Vermont Yankee unit, are expected to provide 35 years
or more of economic and relfable service in meeting future demands for
electric power.

;r;nsmission Facilit{es

The statfon's output is connected directly to the existing New
England 345-kilovolt grid. Two new 1l5-kilovolt lines comnect the
station’s output to the underlying and interconnected Vermont-New
Hampshire 115-kilovolt grid. The Bureau of Power staff notes that
this transmission arrangement permits the straight-forward and
simultaneous support of the EHV system aund the lower voltage, parallel,
system serving local loads. It is also noted that the construction
plans for these lines were reviewed and approved by the Public Sexvice
Board of the State of Vermont, and that construction was utilized that
minimizes environmental impact.

Alternates to the Proposed Facilities and Costs

The Applicant's decision to construct the Vermont Yankee Nuclear
Power Station to provide the system's projected need for base-load
capacity was predicated on economic and enviroumental factors., 1In
making these evaluations, the Applicant used plant costs of $307 per
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kilowatt of capacity for nuclear plants and $250 per kilowatt of capacity
for & similar-sized plant using oil fuel. It used fuel costs for the
nuclear plant of 1,73 mills per kilowatt hour, and for oil-buraing
plants 6.44 mills per kilowatt hour. The staff of the Bureau of Power
has examfned these costs with similar costs reported by others and £ind
them to be reasonable.

Conclusions

The staff of the Bureau of Power concludes that it would be prudent
to avoid further delay in the commercial operation of the Vermont Yankee
Nuclear Power Station, and that matters now delaying that operation be
equitably resolved so that the plant be in commercial operation to aid
in meeting demands for electric power for the 1972-73 winter peak period
and beyond,

VYery truly yours,

h ]

ﬁ. %nlips %

Chief, Bureau of Power
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Xt Secing

OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20240

Dear Mr. Muntzing:

This is in rasponse to Mr. Rogers' letter of Aprxil 7, 1972,
requesting our comments on the Atomic Energy Commission's draft
statenent, dated April 7, 1972, on environmental considerxrations
for Vermont Yankee Ruclear Powver Station, Vernon, Vermont.,

Historical Significance

There do not appear to be any units of the National Park
systen nor any sites which have been declared eligidble for
registration as National Historic, Natural or Environmental
Bducation Landoarks affected by construction or operation of
this project.

However, the power station is located within the Connecticut
River valley corridor, an area which i1s the subject of pending
legislation intended to presarve and proumote unusual scenic,
ecological, scientific, historic, recreational, and other
values contributing to public enjoyment, inspiration and
scientific study. The proposed legislation provides for the
adninistration of these units by the National Park Service.
The nearest unit is the proposed Mt. Holyoke Unit, near
Northampton, Massachusetts, abdbout 32 miles from the Veruont

"Yankee powverplant.

We are ungble to ascertain from the information in the statement
1f the thermal effects of the project will extead to the

Mc., Bolyoke Unit of the Connecticut River proposal. We request
that the final statement address this queation.

Cbeuicnl Discharges

It 1s indicated on page 70 that, since the applicaunt's limits

of detection are relatively insensitive, some trace elements
such as mercury and cadmiuz in the blowdovn may be above the
permissible limits after concentration, The final environmental
statement should indicate that the applicant has adequate
monitoring equipment to determine if water quality standards

axe being met.

<831
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We are also concerned for the possible effects these releases
will have on the aquatic life. The probable impacts of mexcury
and cadmium releases are not described on page 70 orxr in
Section V, Environmental Impact of Plant Operation., We think
these impacts should be assesaed especially since thexe is a
posoibility that the water quality standards will be exceeded.

Cooling Tower Effects

According to pages 46 and 70, a maximum of 5000 gpm- of water
evaporates and drifts from the cooling towers and about 350
tons per year of solids are carried with this water and
deposited on the nearby area. According to page 161 most of
these gsolids will be deposited on site. We suggest that the
composfition of these sclids be described and an assessment
made of the potential nuisance effects and off-site property
damage resulting from these solids.

OQutdoor Recreation

The draft statement lacks evidence of full appreciation and
consideration of recreational vzlues. According to page 77,
construction and operation of the Vermont Yankee Stacion will
have little impact on the present recreational use of the

land around the aite. We delieve that any power project which
utilizes natural resources of this magnitude should give
serious consideration to the development of recreational
facilities. We do not think that the downstream recrestional
development proposed by the New England Power Company for
theix FPC Project No. 1904 is a logical substirute for the
recreation activities wvhich could be provided 4in the Vernon
Pool. An assessment of the effects on existing and future
recreational developments from a physical and esthetic stand-
point should be presented in the final environmental statement.

Tengcraturo Hounitoring
Based on the discussion on page 81, it appears that con:inuoua

tenperature recording stations should be installed in Vernon
Pond so that both horizontal and vertical temperature profiles
can be made for each of the reactor cooling and discharge
modes. A correlation betveen this thermal study and the
ecological impact of plant operation should be made in order
to isolate the effects of temperature increases to the

extent possible.



A-50

Entrainment

The experience at the Ind{an Point Unit 1 Nuclear Plant is
described on page 94. 1In regard to experience at other
plants and the proposed intake velocity of 1.0 fps through
the trash raecks at Vermont Yankee, we recommend that a )
biological monitoring program be developed and utilized to
deternmine if wmodification in design or operation of the
intake 1is necessary. We consider that intake velocities
greater than 0.5 fps may cause significant damage to fish
which become trapped on the intake screeans,

Thermal Effects ; .

We suggest that the first seatence, second paragraph, of page
100 be corrected to read as follows: '"Since the solubilities
of gases, such as dissolved oxygen, in water vary inversely
with temperature, increasing the teamperature by 20° ¥ wiil
decrease the dissolved oxygen saturation level in the cooling
vater,.”

The possible effects of a plant shutdown are recognized on
page 98, We suggest that the applicant avoid a sudden shut-
down of the cooling system except in an enmergency. A
gradual shutdown or change of cooling mode procedures should
be developed and utilized to the extent possibdle.

Radfological Effects

The AEC staff concludes, on page 114, that uno detectable
adverse effect will be produced on the aquatic biora or
terrestrial mammals as a result of radionuclides released

in the discharge water of the Vermont Yankee Station at the
levels given in Section XII.D.2, Since the discussion of
radiological effects includes animals in addition to wannals,
this ;unnaty.paragraph should include fimpacts on all

aninals.

Environmental Iwmpact of Postulated Accidents

The radiological effects of accidents are given only in terms
of estinmated doses to the population from air borne emissions.
However, the eanvironmental effects of releases to water are
lacking. We think that the final environmental statement
should include estimates of the pathways and quantities of
the escaping radionuclides. .
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We also think that Class 9 accidents resulting im radioactive
releases to both air and water should be described and the
impact on human life and the remaining environment discussed
as long as there is any posaibility of occurrence. The
consequences of an accident of this severity could have far-
reaching effects which last for centuries.

Short-Term Uses and Long~Term Productivitx
This section does not address the project's effects on

- blological productivity. We suggest that the £final environ-
mental statement discuss the effects the project will have

on the long-term biological productivity of the area,

Irreversible and Irretrievable Commitments of Resources

This section should be expanded and clarified. The last
paragraph on page 148 infers that the land directly beneath
the reactor buildings may be irreversibly committed; however,
thegse buildings cover only a small part of the 60 acres
neationed. The acreage irreversibly committed: should be
clarified. :

The effects that are expected to make this land irreversibly
committed should be described., If leakage of radiocactive:
materials beyond and below the reactor buildings is expected,
it should bde discussed in the section on the epviroumental
impact of the plant operation, or of pdstulated accidents,

Potentially serious problems connected with the posaible
disponition of the site should be discussed in this statement
even though the deactivation of the plant would be covered in
a future environmental statement. The seriousness of this
fmpact could vary considerably depending on the site location;
consequently, it should be considered in the site selection
process. Our concern at this site is thact long-lived )
radioactive materials left at the site may eventually affect
local ground water or the Connecticut River.

Cost-Benefit Analyses
Table XI-1 on page 165 should be expanded to include benecfits

froe the plant operation and impacts from the transmission
1inea. Also, the description of the impacts of the intake
for the open~cycle operation is not quantitative. The ternm
used, "death of fraction of plankton and fish in Vernon Pond"
covers a range from near "0" to near 100XZ. We suggest that
a more accurate description of the inpacts expected to occur
at the intake be given.
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We hope these comments will be useful. to you in thae
preparation of thas final environmental atatement,

8incerely yours,

A L

Deputy AsststantSecretary of the Intgrior

Mr. L. Manning Muntzing
Directoxr of Regulation
Atomic Energy Commission
Washington, D. C. 20545
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DEPARTMENT OF TRANSPORTATION

MAILING ADORESS;

UNITED STATES COAST GUARD  U:.coasTouand fS)
Paone, 302= §36-2262
T I,
R et LN R
# 7Ty, 90 MAY 1972
SRR '}
. [ ool ey,
.. - (LD N
*Mr. Lester Rogers, Director - ?J?J{,J.U':'/Z-‘rr_:‘” 50.2 71
Division of Radiological and : £ a0 R
Envirommental Protection : T > /
U, S, Atomic Energy Comission <" M

VWashington, D. C. 20545 S
Dear Mr, Rogers:

This 1s in response to your letter of 7 April 1972 addressed to Mr.
Herbert F. DeSimone, Assistant Secretary for Environment and Urban
Systems, Department of Transportation, concerning the revised draft em
vironmental impact statement, enviromental report and other pertiment
papers on the Vermont Yankee Nuclear Power Station, Vernon, Windham
County, Vexmont.

The concermed operating administrations and staff of the Department of
Transpartation have reviewed the material submitted,

Noted in the review of the Federal Railroad Administration is the following:

"With reference to V.2, transmission line effects, we note no
consideration being given to the two railroads that operate in
close proximity to the proposed line. High voltage txansmission
ias discussed in Section VIB. The Federal Railroad Administration
would 1like to draw attention to the inecreasing technological
problems created as new and higher voltage transmission lines
are built next to railread rights~of-way. Inductive inter-
ference and the more hazardous direct faulting with signal and
communication lines are becoming more prevalent. While we do
not oppose multiple use of existing rights-of-way, we do feel
that this problem must be addressed. 'The 1970 National Power
Survey‘”of the FPC takes cognizance of this problem in Section
I~12-7.

The Departwent of Transportation has no further commments to offer on the
draft statement and it is requested that the concern of the Federal Rail-
road Administration be addressed in the final statement,

This Department has no objection to the proposed nuclear station and the
opportunity to review and comment on the environmental impact statement,
envirommental report and other pertinent papers is appreciated.

Sincerely, -
Cp;i‘}n. U, 8, Coast Brard 042

Acilug Caizl, Ojfico of Masine
Envircament and Systema
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ADVISORY COUNCGIL
ON

HISTORIC PRESERVATION
WARHINGTON, D.C. 20240

50-271
Dear Mr. Rogers: RE: Vermont Yankee Nuclear Power
Corporation
This is {n response to your request for comments on the environmental
{mpact statement identified by a.copy of your cover letter attached
to this document, The staff of the Advisory Counci{l has reviewed the
submitted impact statement and suggests the following, identified by
checkmark on this form:

_____The final statement should contain (1) a seatence indicating that
the National Register of Historic Places has been consulted end that
no National Register properties will be affected by the project, or
(2) a.listing of the properties to be affected, an analysis of the
nature of the effects, a discussion of the ways in which the effects
were taken into account, and an account of steps taken to assure
compliaace with Section 106 of the Nat{onal Historic Preservation Act
of 1966 (0 Stat. 915) in accordance with procedures of the Advisory
Council on Historic Preservation as they appear in the Fedoral Register,
March 15, 1972.

In the case of propertics under the control or jurisdiction of the
United States Government, the statement should show evidence of contact
with the official appointed by your agency to act as liaison for pur-
poses of Exccutive Order 11593 of May 13, 1971, and include a discusaion
of steps taken to comply with Section 2(b) of the Execurive Order.

\/ The final statement should contaln evidence of contact with che
Nistoric Preservation Offfcer for the State involved and a copy of his

comments concerning the effect of the undertaking upon historical and
archeological resources,

Specific comments attached.

Comments on environmental impact statements are not to be considered
as comments of the Advisory Council in Section 106 matters,

Sincerely yours,

kv

Robert R. Garvey Jr.
Executive Secrct;ry 2657

cc: Mr. Williem B, Pinney, SLO, Board of Histaric Sites, 7 Landgon St.
Montpelier, Vermont 05602 w/inc.

e e Ju shasged b tae \ol of Cicduber 13, 198, with adriing the Prosidenl ond Covpre-s in Ihe Sold of Histncie Preerevdlion,
rerammending wrgsaion to rardinale porernmental with privale artivities, advisivg an the dicocmivation of informating, enrnaragivg patie
Tutrse ot and particigation, reonme wding the rosdyel wf apreiel sindion, advising in the prigainting of kepidation, and earuareping spmeinlized
Iraining aad iduecstion. . Yhe Conncil alwn kas ihe ovapoanldite le comornt on Fids sl or Vods iallgacisled undveiakingn that have an st
an culturnd prajely listed in the Nalional Hegioler.
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THE COMMONWEALTH OF MASSACHUSETTS

DEPARTMENT OF THE ATTORNEY GENERAL
STATE HOUSE e  BOSTON 02132

ROSKRT H. QUINN
- ATTORNEY QENERAL

May 23, 1972

U. S. Atomic Energy Commission
Washington, D.C. 20545

Attention: Director, Division of
Radiological and Environmental
Protection

Re: Draft Detailed Statement on the Environmental
Considerations Related to Vermont Yankee
Nuclear Power Station - Docket No. 50-271

Gentlemen:

On April 14, 1972, the Commission published in the
{ Federal Register a notice requesting ccmments cn the above-named
. statement within thirty days of that date.

Representatives of the Commonwealth of Massachusetts
in this proceeding did not receive copies of this statement in
time to meet the thirty-day deadline, as our initial copies were
apparently lost and we had to request additional from Washington.
We respectfully request that the Commission waive the thirty-day
requirement as to the Commonwealth and give the same weight to
our comments as is given to those received within the thirty-day
period. We hope they prove helpful to xevision of the Draft De-
tailed Statement.

Our general comment as to format is that the Draft is
either inadequately referenced or poorly organized, or both, so
that the factual basis for many of the statements in the Draft is
not clear. Special effort should be made to be certain that, in
the Final Detailed Statement, no conclusion or judgment is stated
without an indication of its source.

As to substance, our major comment is that the matter of
benefit-cost analysis and the balancing of benefit and detriment
are not well-handled. The staff has in some cases adopted a method
of balancing each individual environmental detriment against the

total benefit of the plant. It should be obvious that if each

A 2903
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U. S. Atomic Energy Commission
May 23, 1972
Page 2.

detriment were balanced, in a "divide-and-conquer" approach,

against the "need for, power", then the "need for power" would

win the war by a series of small victories. Conversely, if each
kilowatt of power generated were balanced against the total en-
vironment detriment, then the environment would similarly win out.
The National Environmental Policy Act envisions that the total
detriment be balanced against the total benefit. Any other balance
is meaningless, and such other balances as exist in the draft should
be stricken. ' ' : '

The comments provided by the Commonwealth's Division of
Fisheries and Game are attached in a letter, verbatim. Additional
comments of Massachusetts are listed below, by page and paragraph
reference,

Page Reference Comment, Suqgestion, or Question

xvii, par. 5 - It is incumbent upon the Commission, at some
point in the Verment Yankee proceeding, to determine what state
law is applicable to the Vermont Yankee facility. It is desirable
and appropriate that the Division of Radiological and Environmental
Protection now, in the Detailed Statement, detail its conclusions
as to what state environmental statutes and regulations govern the
plant's operation.

1-2
156, par, 6 - The Draft Detailed Statement nowhere details
why the Vermont Yankee plant is or must be located in Vermont.

17, par. 2 - It is suggested that the Division of Radiological
and Environmental Protection should be in a position to recommend
desired changes in Vermont Yankee operation if the minimum instantan-
eous flow of the Connecticut River should fall below 1200 c€s,

19, top -~ fThe basis does not appear in the Draft Detailed
Statement analysis that radionuclides and chemical effluents from
the Vexrmont Yankee plant would be "greatly diluted” and "diluted
further" when pumped into Quabbin Reservoir. The Final Detailed
Statement should correct this and as well provide information on
radiation dispersion or lack of dispersion within the Northfield
pumped-storage pond and Quabbin Reservoir to realistically portray
dilution of drinking water actually taken from Quabbin.
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51-52

79-81

87
157,par.4

60
8l
114

84,par.2

90,par.4
92, pars.l,3
145,par.1l

115,par.3

125,par.1

125,par.3

- The Draft Detailed Statement provides no analysis of why
closed cycle operation of the Vermont Yankee plant is not
possible ox desirable at all times. If the reasons are
econonic then the Final Detailed Statement should detail

a balancing of the incremental environmental harm from non-
closed cycle operation versus economic benefits. Moreover,
the Final Detailed Statement should make an analysis of

how the plant may be operated in a balanced fashion so that,
all environmental factors considered, adverse environmental
effects are minimized to the :fullest possible extent.

~ It would be very helpful to these proceedings if the
Final Detailed Statement were to provide the best estimate
by the Division of Radiological and Environmental Protection
as to specific locations within Vernon Pond for the recom-
mended temperature measurement stations.

- To lessen the possible adverse environmental impact of
Vermont Yankee, does the Division of Radiological and En-
vironmental Protection have any recommendations for the
protection of drinking water supplies downstream on the
Connecticut should Vermont Yankee exceed A.E.C. operating
strictures for liquid radwaste discharges?

- Given the strength of the opinion of the Division of
Radiological and Environmental Protection on the effect of
heated effluent on anadromous fish, it is suggested that
the Final Detailed Statement should specify the conditions
it feels necessary, if any, on the Vermont Yankee operating
license to protect such interests.

- On the strength of the Draft Detailed Statement's conclu-
sions on the needed limits of temperature increases in Vernon
Pond, it appears appropriate that the Division of Radiolog-
ical and Environmental Protection should recommend an appro-
priate condition on the operating license eventually issued
to Vermont Yankee.

- What is meant by “periodic" biological and river sediment
sampling?

~ What is the basis for the conclusion that Vermont Yankee
"plans to augment the operational radiation monitoring pro-
gram®” in the specified circumstances?
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138, top - The Final Detailed Statement should specify the
"benefits" considered in reaching the conclusion that environmental
risks due to postulated radiological accidents at Vermont Yankee con-
stitute a negligible hazard “when compared to the benefits to be gained
from the plant operation,” how, if at all, this judgment relates to the
calculus of the overall benefit~cost analysis in Section XI.B. of the
Draft Detailed Statement.

144 (Section VII) - Please provide, if available, references to
146 (Section VIII) subconclusions in other parts of the Draft Detailed
148 (Section 1IX) Statement which form the basis of the conclusions in
these sections on "Unavoidable Adverse Effects,”
"Short-Texrm Uses and Long-Term Productivity,” and
"Irreversible and Irretrievable Commitments of Resources."”

148,par.4 - It does not appear from the Draft Detailed Statement
what weight is to be accorded the judgment that "commitments" of chemicals
and fuels for associated plant equipment are “small" when compared with
energy production needs, nor is it clear how this subsidiary judgment is
employed in the overall benefit-~cost analysis.

151,par.l ~ It would be helpful to know whether the 1971-1972 wintexr
experience sheds light on the reliability of past estimates of future elec-
trical power needs, especially for winter 1972-1973.

153, top
and par. 1 ~-. It does not appear in the Draft Detailed Statement how

Vermont's access to additional electrical power from other
northeast utilities to meet peak demands is diminished by
failure to have an in-state nuclear power plant. It is also
suggested that the Final Detailed Statement should specify
the other disadvantages, if any, from Vermont being "dependent
on importing power to meet its peak electrical energy demands.”

156,par.6
157,pax.3 -~ Does the Division of Radiological and Environmental

Protection adopt the conclusions of Vermont Yankee as to site

selection for the plant and as to a spray pond or cooling pond
being "not potentially attractive alternatives® for the cool-

ing system?
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Thank you for this opportunity.-

' Very truly yours,

@crri T(Q\g‘\/

GREGOR X. McGREGOR
Assistant Attorney General
Chief, Division of
Environmental Protection
GIM:JK

Attachment

¢~



Dhwision of Fislterics and Gome

Mr. Harley Laing

Assistant Attorney General
Department of the Attorney General
State House

Boston, Massachusetts 02133

Dear Mr, Laing:

I have reviewed the ‘'Draft Detailed Statement on the Environmental
Considerations Related to the Proposed Issuance of an Operating
License to the Vermont Yankee Nuclear Power Station." Basically I
find that most areas of concern relating to fisheries and fishery-
related problems have been consfdered to some degree in the report,
There are three areas of recommendation which could constitute prob-
lems,

1., It {s indicated in the report that because unheated river water
from upstream will tend to flow along the river bottom and be pulled
through the turbines, construction of a skimmer wall (submerged baf-
fle) that would enable the dam to use heated water off the top of
the pond for turbine operation would secem to be feasible, It {s my
opinion that such a recommendation would be extremely hazardous in
operating fish pagsage facilities. In the operation of planned fish
passage facilities at the Vernon Dam, the major source of attraction
water would emanate from the draft tubes, If this major source was
comprised of heated pond surface water, we expect that problems would
result in attracting fish to the fishway entrances proposed for con-
struction over the top of the draft tubes,

2, The report indicates that in the event fogging occurs outside of
the plant site that the cooling towers be shut down., We would dis-
agree with such a recommendation and conclusion as being impractical
1f the fishery resource, resident or anadromous, is to be offered
full protection,

3. The AEC staff has concluded that thermal impact should not be ex-
cegsive {f the applicant controls the discharge so as to limit the
area of the plume to ten acres and its maximum temperature difference
from pond temperature to 5° F. (summer) and 10° F. (winter). This

. A~100
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Mr., Harley Laing
11 May 1972
Page 2

appears to be a new concept advanced in the proposed operation of
Vermont Yankee, This proposal, I believe, runs contrary to xecent
permits issued by the Vermont Water Resources Board and the New
Hampshire Water Supply and Pollution Control Commission. This third
concept now brings us into the area of tcmperature measurement. It
is my understanding that this measurement can be taken at anmy point
or points and the company has agreed that this can be done. It would
appear that with the capability of three modes of operation that a
closed cycle during the critical months will minimize most fishery
problems related to anadromous fish restoration, operation of £ish
passage facilities, and protection of resident fish,

These are the three areas that I believe should be handled in any re-
ply to the Atomic Energy Commission on their envirommental impact
statement,

Sincerely yours,

Ca= ”.1?Lﬁ°\,—

Colton H. Bridges
. Superintendent
Bureau of Wildlife Research & Manapement
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CERTIFIED MAIL

Director

V. S. Atomic Energy Commission

pivision of Radjological &
Environmental Protection

Washington, D. C. 20545

Dear Sir:
.‘.‘,J Re: 50-271, In the Matter of Vermont Yankee Nuclear Power Corp.

- I enclose herewith comments by the State of New Hampshire,
‘Fish and Game Department concerning the Draft Detafled Statement
on the envirommental considerations related to the proposed
issuance of an operating license to the Vermont Yankee Nuclear
Power Station.

You have received under separate cover comments from the
New Hampshire Water Supply and Pollution Control Commission,
which are intended to be amplified at the time of the environ-
mental hearings before the Atomic Safety and Licensing Board.
Very truly yours,
, - AR :
Q("‘\Q'\ .&. ) \-K) . a -L\‘"\ 1 .

Donald W. Stever, Jr. ()
Attorney

DWSJr:djr
Enclosure

23
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To

STATE CF NEW HAMPSHIRE

INTEQ-DEPARTMENT COMMUNICATION

DATE May 2, 1972
AT (oFFicE)

Arthur E. Newell, Supervisor .Fish'and Game Department

Fisheries Research

Yermont Yankee Draft Impact Statement

Donald Stever )
0ffice of Attorney General

The Atomic Energy Commission is to be commended for a very
professional job in preparing this statement., There are many points
of interest vhich | believe should be discussed in some detail amongst

« the various state agencies, previous to the next A.E.C. hearing. |

have arranged my comments in what } consider to be logical groups, viz:
Chemical Problems, Thermal Problems, Entrainment and Entrapment, znd
Summary and Recommendations.

Chemical Problems

On page 1 it is Indicated that the chlorine concentration in
the discharg2 will be 0.1 ppm. As iIndicated later in the report, this
{s sufficient to cause potentlally adverse environmental effects,

On page 68, the last paragraph, it is Indicated that basically-
three chemicals will be discharged into Vernon pool in substantial quan-
tities. These are resldual chlorine, sodium, and sulfate. A competent
blochemist should be consulted to determine the possible affects of these
chemicals upon the fish population. In addition; ! believe fish are known
to refuse to enter water contalning excessive amounts of chlorine. This
chlorine is bound to be present in the water feeding our flsh ladder. It
Is recommended, therefore, that the effluent be dechlorinated with 2
treatment of thiosulfate. .

: On page 70, paragraph 3, it is indicated that certaln traca
elements, such as mercury and cadmium are presently just below permisse~
able limits In the original water, and that these chemicals will be con-
centrated by 3 factor of 2,3. While the Federal tolerance for fish has
been established at 0.5 ppm our research in this area has revealed concen=~
trations in fish as high as 0.87 ppm. | believe, therefore, that some eff-
ort should be made to remove these chemicals from the discharge.

On page 82 various chemical discharges are discussed. | would
suggest that we attempt to take the advice of a competent biochemist
relative to this subject, as nobody in our department is qualified. A
rather large amount of sodium and sulfate fons will be discharged at
rates of 1100 and 90 pounds respectively during open cycle cooling and
170 and 360 pounds per day respectively during closed cycle cooling,
Cation and anion units will be regenerated twice per week and will dis-
charge 9000 gallons in each batch at sodium and sulfate concentrations
of 1900 and 4100 mg/liter respectively, While it Is stated that releases

2719
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of these salts are not expected to limit the quality or usability
of the river water, 1 personally would prefer to have other opinions
on the matter,

The first paragraph on page 100 is entirely true and we have
data of our own to support these statements,

| feel, however, that the possibility of super-saturation
of oxygen mentioned In paragraph 4 has not been adequately stressed,
It {s well known that super-saturation of gasses can cause mortalities

“in fish. The effects are similar to the commonly known "bends" in

divers.

On page 101 chlorine residual in the effluent s discussed.
It is pointed out that concentrations far less than those permitted in
the discharge have been known to be lethal, We do recommend, therefore,
that dechlorination with thiosulfate treatment as recommended on page 102
be applied.

Thermal Problems

On page 11 under the heading YAlr Contamination" 1t is Indl-

* cated that when fog from the cooling towers extends beyond the site

boundaries the operatlion of the cooling towers will be teminated. If

we are to protect our fish population and if the company is to meet
established water quality standards this cannot be tolerated. The entire
plant must be shut down when such an occasion occurs.,

On page v. it is indlcated that thermal impact of Vernon Pond
will be adequately controlled if the area of the thermal plume Is limited
to ten acres, and that summer temperatures within this area do not exceed
5°F over ambient and winter temperatures do ‘not exceed 10°F over ambient.
While we agree this is an Improvement in the orlginal proposal of the
mixing zone the temperatures of S°F and 10°F exceed water quality stand-
ards previously established for the states of Vermont and New Hempshire.

On page 51 the temperatures standards adopted by the states
of Vemmont and New Hempshire are quoted, These are obviously In confllct
with the five and ten degree temperature rises recommended by the A.E.C.
Perhaps, however, these temperatures can be tolerated if the mixing zone
Is restricted to ten acres.

In paragraph 2 on page 52 the problem with the point of mea-
surement as established by the state of Vermont is discussed in some
detall. It is adequately pointed out that temperatures measured at
station 3 approximately .65 miles downstream from Vernon Dam will not
adequately reflect the temperature and thermal stratification problems
within the Vernon pool. Thus the cooling towers might not be used at
times when they are needed to protect the Vernon pool. While it has
not been pointed out to any great excent, it should be.mentioned at
this time that this heated surface water from the Vernon pool is that
water which will feed the fish ladder and will consequently cause a
rejection by the fish.
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Mr. Donald Stever (continued) May 2, 1972

On page 60, paragraph 2, it is Indicated that the vertical
thickness of the plume will be abnut 5§ feet whare it enters the pond
and will thin out as it spreads over the remainder of the entire area.
Five feet is a rather dense layer of heated water for fish populations
to tolerate, especially where they occur immediately upstream of the
proposed fish ladder.

Further discussion of cooling tower and fogging effects
take place on pages 78 and 79, Again, | believe that rather than
shutting down ‘the cooling towers when fogging problems occur the
plant itself must be shut down in order to meet water quality re-
quirements if fish and aquatic life are to be maintained.

On page 79 and elsewhere in the report in many places the
discussion of open-cycle operation takes place. 1 fail to see how the
plant can be operated at all and water quality standards be complied
with, Discharge temperatures will be 20° above ambient and maximum
allowable temperature recommended by the.states is 5° at any time.

At the top of page 81 it is Indicated that the applicant has
no definite commlitments for detailed thermal plume studies In the pond
after the plant begins operation. Such studies are apparently recom-
mended by the A.E.C, and we heartily concur with this recommendation.

In the last paragraph on page 81, it Is stated that the staff
believes that continuous temperature recording stations should be in-
stalled within the Vernon Pond in accordance with the technical speci-
fications for operating the plant, and that temperature profiles in
Vernon plant should be measured to define thermal plume after reactor
operations begin., With this statement we also concur.

In the same paragraph it is indicated that such stations would

provide realistic temperature data on Vernon Pond, where the greatest
biological Impact is anticipated. While we agree with this statement
we feel that perhaps the greatest biological impact will occur within
the fish ladder at Vernon Dam,

On page 90 reference is made to other thermal discharges in
the Connecticut River which the migrating salmon snd shad must contend
with, | believe it appropriate to point out that most of these areas
do not possess the same problems as exists at Vernon. These areas of
discharge are not located immediately above 2 dam and adequate zones
of passage are available: therefore, fish have ample opportunity to
pass the effluent either underneath the heated water or on the oppo-
site side of the river, as has been demonstrated by a sonic tagging
program at the Conn-Yankee plant.

;}
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Mr. Donald Stever (continued) May 2, 1972

In the next to last paragraph on page 90 it is stated that
if a fish ladder is built at Vernon heated water from the Vermont
Yankee could flow Into the laddaer and serve as a thermal obstacle to
migrating salmon, with which we agree. In addition | would like to

_state that plans call for this fish ladder to be in operation by 1974,

Since tha laddsr has already been designed and located | do not believe
the last sentence in this paragraph is applicable, While | am not an
engineer, the only way | could see that the ladder could be modified

to circumvent the heated effluent would be to extend it upstream beyond
the discharge point. Beslides being very costly this form of construc-
tion has many other drawbacks. It Is known that turbine mortalities

of downstream migrating fish exist at Vernon Dam. - §f it §s proven that
these mortalities are extensive enough, Fish screening will be necessary
and the ladder as currently designed wil} be used to pass the migrating
fish downstream in order to eliminate this mortality. A ladder entrance
Jocated one-half mile or more upstream could not be used for this pur-
pose.

On page 92, paragraph 3, it is stated, 'In summary, the staff
concludes that Vermont Yankee could have two potential deleterious
effects on the anadromous fish program, One, heated water could flow
into the fish ladder and block the progress of ascending fish., Two,
smolts migrating to the sea could be killed in the intake.'" Both of
these problems would be eliminated If Vermont Yankee were to operate
on a closed cycle from May through December,

In the last paragraph on page 98 it is indicated that winter
mortalities will be likely in case of shutdown. With this we heartily
agree as we have experienced a similar mortality problem at fossil fuel
plants when a forced shutdown occurred during the winter months. It is
recommended that all routine maintenance shutdowns be scheduled for the
summer months.

On page 114, paragraph 3, 2gain it is recommended that moni~
toring water temperatures in Vernon pond be conducted. With this we
agree and | would like to suggest that our own Water Pollution Depart-
ment require thermal standards be met at some point within the Vernon
pond. Paragraph &4 refterates the problems with measuring temperatures
downstream, as has been proposed by the state of Vermont. With this
we are In concurrence.

Page 115, last paragraph, describes what appears to me to be
an excellent mixing zone of ten acres within the Vernon pond. 1 do
believe, however, that thare should be a shutoff point whereby the
plant be prohibited from raising water temperatures more than 1°, as
has been indicated in the permits issued by the states of New Hampshire
and Vermont. This recommendation again takes place at the bottom of
page 162. The matter of radiocactive discharges on aquatic 1ife appears
to have been treated rather lightly; however, we are not competent to
adequately undersiand these problems and therefore have no comments.



.U

=5 A-107

Mr. Donald Stever (continued) May 2, 1972

Entrainment and Entrapment

On page 11 It is indicated that water velocity at the
travelling screen will be 1.6 foot per second. This is consider-
ably in excess of the velocities that have been recommended by
fishery experts for some time, Water velocity at this point should
never exceed one foot per second,

On page U8 It is again indicated that water velocity at
rravellung screens will be 1.57 foot per second. | repeat, this Is
bound to cause excessive fish mortalities.

On page 80, paragraph 2, it is indicated that during the
months of June, July, August and September the plant is expected to
be operated on a closed-cycle. Because of the anadromous fish pro-
gram | strongly recommend that the plant be operated on closed-cycle
from April through December in order to adequately protect upstream
and downstream migrating juveniles and adults of both Atlantic salmon
and American shad,

In the next to Vast paragraph on page.80 it is indicated that
the plant will probably be operating on open cycles during the months of
March, April and May. As previously stated, this cannot be tolerated,
Nelther can the months of October, November and December be tolerated
on an open cycle method of operation, as Is indicated in this paragraph.

The problem of losses of phytoplankton and zooplankton entrained
in the condenser cooling water are discussed on pages 86 and 87. While
It Is indicated that past studies have shown high mortalities of these
organisms and further that these organisms quickly recover in population
further downstream, it should also be remembered that eggs and larvae of
many fish species are also planktonic in their early stages and would be
subject to the same mortalities. They cannot, however, recover as do
the other organisms,

On the bottom of page 88 it Is Indicated that a difference in
abundance and species composition {s likely to occur necar the outfalls
of the water discharge. This type of change is seldom for the better
but generally results in the more tolerant, less desireable organisms
replacing those that are currently present,

On page 92, paragraph 3, it is stated, In summary, the staff
concludes that Vermont Yankee could have two potential deleterious effects
on the anadromous fish program. One, heated water could flow into the
fish ladder and block the progress of ascending fish, Two, smolts mil-
grating to the sea could be killed In the intake.! Both of these prob-
Tems would be eliminated if Vermont Yankee were to operate on a closed
cycle from May through December,
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On page 9%, under the subject entitled "Entrainment!, {t
Is Indicated that experience at Indian Point Nuclear Plant Unlt #1
demonstrates that a large number of fish can be killed In cooling
water intake structures. The velocity of water entering the Intake
structure is one of the critical factors. As the velocity at this
plant was decreased from 1.20 to 0.85 foot per second a signlficant -
decrease In the number of Fish killed has been reported. At the
Vermont Yankee plant the flow at the intake screen is designed to be

1.6 foot per second.

In the next paragraph It is indicated that the appllicant
and their consultants have also obtained guidance and recommendations
from the states of Vermont, Massachusetts and New Hampshire, as well
as the Bureau of Sport Fisherles and Wildljfe on the intake structure
design. While this Is a true statement, it was also indicated at that
time that rates of flow as high as 1,6 foot per second at the travelling
screen might cause problems, and if so that would have to be corrected.
Recent studies such as those cited in the preceding paragraph have
Indirated that these flows will most 1ikely be excessive. Therefore,
| anticipate considerable mortalities through entrainment or entrapment
upon the fish screens., Normally 1 would recommend that the Intake
structure be redesigned so that the flow at the travelling screen_ would
be somewhere in the neightorhood of 0.5 foot per second. [f, however,
Vermont Yankee were willing to operate on a closed cycle from April
through December the anadromous fish population should recelve adequate
protection,

On page 98 further results of the Connecticut Yankee plant are
discussed in relation to the mortality of nine_specles of young fish
entralned in the condenser cooling water. This further supports my
philosophy that the plant should operate on a closed cycle basis from
April through December.

On page 98, paragraph 3, the last sentence indicates that the
largest number of fish probably would be killed during the fall and win-
ter months when the plant Is operating on open cycle and the river flow
Is tow. 1 fail to see how this plant can operate on open cycle at any
secason of the year and meet water quality standards which call for a
maximum temperature rise of 5°F.

With the conclusions on page 106, we are In basic agreement.
However, we should like to polnt out that we have already proven this
section of the river is highly conducive to the spawning of American
shad and that entrainment, entrapment and the effects of chemicals
upon this species would probably be far greater than that Indicated
In the report.

Summary and Recommendations

In summary | think the Atomic Energy Commission staff has done
an excellent job of preparing a fine environmental impact statement,
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| would like to suggest that It would probably be to our
advantage to attempt to get our own Water Pollution Commission to
define the point within Vernon pcol where the temperature standards
established are to be measured previous to further A.E.C, hearings,
and preferably as the ten acre "'mixing zone'' reconmended In the staff
report,

it Is further recommended that closed~cyclo operatlion be
requlred from April through December.

Ltastly, it Is recommended that the services of a competent
biochemist be sought In order to properly assess the effects of chemical
discharges.
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“Untted States Atomic Enerqgy Commission
Attention: Director, Division of Rad{ological
and Env{ronmental Protection

Washington, D. C. 20545 :
REF. DOCKET NO. 50-271

T YERMONT YANKEE NUCLEAR
Dear Sir: POWER CORPORATION

Subject: ORAFT DETAILED STATEMENT ISSUED APRIL 7, 1972 RE REFERENCE

Assuming the accuracy and correctness of subject statement,
{ 1t is apparent that the operation of the Vermont Yankee Nuclear
.‘UJ- Power Corporation's nuclear power station at Vernon, Vermont, will,
at times, violate:

(1) the Class B water quality standards assigned by the
New Hampshire legislature and approved by the Federal
Government to protect the Comnecticut River in the
vicinity of the nuclear station; and

(2) the conditions of the FINAL PERMIT TO DISCHARGE CERTAIN
STATION WASTES FROM THE VERMONT YANKEE NUCLEAR POWER
CORPORATION NUCLEAR GENERATING STATION TO THE CONNECTICUT
RIVER AT HINSDALE, NEW HAMPSHIRE, granted March 2, 1972,
gy t!l:e :iew Hampshire Water Supply and Pollution Control

ommission.

Substantiating the above is the Comission's highlighted and
annotated file copy of subject statement available for review in the
Commission offices.

Thank you for making our statement a part of the United States
Atomic Energy Commission record re reference, Docket No. 50-271,
Vermont Yankee Nuclear Power Corporatio

s/

TPF/mad
.‘-J CERTIFIED MAIL-RRR
cc: D. W, Stever, Esq., Comnission Counsel
R. A. Nylander, Commn. Industrial Wastes Engineer

B. W. Corson, Director, N.H. Fish and Game Dept.
2320
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AGENCY OF ENVIRONMENTAL CONSERVATION

ROBERT B, WILLIAMS, Secretary
aDeyurtment of Fish and Gam N
mm.mm:: :f' ﬁ?ﬁ‘n“d Parks Mosspelier, Vermont 05602
Envivortmental Bosrd ooy OFFICE OF THE SECRETARY
Divisjon of Eunrironmental Prolccton
Uivislon of Recreation
- "Division of Planniny <
Nataoral Resources Conservatisn Council ~Llin v May 12, 1972

United States Atomic Energy Commission

Division of Radiological and Environmental
Protection

Wwashington, D. C. 20545

RE: Docket No, 50-271

-

Dear Sirs:

This Agency has reviewed the "Draft Detalled Statement
on the Environmental Considerations” relative to the
proposed operating license for the Vermont Yankee Nuclear

&* Power Station.

The xeview has been conducted by personnel of the Water
Resources Department, Pish and Game Department, Air Pollu-
tion Section, and staff of the Planning Division. 1In
addition we have considered inputs from other State agencilet
and departments, including the Public Service Board and the
Department of Health. It is my understanding that no other
State agency including the Office of the Attorney General
will submit comment on this matter.

l. We concur with the findings of the Atomic Energy
Commission, Division of Radiological and Environmental Pro-
tection, relative to the necessity for analyzing the impact
of thermal releases in Vernon Pond (VB 1 and 2). We agree
and also recommend that continuous temperature recording
stations should be installed in Vernon Pond and that tempera-
ture profiles in Vernon Pond be measured to define the thermal
plume aftexr the reactor begins operation. This thermal study
should be coordinated with studies documenting the ecological
impact of the plant operation. Particular attention should
be directed to the possible effect of the flow of heated
water in relation to the anadromous fish program.

2. We concur with Commission's opinion in regard to the
applicant's lack of commitment as to how the chlorine will .
be analyzed. Our understanding is that the applicant intends
to analyze only the chlorine in the effluent prior to

2656
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discharge (Vol. 1, Sec. 3.7.4) and the methodology will not

take into consideration constituents of ammonia and nitrxogenous

materials in the river which may form chloramines. We believe

%3e applic?n? should measure the "total” residual chlorine
,C4.h.3.

3. HWe recommend that the applicant should continue biolo-
gical monitoring to document the effects of plant operation
on the ecology of the area in accord with the recommendations
outlined in Vv C 5 Blological Monitoring.

4. We believe that at least one environmental aspect has
been overlooked. Despite assurances and findings that the
operation of the plant poses no hazard to the safety of the
public, we consider it logical to conclude that the operation
of an atomic energy facility creates a psychological barrier
for at least a portion of the general public in terms of use
of the Vernon Pond for recreation. To this extent, there
will be an adverse environmental impact that should be noted.

Sincerely,

[t ot Sittin....

ROBERT B. WILLIAMS, Secretary of
Environmental Conservation

RBWimss
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VERMOXNT YANKEE NUCLTAR POWER CORPORATION
SAEVI‘:NT? SEVEN CROVE STREET

RutLaxp, VERMONT 05701
RECPLY TO:
ENGINEERING OFFICE
TURNPIKE ROAD
WESTBORO, MASSACHUSETTS 0156t
TELEZPHONL 617.386-8011

May 15, 1972

U, S. Atomic Energy Commission
Weshington, D. C. 20545

Attention: Director, Division of Radiological and
Environnental Protection \\\
e

Re: Staff Draft Detelled Statement on th
Environmental Considerations related % _-~~~
to the proposed issuance of the operating -
license to the Vermont Yankee Mucleasr Power
Station--AEC Docket o, 50-271

Dear Sir:

On April 14, 1972 the Commission published a notice in
the Federal Register ennouncing the availability of the above
Draft Detalled Statement and requesting comments’ thereon to
be filed within thirty days thereafter.

The Applicant, Vermont Yankee Nuclear Power Corporation,
has reviewed the Draft Detailed Statement issued by the Com-
missionts Regulatory Staff and offers the f;ollowing comments:

1. The "Brief Summary and Preliminary Cenclusions”,
appearing on pages i through v, contains some.inconsistencies
with the substantive content of the text itself and also re-
flects some erroneous statements of fact contained in the text.
For example, on page i, it is stated that "chlorine is suffic-
iently concentrated (0.1 ppm) in the effluents to cause poten-
tially adverse effects", wvherees on page v, it 4s stated that

2767



VERMONT YANKEE NUC! 3" TOWER COPPORATION
A-114

U.S, Atomic Encrgy Commission ~2- May 15, 1972
chlorine will have a chemical impact only if it excceds 0.1 ppm
and in the text, at pages 101 through 106, the Staff discusses
the chemical impact of the effluents and concludes that the
anticipated chlorine concentration after minimum dilution "is
harmless according to the predominance of the evidence” and
that the chlorine "at times may cause fish to move from the
vicinity of the discharge area or may damage less mobile or-
ganisms in a localized area. The}c is also a statement oh
pages 1i and x,ﬁhat Applicant will refrain from operating 1its
cooling towers under certain fogging conditions which is un-
supported on the record as explained in cemzent 12 below, In
addition, there are other étatcments which, because of their
capsule form, fall to convey fully their relative importance.
Por example, on page i the Staff refers to "teomporsiure in-
crease ., . » in a 10-acre area of the Pond", while as pointed.
out in comment T below, the Staff has presented no cost-benerfit
evaluation of this arbitrary imposition of a mixing zone, Fur-
ther, the reference to the “planned restoration of salmon" does
not accurately reflect the status of that program and the refer-
ence to "traffic" does not evaluate that effect in the perspec-
tive of vhat traffic would be for any other facility.

The Appli-ant believes that the Detailed Statement, and in
particular the summary vwhich will be widely read, should be a
careful and reasoned exposifion of the data and evaluation pro-
cess vhich the Staff has gone through in considering the envir-

onmental aspects of the proposed licensing so that all parties
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to the proceeding and the public in general can appraise the
result,

2. There appears to remain some misunderstanding of the
precise nature of the Applicant's facility in relation to the
rest of the New England area. The Applicant is a generating
company which vwill sell the output of its facility to its ten

_owners which are investor-owvned electric utilities. The Ap-

plicant has no “system" of 1£s own {see erroneous statements
on page 1, line 11 and on page 149, line 2), Similarly, the
New England Power Pool is a vehicle for joint generation and
transmission in MNew England which does not constitute a “system"
(see erroncous statement on page 1, line 11), Similarly, Velco

is a transmission company in the State of Vermont rather than

a "aictribution" cozpany (sec page 45, line 11}, In this con-
nection, a better description of the lew England power picture
would be helpful to avoid such erroneocus statements in the De-
tailed Statement, such as: "The Vermont Yankee plant will pro-
vide about one-half of Vermont's povwer requirements” (page 39);
"the electric power , . . would probably be largely consumed by
the tourism industry" (page 146); and "industry and population
will increase in the vicinity of the plant" (page 148),

3. Page 2. The discussion in the second paragraph on
page 2 implies that l1little or no consideration was given to
population distridutions, In fact, the Givbs and Hill Site
Study of October 1965 atates the following criterion on page
1I-5, which would have to be met for any site:
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-"Sufficient remoteness from populated areas
to meet safety requirements  of AEC and land area
sufficient to meet exclusion area requirements,”

It is abundantly clear that Vernon is an acceptable site

 from the standpoint of populetion density as evidenced by DRL's

approval of it, Further, comparison with other approved sites
will show that the population distribution around Vernon is
lover than for ﬁany other nuclear power stat;ons. As a con-
sequence of these considerations, Ver@ont Yankee considers
that the wording of the particular paragraph is misleading
and the implications contained in it should bde éliminated.

4, Page 17, line 13 under heading 2. The Applicant's

commiiment to the Commission and to the Vermont Water Resources
Board, and its contractual arrangements with New England Power
Compuny, contewplate a minimum flow through the Vernon Da: of
1200 cfs at all times, The textual reference to stabilizing
pond elevations which appears to qualify that minimum flow
commitment is without foundation.

5. Paze 39. The last three sentences of the first para-
graph under "B, Transmission Lines'" would be more accurate if
changed to read as follows:

"The connection of Vermont ¥ankee to the 345 kv New
England grid 1s made in the Vermont Yankee switchyard,
The 345 kv grid loops from western Massachusetts north-
erly to the Vermont Yankee switchyard and then easterly
through New Hempshire., The two 345 kv grid transmission
dines into the Vermont Yankee switchyard are not con-
sidered to be reguired as a result of the construction
of the Vermont Yankee plent, as they would have been
required to supply purchased power to the State of
Vermont if the plant nad not been built at the Ver-

non site. The added facilities required are two 115
kv lines that conncct the plant to the interconnected
Vermont, New Hampshire 115 kv grid,"
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6. Page 45. The sentence beginning "Another transmission
line . . ." which starts on line 14 shouid be deleted because it
réfers to a proposed line which was never ccnstructed.,

7. Page 51, The Staff's discussion of the dispersion of
heat from the plant, which begins on this page, results ulti-
maetely in the Staff!s recommendation on page 115 that specified
temperature limitations be izpcsed upon operation of the plant
and that only "a discharge arez of 10 acres will be exempted
from this restriction". As the text of the Draft Detailed
Statement reveals, the logic which leads to this result is
elusive and that factual support and evaluation process which
underlies the Staff's conclusion 1is nonexistent, - In reaching
this position the Staff disregerds the results of the Applicent!s
dye studies, wvhile relying upon a mathematical model selected
by the Staff. In addition, tre Staff discounts the value of
monitoring temperature rise dowmstream from Vernon Dam, The
Applicant strongly opposes the erbitrary imposition of the
Staff's recommendation as set forth helow,

The Applicant'submits thet dye studies are an entirely
acceptable tool for analyzing heat dispersion. Although the
dye studies at Vermont Yankee used unheated water end were con-
ducted to determine the hydraulic and diffusive properties of
Vernon Pond, the results of the dye studies can be used to
estimate effects of a heated discharge released into Vernon
Pond. |
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The results of the Applicant!s study shewed the presence
of circulatory currents in Vernon Pond during nightly periods
of low flow (1270 cfs) and stronger currents directed toward
Vernon Dam during daily pericds of higher flous (5000 cfs).
The dye became well mixed with the receiving water throughout
the Pond, indicating a relatively high degree of ambient tur-
bulence during the perio@ in vhich the dye studies were per-
formed, These changing currents and ambient turbulencé tend
to increase both horizontal and vertical mixing of the heated
discharge with the receiving water.

In fact, the results of the mathematical anelysis con-~
ducted by the AEC indicates that the Applicant's "dye disper-
sion studies are in approximate agreement with the results
from the methematical model at both low flow .conditions
tested", (Page 60, first paragraph)

The heated water layer and ambient turbulence have been
related througn the densiometric froude mumber which is a
measure of the ability of a body of water to sustain a two
layered, or stratified condition. The froude number for the
maximum averege allowable temperature rise of 4°F. on Vernon
Pond is approximately 1 during flows of 1200 cfs and increases
to approximately 4 during flows of 5000 cfs. Field experi-
nents have shown that flow separation occurs when the froude
number is less than 1 over pi, (Orlob, GT, and Selna, LG,
"Mathematical sirulations of thermal stratification in deep
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reservoirs", ASCE Specilalty Conference on Water Quality,
Portland, Oregon, January, 1968.)

It is, therefore, unlikely that Vernon Pond can support a
strétified condition outside of the initial mixing area if the
temperature rise criteria are adhered to,

' The dye dispersion studies indicate that anbient turbulence
in the Pond will overcome the buoyant effects of the heated dis-
charge. |

These original judgnents regarding the mixing from the
discharge in addition to the supporting information obtained
in the dye study indicete that the Pond will be nmixed and will
not have a stretification sinilar to those prédicted by the.
mathematical models. The supposition that the heated wvater
would stratify on the Vernon Pond is notv supported in any way
other than by a mathematical model which éhe Staff concedes
"was not considered entirely appropriate for Vernon Pond" (Page
60). On the other hand, the Applicant's dye dispersion study
does indicate that there would be substantial mixing in Vernon
Pond, Therefore, the mathematical models used by the Staff
have obviously presented an inaccurate representation of the
three-dimensional aspects of the thermal dispersion in Vernon
Pond,

The arbitrary delineation of a lO-acre area which is to
be exempt from the Staff recommendation is of real concern to

Vermont Yankee. As is readily demonstrated by the tables on
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pages S5U4 tarough 59, the position of the plume will constantly
change as river flows change. As may be seen in lebster-
¥artin's Report, Section C, the river flows change signi-
ficantly on a daily basis., With this constant change in flow,
the river is seldom in a steady state condition and thus neither
is the thermal plume. Therefore, it would be extremely dif-
ficult to assure compliance with such a standard. It is clear
from the foregoing discﬁssion that there cen be no assurance,
without extensive post-operational field studiqs, that the
thermal plwre vill be as predicted in the Staff's figpres on
pages 56 an@ 57 and therefore, there is no Justification for
arditrarily fixing a mixing zon~ on the basis of these pre-
dictions,

Furthermore, as indicated by the Staff's discussion on
page 51, both the Vermont Water Resources Bo;;d end the New
Hampshire Hater Supply and Pollution Control Commission have
issued permits to Vermont Yankee establishing thermal limita-
tions upon discharge which are less restrictive than the Staff

recommendations, The Applicant would note that the Water

Resources Board Order was developed through extensive hearings,
at which testimony was presented by the Vermont Fish and Game
Department, the States of New Hampshire and Massachusetts, and
the Connecticut River Fisheries Committee on Technical Manage-
ment, all of which are agencies concerned with the restoration
of anadromous fish. The Water Resources Board Order which

specifically prohibits any operation whicl: endangers that
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restoration program, sets limits for mixed temperatures of the
condenser cooling water and the Connecticut waters that are
adequate to protect the biota and indigenous fishes of that
area of the Connecticut River, The Staff provides no discus-
sion of its reasons for disregarding the considered recommenda-
tions of the state agencies most intimately concerned with the
river and the re;toration programs. In thls connection, it
sh&uld be pointed out that the Staff reccommendaticn would in-
evitably necessitate increesed oparation of the cooling towers

which, the Staff concedes (page 115), creates some adverse ef-

" fect on the environment.

Finally, the Applicant must emphasize that the Draft
Detalled Statement completely fails to provide any cost-
benefit analysis of the nevw stendard which the Staff is pro-
posing. There i1s no evaluation of the physical damage to the
environnent which ls presuwnably to be obviated by the more
rigorous standard imposed by the Staff, There is no balancing
of benefits of that undefined "benefit" to the environment
against the economic cost and environmental harm to be incurred
by the cperating regime necessitated by the Staff standard,
There is no justification for the reduction of the areas pre-~
dicted by their mathematicael model (see page 53) to only 10
acres and no evaluation of the environmental impact of this
arbitrary reduction. Implicit in the Staff approach is the
concept of minimizing a particular effect without evaluwating
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the costs involved. The Applicent submits that a true
balancing of costs and benefits does not support the imposi-
tion of the Staff recommendation, The final statement should
include such a discussion,

The Staff has also expressed its doubt as to the rele-
vance of temperature data monitored below the Vernon Dem and
implied that the monitoring sites were selected solely upon
physical features (page 8l), As 1s pointed out in the Webster-
Martin report the sites for installation of the monitors were
selected with the cooperation of the Vermont Department of
Water Resources, They vere chosen with a view to positioning
the upstreem monitor (Station 7) above the effects of the plant's
cooling water discharge and the downstreem monitor (Station 3)
below the zone for mixzing of river water and cooling water dis-
charge. The results of the dcwnstreanm measurements would be
adjusted to ccmpensate for any temperature drop resulting from
the location of the monitoring station in order to demonstrate
compliance with the Vermont thermal requirements, These measure-
ments vere not intended to determine the thermal plume con-
figuration in Vernon Pond.

Nevertheless, Vermont Yenkee does intend to study the
temperature distribution pattern of circulating water dis-
charges in the area of the Vernon Pond, These studies will
include vertical profiles and cross-river transects to identify
any stratification or channelling of the thermal discharge
(Environmental Report, Pege 5.6-7). Vermont Yankee submits
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that permanent monitors in the pixing zone would be almost

meaningless due to changing river flows, wind directions and
velocities and other changing parameters (Tr. page 2758). The
deta provided by the Applicant’s proposed monitoring program,
vhere probes can be moved es results are accunulated, offers
far more rellable information on thermal petterns in the Vernon
Pond. In addition, the post-opgrgtional field studies and
environmental monitoring by the Applicent will provide real
data upon which a considered decision can be made as to the
environmental impact of the plant.

Until such information has been asserbled and evaluated,
the Applicant submits that ther~ is no basis for' imposing the
rigorous standard suggested by the Staff and in the interim
the continuing Jurisdiction of the Commission provides adeguate
safeguards,

8. Page 60. In the second paragraph, the Staff recommends
the installation of a skimmer wall to enable Vernon Dem "to
use heated water off the top of the pond for turbine operation",
There is no explanation of the reasoning behind this suggestion.,
The Staff appears to rely heevily on its assumptions that marked
stratification 111l occur in Vernon Pond above the dam and that
the turbines will not draw a cross-section of the water impounded
above the dam, The supposition that the heated water would
stratify on the Vernon Pond is not supported in any way other
than by a mathematical model which the Staff concedes Mwas not
‘considered entirely appropriate for Vernci Pond" (page 60). On
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the other hand, the dye dispersion study does indicate that
there would be substantial nmixing in Vernon Pond. See dis-
cussion in Comment 7 above, Furthermore, the Applicant believes
there is no evidence to suggest that the turbines do not draw
from the entire water column behind the dam. Once again the
Applicant would note that there is no cost-benefit evaluation
of the consequences of the Staff's recommendation,

9. Page 68. It is stated that after installation of the
off-gas system modification that total iodine will be reduced
to less than 0,6 curies/year. This value is not comparable to
the figuwre of 1.7 curles/year of I-131 shovm on Table ITI-2
(page 69) for the eaily cteges of operation., It is reccomended
that the figures de stated on a consistent basis and since the
pasture-cow—milk-cﬁild thyroid chain in the pathway of signifi-
cance, I-131 values rather than total iodine are the significant
quantities and should be used as the basis for comparison,

In addition, Figre III-16 (page 67) accruately shows the
presence of a charcoal filter in the existing off-gas system
discharge path. The text does not indicate whether or not the
presence of this filter has been considered in the I-131 release
estimete of 53.9 x 10~3 uCi/second during the veriod of opera-
tion prior to modification of the off-gas system. (Although a
complete discussion of source term assumptions has not been
provided, it appears to Vermont Yenkee that the filter was not
considered to remove lodine.) It is suggested that this subject
be addressed in the final statement.
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10, Page 70. The Applicant.is not aware of any basis
for the Staff's estimate (in the fourth full paragraph) of
sollds to be deposited from drift from the cooling touwers,
If the Staff "feels" a more conservative estimate than the
Applicant!s is required, some factual basis for that estimate
should be provided. The Applicant submits that the "conservative
estimate" by the Staff is grossly exaggerated: it assumes @&
capacity factor of 100%, vhereas in reality & lower capa;ity

factor will result from annual refueling and maintenance shute

.downs; i1t assumes a solids concentration of 230 ppm continuously,

vhereas that level would be reached only during closed cycle
operation and would be reduced by a factor of 2,3 during helper
cycle operation; it is premised upon a -continuous solids con-
centration 1n the river water of 142 ppm (the-highest level
recorded by Vermont Yankee), whereas the average solids con-
centration of the river was 100 ppm; and it assumes closed
cycle operation of the cooling tovers throughout the year vhich
is unrealistiz,

1l. Page 77. The first sentence of the third paragraph
under the heading "General Effects" is in error. The exclu-
sion area does not include the boat ramp on the New Hampshire
side (see Applicant's Exhibit No. 14, vhich mzp irdicates the
extent of the exclusion zone and the location of the ramp).
Furthermoré, the exclusion zone will be "controlled" by Vermont
and New Hampshire orficialé under the provisions of the emergency
plans of those states.,
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12, Page 78, "Coolins Touer Effects”, The Applicent has

supplied various data with respect to fogging which the Staff
has evaluated here and at pages 160-161, Without explanation,
the Staff has erroneously concluded (see peges ii and y) that
operation of the coolinz tower will be terminated whenever fog
41s carried beyond the site. This conclusion is inconsistent
with statements coout off-site figging on poge 160. The con-
fusion, no doudvt, arosé from a provision convained in the
Amended Order of Permit, dated iiovember 26, 1971, issued by
the Veraont Hater Resources Board. This Order was discussed
at the licensing hearing and the possibility of its modifica-
tion was then disciosed (Tr. 31€9-71), On May 8, 1972 a Motion
was filed by Vermont Yankee secking a change in that Order and
the Staff 1111 be notified as that proceedlry progresses.

13. Page 84. In the last paragraph on page 84 and agein
in the second paragraph on page 8§56, the Staff suggests that
the minfmum flow of 1200 cfs mey stabilize the aquatic environ-
ment and waterfowl conditions in Vernon Pond, The Applicant's
consultants believe any such effect would be minimal and that
the final statement should not imply that significant value
haé been attridbuted to this phenczenon,

14, pege oh, "Entrainment'. There is no Justification

for burdening the discussion of the Vermont Yankee Station with
a gratuitous reference to the Indian Point Unit 1 experience

with the implication of similarity. There are many distinguish-
ing factors which are not discussed by the Staff. This discus-
sion should be limiteadtouthe anticipated impact of the Vermont

e’
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Yankee Station.

15, Page 98, "Thermal", As noted in the previous comrent,

any comparison of the Vermont Yankee Station with another plant
should, in the interest of providing a feir and objective evalua-
tion, alsc note distinguishing factors, The reference to
experience at Connecticut Yankee with "river species of young
fish" (unnamed in the Steff's statement) should reflect the
extent to vhich these species are present in Vernon Pohd.

16, Page 92, "Effects on Fisn Penulations”", Throughout

the report there are generalized words used to refer to potentiel
effects on fish, such as "large nmumber" end "certain number" as
on page 9%, On page 98, the report refers to "many", These
are terms which mey imply ean exaggerated notion of the megnitude
of the effects, It would be better if some more exact nhumbers
were used to indicate the orders of magnitude so that some
evaluation can be made. There is also a lot of speculation
without evaluation, such as the.statement on pege 98, at the
end of the first paragraph, that the sudden rise of temperature
"may not be lethal® but that physiological shock "may cause”
greater susceptiblllity to predation, On page 105, in the
discussion of white pérch, again general terams are used that
could be misleading. The report states that "a noticeadle
number of white perch may be killed" and that "a major adverse
effect . . . is not expected", These two speculatiéns are not
reconciled, Siﬁiiarly, on pages 89 to 92, assertions are made

concerning impacts upon restored salmen runs without any
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evaluation of the prospects or timing of such events. It is
suggested that the final statement attempt a more objective
discussion which can permit a reader to perform his own evalua~
tion of the material, *

17. Pege 101, veragravh 3 under “Chemicel"., The text

appears to ignore the chlorine anslyzer which the Applicant
has installed, The versatility of the chlorine analyzer/
controlier pernits the adjustment of the residual éhlofine
cominz from the condenser so that the concentration of chlorine
going into the river vill be in the order of 0,1 ppnm.

18, Pege 1C2, last sentence, The Steff here states its

belief +hat postoperaiional biological monitoring should in-
clude chemical analyses of aquetic orgenisms Tor sodium and
sulfate. The Applicent would point out that the daily and
seasonal variations in chemical concentration; in the river,

as reported in the Webster-Martin study (cited in note 21 on
page 37), have substantially greater impact than the concen-
trations of chemicals being discharged by Vermont Yankee.

Since aquatic orgenisms are subjected to the natural range of
concentrations of metals in the Connecticut River there seenms

to be no logical basis for chemical monitoring of orgenisms in
the plume if the dlowdown concentrations do not exceed the maxi-
mum natural concentrations observed in the river. Therefore,
Vermont Yankee proposes to routinely monitor cooling totrer
blowdown for those metals which, because of the 2.3 concentration

factor, may exceel meximum values naturally present ‘in the
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Connecticut River. If this blowdovm monitoring program does
indicate that any metal concentretions exceed the maximum
natural value, then aquatic organisms in the plune area will
be analyzed for these metals by sensitive chemical methods.

' The analytical procedures used for certain metals in the
1969-70 survey were less sensitive than are practiceble by
current procedures and this resulted in uncertainty as to the
concentrations of these substances in blowdown. HNewer instru-
mentation and analytical procedures will permit a much lower
1imit of detection for these substances in the water quality
monitoring pregram to te conducted when the plant beconmes
operationzl,

19, Pege 106, "Biolegical Monitoring™. The Applicent

proposes to implement the following vost-operationel studies:

1, Operationel profiies of the therrmal plume in all
dimensions for each of the cooling vwater modes and
river flows, These data will de correlated with the
continuous temperature monitors to provide data to
evaluate thermal impacts on Vernon Pond.

2. Studles of the phytoplankton, periphyton and
zooplankton vill continue in a similar manner as
in the preopera@ional studies vhich were primarily
on a seasonal basis in the vieinity of the plant and
at the two permanent sampling stations, Operational
studies data on species diversity and population

numbers will be compared with preoperational data.
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Collections of benthic faunza in Vernon Pond and the
Connecticut River below the dam will continue at the
stations that were studied before Vermont Yankee be-
came operational.

Aquatic vascular plants below the discharge area and
above the intake will be investigated for changes in
species copposition due to thermal and other effects.
Fish collections will contimue in 211 ereas that
were studied in the preoperational period with ed-
ditional emphasis in the intake and discharge areas,
Physical exanination of these fish as well as weight
and length and scale semples will be evaluated,
Radlionuclide concentrations will be determined in
various specles &3 in the preoperational studies.,

In addition, a log will be kept at frequent intervals
of the material removed from the intake screen. This
record will record the dead fish and other organisms
along with pertinent informetion relative to tinme of
Year and water temperatures,

Entrainament studles will be conducted during the time
of year of open-cycle operation. Such studies will
include evaluation of plankton and larval forms of
insects and fish., These studies will be oriented to
entrainment mortalities. The applicant proposes to
contrect the services of Aquatec, Inc. (Former
Biology Division of Webster-Martin) in conjunction with
these studies, the outline of which is attached.
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7. Water Quality studies will be conducted for selected
water quality parameters 'in a similar manner as 1n
the preoperatiorz) program., OCperation as well as the
data reduction from the Honeywell monitors at Stations
3 and 7 will continue. D.0., 2nd Temperature studies
at selected stations will be repeated.
8. All areas will be studied each ycar to some degree
and the variﬁus programs will be kept flexible enough
to accommodate any indicated need for a change in
emphasis.,
The discussion on this subject in the final statcment should
reflect this information.
The Applicent would also point out that ‘there is no reason
to perform the terrestial orgenism monitoring referred to in
the last paragreph on page 107 until the monitoring of plant
effluents indicates that an irmpact on such organisms 1s plausible
and the Applicant would only then expect to perform such monitor-
ing.
20, Page 121, third full paragraoh. The Applicant would
respectfully suggest that until the design odbjectives of Ap~

pendix I are finally formulated, it is not possible to maike the
statement that the presently planned modifications will meet
those objectives, Nevertheless, it is the Applicant'!s present
expectation that such will ve the case and, of course, it will
comply with Appendix I when it becomes effective, In this con-
nection, it shou’.d be noted that the statement on page 145 that
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the Applicant "will have to meet the limits proposed" (emphasis
added) in Appendix I is likewise f{naccurate., The Applicant will
have to meet the limits contained in Appendix I as ultimately
adopted.

21, Page 141. The Applicant believes it is misleading to
-discuss the results of acclidental criticality during the trans-~
portation of cold fuel without first enumerating the nany pre-
cise events which must occur coincidentally before such criti- -
cality can occur,

22, Page 144, 1In the last paragraph on this page and
again at the top of page 147 reference is made to adjusting
opcration "to minimize adverse effects", The Applicant must
take lssue with tﬁis approach as being wholly contrary to the
Comnission'’s regulations, The purpose of the detailed state-~
ment 1s to analyze the costs and benefits of a proposed course
of action and 1ts alternatives and to determine which course of
action 1s Justified., Inherent in this approach is a weighing
of the costs and benefits attributeble to each. Any suggestion
that an effect 1s to be "minimized" abandons this balancing ap-
proach by totally disregarding costs and risks carrying environ-
mental measures to the point vhere costs exceed the benefits,
The final statement should clearly demonstrate the favoresble
cost-benefit comparison for any course of action it propounds,

23, Page 149, The discussion of "Need for Power".is en-
tirely out of date and therefore does not éccurately portray the

power situation in NMew England., It relie; upon sources which
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are six months to six years old. It also, understandadly, does
not reflect the recent serious changes resulting from the flood-
ing accident at the Rorthfield Puwped Storagze Station on April 22,
1972, unich hos delayed 1000 rw of anticipated capaclty for- a
substantial period of time, V¥hen this incident has been fully
eveluated, the Applicant will supply the Staff with further
information,
| 24, Ppege 155. With respect to the "Cost-Benefit Analysis",
the Applicant believes the folloiring points should be corrected:

(a) A discount rate of 8,757 per year is used throughout
without any justification for tne selection of thet
rate., The fin2l statement should ecxplain the basis
for this figure.

(b) On page 164, a statenent is made that "tourist
activity mizght initielly elicit a nezative response',
vhereas the Staff previously states that "tourism is
& very importent industry in Vermont" and the Brattle~
boro arca necar the plent “is signiXicantiy dependent
on tourism" (page 146).

(c) The present worth values for the oil-fired slterna-
tive have been incorrectly ccmputed., (See page
146.) It cppears thet the present worth was cal-
culated on the besis of 25 years. However, since
the 25 years would stert to run five years hence,
they should be present-~vortned for an additional
five yeers to bring them to present velue at the
time of the report, The result, of coursc, would
be to reduce the pvresent velue of the cost of the

- oil-fired alternative, but it does not chanse any

of the relationships. The correct numbers chould
now be as follews: in the table on page 165 under
the column labeled Alternative OL1 Burning Plant,
the second line should read 75-121 in place of
162-209. The fourth line should read 321-367 in
place of 408-455., On page 166, the next to the
last paragraph, the present worth of the cost of
fuel oil shevm as $233 million snould be changed
to $153 million ard the present worth of overations
should be changed frem $19 million to $12,.5 million.
In the last paragraph on vege 166, the present worth
of fuel costs should be changed from $280 million to
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(a)

25,
should be

created:

(»)
()

()

(a)

().

$199 nillion., This latter chanze alsc reoresents
discounting of the 25 years of fuel cost including
the 2 percent per yecar fuel orice increase for 30
years, starting at ithe oresent time, and then dis-
counting for the five years {rom time of plant start
up to the oresent. Finz2lly, there seens to ve a
glight error in the calculation of the present worth
of the benefits shcun on page 167, The benefit value
should be $825 million rather than $835 million.

The figure at the end of the second full paragraph
on page 167 should be $825,000,C00,

Finally, there ere several typographical errors which

noted to remove any ambiguitieb vhich may have been

Page 14, line 24 ~ "initiation" should be
"irritation”,

Page 17, line 20 - "flow over" should read "flow
passed”,

Pege 33, line 3 under heading 7 - the word "relative"
should be inserted before tne word ‘eoundance”. The
Applicant's study did not attempt a census of the
fish population but only mzde an evaluation of their
relative abundance by weight.

Page 24, line 21 -~ the word "complete” should reed
"exnhaustive", The report referred to is "complete"
in the sense that it has been finslized and sets forth
2l) the data assemnbled by Webster-}artin as of its
date., It is not "exnaustive" in the sense that it
does not purport to cover every conceivable aspect of
the Connecticut River.

Page 33, line 1% under heading 7 - the "black crappie”
should ne deleted, since a specinmen of this species
was caugat in the Applicant!s stuéy.

Page 36, Note 9 - this reference should be to the

Order dated July 31, 1970 of tne Federal Power
Commission, approving the Indenture between IHew
England Povier Corpany and Vermont Yankee Kucleer
Pover Corporation, relating to use of lands and
reservoir of Project o, 1904", Compare reference
3 on peze 73.
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(g) Page 65, paragraph 3, line 4§ - tne "reactor building
vent stacik" should read the "mein station stask,
There ic only a single vent stack at the facility.

(h) Page 72, 1ine &4 under heading E - the figure
"500 1b." snould read "6E0 1b."

(1) Page 82 - in the second sentence of the fifth
paragrapn under the heading "Chemical Discharges"
the word "hydroxide" should be "hypochloride”,

(J) Page 144, line 3 - to be consistent with the periods
consicdered in the Cost-Benefit Anclyscs, the 1life of
the plant should be deemed to be 30 years,

(k) Page 149, table - the last figures in the third and

fourtn columns Qf the table should be }dentical.

The foregoins, comments have been submitted by the Applicant

to assist in correcting the content of the final statement. The

Applicent would be heppy to meet with the Starf to discuss any

of these comments and to provide whatever additional material

may be required.

Very truly yours,

VERMONT YAHKEE NUCLEAR POVER
CORPGRAT O

By:Doneld E, Vandenbursh
Donala E, Vancenvurga,
Vice President
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Brrran, ROISMAN AND KXEssSLER
1712 H STRELT, NOATHWIEST

WASHINGTON, D. C. 20036
AREA COOT 202

ZOWARD BERLIN
PHONT 3330070

SLADYS XISSLER
DAVID R, CASHDAM

KARIN P. SHELOOM May 17, 1972

Director

U. S. Atomic Energy Commission

Division of Radiological and
Environmental Protection

Washington, D. C. 20545

Dear Sir:

Re: 50-271, In the Matter of Vermont Yankee Nuclear Power Corp.

I enclose herewith comments by New England Coalition on
Nuclear Pollution concerning the Draft Detailed Statement on
the environmental considerations related to the proposed issuance
of an operating license to the Vermont Yankee Nuclear Power

Station.
Very truly yours,
7\1(//‘"7L /) ‘/ //ZGJ??‘{
Anthony z Roisman
o~
AZR/pq
Encl.

AN
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BEFORE THE
UNITED STATES OF AMERICA
ATOMIC ENERGY COMMISSION

In the Matter of

)
VERMONT YANKEE NUCLEAR ) Docket No. 50-271
POWER CORP. )

COMMENTS ON ENVIRONMENTAL
IMPACT STATEMENTS

The following comments on the Vermont Yankee-Power Plant
Draft Detailed Statement are submitted by the New Erngland

Coalition on Nuclear Pollution in accordance with the notice

- in 37 FR 7423, April 13, 1972 and the provisions of the National

Environmental Policy Act.

Reference is made to the New England Coalition on Nuclear
Pollution submission of a Detailed Analysis of the Draft State-
ment issued February 18, 1971 and the accompanying 202 questions
which we considered critical to the thorough preparation of an
impact statement. Although the Draft Detailed Statement of
April 7, 1972 is a substantial improvement over the Draft sub-
mitted a year ago, we find:that a number of matters still remain
to be considered.

A. Site Selection

The statement indicates that of the 23 potential sites
congidered, the Vernon site‘was the "least favorable site from
a population density standpoint". (p.2) There is no discussion

of the factors considered to be of greater importance to the
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Applicant than impact on population, although we can surmise that
economics was a large factor. Thus the public has no way of
knowing whether the increased risk to health and safety of persons
living near the plant is outweighed by other considerations.

B. Site Location

The Vermont Yankeé site is unusual in that it incorporates
a section of the Connecticut River within its exclusion area.
The NECNP commented in its Detailed Analysis on the February 18,
1971 statement that there should be discussion of this appro-
priation of property by the Applicant. None appears in the Draft
Detailed Statement. It troubles us that a private company can
assert control over a public resource, and in so doing not only
deprive the public of its use of the resource, but pose diffi-
culties for state administrations concerned with preserving
resource quality.

C. Land Use

(1) Dairies and Crops - In the discussion of land use the
statement notes that much of the land around the plant is de-~
voted to agriculture and dairying. However, no maps arxe in-
cluded to point out the location of fields and dairies, and the
information concerning the use of milk and crops is severely
limited. How much local milk is pooled, and what is the effect

of this on iodine concentrations? How many children consume

" milk that has been pooled, and how many drink milk from the

family cow? Since the grass-cow-milk chain is one of the most
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critical concentration pathways for radiation, it should not be

dismissed as an insignificant pathway at the Vernon site without
a more detailed discussion of the justification for such a con-

clusion. Realistic dose estimates for the local population de-

pend on the availability of such information.

(2) Flora and Fauna - In our previous submission New England
Coalition on Nuclear Pollution recommended that an analysis be
completed of the plant property in terms of impact upon wild
animals and plants. The Staff chose not to undertake an inde-
pendent study of this, but relied instead on the Applicant's
ecological studies, although, as noted, except for the Applicant's
studies, "very little information is available on the acquatic
bjota®. The Webster-Martin Studies, commissioned by the Applicant,
do not offer a complete evaluation of the effects of the plant on
the ecosystem. Forx example, the survey did not include a survey
of fish larvae and fry in the Connecticut River near Vernon. The
plankton sampling program described is not an adegquate substitute
since the sampling techniques for fish larvae are quite different.
In addition, the Webster-Martin fish sampling program did not
include sampling during the winter months, when the warm water at
the discharge point is likely to be most attractive to fish, or
sampling in the mixing zone; the area of greatest impact.

The affect on water quality, fish and other acquatic organisms
of the chemicals, particularly chlorine, to be discharged into

Vernon Pond is not adequately discussed. We are in agreement with
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the comments submitted by the State of New Hampshire on this
subject. We join in their recommendation that a competent bio-
chemist be consulted to ascertain the impact on fish of these
chemicals. We also recommend treatment of the effluents to
reduce amounts of chlorine, and the trace elements of mexcury
and cadmium. '

Support for the conclusion that discharge of salts will
not impair water quality should be given since the amounts to
be discharged are substantial.

The matter of fish mortalities, and the impact of radio-
active materials on acquatic biota has been treated lightly.
Since the Department of the Interior plans to undertake a major
anadromous fish restoration program for the riVer, impact on
fish should be reduced to an absolute minimum. Rather than
simply acknowledging loss of fish life, steps should be taken now
to prevent this.

The Applicant's studies do not include an analysis of the
terrestrial environment. 1In lieu of an independent and thorough
evaluation of this aspect of the Vermont Yankee site, the statement
offers a list of animals found in the state of Vermont, not all of
which are found at the Yankee site. Such a listing cannot take
the place of an analysis of the impact of the plant on flora and
fauna at the site. 1In relying on the Applicant's data, rather

- than gathering its own, the Staff is slighting the public's in-

terest in the maintenance and well being of plants and animals.
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D. Metexology
Meterologic data about the plant site was collected by the

Applicant at one station during a one year period from August,
1967 through July, 1968. It is questionable that the information
received from this severely limited sampling is an adequate basis-
for accurate judgmenfs about weather and Qind conditions in the
Vernon area. Sampling should reflect a period of years.

In addition, there is no information on the monitoring pro-
gram itself, nor a discussion of the site characteristics - pri-
marily the presence of a valley - which contribﬁte to meterologic
conditions.

E. Groundwater/Wells and Springs

Within a five mile radius of the plant water for private
use is supplied by wells and springs. As shown in FPigure II - 11
most of the wells are concentrated around the plant site. From
the discussion of geology and groundwater it is clear that water
in this area is close to the surface and contained in relatively
shallow deposits. In ligﬁt of this, and the fact that the water
table fluctuates with changes in the level of the Connecticut
River, there is a potential for contamination of the groundwater,
and the wells and springs, by the leaching of radioact:ive materials
from the plant’s liquid wastes., Obviously, if groundwater becomes
contaminated, vegetation and animals consuming that vegetation
will be as well. Other than acknowledging that the Staff had
considexred the possible impact of plant operation on drinking
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water supplies, the rtatement fails to addrxess this problem in
any depth., A thorough discussion, including plans for monitoring
should be included.

P. Direct Radiation

Oﬁe of the 1argéét problems posed by the Vermont Yankee site
is the direct radiation dose to children attending the Vernon
Elementary School which is locateQ/éigg iiztturbine building.
The estimates of 20 mr per year from IGN gamma shine, assuming
an occupancy factor of 0.2 at the school is not supported. The
statement contains no details of how the calculation of 20 mr
was made, whether it was based on data from the Vermont Yankee
site or extrapolated using data from another site. 1In fact,
according to the AEC Staff, data from Oyster Creek was used to
predict the gamma shine dose at Vermont Yankee. The public not
only needs to know this, but to know whether 20 mr per year of
direct radiation is an acceptable dose for the small children
and pregnant women who will be present at the school building.

G. Thermal Discharge

The problem of thermal pollution of Vernon Pond raised by
the State of Vermont following the 1971 Draft Statement, has not
yet been solved. There is no information in the statement to
indicate that Vermont Yankee will be able to comply with Vermont
water quality standards, using a closed-open-helper cycle system
to regulate discharge of heated water. No analysis is presented

of the increase in the temperature of Vernon Pond during each of
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these modes. Furthermore, we find the evaluation of impact on
fish and other acquatic incomplete. Supporting data for the
discussion on pages 114 and 115 should be provided.

H. Transmission Lines

The statement notes that herbicides were used by thé Applicant
to "reduce the iméact of the transmisslbﬁ lines on the environment”
{(P. 45) There is no indication that alternative methods of land
clearing were considered and abandoned, nor is there information
on the kind of herbicide used and its affects on non-tﬁrget plants
and animals., Some discussion of the total amount of animal habit-~
ual destroyed by the lines and the use of herbicides would also -
be in order.

I. BExposures During Transportation

The exposures to truck drivers hauling irradiated fuel and
s0lid wastes away from the plant (page 139) seem excessively high
when compared to the 5 rem per year limit for radiation workers

in plants, and the proposed 5 mr Appendix I guide for exposure

at a site boundary. An explanation of how these estimates were
derived is in order. 1In addition, a substantial effort should
be devoted to thelr reduction.

J. Need for Power

We feel that the scope of the investigation of the need for
power is not adequate. The AEC 1s relying on information about
projected growth rates and future demands supplied to the Federal

Power Commission by the power companies. The FPC does no
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independeﬁt analysis to determine whether these figures are
correct, or even to ascertain what they mean. In the same
vein, the AEC accepts the Applicant's view of the need for
the plapt.'

The supposed "need for power" has been usgd by companies
to justify peémitting-ﬁlant bperatiods without a true examina-»
tion of the alternatives to operating the plant. Ways of re-
ducing demand are not analyzed. Nor is there an analysis of the
harm or benefit which will occur.if'the alleged need for elec-
tricity is not met. The Staff assumes that because money will
be made and jobs created by the operatién of the plant, this is
a benefit which requires no further analysis. The same benefits
would flow from operation of any industry. The real benefits
depend upon the particular industry and the benefits flowing
from the products produced by that industry. The principle of
NRDC v. Morton should be applied; the impact of the whole fuel

cycle should be examined.

| Unless a independent, factual analysis is done of the power
sitvation in the NE Pool, there is no basis for the conclusions
in_the need for power section.

The New England Coaliion on Nuclear Pollution will address
these and other comments to the Applicant and the Commission in
the hearings on the environmental impact of Vermont Yankee to be
held after the Pinal Impact Statement is filed. Our comments

here are not complete, and we do not mean to limit our further



