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ABSTRACT

Considerable first-hand experience has accumulated during the past
decade in the United States regarding the preparation of environmental
reports (ER) and environmental impact statements (EIS) for nuclear power
plants. The U.S. Nuclear Regulatory Commission (USNRC), which is
responsible for regulating the construction and operation of nuclear
power plants, is required under the National Environmental Policy Act to
prepare an EIS for each plant. To obtain information essential to the
EIS, the USNRC requires that each power company submit an ER. This paper
focuses on the interrelationships of the two environmental documents and
discusses the environmental review process and the environmental laws and
regulations related to the licensing of nuclear power plants. It also
describes the format and content, environmental issues, data
requirements, and impact assessment methodologies for preparation of the
ER and EIS. Problems associated with preparing the EIS are presented,
with particular emphasis on the problems and methodologies associated
with evaluating environmental costs and benefits.
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1. INTRODUCTION

In 1954 the U.S. Congress passed the Atomic Energy Act authorizing
the U.S. Atomic Energy Commission (USAEC), predecessor agency of the
U.S. Nuclear Regulatory Commission (USNRC), to promote the peaceful uses
of atomic energy as well as perform research and development activities
in support of such peaceful uses. In addition, the Act required that
these peaceful uses of atomic energy, including the development of
nuclear power plants, would not result in undue risk to the health and
safety of the public. To meet this latter condition, the USAEC was
directed to establish a program for regulating the peaceful uses of
nuclear energy. The USAEC's regulatory program for nuclear power plants
included a two-stage licensing process: (1) an authorization that
permits a utility to construct a nuclear facility and (2) a license that
authorizes a utility to operate the facility. These were called,
respectively, the Construction Permit and Operating License. The review
of permit and license applications was concentrated solely on the issues
related to the protection of public health and safety. In addition to
reviewing the licensing applications, the AEC also conducted a continuing
review and surveillance of licensed nuclear power plants to ensure that
operations were carried out in compliance with the regulations of the
Commission and in compliance with any conditions that may have been
imposed in the Operating License.

In late 1969, Congress passed the National Environmental Policy Act
(NEPA) which declared a national policy that encourages productive
harmony between man and his environment, required environmental
statements on major federal actions, required review by federal, state,
and local agencies, and required submittal of an environmental impact
statement (EIS) to the President's Council on Environmental Quality. The
Commission considered issuance of construction permits and operating
licenses for nuclear power plants to be major federal actions, and
therefore, such actions would be subject to the environmental review
required by NEPA. Accordingly, NEPA was implemented within the framework
of the existing regulatory program through an amendment to the applicable
regulations (Appendix D to 10 CFR 50) on December 4, 1970.

The USAEC's initial interpretation of NEPA requirements, however,
resulted in environmental reviews that were quite narrow in scope. In
general, utilities supplied background environmental material in an
environmental report (ER) to AEC. The material was then reviewed by AEC
with little or no independent evaluation. The Environmental Statements
prepared by the Commission at that time were based solely on the material
submitted by the applicants in AEC format and emphasized radiological
impacts.



A test of the USAEC response to NEPA requirements was made in the
Calvert Cliffs case in early 1971. The petitioner, the Calvert Cliffs
Coordinating Committee, brought suit against AEC contending that the
USAEC's handling of its responsibility under NEPA was inadequate in
issuing a Construction Permit to the Baltimore Gas and Electric Company
for a nuclear power plant on Chesapeake Bay in Maryland. The case was
heard before the U.S. Court of Appeals for the District of Columbia. The
July 1971 decision of the court stated that the USAEC in fulfilling its
NEPA responsibility, should perform an "independent evaluation" of the
expected impacts on the environment; should perform an analysis leading
to the balancing of the benefits of the proposed, facility versus the
environmental costs; should expand the scope of the environmental review
to include consideration of alternative sites, alternative types of
electrical generation and alternative plant designs; should consider
transportation of nuclear material to and from the plant; and should
consider the transmission systems.

Following the Calvert Cliffs decision, the USAEC changed its
rulemaking in nuclear power plant licensing and incorporated a major
environmental protection criterion for the evaluation of plant sites to
the criterion of public health and safety. The USAEC also subsequently
developed a series of regulatory guides that provide guidance for the
utilities to collect and prepare information for the USAEC staff to
perform appropriate environmental review required under NEPA.

The Atomic Energy Commission was abolished and its authority was
divided in 1974 as a result of the Energy Reorganization Act. The
research and development responsibilities were transferred to the
U.S. Energy Research and Development Administration (now the
U.S. Department of Energy). The licensing and other regulatory functions
of the USAEC were reassigned to an independent agency, the U.S. Nuclear
Regulatory Commission (USNRC). The mandates of the Atomic Energy Act are
still effective, but they are now carried out by the USNRC.



2. ENVIRONMENTAL REVIEW FOR NUCLEAR POWER PLANTS

Prior to the issuance of a Construction Permit or an Operating
License for a nuclear power plant, the Nuclear Regulatory Commission is
required to perform a comprehensive environmental review to ensure that
issuance of the permit or license will be consistent with the national
environmental goals established by the National Environmental Policy Act
and other regulatory requirements. In this section, the environmental
laws and regulatory guides related to the siting, construction, and
operation of a nuclear power plant are presented. The environmental
review procedures currently established for nuclear power plant licensing
are described.

2.1 ENVIRONMENTAL LAWS AND REGULATORY GUIDES

Many federal, state, and local regulations affect the siting,
construction, and operation of new energy facilities either directly as
power plant siting laws, legislative approvals, federal and state
environmental policy acts, or indirectly by categorical pollution control
legislation, e.g., Clean Air Act, Federal Water Pollution Control Act,
Resource Conservation and Recovery Act. The complexity and long lead
times associated with environmental licensing procedures for nuclear
power plants emphasize the need for performing detailed site studies in
the early stages of planning for the plants. A brief description follows
of the major federal, state, and local environmental regulatory
requirements that must be addressed as part of a site-selection study.

2.1.1 Federal

The most important federal legislation affecting the siting of new
energy facilities is probably the National Environmental Policy Act
(NEPA) of 1969. The court decision involving the Calvert Cliffs
Coordinating Committee versus the USAEC was an early landmark case that
set the direction of federal agencies with regard to NEPA
responsibilities. In essence, the USNRC was required to revise its
activities to systematically evaluate environmental impacts, in addition
to radiological, that are associated with the construction and operation
of nuclear power plants.

More specifically, the USNRC expanded its jurisdictional
responsibilities to include, among other things, a detailed evaluation of
alternate energy sources and sites under Section 9 of Regulatory
Guide 4.2 (U.S. Nucl. Reg. Comm. 1976). The USNRC has, in addition,
defined those factors deemed important for site evaluations in Regulatory
Guide 4.7 (U.S. Nucl. Reg. Comm. 1975). Since the Calvert Cliffs
decision, the courts have handed down numerous decisions expanding
federal responsibilities under NEPA.



Other federal legislation indirectly affecting the siting,
construction, and operation of new energy facilities is presented in
Table 2.1. The purpose of the statutes listed in Table 2.1 is to strike
a balance between man and his environment by weighing the needs of
population, industrial, and energy expansion with natural resource
conservation and development, human health and welfare, and land-use
planning.

At present, siting of power plants is regulated by the EIS process
pursuant to NEPA. Other federal agencies with major environmental
licensing responsibilities for siting new energy facilities are the
U.S. Environmental Protection Agency and the U.S. Army Corps of
Engineers. Numerous other federal agencies have minor environmental
licensing responsibilities.

2.1.2 State and Local

States generally have vested specific responsibilities with public
utility commissions for approving the construction of new energy
facilities based upon system planning, need for power, and economics.
Subsequently, environmental issues were addressed by public utility
commissions from the standpoint of compliance with air and water
pollution control regulations. Site-specific evaluations became
increasingly important as states enacted environmental policy acts
modeled after the federal NEPA.

The development of comprehensive planning at the local and regional
level has been accelerated by federal planning assistance programs under
legislation such as the Coastal Zone Management Act, Section 208 of the
Federal Water Pollution Control Act, and the Housing and Community
Development Act of 1974. Therefore, local or regional planning can be
expected to play an increasing role in foreclosing certain areas from
industrial development.

2.2 ENVIRONMENTAL REVIEW PROCESS

The environmental review process currently established for nuclear
power plant licensing in the United States is presented in Figure 2.1.
This review process is repeated twice, once for a Construction Permit and
later for an Operating License.

The review process begins with the submission of an environmental
report to USNRC by the utility (applicant). As required by 10 CFR
Part 51, the USNRC places a copy of each applicant's ER in the
Commission's public document room in Washington, D.C., and in a local
public document room near the proposed site. In addition, the report is



Table 2.1. Environmental Laws and Regulatory Guides Related to the Licensing of Nuclear Power Plants

Federal Laws, Executive Orders, Land/Oceans Species & Cultural
Regulatory Guides General Air Water Use Habitats Resources

Anadromous Fish Conservation Act of 1965 - - X

Archaeological and Historical Preservation

Act of 1974 - - - X

Archaeological Resources Protection Act of 1979 - - - X

Atomic Energy Act of 1954 X

Clean Air Act of 1970, 1977 X

Clean Water Act of 1972, 1977 X

Coastal Zone Management Act of 1972, 1976 - X
Endangered Species Act of 1973, 1979 - - X
Energy Supply and Environmental Coordination

Act of 1974 X

Federal Land Policy and Management Act of 1976 - X

Fish and Wildlife Coordination Act of 1958 - - X

Floodplain Management (Executive Order 11988) - X

General Site Suitability Criteria for Nuclear

Power Stations (USNRC Reg. Guide 4.7) x - -

Marine Mammal Protection Act of 1972 - - - X

Marine Protection, Research and Sanctuaries

Act of 1972 - X X

Migratory Bird Conservation Act of 1929 - - X

Multiple-Use and Sustained Yield Act of I960 - X



Table 2.1. Continued

Federal Laws, Executive Orders, Land/Oceans Species & Cultural
Regulatory Guides General Air Water Use Habitats Resources

National Environmental Policy Act of 1969 X - -

National Forest Management Act of 1976 - X

National Historic Preservation Act of 1966 - - - X

National Trails System Act of 1968 - X

Noise Control Act of 1972 X

Preparation of Environmental Reports (USNRC

Reg. Guide 4.2) X

Protection of Wetlands (Executive Order 11990) - X

Resource Conservation and Recovery Act of 1976 X

Rivers and Harbors Act of 1899 - - X X - "

Terrestrial Environmental Studies (USNRC

Reg. Guide 4.11) - - X

Toxic Substances Control Act of 1976 X

Water Bank Act of 1970 - X X

Wild and Scenic Rivers Act of 1968 - X

Wilderness Act of 1964 - X
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Figure 2.1. Environmental Review Process for Nuclear
Power Plant Licensing in the United States.
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also made available to the public at the appropriate state, regional, and
metropolitan clearinghouses; a public announcement is made; and a summary
notice of the availability of the report is published in the Federal
Register.

The applicant's ER and any comments received from interested
persons/groups are considered by the USNRC staff. The staff then
performs an independent evaluation of the environmental impacts and
prepares a Draft Environmental Impact Statement (DEIS) concerning the
proposed licensing action. The USNRC staff's DEIS and the applicant's ER
are provided to (a) Council on Environmental Quality; (b) those federal
agencies that have special expertise or jurisdiction by law with respect
to any environmental impacts involved and that are authorized to develop
and enforce relevant environmental standards; (c) the Environmental
Protection Agency; (d) the appropriate state and local agencies; and
(e) the general public. Comments on the draft statement and the
applicant's ER are requested within a specified time interval (currently
45 working days).

The USNRC staff then considers the comments on both the ER and DEIS
received from the various federal, state, and local agencies, from the
applicant, and from private organizations and individuals. A Final
Environmental Impact Statement (FEIS) is then prepared, which includes a
discussion of the problems and the objections raised by the comments.
The FEIS is made available to the various agencies and to the general
public in the same manner as the DEIS.

Following issuance of the FEIS, a licensing hearing is held by the
Atomic Safety and Licensing Board (ASLB). The ASLB judges will review
the applicant's ER and the USNRC's FEIS on the various environmental
issues related to the construction or operation of the nuclear power
plant. During the hearing process, a petitioner or intervenor can
contest the issuance of the permit or license. If the ASLB judges accept
the intervenor's contentions (points being contested), both the applicant
and the USNRC staff will be required to prepare written and/or verbal
responses to the contentions. The ASLB, after examining all the
pertinent information, will then prepare a hearing record and recommend
appropriate permit or licensing actions to the USNRC.
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3. ENVIRONMENTAL REPORTS

3.1 GENERAL GUIDELINES

In the United States, the general guidelines for preparing
environmental reports for both the Construction Permit stage and
Operating License stage are described in detail in Sections 51.20 and
51.21 of 10 CFR Part 51. These guidelines are briefly summarized in the
following subsections.

3.1.1 Construction Permit Stage

The environmental report at construction permit (ER-CP) stage should
contain a description of the proposed action, a statement of its
purposes, and a description of the affected environment. The document
should discuss (a) the probable impact of the proposed action on the
environment; (b) any probable adverse environmental effects that cannot
be avoided if the proposal is implemented; (c) alternatives to the
proposed action; (d) the relationship between local short-term uses of
man's environment and the maintenance and enhancement of long-term
productivity; and (e) any irreversible and irretrievable commitments of
resources that would be involved in the proposed action if it were
implemented. The discussion of alternatives to the proposed action
should be sufficiently complete to aid USNRC's review required under
NEPA. The ER-CP should also include a cost-benefit analysis and a
discussion of the status of compliance of the facility with applicable
environmental quality standards and requirements as outlined in
Section 2.1.

The information submitted for the above-mentioned analyses should
not be confined to data supporting the proposed action but should include
adverse data as well. Furthermore, the environmental data presented at
the time of filing for a construction permit should (a) document the
critical life stages and biologically significant activities (e.g.,
spawning, nesting, migration) that increase the vulnerability of the
potentially affected biota at the proposed site and (b) characterize the
seasonable variations of biota likely to be affected by the facility.

3.1.2 Operating License Stage

The environmental report for operating license (ER-OL) stage
discusses the same matters as those discussed in the ER-CP but only to
the extent that they differ from those discussed or reflect new
information in addition to that discussed in the FEIS prepared by the
USNRC (see Section 4) in connection with the construction permit. The
ER-OL should also discuss the results of studies that were not completed
at the time of preconstruction review, describe the scope of the
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monitoring programs that have been and will be undertaken to determine
the effects of the operating facility on the environment, and discuss
planned studies, not yet completed, that may yield results relevant to
the environmental impact of the facility. Finally, the ER-OL should
propose environmental technical specifications, following the recommended
formats presented in Regulatory Guide 4.8 (U.S. Nucl. Reg. Comm. 1975).

The ER-OL may incorporate by reference any information contained in
the applicant's ER or USNRC's FEIS previously prepared for the
construction permit.

3.2 STANDARD FORMAT AND CONTENT

The Regulatory Guide 4.2 (U.S. Nucl. Reg. Comm 1976) identifies the
information needed by the USNRC staff in its assessment of the potential
environmental effects of the proposed construction and operation of a
nuclear power plant and establishes a standard environmental report
format acceptable to the staff for its presentation.

3.2.1 Description of Format

The standard format of the ER was established to help ensure the
completeness of the information provided, to assist the USNRC staff and
others in locating the information, and to aid in shortening the time
needed for the review process. Figure 3.1 shows the ER format
established in Regulatory Guide 4.2 (U.S. Nucl. Reg. Comm. 1976). The
contents of each of the chapters are briefly described as follows.

3-2.2 Description of Content

Chapters 1, 2, and 3 of the ER are descriptive, not evaluative. In
Chapter 1, the applicant states the purpose of, and thus the benefits of,
the proposed facility with respect to the power requirements to be
satisfied, the system reliability to be achieved, or any other primary
objectives of the facility and how these objectives may be affected by
variations in the scheduled operation of the proposed station. Chapter 2
presents a description of the site and environs as it exists before
construction and operation of the plant. This is the environment that
could be impacted by the station. Information in this chapter includes
physical, biological, and human characteristics of the area
environment. To the extent possible, the information presented should
reflect observations and measurements made over a period of years.
Chapter 3 is a description of the station itself, including associated
transmission line corridors. In addition to a description of the
physical characteristics of the station, detailed estimates of chemical
and radioactive material discharges are given and a description of the
heat dissipation to the environment is presented.
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Chapter Content

1 Introduction
2 The Site and Environmental Interfaces

3 The Station

4 Environmental Site Preparation, Effects of Station

Construction

5 Environmental Effects of Station Operation

6 Effluent and Environmental Measurements and Monitoring

Programs

7 Environmental Effects of Postulated Accidents

8 Economic and Social Effects of Station Construction and

Operation

9 Alternative Energy Sources and Sites

10 Station Design Alternatives

11 Summary of Cost-Benefit Analysis : '•
12 Environmental Approvals and Consultation *

Figure 3.1. Standard Format of Environmental Report.
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The detailed assessment of expected impacts of the construction and
operation of the station are presented in Chapters 4, 5, and 7. The
proposed monitoring program is presented in Chapter 6.

Chapter 4 discusses the expected effects of site preparation and
station and transmission facilities construction. The effects should be
presented in terms of their physical impact on the resources and
populations described in Chapter 2. Means selected by the applicant to
measure and minimize related environmental effects should be outlined.
Effects that are primarily economic or social in character should be
discussed in Chapter 8.

Chapter 5 considers the effects of station operation on the
environment. The principal potential environmental impacts include those
associated with heat discharges, radioactive discharges, chemical
discharges, sanitary wastes, and power transmission. As in Chapter 4,
the socioeconomic effects of station operation on the surrounding
community should be addressed. In the impact analysis, effects that are
considered unavoidable but either inherently temporary or subject to
later amelioration should be clearly distinguished from those regarded as
unavoidable and irreversible. Those effects that represent an
irretrievable commitment of resources should receive detailed
consideration in this chapter.

Chapter 6 is a description and evaluation of the proposed
environmental monitoring programs: preoperational and operational. The

f preoperational programs are intended primarily to establish a reference
? baseline so that future changes in the environment can be identified.
The operational monitoring programs ane, intended to detect signs *of
environmental stress that may be caused by: station operations. They
include rather extensive radiological sampling arid ecologfLcal
monitoring. It follows that the preoperational program loses
significance for plants in the final stages of construction or for
operating plants.

Chapter 7 is primarily concerned with a realistic assessment of the
consequences of postulated plant accidents and transportation accidents
that could result in release of radioactivity to the environment. It
also includes, where appropriate, accidents not involving radiological
release, but which would have significant environmental consequences
(e.g., an impounding dam failure and the resulting flooding).

Chapter 8 evaluates the economic and social benefits and costs of
the proposed nuclear power plant. The applicant should discuss
significant benefits that may be realized from the construction and
operation of the plant. The analysis of costs should include all primary
internal costs such as land acquisition costs, facility construction
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costs, and fuel costs, as well as all temporary and long-term external
costs such as the disruption of people's lives caused by land
acquisition, impairment of recreational values, and lost income of
commercial fishermen attributable to environmental degradation. The
extent of how the benefits and costs can be evaluated can sometimes be
limited. Many of them are not only difficult to assess but are not
amenable to quantification or even to estimation in commensurable
units. Regulatory Guide k.2 suggests that the benefits and costs should
be quantified in monetary terms wherever possible and that the values
should be discounted to present worth.

Chapters 9 and 10 present the basis for the applicant's proposed
choice of nuclear fuel, site, and plant design among the available
alternative energy sources, sites, and plant designs. Accordingly, a
range of practicable alternatives should be considered. This
consideration involves an environmental cost-benefit analysis and an
appropriate comparative assessment. The guide suggests that the analysis
for alternative fuels and sites should include two classes of
alternatives: those that can meet the power demand without requiring the
creation of new generating capacity and those that do require the
creation of new generating capacity. In addition, various combinations
of station-identifiable systems that interface with the environment, such
as intake and discharge systems and cooling systems, should be evaluated
through a cost-effectiveness analysis.

In Chapter 11, the applicant should present a cost-benefit analysis
to demonstrate that the aggregate benefits of the proposed station
outweigh the aggregate costs. In presenting the analysis, the applicant
should first consider the benefits identified and described in Chapters 1
and 8. Second, the applicant should consider generating, environmental
and other- cost items identified in Chapters 4, 5, 8, 9, and 10 with the
costs summarized in tabular form.

In the final chapters of the environmental report, the applicant
should list and describe the status of all licenses, permits, and other
laws or ordinances applicable to the proposed station. A complete
bibliography of sources used in the preparation of each chapter should be
provided at the end of the chapter.

3.3 ESTABLISHMENT OF ENVIRONMENTAL DATA

The purpose for establishing environmental data for a nuclear power
plant site and transmission corridors is mainly to provide a technical
foundation for reasoned environmental decisions to be made by both
government and utility decision-makers and to disclose to the general
public the nature of the potential impacts that could occur if a proposed
facility were to be constructed and operated.
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Before undertaking detailed planning for environmental data
collection, scientists and engineers should be acquainted with major
environmental issues that are important to the power plant impact
assessment so that they can properly identify the data needs and design
an effective data-collection program.

The major environmental issues generally considered in the
environmental reports are presented previously in the description of the
contents for the report. Those environmental issues will be affected by
site- and station-specific factors, and hence the need for environmental
data will vary from site to site. In the following subsections, the data
and information commonly required for the siting, construction, and
operation of a nuclear power plant are described.

3.3.1 Hydrologic Data Requirements

The hydrologic data are needed for describing the hydrology, water
use, and water quality that could affect the plant water supply and
effluent disposal or that could be affected by the construction and
operation of the proposed project, including transmission corridors and
off-site facilities. The hydrologic data usually required for the
coastal plants include:

1. Shoreline and bottom description, including seasonal variations
due to sediment transport;

2. Tidal current patterns (velocities and phases), range, and
excursion;

3. Nontidal circulation patterns, including frequency distributions
of current speed, direction, and persistence;

4. Temperature and salinity distribution (horizontal and vertical),
including temporal variations;

5. Detailed bathymetry in the vicinity of the station intake and
outfall; and

6. For estuaries, maximum, average-maximum, average, average-
minimum, and minimum monthly river discharge and flushing
characteristics.

3.3.2 Ecological Data Requirements

The data required for describing the ecological environment and
biota of the site, transmission corridors, and off-site areas likely to



17

be impacted by the proposed project can be divided into two categories,
terrestrial and aquatic ecology. Regulatory Guide 4.11, "Terrestrial
Environmental Studies for Nuclear Power Stations" (U.S. Nucl. Reg. Comm.
1977), provides guidance for utilities in collecting necessary data for
analyzing terrestrial impacts. The kinds of data and information
required for each category are described as follows.

3.3.2.1 Terrestrial Ecology

Site and Vicinity

1. A map of the site and vicinity showing the boundaries of the
site, construction zone, major plant communities, locations of
minor communities, special habitats, and any habitats used by
important species;

2. Area occupied by each natural and man-made habitat type
identified in Step 1.

3. A map of the site and vicinity showing the locations of
national, local, or private wildlife refuges or other land
areas dedicated to preservation, management, or study of
wildlife and wildlife habitats;

4. Topographic maps of the site;

5. On-site data regarding the botanical species composition of,
and relative abundance in, the major vegetation layers (e.g.
overstory and understory), in enough detail to identify the
communities as to dominant species;

6. Summary of on-site natural and man-induced effects (e.g.,
farming, logging, grazing, burning) and the successional stage
(i.e., weed, brush, pole, and mature stages);

7. List of important terrestrial vertebrate species known to
occur;

8. Lists of invertebrate species of local importance or concern as
disease vectors or pests;

9. Estimates of the relative abundance of both commercially and
recreationally important game and nongame vertebrates;
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10. Liats of threatened or endangered species that are known to
occur and, for any such species, their site-specific habitat;
and

11. For those threatened and endangered species that occur within
the site and vicinity, identification of their other locations
and critical habitats within the region.

Transmission Corridors and Off-site Areas

1. Topographic maps showing proposed routes of transmission and
access corridors from the station site to interconnecting points
on the existing high voltage system;

2. Major vegetation types within the proposed corridors;

3. A map showing the locations, within 2 km of proposed corridors,
of national or private wildlife refuges or other land areas that
are dedicated to preservation, management, or study of wildlife
and wildlife habitats;

4. A list of commercially or recreationally important vertebrate
animals known to occur within and adjacent to the proposed
corridors;

5. A list of threatened or endangered species (plants and animals)
known to occur within the proposed corridors and adjacent areas,
their seasons of occurrence, estimates of abundance, local
flight patterns, and critical habitats;

6. Where proposed transmission lines cross important waterfowl
areas, data on the local abundance and distribution of
waterfowl, their seasonal status, and local flight patterns; and

7. Lists of invertebrate species of local importance or concern as
disease vectors or pests.

3.3.2.2 Aquatic Ecology

Site and Vicinity

1. Characterization of the aquatic environment of the water body
and on-site streams;
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2. Relative significance of various aquatic habitats in a regional
context;

3. The location and value of the commercial and sport fisheries and
the seasonal distribution of landings by species;

4. The temporal and spatial (including depth) distribution and
abundance of important finfish, shellfish, and other
invertebrates (including benthos) and quantitative estimates of
abundance, when appropriate;

5. The general distribution and relative composition of the
plankton community with quantitative estimates of abundance,
when appropriate (emphasis should be placed on the eggs and
larvae of important finfish and shellfish, as well as on primary
and secondary productivity);

6. The general distribution and abundance of important periphyton
communities and floating and attached macrophytes;

7. Endangered and threatened species that are known to be present
and any specific habitat requirements and community
interrelationships;

8. Important food webs or food chains, including those leading to
man; and

9. The time frame and magnitude of existing and planned
manipulations that contribute or are expected to contribute to
the patterns of aquatic plant and animal communities.

Transmission Corridors and Off-site Areas

The following data and information will be required only when the
proposed transmission corridors and off-site areas intersect or are
adjacent to sensitive aquatic resources (e.g., wetlands) designated by
the government.

1. The location and extent of threatened and endangered aquatic
species that are known or expected to be present; and

2. The location, extent, and designation (e.g., critical habitat
for threatened and endangered species, wildlife preserves,
sanctuaries) for any such designated areas.
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3.3-3 Demographic Data Requirements

The demographic data are required to analyze population distribution
within an 80-km radius of the proposed plant in sufficient detail to
provide input to analyses of radiological impacts and accident impacts,
and to provide support for socioeconomic analysis. The following data or
information will usually be required.

3.3.3.1 Population within 20 Kilometers

On a map of suitable scale that identifies places of significant
population groupings, such as cities and towns within a 20-km radius,
concentric circles should be drawn (with the reactor at the center point)
at distances of 2, 4, 6, 8, 10, and 20 km. The circles should be divided
into 22.5-degree sectors with each sector centered on one of the
16 compass points (with reference to true north, e.g., north-northeast,
northeast, etc.). A table appropriately keyed to the map should provide
the current residential and transient populations within each area of the
map formed by the concentric circles and radial lines. The same table or
separate tables should provide the projected resident and transient
populations within each area for (1) the expected first year of station
operation and (2) the year 2000. The tables should provide population
totals for each sector and annular ring and a total for the 0- to 20-km
enclosed population. The basis for population projections should be
described.

3.3.3-2 Population between 20 and 80 Kilometers

A map of suitable scale and appropriately keyed tables should be
used in the same manner as described above to present the population and
its distribution at 20-km intervals between the 20 and 80 km radii from
the reactor.

3.3.4 Meteorological Data Requirements

The meteorological data are needed for describing the meteorology of
the site and surrounding area and for characterizing atmospheric
transport and diffusion processes (e.g., airflow trajectories and
deposition characteristics) out to a distance of 80 km from the station
to permit independent evaluation of atmospheric diffusion
characteristics. The data are also needed for assessing the impacts of
the heat dissipation system and the population dose commitments likely to
result from plant operations. The kinds of data and information
generally required are described in Regulatory Guide 1.23 (U.S. Nucl.
Reg. Comm. 1986) and are briefly summarized as follows.
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1. General climate of the region with respect to types of air
masses, synoptic features (high and low pressure systems,
frontal systems, and principal storm tracks), general airflow
patterns, temperature and humidity characteristics,
precipitation, and relationships between synoptic and mesoscale
(e.g., land-sea breeze regimes, atmospheric processes, and site
meteorological conditions);

2. Severe weather phenomena (e.g., hurricanes, thunderstorms,
droughts) and air quality conditions (e.g., SO?, NO ,
particulates, salt) affecting the site and vicinity;

3. Monthly and annual air temperature and dewpoint temperature
summaries, including averages, measured extremes, and diurnal
ranges;

4. Monthly cumulative frequency distributions of wet-bulb
temperature based on long-term data (except for plants with
once-through cooling);

5. Monthly and annual summaries of precipitation, including
averages and measured extremes, number of hours with
precipitation, hourly rainfall rate distribution, and monthly
precipitation wind roses with precipitation rate classes;

6. Estimated monthly mixing height data, including frequency and
duration (persistence) of inversion conditions and methods used
to provide the estimates;

7. Monthly and annual wind roses using the wind speed classes
provided in Regulatory Guide 1.23 and wind direction persistence
summaries at all height(s) at which wind characteristics data
are applicable;

8. Monthly and annual summaries of atmospheric stability;

9. Hourly averages of wind speed and direction at all height(s) at
which wind characteristics data are applicable, and hourly
averages of atmospheric stability; and

10. At least one annual cycle of the on-site meteorological data.
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4. ENVIRONMENTAL IMPACT STATEMENTS

4.1 GENERAL GUIDELINES

In the United States, the National Environmental Policy Act requires
that the USNRC perform an independent review of the probable
environmental impacts arising from the construction and operation of
nuclear power plants and then prepare an EIS. The starting point for the
USNRC assessment is a detailed ER prepared by the utility (or
applicant). In addition to assessing the probable environmental impacts
of the plant as designed by the utility, it is incumbent upon the USNRC
to examine practical alternatives to this design that will produce less
impact (including the use of another site), and to balance the benefits
to be derived from the plant against the possible risks (costs) to the
environment. The assessment results will be presented in the EIS, which
provides licensing boards with decision-making information in their
deliberations on licensing and the conditions of licensing. The EIS must
be legally defensible and factually accurate, and it must provide some
credible and supportable conclusions. The document is not intended to be
a scientific or technical report, nor is it a public relations
document. It is also neither a politically oriented nor policy-making
document, and is it not intended to be a critique of the ER. The
contents of the document are directed toward the informed public and
professionals of other disciplines. In other words, the contents are
written at a level somewhat higher than may be suitable for the general
public and somewhat less detailed or rigorous than would be suitable for ,
fellow scientists in the same field.

Environmental Standard Review Plans (ESRP) have been developed for
the environmental review of permit applications for nuclear power plants
(U.S. Nucl. Reg. Comm. 1979). The ESRPs (1) provide specific
instructions to the USNRC staff responsible for conducting environmental
reviews, (2) provide detailed descriptions of the manner in which the
USNRC reaches judgments on the kinds of environmental impacts caused by
construction and operation of the plants, and (3) specify means for
determining the significance of these impacts. Use oP ESRPs by the USNRC
staff in the environmental review process ensures that:

• Data essential to a specific environmental review and subsequent
decision-making process will be supplied and reviewed;

• Appropriate consideration, including coordination and consulta-
tion, is given to other governmental agency requirements
applicable to a particular environmental review;
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• The analysis and evaluation procedures for review of a given
technical area are standardized, thus achieving uniformity of
approach;

• Each impact assessment will concentrate on review of those
potential environmental impacts of significance, and analysis of
irrelevant data or of insignificant impacts will be minimized;
and

• The methods to be used for analysis and staff judgments are
objective and based on sound analytical procedures.

4.2 STANDARD FORMAT AND CONTENT

In general, an impact statement should include the following content

requirements:

• Description of the proposed plant, its purpose, and the
environment affected;

• Relationship of the proposed plant to land use, plans, policies,
and controls for the affected area;

• Probable impact of the proposed action on the environment;

• Alternatives to the proposed plant;

• Any probable adverse environmental effects that cannot be
avoided;

• Relationship between local short-term uses of man's environment
and the maintenance and enhancement of long-term productivity;
and

• Irreversible and irretrievable commitments of resources if the
proposed plant is constructed or operated.

The format for the EIS is similar to the format for the ER (Figure 3.1)
and, therefore, will not be repeated here.

4.3 PREPARATION

In the United States, the process of developing an EIS starts when
the USNRC has accepted the applicant's ER and sends it to one of its
contractors (Argonne National Laboratory or Oak Ridge National
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Laboratory). The contractor organizes a team of technical staff with the
appropriate expertise to handle the site-specific problems. For instance
some sites require cooling tower experts while others need those familiar
with once-through cooling and problems associated with aquatic ecology.

A thorough study is made of the ER with emphasis on identifying
major issues associated with the site and on identifying data that may be
missing. This initial effort is followed by submission of a list of
questions to the applicant-, for the purpose of resolving some of the
issues. The staff then arranges an orientation visit to the site. It is
often during this site visit that initial discussions of the submitted
quostions take place between the staff and the applicant's personnel.
The applicant's formal response to the submitted questions is usually
returned to the staff in the form of an amendment to the ER. After
receipt of this material, the staff continues its independent evaluation
of the environmental impacts and prepares its portion of the Draft
Environmental Impact Statement (DEIS).

While the national laboratory teams are organizing their
contributions, the USNRC regulatory staff is compiling the information
necessary to respond to Chapter 7, Environmental Effects of Postulated
Accidents. The material is subsequently merged to form the DEIS. The
Commission then transmits the DEIS and the applicant's ER to the Council
on Environmental Quality, to various interested federal agencies, and to
the Governor or appropriate state and local officials who are authorized
to enforce the environmental standards of any state(s) involved.
Comments on the ER and the DEIS are requested within a specified time
interval (currently 45 working days).

Statistics from Argonne National Laboratory show that for the
23 impact statements, the average time required to complete the DEIS was
237 calendar days. The time ranged from a minimum of 144 calendar days
to a maximum of 350 calendar days. During this time an average effort of
420 man days was required, with a minimum effort of 205 man days and a
maximum effort of 640 nan days. As might be expected, the maximum effort
of 640 man days corresponded with the minimum time of 144 calendar
days.

After receipt and consideration of comments on the draft statement,
the staff prepares a Final Environmental Impact Statement (FEIS). The
team also develops arguments for this final statement as to whether —
after weighing the environmental, economic, technical, and other benefits
against environmental costs, and after considering available
alternatives — the proposed permit or license should be issued and, if
so, what conditions should apply.
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Again, Argonne statistics from 23 impact statements indicate an
additional elapsed time of 149 days for the issuance of the FEIS. The
time varied from a minimum of 105 calendar days to a maximum of
215 calendar days. It must be remembered, however, that this elapsed
time includes the time required to distribute the DEIS and the time for
review and for receipt of comments. The additional effort required to
produce the final statement averaged 68 man days. The effort varied from
a minimum of 8 man days to a maximum 202 man days. Thus, on the average,
the entire process required 386 calendar days and 488 man days of
effort.

4.4 TECHNICAL SPECIFICATIONS

Another aspect of the environmental impact statement process is the
development of environmental technical specifications. The objective of
these specifications is to define the operating limits important to the
protection of the environment and to specify the monitoring and
surveillance programs, as well ai the administrative procedures and
controls, necessary to ensure compliance with the operating limits.
Adherence to these technical specifications is one of the conditions upon
which the granting of the operating license is based.

Preparation of the technical specifications in the past was usually
worked out between the staff and the applicant. In 1975, USNRC issued
Regulatory Guide 4.8 to provide guidance for the applicant to prepare the
environmental technical specifications for nuclear power plants. Under
the guide, USNRC staff will contact the applicant at the operating
license stage and request the preparation of environmental technical
specifications that are responsive to the concerns spelled out in the
summary and conclusions sections of the DEIS and FEIS. The technical
specifications submitted by the applicant are reviewed by the staff.
This is usually followed by meetings between the applicant and the staff
to resolve any substantial differences of opinion. The resulting
document defines the allowable operating limits, specifies the monitoring
and surveillance parameters required to observe environmental changes, if
any, taking place as a result of power plant operation, and includes an
administrative section to establish controls or procedures to initiate
corrective action if necessary. This section also establishes a
reporting schedule that is consistent with the schedules of the applicant
and the USNRC regulatory staff.

Technical specifications have built into them an agreed upon
corrective action to be taken when limits are exceeded. Some of the
corrective actions require a relatively fast response (e.g., deicing
limits); others (e.g., entrainment studies) are of a long-term
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environmental surveillance nature that may yield results indicating the
need for plant system changes (e.g., intake structure modifications).

4.5 PROBLEM AREAS

Developing the techniques for producing the environmental impact
statements has been a very dynamic process. Starting with practically no
manpower and a large work load of nuclear plants requesting construction
permits or operating licenses, the USNRC (or USAEC) and their contractors
assembled the teams, developed initial guidelines, and began to attack
the problem. It is not surprising that mistakes were made and many
problems uncovered while the USNRC searched for the proper format and
techniques to evaluate the environmental impacts that might result from
the construction and/or operation of nuclear power plants. As the
licensing review process continues, many of the problems have been solved
and reasonably sound techniques have been developed for assessing the
environmental problems.

Some of the problems have come about because the FEIS is introduced
as testimony (evidence) in the licensing hearings. Quite often the
contributors to the report are asked to defend their contributions on the
witness stand. Furthermore, if intervenors are contesting issuance of
the license (or permit), it becomes the responsibility of the staff to
prepare supplemental testimony in response to the contentions. This
testimony must also be defended by the staff member. This puts a
constraint on work to which most technical people are unaccustomed. In
other words, the writer becomes very cautious and there is a great
tendency to refrain from drawing any conclusions.

There are other problems scattered throughout the process. For
instance, at times it has been difficult to get the necessary information
from some of the applicants. This resistance usually takes the form of
the applicant supplying only the data for which there was a specific
request, even though there may be other data that he knows are applicable
to the problems. At times the staff, as a result of talking to other
utilities or to various consulting engineers, knows that they have this
information. This reluctance is usually exhibited by the applicant only
during his first experience with the USNRC assessment team. Those
applicants that have been through this process a few times usually offer
all material they believe is pertinent. This certainly makes the job
much easier for all parties concerned.

Determination of the level of environmental impacts can sometimes be
difficult. For instance, in many cases it is difficult to determine
whether or not an impact is "adverse" or whether it is "significant".
The analysis may establish that there is an effect and it may even
quantify the magnitude of the effect, but there is insufficient


