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NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.-,

Washington, DC 20555

; 2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-;

ment Room include N RC correspondence and internal N RC memoranda; NRC Office of Inspection'

and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

} The folinwing documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of,

Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical Information Service include NUREG series
rww. m ... m.....-. report: prepared by other federal agencies and reports prepared by the' Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federal Register notices, federal ar.d
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free, to the extent of supply, upon written request
to the Division of Technical Information and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the N RC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be

_ purchased from the originating organization or, if they are American National Standards, from the
American National Standards institute,1430 Broadway, New York, NY 10018.
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ABSTRACT
g

This Draft Environmental Statement contains the second assessment'of the envi-
ronmental impact associated with Beaver Valley Power Station Unit 2 pursuant to
the-National Environmental Policy Act of 1969 (NEPA) and Title 10 of the Code
of Federal Regulations, Part 51, as amended, of the Nuclear Regulatory Commis-sion regulations.

This statement examines the environment, environmental con-
sequences and mitigating actions, and environmental benefits and costs.
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SUMMARY AND CONCLUSIONS . .

i-

LThis Draft Environmental Statement (DES) was prepared by the U.S.; Nuclear
.

Regulatory Commission, Office of Nuclear Reactor Regulation.
'

,

} (1) This action is administrative.
.

) (2)
The proposed action is the issuance of an operating license to Duquesne;
Light Company, applicant and agent for the owners, for operation of the
Beaver Valley Power Station Unit 2 (NRC Docket No. 50-412). Beaver Valley
Unit 2 is adjacent to Beaver Valley Unit 1, which was licensed in Januaryi

1976.
The site is on the south bank of the Ohio River in Shippingport i

Borough, Beaver County, Pennsylvania, ;.

1 t

The. unit will employ a three-loop pressurized water reactor with a net
calculated electrical output of approximately 836 MW,

4
-

The circulating*

water system is a pumped, closed-loop system utilizing an air-cooled,i

natural draft hyperbolic cooling tower as a heat sink. The Ohio River
serves as the ultimate heat sink and provides makeup cooling water.;

(3) The information in this statement represents an assessment of the environ-
mental impacts of station operation pursuant to the Ccamission's regula-i

tions as. set forth in Title 10 of the Code of Federal Regulations, Part'51
(10 CFR 51), which implements the requirements of the National Environmen-} tal Policy Act of 1969_(NEPA). After docketing, in October 1972, an appli-4

cation to construct the facility and subsequent amendments thereto, the
staff reviewed the impacts that would occur during construction and oper-

. ,

! ation.
That evaluation was issued as the Final Environmental Statement-

2

l' ~

Construction Permit phase (FES-CP) in October 1973. After that environmen-
tal review, a safety review, and an evaluation by the Advisory Committee on

i

;

Reactor Safeguards, the Nuclear Regulatory Commission issued Construction!
Permit No. CPPR-105 on May 3, 1974 for construction of the facility. !

-

i
The

applicant submitted an application for an operating license by letter dated i

January 26, 1983. The NRC conducted a predocketing acceptance review and
'

j

determined that sufficient information was available to start detailedenvironmental and safety reviews. The applicant's operating license appli-] cation was docketed on May 18, 1983.
.

. (4) The staff has reviewed the activities associated with the proposed opera-i
tion of the station and the potential impacts, both beneficial and adverse.
The staff's conclusions'are summarized as follows:

i. .(a) -

! The total land area of the plant site is approximately 203 ha
(501 acres). Unit 2 will occupy about 23 ha (56 acrer); constructioni
activities have disturbed about 41 ha (101 acres). This is an '

increase in the acreage anticipated in the FES-CP, but does not
represent a significant land use change. Operational impacts to

) land use on the site are insignificant (Sections 4.2.2 and 5.2.1).
i
4

h

"
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'(b)
There are no significant impacts associated with the transmission
system because for the most part it will utilize the vacant side of
existing towers on existing rights-of-way (Sections 4.2.7 and 5.2.2).

(c)
On an average annual basis, consur:ptive use of Ohio River water will
be about 0.05% of the flow at the site. This small consumptive use
is judged to be a negligible impact on downstream users.(Section 5.3.2).

(d)
Unit 2 has improved somewhat over that reported in the FES-CP.The water quality of the Ohio River in the vicinity of Beaver Valley

How-
ever, some constituents are present in the river at concentrations
above those specified as acceptable by applicable criteria.

.

!
The con-centrating effect of the Unit 2 cooling system will aggravate these

concentrations in the river. However, comparisons of the maximum
discharge concentrations with those associated with aquatic organism
mortality data indicates that, for most constituents, adverse effectswould not be expected. Discharge of residual chlorine, un-ionized
ammonia, and manganese at the maximum expected concentrations could
produce localized short-term adverse effects on receiving water biota
(Sections 5.3.1 and 5.5.2).

(e)
The effects of thermal discharges in the cooling system blowdown to
the Ohio River are judged to be a small and negligible impact on theriverine community of aquatic biota.
will no longer be operating when Unit 2 becomes operational, theBecause the Shippingport facility
thermal discharges to the river will be less than previously evaluatedat the CP stage.
with attraction of some fish to the thermal mixing zone, and duringSome localized effects may be expected during winter,
summer, with avoidance of the mixing zone by some species (Sec-tion 5.5.2).

(f)
Entrainment of biota in makeup-water for the closed cycle cooling

-

-

system is projected to bat small and a negligible impact on the river-ine biotic community.
the ratio of the makeup flow to river flow. Percentage losses are expected to be equal to
(fish eggs and larvae) will be very small because of their period ofLosses of ichthyoplankton,,

peak occurrence and susceptibility during high river flows in spring
,

;
and early summer (Section 5.5.2).

(g)
Impingement will affect some fish species preferentially, but losses
are not expected to impact the populations of these species (Sec-tion 5.5.2).

(h) The operation of the plant and transmission system will have no
impacts on endangered and threatened species (Sections 4.3.5 and 5.6).

(i) The operation and maintenance of the plant and associated facilities
is not anticipated to have any effect on any sites or properties
eligible for or listed in the National Register of Historic Places
(Sections 4.3.6 and 5.7). _-
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(j)
The risks to the general public from the exposure to radioactive
effluents and the transportation of fuel and wastes from annual
operation _ of the facility are very small . fractions of the estimated
normal incidence of cancer fatalities and genetic abnormalities
(Section 5.9.3.1).

.

(k) The risk to the public health and safety from exposure to radio-
activity associated with the normal operation of the facility will
be small (Section 5.9.3.2).

(1) No measurable radiological impact on the populations of biota is
expected as a result of routine operation of the plant (Sec-tion 5.9.3.3).

(m) Impacts of a postulated reactor accident could be severe, but the
likelihood of occurrence is small, and the risks are comparable to
those at other nuclear power plants (Section 5.9.4.6).

-(n)
The environmental impact on the U.S. population from radioactive gase-
ous and liquid releases resulting from the uranium fuel cycle is very
small when compared with the impact of natural background radiation
(Section 5.10).

(o) Radiation doses to the public as a result of end-of-life decommission-
ing activities are expected to be small (Section 5.11).

(p)- The staff predicts that offsite noise levels consisting of broadband
noise from the Unit 2 cooling towers, tonal noise from station trans-
formers, and intermittent noise from outdoor loudspeakers (part of
the plant paging security systems) during unit operation will be
equal to or below ambient levels near the site, except for an area
near Ferry Road and in th* vicinity of a cluster of private residences! T east of the station boundary. Depending on ambient noise levels,-! 7

operational phase noise levels could be high enough to cause annoy-! ance and complaints. A monitoring program to determine actual noise
levels, to be followed by an assessment of their impact and the need!

for mitigative actions will be included in the Environmental Protec- .
'

tion Plan for the station (Sections 5.12 and 5.14.4).
'

(q)
There is little potential for impacts on terrestrial ecosystems as a
result of operation of the cooling tower. However, the applicant will

,

continue an infrared aerial photography program to assess potential
|~ salt drift impacts to vegetation (Section 5.14.1). The threat to bird
!

populations as a result of collisions are insignificant (Section 5.5.1).i

! (5) This statew nt assesses various impacts _ associated with the operation of
the facility in terms of annual impacts and balances these impacts

,

'

against the anticipated annual energy production benefits. -Thus, the;

overall assessment and conclusion would not be dependent on specificoperating life.
Where appropriate, a specific operating life of 40 yearshas been assumed.

_
_

(6) The personnel who participated in the preparation of this document are
identified in Section 7.

!
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(7) This draft statement is being made available to the public, to the
Environmental Protection Agency, and to other agencies as specified inSection 8.

(8)
On the basis of the analysis and evaluations set forth in this statement,
after weighing the environmental, technical, and other-benefits against
the environmental costs at the operating license stage, the staff concludes
that the action called for under NEPA and 10 CFR 51 is the issuance of an
operating license for Beaver Valley Unit 2, subject to the following condi-

.

tions for protection of the environment:

(a) Before engaging in additional construction or operation activities
that may result in a significant adverse impact that was not eval-
uated or that is significantly greater than that evaluated in this
statement, the applicant shall provide written notification of such
activities to the Director of the Office of Nuclear Reactor Regula-
tion and shall receive written approval from that office before pro-ceeding with such activities.

(b)
The applicant shall carry out the environmental monitoring programs
outlined in Section 5 of this statement, as modified and approved by
the staff, and implemented in the Environmental Protection Plan and
Technical Specifications that will be incorporated in the operatinglicense for Beaver Valley Unit 2. Monitoring of the aquatic environ-
ment shall be as specified in the National Pollution Discharge Elimi-nation System (NPDES) Permit.

(c) If adverse environmental effects or evidence of impending irrevers-
ible environmental damage occurs during the operating life of the
plant, the applicant shall provide the staff with an analysis of the
problem and a proposed course of corrective a: tion.

:
:

.

J
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FOREWORD

-

This Draft Environmental Statement-Operating License Stage (DES-0.) was prepared
by the U.S. Nuclear Regulatory Commission (NRC), Office of Nuclear Reactor Regu-
lation (the staff) in accordance with.the Commission's regulations set forth in
Title.10 of the Code of Federal Regulations Part 51 (10 CFR 51), which implements
the requirements of.the National Environmental Policy Act of 1969 (NEPA).

The NEPA states, among other things, that it is the continuing responsibility
of the Federal government to use all practicable means, consistent with other
essential considerations of national policy, to improve and coordinate Federal
plans, functions, programs, and resources to the end that the Nation may

Fulfill the responsibilities of each generation as trustee of the-

environment for succeeding generations.

Assure for all Americans safe, healthful, productive and aesthetically and
-

culturally pleasing surroundings.

Attain the widest range of beneficial uses of the environment without-

degradation, risk to health or safety, or other undesirable and unintended
consequences.

Preserve important historic, cultural, and natural aspects of our national-

heritage and maintain, wherever possible, an environment that supports
diversity and variety of individual choice.

Achieve a balance between population and resource use that will permit
-

; high standards of living and a wide sharing of life's amenities.
.

Enhance the quality of renewable resources and approach the maximum
-

attainable recycling of depletable resources.
.

Further, with respect to major Federal actions significantly affecting the
quality of the human environment Section 102(2)(c) of the NEPA calls for the
preparation of a statement on

the environmental impact of the proposed action-

any adverse environmental effects that cannot be avoided should the-

proposal be implemented -

alternatives to the proposed action-

the relationship between local short-term uses of the envirorisent and the-

maintenance and enhancement of long-term productivity

anyirreversibleandirretrievablecommitmentsofresourced at would be
-

involved in the proposed action should it be implemented
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An Environmental Report (ER-OL) accompanied the application for an operatinglicense.
In conducting the required NEPA review, the staff met with the appli-

cant to discuss items of information in the ER-OL, to seek new information from
the applicant that might be needed for an adequate assessment, and to ensure
that the staff has a thorough understanding of the proposed project.
tion, the staff has obtained information from other sources that have assistedIn addi-

Members of the staff met with state and local officials who are charged within this evaluation, and visited the project site and the surrounding vicinity.

protecting state and local interests.
On the basis of all the foregoing and

other such activities or inquiries as were deemed useful and appropriate, the
staff made an independent assessment of the considerations specified in
Section 103(2)(c) of the NEPA and 10 CFR 51.

Federal, state, and local government agencies for comment.The evaluation led to the publication of this DES, which is being circulated to
availability of the ER-OL and the DES is being published in the Federal Register.A notice of the
Interested persons are also invited to comment on the proposed action and onthe draft statement.

After receipt and consideration of these comments, the staff will prepare a
Final Environmental Statement (FES), which includes a discussion of questions
and concerns raised by the commenters and the disposition thereof.

technical, and other benefits are weighed against environmental costs--thealso will contain conclusions as to whether--after the environmental, economic,
This FES

action called for, with respect to environmental issues, is the issuance or
denial of the proposed license, or its appropriate conditioning to protectenvironmental values.
to facilitate review. The format used in the DES also will be used in the FES

The information to be found in the various sections of this statement updates
the environmental statement issued at the construction permit stage (FES-CP)in four ways:

will result in different environmental effects of operation (including those(1) by evaluating changes to facility design and operation that
,

,
-

that would enhance as well as degrade the environment) than those projectedduring the pre-construction review
new information that has become ava;ilable subsequent to the issuance of the(2) by reporting the results of relevant
FES-CP; (3) by factoring into the statement new environmental policies and

-

statutes that have a bearing on the licensing action; and (4) by identifying
unresolved environmental issues or surveillance needs that are to be resolvedby means of license conditions.

Copies of this DES are available for inspection at the Commission's Public
Document Room, 1717 H Street, NW, Washington, DC 20555 and at the Local Public
Document Room at the 8.F. Jones Memorial Library, 663 Franklin Avenue,Aliquippa, Pennsylvania 15001.

by writing to the Division of Technical Information and Document Control, U.S. Single copies may be obtained, free of charge,
Nuclear Regulatory Commission, Washington, DC 20555.

,

Comments should be filed no later than 45 days after the date on which the
Environmental Protection Agency notice of availability of this statement ispublished in the Federal Register.

O
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Ms. Marilyn Ley is the NRC project manager for Beaver Valley Unit 2. Should
there be any questions regarding the content of this statement, Ms. Ley may becontacted by telephone at (301) 492-7000 or by writing to

Division of Licensing.
Nuclear Regulatory Commission

--

Washington, DC 20555 -
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1 INTPODUCTION

The proposed action is the issuance of an operating license to Duquesne Light
Company, as applicant and agent for the owners, for operation of the Beaver
Valley Power Station Unit 2 (NRC Docket No. 50-412). The site is on the south
bank of the Ohio River in Shippingport Borough, Beaver County, Pennsylvania.
It is approximately 1.6 km (1 mile) from Midland, Pennsylvania; 8 km (5 miles)
from East Liverpool, Ohio; and 40 km (25 miles) from Pittsburgh, Pennsylvania.

The unit will employ a three-loop pressurized water reactor (PWR) with a net
calculated electrical output of approximately 836 MW. Beaver Valley Unit 1,
licensed in January 1976, uses a three-loop PWR with a net electrical output.

of 810 MW.

Beaver Valley Unit 2 has a pumped, closed-loop circulating water system that
uses an air-cooled natural draft hyperbolic cooling tower as a heat sink. The
Ohio River provides makeup cooling water and serves as the ultimate heat sink.

1.1 Administrative History

Joint ownership 3f Beaver Valley Unit 2 is held by the Central Area Power
Coordinating Group (CAPCO), which is comprised of Ohio Edison Company, the
Cleveland Electric Illuminating Company, the Toledo Edison Cerapany, and
Duquesne Light Company. However, Duquesne Light Company retains overall

'
responsibility for the project.

On October 20, 1972, an application for a license to construct and operate the
proposed Beaver Valley Power Station Unit 2 was docketed with the Atomic
Energy Commission (AEC, now the Nuclear Regulatory Commission, NRC). In July
1973, the AEC issued a Final Environmental Statement, Construction Permit
stage (FES-CP) related to 8eaver Valley Unit 2, which reported the results of
a pre-construction environmental review. Following a public hearing before an
Atomic Safety and Licensing Board, Construction Permit No. CPPR-105 was issued.

on May 3, 1974.
,

By letter dated January 26, 1983, the applicant filed an application for an
operating license. Following a predocketing acceptance review by the NRC, the
application was docketed on May 18, 1983. The applicant's Environmental
Report-Operating License stage (ER-OL) and Final Safety Analysis Report (FSAR)
were also docketed then.* The staff's Draft Safety Evaluation Report was
issued on March 1, 1984. The Safety Evaluation Report (SER) is scheduled
for issuance in early 1985.

*These documents are cited in this report as ER-OL or FSAR, followed by a
section, table, or figure number. They are available for review at the NRC
Public Document Room, 1717 H Street, NW, Washington, DC and at the Local,

Public Document Room at the B.F. Jones Memorial Library, 663 Franklin Avenue,t

i Aliquippa, Pennsylvania 15001.

Beaver Valley 2 DES 1-1
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This Draft Environmental Statement contains the second assessment of the
environmental impact associated with the operation of Beaver Valley Unit 2,
pursuant to the National Environmental Policy Act of 1969 (NEPA) and Title 10
of the Code of Federal Regulations, Part 51, as amended, of the Nuclear Regulatory
Commission regulations. This statement examines the environment,. environmental
consequences and mitigating actions, and environmental and economic benefits
and costs. Comments on this statement should be filed no later than 45 days
after the date on which the Environmental Protection Agency notice of avail-
ability of this statement is published in the Federal Register.

Appendix A of this statement is reserved for copies of public comments received,
and they will be addressed in Chapter 9 of the FES. Appendix B contains the
NEPA population dose assessment, Appendix C discusses impacts of the uranium
fuel cycle, and Appendix D contains examples of site-specific dose assessment
calculations. Appendix E addresses rebaselining of the reactor safety results
for pressurized water reactors (PWRs), and Appendix F addresses consequence
modeling considerations. Appendix G is reserved for the National Pollutant
Discharge Elimination System permit, and Appendix H contains correspcnuance
regarding historical and archeological sites.

1.2 Permits and Licenses

ER-OL Table 12.1-1 lists the status of environmentally related permits, appro-
vals, and licenses required from Federal and state agencies in connection with
the proposed project. The staff has reviewed the listing and other information
and is not aware of any potential non-NRC licensing difficulties that would
significantly delay or preclude the proposed operation of the plant. Pursuant
to Section 401 of the Clean Water Act, the issuance of a water quality ertifi-
cation, or waiver therefrom, by the Pennsylvania Department of Environmental
Resources (PDER) is a necessary prerequisite to the issuance of an operating
license by the NRC. This Section 401 certification was granted on January 23,
1974 (ER-OL Section 12.3). An application for the National Pollutant Discharge; Elimination System (NPDES) permit for Beaver Valley Unit 2 operation, pursuant

-

to Section 402 of the Clean Water Act, was submitted to the PDER on March 15,
1983.

.

A summary of the current and anticipated effluent limitations for Units 1 and
2 is given in Tables 4.4, 4.5, and 4.6 of this environmental statement.

_

-i
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2 PURPOSE OF AND NEED FOR ACTION
..

The Commission amended 10 CFR 51, " Licensing and Regulatory Policy and Proce-
dures for Environmental Protection," effective April 26, 1982, to; provide that
need-for power issues will not be considered in ongoing and future operating
license proceedings for nuclear power plants unless a showing of "special cir-
cumstances" is made under 10 CFR 2.758, or the Commission otherwise so requires
(Federal Recister, March 1982). Need-for power issues need not be addressed by
operating license applicants in environmental reports to the NRC, nor by the
staff in environmental impact statements prepared in connection with operating
license applications (see 10 CFR 51.53, 51.95(e), and 51.106(c)).

This policy has been determined by the Commission to be justified even in situ-
ations where, because of reduced capacity requirements on the applicant's sys-
tem, the additional capacity to be provided by the nuclear facility is not
needed to meet the applicant's load responsibility. The Commission has taken
this action because the issue of need for power is correctly considered at the
construction permit stage of the regulatory review, where a finding of insuffi-
cient need could factor into denial of issuance of a license. At the operating
license review stage, the proposed plant is substantially constructed and a
finding of insufficient need would not, in itself, result in denial of the
operating license.

The Commission has determined that substantial information exists to support
the contention that nuclear plants cost less to operate than do conventional
fossil-fueled plants. If conservation, or other factors, lowers anticipated
demand, utilities remove generating facilities from service according to their
costs of operation, and the most expensive facilities are removed first. Thus,
a completed nuclear plant would serve to substitute for less economical gener--

f ating capacity (Federal Register, August 1981 and March 1982).

Accordingly, this environmental statement does not consider "need for power."
Section 6 does, however, consider the savings associated with the operation of

.

! Beaver Valley Unit 2.
i

[ 2.1 References

Federal Register, 46 FR 39440, August 3, 1981.

| -- , 47 FR 12940, March 26, 1982.

_
,

!
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3 ALTERNATIVES TO THE PROPOSED ACTION

The Commission amended in 10 CFR 51, effective April 26, 1982, to; provide that
issues related to alternative energy sources will not be considered in ongoning
and future operating license proceedings for nuclear power plants unless a
showing of "special circumstances" is made under 10 CFR 2.758, or the Commission
otherwise so requires (Federal Register, March 1982). In addition, these issues
need not be addressed by operating license applicants in environmental reports
to the NRC, nor by the staff in environmental impact statements prepared in
connection with operating license applications (see 10 CFR 51.53, 51.95, and
51.106(c) and (d)).

The Commission has concluded that alternative energy source issues are resolved
at the construction permit stage, and the construction permit is granted only
after a finding that, on balance, no superior alternative to the proposed
nuclear facility exists. This conclusion is unlikely to change even if an
alternative is shown to be marginally environmentally superior in comparison
with operation of the nuclear facility because of the economic advantage that
operation of the nuclear plant would have over available alternative sources
(Federal Register, August 1981 and March 1982). By an earlier amendment
(46 FR 28630, May 28, 1981), the Commission also stated that alternative sites
will not be considered at the operating license stage, except under special
circumstances, according to 10 CFR 2.758. Thus, this environmental statement
does not consider alternative energy sources or alternative sites.

3.1 References

; Federal Register, 46 FR 28630, May 28, 1981.
.

-- , 46 FR 39440, August 3, 1981.
.

-- , 47 FR 12940, March 26, 1982.

~_
:
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4 PROJECT DESCRIPTION AND AFFECTED ENVIRONMENT
'

.

4.1 R4 sums

This section compares the plant design and operating characteristics given in
the FES-CP with those given in the ER-OL. This rdsums highlights the changes
that have occurred.

Changes to the external appearance and station layout are discussed in Sec-
tion 4.2.1. Section 4.2.2 identifies changes in both the total site area and
total area affected by construction. Section 4.2.3 discusses four changes in
water use and treatment: a decrease in annual water consumption, a consider-
able decrease in drift, the use of groundwater for domestic purposes, and the
use of additional chemicals for water treatment. The following changes to the
cooling system are described in Section 4.2.4: a decrease in maximum water
velocity across the bar racks in the primary intake structure, the addition af
an auxiliary intake structure and emergency outfall structure, a change in
blowdown rate, and an increase in the maximum temperature difference between the
ambient and discharge temperatures of the combined blowdown from Units 1 and 2.
Section 4.2.5 discusses the radioactive waste management system. In Sec-
tion 4.2.6, which' addresses the nonradioactive waste management system, the
addition of a separate sewage treatment facility is addressed. Section 4.2.7
discusses the new circuit to the power transmission system.

Section 4.3.1 provides supplemental information on hydrology, including material
on the construction of a culvert to enclose Peggs Run. Section 4.3.2 discusses
the improvements in water quality observed for the Ohio River near the station.

. A discussion of some of the severe weather phenomena experienced in the region
i of the Beaver Valley plant is included in Section 4.3.3, and Section 4.3.4 con-

tains additional data on both terrestrial biota and fish species. Both terres-
trial and aquatic endangered and threatened species are discussed in Sec-
tion 4.3.5. Historical and archeological sites and socioeconomic character- -

istics are discussed in Sections 4.3.6 and 4.3.7, respectively.

4.2 Facility Description

4.2.1 External Appearance and Plant Layout

A general description of the external appearance and plant layout is in FES-CP
Section 3, and a sketch of the proposed layout for Beaver Valley Unit 2 is in
Figure 3.2 of that report.

Since the publication of the FES-CP, the major changes that have occurred
include the addition of the south office building and primary access facility.
Other permanent structures that have been added to the combined Unit I and
Unit 2 site area include a north office building, an east parking. facility, a
sewage treatment facility, a solid waste handling structure, a training center,
an emergency response facilities building, an emergency outfall structure, and
an auxiliary intake structure (see ER-OL Figure 3.1-1 for detailed layout).

Beaver Valley 2 DES 4-1
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; - 4. 2. 2 Land Use

The Heaver Valley site covers approximately 203 ha (501 acres). About 21 ha
(52 acres) have been added to the site since the FES-CP was issued;-however the,

site boundary is essentially the same, except for the 4.5-ha (ll-acre) addition j
!shown in Figure 4.1. The remaining acquired acreage was within the site bound- |

;

ary :hown in ER-CP Figure 2.4-1 and includes (1) a parcel along the railroad
right-of-way and other right of-way areas, and (2) survey differences that have

;

been reconciled. Unit 2 facilities occupy 23 ha (56 acres). Construction
-

'

affected 41 ha (101 acres) instead of the 24 ha (58 acres) estimated in the
FES-CP (ER-OL Section 5.7.1). On the site, immediately west of Unit 2, are
Beaver Valley Unit 1 and the Shippingport Atomic Power Station, which is being
decommissioned. The secure area for the three facilities is about 44.5 ha
(110 acres); 29 ha'(71 acres) of this area that is not occupied by permanent
facilities will be planted in grass. Support' facilities (the training center4

j and emergency response facility) occupy 6 ha (15 acres) outside the secure area
'

(ER-OL Figure 3.1-1). More than half the site (140 ha, 346 acres) is upland
forest and old field habitat, but this natural area is interrupted by transmis-
sion corridors, roads, pipelines, and spoil areas, so that the undisturbed area

j is about-113 ha (279 acres) (Table 4.1).
i

The exclusion area is within a 457.2-m (1500-foot) radius of the Unit 2 contain--

'

-ment-building (Figure 4.2).

The 100 year flood elevation in the site area--211.9 m ms1 (695 feet as1)--is
shown on ER-OL Figure 2.1-5. The 100 year floodplain at the site ranges from,

27.4 m (90 feet) to 106.7 m (350 feet) wide (ER-OL Section 2.1.3.1.4). Major
>

alterations in the onsite floodplain include filling the relocated Pegg's Run:

4 outlet to provide foundation for the' Unit 1 cooling tower and filling on the
north side of Unit 2 to provide a parking lot. The total fill area is approx-

; imately 51.8 m (170 feet) wide and 182.9 m (600 feet) long, and is parallel to
; . the Ohio River.

Most of the plant ' facilities are built on -adient floodplains and are un' erlain
'

*

d
by' fine textured loams, silt-loans, or silty clay loams (ER-OL Section 2.2.1.1
and Figure 2.2-2). These soil types are rated' fair to excellent for woodland -

. roductivity, wildlife potential, and crop prtiduction (USDA,1982). Table 4.2p

lists the soil mapping units on the site that qual.ify as prime farmland and
. farmland of statewide importance (USDA, 1984). uHowever, much of the site is>-

W
overlain by fill placed during constructierpot Unit 1 and the Shippingport sta-
tion. In addition, during construction of Unit 2, a zone of loose granular

'

i material was found, and it was subsequently densified (FSAR Sections 2.5.4.1'
| and 2.5.4.2). Thus, this land is essentially irreversibly committed, because
i it is unlikely to be suitable for.agriculturaP uses at the end of the project.

The upland soils onsite are mostly Gilpin and'Wharton silt loams (USDA, 1982)
that will remain generally' undisturbed during' operation. The upland Gilpin

-

soil units with 3% to 8% slopes qualify as, prime farmland, and the Gilpin and
Wharton soil units with 8% to 15% slopes gua?ify as famland of statewide
importance. 8 .-,

? .
'
,

s
-

,

s

!a3
| q -
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4.2.3 Water Use and Treatment

4.2.3.1 Water Use

Figure 4.3 shows the water use now anticipated for the Unit 2 as well for
Unit 1. Unit 2 will withdraw a total of about 104,375 L/m (27,570 gpm) from
the Ohio River'(ER-OL Section 3.3.1), which is similar to the approximately
102,000 L/m (27,000 gp.n) anticipated in FES-CP Section 3.4. During temporary
shutdowns, water will be withdrawn at a rate of 56,780 L/m (15,000 gpm) (ER-OL
Table 3.3-1).

When the FES-CP was prepared, water consumption by Unit 2 as a result of evapo-
. ration was expected to range from 22,710 to 45,425 L/m (6000 to 12,000 gpm),
depending on weather conditions (FES-CP Section 3.3). A similar range--25,170
to 42,775 L/m (6650 to 11,300 gpm)--is expected now, with the minimum in
December and the maximum in July and August (ER-OL Table 3.3-4). The annual
average for Unit 2 is now expected to be 32,970 L/m (8710 gpm) (ER-OL
Table 3.3-3), similar to the rate of 33,500 L/m (8850 gpm) expected earlier
(FES-CP Section 3.3). Unit 2 is now expected to consume 8% less water, on an
annual basis, than Unit 1 (ER-OL Table 3.3-3), whereas in FES-CP Section 3.3,
consumption by the two units was expected to be equal.

Drift from the Unit 2 cooling tower is now expected to be 245 L/m (65 gpm)
(ER-OL Table 3.3-3), considerably less than the 945 L/m (250 gpm) anticipated
in FES-CP Section 3.3.

No use of groundwater was anticipated in the FES-CP (Section 3.3). -However,
Unit 2 is now expected to use well water for domestic purposes, rather than
treated river water from the Unit 1 domestic water system (ER-OL Section 3.3).
This use-is expected to average 105 L/m (28 gpm), with a maximum of 415 L/m
(110 gpm) (ER-OL Table 3.3-1).

! 4.2.3.2 Water Treatment
.

, Potable water from onsite wells will be softened and chlorinated (ER-OL
''Section 3.3.2). (A backup system could provide clarified, filtered, and .

softened river water _from Unit 1.) All other high purity water used by Unit 2' '

will be clarified and filtered in the existing Unit I water treatment system
(Figure 4.3). (When water use calls for higher quality water, that water will
also be demineralized).

-Circulating water will be chlorinated (to prevent biofouling) upstream of the
condenser to maintain a free available chlorine (FAC) concentration at the con-

. denser outlet of no more than 0.5 mg/L. The Unit 1 chlorination system will
chlorinate both units, although not simultaneously. A mechanical cleaning
system will' assist the chlorination system in preventing biofouling, by injecting

~

,
' and retrieving sponge rubber-balls in the condenser tubes (ER-OL Section 3.4.1).

Each half of the condenser will be chlorinated twice a day in tWD_one-half-hour-
periods (ER-OL Section 3.6.1), for a total chlorination time of 2 hours a day.

'Although the National Pollutant Discharge Elimination System (NPDES) for Unit 2,

has not yet been issued (the application was submitted on March-1E,1983), the
permit for Unit 1 limits chlorine in the discharge to 0.2 mg/L average and
0.5 mg/L| maximum FAC (ER-OL Section 3.6.1). Service water is also chlorinated
to maintain a maximum of 0.5 mg/L FAC (ER-OL Section 3.6.3).

,

Beaver Valley 2 DES 4-3



Although.the applicant expects the total residual chlorine (TRC) concentration
to be approximately twice the FAC concentration (ER-OL Section 3.6.1), a more
detailed analysis of the data underlying this expectation (Duquesne, 1978)
reveals considerable variability in this ratio. The chlorination study, which
took place at Unit 1, measured maximum levels of TRC and FAC in the cooling
tower discharge on a daily basis from July 1, 1977 to April 28, 1978. Using a
concentration of 0.10 mg/L as a practicable limit of detectability of all forms
of chlorine residuals, TRC was detectable in about 84% of the study samples,.

'

while FAC was detectable in about 37% of the samples. FAC concentration was
measured at 0.20 mg/L (the current Unit 1 NPDES limit) or above in only 9% of
the samples. TRC concentrations reached this level in about 40% of the samples.
The calculated average FAC and TRC concentrations in the study were 0.08 mg/L
and 0.20 mg/L, respectively. For samples in which the FAC was at least
0.20 mg/L (the maximum recorded concentration was 0.32 mg/L), the ratio of TRC
to FAC ranged from 1.10:1 to 2.00:1, respectively. However, on the 2 days when
the highest TRC concentrations were recorded (greater than 0.60 mg/L), the ratio
o.f TRC to FAC was much greater than 2.00:1.

On November 17, 1977, the maximum concentrations of FAC and TRC were 0.07 and
0.65 mg/L, respectively, yielding a ratio of 9.3:1. On December 9, 1977, when
the TRC concentration was 0.61 mg/L, no FAC was detected (detection limit not
specified). If a detection limit of 0.01 mg/L (equal to the lowest concentra-
tion reported in the study) is assumed, the ratio of TRC to FAC is greater
than 61:1. Overall the average ratio of TRC to FAC was 2.5:1. This ratio was<

2.0:1 or less in about 43% of the samples, but 10:1 or more in about 19% of
the samples. This variability demonstrates the complexity of chlorine chemistry
(Mattice and Zittel, 1976) and the difficulty of predicting TRC from FAC.
Although the ratio of 2.00:1 expected by the applicant appears to be reasonable
on most occasions, it appears that on some days the ratio may be considerably
larger.

- The clarifier will use hydrated lime, ferric sulfate, and (perhaps) a coagulant
aid and/or clay, followed by sand filtration (ER-OL Section 3.6.5.1), as dis-
cussed in FES-CP Section 3.6.3. Also, as discussed in the FES-CP, a demineral-
izer train of ion exchange beds will remove dissolved solids to produce high
purity water. ,

Hydrazine, morpholine, and ammonium hydroxide will be used to treat conden-
sate; potassium chromate will be used to treat primary component cooling

. water; the proprietary substances Corrshield K-8 and Calgon Cl-4000, will
! treat secondary component cooling water; and Cl-4000 will treat the cooling

tower water (ER-OL Table 3.6-3). Of these, only the use of hydrazine and,

! morpholine was anticipated, when the FES-CP was issued.

! 4.2.4 Cooling System

As described in FES-CP Section 3.4, Unit 2 will use a closed-cycle cooling
system with a natural draft cooling tower, with makeup water from the Ohio
River. -

The primary intake structure, shared with Unit 1, was described'in*the FES-CP.'

Important features of the structure include subsurface intake openings, coarse
bar racks, and vertical traveling screens with 1-cm (3/8-inch) mesh openings
(Figure 4.4 and ER-OL Section 3.4). A motorized trash rake and a screen wash

Beaver Valley 2 DES 4-4
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will collect trash for disposal (ER-OL Section 3.4.2.7). Unit 2 will drawwater from two of the four intake bays. The maximum velocity across the bar
racks will be 0.10 m/s (0.34 fps) (ER-OL Section 3.4) or slightly higher than
the highest intake velocity mentioned in the FES-CP (Section 3.4), which was
0.07 m/s (0.24 fps). Unit 2 will also have an auxiliary intake structure
(shared with Unit 1) (Figure 4.5) for emergency use, to be equipped with
traveling screens with mesh of a size identical to that of the primary intake'

structure. The auxiliary intake structure was not discussed in tile FES-CP.
The location of both structures is shown in Figure 4.3.

.

The 153-m (502-foot) tall natural-draft cooling tower will operate at a circu-
lating water flow rate of 1.921 x 108 L/m (507,400 gpm) (ER-OL Table 3.4-2)
which is similar to the 1.913 x 10s L/m (506,600 gpm) flow rate anticipated inFES-CP Figure 3.3.

The service water system uses the 104,375 L/m (27,575 gpm) of water withdrawn
from the Ohio River to provide once-through cooling of primary and secondary
h~ eat exchangers, centrifugal water chillers, control room air conditioners,
safeguards area air conditioners, main steam valve area cooling coils, motor
control center cooling units, and charging pump coolers. After this once-
through cooling, 72,580 L/m (19,170 gpm) is discharged to the circulating
water system as makeup (ER-OL Section 3.4.2) and 31,797 L/m (8400 gpm) is
discharged via the emergency outfall structure (described below) (ER-OL
Section 3.4.2.7). An additional 4430 L/m (1170 gpm) of cooling water is
discharged during emergency diesel generator testing for at least 2 hours per
month (ER-OL Section 3.4.2.7).

Unit 2 blowdown is released to the Ohio River via a discharge structure that
is shared with Unit 1 (Figure 4.6). Discharge velocity will be about 0.3 to
0.6 m/sec (1 to 2 fps) during normal operation of Units 1 and 2 (ER-OL Sec-
tion 3.4.1), which is similar to the 0.4 m/sec (1.2 fps) velocity given in
FES-CP Figure 3.5. An emergency outfall structure (Figures 4.7 and 4.8 will'

provide the capability to discharge up to 151,415 L/m (40,000 gpm) during
emergencies (ER-OL Section 3.4.2). The emergency outfall structure was not
described in the FES-CP. The location of both discharge structures is shown inFigure 4.3. ~

Ordinarily, Unit 2 will release blowdown at a rate ranging from 29,800 to
47,405. L/m (7875 to 12,525 gpm), with an average of 43,020 L/m (11,365 gpm),
via the discharge structure, and 31,800 L/m (8400 com) via the emergency outfall
structure (to reduce silt accumulat.fon (ER-OL Table 3.3-1). FES-CP Section 3.4
estimated a discharge of about 56,780 L/m (15,000 gpm). During shutdowns, the
station will release a maximum of 56,780 L/m from the discharge structure and
946 L/sec from the emergency outfall structure (ER-OL Table 3.3-1).

The temperature difference between ambient and discharge temperatures of the
combined blowdown from Units 1 and 2 (AT) will range from 1.3C* (3.4F*) in
August to 15.9C* (28.6F*) in January (ER-OL Table 5.~1-6). The maximum AT
discused in the FES-CP (Section 5.2) was 22C* (40F*). The chemical consti-
tuents of the station discharge are discussed in Section 4.2.6 below.
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4.2.5 Radioactive Waste Management Systems

Under requirements set by 10 CFR 50.34a, an application for a permit to construct
a nuclear power reactor must include a preliminary design for equipment to
keep levels of radioactive materials in effluents to unrestricted areas as low
as reasonably achievable (ALARA). The term ALARA takes into account the state
of technology and the economics of improvements in relation to benefits to the
public health and safety and other societal and socioeconomic conr;iderations
and in relation to the utilization of atomic energy in the public interest.
Appendix I to 10 CFR 50 provides numerical guidance on radiation dose design
objectives for light water-cooled nuclear power reactors (LWRs) to meet the
requirement that radioactive materials in effluents released to unrestricted
areas be kept ALARA.

'To comply with the requirements of 10 CFR 50.34a, the applicant provided final
designs of radwaste systems and effluent control measures for keeping levels,

of radioactive materials in effluents ALARA within the requirements of
Appendix I to 10 CFR 50. In addition, the applicant provided an estimate of
the quantity of each principal radionuclide expected to be released annually
to unrestricted areas in liquid and gaseous effluents produced during normal
reactor operations, including anticipated operational occurrences.

The NRC staff's detailed evaluation of the radwaste systems and the capability
of these systems to meet the requirements of Appendix I will be presented in
Chapter 11 of the staff's Safety Evaluation Rep >rt (SER), which is scheduled to
be issued in early 1985. The quantities of radioactive material that the NRC
staff calculates will be released from the plant during normal operations,
including anticipated operational occurrences, are presented in Appendix D of
this statement, along with examples of the calculated doses to individual
members of the public and to the general population resulting from these
effluent quantities.

The staff's detailed evaluation of the solid radwaste system and its capability
to accommodate the solid wastes expected during normal operations, including
anticipated operational occurrences, is presented Chapter 11 of the SER.

.

On the basis of its evaluation, the staff concludes that the designs of the
radwaste systems and effluent control measures are capable of meeting the
design objectives of the annex to Appendix I, RM-50-2. Therefore, no cost-
benefit analysis for adding additional treatment systems is required.

As part of the operating license for this facility, the NRC will require,

| Technical Specifications limiting release rates for radioactive material in
liquid and gaseous effluents and requiring routine monitoring and measurement
of all principal release points to ensure that the facility operates in confor-
mance with the radiation-dose-derign objectives of the annex, RM-50-2, to
Appendix I.

.

4.2.6 Nonradioactive Waste Management Systems

4.2.6.1 Liquid Effluents -:

The only major change from the description in the FES-CP is that a separate
sewage treatment facility has been built to handle the increased sanitary load
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- imposed by Unit 2 (ER-OL Section 3.3). The earlier design (FES-CP Section 3.7.1) .

called for the existing Unit 1 facility to handle the sewage treatment for '

both units. A summary of important features of nonradioactive waste management
is given below. Radioactive waste management is described in Section 4.2.5
above. *

Wastes from Unit 2 may be divided into two categories: wastes that will be
discharged to existing Unit 1 treatment and discharge systems, and wastes that
will be discharged to separate Unit 2 waste management systems. The former

- category _ includes clarifier blowdown, settling basin overflow, makeup demineral-
izer regeneration wastes, water softener regeneration wastes, and trash from
the intake structures. The latter category includes cooing tower blowdown;
floor, equipment, and roof drainage; service water discharge; auxiliary boiler
blowdown; and sanitary wastes (ER-OL Section 3.6). All these discharges are
to the Ohio River, except for sanitary wastes (released to Peggs Run, a tribu-

~

tary of the Ohio River) and intake structure trash (disposed off the site).
Silt dredged from inside and in front of the intake structures and silt cleaned
from the cooling tower basin will be disposed at approved locations off the
site (ER-OL Section 3.4.2.7). The applicant states that during Unit 1 opera-
tion silt has been cleaned from inside the main intake structure twice a year,
while silt has been removed from in front of the main intake structure only
once (ER-OL Response to Question E291.8). Oil will be removed from any oil-
contaminated drainage by oil separators and disposed off the site; otherwise,
nonradioactive floor, equipment, and roof drainage will be discharged to the
Ohio River via the storm sewer system (ER-OL Section 3.6.2). Major paths of
waste management are shown in Figure 4.3.

The new Unit 2 sewage treatment facility will provide secondary treatment of
sanitary wastes from the support buildings of Units 1 and 2, whereas the
Unit 1-facility (expanded in capacity from 37,855 L/d (10,000 gpd) to 87,065 L/m
(23,000 gpd)) will treat sanitary waste from the permanent plant buildings of
Units 1 and 2. The station facility has a design flow of 1.6 x 108 L/d.

~ (42,400 gpd), and is expected to handle 84,510 L/d (22,325 gpd) during normal
operation. Treatment consists'of screening, pre-aeration (equalization), and
primary settling, followed by waste oxidation / aeration in a rotating biological
contractor,' clarification, and chlorination (ER-OL Section 3.7.1). Sewage -

treatment sludge will be disposed at approved locations off the site (ER-OL
Section 3.7.1).

Table 4.3 give the average and maximum expected concentration of selected water
quality constituents in the Unit 2 blowdown stream. Table 4.3 shows constit-
uents that will or could be affected by corrosion control or other water treat-
ments (Section 4.2.3), rather than those constituents affected only by evapora-
tive concentration in the makeup water. Average blowdown concentrations are
based on an evaporative concentration factor of 1.8 and maximum concentrations
are based on a factor of 2.4 (ER-OL Table 5.3-3). The 1.8 concentration factor
is identical to that assumed in FES-CP Section 3.4. _

TheNPDESpermitforUnit1willberevisedtoalsoregulatediscbrgesfrom
Unit 2; applicant submitted an application for this revision on March 15, 1983.
-Tables 4.4, 4.5, and 4.6 summarize relevant existing and anticip~a n d effluent
limitations for Units 1 and 2.

Beaver Valley 2 DES 4-7



4.2.6.2 Gaseous Effluents

Nonradioactive gaseous emissions from operation of the plant will be negligible.
The unit has two 68,039 Kg/ hour (150,000-lb/ hour) oil-fired auxiliary boilers
that operate alternately. These supplement the two 19,505 Kg/ hour (43,000 lb/
hour) oil-fired auxiliary boilers installed in Unit 1, which may operate simul-
taneously. Additional fossil-fueled auxiliary equipment includes a diesel-
driven fire pump and a standby diesel generator, both common to Units 1 and 2,
and four emergency diesel generators, two 2600-kW generators for Unit 1 and two4

4238-kW generators for Unit 2. The boilers are used several days a year for
testing purposes, and about 6 to 8 weeks a year for supplying steam during shut-
down and refueling of Unit 2. The auxiliary generators are used for emergency
purposes and are tested once or twice a month for 1 hour; the fire pump is
tested once a week for about one-half hour. Annual air emissions from these
sources are minimal (ER-OL Table 3.7-1), and no Federal, state, or local emis-
sion standards are applicable. However, to track minor source emissions, the'
State of Pennsylvania requires an operational permit for auxiliary equipment.

4.2.7 Power Transmission System

The power transmission system is described in ER-OL Section 3.9. The one new-
circuit and three new connections identified in the ER-OL for Unit 2 differ
from the single Beaver Valley-to-Hanna line proposed in the FES-CP. This
change is required to increase power system stability and reduce potential
overloads. The 25.4-km (15.8-mile), 345-kV Beaver Valley-to-Crescent circuit

' will be installed on the vacant side of (1) the existing 19.3-km (12-mile)
Beaver Valley-to-Collier 345-kV circuit right-of-way, which is 45.7 m (150 feet)
wide, and (2) the existing 6.1-km (3.8-mile) Collier-to-Crescent 345-kV circuit
right-of-way, which is 25.9 m (85 feet) wide. The other three circuits will
be short segments that will connect the Beaver Valley switchyard with the
existing Hana-to-Mansfield 345-K circuit (ER-OL Figure 3.9-1). These latter

, three circuits will require the construction of 853 m (2800 feet) of line and
- one tower. Land use along the Beaver Valley-to-Crescent right-of-way is

listed in Table 4.7. The proposed circuits will be installed using ground
vehicles on existing access roads and helicopters in inaccessible areas to
minimize damage to the right-of-way. No additional rights-of-way are required. -

f

Project-Related Environmental Descriptions4.3

4.3.1 Hydrology

, 4.3.1.1 Surface Water
!

The surface water descriptions in FES-CP Section 2.6 are still valid, as *

I supplemented by the following discussion. In addition, Section 5.3.3 below
discusses the hydrologic effects of alterations in the floodplain, in compli-
ance with the guidelines for implementing Executive Order 11988 on floodplain
management (Federal Register, 1978). _

As shown on Figures 4.9 and 4.10, the Beaver Valley station is located on the
south side of the Ohio River in southwest Pennsylvania about 40 iur(25 miles):

! northwest of Pittsburgh. The head of the Ohio River is at Pittsburgh, where
the Allegheny and Monongahela Rivers merge. From Pittsburgh, the Ohio River
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flows in a northwesterly direction for about 40 km (25 miles). Then it flows
westerly for another 40 km (25 miles) and finally southerwesterly for about
1456 km (905 miles) to Cairo, Illinois, where it joins the Mississippi River.

The Ohio River is highly regulated by many reservoirs on its tributaries and
by numerous locks and dams. The nearest locks and dams to the Beaver Valley
site are the New Cumberland Locks and Dam located about 31.7 km (19.7 miles)
downstream of and the Montgomery Lock and Dam located about 4.8 km (3.0 miles)
upstream. The New Cumberland Dam creates a pool in the Ohio River that extends
upstream past the station site. Thus the water level in the Ohio River (New
Cumberland Pool) at the site is dependent on the New Cumberland Dam, which is
operated by the U.S. Army Corps of Engineers. Normally the pool elevation is
maintained at elevation 202.5 m (664.5 feet) for river flows up to 566.3 m3/sec
(20,000 cfs). Flows in excess of 566.3 m3/sec (20,000 cfs) will cause the
level in the New Cumberland Pool to increase as follows:

Elevation
Flood stage m (ft) ms1

Normal water level 202.5 (664.5)
25 year flood 210.3 (690.0)
100 year flood 211.8 (695.0)
Standard project flood 214.9 (705.0)
Probable maximum flood 222.5 (730.0)

The major tributary to the Ohio River upstream of the Beaver Valley site, in
addition to the Allegheny and Monongahela Rivers, is the Beaver River, which
flows into the Montgomery Pool about 15.3 km (9.5 miles) from the plant site.

- Average flows in the Allegheny, Monongahela and Beaver Rivers are 545 m3/sec
(19,270 cfs), 347 m3/sec (12,260 cfs), and 100 m3/sec (3,530 cfs), respec-
tively. For the Ohio River at the site, the average flow is about 1040 m3/sec
(36,700 cfs). The lowest flow of record occurred during the record drought of
1930 where a minimum flow of 35 m3/sec (1250 cfs) flowed past the site. Since -

that time, however, eight reservoirs with low flow augmentation capability
have been constructed. The Corps of Engineers estimates that, based on the
present system of reservoirs in the Ohio River basin, a minimum flow of about

3113 m /sec (4000 cfs) could be expected at the site for hydrologic conditions
similar to the record drought of 1930. The once-in-10 year, 7-day-duration
low flow is estimated to be about 147 m /sec (5200 cfs). The river stage for3

both the drought of record and the 7-day 10 year low flow is 202.5 m (664.5 feet)
msl because, as stated above, the New Cumberland Pool is maintained at this
elevation for flows up to 566 m3/sec (20,000 cfs). At elevation 202.5 m
(664.5 feet) msl, the river is about 457 m (1500 feet) wide and has an average
depth of about 6 m (20 feet).

.

The finished station grade elevation varies from 222.6 m (730.3 feet) ms1 to
224 m (735 feet) ms1 except along the river where the intake and outlet struc-
tures are located. In this area, the grade elevation is about 205~.7 m (675 feet)
ms1. The majority of the station is located about 20 m (66 feet) above the
normal water level. The intake and outlet structures are by necessity located
at the river's edge.
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) Before the start of construction of the station, Peggs Run flowed through the
! site from the south. To provide space for the cooling towers, a portion of

.

,! Peggs Run had to be relocated closer to the fill supporting the south approach 1
| to the Shippingport bridge. As shown in Figure 4.11, a 427-m (1400-foot)

portion of Peggs Run is now enclosed in a 4.6-m (15-foot) culvert. The culvert
; empties into an open channel before'it enters the Ohio River.
)
1 4.3.1.2 Groundwater *

The groundwater descriptions in FES-CP Section 2.6.2 are still valid with the
inclusion of the following discussion. The station is located on a terrace of

,

alluvial deposits that were deposited by th's higher stages of the ancestrals

{ Ohio River drainage system during the Pleistocene period. The terrace is
i; about 1219 m (4000 feet) long and 549 m (1800 feet) wide at its widest point.

; It is more than 30 m (100 feet) thick and consists predominantly of sands and
gravels. The hydraulic conductivity of these alluvial deposits has beenP
e_stimated to range from 1.7 x 10 5 to 6.1 x 10 5 cm/sec (5.7 x 10 5 to

! 2.0 x 10 4 fps).
;
'

Underlying the terrace deposits is bedrock of Pennsylvanian age. This bedrock
is a carbonaceous shale, which dips southeastward at about 2.8 to 3.8 m/km (15i

i to 20 feet / mile) and has a surface elevation of about 189 m (620 feet) ms1 at
,

! the site. ,

'

: The sands and gravels in the terrace deposit on which the station is located !
I form the only significant aquifer in the site area. Downstream of the station,

the terrace pinches out against the steep bedrock valley wall. To the northeast,,

i it is limited by a buried bedrock bench that extends almost to the river's
| edge. The bedrock and the upland region south of the station effectively '

[ isolate the terrace and direct the groundwater flow toward the river.

Recharge to the terrace aquifer is primarily from precipitation in the immediate;
.

| - area. Additional recharge occurs during periods of rising river levels because
j the terrace aquifer and the river are hydraulically connected. Groundwater
i occurs under hydrostatic conditions with the phreatic surface having a contour
! in subdued relief approximating the ground surface. Beneath the station, the -

i groundwater elevation is normally at about 203 m (665 feet) asl and movement
j is directed in a northwest direction towards the Ohio River.

'

Croundwater wells within the site boundary consist of two construction wells,
two wells which supply water to the Shippingport Atomic Station (which is
located adjacent to and southwest of the station), and two wells that will
supply domestic water to Unit 2. None of these wells are located downgradient
from Unit 2.

4.3.2 Water Quality >

^

Data on water quality in the Ohio River near the station has improved, based on
a review of 1976-1980 data presented to update the 1968-1970 data.used in the '

FES-CP (see Table 4.8). The increase in alkalinity and decreases _in sulfate,
iron, and manganese may be attributed to reduced inputs of acid mihe drainage
(ER-OL Section 2.4.5.13), which was felt to dominate water quality in the New -
Cumberland Pool when the FES-CP was prepared (FES-CP Section 2.6.1). Reduced
concentrations of ammonia and nitrate nitrogen may be attributed to reduced
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discharges of pollutants from sewage treatment (ER-OL Section 2.4.5.11) and
industrial sources (EPA, 1976). It appears that the "further improvements" in
water quality anticipated by the FES-CP have been realized. Water quality data
from river samples collected near the station site are presented in Table 4.8.

Data presented by the applicant in the ER-OL on water temperature in the Ohio
River are similar to those given in the FES-CP. The range of average monthly
water temperatures given in the FES-CP was 3.2*C (37.7*F) (January) to 26.2*C
(79.2 F) (July and August), based on 1946-1966 data; more recent data (1964-1977)
produced a range of 2.5*C (36.5*F) (January) to 26.4*C (79.5 F) (August).

(ER-OL Section 2.4.4). Data presented by the applicant for 1964-1977) (ER-OL
Figure 2.4-11) are similar to those given in FES-CP Table 2.2 for the percent
of time a given water temperature is equaled or exceeded: for each data set,
the maximum is about 30 C (86 F) with a temperature of 27*C (80*F) equaled or
exceeded 10% of the time, and a temperature of 10 C (50 F) equaled or exceeded
63% of the time.

,

FES-CP Section 2.6.3 listed Pennsylvania water quality criteria for the Ohio
River as follows: dissolved oxygen to exceed 5.0 mg/L as a daily average, with
a minimum of 4.0 mg/L at any time; pH to be within the range of 6.0 to 8.5
standard units, except where higher values result from photosynthesis; tempera-
ture not to exceed specified limits that range monthly from 10*C (50*F) in
January and February to 32*C (89*F) in July and August; and total dissolved
solids (TDS) not to exceed 500 mg/L as a monthly average and 750 mg/L at any
time. Current Pennsylvania and ORSANCO (Ohio River Valley Water Sanitation
Commission) criteria (ER-OL Tables 5.1-4 and 5.1-5) are identical for TDS and*

dissolved oxygen and slightly more lenient for pH (maximum of 9.0 permitted).'

OPSANCO monthly temperature maxima are similar to the earlier Pennsylvania
criteria, but also allow only a maximum rise of 2.8C* (5F*) rise above ambient.
The current' Pennsylvania criteria allow no more than a 2.8C* (SF*) rise above
ambient (no temperature increase when ambient temperature is at least 31*C
(87*F)), with temperature change not to exceed 1.1C* (2F*) per hour. In addi-
tion, the current Pennsylvania and ORSANCO criteria cover a variety of other
variables, including trace elements, nutrients, organics, bacteria.

As noted by the applicant (ER-OL Section 5.3.2 and Table 5.3-4), maximum 1974 -

ambient river concentrations of aluminum, fecal coliform bacteria, copper,,

total iron, lead, phenolics, zinc, total cyanide, and mercury exceeded the'

Pennsylvania criteria. Annual mean concentrations from 1976-1980 of phenolics,
|- copper, total iron, lead, mercury, and zinc for some years also exceeded the
; state criteria (ER-OL Table 2.4-10).

4.3.3 Meteorology

The discussion of the general climatology of the site and vicinity in the
FES-CP remains essentially unchanged. However, the FES-CP did not include a
discussion of some of the severe weather phenomena experienced in the region
of the Beaver Valley plant. A variety of severe weather phenome~na--including
thunderstorms, tornadoes, and hurricanes--occurs in the region. About 53

' thunderstorms can be expected to occur on about 36 days each year. Hail often
accompanies severe thunderstorms. During the period 1955 to 1967F eight
occurrences of hail with diameters 19 mm (3/4 inch) or greater were reported
in the 1-degree latitude-longitude square containing the site. Tornadoes are
not uncommon in the region. For a 1-degree latitude-longitude square (9323 km2)
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containing the site, an average of about 1.04 tornadoes per year were reported
for the period 1954 to 1981. Using an average tornado path area cf 1.42 km2,
the computed probability of occurrence for a tornado at the plant site is about
1.6 x 10 4 per year. The applicant has computed a lower probability of occur-
rence (about 1.4 x 10 4 per year) based on a much sn. aller tornado path area
(1.04 km2) and a higher annual frequency (1.22 tornadoes per year) using the
period 1950 to 1981.

High wind speed occurrences in the atea are usually associated with severei

thunderstorms and extratropical cyclones. The highest " fastest mile" hind
speed reported at Greater Pittsburgh Airport was 93.3 km/ hour (53 mph) in
February 1967.

Since the issuance of the FES-CP, the applicant has collected additional onsite
meteorological data. Wind data taken from the 10.7-m level of the onsite mete-,

orological tower for a 5 year period (January 1976 to December 1980), as sum-
marized by the applicant, indicate prevailing winds from the southwest (10.5%)
and west southwest (10.2%), with a secondary peak frequency from the southeast
(9.2%). Winds from the north-northeast and north-northwest for this period
occurred least frequently; each occurred less than 4% of the time. The mean
annual wind speed observed at the 10.7-m level of the onsite meteorological
tower for the period 1976 to 1980 was about 1.9 m/sec (4 mph), with calm condi-
tions (defined as wind speeds less than the starting threshold of the anemo-
meter) occurring almost 0.8% of the time.

Wind data taken from the 152-m level of the onsite tower for the 5 year period'

(1976 to 1980) indicate prevailing winds from the southwest, west-southwest,'

and west (totaling 37.7%). Winds from the north-northeast direction occurred
least frequently, 2.7% of the time. The mean annual wind speed observed at the'
152-m level of the tower for the 1976 to 1980 period of record was about
4.5 m/sec (10 mph), with calm conditions occurring about 0.2% of the time.

Atmospheric stability assessments based on vertical temperature difference meas-
urements for the 5 year period (1976-1980) have been summarized by the appli-
cant for a shallow (45.7-m to 10.7-m) layer and a deep (152-m to 10.7-m) layer.
Unstable conditions (indicating rapid diffusion rates) occur 21.6% and 5.0% of ,

the time in the shallow and deep layers, respectively. Neutral and slightly
stable conditions predominate and occur 53.2% and 80.1% of the time in the
shallow and deep layers, respectively. Moderately stable and extremely stable,

conditions (indicating slow diffusion rates) occur 25.3% and 14.9% of the time
in the shallow and deep layers, respectively.

A complete descripticn of local and meteorological conditions, including
summaries of onsite data, is in both the ER-OL and FSAR.

4.3.4 Terrestrial and Aquatic Resources

4.3.4.1 Terrestrial Resources -

c

The plant facilities are located mostly on ancient Ohio River fl.oodplains,
surrounded by forested uplands (Figures 4.1 and 4.2). The vegetation and
wildlife of the site are characteristic of disturbed wooded and shrubby areas
in southwestern Pennsylvania. The deciduous upland forest communities (ER-OL
Taale ;.2-5) are early successional or subclimax forests. The area has been,
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i affected by coal mining, maintenance of pipeline and. transmission corridors, t

i selective logging and farming on the more level uplands, and natural perturba-
| tions (fall webworm, locust leaf miner, Dutch elm disease, and ice and wind

stores). Nevertheless, the unused areas of the site provide habitat for many4

} species of wildlife (ER-OL Tables 2.2-11 through 2.2-16).
, t

o '

i ER-OL Section 2.2-1 presents substantially more data on the terrestrial biota
| of the site than were in FES-CP Section 2.8-1. These data were obtained from

April 1974 to June 1975 (NUS, 1976). The white-footed mouse (Peromyscus leucopus).

i

!
and short-tailed shrew (81arina brevicauda) were the most common small mammals
sampled on the site. The white-tailed deer (Odocoileus virainianus) is the L

i only big game animal that occurs on the site. During the study period, tracks
of raccoon (Procyon lotor), muskrat (Ondatra zibethicus), opossum (Didelphis:

i virginiana), and fox (Urocyron cinereoaraenteus) were observed (ibid). The
7: site is not an important waterfowl breeding area, nor is it in a major flyway. -

Mallards (Anas platyrhynchos) were the only waterfowl observed in the Ohio
} River adjacent to the site during the study period (ibid). :
i

Sixty-three species of birds were recorded on the Beaver Valley site during the;

summer of 1974; 48 were presumed to be breeding there (ibid). ,

,

Most of the area adjacent to the Beaver Valley-to-Crescent transmission line.

| right of-way is woodland (Table 4.7). The right-of-way clearing was completed
in 1974 (ER-OL response to question E290.3). ER-OL Section 5.5.1 states that

'

the right-of-way is maintained by spraying for broadleaf species with adjustabic1 ;

handguns from trucks on existing access roads. After this treatment, the area i;
'

will be covered by grasses, herbs, weedy shrubs, and blackberries. In deep !
] wooded valleys where there is adequate clearance between the tops of trees and ;
I the electrical lines, vegetation is not cleared.

4.3.4.2 Aquatic;

:

| - As shown in Table 4.9, a much greater number of fish species have been collected
;

; recently (1980 to 1983) at the Beaver Valley site than were listed in FES-CP '

| Tables 2.8 and 2.10 as having been taken in 1968 and 1971. At least 24 species
. that were collected in 1980 to 1982 were not taken in the 1968 and 1971 collec- .

| tions discussed in the FES-CP. Of the five species listed in the FES-CP but ,

| not collected in 1980-1983, all but one were collected from 1975 to 1979
| (Duquesne,1981). '

L ,

( Three factors seem to account for this recorded increase in species diversity ,

' over a decade. First, the data reported in the FFS-CP were based on relatively
limited sampling (1 month in each of 2 years), while the applicant's opera-
tional monitoring program has involved a much greater effort. Second, the data

' reported in the FES-CP were based on rotenone surveys and gill-net sampling,
while the more recent data were obtained with gill netting, electrofishing,

; cast seining, batted minnow trapping, plankton netting, and collecting fish
' impinged on the traveling screens. Third, many fish populations P at had beenl

eliminated in the upper Ohio River by deteriorating water quality have since
1970 begun to return as water quality improves (Pearson and Krumholz, 1984).,

( (The improved water quality at the Beaver Valley site is discussed:in Sec-
| tion 4.3.2.) This recovery of Ohio River fisheries confirms the relationship i

between water quality and fish distribation that had been observed during a j
short-term study in 1957-1959 (Krumholz and Minckley, 1964).
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Numerically dominant fish in the 1968 and 1971 collections were channel catfish,
carp, and yellow and brown bullhead. Fish that dominated the more recent
collections may reflect not only actual changes in the species of the fish e

community, but also differences in sampling methods. Thus, the electrofishing
collections were numerically dominated by emerald shiner, sand shiner, blunt-
nose minnow, and gizzard shad; the gill-netting collections by channel catfish,
carp, walleye, sauger, spotted bass, and gizzard shad; the cast-seining collec-
tions by emerald shiner; and the minnow trap collections by emerald shiner,
sand shiner, bluntnose minnow, and spotfin shiner (Duquesne, 1981, 1982, 1983,

i and 1984).

The applicant and the staff have developed independent estimates of the fish '
harvest potential for the Ohio River in the vicinity of the plant site. The
applicant reports that no commercial fishing is allowed in the Pennsylvania
portion of the river near the site and that no commercial fishing licenses
have been issued in the West Virginia portion within an 80-km (50-mile) radius
of the site (ER-OL Section 2.1.3.2.3.1). The applicant estimates the recrea-
tional (sport) fish harvest for the Pike Island Pool and the West Virginia
portion of ti e New Cumberland Pool to be about 13,800 kg/yr (30,400 lb/yr). .

Of the estimated recreational harvest, about 55% is carp, 22% catfishes, and
15% centrarchids (i.e. , sunfishes, crappies, and bass) (ER-OL Table 2.1-14).
For use in liquid pathway dose calculation, the applicant assumes the edible
weight of the recreational catch to be 6200 kg/yr (13,700 lb/yr) (ER-OL
Table SC-4).

| The staff's estimates for commercial and recreational harvests have been
developed for the river segment approximately 80 km (50 miles) from the Beaver

,

Valley site (at Ohio River mile 35.0) downstream to Pike Island Dam (at Ohio
River mile 84.3). The water surface area for this segment is 3408 ha
(8420 acres), as estimated by the applicant (response to staff question E291.7).

The staff estimates the potertial annual harvest to range from 60,660 kg/yr
(133,700 lb/yr) to 927,300 kg/yr (2,044,400 lb/yr). Of the estimated total,

the range of potential commercial harvest is from 13,290 kg/yr (29,300 lb/yr)
to 766,800 kg/yr (1,6s0,500 lb/yr), and the range of potential recreational
harvest is from 47,370 kg/yr (104,400 lb/yr) to 160,520 kg/yr (353,900 lb/yr). .

No harvest of shellfish for human consumption is expected from this river
segment.

The lower end of we range for the commercial harvest estimate is based on a
mean'value of 3.9 kV ha for rate of y' eld reported for reservoirs in the Ohio
River basin (Leidy * .i Jenkins,1977); the upper end is based on a yield of
225 kg/ha derived by McLean (1983) using lock chamber rotenone data taken
between Ohio River miles 500 and 600. The staff gives the range in lieu of
site-specific data and believes that the potential for commercial harvest, if
a fishery were allowed to develop as water quality improves, is more likely to
be toward the lower end of the range. The upper end of the range can be used
in a conservative worst case estimate of the liquid pathway dose. _

The range for the recreational harvest estimate is based on potential yields
of 13.9 kg/ha reported by Leidy and Jenkins (1977) and the 47.1 kg/ha derived
by McLean (1983) from cove rotenone data in the vicinity of the Marble Hill
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Nuclear Station site. As with the commercial harvest estimate, the actual
yield for recreational fishing is expected to be nearer the lower end of the
range, but the upper end is provided for a conservative estimate of dose.

The difference between the applicant's and staff's estimates of total fish
harvest near the site results from the staff's inclusion of a commercial
fishery in the estimate. Although no commercial fishery presently exists, the
staff takes the optiristic view that, with improved water quality, and reesta-
blishment of native fish stocks, a commercial fishery could develop during the
operational life of Unit 2.

In the FES-CP, the staff speculated that the Ohio River fish at the site " prob-
ably spawn primarily in the tributaries or near the mouths of the tributaries
where the substrate and water quality are desirable, although some undoubtedly
spawn in the slack water afforded by nearby Phillis Island." Pearson and
Krumholz (1984) felt that channels behind islands are important areas for
speleophils (a group that includes bluntnose minnow, yellow bullhead, and chan-
nel and flathead catfish) and phytophils (a group that includes white crappie,
largemouth bass, goldfish, carp, and banded killifish). They also concluded,
however, that spawning in the river was more important to the species found
there than was spawning in or at the mouths of tributaries.

A comparison of ichthyoplankton densities in the back channel of Phillis
Island with those measured along a transect across the Ohio River perpendi-
cular to the main intake structure (Table 4.10) shows that densities in the
back channel were consistent with those in the main channel. Had the back
channel been a particularly productive spawning area, this might have been
reflected in higher ichthyoplankton densities relative to the main channel;
this does not appear to have been the case. Cyprinids constituted the majority
of the ichthyoplankton collected from 1980 to 1982 both in the back channel
(85% to 89%) and in the main channel (79% to 96%) (Duquesne, 1981, 1982, and
1983). This provides further evidence that this back channel is not a unique
spawning area in the Ohio River.

Corbicula fluminea has been present in the waters of the Ohio River at or near
the Beaver Valley Unit 2 site since 1975 (Duquesne, 1981 and 1983). Although ,

most populations of these bivalves are found downstream of the Unit 2 site
(Taylor, 1980; Counts, 1983), other populations are located upstream of the
site. Taylor (1980) reported C. fluminea in the Ohio River at Pittsburgh.
However, he did not find these bivalves in significant numbers upstream of
Williamstown, West Virginia. Zeto (1982) reported C. fluminea from the
Monongahela River in West Virginia. According to personnel at the University
of Delaware, an examination of the zoogeographic data base for C. fluminea at
the university revealed specimens were also collected at Lock and Dam 8, near
New Geneva Pennsylvania. None of thw populations contained high numbers of
bivalves.

Although the Ohio River at the Unit 2 site is near the northernmost zoogeo-
graphic limits of Corbicula fluminea, water temperatures are sufffciently warm
to allow survival and successful reproduction of these bivalves. It is antici-
pated that two spawning seasons per year are to be expected in the;0hio River
Corbicula fluminea populations near the plant site.
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The applicant expects continued contribution of Corbicula to the benthic
community in the Ohio River at the site (ER-OL Section 2.2.2). Although no
Corbicula were collected in 1979 and 1980, the applicant reports that Corbicula
were found in 1981 sampling and are unlikely to disappear from the river near I

the site unless major long-term changes in physical habitat conditions occur
(response to staff question E291.6).

Corbicula fluminea has been found within the Unit I cooling system (Duquesne,
1981). Approximately 30 shells were removed from the reactor plant component
cooling water heat exchangers in 1981. Although the applicant did not state
whether these " shells" were alive or dead, their size (12.7 mm, 0.5 inch)
indicate they were relatively young. No other fouling of water systems was
noted in that report, and no operational problems have been reported as a
result of biofouling by these bivalves at Unit 1.

Plans for biofouling control are described in ER-OL Section 3.4.2.7 and are
evaluated by the staff in the SER (scheduled to be published in December 1984).
The primary control scheme for the service water system components utilizes the
Unit 1 chlorination system (see Sections 4.2.3, 5.3.2, and 5.5.2.2 of this
statement).

Peggs Run, the tributary of the Ohio River that receives the effluent from the
Unit 2 sewage treatment plant (Section 4.2.6), is a highly disturbed stream.
At the station, much of Peggs Run is underground in a culvert or is contained
in an artificial channel of steel sheet piling (ER-OL Section 2.4.3). Mine ;

drainage from the upper watershed has apparently produced a substrate degraded '

by an oxidized iron floc and supportive of only limited macrobenthic popula-
tions, according to a personal observation during a site visit by an NRC staff
member on April 3,1984. The stream is isolated from its embayment on the
Ohio River by an artificial waterfall near the Unit I cooling tower.

4.3.5 Endangered and Threatened Species
|

4.3.5.1 Terrestrial

No plant or animal species listed as endangered or threatened by the U.S. Fish .

and Wildlife Service (U.S. Department of the Interior, 1983a) or the State of
Pennsylvania (Western Pennsylvania Conservancy, 1984) was found at the site or
on the transmission corridor (ER-OL Section 2.2.1.2). The small 9horled
pogonia (Isotria medeoloides), an endangered plant on the Federal list, occurs
in mixed second growth hardwood forests; in Pennsylvania it is currently
reported in Centre County (Kulp, 1983) about 282 km (175 miles) from the site.

Three Federally listed endangered birds may be found as transient species in
the Beaver Valley area. They are the bald eagle (Haliaeetus leucocephalus),
peregrine falcon (Falco peregrinus), and Kirtland's warbler (Dendroica kirt-
landif). There is no listed critical habitat for these species in the project
area (ibid). A bald eagle has inhabited the general area (FES-CP _Section
2.8.1) but was not seen during the 1974-1975 ecological studies. Unit 2 is
also within the historic range of the endangered Indiana bat (Myotis sodalis),
but there are no populations known to occur in the area. :
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4.3.5.2 Aquatic

No Federally listed endangered or threatened species have been collected at
the Beaver Valley site from 1970-1983, nor were any such species 1isted in the
site description portion of the FES-CP (U.S. Fish and Wildlife, 1983).

Four fish species being considered for listing by the U.S. Fish and Wildlife
Service (1982) may have been found historically in the area but have not been
taken in recent collections: lake sturgeon (Acipenser fulvescens) has not
been reported from the Ohio River in the last 30 years; paddlefish (Polyodon
spathula) has not been reported from above river mile 429 since 1970; eastern
sand darter (Ammocrypta pellucida) has not been reported from above river mile
200 since 1920; and longhead darter (Percina macrocephala) has not been reported
from the Ohio River since 1920 (Pearson and Krumholz, 1984).

No fish species considered endangered or threatened by the State (Pennsylvania
Fish Commission, 1979) have been taken in recent collections at the site
(Table 4.9). Three fish species considered " status indeterminate" (insufficient
data to assess status) by the State have been taken in recent sampling at the
site: channel darter, sauger, and spotted bass. Skipjack herring, listed in
the project area in the FES-CP but not collected recently at the site, is not
now believed to be found in the state. Black bullhead, also listed in the
FES-CP but not recently collected at the site, is considered " status indeter-
minate."

The U.S. Fish and Wildlife Service reports that three Federally listed species
of endangered molluscs have historically occurred in the upper Ohio River;
these are the orange footed pearly mussel (Plethobasus cooperianus, renamed
Plethobasus striatus), pink mucket pearly mussel (Lampsilis orbiculata, renamed
Lampsilis abrupta), and the rough pig toe (Pleurobema plenum) (Kulp, 1983).
The first two species are reported to have included Pennsylvania in their
historic range (U.S. Fish and Wildlife Service, 1983). Although there have
been no recent collections of these endangered species from the Ohio River,
the Fish and Wildlife Service notes that significant changes have taken place
in the river since these molluscs were last collected, resulting in improved
water quality and conditions for mussels (Kulp, 1984). -

4.3.6 Historic and Archeological Sites

FES-CP Section 2.4 discusses historic and archeological rites. At present, in
the 16-km (10-mile) area around the plant, there are 12 sites that are included
in the National Register of Historic Places. Five of the listings are in
Pennsylvania, two in Beaver and one each in Bridgewater, Aliquippa, and Industry.
The six sites in Ohio are all in or near East Liverpool. One site is in New
Manchester, West Virginia. With the excsption of the marker designated as
Beginning Point of U.S. Public Land Survey on the Pennsylvania-Ohio boundary
(7.68 km west-northwest from the station), all of the sites are more than 8-km
from the station. The operation and maintenance of the plant is not expected
to affect any of the properties.

# .;
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4.3.7 Socioeconomic Characteristics

The general socioeconomic characteristies of the region, including oemography
and land use, are in FES-CP Section 2.3. As indicated in the FES-CP, the
plant is on the south bank of the Ohio River in Beaver County, Pennsylvania,
about 40 km northwest of Pittsburgh.

The 16-km area surrounding the station site includes portions of Beaver County,
Pennsylvania; Columbiana County, Ohio; and Hancock County, West Virginia. The
river valley portions of the area are highly industrialized and includa steel
mills, zinc smelting, petroleum refining, and plastic, glassware and electrical
equipment manufacturing. In the area removed from the river valley, the
country side is rural, consisting of scattered farms, small communities,
forestland, and open space. The nearby major residential areas include East
Liverpool, Ohio (1980 population 16,687), which is about 8 km west of the
station, and Aliquippa Borough, Pennsylvania (1980 population 17,094), which
is about 13 km east of the site. According to U.S. Bureau of Census data, the
Beaver County population declinded from 208,418 persons in 1970 to 204,441
persons in 1980. The Aliquippa Borough population fell from 22,277 in 1970 to
16,687 during the same decade.

According to the applicant, the 1980 residential population within 16 km of
the site was estimated to be 141,286 persons. More than 124,000 persons are
in the 8-16 km area around the plant. Of these, more than three-fourths are
in the west, northeast, east-northeast, east, and east-southeast sectors (FSAR
Table 2.1-3). The residential population in the year 2010 within 16-km is
estimated to be 148,600 (FSAR Table 2.1-7).

The staff has reviewed the applicant's demography data by comparing its estimates
with independent sources and has found the applicant's estimates reasonable.

4.4 References

Counts, C. L., III. " Bivalves in the Genus Corbicula Muhlfeld, 1811 in the
United States: Systematics and Zoogeography," Ph. D. dissertation, University .

of Delaware,1983. -

Duquesne Light Company, " Chlorine Trailing-Out Study Results, Beaver Valley
Power Station Unit No. 1, NPDES Permit No. PA 002615," Pittsburgh, 1978.

-- , " Flow Blockage of Cooling Water to Safety System Components by Corbicula
sp. at the Beaver Valley Power Station, Unit 1," report submitted in response
to IE Bulletin No. 81-03, by letter from J. J. Carey, to the NRC, May 26,
1981.

-- , "1980 Annual Environmental Report, Nonradiological, Beaver Valley Power
Station, Unit No. 1," 1981.

,

~

-- , 1981 Annual Environmental Report, Nonradiological, Beaver Val 1ey Power
Station, Unit No. 1," 1982.

:

Beaver Valley 2 DES 4-18



-- , "1982 Annual Environmental Report, Nonradiological, Beaver Valley Power
Station, Unit No. 1," 1983.

-- , "1983 Annual Environmental Report Nonradiological Beaver Valley Power
Station Unit No. 1," 1984.

Federal Register, 43 FR 6030, February 10, 1978.

Krumholz, L. A., and W. L. Minckley, " Changes in the Fish Population in the
Upper Ohio River Following Temporary Pollution Abatement," in Trans. Am. Fish.
Soc., 93:1-5, 1964.

Kulp, J., U. S. Fish and Wildlife Service, letter to George Knighton,
NRC, June 30, 1983.

-- , letter to Lorene Sigal, Oak Ridge National Laboratory, April 11, 1984
(available in the Beaver Valley Docket File at the NRC Public Doct. ment Room).

Leidy, C. M. and R. M. Jenkins, "The Development of Fishery Compartments and
Population Rate Coefficients for Use in Reservoir Ecosystem Modeling." FWS
National Reservoir Research Program, Contract Report Y-77-1, Fayetteville,
Arkansas, 1977.

Mattice, J. S., and H. E. Zittel, " Site-Specific Evaluation of Power Plant
Chlorination," in Journal of Water Pollut. Contr. Fed., 48-2284-2308, 1976.

McLean, R. B., " Fish Harvest Estimates in the Vicinity of Marble Hill Nuclear
Generating Station, Units 1 and 2 (Docket No. 50-546)," Technical Evaluation
Report submitted by letter to Charles W. Billups, NRC, Oak Ridge National
Laboratory, December 13, 1983.

NUS Corporation, " Annual Report - Terrestrial Ecological Studies at the Beaver
Valley Power Station Site," filed with the NRC October 1, 1976.

Pearson, W. D., and L. A. Krumholz, " Distribution and Status of Ohio River
Fishes," ORNL/Sub/79-7831/1, Oak Ridge National Laboratory, 1984.

.

Pennsylvania Fish Commission, " Pennsylvania's Endangered Fishes, Reptiles, and
Amphibians: Reference Information," 1979.

Taylor, R. W., "A Survey of the Freshwater Mussels of the Ohio River from
Greenup Locks and Dam to Pittsburgh, Pa.," U.S. Army Corps of Engineers
(Huntington District), 1980.

U.S. Department of Agriculture (USDA), " Soil Survey of Beaver and Lawrence
Counties, Pennsylvania," Soil Conservation Service, 1982.

-- , undated letter from J. L. Council, Soil Conservation Service, Beaver
County, to L.L. Sigal, Oak Ridge National Laboratory, confirming April 5,
1984, telephone conversation (available in the Beaver Valley Docket File
at the NRC Public Document Room). ,

,

U.S. Department of the Interior (001), " Endangered and Threatened Wildlife and
Plants," 50 CFR 17.11 and 17.12, 1983.

Beaver Valley 2 DES 4-19



U.S. Environmental Protection Agency (EPA), " Quality Criteria for Watei,"
EPA-440/9-76-023, 1976.

U.S. Fish and Wildiffe Service, "Endan0ered and Threatened Wildlife and Plants:
Review of Vertebrate Wildlife for Listing as Endangered or Threatened Species,"
in the Federal Register, December 30, 1982.

-- , " Endangered and Threatened Wildlife and Plants: Republication of the
Lists of Endangered and Threatened Species," in the Federal Register, July 27,
1983.

Western Pennsylvania Conservancy, letter from P.G. Wiegman, Director, Natural
Areas Program to L.L. Sigal, Oak Ridge National Laboratory, April 2,1984,
(available in the Beaver Docket File in the NRC Public Document Room).

Zeto, M. A. , " Notes on Freshwater Mussels (Unionidae) of the upper Monongahela
R.iver Basin, West Virginia," in Nautilus 96(4):127-129, 1982.

.

~.

.

Beaver Valley 2 DES 4-20



* A

%* Wch- reens

I> p nue

,4*

b
0

.~t <n

\,
o

Eh- .'

|I
. .. s
ista.o d -

d
.

M .

yyk
~

z;c.

!!! ..!D-
* N" kh d. u e$ -

,

::: <>?.:-
-

...
. .. . .. %. - w. ',. ,'. < is i..

. i.o . . 4.:..

. , "

- - _L _ _..:ZS*F7 gi , , ,
(,,,,,,,,'

%g=y:. w' .{,. .g .e' " ';:4::
::::::..

f

' . . . . . . . . . #).
'

ti. ..

.4n.=
J .......a. - n. . . ---.. .. ..E "?" .'J.''*"'??i l'?.'.*J.''''

. _ _ , . . . . . . ,,-. - ,. .. , .. ......'"''' ' "" . ' " ' ' ' ' '
hn'J".".1 ft."*.",".''.'"."*"' *

..... .u, gp .,
> .. n. w i -= :i:i: n m t'.k. O m. r'n. ,,_ .,n

. .,,

, . . . . . . . .
;

.e. , .# .su. t.u...,
.-

6.......... u. ...

Figure 4.1 Site layout (to change ft to m. -

multiply valves shown by 0.3048)

Note: Numbers indicate vegetation study areas
shown in ER-OL Tables 2.2-1, 4, and 5.

Source: ER-OL Figure 2.2-1

4-21Beaver Valley 2 DES

.-- - ._. . ___ -_ . _ _ - -



- . _ . . . - . . _ . _ - . . - . _ . - . _._.. - .-. __ _ --. -.

'

p ..g j i -'

y ' m m w .s. ts) t (
,;f

-

, y, n w , .

, .
.

. '(j ,'
,

h h
'

' '
-- ,

'

%: s = y . . .,,f''

,

d['
'

\ -

\ 'Ib ) 1 Gf} . ..N $ k3/ nhd $
'

,
;

\ \ '

, ,
. ( <--

.g
l| s} \ + g g-.- .-. , .

h * '' S,1 's m - b i
'N

, k d.f ,..
,[o !

-
''

- ... . - .y ,,

| \ - \ '': '' $
,

.

.
$h,: .

'*|I \
,_.

\
_

r J 9 !i s

I'$ '\ t i 'Th.
- -

$ |o

>p g
'-

. s. .

| fn W ,

'

.

1 g *' -

I. o ; n +'

y[y INo # - 0 / 1Ij 's / i'
._ f -

'

/ /

/ | *IlO, g |// / o - /W i

l f i A

/ ,, )) l 'h cc |'
,

.; .;a.
.

1
{

'*

/ . '$ h J Y | $ >1 . [,N;;O,

|

Beaver Valley 2 DES 4-22

. . _ . . _ _ _ _ - _ _ . _ _ _ - _ . _ _ _ . _____ .___ _ _ __.. _ _ __ _ ..__ _ .. _ __ _ .



c22
C
Go
<
m m e. .s - m .-
, 3 3 . ca.) ..<
a. . s ' ~. ._ mg

I
-- o

- . , . ~ . . . , .c : - w -.
y [ .a **-..***

.
. , , . .-.e.,.+, , , , , ,

N I c m ,. .g
1 . e e. .e

E.
I 'UM ,,,9,**** Y'

-

,; I m. .. 9).
- ,J , oIv

q -e.).
,

. t u
, , C

- * 6.a= = = = . .,. .,

_| , . . , '*''S*.*.
! _P. '-y 4 .m

e ._
**

.Q
- -s--

'sm e on Gs. SVPS-s (ExisTsNG) $Y$TEMS

I . m3 mg 1 - -
. . . . . .

y~ ** .=, is -r.

i :,, e e g a.. - _ , - , _

7,- } _ m
iS4A

e ..m.
y , C

l
.. ......

{,gg,,..

Ier , *~ . _ - , .

) ~. . , . - - , . u. e,

e . *.'
m O G e.W

e BVPs.2 $YSTEMS
\ - . , . ~ . _ . . ,

F' '-
- - * - - -* "'"- ,. ._._e e,.._

i .. |j.... g.~ w..
, , , ,

a t . , , , , , , , , , , , , . , , , , , .

J ru ..t+*-y,;;;,,..,.-..m., . - .

|
. . , , . ~ - - .

~; ~ ~ . = * ~ .
,A

- . . . . , .

-3i.., _... _ | e
. , ... .. -

1 ,

1 @ g

Figure 4.3 Plant water use (see ER-OL Table 3.3-1 for flow rates and

definitions for circled numbers)
.

Source: ER-OL Figure 3.3-1



. - _ - - . -

t a

I Ih h h ,! k,

!k t. . J f #h I
E* ""' " -

"' '
*e g , p. au u uar c rug

Np/ ''P[s ' h
I[ "

U hl 7 |S II.S \~,e *

[4t 3g t h,

'It!!tfif' thilu11111tnN! .- n

{h hf.f-- . - .- - .T ~Q& { '.

.4 .:
, ,

Q1i )
'

muuuq o. ,-

2~ g : un *mnnr a e.I immum4 e,,f{], ,< I
I r. .#s : ._ t ^ *g .

||YM tt: r k b

qgg)|
*

"' !ga h, . - Li emunu'
,

!)v h.[/ .|I
'

l = Vl e go > ~.
.3

, -_s
. . _ - _<t<t -. )1..

-

I,
_

- - w- --

g, y 4. . .
.

,

8
*

- . 1 .

I
i 6.

.....I f

r.i = .-
! E . - - L * w

w : s g) W=* s.- :I s. o,3

'

,y I, i }j "n det-
$
t w

!.!
! j!! l 3 4! #, .34 -

*

!! .jl ' th 3 E\ '
m

3 a_:.N u:! u
. , 3

-'

g
'

nm fii" '"""'
. . . . i . yy ;
'

,p. 2
,

: == = :=:=.=t l Ig) $8

.&-
'

.. _ | - - - - - -

::t | ,

- |} g _ _ . _ yj i )..

-

{d-
~t = ini / 4:

i
,_

? ! ' f B

,

iM
tj J |} t-

'

_ . _ . ._. _ . ._ -_ . _ t 1
,

- -

*. in.. .

s
.

. . eenpG .,. Mnun.uu'uT~unew .. .

-
, em a

18 I '(lM
.. a |'

8
1 __q,-------n }'

..

3 ., . a. ., . ...

(
.

...,..

4 d ]I +$ E ~s s ') -

i' !!!'q 1, J.J 5 5y <
.

1 . .,

],
p-..

I{ 01|

| E' | ]lI {"i I!1 9

I II

8eaver Valley 2 DES 4-24

_. __



- _ _ _ _

e I)
t i
E k'g . ) S:. 2 ;

Yi ,

'| f-j )g;? !{ s; -*
a < i a;aa { ,I f a woo =,-l g t

i '' H ! i ! 15 o

h' 3 D9
-

g i:=
I|- i 3'

>

.p || *_' -|

- %q[ ! ~~J.'l
-

i 1 ! h'#r 1

b g,a. -

; '
-

. .

. . . , .

| p- - , .

At' I ..l.

,_ Q'E
^

' cr. I ' I ;

' ' '

le fg i
g

( li 'I
'

i
<

' ",

et
c. i'r E : .5.~

l -

p
...

gi
2 ,g h. en

-[
-t- iOc c=: ,

.

,.

, , .c , ,
i ,

...E....- $5 ~3 @_g _
; -.

-] .__~ . . suSI "
. | [ ._ . .J y ! l y 4,

*-& :$ C -S-: .11 .
I e

j g 'li. W |i ( ., 3
' q m

g|.{g...........,....Q.9......q....
j ' --, t9 't rr .i a --

5m~ I .% c '- |ij
m ' '

p8 - 't -

fg.{31
a w,

- . . o.
.p .' m .-

1 4 3 | 'sI ** 61

P--* I

,[P H 4 t m . . * * + nt kn. 2 ,emd ag I- - a .4 .
,

. <

o
, , --

I
. $ &, -

j - --- -J'. 4 m w- r?-t _ L_._ . .,

:|I E
,

r i 1. J .1 L
-

, __ -

M' 'f - e ..u .*
a w5tl rm

_ _ _ _

\\ - v
v .

sg a 4 u-

-- < s -

r.r;ij ,;F[5 1 = 9
e, I 5' 5i* .m

.
-

1 fa
t .. i.-"~

.h -- -y .C l *
pfI ;c, w . .... ce g (bry ;q ., ;

$

*
.

!!
'f)s

,h/ *

) j - a
-on||,; jw . ,d .

p { y, .4
?| |. Y)

,

E 5
*

NN gg ~

*
,

, , - ,,, - .

.

*g ' s 4v~ tytrutrw.r.r -
- G,r. Q . c.; r -

o4~ - g
, K v i

I IEI, f*
g' u8.e

'! 17 ~ k. Ri (

( l,t ;!

eFL e. a

I
u ,,a .J ,7.u -

ii ,_

t c. .i ~ b-f t-MIL fiW$[b'-
.,

+ esw[tf , A
7t- g W . 6. ]~+._., d,' ' -

t' ,

I 3 ,). $ fq||
g Q +. ,=

- +

bt R C
k. gYjYMn$ ~~r?J6 b}i

a 4 "
, ,

3
-

.[ 4
1 i h,1
$ e

1 *
.

,

4-25Beaver Valley 2 DES

_. . _ - _ _ _ _ _ _ _



_ _ _ _ - _ .

|

|
t

A-! spp

h j __ .2 G_ to-o* j(' * ~8

' < p

| <
%' e "e.sw of-| 8 s

i ~5
L .F.

*' **

I / =tgv.6$s 1/.artss etav, 1|[ l 5
. . , y, y

,
I coou.. ro.e- ..n,o '

w w#im-

et.omoo..,,u,g8 - / ts

Q T;
g {j _ _.

3 gac

" '
- - ;.es"att _ _ . . !! -, .- i

( S i . A

f.
-_..

(A
O Y

$8 -
8'*1 Qi

_

1 :. _.

t#5 _

us.,_. 1 . . ' s.s o. 3.3ma **n *ce ns.a=y, c a.sta a o.ma 1 ..

2y 3- _ . . ....r.. r. v.-% n.
psa' * *

. . -

(LSFS

et ..o - o-

1
" - - - - "

f~3%22
-

Q -R H(1-yY~cu~" ...

,
- . .. ,, ..

u ,,, . .. N . -

' I

y ~.
-

e t . . r.- , __

|
,

| 8 fL .tg 3.'
. . . . - am .-

_
, ,,..,t

- ,

t-
& 1

.com... s.ms e
,

- i

as fW i '
i

* ls

* * * * * - - t at . ,. .-
-

,,,,g,,..
-

-.

. .

- -- : - -, . - ca.c.. . . v... . ..
^* * !e...<

i.: , 1 a a= - m ,. i i= ,,_m. . secreo= - !~
-

.-

, t
l .-

-

<

m
i

e t '-o- I!-!: r I wer ~ v ,
- -

it i il ,t
--

ww -
!

'

...-o--i- .,

L _ sure-o-

sect,o -.

I
1

Figure 4.6 Discharge structures

Source: ER-OL Figurc 3.4-2
.

- - e



1
I

cn
o
c.
<
@ g
s

?
f., % *1'

{ P 2-Te eaa rx a k s._- ul '' - s s,2a T4mkvi
* sn

N T y#'
y ,4 - .i a

-

r,
1 -

%, , d. . ..W.ii 3_m , -,
, wh- -_

M f."||"- ~ ~ ~ y'*w h
. ~.

T. . .%.

M* , '[
g -

) ,s,%-< |
w ! M4 **

_

]- - xmx
e L k?u---*> 1,*:;i- &. _.f,- a* =

*.' r w g
+ , {

~
;* e -

g | t ;p . - - m --~

*--'"
i ,2 .a.,.- m ,. -

Il 9'1 - .
,. _ q ;
, -

.

,4 L].p 5 (j; ''
# ~'--

L .: _ _ _..-. _-TJ -2
~

-
, _ n_

'3, a c. al p_< mm,rr

r,} w~ r_- ; ;
- '

* _ P p fl* __ nem. ... .. I A d un-j,!
, ;j

~

met _ h.
, R

V

P Y' , 3 Aa- i

I '" ' f_[ ") "*st ws
..

- _.__

|M -p , ,
-

C, 1g 1 - = +.rerr-, -- p sy m
, t-ke fs ;. .r ,N ' ;_ > --,

y n . m vir-e- . . . . . . . . . - gy, 1 -

: ukr e, . mar a r: f. . , .
. 4 i 1:

_" .' ;, s.4 ;.t h q ,, y_ _
_-

La. M. L i.. .. - - .- -

{

- -I
. n. '

,, .

%s' k.I-** L
-,

.g g,: ;
,- . ... gg g ge r ' -#I

---

+t- 4- . [ ,,q j . :a_ # %~ m.3**

.a_t. '-,. w =-' _ . . s.n. t_- W,

4 WL,
gt .- D< q r *: r' -i ; _ _ ...

g;:- 7,
_ p__ .y-atm_ _i _ __ _1. i ._ c1% - *'' ____ _ mq n'* r

w e ; ;- ' -y* Nm'%.
J a{r

sectes is 1
u :v e ev-a,

Figure 4.7 Emergency outfall structure

Source: ER-OL Figure 3.4-5
.

e i M



- __ . _ . - __.

i

8 a
: :

Aq _\
675- 675

\
J EL. 676.0't ,

/

k4e0- ;
,,

N 4300

4"FLTER PolNT
FASRIFORM OR

' hg i ! EQUIVALENT

q) \
, ,. ,

,;
- r

4- _
_ .

N 4875.6E -'- --

SSS490-- - E6130.66 gn- -

'--- j'j , FROM EOS
I-

- - - - - --

64 - - - - - . up
,.,,,,

_

N4tSO h
_

~ ~ " ~ " " ' '
I "'-- - - 695

~Ad N
.

PLAN

710 -

g- -
.

APPROMIMATE 4" FILTER P0 INT FASRIFORM,

EXISTING SROUNO OR EQUIVALENT -

~ l LE AN MIX
27' CMP CONCRETE

::r% % ,it< m , a, # ,, r "~ , ,,,
e4 0 -

t 'a=t
,.,. g --

|- Id # _J' 3* _ 19'9" 14'4* _ 14' 3' MIN - l'c0MPACTED
~

" ~ STRUCTURAL FILL
6-

SECTION A-A
.

Figure 4.8 Impact basin for service water discharge
(to change ft to m, multiply by 0.3048)

Source: ER-OL Figure 3.4-8

Beaver Valley 2 DES 4-28

- _ - - - _ . _ . - _ - . _ - - . . _ _ _ _ _ _ ... _ , _ -.._- . . _.__



' <
a j
5 4 *e

#
$,

s r s
a L

$( o#* p|
Q

i

focY NOAM I

s' ,

/ ! ( ?ifi'
l'

E etAvtn SCALE Mitts. l

5 issN
STATION,

honYH

\f
\{-

s
\

3 _

-

/

P
ess$ :

8
=-.

' sinucTuntosn

;g$**- A\U ,

E
9HILLis 88 LAND

sin b una cuLvant
0'"CY

h$"4tt g sinucTunas COMMON
To UNITS 1 AND 2

sinucTunt
IMPACT sASIN luNif 21 oM

luNIT 2) E UNif 1 STnuCTunts
'

O uNifasinucTunts
'

? "f' ?
op' scALEiNee T

Figure 4.9 Principal hydrologic features (to change
ft to m, multiply by 0.3048)

Source: ER-OL Figure 4.3-1

Beaver Valley 2 DES 4-29



I
|

N 1

Y
%

s - g4*
\

\

{ '%) | f
'

f
p % '.

#+ /(
>

01 MONTGOMFRY L/D

EAST LIVERPOOL 1 CONEMAUGH'

RESERVOIR
NEW CUMBERLAND L/D

g Si^t,ERV PITTSBURG Hy

'itr%

'T>> |, J -

, ,,,

| i i ??Y
\ \<

SCALE IN MILES
I '| PA $ _ _

I J MDJ W VA,

' LEGENDr< :

% |' =

| / y LOcxS AND DAMS
'

.me==== DRAINAGE DIVIDE
,

* '" '"''"'

( P EE"lRv ERS

[ j y jgE RE ERVOIRS

}
\

' \ .

l
'

Figure 4.10 Ohio River drainage. area (to change
mi to km, multiply by 1.609)

Source: ER-OL Figure 4.3-2

Beaver Valley 2 DES 4-30
: 3

. _ . . . _ . . _ . . . _ , . . - _ _ _ . . _ . _ . . t. _ _ - . - _ . . . _ . _ _ _ _ - . _ . _ . _ _ . . . _ . . _ _ . . . _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ .___ _ _
__

' d '. t. c$
'

. .,

[[L [\ - UNIT 1 h r 1 Y,
/.,

.
'' t j

'

COOLING TOWER _< - o' L-- _
' '

$ A b,' k ,.
''

L

! M ' "f $h"t
'

L }@$ |I '--
. , o

M [
"X

,

, _, ,j. ,, . g ' 5Fs[ "' k-
.

d -i 9 / -

i
'(d

4
, i .r,ed'
L'. F

, J|= ' Mc -s

q ;=g (,\ %N. u , /. - \ 2 P,- , r-
.- ) J - PEGGS RUN

.
,

' Jj

--s.
- % s g ( ><. $ ]- g :i f

+ - i.* R_* | - - f,

-g
. U"m,., y$ $e ~ ~ ~

'

,

" __
[ 74 . ,;y. - ;.-

- (b |L
,

1 E '-
- ----m,

- +v _

-

- ,_ _ r-.- \1
.p

L ! __ -atwg
' -

|'. h 8,f';'yy * b'g,j g &'-
.

~

2 DIESgn GEBERAT- '; N - -
_ '

\ ,' \/ ,j'
\ k y 'A\ m al @s N '

, .

[ e'
_T, , ({ '. . ,T i

" i_ .1 'ef li!F 't . gg1T
' 7 ' '^o(g ' - g# }|) #

*

;,

d. '

,{3" ',* "' "'

$.(% ~ ?
4r. k'g ,

h5
'o;

\
'

- ' -

, ., .

_n'g" ~ '& '~C-
'$w s ~ !IINE BLDG ' c. # A - --'m''-w

. #UNIT 2 i ' "s. %$4
=" "~

+ . 'W'- '~ "

s S * |' |'
.

./ j %
' "'

f
q 4y _ - L fIi go eW -' .,s

s

1 -) 11.a ., _ -

_, ,

f h

x W ' d S. hwp b r wemy'
b' '

jc.

~

: ' ~-

.~ , %- h?h, t
b I 1 {I Y ,

5,~
.

T o8 [,anctur eutome ,'
. 15 FT. DIAMETER CULVERT_ }.

'.

- )b , 0 ||
'

,$. / . , ..):] %
.' '

,\
" {4

3,; %- 4/ pI
' '

c o ct~cy-
._,

0
,

RESF'ONSE
'

. e7 @uQ j ,.
-

' 'I J [ ). r4coms i! ,
, . s ,, y

%' $ ^,' = '~,''\ ( .) |
' '~* ' '

! '%
4 , . --

,

$' ?
'

$ '"*
! . ' .

'

.s .

i.

i Figure 4.11 Peggs Run.

|
.



Table 4.1 Classification of site acreage by
vegetation type and land use

8

Area * Vegetation
Percent study

Type Subtype Ha Acres of site areas **
Deciduous forest Black locust, black cherry 37.7 93.2 18.6 4,16,18

Mixed mesophytic 23.8 58.9 11.7 3
Mixed oak, sugar maple 35.6 87.9 17.5 7,10-14,17
Beech, maple 4.8 11.8 2.4 8,15
Black locust, tree-of-heaven 0.8 1. 9 0.4 2
Moutain laurel, mixed oak 4.6 11.3 2.2 6,9
Silver maple, sycamore 3.4 8.3 1. 7 1
Subtotal 110.6 273.3 54.5

Scrubland Mountain laurel, hawthorn 1.0 2.4 0. 5 5
Old field 1.4 3.5 0.7
Subtotal 2.4 5.9 1. 2

Power plant and Transmission corridors 21.8 53.8 10.7
associated Unpaved roads (not on 1. 3 3.1 0. 6
facilities transmission corridors)

Pipeline 0.8 1.9 0.4
Power plant 43.1 106.6 21.3
Spoil areas 11.7 29.0 5.8
Subtotal 78.7 194.4 38.8

Other disturbed Rights-of-way (paved roads) 10.5 25.9 5. 2
areas Oil tank 0.08 0.2 0.1

Abandoned single-family 0.6 1.5 0.3
dwelling (removed)
Subtotal 11.2 27.6 5.5

.

TOTAL 202.8 501.2 100.0

* Subtotals may not add up to the totals shown because individual numbers have been
rounded.

** Indicated on Figure 4.1.
Source: ER-OL Table 2.2-1

Beaver Valley 2 DES 4-32

- _ _ _ _- . . _ _ _. _ _ - - _



T

Table 4.2 Soil mapping units onsite that quality as prime
farmland and farmland of statewide importance as
designated by the Soil Conservation Service
(USDA 1984)

ER-OL
(Fig. 2.2-2) SCS
mapping mapping SCS mapping Slope
unit unit unit name %

a02 A1, 2A1 P0 Pope silt loam 0-3
a45 B2 GnB Gilpin silt loam 3-8
D14 C2 GnC Gilpin silt loam 8-15
b45 C2 GnC Gilpin silt loam 8-15

b57 C2 WhC Wharton silt loam 8-15

a73 82 cob Conotton gravelly loam 3-8

a340 82 AgB Allegheny silt loam 2-8

b342 B2 mob Monongahela silt loam 3-8

b342 C2 MoC Monongahela silt loam 8-15

bMS CD UgD Urbanland-Gilpin complex ,c 8-15
'

aMT AB UfB Urbanland-Conotton complex .c 0-8

bMT CD UfD Urbanland-Conotton complex ,c 8-25

dMA AB Ub Urbanland-Arents complex 0-3 -

aPrime farmland.
DFarmland of statewide importance.
c

| Soil types upon which the plant facilities are located.
,

d If described, this unit with 0-3% slopes would probably
! include soil types that quality as prime farmland such as

Pope, Philo, Monongahela, and Allegheny silt loams and
' Conotton gravelly loam.

Source: USDA, 1982, 1984
.

.
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Table 4.3' Estimated water quality of Unit 2 blowdown,
average and maximum concentrations

Blowdown concentration, ag/L

Constituent average- maximum
'

Total dissolved solids 365.0 832.8

Total chromium <0.05 0.07

Hexavalent chromium <0.0036 0.0072

Nickel <0.02 0.05

Free available chlorine * 0. 2 0.5

Calcium 49.5 120.0

Total iron 2.7 9.1

Dissolved iron <0.09 <0.12

Hardness (as CACO )- 180.7 417.63

Methyl orange alkalinity 41.6 79.2
(as CACO )3

Total acidity (as CACO ) 9.7 28.83

Sulfate 155.9 388.8

*Will be released only during the period of chlorination
(see Section 4.2.3).

.

. Source: 'ER-OL Table 5.3-3
:

i

?
,

: .

1

,

!-
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Table 4.4 Current effluent limitations for Unit 1

Effluent Limitations *, **

Cooling tower blowdown Temperature: No discharge of heat from main
and softener regenerants condenser, except heat may be discharged in

blowdown from recirculated cooling water systems
if the blowdown discharge temperature does not
exceed at any time the lowest temperature of
recirculating water before makeup water is added.
Oil and grease: Daily average 15 mg/L; daily
max 20 mg/L.

FAC: Daily avg 0.2 mg/L; daily max 0.5 mg/L.
FAC may be discharged for not more than 2 hours
in any 1 day.
g: Not less than 6.0 nor greater than 9.0.

Demineralizer regeneration Suspended solids: Daily avg 3.8 lb/ day; daily
wastes (chemical waste sump) max 45 lb/ day.

Oil and arease: Daily avg 15 mg/L; daily max
20 mg/L.

g: Not less than 6.0 nor greater than 9.0.
Auxiliary boiler blowdown Total iron: Daily max 1.0 mg/L.

Total copper: Daily max 1.0 mg/L.
Softener regenerants Suspended solids: Daily avg 30 mg/L; daily max

100 mg/L.

Oil and arease: Daily avg 15 mg/L; daily max
20 mg/L.

Low volume waste stream Suspended solids: Daily avg 30 mg/L; daily max -

(discharged to main in- 100 mg/L.
take structure)

Oil and grease: Daily avg 15 mg/L; daily max
20 mg/L.

@: Not less than 6.0 nor greater than 9.0.
Treated clarifier blowdown Suspended solids: Daily avg 2.8 lb/ day; daily
and filter. backwash max 14.3 lb/ day.

g: Not less than 6.0 nor greater than 9.0.
Sewage treatment system BODS.: Daily avg 5.75 lb/ day; daily max

8.63 lb/ day
Suspended solids: Daily avg 5.75 lb/ day; daily
max 8.68 lb/ day.,

*See notes at the end of the table.
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Table 4.4 (continued)

Effluent Limitations ***

Fecal coliform bacteria: Daily avg 200/100 mL;
daily max not greater than 1000/100 mL in more
than 10% of the samples.

pH: Not less than 6.0 nor greater than 9.0.

Floor and equipment Suspended solids: Daily avg 30 mg/L; daily max
drainage 100 mg/L.

Oil and grease: Daily avg 15 mg/L; daily max
20 mg/L.

pH: Not less than 6.0 nor greater than 9.0.
Low volume waste streams Suspended solids: Daily avg 30 mg/L; daily max

100 mg/L.

Oil and arease: Daily avg 5 mg/L; daily max
20 mg/L.

pH: Not less than 6.0 nor greater than 9.0.

NOTES:

To convert lb to kg, multiply the values shown by 0.453.

* Effluent limitations are as defined in USEPA Permit No. PA 0025615.
**Special Conditions of Permit:

1 Debris collected on the intake trash racks shall not be returned to the
waterway.

2There shall be no discharge of polychlorinated biphenyl transformer
fluids to navigable waters. ~

8There shall be no discharge of sludges from clarification water treatment.

4The permit was amended February 14, 1978, as follows (in part):

; Permittee shall comply with applicable Pennsylvania Water
Quality Standards for the Ohio River. Outside a zone'

defined by a 5* isotherm, the heat content of the discharge
shall not exceed a 5* rise above ambient temperature or a
maximum of 87*F, whichever is less; not to be changed by
more than 2*F during any one-hour period. This zone shall
not exceed an area of 33 acres. This heat limitation
would be applicable only when river flows were equal to
or greater than the 7-day - 10 year flow conditions
(6,500 cfs).

1800 = biochemical oxygen demand.

Source: ER-OL Table 5.1-2
i
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Table 4.5 Anticipated effluent limitations for Unit 2

Effluent Limitations

Cooling tower blowdown Same limits as Unit 1.

The 126 priority pollutants contained in
chemicals added for cooling tower maintenance:
Daily avg: no detectable amount; daily max:
no detectable amount.

Except Total chromium: Daily avg, 0.2 mg/L; daily,

max, 0.2 mg/L.
,

Total zine: Daily avg, 1.0 mg/L; daily max
1.0 mg/L.

Floor'and equipment Same limits as Unit 1.
drainage

Service water Oil and grease: Daily avg 15 mg/L; daily
max 20 mg/L.

FAC: Daily avg 0.2 mg/L; daily max 0.5 mg/L.
Neither FAC or TRC may be discharged for more
than 2 hours in any 1 day.

pH: Not less than 6.0 nor greater than 9.0.

Source: ER-OL Table 5.1-3

.

.

I

d

+
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Table 4.6 Current limitations on sewage treatment systems of Units 1 and 2

Daily Daily InstantaneousParameter average maximum maximum

UNIT 1

Biochemical 30 mg/L 45 mg/L 60 mg/Loxygen demand 2.61 kg 3.92 kg
-

(5.75 lb) (8.63 lb)
Suspended solids 30 mg/L 45 mg/L 60 mg/L

2.61 kg 3.92 kg
(5.75 lb) (8.63 lb)

Fecal coliform 200/100 mL 400/100 mL 1000/100 mLbacteria

pH Not less than 6.0 nor greater than 9.0

Average Daily InstantaneousParameter monthly maximum maximum

UNIT 2

Biochemical 30 mg/L 60 mg/l-

oxygen demand 4.91 kg/ day 9.77 kg
(10.8 lb/ day) (21.5 lb)

Suspended solids 30 mg/L - 60 mg/l
4.91 kg/ day 9.77 kg
(10.8 lb/ day) (21.5 lb)

Fecal coliform
May 1 - Sept. 30 200/100 mL - 1000/100 mlOct. 1 - Apr. 30 2000/100 mL - -

pH Not less than 6.0 nor greater than 9.0

* Based on limitations in NPOES Permit No. PA 0025615 and Pennsylvania DER
Permits Nos. 0479403 and 0482404.

I Source: ER-OL Table 5.1-4

|
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Table 4.7 Beaver Valley-to-Crescent transmission line
line right-of-way land use

Land use Length Area Percent ofclassification km miles ha miles total area
Woodland 17.4 10.84 74.7 184.49 71.72
Pasture 1.3 0.79 4.7 11.66 4.53
Cropland 4.2 2.60 17.3 42.85 16.66
Commercial 0.2 0.13 0.6 1.37 0.53
Residential 0.8 0.50 2.1 5.17 2.01
Water bodies 0.03 0.02 0.1 0.27 10.10
Roads 0.4 0.23 1.4 3.41 1.33
Strip mines 1.1 0.69 3.2 8.02 3.12
TOTAL 25.4 15.80 104.1 257.24 100.0

Source: ER-OL Table 3.9-1

Table 4.8 Comparison of water quality in the Ohio River near the
station: 1968-1970 data cited in the FES-CP and 1976-
1980 data (all data except for pH expressed as mg/L)

1976-19801
Constituent 1968-19702 RM8 15.2 RM 40.2

pH 6.76 6.2-8.0 6.1-8.5
Alkalinity 21.80 25.5-28.7 35.3-35.94

~

Suspended solids 32.00 29.5-56.1 27.4-87.5
Ammonia nitrogen 0.98 0.32-0.53 0.29-0.60
Nitrate nitrogen 1.43 0.70-1.03 0.83-1.24
Sulfate 125.00 89.4-99.9 82.1-90.4
Total iron 14.20 2.01-2.76 1.64-4.13
Manganese 5.20 0.36-0.51 0.36-0.57
Phenol 0.01 0.0047-0.0090 0.0052-0.0121

1Mean value reported in FES-CP Table 2.3 for RM 40.
2Range of mean values reported in ER-OL Table 2.4-10.
3RM = river mile; Beaver Valley is located at RM 34.7.
4 Data reported for only 2 years out of 4.
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Table 4.9 Ohio River fishes at the Beaver Valley site:
comparison between the FES-CP and more recent data

.

Fish FES-CP 1980-83

Minnow family (Cyprinidae)

bluntnose minnow (Pimephales notatus) X X
carp (Cyprinus carpio) X X
common shiner (Notropis cornutus) X
emerald shiner (Notropis atherinoides) X X
golden shiner (Notemigonus crysoleucas) X
goldfish (Carassius auratus) X
mimic shiner (Notropis volucellus) X X
sand shiner (Notropis stramineus) X X
spotfin shiner (Notropis spilopterus) X X
spottail shiner (Notropis hudsonius) X
river chub (Nocomis micropogon) X

,

Sucker family (Catostomidae)

northern hog sucker (Hypentelium
nigricans). X
redhorse (Moxostoma spp.) X X

. quillback (Carpiodes cyprinus) X X
i river carpsucker (Carpiodes carpio) X

white sucker (Catostomus commersoni) X X

Perch family (Percidae)| -;
| =
L johnny darter (Etheostoma nigrum) X

( . log perch (Percina caprodes) X
,

channel darter (Percina copelandi) X
sauger (Stizostedion canadense) X

walleye (Stizostedion vitreum) X X

| yellow perch (Perca flavescens) X X

Silversides family (Atherinidae)

brook silverside (Labidesthes sicculus) X

Topminnow family (Cyprinodontidae)

banded killifish (Fundulus diaphanus)
_X

Herring family (Clupeidae) {
~#

gizzard shad (Dorosoma cepedianum) X X

| skipjack (or " river") herring (Alosa X

chrysochloris)
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Table 4.9 (continued)

Fish FES-CP 1980-83

ISunfish family (Centrarchidae)
'

bluegill (Lepomis macrochirus) X X

green sunfish (Lepomis cyanellus) X X,

pumpkinseed (Lepomis gibbosus) X

rock bass (Ambloplites rupestris) X

smallmouth bass (Micropterus dolomieui) X X

largemouth bass (Micropterus salmoides) X X

spotted bass (Micropterus punctulatus) X ,-

white crappie (Pomoxis annularis) X

black crappie (Pomoxis nigromaculatus) X X

Catfish family (Ictaluridae)

black bullhead (Ictalurus melas) X

brown bullhead (Ictalurus nebulosus) X

channel catfish (Ictalurus punctatus) X X
flathead catfish (Pylodictis olivaris) X

white catfish (Ictalurus catus) X

yellow bullhead (Ictalurus natalis) X X

Pike family (Esocidae)

muskellunge (Esec masouin g ) X

northern pike (Esox lu:ws) X

tiger muskellunge (Esox lucius x

:_.
E. masquinongy hybrid) X

Trout perch family (Percopsidae)
~

- trout perch (Percopsis omiscomaycus) X

_ -Sea-bass family (Percichthyidae)

| white bass (Morone chrysops) X

!

Drum family (Sciaenidae)

freshwater drum (Aplodinotus grunniens) X

Gar family (Lepisosteidae)
longnose gar (Lepisosteus osseus) _X

*FES-CPTable2.8(applicant'spreoperationalgillnetsampling,[g
; October 12-14, 1971) and Table 2.10 (data from EPA, September-1t;
! 1968, based on rotenone sampling at Montgomery Lock and Dam,
| Beaver County, Pennsylvania).

; **Duquesne (1981, 1982, 1983, 1984), Tables V-E-2, V-F'1, V-G-2, and
! V-H-1.
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Table 4.10 Ichthyoplankton (fish eggs and larvae) density (number per
100 m3) measured in the channel behind Phillis Island and
in the main channel of the Ohio River

- *

Behind Main channel o.f
Phillis Island Ohio River

Date Surface Bottom Surface" Bottom **

April 23, 1980 0.84 0 0 0-1.01
May 21, 1980 0.94 0 0-7.37 1.20-1.27
June 19, 1980 10.73 7.65 9.94-37.62 4.70-13.61
July 22, 1980 131.56 63.11 22.58-400.53 15.57-117.28
April 20, 1981 0.93 1.32 0 0
May 12,' 1981 0 0 0-1.32 0-2.25
June 17, 1981 36.65 18.58 14.38-80.33 31.10-31.62
July 22, 1981 19.10 14.08 29.28-64.62 10.00-20.83
April 19, 1982 0 0 0 0

,May 18, 1982 0.80 8.04 0-4.42 7.60-17.86
June 21, 1982 3.16 12.12 3.70-6.51 10.09-38.78
July 20, 1982 37.75 27.16 10.91-56.01 11.98-20.98
April 13, 1983 0 0 0-1.06 1.03-2.26
May 11, 1983 0 0 0 0-0.82
June 14, 1983 1.28 6.42 0-2.88. 30.84-31.07
July 12, 1983 6.35 79.44 4.72-66.94 32.73-27.37

* Range from Stations 1, 3, and 5.

** Range from Stations 2 and 4.
.

5- Source: Duquesne (1981, 1982, 1983, 1984), Tables V-F-1 and V-H-1

~

.

.

~_
.-
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.
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'5 ENVIRONMENTAL CONSEQUENCES AND MITIGATING ACTIONS .

5.1 -Risund ~

This'section evaluates changes in environmental impacts that have developed, '

since the issuance of the FES-CP.-

Section 5.2_ discusses changes in impact to land use. The effects of both an
increase in total site acreage and minor alterations to the transmission lines

_ are addressed. .

Section 5.3 includes changes in impacts to water use, and water quality, as
well as other hydrologic impacts. The increase in free available chlorine
concentration, and the changes in station water use are identified.;

,

Air quality impacts resulting from nonradioactive atmospheric pollutants that
were not addressed in the FES-CP are addressed in Section 5.4

.Section 5.5 discusses changes in impacts to both terrestrial and aquatic
.

-ecology. Changes in terrestrial impacts are further defined by plant-specific
i data on cooling tower operation and additional'information on ice formation as
i a result of cooling tower drift during ice storms. Changes in aquatic impacts
i include: variations in mortality of various fish species resulting from ~!

intake structure imp'ngs.sent; a decrease in the effects of thermal releases; _
. the release of chemical discharge to Peggs Run (not. anticipated in the FES-CP);'

and a decrease in the effects of thermal or chemical discharge on spawning.
! . Impacts to endangered and threatened species and to historic and archeological
. p. . sites-are discussed in Sections 5.6,and 5.7, respectively. However, no changes;# are noted in either section. Section'5.8 identifies only minimal socioeconomic

; impacts.
"

i .

1 Information in Section 5.9 on radiological impacts has been revised to reflect-

'

knowledge gained since the FES-CP was issued. The material on plant accidents
- contains information that has been revised and updated, including actual

experience with nuclear power plant accidents beyond design-basis accidents
and the lessons learned from the accident at Three Mile Island Unit 2.-

Impacts from the environmental. effects from the uranium fuel cycle are discussed
in Sect:on 5.10, and those from decommissioning are discussed in Section 5.11. *

The noise impacts from the natural-draft cooling towers, transformers,.and loud-
speakers are discussed in Section 5.12, and 3ection 5.13 addresses emergency
planning impacts. Environmental monitoring--including terrestrial, aquatic,.'

atmospheric, and noise--is discussed in Section 5.14. ~_
i

L 5.2 Land Use "

_-
-

5.2.1 Plant Site

The impacts of Unit 2 construction on land use at'the site were evaluated in
the FES-CP (Sections 4 and 5.1), and the conclusions remain valid, although i
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several changes have been made. The Unit 2 plant facilities will occupy 22.7 ha
(56 acres) instead of the 4.1 ha (10 acres) to 5.3 ha (13 acres) estimated inthe FES-CP. Most of the land for Unit 2 was graded during construction ofUnit 1. Of the recently added acreage (Soction 4.2.2), land use changes have
occurred only on the 4.5-ha (11-acre) parcel. Before the Beaver Valley Training
Center was constructed on this parcel, the vegetation was a combihation of old
fields and mixed mesophytic forest types mostly on Monongahela silt loam soil,
which qualifies as farmland of statewide importance. After constsuction is
completed, unoccupied site areas used for temporary facilities are to be graded
and seeded. Trees will be planted to screen low buildings and parking, and the
river bank will be planted to effect a natural setting (ER-OL Section 3.1).

Alterations in the floodplain have occurred since the FES-CP was issued, but
these alterations will have no significant impact on Ohio River flooding because
the river is highly regulated by reservoirs on its tributaries and numerous
navigation locks and dams (ER-OL Section 2.1.3.1.4).

Operation of Unit 2 is not expected to affect the land use of the site or the
vicinity. However, the size and operation of the natural draft cooling towermay affect the local environment. These potential impacts are evaluated in
Section 5.5.

5.2.2 Transmission Lines

Effects of transmission lines on land use as a result of construction are
minimal because the Beaver Valley-to-Crescent circuit will be strung mostly onexisting towers. Construction of one new towcr on the site to connect Beaver
Valley with che existing Hanna-to-Mansfield circuit will disturb a small area
of old field plant community (ER-OL Figure 3.9.1).

Minimal clearing of some mixed oak / sugar maple habitat on the site is required
for the connecting circuits leaving the Beaver Valley switchyard (Figure 4.2).
Existing land use in the offsite transmission corridor will be unchanged._,

~ Operation of the Unit 2 transmission circuit is not expected to affect ther-

land use of the site or the right-of-way.

,
5.3 Water "

,

; 5.3.1 Water Quality
,

The proposed chemical releases from the station have not changed significantly
since the FES-CP was issued (Section 4.2.6). The water quality of the Ohio
River has improved since the FES-CP was issued (Section 4.3.2), thus allowing|

a greater ability to dilute chemical discharges, in general. Nevertheless,
for some water quality variaoles, there could be concentrations near the
discharge that exceed Pennsylvania water quality criteria. For constituents

| that may already exceed criteria (e.g. , phenolics, copper, iron, lead mercury,
and zinc) (Section 4.3.2), the concentrating effect of the cooling system

'

results in an effluent that, on a localized basis, will aggravate this problem.,

'

Even after complete mixing, the resulting concentrations would continue to be
| above the Pennsylvania criteria. _i
|

|
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The applicant has estimated, for the four constituents whose concentration in
the mixing zone will be raised above the Pennsylvania criteria by the operation
of the station, the area and downstream distance for which the Pennsylvania
criteria would be exceeded, under worst case conditions. The approximate area
and downstream distence of exceedance at the 7-day,10 year low flow are: for
manganese, 42,000 m2 (450,000 feet 2) and 660 m (2150 feet); for' t6tal dissolved
solids (TDS), 880 m2 (9500 feetz) and 90 m (300 feet); for unionized ammonia,
36,000 m2 (385,000 feet 2) and 570 m (1875 feet); and for nitrite nitrogen,
4000 m2 (43,000 feet 2) and 180 m (600 feet) (ER-OL Table 5.3-4a). In these
four cases, the maximum ambient (without effluent from Beaver Valley) concen-
tratiens range from 46% (TDS) to 88% (manganese) of the state criteria, and
the maximum blowdown concentrations range from 11% (TDS) to 580% (ammonia) of
the criteria (ER-OL Table 4.3-4).

Chlorine in the discharge will be regulated on the basis of free available
chlorine (FAC), even though combined forms of chlorine, which are contributors
to total residual chlorine (TRC), are also toxic (Mattice and Zittel, 1976).
The applicant's study of Unit 1 operation shows TRC concentrations to be low,
averaging about 0.2 mg/L. This was about 2.5 times the monitored FAC concen-
tration, on average, but was proportionally lower whenever the FAC concentration
reached or exceeded the NPDES permitted value of 0.2 mg/L (Section 4.2.3).
FAC concentrations never exceeded the maximum allowable value of 0.5 mg/L or
the permitted average of 0.2 mg/L. Unit 2 operation is expected to result in
similarly low values in the Unit 2 blowdown. Mixing with unchlorinated Unit 1
blowdown before it is discharged will result in a further reduction in TRC
concentration in the station discharge by one-half. FES-CP Section 5.6.2.2
assumed a maximum FAC concentration of 0.1 mg/L.

5.3.2 Water Use

Station water use is somewhat different than described in the FES-CP. Cooling
water is still obtained from the Ohio River; however, a portion of the service
water--31.8 m3/ min (8400 gpm)--will now be discharged to the emergency outfall_

structure instead of to the blowdown line as was anticipated at the CP stage.:- -

In addition, although FES-CP Section 3.7.1 stated that the Unit 1 sanitary
treatment system would treat Unit 2 sanitary waste, now a separate treatment
system will handle sanitary wastes from Unit 2 and from the emergency responsej ,

,

and training facilities. FES-CP Section 3.3 stated that groundwater would not
be used during routine operation of the station; however, this is no longer the

Domestic water for Unit 2 will now be supplied by wells, rather than bycase.
the Unit 1 domestic water system, as was anticipated during the CP stage.

5. 3. 2.1 Surface Water

The cooling water systems consist of the main circulating water system (CWS)
and the service water system (SWS). The CWS is a closed 1000 system that uses
a natural draft cooling tower to dissipate heat to the atmosphere. The SWS
takes water from the Ohio River through the intake structure. A-portion of the
service water is discharged to the circulating water lines and tra7els from
there to the cooling tower. By this means, the SWS provides the makeup water
necessary to replace water losses resulting from evaporation and. drift and to
maintain acceptable water quality in the CWS. ~
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;

Under normal operating conditions, the SWS withdraws about 104.4 m3/ min
(27,570 gpm or 61.4 cfs) from the New Cumberland Pool on the Ohio River. This
water is pumped by two of three 50% capacity service water pumps located in
the intake structure to cooling equipment in various buildings. A portion of
the service water (72.6 m3/ min (19,170 gpm or 42.7 cfs)) is then discharged to
the main circulating water lines to be used as makeup water to replace losses~

and blowdown from the cooling tower. The remaining 31.8 m3/ min (8400 gpm or
18.7 cfs) is discharged to the Ohio River via the emergency outfall structure
to prevent silt buildup in the 76.2-cm (30-inch) service water dischargelines.

Beaver Valley Unit 2 will consume water primarily through evaporation from the
cooling tower. Of the 104.4 m3/ min (27,570 gpm or 61.4 cfs) that will be with-'

drawn from the Ohio River, about 33.2 m3/ min (8775 gpm or 19.5 cfs) will be
lost to evaporation. This is less than 0.4% of the estimated 7-day 10 year
low flow of 8830 m / min (2.33 x 108 gpm or 5200 cfs) and less than 0.5% of the3

flow of the 1930 record drought of 6780 m3/sec (1.79 x 10s gpm or 4000 cfs).
For two-unit operation, the average consumptive water use will be about
69.2 m3/ min (18,275 gpm or 40.7 cfs). This is less than 0.8% of the 7-day
10 year low flow and 1.0% of the flow of the 1930 drought. When compared
with the average flow in the Ohio River, the water consumed by both Units 1
and 2 will amount to only 0.11% of the estimated average flow of 1040 m3/ min
(36,700 cfs). Because the water consumptively used by the station is a small
amount of the flow of the Ohio River, the staff concludes that operation of
Units 1 and 2 will not adversely affect existing and projected water users

'

downstream.

5.3.2.2 Groundwater

Domestic water for Unit 2 will be supplied by two onsite wells. Average
domestic water requirements for Unit 2 are estimated to be about 0.11 m3/sec
(27.8 gpm or 0.06 cfs). Groundwater is not used for any purpcse by Unit 1.

.

As well pumpage in the onsite wells occurs, the groundwater level will ber-

lowered and a cone of depression will result. Locally the groundwater gradient
will be directed from the river to the aquifer because, as discussed in Sec-
tion 4.3.1.2, groundwater in the terrace aquifer is hydraulically connected

.

with the Ohio River. The pumped well water will thus be partly from the river
,

and partly from the aquifer.
'

Intrusion of river water into the terrace aquifer caused by pumping at the
site is not expected to affect other surface water users downstream because

j the amount of water that will intrude is a very small amount of water available-
| in the Ohio River. Use of groundwater at the site will not affect other

groundwater users because there are no other users who draw on this terrace
'

aquifer. Additionally, because the river recharges the aquifer and prevents
excessive drawdown, it is not expected that the groundwater supply will be
depleted by pumpage for Unit 2.

_

5.3.3 Other Hydrologic Impacts "

The objective of Executive Order 11988, " Floodplain Management" May 1977), is"
...to avoid to the extent possible the long and short term adverse impacts
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associated with the occupancy and modification of floodplains and to avoid
direct and indirect support of floodplain development wherever there is a
practicable alternative...."

The elevation of the 100 year flood on the Ohio River adjacent to the site, as
determined in March 1979 by the U.S. Army Corps of Engineers, is 211.8 m
(695 feet) ms1. As shown in Figure 5.1, structares related to Unit 1 and/or
Unit 2 that are located in the floodplain include the impact basin, blowdown
discharge structure, intake structure, and auxiliary intake structure. Of
these, only the impact basin was constructed for exclusive use by Unit 2. The
others are existing structures that were constructed for Unit 1 and will be
shared by Unit 2.

Unit 1 was constructed and in operation before Executive Order 11988 was
signed in May 1977. Therefore, the staff concludes that consideration of
alternative locations for the blowdown discharge structure, the intake struc-
ture, and the auxiliary intake structure is neither required nor practicable.
The plant itself is located above any conceivaole flood on the Ohio River;
thus the only plant related structure in the floodplain constructed after the
Executive Order was signed is the impact basin. However, this structure is a
minor intrusion on the floodplain of the Ohio River that will have no measurable
effect on the 100 year Ohio River flood level nor on the aerial extent of
flooding. The staff therefore concludes that the objectives of Executive
Order 11988 have been met.

5.4 Air Quality

5.4.1 Fog and Ice

The evaluation of the atmospheric impacts due to the operation of the natural
draft cooling tower for Beaver Valley Unit 2 is unchanged from that in the
FES-CP.

-

F 5.4.2 Other Emissions

Air quality impacts from nonradioactive atmospheric pollutants (particulates,
,

sulfur dioxide, and nitrogen oxides) were not addressed in the FES-CP. Serving,

Units 1 and 2 are four oil-fired auxiliary boilers, three of which may be in|
use at any one time; four emergency diesel generators; one standby diesel
generator; and a diesel fire pump. All of these will emit particulates,
sulfur dioxide, carbon monoxide, hydrocarbons, and nitrogen oxides when they
are in operation. On the bases of (1) the use of No. 2 fuel oil with a sulfur

j content of 0.5% by weight and (2) projected operating times, the applicant has

estimated that emissions from the auxiliary boilers, diesel generators, and
diesel pump will be less than 250 tons per year for any pollutant governed by
EPA criteria. These emissions are less than those stipulated by the EPA require-
ment for a prevention-of-significant-deterioration (PSD) analysis -(40 CFR 52.21).
Therefore, the staff concludes that operation of the auxiliary boilers, emer-
gency diesel generators, and diesel fire pump at Beaver Valley should not have
a significant impact on air quality in the vicinity of the plant.
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5.5 Ecology

5.5.1- Terrestrial Ecology !
1

The effects of operation of Unit 2 on the terrestrial resources are described I

in ER-OL Chapter 5 and FES-CP Section 5.6.1. The terrestrial ecofogical data
(including aerial photographs) collected for Unit 1 serve as a preopoerational
data base for Unit 2. The estimated impacts of operation include minimal
effects of cooling tower drift and loss of some birds as a result of collisions

with the cooling tower and transmission poles and lines. No additional impacts
to terrestrial resources of the transmission corridor are expected.

5.5.1.1 Cooling Tower Operation

Operation of natural draft cooling towers can result in impacts to terrestrial
resources. These include deposition of salt drift on soil and vegetation,
bird impaction, and weather modification. In FES-CP Section 5.3.3, the pro-
jected maximum drift from the Unit 2 cooling tower was based on generic
information and was estimated as 90 kg/ha/ year (80 lb/ acre / year). The staff
considered this estimate to be high. Subsequently, a model was developed for
the combined drift from the Units 1 and 2 cooling towers based on (1) manufac-
turer's guarantees of the amount of drift leaving the towers, (2) the annual
average total dissolved solids (TDS) concentration in the blowdown, and
(3) onsite meteorological data for 1976 (ER-OL Appendix 3B). According to
this model, the maximum salt deposition rate for the combined towers is
predicted to be 11.1 kg/ha/ year (9.9 lb/ acre / year) 1448 m (4750 feet) east of
the cooling towers (ER-OL Figure .38-4). The maximum monthly salt deposition
rate is predicted to be 3.6 kg/ha/ month (3.22 lb/ acre / month). The minimum
deposition of salt drift known to injure sensitive species of natural vegeta-
tion (e.g., flowering dogwood) is about 5 kg/ha/ month (4.5 lb/ acre / month)
(Davis,1979). Thus, no adverse impacts to sensitive native vegetation are
expected. In addition, most cropland in the Beaver Vally area is southwest of
the site where the deposition is one-third of the maximum salt deposition or-

less; thus it is unlikely that even sensitive species (e.g., onions, carrots,
and beans) would be affected by operation of the cooling towers. In looking
at infrared aerial photographs taken from 1975 to 1983, the staff saw no

.
- injury to vegetation from cooling tower drift in the vicinity of Unit 1.

- FES-CP Section 5.6.1 suggested that increased ice formation as a result of
cooling tower drift during ice storms might result in additional limbfall in
the forested upland. However, information in ER-OL Sections 5.1.4.1.2 and

. 5.1.4.2 shows that the maximum surface icing accumulation as a result of drift
is insignficant, and no damage to local vegetation is expected.

,

! Mixing the plumes from Units 1 and 2 with nearby industrial emissions, particu-
" larly those from the fossil-fueled Bruce Mansfield Plant, could result in

increased local acid deposition. On the basis of modeling (ER-OL Sec-
tion 5.1.4.1.5), it is estimated that the visible plume from the Beaver Valley
cooling tower and the plume from the Bruce Mansfield Plant stack will intersect
for approximately 19 hours per year. Effects cannot be predicted' accurately
because acid formation and deposition are not well enough underst@ d, but effects

I

l
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would be infrequent and of short duration, as indicated by the short total time
estimated for interaction of the plumes.

Bird mortality as a result of collisions with the Unit I natural draft coolingtower has not been a problem. During 5 years of seasonal surveys, only 27 birds
(26 passerines and 1 rail) were found at the base of the tower (ER-OL Sec-
tion 5.1.4.2). Potentional increased losses as a result of the Unit 2 cooling
tower are considered insignificant when compared to the number ofibirds that
die from other hazards during migration.

Other possible effects of the operation of natural draft cooling towers--such
as ground-level fogging and icing, increased precipitation or humidity, ground-
level shading by the plume, and noise--have been shown to be inconsequential
(Carson, 1976; Talbot, 1979; and Wilbur and Webb, 1983).

5.5.1.2 Transmission System Operation

Operation and maintenance of the Hanna-to-Mansfield and Beaver Valley-to-Cresent
. transmission circuits is not exptected to result in ecological impacts because
the lines will be mostly located on existing towers and poles in existing rights-of-way. Additional access roads are not antipated. Maintenance of the trans-
mission system right-of-way includes mechanical cutting of woody species and
the use of EPA-approved herbicides applied by state-licensed operators every 8
to 10 years (ER-OL Section 5.5.1). The chemicals are applied by adjustablehandguns from trucks. This equipment is similar to the type used in orchard
spraying. Pellets are used in inaccessible areas. This treatment results inthe death of most woody vegetation. Grasses (e.g., Agrostis stolonifera) and
common blackberry (Rubus allegheniensis) are the predominant species found on
the treated sections of the transmission corridor (NUS, 1976). Some wildlife
populations on the right-of-way may fluctuate with the spraying cycles, but
this type of spraying is used widely by utilities and should not have unexpected
or serious impacts if appropriate precautions are used during application.

~.

Other potential impacts to terrestrial biota from operation of the transmissionr
'

lines may result from electric and magnetic fields, electrostatic induction,
corona effects, and noise. These potential impacts are fully described jn
ER-OL Section 3.9.4-7. Most research (Lee et al., 1982) has shown that bio- ,

logical effects from these conditions are not expected from operation of
transmission lines, even at 500 kV. The applicant has operated 345-kV trans-
mission lines since 1970 with no serious problems that could not be corrected.
Extensive experience with high voltage lines up to 765 kV and the overall
results of numerous studies provide little evidence that transmission lines
pose a long-term biological hazard.

5.5.2 Aquatic Resources

Potential effects on aquatic resources may be divided into (1) mortality of
Ohio River biota as a result of withdrawal of cooling water at the 1 ntake
structure and (2) effects of thermal and chemical discharges. These will be
discussed separately. The results of monitoring at the site during the opera-
tion of Unit I and the applicant's thermal and chemical models also are
discussed.
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5.5.2.1 Intake Effects

FES-CP Section 5.6.2.1 cited two features of the intake system that would tend
to minimize mortality to the biota of the Ohio River: low approach velocity
and installation of the intake structure flush with the shoreline (thus elimi-nating any embayment that would attract fish). The design and location of the
intake structure, which is shared with Unit 1, have not changed since the FES-CP
was issued. The maximum intake velocity is now anticipated to bei0.10 m/sec
(0.34 fps), rather than the 0.07 m/se: (0.24 fps) considered earlier (Sec-
tion 4.2.4); still, this maximum velocity is less than the 0.15 m/s (0.5 fps)
recommended limit cited by Boreman (1977).

On the other hand, FES-CP Section 5.6.2.1 speculated that the " cave-like
chambers" of the intake structure could attract fish. Impingement sampling
from 1980-1982 demonstrated that certain species (e.g., channel catfish and
bluegill) were impinged in numbers greater than expected, based on their abun-
dance in the river, while for other species (e.g. , carp and bluntnose minnow)
t.he opposite was true (Duquesne, 1981, 1982, 1983, and 1984). It would appear
that intake mortality should not have a significant effect on Ohio River fishes,
based on the small numbers impinged. The mortality that will occur may affect
some species more than others.

In FES-CP Section 5.6.2.1, the staff assumed that plankton would be drawn into
the station approximately in proportion to the fraction of the river flow with-
drawn. Densities of phytoplankton and zooplankton collected from the intake
structure were similar to densities in the river channel from 1976 through early
1980 (when river sampling was discontinued) (Duquense, 1981). Thus, at the
intake rate given in Section 4.2.3, the station may be assumed to destroy, at
the 7-day,10 year low flow of 147,000 L/s (5,200 cfs), approximately 1.2% of
the plankton, which is identical to the estimate in FES-CP Section 5.6.2.1.

5. 5. 2. 2 Thermal and Chemical Effects

7 FES-CP Section 5.6.2.3 stated that thermal releases from the station would"

have only minor effects on the biota of the Ohio River. Because of the limited
extent of heated water in terms of area and depth, impacts on adult fish, drift-

'

ing organisms, benthos, and spawning activities were all predicted to be minor. ~

~
The thermal effects evaluated in the FES-CP are, in fact, greater than those
that are now expected. FES-CP Section 5.2 assumed that the heat contribution
from the Shippingport plant would be added to the contribution from Beaver
Valley Units 1 and 2. However, by the time the Unit 2 begins operation, there
will be no heat contribution from the Shippingport station.* Because
Shippingport would have accounted for most of the total thermal discharge of
the combined plants (72% on an annual average, ranging from 60% in winter to
87% in summer) (ER-OL Section 5.1.2.1), the potential thermal effects on river
biota should be even less than were anticipated in the FES-CP.

FES-CPSection5.6.2.2statedthateffectsofchemicalreleasesAn-ChioRiver
biota would be slight, considering the dilution of the low-volume discharges

-&
*The Shippingport station is being decommissioned.
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by the river. Even though some river water quality constituents are at levels
above the applicable criteria (Section 5.3.2), the discharge of these consti-
tuents at the concentration factor resulting from Unit 2 operation will not
necessarily result in adverse effects on river biota. Comparison of the ex-
pected maximum discharge concentration, based on a not-necessarily coincident
maximum river concentration of these constituents, with maximum' concentrations
known to be not harmful to aquatic biota indicates that mortality.would not be
expected. Additionally, biological surveys of the river in the station vicinity
show that organisms are surviving the ambient water quality, even when it is
in excess of applicable standards. Because the chemical releases from Unit 2
have not changed significantly since the FES-CP was issued (Section 4.2.6) and
the water quality of the Ohio River has improved in recent years (Section 4.3.2),

. the assessment in the FES-CP would still be valid.

The Ohio River concentrations of manganese, TDS, un-ionized ammonia, and nitrite
nitrogen.in the vicinity of the station discharge will be elevated to above ,

state water quality criteria by the Unit 2 discharge (Section 5.3.2). Manganese
will be discharged at a maximum concentration of 2.11 mg/L (ER-OL Table 5.3.4).
According to EPA (1976), concentrations of 1.5 mg/L to over 1000 mg/L are toler-
ated by freshwater life, so the Ohio River would be expected to rapidly dilute
even the maximum discharge concentration to a nontoxic level. TDS will be dis- '

charged at a maximum concentration of 832.8 m/L (ER-OL Table 5.3-4), whereas
the lowest concentration of TDS reported toxic by EPA (1976) is 10,000 mg/L;
thus, no significant toxicity would be expected. The maximum concentration of
nitrite nitrogen to be discharged is 1.59 ag/L (ER-OL Table 5.3-4). According
to EPA (1976), most warm water fish should not be adversely affected by concen-
trations below 5 mg/L. The maximum concentration of un-ionized ammonia to be
discharged is 0.29 mg/L (ER-OL Table 5.3-4), which is in the range of toxic
concentrations (0.2 to 2.0 mg/L) cited by EPA (1976). Dilution by the river
will be necessary to reduce this discharged concentration to a nontoxic level.

One point of uncertainty concerns chlorine in the discharge. Concentrations of
TRC in the Unit 2 blowdown are not expected to normally exceed about 0.45 mg/L,.

F on the basis of a statistical evaluation of the Unit 1 operational study (Sec-
| tion 4.2.3). When the Unit 2 discharge is mixed with the unchlorinated blowdown

from Unit 1, the TRC concentration of the station discharge would be reduced by
a factor of 2 or more (Unit 1 blowdown is greater than Unit 2 blowdown). Accord-

.

t

ing to studies by Dickson et al. (1974) and Brooks and Seegart (1978), inter-
| , mittent exposures of up to about 0.2 mg/L TRC for up to a total of 2 to 2.5

hours a day do not result in mortality to warm water fish such as common shiner,
spotfin shiner, bluegill, carp, white bass, channel catfish, white sucker,
sauger, and freshwater drum. Discharge concentrations of TRC could be expected
to be at or below the cited safe concentration for two-unit operation. The
duration of TRC presence in the combined discharge cannot be predicted for
two-unit operation with the data available. Operational experience from Unit 1
indicates that detectable TRC presence in the discharge has occurred for longer
than 2 hours 63% of the time (TRC concentrations were not specified for the ;

persistence interval.) Mixing the discharge in the river will reduce TRC time /
concentration exposures by dilution and chemical reaction. Because the cross-
sectional area and volume of the river that is affected by the Beaver Valley
discharge are predicted to be relatively small, adverse impacts (ftom either
toxic effects or habitat reduction through avoidance reactions by resident biota)

Beaver Valley 2 DES S-9

._ _ ______.___.____ _ _ _ _ ___ ______



are likely to be localized and minor. On the basis of Unit 1 experience, opera-
tion of Unit 2 alone potentially could be more severe in terms of toxic effects
(although affecting a smal'er area of the river). These effects are not expec-
ted to be significantly different than those experienced with Unit 1 operation.

The release of a chemical discharge to Peggs Run was not anticipated in the
FES-CP, That stream is now expected to receive the treated effluent from the
Unit 2 sewage plant (Section 4.2.6). The design flow of the sewage plant
consitutes more than 1% of the creek's mean flow (estimated by the applicant
at 140 L/sec or 5 cfs (ER-OL Section 2.4.3). Because Peggs Run is already a
highly degraded stream (Section 4.3.4.2), the potential effects of the sewage
discharge (e.g., high oxygen demand and suspended solids) on Peggs Run would
be limited.

The possibility was raised in FES-CP Section 5.6.2.2 that the channel behind
Phillis Island might be a particularly productive spawning area. If that were
the case, then this might be an area where thermal or chemical discharges
would affect sensitive life stages of fish (such as larvae), as the discharge
will largely be confined to the channel. However, the applicant's monitoring
data do not indicate that the channel is a particularly productive spawning
area relative to the main channel of the Ohio River (Section 4.3.4.2).

Exposure of Ohio River fishes to the potential toxic effects of chemicals in
the discharge could be affected by their attraction to or avoidance of the
heated effluent. During August (when the mean river temperature is 26.4*C),
for example, many of the species that are found at the site are expected to
avoid waters more than SC* to 9C* warmer than ambient (Table 5.1), a greater
differential than the discharge AT.

For species such as bluegill, walleye, and largemouth bass, the avoidance tem-
,

perature differential in January (when the mean river temperature is 2.5*C) is'

expected to be greater than the discharge AT. In these cases, avoidance of the
r effluent would not be expected; in fact, there may be some attraction of fish

!
O to the effluent (Goodyear et al., 1974). On the other hand, for species such

| as bluntnose minnow, channel catfish, white crappie, pumpkinseed, and spotfin
shiner, the avoidance temperature differential at an acclimation temperature of .

- 2.5"C is less than the discharge aT and avoidance behavior could reduce their
exposure to maximum discharge concentrations of chemicals such as residual
chlorine.

FES-CP Section 5.6.2.3 stated there was little likelihood for cold shock
(thermal stress to fish acclimated to warmer discharge temperatures, in the
event of an abrupt plant shutdown during winter months), because the operation
of three units (Beaver Valley Units 1 and 2, Shippingport) would reduce the
probability of a simultaneous shutdown of all the plants. Although Shippingport
is no longer in operation, this event would still require the simultaneousi

! shutdown of both Beaver Valley units. In February 1983, following a shutdown
| of Unit 1, a number of dead fish at the site were reported. The observed

~

dead fish were almost entirely gizzard shad. Their death has been attributed
to their congregation in shallow, warmer water after the shutdown,"in addition
to any thermal stress (Duquesne, 1984). At the time of that shut (own, the Ship-
pingport station was no longer operational, so Unit 1 was the only thermal source
at the site. Unit 2 has two major features that, according to information
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presented by Coutant (1977), would tend to reduce the likelihood of cold shock:
(1) because Unit 2 has a closed-cycle, rather than a once-through cooling sys-
tem, the volume of heated water is relatively small, and (2) the discharge |
area is not confined (as in a discharge canal) and does not have restricted '

mixing (as in a cove).
,

5.5.2.3 Results of Unit 1 Monitoring
-

\

The discussions in Sections 5.5.2.1 and 5.5.2.2 suggest that effects of
two-unit operation on aquatic biota should be minor and localized. Because
of the similarity between Units 1 and 2, the results of ecological monitoring
conducted by the applicant to evaluate changes caused by Unit 1 are applicable
to Unit 2.

The applicant compared population densities of benthos, phytoplankton, zooplank-
ton, and ichthyoplankton upstream and downstream of the Beaver Valley station.
(This analysis would be conservative because changes that were a result of opera-
tion of the Shippingport station could not always be distinguished.) If the
ratio of densities observed at the two transects exceeded the highest ratio
observed at the two transects during preoperational studies, any effect on the
population may be tentatively ascribed to Unit 1. The applicant also used a
second test: whether the density in an operational sample differed significantly
from the corresponding density in preoperational samples. However, in light of
the known changes in water quality and fish populations in recent years (Sec-
tions 4.3.2 and 4.3.4), simultaneous exceedance of this second criterion is not
required to indicate an effect of Unit 1. Table 5.2 summarizes these upstream-
downstream comparisons. Of the 388 upstream-downstream comparisons made in
1977 through 1979 (Unit 1 began operation in 1976, and the sampling required
for the comparisons was discontinued in early 1980), only 16 (or 4%) of the
comparisons suggested a possible effect from operation of Unit 1; even this low
percentage of upstream-downstream differences could be attributed to natural
variability.

.

F These data confirm that, at worst, Ohio River biota experienced minor and
localized impacts from operation of Unit 1 and Shippingport. A similar range
of effects would also be expected from the combined operation of Units 1 and .

2, without Shippingport.

- 5.6 Endangered and Threatened Species

5.6.1 Terrestrial Species

No endangered or threatened species of plants or animals listed by the U.S. Fish
and Wildlife Service or the State of Pensylvania are known to be present within
the plant site or transmission corridor. Protected transient species poten-
tially occurring in the region are discussed in Section 4.3.5.1 above. Because
these species do not regularly occur on the site or along the R0W, no impacts
are expected.

_

5.6.2 Aquatic Species ;
^

Because no threatened or endangered species have been collected at the sito
(Section 4.3.5), the station is not expected to affect any such species.

Beaver Valley 2 DES 5-11



5.7 Historic and Archeological Impacts

As noted in Section 4.3.6 above, the operation and maintenance of the plant
and associated facilities is not anticipated to have any effect on any sites
or properties eligible for or listed in the National Register of historic
Places. See Appendix H for letters from Ohio, Pennsylvania, and West Virginia

_

state historic preservation offices. ~

.

5.8 Socioeconomic Impacts

The socioeconomic. impacts of the operation of Beaver Valley Unit 2 are discussed
in Section 5.8. .It is estimated that 465 employees, which includes 25 contrac-
tor security workers, will be required for the operation of Unit 2. In addition,
about 1000 contract workers will be required every 18 months for approximately
10 weeks for outage related work. The residental locations of Unit 2 operating
workers are likely to be similar to those of Unit 1 plant employees. Thus,
about 51% of the workers are expected to reside in Beaver County, Pennsylvania;
37% in Allegheny County, Pennsylvania; 4% in Columbiana County, Ohio; 1% in
Hancock County, West Virginia; and the. rest in surrounding counties. Because
of the relatively small number of workers required to operate Unit 2, the impacts
on the communities in which they will reside and on traffic are expected to be
minimal. The annual payroll for the operating workers is projected to be

.$18 million (in 1987 dollars). Local purchases of materials and supplies re-
sulting from.the operation of Beaver Valley Unit 2 for the first full year of
operations are estimated to total about $11.6 million (in 1987 dollars). The
local purchases are expected to be made in the Pittsburgh standard metropolitan
statistical area, which includes Allegheny, Beaver, Wa,shington, and Westmore-
land Counties. Table 5.3 shows the estimated state taxes that will result from
the plant. The projected dollar amounts are provided for the first five full
years of operation.

5.9 Radiological Impacts

5.9.1 Regulatory Requirements

Nuclear power reactors in the United States must comply with certain regulatory .
requirements in_ order to operate. The permissible levels of radiation in unre-+

stricted areas and of radioactivity in effluents to unrestricted areas are re-
- corded.in 10 CFR 20, Standards for Protection Against Radiation. These regula-

tions specify limits on levels of radiation and limits on concentrations of
radionuclides .in the facility's effluent releases to the air and water (above
natural background). The radiation protection standards of 10 CFR 20 specify
limitations on whole body radiation doses to members of the general public in
unrestricted areas at three levels: 500 millirens in any calendar year,
100 milliress in any 7 consecutive days, and 2 millirens in any 1 hour. These
limits are consistent with national and international standards, in terms of
protecting public health and safety.

.-

AppendixIof10CFR50providesnumericalguidanceondose-designTobjectives
for LWRs to meet this ALARA requirement. Applicants for permits to construct
and for licenses to operate an LWR shall provide reasonable assur $ce that the
following calculated dese-design objectives will be met for all unrestricted
areas: 3 mrems/ year to the total body or 10 mress/ year to any organ from all
pathways of exposure from liquid effluents; 10 mrads/ year gamma radiation or

.
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20 mrads/ year beta radiation air dose from gaseous effluents near ground level
--and/or 5 mrems/ year to the total body or 15 mrems/ year to the skin from
gaseous effluents; and 15 mrems/yr to any organ from all pathways of exposure
from airborne effluents that include the radioiodines, carbon-14, tritium, and
the particulates.

,

Experience with the design, construction, and operation of nucleaf power reactors
indicates that compliance with these design objectives will keep average annual
releases of radioactive material in effluents at small percentages of the limits
specified in 10 CFR 20 and, in fact, will result in doses generally below the
dose-design objective values of Appendix I. At the same time, the licensee is
permitted the flexibility of operation, compatible with considerations of heaith
and safety, to ensure that the public is provided a dependable source of power,
even under unusual operating conditions that may temporarily result in releases
higher than such small percentages but still well within the limits specified
in 10 CFR 20.

In addition to the impact created by facility radioactive effluents as discussed
above, within the NRC policy and procedures for environmental protection de-
scribed in 10 CFR 51 there are generic treatments of environmental effects of all
aspects of the uranium fuel cycle. These environmental data have been summarized
in Table S-3 and are discussed later in this report in Section 5.10. In the
same manner the environmental impact of transportation of fuel and waste to
and from an LWR is summarized in Table S-4 and presented in Section 5.9.3 of
this report.

Recently an additional operational requirement for Uranium Fuel Cycle Facilities
including nuclear power plants was established by the Environmental Protection
Agency in 40 CFR 190. This regulation limits annual doses (excluding radon
and daughters) for members of the public to 25 mrems total body, 75 mrems
thyroid, and 25 mrems other organs from all fuel-cycle facility contributions
that may impact a specific individual in the public.

5.9.2 Operational Overview

During normal operations of Beaver Valley Unit 2, small quantities of radio- ,

activity (fission, corrosion, and activation products) will be released to the
environment. As required by NEPA, the staff has determined the estimated dose
to members of the public outside of the plant boundaries as a result of the
radiation from these radioisotope releases and relative to natural-background-
radiation dose levels.

,

I

! These facility generated environmental dose levels are estimated to be very
small because of both the plant design and the development of a program that

| will be implemented at the facility to contain and control all radioactive
emissions and effluents. Radioactive-waste management systems are incorporated
into the plant and are designed to remove most of the fission product radio-
activity that is assumed to leak from the fuel, as well as most 1f the activa-
tion and corrosion product radioactivity produced by neutrons in the reactor-
core vicinity. The effectiveness of these systems will be measured by process

j and effluent radiological monitoring systems that permanently rec (rd the amounts
of radioactive constituents remaining in the various airborne and waterborne

| process and effluent streams. The amounts of radioactivity released through
,

t

|
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vents and discharge points to areas outside the plant boundaries are to be
recorded and published semiannually in the Radioactive Effluent Release Reports
for.the facility.

Airborne effluents will diffuse in the atmosphere in a_ fashion determined by
the meteorological conditions existing at the time of release and'are generally
dispersed and diluted by the time they reach unrestricted areas triat are open
to the public. Similarly, waterborne effluents will.be diluted wfrth plant
waste water and then further diluted as they mix with the Ohio River beyond
the plant boundaries.

Radioisotopes in the facility's effluents that enter unrestricted areas will
produce doses through their radiations to members of the general public in a
manner similar to the way doses are produced from background radiations (that-

is, cosmic, terrestrial, and internal radiations), which also include radiation
from nuclear-weapons fallout. These radiation doses can be calculated for the
many potential radiological-exposure pathways specific to the environment
around the facility, such as direct-radiation doses from the gaseous plume or
liquid effluent stream outside of the plant boundaries, or internal-radiation-
dose commitments from radioactive contaminants that might have been deposited
on vegetation, or in meat and fish products eaten by people, or that might be
present in drinking water outside the plant or incorporated into milk from cows
at nearby farms.

These doses, calculated for the " maximally exposed" individual (that is, the
hypothetical individual potentially subject to maximum exposure), form the
basis of the NRC staff's evaluation of impacts.' Actually, these estimates are
for a fictitious person because assumptions are made that tend to overestimate
the dose that would accrue to members of the public outside the plant boundaries.
For example, if this " maximally exposed" individual were to receive the total
body dose calculated at the plant boundary as a result of external exposure to
the gaseous plume, he/she is assumed to be physically exposed to gamma radia-

J_ tion at that boundary for 70% of the year, an unlikely occurrence.

Site-specific values for various parameters involved.in'each dose pathway are
used in the calculations. These include calculated or observed values for the .

_ amounts of radioisotopes released in the gaseous and liquid effluents, mete-
orological information (for example, wind speed and direction) specific to-the
site topography and effluent release points, and hydrological information per-
'taining to dilution of the liquid effluents as they are discharged.

An annual land census will identify changes in the use of unrestricted areas
to permit modifications in the programs for evaluating doses to individuals
from principal pathways of exposure. This census specification will be

. incorporated into the Radiological Technical Specifications and satisfies the
requirements of Section IV.B.3 of Appendix I to 10 CFR 50. As use of the land
surrounding the site boundary changes, revised calculations will be made to
ensure that the dose estimate for gaseous effluents always represents the
highest dose that might possibly occur for any individual member of the public

~

?~ for each applicable foodchain pathway. The estimate considers, for example,
where people live, where vegetable gardens are located, and wheres:ows are
pastured.
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An extensive radiological environmental monitoring program, designed specifically
for the environs of Beaver Valley Unit 2, provides measurements of radiation
and radioactive contamination. levels that exist outside of the facility
boundaries both before and after operations begin. In this program, offsite
radiation levels are continuously monitored with thermoluminescent detectors
(TLDs). In addition, measurements are made on a number of types of samples
from the surrounding area to determine the possible presence of radioactive
contaminants that, for example, might be deposited on vegetation,;be present
in drinking water outside the plant, or be incorporated into cow's milk from
nearby farms. The results for all radiological environmental samples measured
during a calendar year of operation are recorded and published in the Annual
Radiological Environmental Operating Report for the facility. The specifics
of the final operational-monitoring program and the requirement for annual
publication of the monitoring results will be incorporated into the operating

'

license Radiological Technical Specifications for Beaver Valley Unit 2.

5.9.3 Radiological Impacts from Routine Operations

5.9.3.1 Radiation Exposure Pathways: Dose Commitments

The potential environmental pathways through which persons may be exposed to
radiation originating in a nuclear power reactor are shown schematically in
Figure 5.2. When an individual is exposed through one of these pathways, the
dose is determined in part by the amount of time he/she is in the vicinity of
the source, or the amount of time the radioactivity inhaled or ingested is
retained in his/her body. The actual effect of the radiation or radioactivity
is determined by calculating the dose commitment. The annual dose commitment
is calculated to be the total dose that would be received over a 50 year period,
following the intake of radioactivity for 1 year under the conditions existing
20 years after the station begins operation. (Calculation for the 20th year,
or midpoint of station operation, represents an average exposure over the life
of the plant.) However, with few exceptions, most of the internal dose commit-

| 1 ment for each nuclide is given during the first few years after exposure because
7 of the turnover of the nuclide by physiological processes and radioactive decay.

There are a number of possible exposure pathways to humans that are appropriate .
to be studied to determine the impact of routine releases from the Beaver Valley
Unit 2 facility on members of the general public living and working outside of

- .the site boundaries, and whether the releases projected at this point in the
! licensing process will in fact meet regulatory requirements. A detailed listing

of these exposure pathways would include external radiation exposure from the
gaseous effluents, inhalation of iodines and particulate contaminants in the
air, drinking milk from a cow or eating meat from an animal that feeds on open
pasture near the site on which iodines or particulates may have deposited,
eating vegetables from a garden near the site that may be contaminated by
similar deposits, and drinking water or eating fish caught near the point of
discharge of liquid effluents.

~

Other less important pathways include: external irradiation from radionuclides
deposited on the ground surface, eating animals and food crops raised near the
site using irrigation water that may contain liquid effluents, sh&eline,

,

; boating and swimming activities near lakes or streams that may be contaminated
| by effluents, drinking potentially contaminated water, and direct radiation

from within the plant itself.,

|
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Calculations of'the effects for most pathways are limited to a radius of 80 km^
(50 miles). This limitation is based on several facts. Experience, as demon-
strated by calculations, has shown that all individual dose commitments
(>0.1 mrem / year) for radioactive effluents are accounted for within a radius
of 80 km from the plant. Beyond 80 km the doses to individuals are smaller,

'

than 0.1 mrem / year, which is far below natural-background doses', and the doses
are subject to. substantial uncertainty because of limitations of predictive
mathematical models. .

The NRC staff has made a detailed study of all of the above important pathways
and has evaluated the radiation-dose commitments both to the plant workers and
the general public for these pathways resulting from routine operation of the
facility. A discussion of these evaluations follows.

5.9.3.1.5 Occupational Radiation Exposure for Pressurized Water Reactors (PWRs)

Most of the dose to nuclear plant workers results from external exposure to
radiation coming from radioactive materials outside of the body rather than
from internal exposure from inhaled or ingested radioactive materials. Experi-
ence shows that the dose to nuclear plant workers varies from reactor to reactor
aaW from year to year. For environmental-impact purposes, it can be projected
by tising the experience to date with modern PWRs. Recently licensed 1000-MWe
PWRs ire operated in accordance with the post-1975 regulatory requirements and
guidance that place increased emphasis on maintaining occupational exposure at
nuclear power plants ALARA. These requirements and guidance are outlined
primarily in 10 CFR 20, Standard Review Plan Chapter 12 (NUREG-0800), and RG 8.8,
"Information Relevant to Ensuring that Occupational Radiation Exposures at
Nuclear Power Stations Will Be as Low as Is Reasonably Achievable."

The applicant's proposed' implementation of these requirements and guidelines
is reviewed by the NRC staff during the licensing process, and the results of
that review are reported in the staff's SERs. The license is granted only after

r. the review indicates that an ALARA program can be implemented. In addition,
7 regular reviews of operating plants are performed to determine whether the ALARA

requirements are being met.
.

, - Average collective occupational dose -information for 270 PWR reactor years of
operation is available for those plants operating between 1974 and 1981. (The
year 1974 was chosen as a starting ddte because the dose data for years prior
to 1974 are primarily from reactors with average rated capacities below 500 MWe.)

U These data indicate that the average reactor annual collective dose at PWRs
has been about 500 person-rems, although some plants have experienced annual
collective doses averaging as high as about 1400 person-rems / year over their
operating lifetime (NUREG-0713, Vol 3). These dose averages are based on
widely varying yearly doses at PV E. For example, for the period mentioned
above, annual collective doses for PWRs have ranged from 18 to 3223 person-

' rems per reactor. However, the average annual dose per nuclear plant worker
of about 0.8 rem (ibid) has not varied significantly during this piiriod. The
worker dose limit, established by 10 CFR 20, is 3 rems / quarter, if~the average
dose over the worker lifetime is being controlled to 5 rems / year., @r 1.25 rems /
quarter'if it is not.

i
i
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The wide range of annual collective doses experienced at PWRs ia the United
States results from a number of factors such as the amount of required maint-
enance and the amount of reactor operations and inplant surveillance. Because
these factors can vary widely and unpredictably, it is impossible to determine
in advance a specific year-to year annual occupational radiation qose for a
particular plant over its operating lifetime. There may on occasion be a need
for relatively high collective occupational doses, even at plants'with radiation
protection programs designed to ensure that occupational radiatiori doses will
be kept ALARA.

In recognition of the factors mentioned above, staff occupational dose estimates
for environmental impact purposes for Beaver Valley Unit 2 are based on the
assumption that the facility will experience the annual average occupational
dose for PWRs to date. Thus the staff has projected that the collective occupa-
tional doses at Beaver Valley Unit 2 will be 500 person-rems, but annual
collective doses could average as much as 3 times this value over the life of
the plant.

In addition to the occupational radiation exposures discussed above, during
the period between the initial power operation of Unit 1 and the similar startup
of Unit 2, const.ruction personnel working on Unit 2 will potentially be exposed
to sources of radiation from the operation of Unit 1. The applicant has estimated
that the integrated dose to construction personnel, over a period of 5.5 years,
will be about 34 person-rems. This radiation exposure will result predominantly
from radioactive components and gaseous effluents from Unit 1. Based on exper-
ience with other PWRs, the staff finds that the applicant's estimate is reason-
able. A detailed breakdown of the integrated dose to the construction workers by
the location of their work and its duration is given in Table 12.4-8 of the FSAR.

The average annual dose of about 0.8 rem per nuclear plant worker at operating
BWRs and PWRs has been well within the limits of 10 CFR 20. However, for impact
evaluation, the NRC staff has estimated the risk to nuclear power plant workers

'

7 and compared it in Table 5.4 to published risks for other occupations. Based
on these comparisons, the staff concludes that the risk to nuclear plant workers-

from plant operation is comparable to the risks associated with other occupations.
~

In estimating the health effects resulting from both offsite (see Section 5.9.3.2)
and occupational radiation exposures as a result of normal operation of this
facility, the NRC staff used somatic (cancer) and genetic risk estimators that
are based on widely accepted scientific information. Specifically, the staff's
estimates are based on information compiled by the National Academy of Sciences'
Advisory Committee on the Biological Effects of Ionizing Radiation (BEIR I, 1972
and BEIR III, 1980). The estimates of the risks to workers and the general pub-
lic are based on conservative assumptions (that is, the estimates are probably
higher than the actual number). The following risk estimators were used to
estimate health effects: 135 potential deaths from cancer per million
person-rems and 220 potential cases of all forms of genetic disorders per mil-
lion person-rems. ~_

~

The cancer-mortality risk estimates are based on the " absolute risk" model
described in BEIR I. Higher estimates can be developed by use ofithe " relative
risk" model along with the assumption that risk prevails for the duration of
life. Use of the " relative risk" model would produce risk values up to about
four times greater than those used in this report. The staff regards the use
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of the " relative risk" model values as a reasonable upper limit of the range
of uncertainty. The lower limit of the range would be zero because health
effects-have not been detected at doses in this dose-rate range. The number
of potential cancers would be approximately 1.5 to 2 times the number of
potential fatal cancers, according to the 1980 report of the National Academy
of Sciences Committee on the Biological Effects of Ionizing Radiation
(BEIR III).

Values for genetic risk estimators range from 60 to 1100 potential cases of all
forms of genetic disorders per million person-rems (BEIR III). The value of
220 potential cases of all forms of genetic disorders is equal to the sum of
the geometric means of the risk of specific genetic defects and the risk of
defects with complex etiology.

The preceding values for risk estimators are consistent with the recommendations
of a number of recognized radiation protection organizations, such as the Inter-
national Commission on Radiological Protection (ICRP, 1977), the National Council
on Radiation Protection and Measurement (NCRP, 1975), the National Academy of
Sciences (BEIR III), and the United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR, 1982).

The risk of potential fatal cancers in the exposed work-force population at
Beaver Valley Unit 2 is estimated as follows: multiplying the annual plant-
worker population dose (about 500 person-rems) by the somatic risk estimator,
the staff estimates that about 0.06 cancer death may occur in the total exposed
population. The value of 0.06 cancer death means that the probability of one
cancer death over the lifetime of the entire work force as a result of.1 year
of facility operation is about 6 chances in 100. The risk of potential genetic
disorders attributable to exposure of the work force is a risk borne by the
progeny of the entire population and is thus properly considered as part of
the risk to the general public.

2: 5.9.3.1.2 Public Radiation Exposure.
-

Transportation of Radioactive Materials-

.

The transportation of " cold" (unirradiated) nuclear fuel to the reactor, of
spent irradiated fuel from the reactor to a fuel reprocessing plant, and of
solid radioactive wastes from the reactor to waste burial grounds is considered
in 10 CFR 51.52. The contribution of the environmental effects of such trans-
portation to the environmental costs of licensing the nuclear power reactor is
set forth in Summary Table S-4 from 10 CFR 51.52, reproduced herein as Table 5.5.
The cumulative dose to the exposed population as summarized in Table S-4 is

| very small when compared to the annual collective dose of about 60,000 person-'

! rems to this same population or 28,000,000 person-rems to the U.S. population
from background radiation.

Direct Radiation for PWRs ~

-
_

Radiationfieldsareproducedaroundnuclearplantsasaresultof[ radioactivity
within the reactor and its associated components, as well as a result of radio-
active-effluent releases. Direct radiation from sources within the plant are
due primarily to nitrogen-16, a radionuclide produced in the reactor core.
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Because the primary coolant of a PWR is contained in a heavily shielded area,
dose rates in the vicinity of PWRs are generally undetectable (less than 5 mrems/
year).

Low-level radioactivity storage containers outside the plant are estimated to
make a dose contribution at the site boundary of less than 1% of that due to
the direct radiation from the plant.

Radioactive-Effluent Releases: Air and Water-

Limited quantities of radioactive effluents will be released to the atmosphere
and to the hydrosphere during normal operations. Plant-specific radioisotope-
release rates were developed on the basis of estimates regarding fuel performance
and descriptions of the operation of radwaste systems in the applicant's FSAR,
and by using the calculative models and parameters described in NUREG-0017.

These radioactive effluents are then diluted by the air and water into which
they are released before they reach areas accessible to the general public.

Radioactive effluents can be divided into several groups. Among the airborne
effluents, the radioisotopes of the fission product noble gases, krypton and
xenon, as well as the radioactivated gas argon, do not deposit on the ground
nor are they absorbed and accumulated within living organisms; therefore, the
noble gas effluents act primarily as a source of direct external radiation
emanating from the effluent plume. Dose calculations are performed for the
site boundary where the highest external-radiation doses to a member of the
general public as a result of gaseous effluents have been estimated to occur;
these include the total body and skin doses as well as the annual beta and gamma
air doses from the plume at that boundary location.

Another group of airborne radioactive effluents--the fission product radioiodines,
as well as carbon-14 and tritium--are also gaseous but these tend to be deposited

7 on the ground and/or inhaled into the body during breathing. For this class
of effluents, estimates of direct external-radiation doses frcm deposits on-

the ground, and of internal radiation doses to total body, thyroid, bone, and
other organs from inhalation and from vegetable, milk, and meat consumption ,

'
are made. Concentrations of iodine in the thyroid and of carbon-14 in bone
are of particular significance here.

A third group of airborne effluents, consisting of particulates that remain
after filtration of airborne effluents in the plant prior to release, includes
fission products such as cesium and strontium and activated corrosion products
such as cobalt and chromium. The calculational model determines the direct
external radiation dose and the internal radiation doses for these contaminants
through the same pathways as described above for the radioiodines, carbon-14,
and tritium. Doses from the particulates are combined with those of the radio-
iodines, carbon-14, and tritium for comparison to one of the design objectives
of Appendix I to 10 CFR 50. _

The waterborne-radioactive-effluent constituents could include fission products
such as nuclides of strontium aad iodine; activation and corrosioi products,
such as nuclides of sodium, iron, and cobalt; and tritium as tritiated water.
Calculations estimate the internal doses (if any) from fish consumption, from
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water ingestion (as drinking water), and from eating of meat or vegetables
raised near the site on irrigation water, as well as any direct external radia-
tion from recreational use of the water near the point of discharge.

-The release rates for each group of effluents, along with site-specific mete-
orological and hydrological data, serve as input to computerized radiation-
dose models that estimate the maximum radiation dose that would be received
outside the facility via a number of pathways for individual members of the
public, and for the general public as a whole. These models and the radiation-
dose calculations are discussed in the October 1977 Revision 1 of RG 1.109,
" Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents
for the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix I," and
in Appendix B of this statement.

'

Examples of site-specific dose assessment calculations and discussions of param-
eters involved are given in Appendix D. Doses from all airborne effluents ex-
cept the noble gases are calculated for individuals at the location (for example,
the site boundary, garden, residence, milk cow, and meat animal) where the high-
est radiation dose to a member of the public has been established from all,

'

applicable pathways (such as ground deposition,. inhalation, vegetable consump-
tion, cow milk consumption, or meat consumption.) Only those pathways asso-
ciated with airborne effluents that are known to exist at a single location
are combined to calculate the total maximum exposure to an exposed individual.
Pathway doses associated with liquid effluents are combined without regard to
any single location, but they are assumed to be associated with maximum exposure
of an individual through other than gaseous-effluent pathways.

5.9.3.2 Radiological Impact on Humans

Although the doses calculated in Appendix D are based primarily on radioactive-i

waste treatment system capability and are below the Appendix I design objective
values, the actual radiological impact associated with the operation of the'

7: facility will depend, in part, on the manner in which the radioactive-waste
treatment system is operated. Based on its evaluation of the potential perfor-

~

mance of the ventilation and radwaste treatment systems, the NRC staff has
concluded that the systems as now proposed are capable of controlling effluent .

; releases to meet the dose-design objectives of Appendix I to 10 CFR 50. The
| staff also concludes that the combined site doses for both Units 1 and 2 sat-

- isfy the requirement of the RM-50-2 Annex to Appendix I, and, therefore, no
cost-benefit analysis is required for additional radwaste processing equipment.

Operation of Beaver Valley Unit 2 will be governed by operating license Techni-
, cal Specifications that will be based on the dose-design objectives of Appendix I,
''

Annex RM-50-2, to 10 CFR 50. Because these design-objective values were chosen
to permit flexibility of operation while still ensuring that plant operations
are ALARA, the actual radiological impact of plant operation may result in doses
close to the dose-design objectives. Even if this situation exists, the indi-
vidual doses for the member of the public subject to maximum expos _ure will still
be very small when compared to natural background doses ($100 mrem _s/ year) or the
dose limits (500 mrems/ year, total body) specified in 10 CFR 20 as, consistent
with considerations of the health and safety of the public. As -a: result, the

staff concludes that there will be no measurable radiological impact on any
member of the public from routine operation of Beaver Valley Unit 2.
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Operating standards of 40 CFR 190, the Environmental Protection Agency's Environ-
mental Radiation Protection Standards for Nuclear Power Operations, specify
that the annual dose equivalent must not exceed 25 mrems to the whole body,
75 mrems to the thyroid, and 25 mrems to any other organ of any member of the
public as the result of exposures to planned discharges of radioactive materials
(radon and its daughters excepted) to the general environment from all uranium-
fuel-cycle operations and radiation from these operations that cari be expected
to affect a given individual. The staff's position as stated in NUREG-0543 is
that as long as a nuclear plant site operates at a level below the relatively
more conservative Appendix I dose-design objectives and reporting requirements,
it is operating in compliance with 40 CFR 190. Therefore, the NRC staff con-
cludes that under normal operations the Beaver Valley facility is capable of
operating within these EPA standards.

The radiological doses and dose commitments resulting from a nuclear power plant
are well known and documented. Accurate measurements of radiation and radio-
active contaminants can be made with very high sensitivity so that much smaller
amounts of radioisotopes can be recorded than can be associated with any possible
observable ill effects. Furthermore, the effects of radiation on living systems
have for decades been subject to intensive investigation and consideration by
individual scientists as well as by select ccmmittees that have occasionally
been constituted to objectively and independently assess radiation dose effects.
Although, as in the case of chemical contaminants, there is debate about the
exact extent of the effects of very low levels of radiation that result from
nuclear power plant effluents, upper bound limits of deleterious effects are
well established and amenable to standard methods of risk analysis. Thus the
risks to the maximally exposed member of the public outside of the site
boundaries or to the total population outside of the boundaries can be readily
calculated and recorded. These risk estimates for Beaver Valley Unit 2 are
presented below.;

The risk to the maximally exposed individual is estimated by multiplying the
7 risk estimators presented in Section 5.9.3.1.1 by the annual dose-design objec-

tives for total-body radiation in 10 CFR 50, Appendix I. This calculation results~

in a risk of potential premature death from cancer to that individual from expo-
sure to radioactive effluents (gaseous or liquid) from 1 year of reactor opera .

tions of less than one chance in one million.* The risk of potential premature
death from cancer to the average individual within 80 km (50 miles) of the
reactors from exposure to radioactive effluents from the reactors is much less
than the risk to the maximally exposed individual. These risks are very small
in comparison to total cancer incidence from causes unrelated to the operation
of Beaver Valley Unit 2.

Multiplying the annual U.S. general public population dose from exposure to
radioactive effluents and transportation of fuel and waste from the operation
of this facility (that is, 39 person-rems) by the preceding somatic risk
estimator, the staff estimates that about 0.006 cancer death may occur in the

*The risk of potential premature death from cancer to the maximalhy exposed
individual from exposure to radioiodines and particulates would tTe in the
same range as the risk from exposure to the other types of effluents.
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exposed population. The significance of this risk can be determined by com-
paring it to the total incidence of cancer death in the U.S. population.
Multiplying the estimated U.S. population for the year 2010 (s280 million
persons) by the current incidence of actual cancer fatalities (s20%), about
56 million cancer deaths are expected (American Cancer Society, 1 78).

For purposes of evaluating the potential genetic risks, the progeny of workers
are considered members of the general public. However, according;to ICRP
Publication 26 (1977), paragraph 80, it is assumed that only about one-third
of the occupational radiation dose is received by workers who have offspring
subsequent to the radiation exposure. Multiplying the sum of the U.S. popula-
tion dose from exposure to radioactivity attributable to the normal annual
operation of the plant (that is, 39 person-rems), and one-third of the estimated
dose from occupational exposure (that is, one-third of 500 person-rems) by the
preceding genetic risk estimator, the staff estimates that about 0.05 potential
genetic disorder may occur in all future generations of the exposed population.
Because BEIR III indicates that the mean persistence of the two major types of
cenetic disorders is about 5 generations and 10 generations, in the following
analysis the risk of potential genetic disorders from the normal annual opera-
tion of the plant is conservatively compared with the risk of actual genetic
ill health in the first 5 generations, rather than the first 10 generations.
Multiplying the estimated population within 80 km of the plant (s4 million per-
sons in the year 2010) by the current incidence of actual genetic ill health in
each generation (*11%), about 2 million genetic abnormalities are expected in
the first. 5 generations of the 80-km population (BEIR III).

The risks to the general public from exposure to radioactive effluents and
transportation of fuel and wastes from the annual operation of the facility
are very small fractions of the estimated normal incidence of cancer fatalities
and genetic abnormalities. On the basis of the preceding comparison, the staff
concludes that the risk to the public health and safety from exposure to radio-
activity _ associated with the normal operation of the facility will be very small.

I 5.9.3.3 Radiological Impacts on Biota Other Than Humans

; Depending on the pathway and the radiation source, terrestrial and aquatic biota.
will receive doses that are approximately the same or somewhat higher than humans (,

| receive. Although guidelines have not been established for acceptable limits
for radiation exposure to species other than humans, it is generally agreed
that the limits established for humans are sufficiently protective for other
species.

Although the existence of extremely radiosensitive biota is possible and
increased radiosensitivity in organisms may result from environmental inter-
actions with other stresses (for example, heat or biocides), no biota have yet
been discovered that show a sensitivity (in terms of increased morbidity or
mortality) to radiation exposures as low as those expected in the area sur-
rounding the facility. Furthermore, at all nuclear plants for whish radiation
exposure to biota other than humans has been analyzed (Blaylock, 1976), there
have been no cases of exposure that can be considered significant;in terms of
harm to the species, or that approach the limits for exposure to members of
the public that are permitted by 10 CFR 20. Inasmuch as the 1972 BEIR Report
(BEIR I) concluded that evidence to date indicated that no other living organisms

,
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are very much more radiosensitive than humans, no measurable radiological impact
on populations of biota is expected as a result of the routine operation of
this facility.

5.9.3.4 Radiological Monitoring

Radiological environmental monitoring programs are established to provide data
where there are measurable levels of radiation and radioactive materials in
the site environs and to show that in many cases no detectable levels exist.
Such monitoring programs are conducted to verify the effectiveness of inplant
systems used to control the release of radioactive materials and to ensure that
unanticipated buildups of radioactivity will not occur in the environment.
Secondarily, the environmental monitoring programs could identify the highly
unlikely existence of releases of radioactivity from unanticipated release
points that are not monitored. An annual surveillance (land census) program
will be established to identify changes in the use of unrestricted areas to
provide a basis for modifications of the monitoring programs or of the Technical
Specifications conditions that relate to the control of doses to individuals.

These programs are discussed generically in greater detail in RG 4.1, Revision 1,
" Programs for Monitoring Radioactivity in the Environs of Nuclear Power Plants,"
and in the Radiological Assessmer.t Branch Technical Position, Revision 1,

O November 1979, "An Acceptable Radiological Environmental Monitoring Program."*

5.9.3.4.1 Preoperational

The preoperational phase of the monitoring program should provide for the
measurement of background levels of radioactivity and radiation and their
variations along the anticipated important pathways in the areas surrounding
the facility, the training of personnel, and the evaluation of procedures,
equipment, and techniques. The applicant proposed a radiological environmental-
monitoring program to meet these objectives in the ER-CP, and it was discussed
in the FES-CP. This early program has been updated and expanded; it is pre--

F .sented in Section 6.1.5 of the applicant's ER-OL. ER-OL Section 6.1.5 states
that the ongoing operational radiological monitoring program for Beaver Valley
Unit 1 serves as the preoperational program for Beaver Valley Unit 2. The
specifics of the current environmental radiological monitoring program for ~

Unit 1 are described in Section 3, Table 3.01 of the Beaver Valley Unit 1,
Offsite Dose Calculation Manual (0DCM) and are reproduced in this report in
Table 5.6.

The applicant states that the preoperational program is documenting background
levels of direct radiation and concentrations of radionuclides that exist in
the environment. The preoperational program will continue up to initial crit-
icality of Unit 2 when the operational radiological monitoring program will
begin.

The staff has reviewed the preoperational environmental monitoring program of
the applicant and finds that it is generally acceptable as presented. The
staff review of this area will continue until the time of implementation of the
operational monitoring program. ,;

-

*Available from the Radiological Assessment Branch, Office of Nuclear Reactor
Regulation, U.S. Nuclear Regulatory Commission, Washington, D.C. 20555.

'
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5.9.3.4.2 Operational

The ooerational, offsite radiological-monitoring program is conducted to provide4

data on measurable levels of radiation and radioactive materials in the site
environs in acccrdance with 10 CFR 20 and 50. It assists and prov. ides backup
support to the effluent-monitoring program recommended in RG 1.21,: " Measuring,
Evaluating an. Reporting Radioactivity in Solid Wastes and Releares of Radio-<

active Materbls in Liquid and Gaseous Effluents from Light-Water Cooled Nuclear
Power Plants."

The applicant states that the operational program will in essence be a continu-
ation of'the preoperational program described above, with some periodic adjust-
ment of sampling frequencies in expected critical exposure pathways--such as
increasing milk sampling frequency and deletion of fruit, vegetable, soil, and
gamma radiation survey samples. The proposed operational program will be
reviewed before plant operation. Modification will be based upon anomalies
and/or exposure pathway variations observed during the preoperational program.

The final operational monitoring program proposed by the applicant will be
reviewed in detail by the staff, and the specifics of the required monitoring
program will be incorporated into the operating license Radiological Technical
Specifications.

5.9.4 Environmental Impacts of Postulated Accidents

5.9.4.1 Plant Accidents

The staff has considered the potential radiological impacts on the environment
of possible accidents at the Beaver Valley plant site in accordance with the
NRC's June 13, 1980 Statement of Interim Policy. The discussion below reflects
the staff's considerations and conclusions.

7 Section 5.9.4.2 deals with general characteristics of nuclear power plant acci-
dents, including a brief summary of safety measures incorporated into the design"

: that tend to minimize the probability of their occurrence and to mitigate the
| consequences should accidents occur. Also described are the important proper- -

| ties of radioactive materials and the pathways by which they could be trans-
ported to become environmental hazards. Potential adverse health effects and

i
- societal impacts associated with actions to avoid such health effects as a

j result of air, water, and ground contamination from accidents are also
identified.'

Next, actual experience with nuclear power plant accidents and their observed
! health effects and other societal impacts are described. This is followed by
' a summary review of safety features of the Beaver Valley Unit 2 facilities and

of the site that act to mitigate the consequences of accidents.

The results of calculations of the potential consequences of accidents that
have been postulated within the design basis are then given. Also_ described
are the results of calculations for the Beaver Valley site using probabilistic
methods to estimate the possible impacts and the risks associated:with severe
accident sequences of exceedingly low probability of occurrence.
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f' 5.9.4.2 General Characteristics of Accidents

The term " accident," as used in this section, refers to any unintentional4
>

event not addressed in Section 5.9.3 that results in a release of radioactivt *

materials into the environment. The predominant focus, therefore,is on,

events that can lead to releases substantially in excess of permissible limits
for normal operation. Normal release limits are specified in the' Commission's,

regulations in 10 CFR 20 and 10 CFR 50, Appendix I. ;

I Several features combine to reduce the risk associated with accidents at
nuclear power plants. Safety features in design, construction, and operation,,

'

comprising the first line of defense, are to a very large extent devoted to
i the prevention of the release of these radioactive materials from their normal
'

places of confinement within the plant. A number of additional lines of
defense are designed to mitigate the consequences of failures in the first
line. Descriptions of these features for Beaver Valley-Unit 2 are in the

i: FSAR. The most important mitigative features are described in Section
5'.9.4.4(1) below.

.These safety. features are designed taking into consideration the specific
locations of radioactive materials within the plant; their amounts; their

i nuclear, physical, and chemical properties; and their relative tendency to be
j. - transported into and for creating biological hazards in the environment.

| _ (1) Fission Product Characteristics
i
' By far the largest inventory of radioactive material in a nuclear power plant

is a byproduct of the fission process and is located in the uranium oxide fuel
pellets in the reactor core in the form of fission products. During periodic

j refueling shutdowns, the assemblies containing these fuel pellets are trans-
ferred to a spent-fuel storage pool so that the second largest inventory ofi

! radioactive material is located in this storage area. Much smaller inventories
7 - of radioactive materials are also normally present in the water that circulates

,

in the reactor coolant system and in the systems used to process gaseous and"
;

I liquid radioactive wastes in the plant. Table 5.7 lists the inventories of
| radionuclides that could be expected in a Beaver Valley Unit 2 reactor core. .

|

| These radioactive materials exist in a variety of physical and chemical forms. ;

1.
- Their potential for dispersion into the environment depends not only on

mechanical forces that might physically transport them, but also on their
inherent properties, particularly their volatility. The majority of these
materials exist as nonvolatile solids over a wide range of temperatures. Some,

[ however, are relatively volatile solids, and a few are gaseous in nature.- These
characteristics have a significant bearing on the assessment of the environ-
mental radiological impact of accidents.

o
'

The gaseous materials include radioactive forms of the chemically inert noble
gases _ krypton and xenon. These have the highest potential for rel_ ease into
the atmosphere. If a reactor accident were to occur-involving degradation of
the fuel cladding, the release of substantial quantities of these radioactive

s: gases from the fuel is a virtual certainty. Such accidents are-law frequency
I but credible events (see Section 5.9.4.3). For this reason the safety analysis-
' of'each nuclear power plant incorporates a hypothetical design-basis accident

that postulates the release of the entire contained inventory of radioactive
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noble gases from the fuel into the containment structure. If these gases were
further released to the environment as a possible result of failure of safety
features, the hazard to individuals from these noble gases would arise predom-
inantly through the external gamma radiation from the airborne plume. The
reactor containment structure is designed to minimize this type. of release.

Radioactiveformsofiodineareproducedinsubstantialquantitiekinthefuel<

by the fission process, and in some chemical forms they may be quite volatile.
For these reasons, iodine has traditionally been regarded as having a relatively
high potential for release from the fuel. If the radionuclides are released to
the environment, the principal radiological hazard associated with the radio-
iodines is ingestion into the human body and subsequent concentration in the
thyroid gland. Because of this, the potential for release of radioiodines to
the atmosphere is reduced by the use of special systems designed to retain the
iodine.

The chemical forms in which the fission product radioiodines are found are
generally solid materials at room temperatures, so they have a strong tendency
to condense (or " plate out") on cooler surfaces. In addition, most of the

~

iodine compounds are quite soluble in, or chemically reactive with, water.
Although these properties do not inhibit the release of radioiodines from
degraded fuel, they would act to mitigate the release from the containment
structure, which has large internal surface areas and contains large quantities
of water as a result of an accident. The same properties affect the behavior
of radioiodines that may " escape" into the atmosphere. Thus, if rainfall
occurs during a release, or if there is moisture on exposed surfaces (for
example, dew), the radioiodines will show a strong tendency'to be absorbed by
the moisture.

Other radioactive materials formed during the operation of a nuclear power
plant have lower volatilities and, therefore, by comparison with the noble
gases and fodines, have a much smaller tendency to escape from degraded fuel

r unless the temperature of the fuel becomes very high. By the same token, such
0 materials, if they escape by volatilization from the fuel, tend to condense

quite rapidly to solid form again when they are transported to a lower tempera-
ture region and/or dissolve in water when it is present. The former mechanism .

|" can result in production of some solid particles of sufficiently small size to
: be carried some distance by a moving stream of gas or air. If such particulate
! materials are dispersed into the atmosphere as a result of failure of the con-
| tainment barrier, they will tend to be carried downwind and deposit on surface
| features by gravitational settling (fallout) or by precipitation (washout or
g rainout), where they will become " contamination" hazards in the environment.

i All of these radioactive materials exhibit the property of radioactive decay
| with characteristic half-lives ranging from fractions of a second to many days
j or years. Many of them decay through a sequence or chain of decay processes,
i and all eventually become stable (nonradioactive) materials. The radiation
| emitted during these decay processes renders the radioactive mater _ials
! hazardous.

.-

(2) M_eteorological Considerations -E
I

|

Two separate analyses of accident sequences are performed by the staff. OneL

analysis, the determination of the consequences of certain accidents (referred
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to as design-basis accidents) is performed for the staff's safety evaluation
report. .This analysis is performed to assure that the doses to any individual
at the exclusion area boundary (EAB) over a period of 2 hours, or at the outer
boundary of the low population zone (LPZ) during the entire period of plume
passage,* will not exceed the siting dose guidelines given in 10 CFR 100 of
25 rems to the whole body or 300 rems to the thyroid. This analysis is used
to examine site suitability (10 CFR 100) and the mitigative capability of cer-
tain plant safety features (10 CFR 50). The atmospheric dispersion model for
this evaluation, as described in Regulatory Guide 1.145, uses onsite meteo-
rological data (typically,-a multiyear period of record) considered represen-
tative of the site and vicinity to calculate relative concentrations (X/Q) that
will be exceeded no more than 0.5% of the time in any one sector (22 *) and no
more than 5% of the time for all sectors (360 ) at the EAB and LPZ.

The second analysis of accident consequences is addressed in this report and
considers a spectrum of release categories (including severe accidents) and
actual meteorological conditions from a rep'resentative 1 year period of record
of onsite data. From this 1 year period (8670 consecutive hours) meterological

' observations (wind speed, atmospheric stability, and precipitation), for each
hour are averaged, and 91 time sequences are used to estimate the dispersion
and deposition of radioactive material from each release category into each of
16 sectors corresponding to the 22 * sectors used to report wind direction.
The sampling of meterological data is performed in a way that (1) all hourly
data appear at some time during at least one of the time sequences, and
(2) favorable, unfavorable, and typict1 atmospheric dispersion conditions are
considered. Using 91 time sequences for 16 directions produces 1456 sets of

,

computed consequences for each release category. The probability associated
,

with each set is the product of the probability of the release categories
multiplied by the annual probability of the wind blowing into a given sector,
divided by 91 to represent the equal likelihood of the meteorological samples.
The diversity of meteorological conditions sampled is principally responsible
for the general shape of the probability distributions given below (see

7 Figures 5.4 through 5.9). Combinations of the worst severe accident release
category and the most unfavorable meterological conditions sampled are repre--

sented by the extreme of the distribution on the bottom right of each of the-

plots presented. A detaileo description of the atmospheric dispersion model is ,
in WASH-1400, Appendix VI (NUREG-75/014).

(3) Exposure Pathways
,

|

The radiation exposure (hazard) to individuals is determined by their proximity
to the radioactive materials, the duration of exposure, and factors that act;

! to shield the individual from the radiation. Pathways for radiation and the
transport of radioactive materials that lead to radiation exposure hazards to
humans are generally the same for accidental as for " normal" releases. These
are depicted in Figure 5.2. There are two additional possible pathways that
could be significant for accident releases that are not shown in Figure 5.2.
One of these is the fallout of radioactivity initially carried in_the air onto

a

* Plume passage can be defined as the time period associated with' he passage of
' the radioactive cloud erected by the release of fission products following an

accident.
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open bodies of water or onto land and eventual runoff into open water bodies.
The second would be unique to an accident that results in temperatures inside
the reactor core sufficiently high to cause melting and subsequent penetration
of the basemat underlying the reactor by the molten core debris. This creates
the potential for the release of radioactive material into the hydrosphere via
groundwater. These pathways may lead to external exposure to radiation and to4

internal exposure if radioactive material is contacted, inhaled, or ingested
from contaminated food or water.

It is characteristic of these pathways that during the transport of radioactive
material by wind or by water the material tends to spread and disperse, like a
plume of smoke from a smokestack, becoming less concentrated in larger volumes
of air or water. The result of these natural processes is to lessen the
intensity of exposure to individuals downwind or downstream of the point of
release, but they also tend to increase the number who may be exposed. For a
release into the atmosphere, the degree to which dispersion reduces the concen-
tration in the plume at any downwind point is governed by the turbulence
characteristics of the atmosphere, which vary considerably with time and from
place to place. This fact, taken in conjunction with the variability of wind
direction and the presence or absence of precipitation, means that accident
consequences are very much dependent upon the weather conditions existing at
the time.

(4) Health Effects

The cause-and-effect relationships between radiation exposure and adverse
health effects are quite complex (CONAES, 1979; Land, 1980).

Whole-body radiation exposure resulting in a dose greater than about 10 rems
for a few persons and about 25 rems for nearly all people over a short period
of time (hours) is necessary before any physiological effects to an individual
are clinically detectable shortly thereafter. Doses about 10 to 20 times

7 larger, also received over a relatively short period of time (hours to a few
days), can be expected to cause some fatal injuries. At the severe but-

extremely low probability end of the accident spectrum, exposures of these
magnitudes are theoretically possible for persons in the proximity of the -

plant if measures are not or cannot be taken to provide protection, such as by
sheltering or evacuation.

Lower levels of exposures may also constitute a health risk, but the ability
to define a cause-and-effect relationship between any given health effect and
a known exposure to radiation is difficult given the backdrop of the many other
possible reasons why a particular effect is otherved in a specific individual.
For this reason, it is necessary to assess such effects on a statistical basis.
Such effects include randomly occurring cancer in the exposed population and
genetic changes in future generations after exposure of a prospective parent.
Occurrences of cancer in the exposed population may begin to develop only after,
a lapse of 2 to 15 years (latent period) from the time of exposure and continue
over a period of about 30 years (plateau period). However, in the_ case of ex-
posure of fetuses (in utero), occurrences of cancer may begin to develop at
birth (no latent period) and end at age 10 (that is, the plateau period is
10 years). The occurrence of cancer itself is not necessarily indicative of
fatality. The somatic health consequences model used in this assessment is
based on the 1972 BEIR Report of the National Academy of Sciences (NAS) (BEIR I).

Beaver Valley 2 DES 5-28

._, _ __ - . . _ . _ _ _- . - . _ _ _ . . _. -,



. _ - . - =

Most authorities agree that a reasonable--and probably conservative--estimate of
the randomly occurring number of health effects of low levels of radiation ex-
posure to a larg' number of people is within the range of about 10 to 500 poten-
tial cancer deaths per million person-rems (although, zero is not excluded by
the data). The range comes from the NAS BEIR III Report (1980). which also
indicates a probable value of about 150. This value is virtually: identical to
the value of about 140 used in the current NRC health-effects models. In addi-
tion, the model in BEIR III projects approximately 220 genetic changes per
million person-rems over succeeding generations. This is the estimate currently
used by the NRC staff. (This value was computed as the sum of the risk of spe-
cific genetic defects and risk of defects with complex etiology (causes)).

'(5) Health Effects Avoidance

Radiation hazards in the environment tend to disappear by the natural process
of radioactive decay. Where the decay process is slow, however, and where the
material becomes relatively fixed in its location as an environmental contami-
nant (such as in soil), the hazard can continue to exist for a relatively long
period of time--months, years, or even decades. Thus, a possible environmental
societal impact of severe accidents is the avoidance of the health hazard rather
than the health hazard itself, by restrictions on the use of the contaminated
property or contaminated foodstuffs, milk, and drinking water. The potential
economic impacts that this can cause are discussed below.

5.9.4.3 Accident Experience and Observed Impacts

The evidence of accident frequency and impacts in the past is a useful indi-
cator of future probabilities and impacts. As of April 1984, there were
79 commercial nuclear power reactor units licensed for operation in the United
States (at 52 sites) with power generating capacities ranging from 50 to
1180 megawatts electric (MWe). (Beaver Valley Unit 2 is designed for an electric
power output to 870 MWe (stretch power).) The combined experience with these

7 operating units represents approximately 700 reactor years of operation over
an elapsed time of about 23 years. Accidents have occurred at several of-

these facilities (Bertini, 1980; NUREG-0651; Thompson and Beckerley, 1964).
Some of these accidents have resulted in releases of radioactive material to .

the environment, ranging from very small fractions of a curie to a few million
curies. None is known to have caused any radiation injury or fatality to any
member of the public, nor any significant contamination of the environment.
This experience base is not large enough to permit reliable statistical predic-
tion of accident probabilities. It does, however, suggest that significant
environmental impacts caused by accidents are very unlikely to occur over time
periods of a few decades.

Melting or severe degradation of reactor fuel occurred during the accident at
Three Mile Island Unit 2 (TMI-2) on March 28, 1979. It has been estimated
that about 2.5 million curies of noble gases (about 0.9% of the core inventory)
and 15 curies of radiofodine (about 0.00003% of the core inventory.) were
released to the environment at THI-2 (NUREG/CR-1250). No other radioactive
fission products were released in measurable quantity. It has been estimated
that the maximum cumulative of fsite radiation dose to an individual was less
than 100 millirems (Rogovin, 1980; President's Commission, 1979). The total
population exposure has been estimated to be in the range from about 1000 to
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5000 person-rems (this range is discussed on page 2 of NUREG-0558). This
exposure could produce between zero and one additional fatal cancer over the
lifetime of the population. The same population receives each year from
natural background radiation about 240,000 person-rems, and approximately a
half-million cancers are expected to develop in this group over.its lifetime
(Rogovin, 1980; President's Commission, 1979), primarily from causes other
than radiation. Trace quantities (barely above the limit of detectability) of
radioiodine were found in a few samples of milk produced in the area. No
other food or water supplies were affected.

Accidents at nuclear power plants in the United States have also caused
occupational injuries and a few fatalities, but none attributed to radiation
exposure. Individual worker exposures have ranged up to about 4 rems as a
direct consequence of reactor accidents (although there have been higher
exposures to individual workers as a result of other unusual occurrences).
However, the collective worker exposure levels (person-rems) are a small
frsction of the exposures experienced during normal routine operations; these
exposures average about 440 to 1300 person-rems in a PWR and 740 to 1650 person-
rema in a BWR per reactor year.

Accidents have also occurred at other nuclear facilities in the United States
and la other countries (Bertini, 1980; Thompson and Beckerley, 1964). Because
of inherent differences in design, construction, operation, and purpose of
most of these other facilities, their accident record has only indirect rele-
vance to current nuclear power plants. Melting of reactor fuel occurred in at
least seven of these accidents, including the one in 1966 at Enrico Fermi
Atomic Power Plant Unit 1. Fermi Unit I was a sodium-cooled fast breeder
demonstration reactor designed to generate 61 MWe. The damages were repaired
and the reactor reached full power 4 years after the accident. It operated
successfully and completed its mission in 1973. The Fermi accident did not
release any radioactivity to the environment.

,

7 A reactor accident in 1957 at Windscale, England, released a significant
quantity of radiofodine, apprcximately 20,000 curies, to the environment"

(United Kingdom, 1957). This reactor, which was not operated to generate
electricity, used air rather than water to cool the uranium fuel. During a .

special operation to heat the large amount of graphite in this reactor
(characteristic of graphite moderated reactor), the fuel overheated and
radioiodine and noble gases were released directly to the atmosphere from a
123-m (405-foot) stack. Milk produced in a 518-km2 (200-mia) area around the
facility was in. pounded for up to 44 days. The United Kingdom National Radio-
logical Protection Board (Crick, 1982) estimated that the releases may have
caused as many as 260 cases of thyroid cancer, about 13 of them fatal, and as
many as seven deaths from other cancers or hereditary diseases. This kind of
accident cannot occur in a water-moderated-and-cooled reactor like Beaver,

Valley Unit 2, however.

5.9.4.4 Mitigation of Accident Consequences ~_

Pursuant to the Atomic Energy Act of 1954, as amended, the staff 1.s conducting
a safety evaluation of the application to operate Beaver Valley Orrit 2.
Although the SER will contain more detailed information on plant design, the
principal design features are presented in the following section.

3
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(1) Design Features

Beaver Valley Unit 2 contains features designed to prevent accidental release
of radioactive fission products from the fuel and to lessen the consequences
should such a release occur. Many of the design and operating spe,cifications
of these features are derived from the analysis of postulated events known as
design-basis accidents. These accident prevention and mitigation Teatures are
collectively referred to as engineered safety features (ESFs). The possibil-
ities or probabilities of failure of these systems are incorporated in the
assessments discussed in Section 5.9.4.5.

The steel-lined' concrete containment building is a passive mitigating system
that is designed to minimize accidental radioactivity releases to the environ-
ment by maintaining a subatmospheric pressure in the containment structure.
Safety injection systems are incorporated to provide cooling water to the
reactor core during an accident to prevent or minimize fuel damage. Cooling
fans provide the capability to remove heat inside the containment following
steam release in accidents and thus help to prevent containment failure as a
result of overpressure. Similarly, the containment spray system is designed
to spray cool water into the containment atmosphere. The spray water also
contains an additive (sodium hydroxide) that will chemically react with any
airborne radioiodine to help remove it from the containment atmosphere and
minimize its release to the environment.

All the mechanical systems mentioned above are supplied with emergency power
from onsite diesel generators if normal offsite station power is interrupted.

The fuel handling building also has accident-mitigating systems. The safety-
grade ventilation system contains both charcoal and high efficiency particulate
filters. This ventilation system is also designed to keep the area around the
spent-fuel pool below the prevailing barometric pressure during fuel handling
operations so there will be no leakage through building openings. If radio-

{ activity were to be released into the' building, it would be drawn through the
ventilation system, and most of the radioactive iodine and particulate fission
products would be removed from the flow stream before it is exhausted to the
outdoor atmosphere. .

There are features of the plant that are necessary for its power generation
function that can also play a role in mitigating certain accident consequences.
For example, although the main condenser is not classified as an ESF, it can
act to mitigate the consequences of accidents involving leakage from the
primary to the secondary side of the steam generators (such as steam generator
tube ruptures). If normal offsite power is maintained, the ability of the
plant to send contaminated steam to the condenser instead of releasing it
through the safety valves or atmospheric dump valves can significantly reduce
the amount of water-soluble radionuclides released to the environment.

Much more extensive discussions of the safety features and characteristics of
Beaver Valley Unit 2 are in the FSAR; the staff evaluation of these features
is in the Beaver Valley Unit 2 SER. {

-:
In addition to the benefits to be gained from these features, Beaver Valley
Unit 2 will benefit from the impb mentation of the lessons learned from the
TMI-2 accident--in the form of improvements in design, procedures, and operator
training. These lessons learned will significantly reduce the likelihood of a
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degraded core accident that could result in large releases of fission products
to the containment. Specifically, the applicant will be required to meet
those THI-2 related requirements clarified in NUREG-0737.

(2) Site Features .

The NRC's reactor site criteria, 10 CFR 100, require that the site' for every
power reactor have certain characteristics that tend to reduce the risk and
the potential impact of accidents. The discussion that follows briefly
describes the Beaver Valley Unit 2 site characteristics and how they meet
these requirements.

First, the site has an exclusion area, as required by 10 CFR 100. The total
site area is about 206 ha (501 acres). The exclusion area, located within the
site boundary, has a minium radius of 457 m (1500 feet) from Unit 2 to the ex-
clusion area boundary. There are no residents within the exclusion area. The
applicant owns all surface and minerals rights in the exclusion area, and has
the authority, as required by 10 CFR 100, to determine all activities in this
area. One state road traverses the area, allowing access to the plant. The
exclusion area is also traversed by a railroad line, which is controlled by
the applicant, and the Ohio River, which is used for barge transportation.

Second, beyond and surrounding the exclusion area, there is a low population
zone (LPZ), also required by 10 CFR 100. The LPZ for the Beaver Valley Unit 2
site is a circular area with a 5.8-km (3.6-mile) radius. Within this zone,
the applicant must ensure that there is a reasonable probability that appro-
priate protective measures could be taken on behalf of the residents in the
event of a serious accident. The applicant has indicated that 10,600 persons
lived within the 5.8-km (3.5-mile) radius in 1980 and projects that the
population will increase to 10,900 in the year 2010. The major sources of
transients within the 5.8-km radius of the site are nearby industries, schools,
and recreational areas. They comprise a total of approximately 4600 persons

7 within the LPZ. In case of a radiological emergency, the applicant has made
- arrangements to carry out protective actions, including evacuation of personnel

in the vicinity of the plant (see also the following section on emergency
preparedness). .

Third, 10 CFR 100 also requires that the distance from the reactor to the near-
est boundary of a densely populated area containing more than about 25,000 resi-
dents should be at least one and one-third times the distance from the reactor
to the outer boundary of the LPZ. This distance requirement provides protec-
tion against excessive doses to people in large centers. The city of McCandlass,
Pennsylvania, with a 1980 population of 26,250, which is about 27 km (17 miles)
east of the site, is the nearest population center. The population center dis-;

tance is at least one and one-third times the LPZ distance. The resident popu-
2lation density within a 48-km (30-mile) radius of the site was 214 people /km
2(549 people /mi2) in 1980 and is projected to increase to about 242 people /km

(619 people /mi2) by the year 2010. ~_
ThesafetyevaluationoftheBeaverValleyUnit2sitehasalsoin[cludedare-
view of potential external hazards, that is, activities offsite -that might

,

adversely affect the operation of the nuclear plant and cause an accident. The+

review encompassed nearby industrial and transportation facilities that might
create explosive, fire, missile, or toxic gas hazards. The risk to Beaver
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Valley Unit 2 from such hazards has been found to be negligible. A more
detailed discussion of the compliance with the NRC siting criteria and the
consideration of external hazards is in the Beaver Valley Unit 2 Safety
Evaluation Report.

(3) Emergency Preparedness ' {
,

Emergency preparedness plans including protective action measures ;for Beaver
Valley Unit 2 and environs are in an advanced, but not yet fully completed,
stage. In accordance with 10 CFR 50.47, effective November 3, 1980, no operat-
ing license will be issued to the applicant unless a finding is made by the

,

NRC that the state of onsite and offsite emergency preparedness provides rea-.

sonable assurance that adequate protective measures can and will be taken in
the event of a radiological emergency. Among the standards that must be met
by these plans are provisions for two emergency planning zones (EPZs). A
plume exposure pathway EPZ of about 16 km (10 miles) in radius and an ingestion
exposure pathway EPZ of thout 80 km (50 miles) in radius are required. Other
standards include appropriate ranges of protective actions for each of these
zones, provisions for dissemination to the public of basic emergency planning
information, provisions for rapid notification of the public during a serious
reactor emergency, and methods, systems, and equipment for assessing andi

monitoring actual or potential offsite consequences in the EPZs of a radio-
logical emergency condition.

NRC and the Federal Management Agency (FEMA) have agreed that FEMA will make a
finding and determination as to the adequacy of state and local government
emergency response plans. NRC will determine the adequacy of the applicant's
emergency response plans with respect to the standards listed in 10 CFR 50.47(b),
the requirements of Appendix E to 10 CFR 50, and the guidance in NUREG-0654.
After NRC and FEMA make the above determinations, the NRC will make a finding
in the licensing process as to the overall and integrated state of preparedness.
The NRC staff findings will be in the SER. Further, if those findings indicate

_

that the risk to the public from severe accidents, discussed in the followingr-
sections, is significantly larger because of the details of the final plans, a

"

supplement to the Final Environmental Statement will be issued. Although the
-

presence of adequate and tested emergency plans cannot prevent an accident, it .

is the staff's judgment that such plans can and will substantially mitigate
the consequences to the public if an accident should occur.

5.9.4.5 Accident Risk and Impact Assessment

(1) Design-Basis Accidents

As a means of ensuring that certain features of Beaver Valley Unit 2 meet
acceptable design and performance criteria, both the applicant and the staff
have analyzed the potential consequences of a number of postulated accidents.

Some of these could lead to significant releases of radioactive materials tot

the environment, and calculations have been performed to estimate the potential
radiological consequences to persons off the' site. For each postulated initi-
ating event, the potential radiological consequences cover a considerable
range of values depending upon the particular course taken by the accident and
the conditions, including wind direction and weather, prevalent during the
accident.
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Three categories of accidents have been considered,. based on their probability
of occurrence. These categories are (1) incidents of moderate frequency
(events that can reasonably be expected to occur during any year of operation),
(2) infrequent accidents (events that might occur once during the lifetime of
the plant), and (3) limiting faults (accidents not expected to occ,ur but that
have the potential for significant releases of radioactivity). The radiological
consequences of incidents in the first category, also called antic ^ipated
operational occurrences, are similar to the consequences from normal operation
that are discussed in Section 5.9.3.

Some of the initiating events postulated in the second and third categories
for Beaver Valley Unit 2 are shown in Table 5.8. To evaluate the potential
environmental impacts inherent in the operation of Beaver Valley Unit 2, the
applicant has analyzed a variety of accidents, in a more realistic manner,
using the guidance of Regulatory Guide 4.2, Revision 2, " Preparation of
Environmental Reports for Nuclear Power Plants." The types of accident ana-
lyzed in Table 5.8 are similar to some events evaluated in the staff's Safety
Evaluation Report. The applicant's estimates of the radiation doses to indivi-
duals at the nearest boundary of the plant during the first 2 hours are also
shown in Table 5.8.

The results shown in Table 5.8 reflect the expectation that certain engineered
safety features designed to mitigate the consequences of the postulated acci-
dents would function as intended. An important assumption in these evaluations
is that the releases considered are limited to noble gases and radioiodines and
that other radioactive meterials are not released in significant quantities.

The staff does not perform an independent assessment of the potential offsite
consequences using realistic assumptions. Instead, the staff estimates poten-
tial upper bound exposures to individuals for the same types of accidents con-
tained in Table 5.8 for the purpose of implementing the provisions of 10 CFR 50
and 10 CFR 100. For the staff evaluations, much more pessimistic assumptions

I are made as to the course taken by the accident and the prevailing plant condi-
tions; the accidents are referred to as design-basis recidents. The assump--

tions used for the design-basis accidents include much larger amounts of radio-
active material released, additional single failures in equipment, operation of ,

ESFs in a degraded mode * and poor meterological dispersion conditions. Again,
! the results of the staff's evaluation are described in more detail in the SER.

For comparison with the dose values in Table 5.8, the results taken from the
! SER-CP show that the limiting whole body exposures are not expected to
! exceed 16 rems to any individual at the exclusion area boundary. They also

show that radioiodine releases have the potential for offsite exposures ranging
up to about 280 rems to the thyroid. For such an exposure to occur, an individual
would have to be located at a point on the site boundary where the radioiodine
condentration in the plume has its highest value and inhale at a breathing
rate characteristic of a person jogging for a period of 2 hours. The health

i risk to an individual receiving such an exposure to the thyroid is_the potential
! appearance of benign or malignant thyroid nodules in about 9 out of 100 cases,

and the development of a fatal thyroid cancer in about 4 out of 10,00 cases.
-

,

|
'

*The containment structure, however, is assumed to prevent leakage in excess
I of that which can be demonstrated by testing, as provided in 10 CFR 100.11(a).
:

Beaver Valley 2 DES 5-34

h



.

None of the calculations of the impacts of design-basis accidents described in
this section takes into consideration possible reduction in individual or
population exposure as a result of any protective actions.

(2) Probabilistic Assessment of Severe Accidents .

~

This section and the following three sections provide a discussion of the
'

probabilities and consequences of accidents of greater severity th~an the
design-basis accidents discussed in the previous section. As a class, these
accidents are considered less likely to occur, but their consequences could be
more severe, both for the plant itself and for the environment. These severe
accidents, heretofore frequently called Class 9 accidents, can be distinguished
from design-basis accidents in two primary respects: they involve substantial
physical deterioration of the fuel in the reactor core, including overheating
to the point of melting, and they involve deterioration of the capability of
the containment structure to perform its intended function of limiting the
release of radioactive materials to the environment.

The assessment methodology employed is that described in the RSS, which was
published in 1975. A less comprehensive but more up-to-date treatment is in
NUREG/CR-2300, which was published in 1983. A discussion of the uncertainties
surrounding the RSS methodology is provided in Section 5.9.4.5(7).

However, the sets of accident sequences that were found in the RSS to be the
dominant contributors to the risk in the prototype PWR (Westinghouse-designed
Surry Unit 1) have recently been updated (rebaselined). The rebaselining has
been done largely to incorporate peer group comments, as well as better data
and analytical techniques resulting from research and development after the
publication of the RSS (see NUREG-0773). Entailed in the rebaselining effort
was the evaluation of the individual dominant accident sequences--as they are
understood to evolve. The earlier technique of grouping a number of diverse;

accident sequences into encompassing " Release Categories," as was done in the'

,,

y RSS, has been largely (but not completely) eliminated.
,

Beaver Valley Unit 2 is a Westinghouse-designed PWR having similar design and
operating characteristics to Surry. Therefore, the present assessment for -'

Beaver Valley Unit 2 has used as its starting point the rebaselined accident
,

| sequences and release categories referred to above and more fully described in
i Appendix F. Characteristics of the sequences (and release categories) used

(all of which involve partial to complete melting of the reactor core) are
shown in Table 5.9.

Sequences initiated by external phenomena--such as tornadoes, floods, or seismic
| events--and those that could be initiated by humans, including deliberate
i acts of sabotage--are not included in the event sequences corresponding to the

listed release categories. The only plants for which external events have been
i assessed in detail in a probabilistic sense are Zion, Indian Point, Limerick,

~

and Millstone Unit 3. In these cases, no estimates of risk from sabotage were
made, because these estimates are considered beyond the state of the art. The
staff notes, however, that the consequences of large releases caused by sabo-
tage should not be different in kind from the releases estimated for severe
internally initiated accidents. For Zion and Limerick, the licensees submitted
probabilistic risk assessments that indicate external events can be significant

.

|
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contributors to risk. For Indian Point, the staff's evaluations also indicate
significant* risks as a result of external events other than sabotage.

Although the staff made no numerical assessment of externally initiated accident>
' risks for Beaver Valley Unit 2, the staff did draw on information from the Zion,

Limerick, Millstone Unit 3, and Indian Point studies. Thus, the staff concludes
the actual risks from internal and external causes (exclusive of sabotage) could
be higher than those presented here,6but are unlikely to exceed those determined
from risk multipliers computed for Zion, Limerick, and Ir)dian Point. These
multipliers would not result in risks at Beaver Valley Unit 2 outside an uncer-
tainty range of a factor of 100 times the risks from internal events, as dis-
cussed in Section 5.9.4.5(7).

Calculated probability per reactor year associated with each accident sequence
(or release category) used is shown in the second column in Table 5.9. As in
the RSS, there are substantial uncertainties in these probabilities. This is

'

due, in part,~ to difficulties associated with the quantification of human error
,

and to inadequacies in the data base on failure rates of individual plant com-
ponents that were used to calculate the probabilities. The probability of acci-
dent sequences from the Surry plant were used to give a perspective of societal
and individual risk at Beaver Valley Unit 2 because, although the probabilities
of particular accident sequences may be substantially different and even improved
for Beaver-Valley Unit 2, the overall effect of all sequences taken together is '

likely to be within the uncertainties (see Section 5.7.2.5(7) for a discussion
of uncertainties in risk estimators).

The magnitudes (curies) of radioactivity postulated to be released for each
release category are obtained by multiplying the release fractions shown in
Table 5.9 by the amounts that would be present in the core at the time of the
hypothetical accident. These are shown in Table 5.7 for Beaver Valley Unit 2
at a core thermal power level of 2766 MWt, the power level used in the safety
evaluation. Of the hundreds of radionuclides present in the core, the 54

3: listed in the table were selected as significant contributors to the health
and economic risks of severe accidents. The core radionuclides were selected-

on the basis of (1) half-life, (2) approximate relative offsite dose contribu-
tion, and (3) health effects of the radionuclides and their daughter products. d,

The potential radiological consequences of these releases have been calculated
by the consequence model (NUREG/CR-2300) used in the RSS, adapted and modified
as described below to apply to a specific site. The essential elements are
shown in schematic form in Figure 5.3. Environmental parameters specific to
the Beaver Valley site have been used and include the following:

meteorological data for the site representing a full year of consecutive-

hourly measurements and seasonal variations
'

projected population for the year 2010 extending to a 563-km (350-mile)' ' '-

radius from the plant ..
,

_

*"Significant," as used herein, means that the best estimate of-t additional
risk from external events other than sobatage were calculated to be as much as
a factor of 30 higher than the best' estimate risks from internal events at,

Indian Point, but about 2 to 10 times the best estimate risk from internal
events at Zion.
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!

!

j the habitable land fraction within a 563-km (350-mile) radius-

!
'

land-use statistics, on a statewide basis, including farm land values,-

farm product values including dairy production, and growing season infor-
nation for the State of Pennsylvania and each surrounding stat e withint;-

; the 563-km (350-mile) region (land-use statistics for Canada were assumed
; to be the same as for adjacent states) '

: .. :
; To obtain a probability distribution of consequences, the calculations are

performed assuming the releases, as defined by the release categories, at each
of 91 different start times throughout a 1 year period. 'Each calculation used,

| (1) the site-specific hourly meteorological data, (2) the population projections
for the year 2010 for a distance of 563 km (350 miles) around the Beaver Valley(-

! site, and (3) seasonal information for the time period following each start
! time. The consequence model also contains provisions for incorporating the con-
4- sequence-reduction benefits of evacuation, relocation, and other protective ac-
! tions. Early evacuation and relocation of people would considerably reduce the
y exposure from the radioactive cloud and the contaminated ground in the wake of
i- the cloud passage from severe releases. The evacuation model used (see Appen-
! dix F) has been revised from that in the RSS for better site-specific applica-
| tion. The quantitative characteristics of the evacuation model used for the
! Beaver Valley site are estimates made by the staff. There normally would be
' some facilities near a plant, such as schools or hospitals, where special equip-
! e' ment or personnel may be required to effect evacuation, and there may be some

people near a site who fail to evacuate. Therefore, actual evacuation effec-
.tiveness could be greater or less than that characterized, but it would not be
, expected to be very much less, because special consideration will be given in
emergency planning for the unit to any unique aspects of dealing with special
facilities.

The other protective actions include: (1) either complete denial of use, or
limited use, or. permitting use only at a sufficiently later time after appro-

7 priate decontamination of food stuffs such as crops and milk, (2) decontamina-
tion of severely contaminated environment (land and property) when it is con--

sidered to be economically feasible to lower the levels of contamination to
protective action guide (PAG) levels, and (3) denial of use of severely con- .

taminated land and property for varying periods of time until the contamination
levels are reduced by radioactive decay and weathering to such values that
property can be economically decontaminated as in (2) above. These actions
would reduce the radiological exposure to the people from immediate and/or
subsequent use of or living in the contaminated environment.

Evacuation within and relocation of people from outside the plume exposure path-
way zone and other protective actions as mentioned above are considered as
essential sequels to serious. nuclear reactor accidents involving significant

1

release of radioactivity to the atmosphere. Therefore, the results shown for
8eaver Valley Unit 2 include some benefits of these protective actions.

1 .

There are also uncertainties in each facet of the estimates of conlequences,
and the error bounds may be as large as they are for the probabili, ties.

~

,

The results of the calculations u, sing this consequence model are radiological
..

doses to individuals and to populations, health effects that might result from
these exposures, costs of implementing protective actions, and costs associ-
ated with property damage by radioactive contamination.

'
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(3) Dose and Health Impacts of Atmospheric Releases

The results of the atmospheric pathway calculations of dose and health impacts
performed for the Beaver Valley facility and site are presented in the form of
probability distributions in Figures 5.4 through 5.8* and are included in the
impact summary table, Table 5.10. All of the release categories shown in
Table 5.9 contribute to the results, and each is weighted by its associated
probability. .

Figure 5.4 shows the probability distribution for the number of persons who
might receive bone marrow doses equal to or greater than 200 rems, whole body
doses equal to or greater than 25 rems, and thyroid doses equal to or greater
than 300 rems from early exposure,** all on a per-reactor year basis. The
200-rem bone marrow dose figure corresponds approximately to a threshold value
for which hospitalization would be indicated for the treatment of radition
injury. The 25-rem whole-body dose and 300-rem thyroid dose figures corres-
pond to the Commission's guideline values for reactor siting in 10 CFR 100.

Figure 5.4 shows in the left-hand portion that there are approximately 3 chances
in 100,000 (2.5 x 10 5) per reactor year that one or more persons may receive
doses equal to or greater than any of the doses specified. The fact that the
three curves initially run almost parallel in horizontal lines shows that if
one person were to receive such doses, the chances are about the same that ten
to hundreds would be so exposed. The chances of larger numbers of persons
being exposed at those levels are seen to be consideraby smaller. For example,
the chances are about 1 in 25,000,000 (4 x 10 8) that 10,000 or more people
might receive bone marrow doses of 200 rems or greater. Virtually all of the
exposures reflected in this figure would occur within an 80-km (50-mile)
radius.

* Figures 5.4 through 5.8 are called complementary cumulative distributionm

functions (CCDF). They are intended to show the relationship between thea

probability of a particular type of consequence being equalled or exceeded
and the magnitude of the consequence. Probability per reactor year (r y) is
the chance that a given event will occur in 1 year of operation for one -

reactor. Because the different accident releases, atmospheric dispersion
conditions, and changes of a health effect (for example, early fatalities)
result in a wide range of calculated consequences, they are presented on a
logarithmic plot in which numbers varying over a very large range can be
conveniently illustrated by a grid indicated by powers of 10. For instance,
108 means one million or 1,000,000 (1 followed by 6 zeros). The cumulative
probabilities of equalling or exceeding a given consequence are also calcu-
lated to vary over a large range (because of the varying probabilities of
accidents and atmospheric dispersion conditions), so the probabilities are
also plotted logarithmically. For instance, 10 8 means one millionth or
0.000001.

**Early exposure to an individual includes external doses from the~ radioactive
cloud and the contaminated ground, and the dose from interna 11y' deposited
radionuclides from inhalation of contaminated air during cloud (assage.
Other pathways of exposure are excluded.
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i Figure 5.5 shows the probability distribution for the total population exposed
[ in person-rems; that is, ~ the probability per reactor year that the total popula-

tion exposure will equal or exceed the values given. Most of the population *
-

exposure up to 1,000,000 person-rems would be expected to occur within 80 km;

j Unit 1 serves as the preoperational program for Beaver Valley Unit,2. The t

specifics of the current environmental radiological monitoring program for '

i Unit 1 are described in Section 3, Table 3.01 of the Beaver Valley: Unit 1, ,

; (50 miles), but the more severe releases (as in the first two release categories ;
'

i in Table 5.9) could result in exposure to persons beyond the 80-km range as ,

1 shown. !
*i

| For perspective, population doses shown in Figure 5.5 may be compared with the [
annual average dose to the population within 80 km of the Beaver Valley site ;i

' resulting from background radiation of 420,000 person-rems, and to the antic- i

4 ipated annual population dose to the general public (total United States) from ;

j normal plant operation of 41 person-ress (excluding plant workers) (see Appen- ,

dix 0, Tables D-7 and D-8.) I;.

Figure 5.6 shows the probability distributions for early fatalities, repre-! -

,

senting radiation injuries that would produce fatalities within about 1 year |
'

after exposure. All of the early fatalities would be expected to occur within '

,{ a 28-km (18-mile) radius and the majority within an 8-km (5-mile) radius. The

j results of the calculations shown in Figure 5.5 and in Table 5.10 reflect the
effect of evacuation within the 16-km (10-mile) plume exposure pathway zone.,

:

) Figure 5.7 represents the statistical relationship between population exposure !

j and the induction of fatal cancers that mig *it appear over a period of many |
1 years following exposure. The impacts on the total population and the popu- ,

tlation within 80 km are shown separately. Further, the fatal latent-cancers
have been subdivided into those attributable to exposures of the thyroid and

:
j all other organs. These estimates may be compared to the cancer fatality risk
' per individual per year form all causes of 1.9 x 10 8 (American Cancer Society, ;_

1981).; a
-,

- An additional potential pathway for doses resulting from atmospheric release (
: is from fallout onto open bodies of water. This pathway was investigated in !.

the NRC analysis of the Fermi Unit 2 plant, which is located adjacent to Lake
Erie and for which appreciable fractions of radionuclides in the plume could i

,

i be deposited in the Great Lakes (NUREG-0769). For the Fermi site, the indi- i

| cated individual and societal doses from this pathway were on the same order of
. magnitude as the interdicted doses from other pathways. Further, the indivi- '

i dual and. societal liquid pathway doses could be substantially eliminated by the
f interdiction of the aquatic food pathway in a manner comparable to interdiction
| of the terrestrial food pathway in the present analysis.

Because Beaver Valley is not adjacent to a large surface water body, the frac- ,
:

j tion of radioactive material that could fall in nearby rivers, streams, or lakes L

; would be correspondingly reduced. _
i

1 :
i The staff has also considered fallout onto and runoff and leaching'into water
; bodies in connection with a study of severe' accidents at the Indf @ River

!|
reactors in southeastern New York (Code 11, 1983). In this study, empirical

~
~ models were developed based upon considerations of radionuclide data collected
i in the New York City water supply system as a result of fallout from atmospheric

'

;
I'

i
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weapons tests. As with the Fermi study, the Indian Point evaluation indicated
that the uninterdicted risks from this pathway were fractions of the interdicted
risks from other pathways. Further, if interdicted in a manner similar to inter-
diction assumed for other pathways, the liquid pathway risks from fallout would
be a very small fraction of the risas from other pathways. Considering the
regional meteorology and hydrology for the Beaver Valley Unit 2 site, the staff
sees nothing to indicate that the liquid pathway contribution to the total acci-
dent risk at Beaver Valley Unit 2 would be significantly greater than found for
Fermi 2 and Indian Point. This water pathway would be of small importance com-
pared to the results presented here for fallout onto land.

(4) Additional Possible Releases to Groundwater

A pathway through the groundwater for radiation exposure to the public and envi-
ronmental contamination that would be unique for severe reactor accidents was
identified above. Consideration has been given to the potential environmental
impacts of this pathway for Beaver Valley Unit 2. The principal contributors
to the risk are the core melt accidents. The penetration of the basemat of the
containment building can release molten core debris to the strata beneath the
plant. The soluble radionuclides in the debris can be leached and transported
with groundwater to downgradient domestic wells used for drinking water or to
surface water bodies used for drinking water, aquatic food, and recreation.
Releases of radioactivity to the groundwater underlying the site could also
occur thrcugh the failed basemat through depressurization of the containment
atmosphere, or the release of radioactive water from the emergency core cooling
system.

An analysis of the potential consequences of a liquid pathway release of radio-
activity for generic sites was presented in the " Liquid Pathway Generic Study"
(LPGS,NUREG-0440). The LPGS compared the risk of accidents involving the lig-
uid pathway (drinking water, irrigation, aquatic food, swimming, and shoreline
usage) for five conventional, generic, land-based nuclear plant sites and a

,

floatinq nuclear plant (for which the nuclear reactor would be mounted on aa
barge and moored in a water body). Parameters for each generic land-based site*

were chosen to represent averages for a wide range of real sites and were thus
" typical," but they represented no real sites in particular. The study conclu .

ded that the individual and population doses from the liquid pathway range from
fractions to very small fracticns of those that can arise from the airborne
pathway.

Doses to individuals and populations were calculated in the LPGS without consi-
deration of interdiction methods such as isolating the contaminated groundwater,
restricting aquatic food consumption, or prohibiting use of the water. In the
event of surface water contamination, alternative sources of water for drinking,
irrigation, and industrial uses would be expected to be found, if necessary.
Commercial and sports fishing, as well as many other water-related activities,
might be restricted. The consequences would, therefore, be largely economic or
social, rather than radiological. _

The present analysis considers only the case of " prompt" release of highly
contaminated sump water released through a failed basemat, which ses the PWR-7
scenario in the LPGS. This release was chosen because, of those studied in
the LPGS that could contribute to the groundwater pathway, this release would
result in the highest population dose. In the LPGS case, 25% of the Sr-90 and
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100% of the Cs-134 and Cs-137 isotopes in the core inventory were conservatively
considered to be released to the ground in the sump water. Transport in the
groundwater was found to be relatively slow because of " retardation" caused by
interaction of the radionuclides with the rock or soil. In addition, decay of
many radionuclides was found to be appreciable. Only 87% of the S,r-90 and 31%
of the Cs-137 were estimated to enter the river. Dose contributions from
radionuclides other than Sr-90 and Cs-137 were considered negligib~1e.

The discussion in the remainder of this section is a summary of an analysis
performed to determine whether or not the liquid pathway consequences of a
postulated accident at the Beaver Valley Unit 2 site would be unusual when
compared with the generic "small river" land-based site considered in the
LPGS.

The LPGS presented analyses for four-loop Westinghouse PWRs located at a
number of land sites, one of which is similar to the Beaver Valley Unit 2
site. The LPGS "small river" site is on the Clinch River, about 34 km
(21 miles) upstream of the Tennessee River. The balance of this river system
consists of the Tennessee River (912 km, 567 miles), the Ohio River (74 km,
46 miles), and 1535 km (954 miles) of the Mississippi River. Beaver Valley
Unit 2 is a three-loop Westinghouse PWR located adjacent to the Ohio River (as
described in Section 4.3.1.1). The river system is similar to the LPGS site,
consisting of 1522 km (946 miles) of the Ohio River and the same 1535 km
(954 miles) of the Mississippi River.

Beaver Valley Unit 2 is located on a terrace of alluvial deposits on the south
side of the Ohio River. In the general site region, the south bank of the
river is characterized by bedrock bluffs that rise abruptly from the water's
edge to elevations as much as several hundred feet above the river. About
3660 m (12,000 feet) upstream of the station, the bedrock bluff begins to
deviate inland from the river bank. At its maximum point, the bluff is about
762 m (2500 feet) inland (south) of the river bank. At a point about 610 m

p (2000 feet) downstream of the station, the bedrock bluff again joins the
river's edge. Thus, a saddle-like bedrock formation exists at the site. The-

bedrock underneath the containment building is about 107 m (350 feet) thick.
The back (south side) and sides of the saddle are formed by upswings in the ,

bedrock surface which reach elevations in excess of 234 m (800 feet) ms1. The
bedrock saddle is filled with alluvial deposits that form the terraces on
which the unit is located. These terraces are comprised mainly of sand and
gravel and have a hydraulic conductivity ranging between 1.7 x 10 8 to
6.1 x 10 8 m/sec (5.7 x 10 8 to 2.0 x 10 4 ft/sec). The alluvial soils make
up the only significant aquifier in the site vicinity. However, there are no
wells located in this aquiffer between the reactor building and the river.

At the site, the surface of the alluvial soils is at elevation 223 m (730 feet)
ms) and the foundation mat of the containment building extends about 15 m
(50 feet) below the surface to elevation 207 m (680 feet) ms1. The normal
groundwater level is 4.4 m (14.5 feet) lower than the foundation mat at
elevation 202.8 m (665.5 feet) MSL and about 13.9 m (45.5 feet) hi~gher than
the top of the bedrock which is elevation 189 m (620 feet) ms1. ;

'

In the event of a core-relt accident, there could be a release of radioactivity
to the terrace alluvial aquifier beneath the reactor. Radionuclides that
would enter the aquifer would be entrained in the natural groundwater flow to
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the Ohio River. Using, for conservatism, the highest value of hydraulic
conductivity (1.7 x 10 5 m/sec, 2.0 x 10 4 ft/sec) determined by the applicant,
an effective porosity of 0.23, and a hydraulic gradient of 0.0013, the staff
estimated that it would take about 22 years for contaminated groundwater to
migrate to the river through the alluvium. The movement of most o,f the radio-
activity dissolved in the groundwater would be much slower than the groundwater
itself because of the process of sorption. ~

In the LPGS, it was demonstrated that for groundwater travel times on the
order of years, the only significant contributors to population dose are Sr-90
and Cs-137. Retardation factors for these radionuclides are difficult to
estimate; however, Parsons (1962) estimated distribution coefficients (Kds) of
13 to 43 mL/g for Sr and 100 mL/g for Cs for sands. Niemczyk (NUREG/CR-1596)
used Kd's of 20 and 200 for Sr-90 and Cs-137, respectively. Isherwood (1977)
suggested that Kd's for sand range from 1.7 to 43 for Sr and 22 to 314 for Cs.
For Beaver Valley Unit 2 the staff conservatively estimated nuclide travel
time using the distribution coefficients used in the LPGS: 2 mL/g for Sr and
20 mL/g for Cs. This resulted in retardation factors of 9.2 for Sr-90 and 83
for Cs-137, respectively. Using these values the travel time would be about
200 years for Sr-90 and 1800 years for Cs-137. When these times are compared
to 5.7 years for Sr-90 and 51 years for Cs-137 in the LPGS case, the longer
travel times at Beaver Valley Unit 2 would allow a smaller portion of the
radioactivity to enter the Ohio River. In the LPGS, 87% of the Sr-90 and 31%
of the Cs-137 entered the river. For Beaver Valley Unit 2, less than 1% of
the Sr-90 would enter the river. Virtually all of the Cs-137 would have
decayed before reaching the river.

In the case of the LPGS small river site, approximately 80% of the total
population dose would be from Sr-90 and 20% from Cs-137. Because virtually
all the Cs-137 would decay before reaching the Ohio River, essentially all of
the population dose would be from Sr-90 alone. The percent of Sr-90 entering
the Ohio River is more than 87 times smaller than that in the LPGS. The staff,

7 therefore, concludes that the population dose for Beaver Valley Unit 2 would
also be less that for the LPGS case, and that the liquid pathway at Beaver-

Valley Unit 2 does not pose an unusual contribution to risk when compared to
other land-based sites and is thus small in comparison to the risk posed by ,

airborne pathways.

Finally, there are measures that could be taken to further minimize the impact
of the liquid pathway. As described above, the staff estimated that the ground-
water travel time from the reactor building to the Ohio River would be about
22 years and that the most significant nuclides would be retarded by sorption.
This would allow ample time for engineering measures such as slurry walls and
well point dewatering to isolate the radioactive contamination near the source
and to establish a groundwater monitoring program that would ensure early de-
tection if any contaminants should escape the isolated area. A comprehensive
discussion of these and other mitigation methods potentially applicable to
Beaver Valley Unit 2 is in Harris, Yang, Bynoc, and Warkentien (1982) and
Harris, Winters, and Yang (1982).

.

(5) Economic and Societal Impacts E

As noted in Section 5.9.4.2, the various measures for avoidance of adverse
haalth effects, including those resulting from residual radioactive contamina-
tion in the environment, are possible consequential impacts of severe accidents.
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Calculations of the probabilities and magnitudes of such impacts for Beaver
Valley Unit 2 and its environs have also been made. Unlike the radiation expo-
sure and health effect impacts discussed above, impacts associated with adverse
health effects avoidance are more readily transformed into economic impacts.

TheresultsareshownastheprobabilitydistributionforcostsofIoffsite
mitigating actions in Figure 5.8 and are included in Table 5.10. .The factors
contributing to these estimated costs include the following: * '

evacuation costs-

value of milk contaminated and condemned-

cost of decontamination of property where practical-

indirect costs attributable to loss of use of property and income derived-

therefrom

The last-named costs would derive from the necessity for interdiction to
prevent the use of property until it is either free of contamination or can be I
economically decontaminated.

Figure 5.8 shows that, at the extreme end of the accident spectrum, these
costs could exceed several billion dollars, but that the probability that this
would occur is small (about one chance in one hundred thousand per reactor year).

Additional economic impacts that can be monetized by the RSS consequence model
include costs of decontamination of the facility itself. Another impact is
the cost of replacement power. Probability distributions for these impacts
have not been calculated, but they are included in the discussion of risk
considerations in Section 5.9.4.5(6) below.

[ (6) Risk Considerations

The foregoing discussions have dealt with both the frequency (or likelihood of
occurrence) of accidents and their impacts (or consequences). Because the -

ranges of both factors are quite broad, it is also useful to combine them to
obtain average measures of environmental risk. Such averages provide a useful
perspective, and can be particularly instructive as an aid to the comparison
of radiological risks associated with accident releases and with normal opera-
tional releases.

A common way in which this combination of factors is used to estimate risk is
to multiply the probabilities by the consequences. The resultant risk is then
expressed as a number of consequences expected per unit of time. Such a quan-
tification of risk does not at all mean that there is universal agreement that
the peoples' attitudes about risks, or what constitutes an acceptable risk,
can or should be governed solely by such a measure. At best, it~can be a
contributing factor to a risk judgment, but not necessarily a decisive factor.

Table 5.11 shows average values of risk associated with populatforhdose, early
fatalities, latent fatalities, and costs for evacuation and other protective
actions. These average values are obtained by summing the probabilities
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mutiiplied by the consequencas over the entire range of the distributions.*

i Because the probabilities are on a per-reactor year basis, the averages shown
are also on a per-reactor year basis.

The population exposures and latent cancer fatality risks may be compared with, 1

J those for normal operation shown in Appendix D. The comparison (excluding
exposure to the plant personnel) shows that the accident dose risks (expressedN

in person-reas per reactor year) to the total population are simitar to the
anticipated doses from normal operation, but,the accident dose risks within
80 km (50 miles) are about 10 times higher than the anticipated normal opera-
tion doses within 80 km.

T$e latent cancer fatality A sks from potential accidents can also be compared
to the cancer risk from all other sources. For accidents, this risk, averaged
cler those within 80 km (50 miles) of the Beaver Valley plant, is 1.7 x 10 8
per year per person,4 compared with the cancer fatality risk from all other
sources of 1.9 x 10 3 per ' yea r.

There are no early fatality or economic risks associated with protective
actions and decontamination for normal releases; therefore, these risks are
unique for accidents. For perpective and understanding of the meaning of the
early fatality risk of 2 x 10 3 per reactor year, however, the staff notes
that to a good approximation the population at risk is that within about 16 km
(10 miles) of the plant, which is estimated to be about 166,200 persons in the
year 2010. Accidental fatalities per year for a population of this size,
based upon overall averages for the United States, are approximately 36 from

s motor vehicle accidents, 13 from falls, 5'from drowning. 5 from burns, and 2
from firearms. The average early fatality risk from reactor accidents is thus
an extremely small fraction of the total risk embodied in the combined accident
modes.

Figure 5.9 shows the calculated risk expressed as whole-body dose to an indi-..

vidual from early exposure as a function of the downwind distance from ther
; plant within the plume exposures pathway zone. The values are on a per-reactor-

year basis, and all accident sequences and release categories in Table 5.11
contributed to the dose, weighted by their associated probabilities. -

Evacuation and other\ protective actions can reduce the risks to an individual
of such impacts as early fatality or of latent cancer fatality. Figure 5.10
shows lines of constant risk of early fatality per reactor-year to an individual
living within the emergency planning zone of the Beaver Valley Unit 2 site,
of early fatality as a function of location resulting from potential accidents
in the reactor. Fiqure 5.11 shows similar curves of constant risk of latent
cancer fatality. Directional variations in those plots reflects the variation
in the average fraction of the year the wind would be blowing in different
directions from the plant. For comparison, the following are the risks of
fatality per year to,an individual living in the United States (CONAES,
page 577): automobfle accident 2.2 x 10 4, falls 7.7 x 10 5, drowning

y

3.1 x 10 s, burning 2.9 x 10 5, and firearms L2 x 10 5 -

The economic risk associated with evacuation and other protective khetions
~

could be compared with property damage costs associated with alternative
energy generation technologies. The use of fossil fuels--coal or oil, for,

example--would cause substantial quantities of sulfur dioxide and nitrogen

|+
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oxides to be emitted into the atmosphere and, among other things, lead to
environmental and ecological damage through the phenomenon of acid rain (CGNAES
pages 559-560). This effect has not, however, been sufficiently quantified
for a useful comparison to be drawn at this time.

.

Other Economic Risks
.

'

There are other risks that can be monetized but that are not included in the
cost calculation discussed above. These are accident impacts to the facility
itself that result in added costs to the public. These costs would derive
from decontamination and repair of the facility as well as from increased
expenditures for replacement power while the unit is out of service. Experi-
ence with such costs is currently being accumulated as a result of the Three
Mile Island accident. If an accident occurs during the first full year of
operation of the Beaver Valley Unit 2 (beginning in 1986), the associated
economic penalty is estimated to total approximately $1650 million (1986
dollars) for decontamination and repair of the facility. This estimate is
based on a conservative (high cost) 10% annual escalation of the $950 million
(1980 dollars) repair cost estimate for the Three Mile Island facility (Comp-
troller General, 1981). Although, insurance would cover $300 million or more
of the repair costs, the insurance is not credited against this cost because
the $300 million times the risk probability should theoretically balance the
insurance premium.

In addition to repair costs, the staff estimates there will be additional
annual production expenses of approximately $76 million (1986 dollars) for
replacement power while the unit is out of service. This estimate assumes
that energy that would have been generated by the unit (assuming a 70% average
annual capacity factor) will be replaced primarily by coal-fueled generating
fccilities. Assuming the nuclear unit is out of service for an 8 year period,
replacement power costs during restoration will total $608 million (constant
1986 dollars).| m.

| T
! The probability of a core melt of severe reactor damage is assumed to be as
| high as 10 4 per reactor year (this accident probability is intended to account

for all severe core damage accidents leading to large economic consequences -

for the owner, not just those leading to significant offsite consequences).

Multiplying the sum of the previously estimated repair and replacement power
costs of approximately $2258 million for an accident to the unit during the
initial year of its operation by the above 10 4 probability, results in an
economic risk of approximately $225,800 during the first year (1986 dollars,
or for the purpose of comparison with other costs presented in this section,
$127,500 in 1980 dollars). This is also the approximate economic risk (in
1986 dollars) to Beaver Valley Unit 2 during e r b subsequent year of opera-
tion, although this amount will gradually decrease as the nuclear unit depre-
ciates in value and operates at a reduced annual capacity factor.

Regional Industrial Impacts

Asevereaccidentthatrequirestheinterdictionand/ordecontaminktionof
land areas will force numerous businesses to temporarily or permanently close.
These closures would have additional economic effects beyond the contaminated
areas through the disruption of regional markets and sources of supplies. This
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section provides estimates of these impacts which were made using: (1) the )
RSS consequence model discussed elsewhere in this section, and (2) the Regional
Input-Output Modeling System (RIMS II), developed by the Bureau of Economic
Analysis (BEA) (NUREG/CR-2591).

The industrial impact model developed by BEA takes into account'co'ntamination
levels of a physically affected area defined by the RSS consequence model.
Contamination levels define an interdicted area immediately surrounding the
plant, followed by an area of decontamination, an area of crop interdiction,
and finally an area of milk interdiction. (The industry-specific impacts are
estimated for the four accident sequences listed in Table 5.9.)

Assumptions used in the analysis include the following:

In the interdicted area, all industries would lose total production for-

more than a year.

In the decontamination zone, there would be a 3-month loss in nonagricul->

tural output; a 1 year loss in all crop output, except there would be no'
loss in greenhouse, nursery, and forestry output; a 3-month loss in dairy
output; and a 6-month loss in livestock and poultry output.

In the crop interdicted area, there would be no loss in nonagricultural-

output; a 1 year loss in agricultural output, except no loss in green-
house, nursery, and forestry output; no loss in livestock and poultry
output; and a Z-month loss of dairy output.

In the milk interdiction zone, there would be only a 2-month loss in-
-

dairy output.

The estimates of industrial impacts are made for an economic study area that
consists of a physically affected area and a physically unaffected area. An

7 accident that causes an adverse impact in the physically affected area (for
- example, the loss of agricultural output) could also adversely affect output

in the physically unaffected area (for example, food processing). In addition
to the direct impacts in the physically affected area, the following additional .

impacts would occur in the physically unaffected area:

decreased demand (in the physically affected area) for output produced in-

the physically unaffected area

decreased availability of production inputs purchased from the physically-

affected area

Only the impacts occurring during the first year following an accident are
considered. The longer term consequences are not considered because they will
vary widely, depending on the level and nature of efforts to mitigate the
accident consequences and to decontaminate the physically affected areas. The
estimates assume no compensating effects such as the use of unusecTeapacity in
the physically unaffected area to offset the initial lost production in the
physically affected area, or income payments to individuals displaced from
their jobs that would enable them to maintain their spending habits. These
compensating effects would occur over a lengthy period. The estimates using
no compensating effects are the best measures of first year economic impacts.
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Table 5.12 presents the regional economic output and employment impacts and
corresponding expected risks associated with the different release categories.
The estimated overall risk value using output losses as the measure of accident
consequences, expressed in a per-reactor year basis, is $23,627. This number
is composed of direct impacts of $19,902 in the nonagricultural. sector and
$1138 in the agricultural sector, and indirect impacts of $2587 from decreased
export and supply constraints. The corresponding expected employment loss per
reactor year is about 0.9 job. It should be noted that 34% of ths expected
losses, or $8073, results from releases occurring toward the east southeast.
On an absolute basis, the impacts from the Event V and TMLB' releases to the
east southeast are the greatest and would result in a loss of $7.1 billion and
264,000 jobs. Releases from the PWR 7 scenarios, on the other hand, contribute
nothing to the total economic risk.

The staff has also considered the health care costs resulting from hypothetical
accidents in a generic model developed by the Pacific Northwest Laboratory.

Based upon this generic model, the staff concludes that such costs may be a
fraction of the offsite costs evaluated herein, but that the model is not
sufficiently constituted for application to a specific reactor site (Nieves,
1983).

(7) Uncertainties

The probabilistic risk assessment discussed above has been based mostly upon
the methodology presented"in the RSS, which was published in 1975. Although
substantial improvements have been made in various facets of the RSS method-
ology since the RSS was published, there are still large uncertainties in the
results of the analysis presented in the preceeding sections, including uncer-
tainties associated with the likelihoods of the accident sequences and contain-
ment failure modes leading to the release categories, the source terms for the
release categories, and the estimates of environmental consequences. The rela-

7 tively more important contriLators to uncertainties in the results presented
in this environmental statement are as follows:-

Probability of Occurrence of Accident-
-

.

If the probability of a release category would change by a certain factor,
the probabilities of various types of consequences from that release cate-
gory would also change by exactly the same factor. Thus, an order of mag-
nitude uncertainty in the probability of a release category would result
in an order of magnitude uncertainty in both societal and individual risks
stemming from the release category. As in the RSS, there are substantial
uncertainties in the probabilities of the release categories. This is due,
in part, to difficulties associated with the quantification of the human
error and to inadequacies in the data base on failure rates of individual

'

plant components and in the data base on external events and their effects
on plant systems components that are used to calculate the probabilities.

Anotherrelatedareaofuncertaintyinvolvesrisksfromexter[nallycaused.

accidents (such as earthquakes, floods and events caused by people, includ-
ing sabotage). Although such risks have not been evaluated for Beaver
Valley Unit 2, some of these types of risks have been evaluated for Indian
Point, Millstone Unit 3, Limerick, and Zion. In those evaluations, such

,
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risks were found to be within a factor of less than 100 times greater than
risks from: internally initiated accidents at the corresponding plants.
Such experiences in plant-specific probabilistic risk assessments cannot
be extended directly to Beaver Valley Unit 2 because of site and plant
design characteristics. However, the staff judges such risks,to be
within the uncertainty bounds discussed below.

.

Quantity and Chemical Form of Radioactivity Released :.

This relates to the quantity of each radionuclide species, and its chemical
form, that-would be released from a reactor unit during a particular acci-
dent sequence. Such releases would originate in the fuel and would be
attenuated by physical and chemical processes in route to being released
to the environment. Depending on the accident sequence, attenuation in
the . reactor vessel, the primary cooling system, the containment, and adja-
cent buildings would influence both the magnitude and chemical form of
radioactive releases. The source terms used in the staff analysis were
determined using the RSS methodology applied to a PWR of the same design
as the Surry plant. Therefore, the RSS methodology may not have been
fully appropriate for Beaver Valley Unit 2. Information available in
NUREG-0772 indicates that best-estimate source terms cannot be much worse
than the larger source terms used in the analysis, but could be substan-
tially lower than the source terms used here for the same types of initiat-
ing accident sequences. The' impact of smaller source terms would be lower
estimates of health effects, particularly early fatalities and injuries.

Atmospheric Dispersion Modeling for the Radioactive Plume Transport,-

Including the Physical and Chemical Behavior of Radionuclides in Particu-
"

late Form in the Atmosphere

This uncertainty relates to the differences in modeling the atmospheric
transport of radioactivity in gaseous and particulate states, and the

[ 7 -actual transport, diffusion, and deposition or fallout that would occur
- during an accident (including the effects of condensation and precipita-

tion). The phenomenon of plume rise as a result of the heat associated
c

- with the atmospheric. release, the effects of precipitation on the plume, .
'

- and fallout of particulate matter from the plume all have considerable-

; impact on the magnitudes.of early health consequences and on the distance
- from the reactor to which these consequences would occur. The staff judg-

ment is that these factors can result in substantial overestimates or
underestimates of both early.and later effects (both health and economic).#

Other areas that have substantial but relatively less effect on uncertainty
than.the preceding items are

:

! -- Release Duration and Energy of Release, Warning Time, and Inplant
Radionuclide Decay Time

-

These areas relate to the differences between assumed release duration,,

| . energy of release, and-the warning and the inplant radioact Wity decay
times compared with those that would actually occur during aireal accident.

| For.an atmospheric release of a relatively long duration (greater than a
half-hour), the actual cross-wind spread (the width) of the radioactivet
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plume that would develop would likely be larger than the width calculated
by the dispersion model in the code used by the staff (CRAC). However,
the effective width of the plume is calculated in the code using a plume
expansion factor that is determined by the release duration. For a given
quantity of radionuclides in a release, the plume and, theref. ore, the area
that would come under its cover would become wider if the release duration
were made longer. In effect, this would result in lower air'and ground
concentrations of radioactivity, but a greater area of contamination.

The thermal energy associated with the release affects the plume rise
phenomenon, which results in relatively lower air and ground concentra-
tions in the closer regions and relatively higher concentrations as a
result of fallout in the more distant regions. Therefore, if a large
thermal energy were associated with a release containing large fractions
of the core-inventory of radionuclides, the distance from tht reactor
over which early health effects may occur could increase. If, on the
other hand, the release behavior were dominated by the presence of large
amounts of condensing steam, very much the reverse could occur, because
of the close-in deposition of radionuclides induced by the falling water
condensed from the steam.

The warning time before evacuation has considerable impact on the effec-
tiveness of offsite emergency response. Longer warning times would
improve the effectiveness of the response.

The time from reacttr shutdown until the beginning of the release to the
environment (atmosphere), known as the time of release, is used to calcu-
late the depletion of radionuclides by radioactive decay within the plant
before release. The depletion factor for each radionuclide (determined
by the radioactive decay constant and the time of release) multiplied by
the release fraction of the radionuclide and its core inventory deter-
mines the actual quantity of the radionuclide released to the environment.t

22. Later releases would result in the release of fewer curies to the environ--
i

; ment for given values of release fractions.

- The first three of the above parameters (duration and energy of release .

and warning time) can have significant impacts on accident consequences,-

| particularly on early consequences. The staff judgment is that the early
| - consequences and risks calculated for this review could be substantial
j underestimates or overestimates, because of uncertainties in the first
j three parameters.
;

Meteorological Sampling Scheme Used-

This relates to the possibility that the meteorological sequences used
with the selected 91 start times (sampling) in the CRAC code may not'

,

! adequately represent all meteorological variations during the year, or
| that the year of meteorological data may not represent all pojisible con-

ditions. This factor is judged to produ;e greater uncertainties for .

early effects and less for latent effects.
,

i -=
!
|

|
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1

Emergency Response Effectiveness-
,

This~ relates to.the differences between modeling assumptions regarding.

the emergency response of the people residing near the Beaver Valley site
compared to what would happen during an actual severe reactor accident.
Included in these considerations are such subjects as the sffectiveness2

' of evacuation under different circumstances, the effectivenesi of possible
'

sheltering, and the effectiveness of population relocation. The staff
1 judgment:is that the uncertainties associated with emergency response
effectiveness could cause large uncertainties in early health conse-
quences. The uncertainties in latent' health consequences and costs are
considered to be smaller than those for early health consequences.:

Dose Conversion Factors and Dose Response Relationships for Early Health-
,

Consequences, Including Benefits of Medical Treatment
;

-This relates to the uncertainties associated with estimates of dose and
early health effects on individuals exposed to high levels of radiation.

i Included are the uncertainties associated with the conversion of contam-
ination levels to doses, relationships of doses to health effects, and

, , considerations of the availability of what was described in the RSS as
supportive medical treatment (a specialized medical treatment program of
limited availability that would minimize the early health effect conse-
quences of high levels of radiation exposure following a severe reactor
accident). Previous staff analysis indicates that uncertainty for this
last source is less than a factor of 3.e

Dose-Conversion Factors and Dose-Response Relationships for 13 tent Health-

Consequences
i

This relates to the uncertainties associated with dose estimates and
latent (delayed and long-term) health effects on individuals exposed to

! ' 7 lower levels of radiation and on their succeeding generations. Included
are the uncertainties associated with~ conversion of contamination levels' -

| to doses and doses to health effects. The staff judgment is that this
| -

- category has a large uncertainty. The uncertainty could result in rela-
'

,

tively small underestimates of consequences, but also in substantial _-

overestimates of consequences. (Note: radiobiological evidence on this '

- subject could indicate zero consequences.)
_

Chronic Exposure Pathways, Includina Environmental Decontamination-and-

the Fate of Deposited Radionuclides

This relates to uncertainties associated with chronic exposure pathways
to humans frc'n long-term use of the contaminated environment; Uncertainty

p arises-from the possibility of different protective' action guide levels
.that may actually be_used for interd ct on or decontamination of the ex-i i
posure pathways from those assumed in-the-staff analysis. -Further,-uncer-:

tainty arises because there is a lack of precise knowledge about the fate
' 4 - of the radicnuclides-in the environment as influenced by natural processes

such as runoff, weathering, etc. The' staff's _ qualitative jud0 ment i; that
the_ uncertainty-from these considerations is substantial.
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Economic Data and Modeling-

This relates to uncertainties in the economic parameters and economic model-
ing, such as costs of evacuation, relocation, medical treatment, cost of
decontamination of properties, and other costs of property.dapage.Uncer-
tainty in this area could be substantial.

7

The state of the art for quantitative evaluation of the uncertaintfes in the
probabilistic risk analysis such as the type presented here is not well devel-
oped. Therefore, although the staff has made a reasonable analysis of the
risks presented herein consistent with current data and methodology, there are
large uncertainties associated with the results shown. It is the qualitative
judgment of the staff that the uncertainty bounds could be well over a factor
of 10, but not as large as a factor of 100. Within these uncertainty bounds,
however, the uncertainties associated with the probability-integrated values
consequences (the risks) are likely to be less (although still large) than
uncertainties in the curves in the figures showing probability distribution of
consequences because of the partial cancellation of uncertainties by integration.

; When the accident at Three Mile Island occurred in March 1979, the accumulated
record of experience with operating reactors was about 400 reactor years. It
is of interest to note that this implied accident frequency was within the
range of frequencies estimated by the RSS for an accident of this severity
(CONAES, page 553).

The Three Mile Island accident has resulted in a very comprehensive evaluation
of reactor accidents by a significant number of investigative groups. Actions
to improve the safety of nuclear power plants have come out of these investiga-
tions, including those from the President's Commission on the Accident at Three
Mile-Island (1979), and NRC staff investigations and task forces. A comprehen-
sive "NRC Action Plan Developed as a Result of the TMI-2 Accident" (NUREG-0660,
Vol I) contains the various recommendations of these groups and describes them

7 under the subject areas of: Operational Safety; Siting and Design; Emergency
- Preparedness and Radiation Effects; Practices and Procedures; and NRC Policy,

Organization, and Management. The action plan presents a sequence of actions,
some already taken, that results in a gradually increasing improvement in .

safety as individual actions are completed. Beaver Valley Unit 2 is receiving-

and will receive the benefit of these actions.
.

(8) Comparison of Beaver Valley Unit 2 Risks with Other Plants

To provide a perspective as to how Beaver Valley Unit 2 compares in terms of
risks from severe accidents with some of the other nuclear power plants that
are either operating or that are being reviewed by the staff for possible
issuance of a license to operate, the estimated risks from severe accidents
for several nuclear power plants (including those for Beaver Valley Unit 2)
are shown in Figures 5.12 through 5.20 for three important categories of risk.
The values for individual plants are based upon three types of estimates: from
the RSS (labeled WASH-1400 Average Plant), from independent staff reviews of
contemporary probabilistic risk assessments (Indian Point 2 and 3," Zion,'

Limerick, and Millstone 3), and from generic applications of RSS (ethodology to
reactor sites for environmental statements by the staff (for 27 nuclear power
plants). Figure 5.12 indicates that the calculated risk of early fatality at
the. Beaver Valley site is higher than the median of the plants evaluated.
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Figures 5.13 and 5.14 show that the calculated risk of latent cancer fatali-
ties are slightly higher than the median of the plants evaluated. Figures 5.15 ;

through 5.20 show the range of estimated uncertainties for the three measures
of risk.

5.9.4.6 Conclusions *

.

The foregoing sections consider the potential environmental impacts from acci-
dents at Beaver Valley Unit 2, covering a broad spectrum of possible accidental
releases of radioactive materials into the environment by atmospheric and ground-
water pathways. Included in the considerations are postulated design-basis acci-
dents and more severe accident sequences that lead to a core melt. The environ-
mental impacts that have been considered include potential releases of radioac-'

| tivity to the environment with resulting radiation exposures to individuals and
to the population as a whole, the risk of near- and long-term adverse health

; effects that such exposures could entail, and the potential economic and socie-
tal consequences of accidental contamination of the environment. These impactsa

could be severe, but the likelihood of their occurrence is judged to be small.
'

This conclusion is based on (1) the fact that considerable experience has been
,

i gained with the operation of similar facilities without significant degradation
of the environment; (2) the fact that, in order to obtain a license to operate
the Beaver Valley facility, the applicant must comply with the applicable Com-

,

mission regulations and requirements; and (3) the fact that a probabilistic
assessment of the risk based upon the methodology developed in the RSS.

i

! The overall assessment of environmental risk of accidents, assuming protective
actions, shows that it is on the same order as the risks from normal operation,,

: although accidents have a potential for early fatalities and economic costs
that cannot arise from normal operations. The risks of early fatality from a

3

! -potential accident at the site are small in comparison with risks of accidental
i deaths from other human activities. The risks of latent cancer fatalities from

~

potential accidents at the site are small when compared with the background can-
~

,

[ 7_J. cer risk (see Section 5.9.4.5(6)).
i~ On the basis of the above considerations, the staff concluded that there are-

- no special or unique circumstances about the Beaver Valley site and environs'

~
- that would warrant consideration of alternatives for Beaver Valley Unit 2.

- 5.10 Impacts from the Uranium Fuel Cycle

The uranium fuel cycle rule, 10 CFR 51.51 (49 FR 9388), reflects the latest
information relative to the reprocessing of spent fuel and to radioactive waste
management as discussed in NUREG-0116, " Environmental Survey of the Reprocessing
and Waste Management Portions of the LWR Fuel Cycle," and in NUREG-0216, which
presents staff responses to comments on NUREG-0116. The rule also considers
other environmental factors of the uranium fuel cycle, including aspects of
mining and' milling, isotopic enrichment, fuel fabrication, and management of

; low- and high-level wastes. These are described in the AEC report WASH-1248,
" Environmental Survey of the Uranium Fuel Cycle." The NRC' staff was also;

; directea to develop an explanatory narrative that would convey in mnderstand-
| able terms the significance of releases in Table S-3 of the rule. ;The narrative
: was also to address such important fuel cycle impacts as environmental dose com-

mitments and health effects, socioeconomic impacts, and cumulative impacts,'

where these are appropriate for generic treatment. This explanatory narrative
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was published in the Federal Register on March 4, 1981 (46 FR 15154-15175).
Appendix C to this report contains a number of sections that address those
impacts of the LWR-supporting fuel cycle that reasonably appear to have signi-
ficance for individual reactor licensing sufficient to warrant attention for
NEPA purposes.

,

Table S-3 of the final rule is reproduced in its entirety as Table 5.13*
herein. Specific categories of natural resource use included in the table
relate to land use, water consumption and thermal effluents, radioactive
releases, burial of transuranic and high- and low-level wastes, and radiation
doses from transportation and occupational exposures. The contributions in
the table for reprocessing, waste management, and transportation of wastes are
maximized for either of the two fuel cycles (uranium only and no recycle);
that is, the cycle that results in the greater impact is used.

Appendix C to this report contains a description of the environmental impact
assessment of the uranium fuel cycle as related to the operation of Beaver
Valley Unit 2. The environmental impacts are based on the values given in
Table S-3, and on an analysis of the radiological impact from radon-222 and
technetium-99 releases. The NRC staff has determined that the environmental
impact of this facility on the U.S. population from radioactive gaseous and
liquid releases (inclufing radon and technetium) due to the uranium fuel cycle
is very small when compared with the impact of natural background radiation.

- In addition, the nonradiological impacts of the uranium fuel cycle have been
found to be acceptable.

5.11 Decommissioning

The purposes of decommissioning are (1) to safely remove nuclear facilities
from service and (2) to remove or isolate the associated radioactivity from the
environment so that the part of the facility site that is not permanently com-
mitted can be released for other uses. Alternative methods of accomplishing

i these purposes and the environmental impacts of each method are discussed in
7 NUREG-0586.

Since 1960, 68 nuclear reactors--including 5 licensed reactors that had been
.

- used for the generation of electricity--have been or are in the process of being
decommissioned. Although, to date, no large commercial reactor has undergone
decommissioning, the broad base of experience gained from smaller facilities
is generally relevant to the decommissioning of any type of nuclear facility.

Section 4.3 of NUREG-0586 presents estimates of radiation doses to members
'of the public and to plant workers for decommissioning of a reference pres-

surized water reactor.

Radiation doses to the public as a result of end-of-life decommissioning activ-
ities should be small; they will come primarily from the transportation of

*The U.S. Supreme Court has upheld the validity of the S-3 rule in Baltimore
Gas & Electric Co., et al. v. Natural Resources Defense Council,:Inc.,
No. 82-524, issued June 6, 1983, 51 U.S. Law Week, 4678.
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waste to appropriate repositories. Radiation doses to decommissioning workers
should be well within the occupational exposure limits imposed by regulatory
requirements.

The NRC is currently conducting rulemaking proceedings that will develop a more
explicit overall policy for decommissioning commmercial nuclear ~fa[cilities.
Specific licensing requirements are being considered that include the develop-
ment of decommissioning plans and financial arrangements for decommissioning'

nuclear facilities.

5.12 Noise Impacts

Sound pressure levels expected to occur from the operation of Beaver Valley
Units 1 and 2 have been calculated for

(1) seven ambient noise survey positions (R1 to R7) in the vicinity of the site
(see Figure 5.21), as chosen by the applicant

(2) the three nearest residences (RFI to RF3) representative of the residential
area just east of the site (see Figure 5.22).

Locations R1 to R7 were used in both 1977 and 1983 to measure octave band sound
pressure levels and A-weighted sound pressure levels. The exact locations of
R1 to R7 are given in Table 5.14. All are potential noise-sensitive locations in
the community. During the 1977 survey, two units of the Bruce Mansfield Power
Station were in operation and a third unit was under construction. During the
1983 survey, Beaver Valley Unit 1 and three units of the Bruce Mansfield Plant
were in operation. Daytime and nighttime measurements were made in both the
1977 and the 1983 surveys.

Further details on these measurements are in ER-OL Section 2.7 and the responses
to staff questions E290.5 through E290.9. These data provide the most represen-

r tative information on ambient noise levels in the vicinity of the plant. For
t the purposes of its calculations, the staff assumed that the residual ambient

at each receptor location R1 to R7 could be best represented by the lowest sound
'

pressure level measured during the 1977 and 1983 surveys. A minimum sound pres ,
,

- sure level was therefore chosen for each octave band from the four measured
values: daytime 1977, nighttime 1977, daytime 1983, and nighttime 1983.

- Ambient noise data from R2 was assumed to be representative of receptors
RF1 to RF3.

It should be noted that the ambient noise levels at the plant site vicinity is
high in comparison to other nuclear plants located in rural communities. In
fact, the noise-sensitive areas adjacent to the site reveal an average day / night
sound level (Ldn) exceeding 55 dBA (ER-OL Table 5.6-1). The EPA (1974) has
identified an L f 55 dBA as the maximum level for residential areas above

dn
which interference with speech, sleep, relaxation, privacy, and-other activi-
ties may occur. {
The major noise sources at the site are p
(1) the two natural draft cooling towers
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(2) 10 transformers (Each unit has one main transformer (945 MVA), two unit
station service transformers (32 MVA each), and two system station service
transformers (32 MVA).)

The natural draft cooling towers emit noise of a broadband nature ,and the
transformers emit noise of a tonal nature at the discrete frequencies 120,
240, 360, and 480 Hz. *

Staff calculations were made based on a University of Illinois /Argonne National
Laboratory (UI/ANL) computer model by Dunn et al. (1982). That model is based
largely on the Edison Electric Institute (EEI) Environmental Noise Guide (Bolt,
Beranek and Newman, 1978) and was used to predict the effect of the above plant
noise sources on the 10 community receptors. Calculations were made using only
the significant noise sources listed above. Other noise sources at the site
lead to insignificant contributions to community noise levels because of their
location inside buildings, the intermittent nature of some sources, or the low
sound power level of other sources. The relatively large distances from these
sources to the nearby sensitive areas is further responsible for the negligible
contribution from those sources. The two natural draft cooling towers and 10
transformers were assumed to be in operation continuously and throughout the
day and night. Standard day conditions (15*C ambient temperature and 70%
relative humidity) were also assumed. Source data on natural draft cooling
tower noise came from the EEI Noise Guide. Data on the noise level of the
transformers came from Gordon et al. (1978).

Data on transformers of similar MVA rating were examined, and the staff chose
the data that represented the strongest source of noise for each transformer.
A conservative assumption was also made in neglecting attenuation as a result

'~ of intervening trees and-barriers between the sources and receptors.
.

Model predictions were carried out in two steps. First, the increase in
ambient noise at all 10 receptor points was computed on the bases to the two

7 natural draft cooling towers alone. The community impact of the increased
- broadband noise was then determined (details are presented below).

, The second step involved a rerun of the UI/ANL noise computer model employing-

.

|
- the "new" ambient represented by the increased broadband noise in the community

j because of the cooling towers. In this second run, only the transformer core
- tones at 120, 240, 360, and 480 Hz were modeled. The cooling tower noise was

found to increase the masking level of the ambient and thereby assisted in
making the transformer tones inaudible. The results of step 2 showed that
only the 120-Hz tone would be audible and then only at R2, RF1, RF2, and RF3.,

j Even then, the tone sound level is less than 5 dB above masking level, the
threshold for an expectation of individual complaints from transformer tonal
noise (Ver and Anderson, 1977). Even the "old" ambient level at each receptor
was high and provided significant masking. The increase in the ambient because
of the cooling tower noise provided considerable incremental masking of the
transformer tones at the core tone frequencies.

_

' Tables 5.15 and 5.16 summarize the noise predictions from the two , natural
draft cooling towers (part of the first step, above).

Table 5.16 gives the expected community reaction at each of these receptor
locations in terms of the modified composite noise rating (CNR) (Bolt, Beranek
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and Newman, 1978). Tables 5.15 and 5.16 and Figure 5.23 show that the reactions
at each receptor R1 to R7 and RF1 to RF3 range from "no reaction" to " widespread
complaints." At RF1 to RF3 and R2 the increase in noise resulting from the
cooling towers may, therefore, lead to complaints from persons at those
residences.

,

Theabovecalculationsweremadeemployingtwoimportantassumpti$ns. First,
the sound power levels for the cooling towers and transformers were taken from
the literature, because no data were available from the manufacturer in each
case. There is some uncertainty in that the noise levels for the natural
draft cooling towers purchased by the applicant may differ from that provided
for an " average" natural draft cooling tower in the EEI Noise Guide. If noise
levels are made available from the manufacturer, they might provide the basis
for more accurate noise predictions. The same applies to the transformer noise
for which sound power data were taken from the literature from transformers of
similar MVA rating and other transformer characteristics. A complete match
could not be made, however, because of the limited quantity of manufacturer's
data that have been published.

Second, noise attenuation from intervening trees, vegetation, and barriers
between the residences and noise sources has been neglected. For instance, no
offsite receptor is believed to have an unblocked direct line of sight to the
two main transformers because of the intervening turbine buildings. This
barrier effect has been neglected in the calculations. Some barrier effects
are also present that may reduce cooling tower noise. Some of the conservatism
built into the neglect of barrier effects may be counterbalanced in part by
the uncertainty as to the true residual ambient since ambient measurements
were made only over short periods of time (few days).

The issue of the impact of loudspeaker noise on the receptor points was also
evaluated. Figure 5.24 shows the locations of the eight loudspeakers to be
present during plant operation. Table 5.17 lists the loudspeaker locations,

i axial directions, and other pertinent data. The potential for loudspeaker
7 annoyance in the community during plant operation was identified as a potential

problem by a resident in the RF1 to RF3 area. This resident had been complaining
of the noise resulting from a different and more extensive loudspeaker system ,

- present during plant construction. The sound power level of the loudspeakers
were taken from the EEI Noise Guide. The directional effects of the louspeaker

noise were included in the staff's calculations. Because of the orientation
of the axis of the loudspeakers away from the critical residences (R2, and
RF1 to RF3), the increase in sound level at those residences is calculated to
be less than 1 dB, a value not sufficient for audibility at those residences.

5.13 Emergency Planning Impacts

In connection with the promulgation of the Commission's upgraded emergency
planning requirements, the NRC staff issued NUREG-0658, " Environmental Assess-
ment for Effective Changes to 10 CFR Part 50 and Appendix E to 10-CFR Part 50;
Emergency Planning Requirements for Nuclear Power Plants." The st~sff believes
the only noteworthy potential source of impacts to the public from' emergency
planning would be associated with the testing of the early notification
system.

,
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The test requirements and noise levels will be consistent with those used for
existing systems; therefore, the NRC staff concludes that the noise impacts>

from the system will be infrequent and insignificant.

5.14 Environmental Monitoring
,

.

5.14.1 Terrestrial Monitoring
~

Preoperational monitoring studies for Unit 2 are based primarily on the Unit 1
operational monitoring programs, which are described in the 1974 baseline
study and the annual environmental reports (NUS, 1976; Duquesne, 1977, 1979,
and 1981). .These studies showed that there were no Unit 1 operational impacts
on flora and that the number of birds killed at the cooling tower was insigni-
ficant. Thus, the only terrestrial monitoring planned for Unit 2 is continued,

infrared aerial photography every other year. The photographs will be compared
( with preoperational photographs of the Unit 2 area, and any signs of injury as

a result of salt drift and other sources will be checked (ER-OL Section 6.2.4.3).
The details of this program will be s.pecified in the Environmental Protection
Plan that will be included as Appendix B of the operating license. Monitoring
the possible effects of power lines on terrestrial. ecology is not considered
necessary.

5.14.2 Aquatic Monitoring s

;- Nonradiological aquatic monitoring of potential Unit 2 effects will be deter-
mined by the state through the NPDES permit (see Appendix G). (The applicant

' asked that this permit be revised to include Unit 2 on March 15, 1983.) Many
of the monitoring requirements set for Unit 1 by NPDES Permit 0025615 are also
relevant to Unit 2 (see Tables 4.4, 4.5, and 4.6).

5.14.3 Atmospheric Monitoring

7 The FES-CP did not describe the onsite meteorological measurements program.
The present onsite meteorological measurements program was initiated in-

January 1976. Measurements are made on a tower extending 152 m (500 feet)
above a grade of 223 m (730 feet) ms1. The tower is about 1100 m northeast ofL

- the Beaver Valley Unit I reactor structure and about 800 m northeast of the
.

j
natural draft cooling tower locations for both units.

The following meteorological measurements are made on the tower: wind speed
and direction at the 10.7-m, 45.7-m and 152-m levels; vertical temperature
gradient between the 45.7-m and 10.7-m levels and between the 152-m and 10.7-m
levels; and temperature and dewpoint at the 10.7-m level. Precipitation is
measured at an elevation of about 1 m above grade near the tower.

The joint data recovery for wind speed and wind direction at the 10.7-m level
and atmospheric stability (defined by the vertical temperature difference t
between the 45.7-m and 10.7-m levels) for the 5 year period January 1976 to,

| December 1980 presented in the FSAR was 90%, with yearly data recovery ranging
from 85% to 93%. The joint data recovery for wind speed and wind ~ direction at'

the 152-m level and atmospheric stability (defined by vertical tesiperature
difference between the 152-m and 10.7-m levels) for the 5 year period was 88%,
with yearly data recovery ranging from 79% to 93%.

| <
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The meteorological measurements systems complies wita the accuracy specifica-
tions in Regulatory Guide 1.23, "Onsite Meteorological Programs." However,
the ER-OL states that changes in the meteorological tower location in
January 1976 produced a shift in the prevailing wind direction data and that
this shift resulted from the channeling effect of the valley. Therefora, the -

staff asked the applicant to provide additional information to denionstrate
that data from the current tower location was adequate for the determination,

of atmospheric dispersion. The applicant's response demonstrated.that adequate
estimates of dispersion could be made using these data.

'

Whether the onsite data for the 5 year period is representative of long-term
conditions was determined by comparing data from the concurrent 5 year period
for Pittsburgh with data from a 28 year period for Pittsburgh. These comparisons
indicate that reasonable long-term estimates of atmospheric dispersion for
accidental and routine releases of radioactive effluents can be made from the
5 year record of onsite data.

5.14.4 Noise Monitoring

Because of the uncertainty in the staff's assumptions regarding the exact cool-
ing tower and transformer sound power levels and in the variation in background

'

levels during the year, the staff will require that the applicant conduct a
short-term noise monitoring program during the first year of plant operation.
The purpose of this program is to quantify operational phase noise levels and
the mitigative measures necessary, if any, to reduce adverse impacts on the
vicinity of the Beaver Valley Station. An evaluation of noise impacts at R2
and in the area of RF1 to RF3 is to be made in tarms of broadband and tonal
noises and noise related complaints, including the effects of the nearest
loudspeakers. Noise measurements are to be made on a one-third octave band
basis along with A-weighted and statistical indicators L90' l50' eg (l90l s

the sound level exceeded 90% of the time; L'9 is the energy-based sound levelintegrated over a specified time period)._

7
~

Measurements are to be made twice a year (for 1 year), once in the wintertime
and once in the summertime. Data are to be acquired during both daytime and

!
~

nighttime (12 midnight to 4 a.m.) periods. A compariso'n of measured noise -

| levels compared to the 1977 and 1983 ambients is to be made. The details of
! this short term monitoring program will be included in the Environmental Pro-
[ tection Plan (EPP) for the site. The measurement of one-third octave band

spectra (rather than octave band) should provide sufficient data to isolate'

| the transformer tones and enable a more precise assessment of their impacts
! (if,any).

Community impacts are to be evaluated by the applicant from these measurements,
in terms of incremental broadband and tonal noise and from any plant-noise-

| related complaints. The audibility of the loudspeaker system at offsite resi-
dential locations is also to be evaluated as an intermittent source during day-'

time and nighttime. r --

~~

~
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consequences. Bars are drawn to illustrate effect of uncertainty

range discussed in text. See footnotes following Figure 5.20.
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Notes for Figures 5.12 through 5.20

Except for Indian Point, Zion, Limerick, Braidwood, Hope Creek, NMP-2, and-

WNP-3, risk analyses for other plants in these figures are based on WASH-1400
generic source terms and probabilities for severe accidents and do not include
external :"ent analyses. The staff and the applicants extensivgly reviewed
Indian Point 2 and 3, Zion, Limerick, and Millstone 3, including externally
initiated accidents. The staff briefly reviewed Braidwood, Hope Creek, NMP-2,
and WNP-3 to determine the plant-specific release category probibilities
considering internal events only. On the basis of these reviews, the staff,

concludes that any or all of the values could be under- or over-estimates of
the true risks.

1-01 = 1 x 10 1

ftWith evacuation within 16 km (10 miles) and relocation from 16 to 40 km
(10 to 25 miles).

a'

Excluding severe earthquakes and hurricanes.

NOTE: Please see section 5.9.4.5(7) for discussion of uncertainties.
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Table 5.1 Expected avoidance temperatures of selected
fishes at the Beaver Valley site, C

Species Avoidance temperature

Winter Summed
mean mean i_
river riveri
tempera- tempera-
ture ture

2.5 26.4

Spottail shiner * 31.7
Spotfin shiner 16.3 31.1
Bluntnose minnow ** 16.9 * **

,

Bluntnose minnow *** 14.1 32.5
Brown bullhead * 33.3

Channel catfish 16.2 33.8
Pumpkinseed 18.1 35.1
Bluegill 24.7 33.8

Smallmouth bass * 33.6

Largemouth bass 19.2 34.1

White crappie 16.8 31.6

Walleye 21.6 31.7

.

Yellow perch * 32.1

F Range of avoidance AT 1.6 to 22.2 4.7 to 8.7

* Acclimation temperature outside range of acclimation temper-.
*

atures tested.,

**For rising ambient temperatures.
'

***For falling ambient temperatures.

Source: Regression coefficients for avoidance temperature and
acclimation temperature reported in Mathur et al.
(1983), Table 1.

**

F
b

.s
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Tablo 5.2 Upstrea -d:wnstreaa comparis:n of p:pulation d:nsities of
organisms at the Beaver Valley site, 1977-19798

Year
Organisms 1977 1978 1979

Benthos .[
01igochaetes 0/4 0/4 10/4
Chironomids 0/4 0/4 i 0/4Mollusks 0/4 0/4 0/2
Total 0/4 0/4 0/4

Phytoplankton

Chlorophytes 0/12 1/12 1/12
Chrysophytes 0/12 0/12 0/12
Cyanophytes 0/12 0/12 0/12
Cryptophytes 0/12 1/12 2/12
Microflagellates 0/12 0/12 0/12

, Total 0/12 0/12 0/12,

Zooplankton

Protozoans 0/12 1/12 0/12
Rotifers 3/12 0/12 4/12
Total 0/12 0/12 1/12

- Ichthyoplankton

Larvae 1/6 0/6 0/6

*The first number in each column represents the number of comparisons
in which the upstream-downstream difference exceeded the criterion,
based on preoperational variability; the second represents the total-

number of comparisons in the year.
Source: Duquesne, 1978, 1979, and 1980, Tables III-2, -3, -4, and -5.

F

. Table 5.3 Estimated state taxes to be paid on ~

Beaver Valley Unit 2 ($ hundreds)*
.

Pennsylvania Ohio

Public Gross Corporate Public
Year utility realty - receipts income utility excise

1987 18,487 2,401 9,118 12,911
1988 18,025 1,939 9,765 9,876
1989 18,533 2,651 10,603 13,844
1990 17,041 2,280 9,749 11,500
1991 16,549 2,393 8,870 12,08$

* Dollars are valued in year stated.
,

Source: ER-OL Table E310.6
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Table 5.4 Incidence of job-related mortalities*

Mortality rates ,,

Occupational group (premature deaths per 105 person years)
,

-1
Underground metal miners * ~1300 i
Uranium miners * 420 I
Smelter workers * 190 i

Mining ** 61

Agriculture, forestry, and fisheries ** 35 .

Contract construction ** 33

Transportation and public utilities ** 24

.

Nuclear plant worker *** 23

Manufacturing ** 7

Wholesale and retail trade ** 6

Finance, insurance, and real estate ** 3

Services ** 3
'

Total private sector ** 10

*The President's Report on Occupational Safety and Health, " Report on
Occupational Safety and Health by the U.S. Department of Health, Education,
and Welfare," E. L. Richardson, Secretary, May 1972.

**U.S. Bureau of Labor Statistics, " Occupational Injuries and Illness in the
United States by Industry, 1975," Bulletin 1981, 1978.

***The nuclear plant workers' risk is equal to the sum of the radiation-related-

T '' risk'and the nonradiation-related risk. The estimated occupational risk
associated with the industry-wide average radiation dose of 0.8 rem is about
11 potential premature deaths per 105 person years due to cancer, based on.

i the risk estimators described in the following text. The average non- -
-

radiation-related risk for seven U.S. electrical utilities over the period
1970-1979 is about 12 actual premature deaths per 105 person years as shown

.

in Figure 5 of the paper by R. Wilson and E. S. Koehl, " Occupational Risks
of Ontario Hydro's Atomic Radiation Workers in Perspective," presented at
Nuclear Radiation Risks, A utility-Medical Dialog, sponsored by the Inter-
national Institute of Safety and Health in Washington, D.C., September 22-23,
1980. (Note that the estimate of 11 radiation-related premature cancer
deaths describes a potential risk rather than an observed statistic.)|
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Table 5.5 (Summary Table S-4) Environmental impact of transportation
,

of fuel and waste to and from one light-water-cooled '

nuclear power reactori
s
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T ble 5.6 Pr opsriticnal r:diological' environmental monitoring program for Beaver Valley Unit 2

co

"o
<

N DLC Sampling and
< Exposure Fathway Site Collection Type and Frequency
A', and/or Sample No. SectorI Miles 2 Sample Point Description 3 Frequency of Analyses
a

4 1. AIRBORNE

ro
Radioiodine and 13.0 !! 1.6 Hookstcwn (Meyer's Farm) Continuous sampler Radioiodine Cart ridge:E Particulates 30.0 4 0.6 Shippingport (Cooke's operation with I-131 analysis weekly.*

Ferry Substation) collection at least
32.0 15 0.8 Midland (Midland Substation) weekly. Particulate Sampler:
46.1 6 2.0 Industry (Tire Company) Cross beta analysis fol-
48.0 to 16.5 Weirton, WV" (Weirton Water lowing filter change;5

Storage Tank) Camma isotopic analysis
on composite (by loca-
tion) quarterly.

2. DIRECT RADIATION 10.0 4 0.8 Shippingport Boro (Foot Of fice) Continuous measure- Gamma dose quarterly.
13.0 !! !.6 Meyer's Fara ment with quarterly

T 14.0 !! 2.6 Hookstown collection.
to 15.0 14 3.3 Georsatown"

27.0 7 6.2 Brunton's Fars
28.0 1 8.7 Sherman's Fars
298 3 8.1 Beaver County Hospital
30.0 4 0.6 Shippingport Boro (Cooke's Ferry)
32.0 15 0.8 Midland Boro (Midland Substation)
45.0 5 2.2 Raccoon Township (Mt. Pleasant Church)
45.1 6 2.0 Raccoon Township (Kennedy's Corner)
46.0 3 2.5 Industry (Church)
46.1 3 2.1 Industry (Tire Company)
47.0 14 4.8 East Liverpool, ON (Water Company)
48.0 10 16.5 Weirton, WV (Water Company)
51.0 5 8.0 Aliquippa
59.0 7 1.1 Iron's Farm

1 .60.0 13 3.7 Haney's Fara
, q., , , 3 7 ...i...-4

* Adapted from Beaver Valley Unit 1 Dose CalCulati0n Manual

.
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Table 5.6 (Continued)

?
E
o

s

<
1
-*

Dif Sampling andk Esposure Pathway Site Collection Type and Frequencyg and/or Sample No. SectorI Miles 2 Sample Point Description 3 Frequency of Analyses
C3
m 2. DIRECT RADIATION 70.0 1 3.0 Western Beaver High School Continuous measure- Gamma dose quarterly.*

(Continued) 71.0 2 5.6 Brishton Township School ment with quarterly
72.0 3 3.2 1.ogan School collection.73.0 4 2.2 Potter Township School
74.0 4 6.8 Center Township (Community College)
75.0 5 4.3 Raccoon Township (Holt Road)
76.0 6 3.8 Raccoon Township School
77.0 6 5.8 Raccoon Township (Green Carden Road)
78.0 7 2.3 Raccoon Township Municipal Building
79.0 8 4.6 Raccoon Township (Routes 18 & 151)
80.0 9 8.4 Raccoon Park
81.0 9 3.9 Southside SchoolT 82.0 9 7.1 Hanover Township Municipal Buildingy 83.0 10 4.5 Creene Township (Mill Creek Road)
84.0 !! S.5 Hancock County, W (Children's Home)
85.0 12 5.8 Hancock County, W (Routes 8 6 30)
86.0 13 6.5 East Liverpool, OH (Cahill's)
87.0 14 7.0 Calcutta, OH
88.0 15 3.1 Midland Heights
89.0 15 4.7 Ohioville
90.0 16 5.2 Fairview School
91.0 2 3.7 Brighton Township (Pine Grove & Doyle Roads)
92.0 12 3.0 Greene Township (Georgetown Road)
93.0 16 1.3 Midland (Sunset Hills)
94.0 8 2.4 Raccoon Township (McCleary Road)
95.0 10 2.4 Creene Township (McCleary Road)

s

, q., , , 9 .,+t* "
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-Tablo 5.6 (continued)

co

'd
N DLC' Sampling and

Exposure Pathway Site Collection Type and Frequencyand/or Sample No. Sec t or_I Miles 2 Sample Point Description 3 Frequenc y of Analyses

Y 3. WATEa0RNEw
N a. Surface 49.1 4 5.0 Upctream - in vicinity of composite sample Camma isotopic analysiso (siver) Montgomery Dae with sample monthly; tritium analysis

4

C (ARCO Chemical Company, collection at least on composite (by
formerly ARCO Polyw rs) monthly.6 location) quarterly.2.1 14 1.3 Downstrees - Midland,

b. Drinking 4.0 14 1.3 Midland (Midland Water Treatment Composite sample I-131 analysis bi weekly;Water Plant) with sample games isotopic analysis5.0 14 4.8 East Liverpool. Ott (East Liver- collection at least on composite (by loca-
pool Water Treatment Plant) bi-weekly.6 tion) monthly; tritium

analysis on composite
(by location) quartarty.w

Q 7c. Cround Water None required
w

d. Shoreline 2A 13 0.2 vicinity of BVPS Discharge Semi annually. Casema isotopic analysissediment Structure semi-annually.

,

4. INCEST 10N

a. Milk 25.0 10 2.1 Searight's Dairy At least bt weekly Camma isotopic and 1-13155.0a - - when animals are on analysis on each sample.56.De - -

pasture; at least '

57.0a - - monthly at othe r
% .0 10 10.3 Windshimer's Dairy" times.

,

_, ,e, r- '
*'*t*****
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Table 5.6 (continued) 9+

'rcm
e
as
<:
. Dt.c' Sampling and

Esposure Pathway Site Collection Type and Frequency< and/or Sample No. SectorI Miles 2 Sample Point Description 3,,

$ __

Frequency of Analyses

= 4. INCESTIon
(Continued)

to

c2 b. Fish 2A 13 0.2 Downstream - in vicinity of BVPS Semi-annually Gaassa isotopic analysis"m Discharge Structure on edible gurtion49.0 3 4.7 Upstream - is vicinity of
Montgonery Dess

c. Foud 10.0 4 0.8 Three (3) locations within 5 Annually at harvest Gaassa isotopic and 1-131
,

Products 15.0 14 3.3 miles of BVPS time analysis on edible(l.ea fy 46.0 3 2.5 portionVegetables) 48.0 10 16.5 One (1) location" (Weirton, W
area)

Isector numbers 1-16 correspoed to the 16 compass direction sectors N - NNW.
m
4 bistance (in miles) is as measured from the BVPS Containment Building,
m

3
All Sample Points, unless otherwise noted, are in the Commonwealth of Pennsylvania.
Maps showing the approximate locatione of the Sample Points are provided as Figures 3.0-1 through 3.0-9

b is is a control Station and is presumed to be outside the influence of BVPS effluents.

h gamma isotopic analysis is to be performed on each sample when the gross beta activity is found to be greater than 10
times the mean of the Control Station sample.

komposite samples are obtained by collecting an aliquot at intervals not exceeding 2 hours.

hllection of Ground Water samples is not required as the hydraulic gradient or recharge properties are directed toward
the river because of the high terrain in the river valley at the BVPS; thus, station effluents do not affect local wells
and ground water sources in the area.

a
fhesqSaW Points will vary and are chosen based upos calculated annual deposition factors (highest). ''4''"*

?

1
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Table 5.7 Activity of radionuclides in a Beaver Valley Unit 2
reactor core at 2766 MWt

Radioactive inventory,
Group /radionuclide millions of curies Half-{ife, days
A. NOBLE GASES I

Krypton-85 0.48 {,950
Krypton-85m 21 0.183
Krypton-87 40 0.0528
Krypton-88 59 0.117
Xenon-133 147 5.28
Xenon-135 30 0.384

B. 10 DINES
Iodine-131 74 8.05
Iodine-132 101 0.0958
Iodine-133 147 0.875.~

Iodine-134 163 0.0366
Iodine-135 132 0.280

C. ALKALI METALS
Rubidium-86 0.023 18.7

. Cesium-134 6.5 750
Cesium-136 2.6 13.0
Cesium-137 4.0 11,000

D. TELLURIUM-ANTIMONY
Tellurium-127 5.1 0.391
Tellurium-127m 0.9 109
Tellurium-129 27 0.048
Tellurium-129m 4.6 34.0

L__ Tellurium-131m 10.9 1.25
gr- Tellurium-132 101 3.25

Antimony-127 5.3 3.88
Antimony-129 29 0.179_

~

.

E. ALKALINE EARTHS

~
Strontium-89 78 52.1
Strontium-90 3.2 11,030
Strontium-91 93 0.403
Barium-140- 140 12.8

f

F. COBALT AND NOBLE METALS
Cobalt-58 0.68 71.0
Cobalt-60 0.25 1,920
Molybdenum-99 140 2.8.

Technetium-99m 124 _0.25
Ruthenium-103 93 $P.5
Ruthenium-105 62 Qg185
Ruthenium-106 22 M6
Rhodium-105 43 ~ 7,50

r
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Table 5.7 (continued)

Radioactive inventory,
Group /radionuclide millions of curies Half-1ife, days

,

G. RARE EARTHS, REFRACTORY '!
OXIDES AND TRANSURANICS -

Yttrium-90 3.3 2.67
i Yttrium-91 101 59.0

Zirconium-95 132 65.2
Zirconium-97 132 0.71
Niobium-95 132 35.0.

Lanthanum-140 140 1.67
Cerium-141 132 32.3
Cerium-143 109 1.38
Cerium-144 74 284
Praseodynium-143 109 13.7~

Neodymium-147 52 11.1
Neptunium-239 1397 2.35
Plutonium-238 0.049 32,500
Plutonium-239 0.018 8.9 x 106
Plutonium-240 0.018 2.4 x 106
Plutonium-241 2.9 5,3502

' -

Americium-241 0.0015 1.5 x 105
Curium-242 0.43 163
Curium-244 0.02 6,630

Note: The above grouping of radionuclides corresponds to that in Table 5.9.

[
-

.
.

_ _ ,
,

F
-

-G.7
,
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Table 5.8 Approximate 2-hour radiation doses
from design-basis accidents at the
exclusion area boundary using
realistic assumptions

Dose (rems) at 457 meters *
F

Thyroid Whole body :

Infrequent Accident

Steam generator tube
rupture ** 0.0069 0.032

Fuel handling accident 0.0022 0.0146

Limiting Faults
.

Control rod ejection 0.18 0.0096

Large-break LOCA 1.8 0.096

* Plant exclusion area boundary distance.
'

**See NUREG-0651 for descriptions of three steam
.

generator tube rupture accidents that have
'* occurred in the United States.

' Source: ER-OL Table 7.1-2

.
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-Table 5.9 Summary of atmospheric releases in hypothetical accident.
g sequences in an RSS PWR (rebaselined)*

-

$
-s

y Proba- Fraction of core inventory released
d Accident bility Time, Duration,
4 sequence ** per r y hr hr Xe-Kr I Cs-Rb Te-Sb Ba-Sr Ru*** Lat

1. Event V 1x10 8 1.0 1.0 1. 0 0.6 0.8 0.4 0.1, 0.04 0.006
vi

2. 'TMLB'-o 2x10 5 '2. 5 0.5 1. 0 0.3 0.4 0.2 0.04 0.02 2x10 3
'

3. PWR-3 3x10 8 5.0 1.5 0.8 0.2 0.2 0.3 0.02 0.03 3x10 8.,

4 PWR-7 8x10 S t 10.0 10.0 6x10 3 2x10 5 1x10 5 2x10 5 1x10 8 1x10 8 2x10 7i,

* Background on the isotope groups and release mechanisms is in NUREG-0773.
-

.

'' '

**See Appendix F for a description of the accident sequences and release categories.
T
g *** Include: Ru, Rh, Co, Mo, Tc.
o

_

-

tIncludes Y, La, Zr, Nb,~Ce, Pr, Nd, Np, Pu, Am, Cm.
'

ftProbability value is the sum of core melt probabilities for basemat melt through and for core melt accidents
in which the containment does not fail. Core melt with no containment failure sequences are expected to be
about 5x10 5 per reactor year.

Note: See Section 5.9.4.5(7) for a discussion of uncertainties in risk estimates.,

i
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Table 5.10 Environmental impacts and probabilities

Population Latent Offsite
Persons Persons exposure, cancer mitigating

Probability exposed exposed Early millions of fatalities- actions
.of impact over over fatal- person-rems, 80 km/ - ! cost,
per r y 200 rems 25 rems ities 80 km/ total total __ $ millions

'

10 4 0 0 0 0/0.003 0/0 O

10 5 130 18,000 '7 3/5 310/470 940

5 x 10.s. 380 32,000 88 6/13 540/1000 1,700

10 s 3,100 92,000 400 20/43 1700/3100 3,400

10 7 7,300 470,000 1,600 47/140 4500/7700 8,900

10.s 19,000 760,000 4,700 69/440 5700/29,000 19,000 ,

'- Related
figure 5.4 5.4 5.6 5.5 5.7 5.8

Table 5.11 Average values of environmental risks
due to accidents, per reactor year

.7' Environmental risk- Average value
v

._

Population exposure

$ Person ress within 80 km 110
i -

Total persons-rems 230
- Early fatalities 0.002

Early injuries 0.0005

. . Latent. cancer fatalities
All organs excluding.tyroid 0.02

' Thyroid only 0.002

Cost of protective actions
and decontamination $29,000*

~L

[*1980 $.
,

_

~Y
:

*

L Beaver Valley 2 DES 5-101
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Table 5.12 Regional economic impacts, output and employment

Direct losses Loss in Expected
Release Wind employment loss
specifi- direc- Nonagricul- Agricul- Indirect Total (annual- in output
cation tion tural tural losses losses ized fobs) per r y**

'

Event V ESE 6236* 56* 774* 7066* 26400O 383
TMLB' ESE 6236* 56* 774* 7066* 264000 7660
PWR 3 SW 313* 10* 40* 363* 13000 63
PWR 7 NW 16* 0* 2* 18* 1000 0

Minimum losses

Event V S 39* 6* 5* 50* 1000 2
TMLB' S 39* 6* 5* 50* 1000 41
PWR 3 S 11* 0* 1* 12* 1000 1

- PWR 7 10 direc- 0* 0* 0* 0* 0 0
tions

Expected losses per reactor year,1980

Event V ALL 933** 51** 121** 1105** 1 ***
- TMLB' ALL 18655** 1016** 2419** 22090** 1

PWR3 ALL 314** 71** 47** 432** 1
PWR7 ALL 0** 0** 0** 0** 0

ALL ALL 19902 1138 2587 23627 0.9

* millions of 1980$.
**1980$.

::: ***Not applicable, because the expected loss is already expressed in the " Total"
E column for this portion of the table.

.
Source: Bureau of Economic Analysis, U.S. Department of Commerce with assumptions

supplied by the U.S. Nuclear Regulatory Commission -

,
,

t
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Table 5.13 (Summary Table S-3) Uranium-fuel-cycle environmental data 2
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Table 5.13 (continued)
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Table 5.14 Noise measurement locations

Distance,
direction

Location Description _ (rom site, ft
R1 Bethelem Church parking lot I7,000NE*
R2 Adjacent to Ferry Road 2,000 NE
R3 Town of Industry adjacent to river 9,000 NE,

R4 Virginia and 13th Streets, Midland 4,500 NW
R5 Ohio Street and Park Place, Midland 7,000 hi
R6 Hillcrest Manor Apartments 5,000 NW
R7 Midland Heights houses (used only in 13,000 NW

1971 survey)

RF1-RF3 Additional receptors just east of
'

plant site in cluster of private
houses

Note: To change feet to meters, multiply the values shown by 0.3048.
Source: ER-OL Table 2.7-1

.

Table 5.15 Residual ambient noise levels assumed for
receptors R1-R7 and RF1-RF3

Sound pressure level, dB A-weighted
sound pressure-

Z-_ Receptors 31 63 125 250 500 1000 2000 4000 8000 level, dBA
5I~'

R1 - 75 74 61 .59 58 54 44 35 64
> . R2 - 50 45 42 37 30 27 13 13 39

R3 - 60 58 51 46 43 38 31 18 49 ~

.

R4 48 46- 40 32- 31 31 28 21 38-

R5 - 52 53 49 46 38. 33 26 17 47
R6 52 52 48 43 40 32 13 13 45-

R7 - 52 53 49 46 38 33 26 17 47
RF1 - 50 45 42 37 30 27 13 13 39
RF2 - 50 45 42 37 30 27 13 13 39
RF3 - 50 45 42 37 30 27 13 13 39

-y
Cc

$
..
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Table 5.16 Sound pressure levels predicted for R1-R7 and RF1-RF3
as a result of the cooling towers and transformers.

120-Hz
tong,
dB dbove Modified

Recep- S und pressure levels, dBt
A-weigh- masb ng CNR

rs ted level 3 level rating 231 63 125 250 500 1000 2000 4000 8000
R +0 +0 +0 +0 +0 +0 +0 +0 64(+0) 0 A

-

R2 - +0 +4 +5 +10 +17 +18 +27 +11 51(+12) 3 F

R3 - +0 +0 +0 +0 +0 +0 +0 +0 49(+0) 0 A

R4 - +0 +0 +0 +2 +1 +0 +0 +0 39(+1) 1 B

- RS - +0 +0 +0 +0 +0 +0 +0 +0 47(+0) 0 A

R6 +0 +0 +0 +0 +0 +0 +0 +0 45(+0) 0 A
-

R7 +0 +0 +0 +0 +0 +0 +0 +0 47(+0) 0 A
--

. RF1 +0 +4 +5 +10 +17 +18 +27 +11 51(+12) 2 F
-

RF2 - +0 +4 +5 +10 +17 +18 +27 +11 51(+12) 2 F

RF3 - +0 +4 +5 +10 +17 +18 +27 +11 51(+12) 2 F1

1 Values in parentheses represent the increase in decibels over the assumed
ambient values given in Table 5.15.

2CNR = composite noise rating; for estimated community response, see Figure 5.24.
F 3Values represent predicted operational phase overall A-weighted level with

increases over assumed ambient values shown in parentheses.
-

_
.

_,

,.-

:
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Table 5.17 Loudspeaker characteristics and locations

Speaker Plant Direction
number coordinates Elevation Watts of aim -Location

5217 N3612 740'-3" 29 south TuIrbineb1dg
E8005 -

5258 N3830 745'-3" 29 west Auxiliary b1dg
E7875

5343 N3974 777'-7" 29 north Reactor b1dg
E8167

5363 N3978 745'-3" 29 north Decontamina-
E8028 tion b1dg

5408 N3258 809'-4" 29 east-southeast Inside cool-
E8370 ing tower

5409 N3339 809'-4" 29 south-southwest Inside cool-
E8642

.
ing tower

5410 N3042 809'-4" 29 west-northwest Inside cool-
E8730 ing tower.

5411 N2961 809'-4" 29 north-northeast Inside cool-
E8458 ing tower

Note: Loudspeaker sound power level taken from EEI Noise Guide (p. 4-36
and 4-37) (Bolt, Beranek and Newman).,__

5F '
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6 EVALUATION OF THE PROPOSED ACTION ?
-1

6.1 Unavoidable Adverse Impacts {
The staff has reassessed the physical, social, biological, and economic impacts
that can be attributed to the operation of Beaver Valley Unit 2. These impacts
are summarized in Table 6.1.

The applicant is required to adhere to the following conditions for the pro-,

tection of the environment:

(1) Before engaging in any additional construction or operational activities
that may result in any significant adverse environmental impact that was

'
, not evaluated or that is significantly greater than that evaluated in

this statement, the applicant will provide written notification of such
activities to the Director of the Office of Nuclear Reactor Regulation
and will receive written approval from that office before proceeding with
such activities.

.

(2) The applicant will carry out the environmental monitoring programs outlined" in Section 5 of this statement, as modified and approved by the staff and
implemented in the Environmental' Protection Plan and Technical Specifica-
tions that will be incorporated in the operating license.

(3) If an adverse environmental effect or evidence of irreversible environ-
mental damage is detected during the operating life of the plant, the
applicant will provide the staff with an analysis of the problem and a
proposed course of action to alleviate it.

[ 6.2 Irreversible and Irretrievable Commitments of Pesources

There has been no change in the staff's assessment of this impact since the'; earlier review except that the continuing escalation of costs has increased -

the dollar values of the materials used for constructing and fueling the plant.
~

6.3 Relationship Between Short-Term Use and Long-Term Productivity

| There have been no significant changes in the staff's evaluation.for Beaver
L Valley Unit 2 since the CP stage environmental review.

! 6.4 Benefit-Cost Si2mmary

6.4.1 Summary

| A major' benefit to be derived from Beaver Valle,y Unit 2 is the lohr produc-
~

tion cost for approximately 4.0 billion kWh of baseload electricaT-energy that'-

will be produced annually. (Thisprojectionassumes,conservativdly,thatthe
j unit will operate at an annual average capacity factor of 55%.)' IToduction
,

|
|

|
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costs avoided on 4.0 billion kWh of electrical energy will be approximately
26 mills /kWh, resulting in a total annual cost avoided on existing generation
of $102 million (constant 1986 dollars).

The addition of each unit will also improve the applicant's ability to supply
system load requirements by contributing 833 MW of capacity (maxiyum dependable
capacity, net) to the applicant's bulk power supply tystem. !

6.4.2 Economic Costs I

The economic costs associated with station operation include fuel costs and
operation and maintenance (0&M) costs, which are expected to average approxi-
mately 10.6 mills per kWh and 7.4 mills per kWh, respectively (1986 dollars).
This cost estimate for fuel is derived from applicant's response to staff
question 320.1. The estimate of O&M cost is based on a 5% annual escalation
of the 1982 average cost for nuclear plants in the east-north-central region of
the U.S. (DOE, 1983).

-

The applicant estimates decommissioning costs will range from $36 million to
$48 million (1982 dollars).

6.4.3 -Socioeconomic Costs
;

No significant socioeconomic costs are expected from either the operation of
Beaver Valley Unit 2 or from the number of station personnel and their familiesv

living in the area. The socioeconomic impacts of a severe accident could be
large; however, the possibility of such an accident is small.

6.5 Reference

U.S. Department of Energy, " DOE Update, April-June 1983: Nuclear Power Plant
Program Information and Data," DOE /NE0048/3, August 1983.

b- .
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Table 6.1 Benefit-cost summary

Primary impact and effect
on population or resources Quantity Impacts *

BENEFITS - i
!

Capacity i-
Additional generating capacity 833 MWe Large

Economic

Reduction in existing system 4.0 billion kWh/yr Moderate
production costs @ 26.0 mills /kWh or

$102 million/yr
COSTS

Economic
- Fuel 10.6 mills /kWh** Small

Operation and maintenance 7.4 mills /kWh** Moderate
Total $72 million/yr Small

Decommissioning $36-48 million Small
- (1982 dollars)

Environmental,
.

Damages suffered by other water
' users

Surface water consumption (Section 5.3.2) Small
Surface water contamination (Section 5.3.1) Small,

Groundwater consumption (Section 5.3.2) None

Damage to aquatic resources

f__ Impingement and entrainment (Section 5.5.2) Small
5-~ Thermal effects (Section 5.5.2) Small

Chemical discharges (Section 5.5.2) Small
- Damage to terrestrial resources .

Station operations (Section 5.5.1) Small
.

Transmission line maintenance (Section 5.5.1) Small

Adverse socioeconomic effects
.

,

Loss of hisotric or archeological
*

| resources (Section 5.7) None
Increased demands on public'

facilities and services (Section 5.8) Small
Increased demands on private
facilities and services (Section 5.8) _ S, mall

Noise (Section 5.12) fall-
Moderate

' ?_P

i Footnote on next page.

| Beaver Valley 2 DES 6-3

.



Table 6.1 (Continued)

Primary impact and effect
on population or resources Quantity

Adverse nonradiological health
, }mpacts*

5.effects i
Water quality changes (Section 5.3.1) NoneAir quality changes (Section 5.4) None

Adverse radiological health effects

Routine operation
(Section 5.9.3) SmallPostulated accidents (Section 5.9.4) SmallUranium fuel cycle

_ (Section 5.10) Small
-

*A subjective measure of costs and benefits is assigned by a reviewer
where quantification is not possible: "Small" = impacts that, in the
reviewer's judgment, are of such minor nature, based on currently
available information, they do not warrant detailed investigation or
consideration of mitigative actions; " Moderate" = impacts that, in the

;

reviewer's judgment are likely to be clearly evident (mitigation
alternatives are usu, ally considered for moderate impacts); "Large" =

' -

impacts, that, in the reviewer's judgment, represent either a severepenalty or a major benefit. Acceptance requires that large negative
impacts be more than offset by other overriding project considerations.

**1986 dollars. The net reduced generating cost is the difference
between $102 million/yr and $72 million/yr, or $30 million/yr.

_-
T

-

.
.

.

N
'

*.
.

Beaver Valley 2 DES 6-4

. _ _ . __ __ _ ..._ _. _ _ __ _.. , . _ _ _ _ _ __ ._ _._.-_. _



7 CONTRIBUTORS
?

' bThe following personnel of the Office of Nuclear Reactor Regulation, U.S.
Nuclear Regulatory Commission, participated in the preparation of hhis document:

Francis M. Akstulewicz, Jr. Nuclear Engineer; B.S. (Nuclear Engineering),
1974; 10 years' experience.

Charles W. Billups Aquatic Scientist; Ph.D. (Marine Science),
1974; 14 years' experience.

Louis Bykoski Regional Environmental Economist; Ph.D.
(Economics), 1965; 19 years' experience.

- Erastace N. Fields Electrical Engineer; B.S. (Electrical
Engineering), 1969; 15 years' experience.

Raymond Gonzales Hydraulic Engineer; B.S. (Civil Engineer),
1965; 19 years' experience.;

r Germain LaRoche Senior Land Use Analyst; Ph.D. (Botany-
Ecology), 1969; 29 years' experience.

I. Jean Lee Licensing Assistant; B.S. (Business); 12
years' licensing experience.

John Lehr Environmental Engineer; M.S. (Environmental
Engineering), 1972; 12 years'. experience.

-M Marilyn C. Ley
F Project Manager; B.S. (Chemical Engineering),

1983; 1 year's experience.

Earl Markee~ Senior Meteorologist; M.S. (Meteorology),
-

-
. 1967; 32 years' experience.

'. Tin.Mo Health Physicist; Ph.D. (Nuclear and
Radiochemistry), 1971; 13 years' experience.

The following contractor personnel participated in the preparation of this
document:

Clement L. Counts III Post-dcctorate fellow; University of
Delaware; Ph.D. (Marine Studies),1983;
14 years' experience.

-L
Robert Cushman AquaticEcologist;OakRidgeNdfonal

Laboratory; M.S. (Ecology), 1975; 9 years'
experience. - sr.

Beaver Valley 2 DES 7-1



Lorene Sigal . Terrestrial Ecologist; Oak Ridge National
Laboratory; Ph.D. (Botany-Microbiology),
1979; 9 years' experience.

A. Policastro Noise Analyst; Argonne National Laboratory;
Ph.D.(CivilEngineering-Appli{dMathematics),

A. Sjoreen Computer Analyst; Oak Ridge Naj40nal
.

Laboratory; M.S. (Geophysics), :1977; M.S.
(Geological Sciences), 1971; 11 years'
experience.

.

.

r

h__ ~

r
P

.

!
-

|
-

.

i
t

*

1

|

|
.

~h
i

|
-

t

!
|

| Beaver Valley 2 DES 7-2

,

i.



8 AGENCIES, ORGANIZATIONS, AND PERSONS TO WHOM COPIES OF THE DRAET
ENVIRONMENTAL STATEMENT ARE BEING SENT i

Advisory Council on Historic Preservation

Federal Emergency Management Agency

U.S. Department of Agriculture

U.S. Department of Army Corps of Engineers

U.S. Department of Commerce

,

U.S. Department of Energy

U.S. Department of Health and Human Services

U.S. Department of Housing and Urban Development
.

U.S. Department of the Interior
-

U.S. Department of Transportation

U.S. Environmental Protection Agency

Mayor of the Borough of Shippingport, Pennsylvania

Pennsylvania Department of Environmental Resources

{~
- Pennsylvania State Clearinghouse

.

Southwestern Pennsylvania Regional Planning Commission
.
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APPENDIX B y

NEPA POPULATION DOSE ASSESSMENT
.. g

*

?
Population-dose commit:nents are calculated for all individuals living within
80 km (50 miles) of Beaver Valley Unit 2 employing the same dose calculation
models used for individual doses (see RG 1.109, Revision 1), for the purpose of
meeting the "as low as reasonably achievable" (ALARA) requirements of 10 CFR 50,
Appendix I. In addition, dose commitments to the population residing beyond the
80-km region, associated with the export of food crops produced within the 80-km
region and with the atmospheric and hydrospheric transport of the more mobile
effluent species, such as noble gases, tritium, and carbon-14, are taken into
consideration for the purpose of meeting the requirements of the National
Environmental Policy Act, 1969 (NEPA). This appendix describes the methods used

- to make these NEPA population dose estimates.

1. Iodines and Particulates Released to the Atmosphere

. Effluent nuclides in this category deposit onto the ground as the effluent
moves downwind; thus the concentration of these nuclides remaining in the plume
is continuously being reduced. Within 80 km of the facility, the deposition-~

model in RG 1.111, Revision 1, is used in conjunction with the dose models in
RG 1.109, Revision 1. Site-specific data concerning production and consumption
of foods within 80 km of the reactor are used. For estimates of population
doses beyond 80 km, it is assumed that excess food not consumed within the
80-km area would be consumed by the population beyond 80 km. It is further
assumed that none, or very few, of the particulates released from the facility
will be transported beyond the 80-km distance; thus, they will make no signifi-

- cant contribution to the population dose outside the 80-km region, except byp export of food crops. This assumption was tested and found to be reasonable
for Beaver Valley Unit 2."

- 2. Noble Gases, Carbon-14, and Tritium Released to the Atmosphere .

For locations within 80 km of the reactor facility, exposures to these efflu-
- ents are calculated with a constant mean wind-direction model according to the

guidance provided in RG 1.111, Revision 1, and the dose models described in
RG 1.109, Revision 1. For estimating the dose commitment from these radio-
nuclides to the U.S. population residing beyond the 80-km region, two dispersion
regimes are considered. These are referred to as the first pass-dispersion
regime and the world-wide-dispersion regime. The model for the first pass-
dispersion regime estimates the dose commitment to the population from the
radioactive plume as it leaves the facility and drifts across the continental
U.S. toward the northeastern corner of the U.S. The model for the world-wide-
dispersion regime estimates the dose commitment to the U.S. populaf. ion after
the released radionuclides mix uniformly in the world's atmospher{or oceans.

- i. .
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(a) First-Pass Dispersion

. For estimating the dose commitment to the U.S. population residing beyond
i . the 80-km region as a result of the first pass of radioactive pollutants,

it.is assumed that the pollutants disperse in the lateral and vertical
directions along the plume path. The direction of movement gf the plume,

is assumed to be from the facility toward the northeast corner of the U.S.
The extent of vertical dispersion is assumed to be limited bf the ground.

plane and the stable atmospheric layer aloft, the height of which deter-
"

mines the mixing depth. The shape of such a plume geometry can be visual-
ized as a right cylindrical wedge whose height is equal to the mixing,

depth. Under the assumption of constant population density, the popula-
,

tion dose associated with such a plume geometry is independent of the
; extent of lateral dispersion, and is only dependent upon the mixing depth

and other nongeometrical related factors (NUREG-0597). The mixing depth'

is estimated to be 1000 m, and a uniform population density of 62 persons /
km2 is assumed along the plume path, with an average plume-transport
velocity of 2 m/s.-

;

The total-body population-dose commitment from the first pass of radio-
active effluents is due principally to external exposure from gamma-

j - emitting noble gases, and to internal exposure from inhalation of air
' containing tritium and from ingestion of food containing carbon-14 and.

tritium.
--

. (b). World-Wide Dispersion

- For estimating the dose commitment to the U.S. population after the first-
pass, world-wide dispersion is assumed. Nondepositing radionuclides with

3

; half-lives greater than 1 year are considered. Noble gases and carbon-14
3are assumed to mix uniformly.in the world's atmosphere (3.8 x 1018 m ),

j and radioactive decay is taken into consideration. The world-wide-
| ;__

- 20 year release period (midpoint of reactor life) and estimates the annual
dispersion model estimates the activity of each nuclide at the end of a

' - E--
. population-dose commitment at that time, taking into consideration radio- "

~

active decay and physical removal mechanisms (for example, carbon-14 is
gradually removed to the'world's oceans). The total-body population-dose . -;

L commitment from the noble gases is due mainly to external exposure from'

: gamma-emitting nuclides, whereas from carbon-14 it is due mainly to
internal exposure from ingestion of food containing carbon-14.-* - "

I The population-dose commitment as a result of tritium releases is estimated
in a manner similar to that for carbon-14, except that after the first

,

pass, all the tritium is assumed to be immediately distributed in the'

world's circulating water volume '(2.7 x 101s ,s) including the top 75.m of
the seas and oceans, as well as the rivers and atmospheric moisture. The
concentration of' tritium in the world's circulating water is estimated at

.

the time after 20 years of releases have occurred, taking into considera-
,

tion radioactive decay; the population-dose commitment estim&tes are based,

on the incremental concentration at that time. The total-bofy population-
.

f. dose commitment from tritium is due mainly to internal.exposdPre from the
consumption of food. i E

;

.
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3. Liquid Effluents

Population-dose commitments due to effluents in the receiving water within
80 km of the facility are calculated as described in RG 1.109, Revision 1. It
is assumed that no depletion by sedimentation of the nuclides present in the
receiving water occurs within 80 km. It also is assumed that aquitic biota
concentrate radioactivity in the same manner as was assumed for tTe ALARA eval-
uation for the maximally exposed individual. However, food-consuqption values
appropriate for the average, rather than the maximum, individual are used. It
is further assumed that all the sport and commercial fish and shellfish caught
within the 80-km area are eaten by the U.S. population.

Beyond 80 km, it is assumed that all the liquid effluent nuclides except tritium
have deposited on the sediments so that they make no further contribution to
population exposures. The tritium is assumed to mix uniformly in the world's
circulating water volume and to result in an exposure to the U.S. population in
the same manner as discussed for tritium in gaseous effluents.

~

4'. References

U.S. Nuclear Regulatory Commission, NUREG-0597, K. F. Eckerman, et al. , " User's
Guide to GASPAR Code," June 1980.

.

-- , RG 1.109, " Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,-

Appendix I," Revision 1, October 1977.

-- , RG 1.111, " Methods for Estimating Atmospheric Transport and Dispersion of
Gaseous Effluents in Routine Releases from Light-Water-Reactors," Revision 1,
July 1977.
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APPENDIX C y
- 1

IMPACTS OF THE URANIUM FUEL CYCLE

The following assessment of the environmental impacts of the LWR-si>pporting
fuel cycle as related to the operation of the proposed project is based on the
values given in Table S-3 of Title 10 of the Code of Federal Regulations,
Part 50 (10 CFR 50) (see Section 5.10 of the main body of this report) and the
NRC staff's estimates of radon-222 and technetium-99 releases. For the sake of
consistency, the analysis of fuel-cycle impacts has been cast in terms of a
model 1000-We light-water-cooled reactor (LWR) operating at an annual capacity
factor of 80%. In the following review and evaluation of the environmental
impacts of the fuel cycle, the staff's analysis and conclusions would not be

,
altered if the analysis were to be based on the net electrical power output of
the Beaver Valley Power Station, Unit 2.

1. Land Use

The total annual land requirement for the fuel cycle supporting t. model 1000-We;

LWR is about 460,000 m2 (113 acres). Approximately 53,000 m2 (13 acres) per
'' year are permanently committed land, and 405,000 m2 (100 acres) per year are

temporarily committed. (A " temporary" land commitment is a commitment for the
life of the specific fuel-cycle plant, such as a mill, enrichment plant, or
succeeding plants. On abandoment or decommissioning, such land can be used for
any purpose. " Permanent" commitments represent land that may not be released
for use after plant shutdown and/or decommissioning.) Of the 405,000 m2 per
year of temporarily committed land, 320,000 m2 are undisturbed and 90,000 m2
are disturbed. Considering common classes of land use in the United States,*

;_ fuel-cycle land-use requirements to support the model 1000-We LWR do not
E' represent a significant impact.

2. Water Use
_

.

|
' The principal water-use requirement for the fuel cycle supporting a model

1000-We LWR is that required to remove waste heat from the power stations|
- supplying electrical energy to the enrichment step of this cycle. Of the total|

3
| annual requirement of 43 x 108 3 (11.4 x 109 gal), about 42 x 108m m are
! required for this purpose, assuming that these plants use once-through cooling.
| Other water uses involve the discharge to air (for example, evaporation losses

m (16 x 107 gal) per year and water3in process cooling) of about 0.6 x 108
| discharged to the ground (for example, mine drainage) of about 0.5 x 108 3m per

|. year.
|
| On a thermal effluent basis, annual discharges from the nuclear fuel cycle are

about 4% of those from the model 1000-We LWR using once-through' cooling. The
V
c

~

*A coal-fired plant of 1000-MWe capacity using strip-mined coal r uires the
disturbance of about 810,000 m2 (200 acres) per year for fuel alone.
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consumptive water use of 0.6 x 108 m per year is about 2% of that from the3

model 1000-MWe LWR using cooling towers. The maximum consumptive water use
(assuming that all plants supplying electrical energy to the nuclear fuel cycle
used cooling towers) would be about 6% of the model 1000-MWe LWR using cooling
towers. Under this condition, thermal effluents would be negligible. The
stafffindsthatthesecombinationsofthermalloadingsandwater} consumption
are acceptable relative to the water use and thermal discharges oiLthe proposed
project. j
3. Fossil Fuel Consumption

Electrical energy and process heat are required during various phases of the
fuel-cycle process. The electrical._ energy is usually produced by the combustion
of fossil fuel at conventional power plants. Electrical energy associated with
the fuel cycle represents about 5% of the annual electrical power production of
the model 1000-MWe LWR. Process heat is primarily generated by the combustion
of natural gas. This gas consumption, if used to generate electricity, would

. be less than 0.3% of the electrical output from the model plant. The staff
finds that the direct and indirect consumptions of electrical energy for fuel-
cycle operations are small and acceptable relative to the net power production
of the proposed project.

- 4. Chemical Effluents
~

The quantities of chemical, gaseous, and particulate effluents associated with
fuel-cycle processes are given in Table S-3. The principal species are sulfur
oxides, nitrogen oxides, and particulates. On the basis of data in a Council
on Environmental Quality report (CEQ, 1976), the staff finds that these emis-
sions constitute an extremely small additional atmospheric loading in comparison
with the same emissions from the stationary fuel-combustion and transportation
sectors in the United States; that is, about 0.02% of the annual national
releases for each of these species. The staff believes that such small
increases in releases of these pollutants are acceptable.r.

r
"

Liquid chemical effluents produced in fuel cycle processes are related to fuel-
enchrichmelt, -fabrication, and reprocessing operations and may be released to.

'

receiving waters. These effluents are usually present in dilute concentrations ~,

such that only small amounts of dilution water are required to reach levels of
~ concentration that are within established standards. The flow of dilution water

required for specific constituents is specified in Table S-3. Additionally, all,

! liquid discharges into the navigable waters of the U.S. from plants associated
j with the fuel-cycle operations will be subject to requirements and limitations
| set forth in the NPDES permit.
|

Tailings solutions and solids are generated during the milling process. These
solutions and solids are not released in quantities sufficient to have a
significant impact on the environment.

c
- .

_
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I 5. Radioactive Effluents

[ Radioactive effluents estimated to be released to the environment from repro-
. cessing and waste-management activities and certain other phases of the fuel-
cycle process are set forth in Table S-3. Using these data, the staff has

t

calculated for 1 year of operation of the model 1000-MWe LWR, thekl00 year
~

;

environmentaldosecommitment*totheU.SpopulationfromtheLWR$upporting
fuel cycle. Dose commitments are provided in this section for exposure to four

;~ categories of radioactive releases: (1) airborne effluents that a're quantified
in Table S-3 (that is, all radionuclides except radon-222 and technetium-99);
(2) liquid effluents that are quantified in Table S-3 (that is, all radionuclides

*

except technetium-99); (3) the staff's estimates of radon-222 releases; and-

:- (4) the staff's estimate of technetium-99 releases. Dose commitments from the
first two categories are also described in a proposed explanatory narrative for
Table S-3, which was published in the Federal Register on March 4, 1981 (46 FR.

i. 15154-15175).
!

: Airborne Effluents
! -

Population-dose estimates for exposure to airborne effluents are based on the
annual releases listed in. Table S-3, using an environmental dose commitment4

(EDC) time of 100 years.** The computational code used for these estimates is:

. the RABGAD code originally developed for use in the " Generic Environmental4

; Impact Statement on the Use of Mixed Oxide Fuel in Light-Water-Cooled Nuclear
Power Plants," GESMO (NUREG-0002, Chapter IV, Section J, Appendix A). Two

' Y

, generic sites are postulated for the points of release of the airborne efflu-
| ents: (1)~a site in the midwestern United States for releases from a fuel-

j reprocessing plant and other facilities, and (2) a site in the western United
i States for releases from milling and a geological repository.

! The following environmental pathways were considered in estimating doses:
(1) inhalation and submersion in the plume during its initial passage;

; _ ;_ (2) ingestion of food; (3) external exposure from radionuclides desposited on
.

'

. L~ _ soil; and (4) atmospheric resuspension of radionuclides deposited on soil.
! Radionuclides released to the atmosphere from the midwestern site are assumed"

i to be transported with a mean wind speed of 2 m/sec over a 2413-km (1500-mile)**
i

-

pathway from the midwestern United States to the northeast corner of the United -
'

States, and deposited on vegetation (deposition velocity of 1.0 cm/sec) with
subsequent uptake by milk- and meat producing animals. No removal mechanisms

-

! -

are assumed during the first 100 years, except normal weathering from crops to
L soil (weathering half-life of 13 days). Dose from exposure to carbon-14 were
j estimated using the GESMO model to estimate the dose to the population of the
| United States from the initial passage of carbon-14 before it mixed in the
| world's carbon pool. The model developed by Killough (1977) was used to esti- ,

'

! mate doses from exposure to carbon-14 after it mixed in the world's carbon pool.
'

!

i *The 100 year environmental dose commitment is the integrated population dose .

for 100 years; that is, it represents the sum of the annual popuFation doses
for a total of 100 years. i i

! . k.
**Here and elsewhere in this narrative insignificant digits are retained for.

purposes of internal consistency in the model.
,

;
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In a similar manner,. radionuclides released from the western site were assumed
to be transported over a 3218-km (2000-mile) pathway to the northeast corner of
the United States. The agricultural characteristics that were used in computing
doses from exposure to airborne effluents from the two generic sites are
described in GESMO (NUREG-0002, page IV J(A)-19). To allow for att increase in
population, the population densities used in this analysis were_5$1; greater than
the' values used in GESMO (NUREG-0002, page IV J(A)-19).

{
Liquid Effluents i

Population dose estimates for exposure to liquid effluents are based on the
annual releases listed in Table S-3 and the hydrological model described in
GESMO (NUREG-0002, pages IV J(A)-20, -21, and -22). The following environmental
pathways were considered in estimating doses: (1) ingestion of water and fish;
(2) ingestion of food (vegetation, milk, and beef) that had been produced though
irrigation; and (3) exposure from shoreline, swimming, and boating activites.

It is estimated from these calculations that the overall total body dose com-
- mitment to the U.S. population from exposure to gaseous releases from the fuel

cycle (excluding reactor releases and the dose commitment due to radon-222 and
technetium-99) would be approximately 450 person-rems to the total body for each
year of operation of the model 1000-MWe LWR (reference reactor year, or RRY).

,
.~ Based on Table S-3 values, the additional total body dose commitments to the

U.S. population from radioactive liquid effluents (excluding technetium-99) as
a result of all fuel-cycle operations other than reactor operation would be,- --

about 100 person rems per year of operation. Thus, the estimated 100 year
environmental dose commitment to the U.S. population from radioactive gaseous
and liquid releases due to these portions of the fuel cycle is about 550
person rems to the total body (whole body) per RRY.

Because there are higher dose commitments to certain organs (for example, lung,
bone, and thyroid) than to the total body, the total risk of radiogenic cancer
is not addressed by the total body dose commitment alone. Using risk estimators' p- of 135, 6.9, 22, and 13.4 cancer deaths per million person-rems for total body,
bone, lung, and thyroid exposures, respectively, it is possible to estimate the&

total body risk equivalent dose for certain organs (NUREG-0002, Chapter IV,
- Section J, Appendix B). The sum of the total body risk equivalent dose from -

those organs is estimated to be about 100 person-rems. When added to the above-

value, the total 100 year environmental dose commitment would be about
- 650 person rems (total body risk equivalent dose) per RRY. (Section 5.9.3.1.1

describes the health effects models in more detail.)

Radon-222

At this time the quantities of radon-222 and technetium-99 releases are not
,

| listed in Table S-3. Principal randon releases occur during mining and milling
! operations and as emissions from mill tailings, whereas principal technetium-99

releases occur from gaseous diffusion enrichment facilities. The staff has
determined that radon-222 releases per RRY from these operations ahe as given

| in Table C-1. The staff has calculated population-dose commitment $ for these
t sources of radon-222 using the RABGAD computer code described in V61ume 3 of

NUREG-0002 (Chapter IV, Section J, Appendix A). The results of'these calcula-
. tions for mining and milling activities prior to tailings stabilization are
j listed in Table C-2.
!

Beaver Valley 2 DES 4 Appendix C,

!

. . . - . . _. - . - - - - - - - - - - - .-- - - .- ---



._.

3

The staff has considered the health effects associated with the releases of
radon-222, including both the short-term effects of mining and milling and
active tailings, and the potential long-term effects from unreclaimed open pit
mines and stablized tailings. The staff has assumed that after completion of
active mining, underground mines will be sealed, returning releases of radon-222
to background levels. For purposes of providing an upper bound irspact assess-
ment, the staff has assumed that open pit mines will be unreclaim(d and has
calculated that if all ore were produced from open pit mines, relejises from
them would be 110 Ci per RRY. However, because the distribution o'f uranium-ore
reserves available by conventional mining methods is 66% underground and 34%
open pit (Department of Energy, 1978), the staff has further assumed that
uranium to fuel LWRs will be produced by conventional mining methods in these
proportions. This means that long-term releases from unreclaimed open pit
mines will be 0.34 x 110 or 34 Ci per year per RRY.

Based on a value of 37 Ci per year per RRY for long-term releases from unre-,

| claimed open pit mines, the radon released from unreclaimed open pit mines over
100- and 1000 year periods would be about 3700 Ci and 37,000 Ci per RRY, respec-,

tively. The environmental dose commitments for a 100- to 1000 year period would
[. be as shown in Table C-3.

These commitments represent a worst cas'e situation in that no mitigating cir-
|

. cumstances are assumed. However, state and Federal laws currently require re-
clamation of strip and open pit coal mines, and it is very probable that similar

' '' reclamation will be required for open pit uranium mines. If so, long-term
releases from such mines should approach background levels.

! For long-term radon releases from stabilized tailings piles, the staff has
assumed that these tailings would emit, per RRY,1 Ci per year for 100 years,

| 10 Ci per year for the next 400 years, and 100 Ci per year for periods beyond
! 500 years. With these assumptions, the cumulative radon-222 release from
i stabilized-tailings piles per RRY would be 100 Ci in 100 years, 4090 Ci in

;_ 500 years, and 53,800 Ci in 1000 years (Gotchy, 1978). The total-body, bone,
; p and bronchial epithelium dose commitments for these periods are as shown in
' Table C-4.

[ Using risk estimators of 135, 6.9, and 22 cancer deaths per million person-rems -

for total-body, bone, and lung exposures, respectively, the estimated risk of
i

! cancer mortality resulting from mining, milling, and active-tailings emissions
~

of radon-222 (that is, Table C-2) is about 0.11 cancer fatality per RRY. When
the risks from radon-222 emissions from stabilized tailings and from reclaimed
and unreclaimed open pit mines are added to the value of 0.11 cancer fatality,
the overall risks of radon-induced cancer fatalities per RRY are as follows:

0.19 fatality for a 100 year period
2.0 fatalities for a 1000 year period

These doses and predicted health effects have been compared with those that can
,

| be expected from natural-background emissions of radon-222. Usi~ng. data from
the National Council on Radiation Protection (NCRP, 1975), the stiff calculates
the average radon-222 concentration in air in the contiguous Uniteh States to
be about 150 pCi/m , which the NCRP estimates will result in an-ariRual dose toa
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the bronchial epithelium of 450 millirems. For a stabilized future U.S. popu-
lation of 300 million, this represents a total lung-dose commitment of 135 mil-
lion person-rems per year. Using the same risk estimator of 22 lung-cancer
fatalities per million person-lung-rems used to predict cancer fatalities for
the model 1000-MWe LWR, the staff estimates that lung-cancer fataMties alone
frombackgroundradon-222intheaircanbecalculatedtobeabout3000per
year, or 300,000 to 3,000,000 lung-cancer deaths over periods of 100 to 1000
years, respectively.

?

Current NRC regulations (10 CFR 40, Appendix A) require that an earth cover not
less than 3 meters in depth be placed over tailings to reduce the Rn-222 emana-
tion from the disposed tailings to less than 2 pCi/m2 sec, on a calculated
basis, above background. In October 1983, the U.S. Environmental Protection
Agency (EPA) published environmental standards for the disposal of uranium and
thorium mill tailings at licensed commercial processing sites'(EPA, 1983). The
EPA regulations (40 CFR 192) require that disposal be designed to limit Rn-222
emanation to less than 20 pCi/m2 sec, averaged over the surface of the disposed

. tailings. The NRC Office of Nuclear Material Safety and Safeguards is reviewing
i'ts regulations for tailings disposal to ensure that they conform with the EPA
regulations. Although a few of the dose estimates in this appendix would change
if NRC adopts EPA's higher Rn-222 flux limit for disposal of tailings, the basic
conclusion of this appendix should still be valid. That conclusion is: "The
staff concludes that both the dose commitments and health effects of the LWR-
supporting uranium fuel cycle are very small when compared with dose commitments,

and potential health effects to the U.S. population resulting from all natural-
background sources."

Technetium-99

The staff has calculated the potential 100 year environmental dose commitment,

| to the U.S. population from the release of technetium-99. These calculations
are based on the gaseous and the hydrological pathway model systems described
in Volume 3 of NUREG-0002 (Chapter IV, Section J, Appendix A) and are described_.___

f in more detail in the staff's testimony at the operating license hearing for,

the Susquehanna Station (Branagan and Struckmeyer, 1981). The gastrointestinal
_ tract and the kidney are the body organs that receive the highest doses from

exposure to technetium-99. The total body dose is estimated at less than 1 ~
,

person-rem par RRY and the total body risk equivalent dose is estimated at

|

,
less than 10 person-rems per RRY.

~

Summary of Impacts

The potential radiological impacts of the supporting fuel cycle are summarized
in Table C-5 for an environmental dose commitment time of 100 years. For an
environmental dose commitment time of 100 years, the total body dose to the
U.S. population is about 790 person-rems per RRY, and the corresponding total
body risk equivalent dose is about 2000 person-rems per RRY. In a similar

I

manner,thetotalbodydosetotheU.S.populationisabout3000.p%out15,000
erson-rems

per RRY, and the corresponding total body risk equivalent dose is
person-rems per RRY using a 1000 year environmental dose commitment time.

Multiplying the total body risk equivalent dose of 2000 person rek per RRY by
the preceding risk estimator of 135 potential cancer deaths per million person-

| rems, the staff estimates that about 0.27 cancer death per RRY may occur in the
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U.S. population as a result of exposure to effluents from the fuel cycle. Mul-
tiplying the total body dose of 790 person-rems par RRY by the genetic risk
estimator of 220 potential cases of all forms of genetic disorders per million
person-rems, the staff estimates that about 0.17 potential genetic disorder per
RRY may occur in all future generations of the population exposed turing the

-100 year environmental dose commitment time. Inasimilarmannerdthestaff
estimates that about 2 potential cancer deaths per RRY and about L 8 potential
genetic disorder per RRY may occur using a 1000 year environmentalidose commit-
ment time.

Some perspective can be gained by comparing the preceding estimates with those
from naturally occurring terrestrial and cosmic-ray sources. These average
about 100 millirems. Therefore, for a stable future population of 300 million
persons, the whole-body dose commitment would be about 30 million person-rems
per year, or 3 billion person-rems and 30 billion person-rems for periods of
ICO and 1000 years, respectively. These natural-background dose commitments
could produce about 400,000 and 4,000,000 cancer deaths and about 770,000 and
7,700,000 genetic disorders, during the same time periods. From the above.

analysis, the staff concludes that both the dose commitments and health effects
of the LWR-supporting uranium fuel cycle are very small when compared with dose
commitments and patential health effects to the U.S. population resulting from
all natural-background sources.

.

6. Radioactive Wastes,

The quantities of buried radioactive waste material (low-level, high-level, and
transuranic wastes) associated with the uranium fuel cycle are specified in
Table S-3. For low-level waste disposal at land-burial facilities, the Commis-
sion notes in Table S-3 that there will be significant radioactive releases to
the environment. The Commission notes that high-level and transuranic wastes
are to be buried at a Federal repository and that no release to the environment
is associated with such disposal. NUREG-0116, which provides background and

i___ context for the high-level and transuranic waste values in Table S-3 established
b by the Commission, indicates that these high-level and transuranic wastes will

be buried anc will not be released to the biosphere. No radiological environ-
_ mental impact is anticipated from such disposal.

,

.

7. Occupational Dose

The annual occupational dose attributable to all phases of the fuel cycle for
the model 1000-MWe LWR is hbout 200 person-rems. The staff concludes that this
occupational do w will have a small environmental impact.

8. Transportation

The transportation dose to workers and the public is specified in Table S-3.
This dose is small in comparison with the natural-background dose.s

9. Fuel Cycle 'h,

xThestaff'sanalysisoftheuraniumfuelcycledidnotdependontheselected
fuel cycle (no recycle or uranium-only recycle), because the data $rovided in
Table S-3 include the maximum recycle-option impact for each element of the
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fuel cycle. Thus the staff's conclusions as to acceptability of the environ-
mental impacts of the fuel cycle are not affected by the specific fuel cycle
selected.
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Table C-1 Radon releases from mining and milling operations and
mill tailings for each year of operation of the model
1000-MWe LWR *

Radon source Qua,nt[tyreleased
Mining ** 4060h4

,

' Milling and tailings *** (during active mining) 780 Ci
Inactive tailings *** (before stabilization) 350 Ci
Stabilized tailings *** (several hundred years) I to 10 Ci/ year
Stabilized tailings *** (after several hundred years) 110 Cf/ year

i

*After 3 days of hearings before the Atomic Safety and Licensing Appeal
Board (ASLB) using the Perkins record in a " lead case" approacn, the ASLAB-

'
' issued a decision on May 13, 1981 (ALAB-640) on the radon-222 release
source term for the uranium fuel cycle. The decision, among other matters,
produced new source term numbers based on the record developed at the
hearings. These new numbers did not differ significantly from those in the
Perkins record, which are the values set forth in this table. Any health

. - effects relative to radon-222 are still under consideration before the ASLAB.
Because the source term numbers in ALAB-640 do not differ significantly from
those in.the Perkins record, the staff continues to conclude that both the* '

dose commitments and health effects of the uranium fuel cycle are insignifi-
cant when compared to dose commitments and potential health effects to the,

. U.S. population resulting from all natural background sources. Subsequent'

to ALA8-640, a second ASLAB decision (ALAB-654, issued September 11, 1981)
permits intervenors a 60-day period to challenge the Perkins record on the

; potential heath effects of radon-222 emissions
i

;__ **R. Wilde,'NRC transcript of direct testimony given "In the Matter of Duke
E--

'

Power Company (Perkins Nuclear Station)," Docket No. 50-488, April 17,.
*~ .1978.

***P. Magno,-NRC transcript of direct testimony given "In the Matter of Duke
~

-

'

Power Company (Perkins Nuclear Station)," Docket No. 50-488, April 17,
1978.

._
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Table C-2 Estimated 100 year environmental dose commitments !
per year of operation of the model 1000-MWe LWR !

Environmental dose commitments Total body
Lung - tisk

Total (bronchial (quivalent
body Bone epithelium) dose

Radon-222 (person- (person- (person- (person-
Radon source releases (Ci) rems) rems) rems) rems)

Mining 4100 110 2800 2300 630

Milling and
active
tailings 1100 29 750 620 170

Total 5200 140 3600 2900 800-

Table C-3 Estimated 100 year environmental dose commitments from
unreclaimed open pit mines for each year of operation
of the model 1000 MWe LWR

Environmental dose commitments Total body
7 Lung risk
* Total (bronchial equivalent

body Bone epithelium) dose
-- Time span Radon-222 (person- (person- (person- (person- -

" (years) releases (Ci) rems) rems) rems) rems)
- 100 3,700 96 2,500 2,000 550

500 19,000 480 13,000 11,000 3,000
1,000 37,000 960 25,000 20,000 5,500

~i
?

|
- sr.

-
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Table C-4 Estimated 100 year environmental dose commitments from
stabilized-tailings piles for each year of operation
of the model 1000-MWe LWR

|

Environmental dose commitments fotalbody
Lung risk

Total (bronchial @uivalentbody Bone epithelium) dose
|Time span Radon-222 (person- (person- (person- (person- |(years) releases (Ci) rems) rems) rems) rems) !

100 100 2.6 68 56 15
500 4,090 110 2,800 2,300 6301,000 53,800 1,400 37,000 30,000 8,200

-.

"
Table C-5 Summary of 100 year environmental dose commitments per year

of operation of the model 1000-MWe light-water reactor
..

.

Total body
risk

Total body equivalent
Source (person-rems) (person-rems)

h All nuclides in Table S-3 except radon-222t
and technetium-99 550 650

-

-- Radon-222 -
.

Mining, milling, and active tailings,
- 5200 Ci 140 800

Unreclaimed open pit mines, 3700 Ci 96 550

-Stabilized tailings, 100 Ci 3 15

Technetium-99, 1.3 Ci* <1 <10

TOTAL 790 2000
~h

*Dosecommitmentsarebasedonthe" prompt"releaseof1.3Ci/RRY.hAdditional
releasesoftechnetium-99areestimatedtooccuratarateof0_.0p9Ci/yr/RRY
after'2000 years of placing wastes in a high-level waste repository.
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APPENDIX D4 y
_ g

EXAMPLES OF SITE-SPECIFIC DOSE ASSESSMENT CALCULATIONS
V
~

1. Calculational Approach
,

As mentioned in the main body of this report, the quantities of radioactive
material that may be released annually from Beaver Valley Power Station Unit 2
are estimated on the basis of the description of the design and operation of the
radwaste systems as contained in the applicant's FSAR and by using the calcula-

- tive models and parameters described in NUREG-0017. These estimated effluent
release values for normal operation, including anticipated operational occur--

rences, along with the applicant's site and environmental data in the ER and
in subsequent answers to NRC staff questions, are used in the calculation of

' '

radiation doses and dose commitments.

The models and considerations for environmental pathways that lead to estimates
of radiation doses and dose commitments to individual members of the public near

F . the plant and of cumulative doses and dose commitments to the entire population
within an 80-km (50-mile) radius of the plant as a result of plant operations

r are discussed in detail in RG 1.109, Revision 1. Use of these models with-

adtiitional assumptions for environmental pathways that lead to exposure to the
general population outside the 80-km radius is described in Appendix B of this
statement.'

The calculations performed by the staff for the releases to the atmosphere and
hydrosphere provide total integrated dose commitments to the entire population
within 80 km of this facility based on the projected population distribution in
the year 2010. The dose commitments represent the total dose that would be

j h- received over a 50 year period, following the intake of radioactivity for 1 year
" ' under.the conditions existing 20 years after the station begins operation (thate

is, the mid point of station operation). For younger persons, changes in organ
- mass and metabolic parameters with age after the initial intake of radioactivity-
*

i are accounted for.

2. Dose Commitments from Radioactive Effluent Releases"
,

|

I The NRC staff's estimates of the expected gaseous and particulate releases
[. .(listed in Table D-1) along with the site meteorological considerations (sum-
-

marized in Table D-2) were used to estimate radiation doses and dose commitments
for airborne effluents. Individual receptor locations and pathway locations
considered for the maximally exposed individual in these calculations are listed
in Table D-3.

i

Annual.averagerelativeconcentration(x/Q)andrelativedepositijo(D/Q) values
were calculated using the straight-line Gaussian atmospheric dispersion model~
described in.RG 1.111, modified to reflect potential spatial and t|emporal vari-
ations in airflow, using site-specific correction factors developed by the
applicant. Releases through the process vent (at the top of the cboling tower)

Beaver Valley 2 DES 1 Appendix 0
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were assumed to be elevated, and releases from the turbine building were assumed
to be at ground level, with mixing in the turbulent wake of plant structures.
Releases through the containment vent were assumed to be partially elevated,
except for the transport directions (affected sectors) of north-northeast,
northeast, east-southeast, and southeast. Dispersion in these transport direc-
tionsisaffectedbythelargenaturaldraftcoolingtowers,and,{forthese
transport directions, releases from the containment vent were assumed to be at
ground level with mixing in the turbulent wake of plant structures:. Intermit-
tent releases through the containment vent were evaluated using th'e methodology
in NUREG/CR-2919.

A 5 year period of record (January 1977-December 1981) of onsite meterological
data was used for this evaluation. For releases from the containment and tur-
bine building vents, wind speed and direction data were based on measurements
made at the 10.7-m (35-foot) level, and atmospheric stability was defined by
the vertical temperature difference between the 45.7-m (150-foot) and 10.7-m
levels. For releases through the process vent at the top of the cooling tower,

. wind speed and direction data were based on measurements made at the 152-m (499-
foot) level, and atmospheric stability was defined by the vertical temperature
difference between the 152 m and 10.7-m levels.

In addition, the NRC staff estimates of the expected liquid releases (listed
in Table D-4), along with the site hydrological considerations (summarized in-

Table D-5), were used to estimate radiation doses and dose commitments from_,

liquid releases.

(a) Radiation Dose Commitments to Individual Members of the Public

As explained in the text, calculations are made for a hypothetical individual
member of the public (that is, the maximally exposed individual) who would be
expected to receive the highest radiation dose from all pathways that contri-
bute. This method tends to overestimate the doses because assumptions are made

3___ that would be difficult for a real individual to fulfill.
Y

The estimated dose commitments to the individual who is subject to maximum
exposure at selected offsite locations from airborne releases of radioiodine_

and particulates, and waterborne releases are listed in Tables D-6, D-7, and *
,

D-8. The maximum annual total body ard skin dose to a hypothetical individual
, and the maximum beta and gamma air dose at the site boundary also are presented

in Tables D-6, D-7, and D-8.

.
The maximally exposed individual is assumed to consume well above average

! quantities of the potentially affected foods and to spend more time at poten-
l tially affected locations than the average person, as indicated in Tables E-4

and E-5 of Revision 1 of RG 1.109.

(b) Cumulative Dose Commitments to the General Population

Annualradiationdosecommitmentsfromairborneandwaterborner'ahoactive
releases from Beaver Valley Power Station Unit 2 are estimated foq two popula-
tions in the year 2010: (1) all members of the general public wit,hin 80 km
(50 miles) of the station (Table D-7) and (2) the entire U.S. popflation

Beaver Valley 2 DES 2 Appendix D
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(Table D-9). Dose commitments beyond 80 km are based on the assumptions dis-
cussed in Appendix B. For perspective, annual background radiation doses are
given in the tables for both populations.

3. References y
- a

U.S. Nuclear Regulatory Commission, NUREG-0017, " Calculation of R(leases of
Radioactive Materials in Gaseous and Liquid Effluents from Pressufjzed Water
Reactors (PWR-GALE Code)," April 1976. -

-- , NUREG/CR-2919, " User's Guide for X0QD0Q: Evaluating Routine Effluent
. Releases at Commmercial Nuclear Power Stations," J.F. Sagendorf, S.T. Goll,
and W.F. Sandusky, September 1982.

-- , RG 1.109, " Calculation of_ Annual Doses to Man From Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix I," Revision 1, October 1977.

^

-- , RG 1.111, " Methods for Estimating Atmospheric Transport and Dispersion of
Gaseous Effluents in Routine Releases from Light-Water Reactors," Revision 1,
1977.
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Table D-1 Calculated releases of radioactive materials in gaseous effluents
from Beaver Valley Power Station Unit 2 (Ci/yr per reactor)

Sum of reactor contain-
ment vacuum, waste Reactor Turbing'
gas processing, and Auxiliary building buildirfg
air ejector exhausts * building stack *** vent **?

Nuclides (Cont)t (Cont)t (Interm't)T (Cont)t: Total

Ar-41 a a a a a
Kr-83m a a a a a
Kr-85m 1 2 a 1 3
Kr-85 200 a b a 201
Kr-87 a 1 a a 1
Kr-88 2 4 a a 6
Kr-89 a a a a a
Xe-131m 36 a a a 36

- Xe-133m 2 4 1 a 7
Xe-133 520 34 140 a 694
Xe-135m a a a a a
Xe-135 5 4 a a 9

_
Xe-137 a a a a a
Xe-138 a a a a a

--

Total Noble Gases 960

Mn-54 0.000045 0.00018 0.0011 b 0.0011
Fe-59 0.000015 0.000060 0.00037 b 0.00039
Co-58 0.00015 0.00060 0.0037 b 0.0039
Co-60 0.000070 0.00027 0.0017 b 0.0020
Sr-89 0.0000033 0.000013 0.000085 b 0.00010
Sr-90 0.00000070 0.0000024 0.000015 b 0.000018r

g Cs-134 0.000045 0.00018 0.0011 b 0.0013
Cs-137 0.000075 0.00030 0.0019 b 0.0023

-

.

Total Particulates 0.011-

- I-131 0.038* 0.0043 a 0.00052 0.043-

I-133 0.013* 0.0062 a 0.00069 0.020
770770H-3 - --

C-14 8 a a a 8

* Continuous, elevated release through cooling tower of Unit 1. The I-131 and
I-133 release values consist of I-131 and I-133 release values of 0.035 Ci/yr
and 0.009 Ci/yr, respectively, from the present containment vacuum exhaust
system, which is not modified to properly filter 90% of the effluent iodine.

** Continuous mixed mode release, the staff assumes that the exhaust fans
will be operated continuously during normal plant operations. F

*** Intermittent release, one 400-hr mixed-mode release per year from the reactor
building (containment). . k

**** Continuous, ground level release. r

tInterm't = intermittent; cont = continuous.
a = Less than 1.0 Ci/yr for noble gases and C-14; less than 10 4 Ci/yr for iodine.
b = Less than 1% of total for this nuclide.
Beaver Valley 2 DES 4 Appendix D
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Table D-2 Summary of atmospheric dispersion factors (x/Q) and relative
deposition values for maximum site boundary and receptor
locations near Beaver Valley Unit 2

-

Reidtive
Location * Source ** X/Q (sec/m ) depdsition (m.2)a

Nearest effluent- A 3.8 x 10 10 1.1 x 10 8
control boundary B 1.3 x 10 5 8.0 x 10 8
(0.34 km NE of C 2.9 x 10 5 1.8 x 10 7
Unit 2) D 1.4 x 10 5 8.0 x 10 8
Nearest residence A 6.2 x 10 8 1.5 x 10 8
and garden (0.61 km B 5.1 x 10 8 3.3 x 10 8
NE of Unit 2) C 1.2 x 10 5 7.7 x 10 8

D 5.7 x 10 8 3.3 x 10 8
- Nearest milk cow A 2.2 x 10.s 1.7 x 10 10

(4.4 km WNW of B 1.1 x 10 8 1.7 x 10 10
Unit 2) C 2.4 x 10 8 3.6 x 10 10

0 4.8 x 10 8 1.8 x 10 8
Nearest milk goat A 3.6 x 10 8 1.5 x 10 8+

(2.1 km NE of B 8.2 x 10 7 4.5 x 10 8
. _ ,

Unit 2) C 1.8 x 10 8 1.0 x 10 8
0 8.6 x 10 7 4.5 x 10 8

Nearest meat animal A 1.8 x 10 8 1.5 x 10 10
(4.5 km NW of B 1.3 x 10 8 1.8 x 10 10
Unit 2) C 2.6 x 10 8 3.7 x 10 10

D 4.8 x 10 8 1.8 x 10 8

*" Nearest" refers to that type of location where the highest radiation dose
7- is expected to occur from all appropriate pathways.
"

** Sources:
A - Reactor containment vacuum exhaust, waste gas processing or air ejector

_

exhaust, Unit 2, continuous and elevated release. -

,

B - Auxiliary building Unit 2, continuous and mixed mode release; the staff
assumes that the exhaust fans will be operated continuously during
normal plant operation.

C - Reactor containment purge Unit 2, intermittent release, 400 hours per year.
D - Turbine building ventilation exhaust, Unit 2, continuous, ground level '

release.

c
. .

.
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Teble D-3 Ne:r st pathw:y 1ccations used for c:xically expostd
individual dose commitments for Beaver Valley Unit 2

Location Sector Distance (km)

Nearest effluent- NE of Unit 2 0.34
control boundary * , [
Residence and garden ** NE 6.61
Milk cow WNW E. 4

Milk goat NE 2.1
Meat animal NW 4.5

* Beta and gamma air doses, total body doses, and skin doses from noble gases
are determined at the effluent-control boundaries in the sector where the
maximum potential value is likely to occur.

** Dose pathways including inhalation of atmospheric radioactivity, exposure
to deposited radionuclides, and submersion in gaseous radioactivity are,

evaluated at residences; this location includes vegetable consumption doses.

Table D-4 Calculated release of radioactive materials in liquid effluents
- from Beaver Valley Unit 2
.

Nuclide Ci/yr per reactor * Nuclide Ci/yr per reactor

Corrosion and Activation Products Fission Products (cont'd)
Cr-51 0.000080 Te-127 0.000020
Mn-54 0.0010 Te-129m 0.000060
FE-55 0.000080 Te-129 0.000040
Fe-59 0.000050 I-130 0.00028
Co-58 0.0047 I-131 0.14r

m-
"

Co-60 0.0088 Te-131m 0.000060
Te-131m 0.00006 I-132 0.0038
Te-131 0.00001 1-133 0.076 -

Np-239 0.000040 1-134 0.000020
Te-131 0.000010

~

Fission Products
Cs-134 0.015Br-83 0.000050 I-135 0.013

Sr-89 0.00002 Cs-136 0.00069
Zr-95 0.0014 Cs-137 0.025
Nb-95 0.0020 Ba-137m 0.0012
Mo-99 0.0029

Ce-144 0.0052
Tc-99m 0.0025 _.

Ru-103 0.00014 All Others 0.000 @ 0

Total (exceptH-3)0.31f~m 4
Te-127m 0.00001 H-3 340 - 7
*Nuclides whose release rates are less than 10 5 Ci/yr per reactor are not
listed individually but are included in "all others."
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Table D-5 Summary of hydrologic transport and dispersion for
liquid releases from Beaver Valley Unit 2*

Transit time Dilution
Location (hours) factor

ALARA dose calculations ' f
Nearest drinking-water intake 7.7 2h
(Chester, W) *

Nearest sport-fishing location 0.1 20
(discharge area)**

4

Nearest shoreline (bank of 0.1 20
Ohio River near discharge area)
Nearest residential river bank well 4.4 823
(Georgetown and Glasgow Boroughs and
Green Township)

~

P'opulation Dose Calculations *,**

Sport and commercial fishing,
shoreline use, swimming, and
boating along the following
segments of the Ohic River
downstream from the Beaver-

Valley Unit 2 discharge area:
0-18 km 6 489

18-35 km 18 570
35-53 km 30 550
53-70 km 42 550
70-88 km 54 550

Drinking water intakes
from Ohio River within.

h 80 km radius of the plant
"

at the following dista. ices
(km) downstream from the,

plant: -
,

2.1, Midland, PA 1.4 623,

!
~

11.4, Chester, W 7.7 250
8.4, East Liverpool, OH 5.7 623

'

38.8, Toronto, OH 26.2 550
43.4, Wierton, W 29.3 550

| 48.6, Steubenville, OH 32.8 550
| 57.9, Mingo Junction, OH 39.1 550
| 83.4, Wheeling, W 56.3 550
' 86.2, Martin's Ferry, OH 58.2 550

94.9, Bellaire, OH 64.1 550

*See RG 1.113, " Estimating Aquatic Dispersion of Effluent fr6m'decidental
andRoutineReactorReleasesforthePurposeofImplementinghpendixI."

** Assumed for an upper limit estimate; detailed information not- vailable.g,

**''The dilution factors are NRC staff estimates based on downstream distances
; and transit times given in ER-OL Amendment 6 Table SC-3.
|
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Table D-6 Annual dose commitments to a maximally exposed individual near Beaver Valley Unit 2

Locntion Pathway Doses (mrems/yr per unit, except as noted)

Noblegasesingaseo{seffluents
Total Gammaairdos$- Beta ai: :1ose
body Skin (mrads/yr/ uni 6) (mrads/yr/ unit)

N2arest* site Direct radiation a 0.12 a 0.17
boundary (0.34 km NE) from plume

Iodine and particulates in gaseous effluents **

Total body Organ

Nearest *** site Ground deposition 0.46 (T) 0.46 (C) (thyroid)
b:undary (0.34 km NE) Inhalation 0.40 (T) 0.50 (C) (thyroid)

'N:arest r'esidence Ground deposition 0.19 (C) 0.19 (C) (thyroid)
and garden (0.61 km Inhalation 0.14 (C) 0.19 (C) (thyroid)
NE) Vegetable consumption 2.4 (C) 2.4 (C) (thyroid)

Nearest milk cow Ground deposition a (C) a (I) (thyroid)
~(4.4 km WNW) Inhalation a (C) a (I) (thyroid)

Vegetable consumption 0.49 (C) 0.49 (C) (thyroid)**..

Cow milk consumption 0.20 (C) 0.23 (C) (thyroid)

N;arest milk goat Ground deposition a (C) a (I) (thyroid)
(2.1 km NE) Inhalation a (C) a (I) (thyroid)

Vegetable consumption 0.38 (C) 0.40 (C) (thyroid)*
Goat milk consumption 0.32 (C) 1.6 (I) (thyroid)

Nearest meat animal Meat consumption a (A) a (A) (thyroid)
(4.5 km NW)

h Liquid effluents **

Total body Organ
,

~4learest drinking Water ingestion a (I) 0.13 (I) (thyroid)
w:ter Chester, WV
We ;rcst fish at Fish consumption 0.37 (A) 0.51 (A) (liver)
plant-discharge area

'

Ne: rest shore access Shoreline recreation a (A) a (A) (liver)
| near plant-discharge

esrca

'a=Less than 0.1 mrem / year.
"" Nearest" refers to that site boundary location where the highest radiation doses as a
result of gaseous effluents have been estimated to occur. -t

i AfD:ses are for the age group and organ that results in the highest cumulative dose for the
1ccation: A= adult, T= teen, C= child, I= infant. Calculations were made Jor these age
groups and for the following organs: gastrointestinal tract, bone,.li g r, kidney,,

i thyroid, lung, and skin. :

| ***" Nearest" refers to the location where the highest radiation dose to an individual from
| all applicable pathways has been estimated.
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Table D-7 Calculated Appendix I dose commitments to a maximally
exposed individual and to the population from operation,

of Beaver Valley Unit 2

Annualdoseperre{ctorunit

Individualh-

Appendix I Calculated
design objectives * doses **

Liquid effluents
Dose to total body from all pathways 3 mrems 0.37 mrem
Dose to any organ from all pathways 10 mrems 0.51 mrem

(liver)
Noble gas effluents (at site boundary)

Gamma dose in air 10 mrads a
Beta dose in air 20 mrads 0.17 mrad-

Dose to total body of an individual 5 mrems b
Dose to skin of an individual 15 mrems 0.12 mrem

Radioindines and particulates***
Dose to any_ organ from all pathways 15 mrems 2.8 mrems

' (child,,

thyroid)

Population dose within
80 km, person-rems

Total body Thyroid

Natural-background radiation. 420,000

f Liquid effluents 0.91 2.6
Noble gas effluents 0.12 0.12-

Radiciodine and particulates 14 17
.

* Design objectives from Secticns II.A, II.B. II.C, and II.D of Appendix I,-

10 CFR Part 50, consider dors!s to maximally exposed individual and to
population per reactor unit.--

** Numerical values in this column were obtained by summing appropriate
values in Table D-6. Locations resulting in maximum doses are represented
here.

*** Carbon-14 and tritium have been added to this category.
tNatural Radiation Exposure in the United States," U.S. Environmental
Protection Agency, ORP-SID-72-1, June 1972; using the average background
dose for Pennsylvania, Ohio, and West Virginia of 106 mrems/yr and
year 2010 projected population of 3,950,000. p

a=less than 0.1 mrad / year.
~

-

b=Less.than 0.1 mrem / year. ~7
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Table D-S ' Calculated RM-50-2 dose commitments to a maximally
exposed individual from operation of the Beaver Valley
nuclear facility *

Annual dose per bite

RM-50-2 design hiculated
objectives ** doses

Liquid effluents
Dose to total body or any organ from
all pathways 5 mrems 1.0 mrem

Activity-release estimate, excluding
tritium (Ci) 10 0.62

Noble gas effluents (at cite boundary)-

Gamma dose in air 10 mrads 0.17 mrad
Beta dose in air 20 mrads 0.34 mrad
Dose to total body of an individual 5 areas 0.1 mrem
Dose to skin of an individual 15 mrems 0.24 mrem

''

Radioiodines and particulates***
Dose to any organ from all pathways 15 mrems 5.6 mrems

(child
thyroid)

I-131 activity release (Ci) 2 0.1

*An optional method of demonstrating compliance with the cost-benefit
Section (11.0) of Appendix I to 10 CFR Part 50.

h ** Annex to Appendix I to 10 CFR Part 50.

*** Carbon-14 and tritium have been added to this category.
.

|
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Table 0-9 Annual total-body population dose commitments year 2010

U.S. population
dose commitment,

Category person-rems / r
4

Natural background radiation * 28,000,000*f
Beaver Valley Unit 2 operation

Plant ' workers 500

General public
Liquid effluents ** 0.91
Gaseous effluents 35
Transportation of fuel and waste 3

. *Using the average U.S. background dose (100 arems/yr) and year
2010 projected U.S. population from " Projections of the Popula-
tion of the U.S. 1982-2050," Advance Report, U.S. Bureau of the
Census, Department of Commerce, " Current Population Reports,"
Series P-25, No. 922, October 1982.

. **80-km (50-mile) population dose

i.- -
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APPENDIX E -f
REBASELINING OF THE RSS RESULTS FOR PWRs 1.

The results of the Reactor Safety Study (RSS) (WASH-1400, NUREG-75/014) have
been updated. The update was done largely to incorporate results of research
and development conducted since the October 1975 publication of the RSS and to
provide a baseline against which the risk associated with various light-water
reactors (LWRs) could be consistently compared.

Primarily, the rebaselined RSS results reflect usa of advanced modeling of the
processes involved in meltdown accidents; i.e. , the MARCH computer code model-
ing for sequences initiated by transients and loss-of-coolant accidents (LOCAs)
and the CORRAL code used for calculating the magnitudes of release accompanying.

various accident sequences. These codes * have led to a capability to predict
the transient- and small LOCA-initiated sequences that is considerably advanced
beyond that which existed at the time the RSS was completed. The MARCH and
CORRAL advanced accident process models resulted in some changes in the staff's, .

estimates of the release magnitudes from various accident sequences in WASH-1400.
These changes primarily involvea release magnitudes for the iodine, cesium, and..

tellurium families of isotopes. In general, a decrease in the iodines was pre-
dicted for many of the dominant accident sequences, although some increases in
the release magnitudes for the cesium and tellurium isotopes were predicted.

Entailed in this rebaselining effort was the evaluation of individual dominant
accident sequences as we understand them to evolve (rather than the grouping
of large numbers of accident sequences into encompassing release categories, as

, was done in WASH-1400). The rebaselining of the RSS also eliminated the
" smoothing technique" used in WASH-1400 that was criticized by the Risk Assess-_- - .

F ment Review Group (NUREG/CR-0400; sometimes known as the Lewis Report).

In both the RSS designs (pressurized water reactors (PWRs) and boiling-water-
,

reactors (BWRs)), the likelihood of an accident sequence leading to a steam*

explosion (a) in the reactor vessel was decreased. Results of both experiments
and calculations to date have shown that, given certain accident sequences,c .

small steam explosions are likely, but it is very unlikely that an explosion of
as much energy as was postulated in WASH-1400 would occur. This large amount

! of energy would be necessary to cause a massive breach of containment as
! described for the BWR 1 release category of WASH-1400.
|

For rebaselining of the RSS PWR design, the release magnitudes for the risk-
dominating sequences (Event V, TMLB'-6, y, and S C-6, described below) were2
explicitly calculated and used in the consequence modelling, rather than being
lumped into release categories as was done in WASH-1400. The rebtselining led

F
:

*ItshouldbenotedthattheMARCHcodewasusedforanumberof5tenariosin
#connection with the recovery efforts at Three-Mile Island Unit 2 (TMI-2) and

I for post-TMI-2 investigations to explore possible alternative scenarios that
! TMI-2 could have experienced.
1
i
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Lto a small decrease in the predicted risk to an individual of early fatality or
latent cancer fatality as compared to the original RSS PWR predictions. This
result is believed to be largely attributable to the decreased likelihood of
occurrence for sequences involving severe steam explosions (a) that breached
containment. (In WASH-1400, the sequences involving severe steam wxplosions
(a)wereartificallyelevatedintheirrisksignificance(i.e.,-m(demore
likely) by use of the " smoothing technique.") L

In_ summary, the rebaselining of the RSS results led to small overa'11 differ-
ences from the predictions in WASH-1400. However, it should be recognized that
these small differences as a result of the rebaselining efforts are likely to
be far outweighed by the uncertainties associated with such analyses.

The accident sequences that are expected to dominate risk from the RSS PWR
design are described below. Accident sequences are designated by strings of
identification characters in the same manner as in the RSS (Table E.1 lists
these symbols). Each of the characters represents a failure in one or more of
the important plant systems or features that ultimately would result in melting.

~

of the reactor core and a significant release of radioactive materials from
containment.*

Event V (Interfacing System LOCA)

#

, During the RSS, a potential?y large risk contributor was identified that was the
result of the configuration of the multiple check valve barriers used to sepa-
rate the high pressure reactor coolant system from the low design pressure por-

: tions of the emergency core cooling system (ECCS). (This was the low pressure
i injection subsystem, LPIS.) If these valve barriers were to fail in various
; modes (such as leak-rupture or rupture-rupture) and suddenly exposed the LPIS
j to high overpressures and dynamic loadings, the RSS judged that a high proba-
~ bility of LPIS rupture would exist. Because the LPIS is located largely outside

the containment, the Event V scenario would be a LOCA that bypassed the con-
.tainment and those mitigating features (e.g., sprays) within the containment.; 3

7 The RSS assumed that if the rupture of LPIS did not cause the complete failure
of the LPIS makeup function (which would ultimately be needed to prevent core
damage), the LOCA environment (flooding, steam) would. Predictions of the.

release magnitude and consequences associated with Event V have indicated that *
,

I this scenario represents one of the largest risk contributors from the RSS PWR
,

,
design. The NRC has recognized this RSS finding, and has taken steps to reduce

; the probability of occurrence'of Event V scenarios in both existing and future
| LWR designs by requiring periodic surveillance testing of the interfacing valves
! to ensure that these valves are properly functioning as pressure boundary

isolation barriers during plant operations.
!

! TML8'-6, y

| This sequence essentially considers the loss and nonrestoration of all ac power
i sources available to the plant, along with an independent failure.of the steam-
! turbine-driven auxiliary feedwater train (which would be required o operate to
| remove shutdown heat from the reactor core). This transient is i itiated by
! loss of offsite ac power sources, which would result in plant tri (scram) and
I

!

[ *For additional information detail, see Appendix V of WASH-1400.
|

| Beaver Valley 2 DES 2 Appendix E
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the loss of the normal way that the plant removes heat from the reactor core
(via the power conversion system, which consists of the turbine, condenser, the
condenser cooling system, and the main feedwater and condensate delivery system
that supplies water to the steam generators). This initiating event would then
demand operation of the standby onsite emergency ac power supplief (two diesel
generators) and the standby auxiliary feedwater system, two traint of which are
electrically driven by either onsite or offsite ac power. With ftflure and non-
restoration of ac power and the failure of the steam-turbine-drivin auxiliary
feedwater train to remove shutdown heat, the core would ultimately uncover and
melt. If restoration of ac power was not successful during (or following) melt,
the containment heat removal and fission product mitigating systems would not
be operational to prevent the ultimate overpressure (6, y) failure of contain-
ment and a rather large, energetic release of activity from the containment.
Next to the Event V sequence, TMLB'-6, y is predicted to dominate the overall
accident risks in the RSS PWR design.

S C-6 (PWR 3)2
.

In the RSS, the S C-6 sequence was placed in PWR release category 3, and it2
actually dominated all other sequences in Category 3 in terms of probability
and release magnitudes. The rebaselining entailed explicit calculations of the
consequences from S C-6, and the results indicated that it was next in overall2
risk importance after Event V and TMLB'-6, y.

..

The S C-6 sequence included a rather complex series of dependencies and inter-2
actions that are believed to be somewhat unique to the containment systems
(subatmospheric) employed in the RSS PWR design.

In essence, the S C-6 sequence included a small LOCA in a specific region of the2
plant (reactor vessel cavity); failure of the recirculating containment heat
removal systems (CSRS-F) because of a dependence on water draining to the recir-
culation sump from the LOCA; and a resulting dependence imposed on the quench,

spray injection system (CSIS-C) to provide water to the sump. The failure ofe
' - the CSIS-(C) resulted in eventual overpressure failure of containment (6) as a

result of the the loss of CSRS-F. Given the overpressure failure of contain-
- ment, the RSS assumed that the ECCS functions would be lost, because of either -
' the cavitation of ECCS pumps or the rather severe mechanical loads that could

result from the overpressure failure of containment. The core was then assumed
- to melt in a breached containment, which would lead to a significant release of

radioactive materials.

Most of the release would occur over a period of about 1.5 hours. The release
of radioactive material from containment would be caused by the sweeping' action
of gases generated by the reaction of the molten fuel with concrete. Because
these gases would be heated initially by contact with the melt, the rate of
sensible energy release to the atmosphere would be moderately high.

~)PWR 7

ThisisthesameasthePWRreleasecategory7oftheoriginalRS(,whichwas.
made up of several sequences such as S 0-c (the dominant contribu h r to the2 ~

risk in this category), S D-c, S H-C. S H-c, AD-c, AH-c, TML-c, and TKQ c. All3 2 t
of these sequences involved a containment base mat melt-through as the contain-
ment failure mode. With excepton of TML-c and TKQ-c, all involve the potental
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failure of the ECCS after a LOCA, with the containment engineered safety fea-
tures (ESFs) continuing to operate as designed until the base mat was pene-,

trated. Containment sprays would operate to reduce the containment temperature
and pressure as well as the amount of airborne radioactivity. The containment
barrier would retain its integrity until the molten core proceeded to melt
through the concrete containment base mat. Theradioactivematergalswouldbe
released into the ground. Most of the release would occur continuously over a
period of about 10 hours. Because leakage from containment to the atmosphere
would be low and gases escaping through the ground would be cooled by contact
with the soil, the energy release rate would be very low.

Reference

U.S. Nuclear Regulatory Commission, NUREG-75/014, " Reactor Safety Study,"
October 1975 (formerly WASH-1400).

,.
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Table E.1 Key to PWR accident sequence symbols

Sequence
designator Definition ,

i

A Intermediate to large LOCA :_
B Failure of electric power to ESFs i
B' Failure to recover either onsite or offsite electric power

within about 1 to 3 hours following an initiating transient that
is a loss of offsite AC power

C Failure of the containment spray injection system
D Failure of the emergency core cooling injection system
F Fai. lure of the containment spray recirculation system
G Failure of the containment heat removal system

,

H Failure of the emergency core cooling recirculation system
K Failure of the reactor protection system
L Failure of the secondary system relief valves and the auxiliary

feedwater system

M Failure of the secondary system steam relief valves and the
power conversion system

Q Failure of the primary system safety relief valves to reclose
after opening

R Massive rupture of the reactor vessel

S A small LOCA with an equivalent diameter of about 2 to 6 inchest

-[-a 5 A small LOCA with an equivalent diameter of about 1/2 to 2 inches2

T Transient event
,

.
*

V LPIS check valve failure

a Containment rupture as a result of a reactor vessel steam*

explosion

p Containment failure resulting from inadequate isolation of
containment openings and penetrations

y Containment failure as a result of hydrogen burning

6 Conta'nment failure as a result of overpressure
_

c Containment vessel melt-through f
&
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APPENDIX F -

- 1

CONSEQUENCE MODELING CONSIDERATIONS i.
:
*

Evacuation Model

" Evacuation," used in the context of offsite emergency response in the event of
substantial amount of radioactivity release to the atmosphere in a reactor acci-
dent, denotes an early and expeditious movement of people to avoid exposure to
the passing radioactive cloud and/or to acute ground contamination in the wake
of the cloud passage. It should be distinguished from " relocation," which
denotes a post-accident response to reduce exposure from long-term ground con-
tamination after plume passage. The Reactor Safety Study (RSS) (NUREG-75/014,
WASH-1400) consequence model contains provision for incorporating the radio-.

logical consequence reduction benefits of public evacuation. The benefits of a
properly planned and expeditiously carried out public evacuation would be a
reduction of early health effects associated with early exposure; namely, in
the number of cases of early fatality and acute radiation sickness that would
require hospitalization. The evacuation model originally used in the RSS con-
sequence model is described in WASH-1400 as well as in NUREG-0340 and_,

NUREG/CR-2300. The evacuation model which has been used herein is a modified
version of the RSS model and is, to a certain extent, site emergency planning
oriented (Sandia, 1978). The modified version is briefly outlined below.

The model utilizes a circular area with a specified radius (the 16-km (10-mile)
plume exposure pathway Emergency Planning Zone (EPZ)), with the reactor at the
center. It is assumed that people living within portions of this area would
evacuate if an accident should occur involving imminent or actual release of

i-- significant quantities of radioactivity to the atmosphere.
7..

Significant atmospheric releases of radioactivity would in general be preceded
by one or more hours of warning time (postulated as the time interval between_

the awareness of impending core melt and the beginning of the release of radio *
,

activity from the containment building). For the purpose of calculation of
radiological exposure, the model assumes that all people who live in a fan-

,

shaped area (fanning out from the reactor), within the circular zone, with the
downwind direction as its median (that is, those people who would potentially
be under the radioactive cloud that would develop following the release) would
leave their residences after lapse of a specified amount of delay time * and
then evacuate. The delay time is reckoned from the beginning of the warning
time and is recognized as the sum of: the time required by the reactor opera-
tors to notify the responsible authorities; the time required by the authorities
to interpret the data, decide to evacuate, and direct the people to evacuate;
and the time required for the people to mobilize and get under way,.

F
-

* Assumed to be of a constant value, 2 hours, that would be the safe for all
evacuees. -

4
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,

.The model assumes that each evacuee would move radially outward * from the reac-
tor with an average effective speed ** (obtained by dividing the zone radius by
the average time taken to clear the zone after the delay time) over a fixed
distance from the evacuee's starting point. This distance is selected to be
24 km (15 miles) (which is 8 km or 5 miles more than the 16-km (10-mile) plume
exposure pathway EPZ radius). Afterreachingtheendofthetravdldistance,
the evacuee is assumed to receive no further radiation exposure. L

5
The model incorporates a finite length of the radioactive cloud in the downwind
direction that would be determined by the product of the duration over which
the atmospheric release would take place and the average wind speed during the
release. It is assumed that the front and the back of the cloud would move with
an equal speed, which would be the same as the prevailing wind speed; therefore,
its length would remain constant at its initial value. At any time after the
release, the concentration of radioactivity is assumed to be uniform over the
length of the cloud. If the delay time were less than the warning time, all
evacuees would have a head start; that is, the cloud would be trailing behind
the evacuees initially. On the other hand, if the delay time were more than the.

warning time, then, depending on initial locations of the evacuees there are
possibilities that (1) an evacuee will still have a head start, or (2) the cloud
would be already overhead when an evacuee starts to leave, or (3) an evacuee
would be initially trailing behind the cloud. However, this initial picture of

- cloud / people disposition would change as the evacuees travel, depending on the
relative speed and positions between the cloud and people. The cloud and an_,

'

evacuee might overtake one another one or more times before the evacuee would
reach his/her destination. In the model, the radial position of an evacuating
person, either stationary or in transit, is compared to the front and the back
of the cloud as a function of time to determine a realistic period of exposure
to airborne radionuclides. The model calculates the time periods during which
people are exposed to radionuclides on the ground both while they are stationary
and while they are evacuating. Because radionuclides would be deposited con-
tinually from the cloud as it passed a given location, a person who is under the
cloud would be exposed to ground contamination less concentrated than if the-

T cloud had completely passed. To account for this, at least in part, the revised
model assumes that persons are: (1) exposed to the total ground contamination
concentration that is calculated to exist after complete passage of the cloud,_

*after they are completely passed by the cloud; (2) exposed to one-half the cal-.

culated concentration when anywhere under the cloud; and (3) not exposed when
they are in front of the cloud. Different values of the shielding protection,

factors for exposures from airborne radioactivity and ground contamination have
been used.

Results shown in Section 5.9.4.5 of the main body of this environmental state-
ment for accidents involving significant release of radioactivity to the atmos-
phere were based upon the assumption that all people within the 16-km (10-mile)
plume exposure pathway EPZ would evacuate according to the evacuation scenario
described above. Because sheltering can be a mitigative feature, it is not

_ . ,
F

*IntheRSSconsequencemodel,theradioactivecloudisassumedthtravel
radially outward only, spreading out as it moves away. k.

** Assumed to be a constant value, 4 km (2.5 miles) per hour, that would be the
same for all evacuees.
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expected that detailed inclusion of any facility (see Section 5.9.4.5(2)) near
a specific plant site, where not all persons would be quickly evacuated, would
significantly alter the conclusions. For the delay time before evacuation, a
value of 2 hours was used. The staff believes that such a value appropriately
reflects the Commission's emergency planning requirements. The aqplicant has
providedestimatesofthetimerequiredtoclearthe16-km(10-mi{e) zone.

.

From these estimates, the staff has conservatively estimated the dffective
evacuation speed to be 1.12 m per second (2.5 mph). It is reali dic to expect

i that the authorities would aid and encourage evacuation at distances from the
site where exposures above the threshold for causing early fatalities could be
reached regardless of the EPZ distance. As an additional emergency measure fori

the Beaver Valley site, it was also assumed that all people beyond the evacua-
tion distance who would be exposed to the contaminated ground would be relocated
12 hours after passage of the plume.

A modification of the RSS consequence model was used that incorporates the
assumption that, if the calculated ground dose to the total bone marrow over a
7.-day period were to exceed 200 rems, this high dose rate would be detected by

-

actual field measurements following plume passage, and people from these regions
would be relocated immediately. For this situation, the model limits the period
of ground dose calculation to 12 hours; otherwise, for calculation of early
dose, the period of ground exposure is limited to 7 days.,

The model has the same provision for calculation of the economic cost associ-..

ated with implementation of evacuation as does the original RSS model. For this
purpose, the model assumes that for atmospheric releases of durations 3 hours or
less, all people living within a circular area of 8-km (5-mile) radius centered,

at the reactor plus all people within a 90 angular sector within the plume
exposure pathway EPZ and centered on the downwind direction will be evacuated
and temporarily relocated. However, if the duration of release would exceed
3 hours, the cost of evacuation is based on the assumption that all people
within the entire plume exposure pathway EPZ would be evacuated and temporarily

& relocated. For either of these situations, the cost of evacuation and reloca-
7 tion is assumed to be $225 (1980 dollars) per person, which includes cost of

food and temporary sheltering for a period of 1 week.
~

Early Health Effects Model
.

-

. The medical advisors to the Reactor Safety Study (Section 9.2.2 of Appendix IV,
and Appendix F) proposed three alternative dose-mortality relationships that
can be used to estimate the number of early fatalities in an exposed population.
These alternatives characterize different degrees of post-exposure medical
treatment from " minimal," to supportive," to " heroic"; they are more fully
described in NUREG-0340. There is uncertainty associated with the mortality
relationships (NUREG/CR-3185), and the availability and effectiveness of
different classes of medical treatment (Andrulis, 1982).

The calculated estimates of the early fatality risks presented in Sec-
tion 5.9.4.5(3) of the main body of this report used the dose-mortElity rela-
tionship that is based upon the supportive treatment alternative, sThis implies
the availability of medical care facilities and services that are gesigned for
radiation victims exposed in excess of about 170 rems, the approximate level
above which the medical advisors to the Reactor Safety Study recommended more
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than minimal medical care to reduce early fatality risks. At the extreme low
probability end of the spectrum (at the level of three chances in one hundred
million per reactor year), the number of persons involved might exceed the
capacity of facilities that provide the best such services; in this case, the
number of early fatalities might have been underestimated. However, this number
may not have been greatly underestimated because hospitals now in [the United
States are likely to be able to supply considerably better care tg radiation
victims than the medical care upon which the assumed minimal medichl treatment
relationship is based. Further, a major reactor accident at Beave'r Valley
Unit 2 would certainly cause a mobilization of the best available medical
services with a high national priority to save the lives of radiation victims.
Therefore, the staff expect that the mortality risks would be less than those
indicated by the RSS description of minimal treatment (and much less, of course,
for those who will be given the type of treatment defined as " supportive"). For
these reasons, the staff has concluded that the early fatality risk estimates
are bounded by the range of uncertainties discussed in Section 5.9.4.5(7).

References
.

Andrulis; Task 5 letter report from Dr. D. A. Elliot, Andrulis Research Corp.,
to A. Chu, NRC, on Technical Assistance Contract No. NRC-03-82-128; December 13,
1982.

Sandia Laboratories, "A Model of Public Evacuation for Atmospheric Radiological
Releases," SAND 78-0092, June 1978.e

U.S. Nuclear Regulatory Commission, NUREG-75/014, " Reactor Safety Study,"
October 1975 (formerly WASH-1400).

-- , NUREG-0340, " Overview of the Reactor Safety Study Consequences Model,"
H. Lewis et al., October 1977.

-- , NUREG/CR-3185, " Critical Review of the Reactor Safety Study Radiological
g: Health Effects Model," March 1983.
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7TAb 2xac-4-009
(412) 787-$141

Telecogy 4 8 6

Nuclear Construction Dimion Febrtjary 9, 1984Robinson Plaza. Buildmg 2, Suite 210
Pattsburgh, PA 15205 ''

,

;

Mr. Harold R. Denton
_

;
Office of Nuclear Reactor Regulation *

United States Nuclear Regulatory Omnission
Washipton,DC20555
ATTENTION: Mr. George Knighton

SUBJECT: Beaver Valley Power Station - Unit No. 2
Docket No. 50-412
ER Acceptance Review Questions - Additional Information

Gentlemen:
.

Please find enclosed copies of the information discussed below that
were reouested in Enclosures 1 and 2 to Mr. G. W. Knighton's letter to
Mr. E. J. tbolever dated October 20, 1983, titled " Beaver Valley Unit 2
Environmental Review Requests for Additional Information." The enclosed

- information is as follows: .

E310.10 Pennsylvania Historical and Musetzn Comnission 1983. Signed--

concurrence by Ms. Brenda Barrett, Director, Nove2er 14,1983,
on letter from E. G. Nelson, SWEC, dated October 25, 1983.

* Chio Historic Society 1983. Sioned mncurrence by W. Ray Ince,
State Historic Preservation Officer, September 12, 1983, on
letter from E. G. Nelson, SWEC, dated August 30, 1983.

* West Virginia Department of Culture and History 1983. Intter
from Ibdney S. Collins, Director, Historic Preservation Unit,
dated August 23, 1983.

E451.6 Che mmplete year (1979) of consecutive hourly meteorological
data on one 9-track computer tape in NBC format ollected at_

the BVPS site. 3he data on the tape mnsists of low-level (35 ~"
ft.) wind speed and wind direction, and precipitation for use
by the NRC in their CRAC code.

IX)CUESNE LIGHT COMPANY

By _ ._ .

E. q rcolever
Vice President

TJZ/nml
' Attachments

-

SUBSCRIBED AND SWORN 70 BEFORE ME 2HIS F9f/ IRY OF ff b.,a ,1984. t

2$ f W & ^

totary Puolic

ANITA ELA!NE REITER. NOTAr!Y PUBUC
ROSINSON TC'.'#;3Hi?. ALLEGHENY CLU.*;IY

i.iY CO|.i.'.1:SSiCN EXP!RIE OCTOBER 00.1933
,
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United States Nuclear Regulatory Ozmission
Mr. Hairld R. Denton
Page 2

?
- &

r
c.

COPNONhTAL'n! OF PENNSYLVANIA )
) SS:

COUNTY OF Ar.TrnHENY )
.

/u!,beforeme,ab this #f[ day of w ,

Notary Public in and for said Comtonwealb and County, personally appeared
E. J. Rolever, who being duly sworn, deposed and said that (1) he is Vice.

President of Duquesne Light,-- (2) he is duly authorized to execute and tile the
foregoing Subnittal on behalf or said Conpany, and (3) the statements set forth

. in the Submittal are true and correct to the best of his knowledge.
--

! bn
_

tbtary Public

Al;;T.i - .;, , ,, r,, t;c j ~ .3u0

h RO5;t;scN Tcy;;;5H!P, ALLCCH NY C;U?.'~Y

MY COMMISS;ON EXPIRES OCTOEEE 20,1986
&

_

.-,

.

-L
F
c

- .

=
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United States Nuclear Regulatory Ox nission
Mr. Harold R. Denton
Page 3

?.

_ y
?
Y
h

ETE/rrnl
Attachments

%

bec: G. L. Beatty (w/o attactrnents)
\R.D. Beck "

C. R. Bishop "

J. J. Carey "

E. T. Eilmann "
,

C. E. Ewing "

H. G. Frus "

K. M. Ibicomb "

T. D. Jones "

' E. . F. Kurtz, Jr. "

-

J. Iee, Esq. "
,

T. J. Iex "

W. G. Icgan "

R. E. Martin *

'NCD File
S. L. Pernick, Jr. "

J. A. Ibeco "

H. M. Siegel "
,

n. J. Swiderski, "

f.__ E. J. Relever "

p- J. F. Zagorski "

T. J. Zoglmann "

_ D. R. Davidson (CEI) "

D. H. Hauser (CEI)
,",

L. Iazo (NRC) "

, G. Walton (NRC) " *

B. M. Miller (2) (OEC) "

P. RaySircar (3) "

J. Sutton (S&W) "

J. Silberg (SPPT) "

P. M. Snart (2) (IEC) "

h
:

~. *
_
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STONE 6 WEBSTER ENGINEERING CORPORATION
245 SUMMER STREET, Boston. M ASsACHusETTs

....... . .. . ... .. .. ... . .. ....... ..........
, W. U.T.L.L .4 0001

:::'?".. * * * * " ;
:"'"; "" "'' - '"' L,, ..

*EU. - ",C *:1,,...
i. -

= ".*,.t" ".*." *0'.2L".*

\
-

Dr. larry E. Tise October 25, 1983
Ezscutive Director

-Pennsylvania Historical & Museum Commission J.O.No. 12241.09-

P.O. Box 1026
Earrisburg, PA 17120

Attu: Donna Williams:
.

RISTORIC AND ARCHAEOLOGICAL RESOURCES--

DUQUESNE LIGET COMPANT
'

BEAVER VALLET POUER STATION, UNIT No. 2

Stone & Webster Engineering Corporation (SWEC) is preparing smandments to
the Operating License Environmental Report (OLER) for Beaver Valley Power
Station, Unit No. 2 (BVPS-2). The OLER requires an identification of the
historic and archaeological features within the 10 mile area around BVPS-2

. and the effects, if any, of the operation of BVPS-2 on these features.
' . _ - .

! I Given the location of BVPS-2 in Shippingport, Pennsylvania and the fact that
j no new off-site power transmission lines from the station extend into Beaver

County, it is expected that the operation and maintenance of BVPS-2 and the-

-

associated transmission lines will have no adverse effect on cultural-

resources that are on or eligible to be on, the National Register in that
- portion of Pennsylvania within the 10 mile ares around BVPS-2.

With reference to the two attached letters dated August 14, 1978 and
September 29, 1983 between NUS Corporation and Stone & Webster Engineering
Corporation and your office, respectively, I would lika to request your
concurrence with the above statement.

If you concur with the aseessment that the operation and maintenance of
EVPS-2 and its associated transmission lines will have no effect on these
historic sites, please sign and date this letter in the space' provided below~

and return it to me. If you disagree with this assessaant p1Isse so indi-
cate below by specifying the differences.

.

sm
:

Beaver Valley 2 DES 4 Appendix H

. - . . - - - - - _ . . . . - - . . - . _ - . , _ - . . . - _ . - - - - - . - . - - - _ _ - _ _ _ _ _ _ _ _ _ _



. _. _

1RL 2 October 25, 1983

Y

P
:

Thank you for your attention in this matter'. Please contact Mr. Joel Brown
at 617-589-2674 if you have any questions.

..

. dTM
EGNelson '

Lead-Environmental Engineer

- EGN:ER

.

.

I have reviewed the information and concur with the assessment above.

Name: 4.\ 1. ~s . V. IA Date: k l 1: '- <. ,

'

.

lh '.h U. ' ^ '

"i'''Title:
'Representing: '

|

|

.

_-
3,

i

l .

~

.

|

|

| .,

-~

r
i

. ..
. w.

=
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,

STONE 6 WEBSTER ENGINEERING CORPORATION

245 SUMMen STREET. B o sToN. massachusetts

aoomass ALL coansspowosNcz To P.o. sex asas. sestow. mass. cato? ?
'

'

[w v.t: Lax.e4 coot

. 7*".. ''**" - !:',L,,..
"

:"J""J "'" "* ::.T L ,...
'O% "."..YC.".7..

-

:*1""A*.".""
\

-

Mr. W. Ray Luce August 30, 1983
State Historic Preservation Officer

* The Ohio Ristoric Society J.0. No. 12241.09
- Interstate 71 at 17th Avenue

Columbus, OE 43211
!

Attu: Catherine Stroup:

~

RISTORIC AND ARCHAZOLOGICAL RESOURCES
'

DUQUESNE LIGHT COMPANT--

; BEAVER VALLIT POWER STATION, UNIT NO. 2
t

i Stone & Webster Engineering Corporation (SWEC) is preparing amendments to
the Operating Licende Environmental Report (OLER) for Beaver Valley Power

- Station, Unit No. 2 (37PS-2) . The OLER requires an identification of the
historic and archaeological features within the 10 mile area around 3VPS-2
and the effects, if any, of the operation of BVPS-2 on these f eatures.

h- Given the location of BVPS-2 in Shippingport, Pennsylvania and the fact that
no power transmission lines from the station extend into Ohio, it is ex-"

-

pected that the operation and maintenance of BVPS-2 and the associated
transmission lines will have no effect on cultural resources that .

'

| are on, or eligible to be on, the National Regdster in that portion of Ohio
'

within the 10 mile area cround BVPS-2. Based on information provided by
-

C. Conklin of the Ohio Historic Preservation Office in a letter dated
20 August 1983, the folleving sites have been identified as being within the
10 mile area of BVPS-2:

1. Beginning Point of U.S. Public Land Survey.
2. East Liverpool Post Office.
3. East Liverpool Pottery.
4. Cassius Clark Thompson House. *

5. Carnegie Public Library.
,,

6. Ikirt House. g
Gaston's Mill, Lock No. 36, a National Register Site, and . Willismsport
Chapel, which is listed on the Ohio Historic Inventory, are 1Feated beyond
the 10 mile area. -

Please review the above list of sites and their approximate locations as
shown on the enclosed map.
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2 ' August 30, 1983
WRL

.

?
- &

e_

If you concur with the assessment that the, operation and aintenance of

BVPS-2 and its associated transmission lines will hEve no effect on these
historic sites, please sfan and date this letter in the space provided below
and return it to me. If you disagree with this assessment please so indi-

. . este below by specifying the differences.
\

Thanli~you for your attention in this matter. Please contact Mr. Joel Brown
at 617-589-2674 if you have any questions.

-
.

f ~ 6 .,
6 b F,

'

EGNelson
- -

.
Lead Environmental Engineer

EGN:K1
~

.

I have revieve the information and concur with the assessment above.
SEP i 21963-

, ,

#h Date:*

Name:

4 -|
| r

Title: .' - Representing:'" *

-

. ~

.

.

-t
F
t

. G..
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C MNE WEST VIRGINIA
7f.7 DEPARTMENT OF CULTURE AND HISTORY

2 _ 65.h.: sK:;.x JOHN D. ROCKEFEl.CER IV, GOVERNOR

' NORMAN L FhAN, COMMISSIONER
^N

_ __

..

'

|
1

f
i

\.

August 23, 1983

Mr. Joel Brown
Stone & Webster Engineering Corp.

-

P.O. Box 2325
Boston, MA 02107

Dea' Mr. Brown:r
,

.

RE: Beaver Valley Power Station, Unit #2
~ Hancock County, West Virginia

We have reviewed your request for a general assessment of August 3,1983,
in which you bring to, cur attention the preparation of amendments to the

| Operating License Environmental Report for the Beaver Valley Pows. Station,
|

,

Unit #2 and its impact upon portions of |lancock County, West Virginia.

The information we currently possess in our inventory indicates that the projectr

should not affect any historic or archaeological properties now known to us.
This reflects an in-office review and not a systematic field survey and evalua-

[ tion of the subject area. I have enclosed a list cf all Natinnal Register sites ~

located in Hancock County. *

'

Thank you for the opportunity to respond on this matter. If we may be of
further assistance, please contact our office.

Sincerely,

bk;-d m Lui U
Rodney S. Collins
Director k

,

Historic Preservation Unit F
;

MSC: kfs;apw p.

:
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ffANCOCK COUNTT
+

44[ 4c45, i
101d Court House (July 2,1973) f/ * J/ ' fo . 70 * 7V ' . fh'*
High and Ein Streets -_

Few Manchester
.

, .

~

Teter Tarr. Furnace Site '(January 1, 1976)
County Route 11 (Kings Creek Road)
*Teircon' vicinity

'|7|f34.216 99?CJo*
'

'

,
.

.

-
.

.

--

|

I .L -

' c--
"

.

-

. .
.

,
.

L
,

|

,
,

F
i-
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=

i

!
'
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The informatron in this statement is the second assessment of the environmental
impact associated with the construction and operation of the Beaver Valley Power
Station, Unit 2, located in Beaver County, Pennsylvania. The first assessmen t was

the Final Environmental Statement related to construction, issued in October 1973
prior to issuance of the construction permit for Beaver Valley Unit 2. The Beaver

i Valley Unit 2 plant construction is now 82.5% complete and fuel load is scheduled
for June 1986. The present assessment is the result o' the NRC staff review of the;

activities associated with the proposed operation of the plant.i
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