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Most documents cited in N RC 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 NRC correspondence and internal NRC 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 following 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
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission. j

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 and
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.
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Abstract

This Draft Environmental Statement contains the second assessment of the
environmental impact associated with the operation of the Seabrook Station,
Units 1 and 2 pursuant to the National Environmental Policy Act of 1969 (NEPA)
and 10 CFR 51, as amended, of the NRC regulations. This statement examines:
the effected environment, environmental consequences anc mitigating actions,
and environmental and economic benefits and costs. Land use and terrestrial
and aquatic-ecological impacts will be small. Operational impacts to historic
and archeological sites will be negligible. The effects of routine operations,
energy transmission, and periodic maintenance of rights-of-way and transmission
facilities should not jeopardize any populations of endangered or threatened
species. No significant impacts are anticipated from normai operational releases
of radioactivity. The risk associated with accidental radiation exposure is very
low. The net socioeconomic effects of the project will be beneficial. The action
called for is the issuance of an operating license for Seabrook Station, Units 1
and 2.

Comments should be filed no later than 45 days after the date on which the
Environmental Protection Agency notice of availability of this Draft Environ-
mental Statement is published in the Federal Register. Further information may
be obtained from:

Mr. Louis L. Wheeler, Project Manager
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555
301/492-7792
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SUMMARY AND CONCLUSIONS

This Draft Environmental Statement was prepared by the U.S. Nuclear Regulatory
Commission, Office of Nuclear Reactor Regulation (the staff).

1. This action is administrative.

2. The proposed action is the issuance of operating licenses to Public
Service Company of New Hampshire et al. (PSNH, applicant) for the start-
up and operation of Units 1 and 2 of Seabrook Station (NRC Docket
Numbers 50-443 and 50-444), located in the town of Seabrook, New Hampshire.
The center of the Boston, Massachusetts metropolitan area is approximately
66 km (40 mi)* south of Seabrook Station.

The two units will employ four-loop, pressurized water reactors (PWRs) to
produce a rated 3425 megawatts thermal (MWt) each. This rated power level
includes 3411 MWt generated in the core plus an additional 14 MWt added
to the nuclear steam supply system (NSSS) by the four reactor coolant pumps.'

The net electrical output for each unit will be 1198 MWt. The exhaust
steam from the main turbine will be cooled and condensed by a once-through
cooling system drawing water from and returning it to the Atlantic Ocean
through long underground tunnels.

3. The information in this statement represents the second assessment of the
environmental impacts pursuant to the guidelines of the National Environ-
mental Policy Act of 1969 (NEPA) and Title 10 of the Code of Federal
Regulations Part 51 (10 CFR 51) of the Commission's Regulations. After
receiving an application in March, 1973 to construct this station, the
staff carried out a review of impacts that would occur during its construc-
tion and operation. That evaluation was issued as a Final Environmental
Statement--Construction Phase (FES-CP) in December 1974. After this
environmental review, a safety review, an evaluation by the Advisory
Committee on Reactor Safeguards, and public hearings, the U.S. Nuclear
Regulatory Commission issued Construction Permits Nos. CPPR-135 and
CPPR-136 in July 1976. As of March 1982, the construction of Unit 1 was
about 61% complete. The applicant estimates a fuel-loading date of
November 1983 for Unit 1 and February 1986 for Unit 2. In July 1981 the'

applicant applied for operating licenses for the units and submitted the
required safety and environmental reports in support of the application.

*Throughout the text of this document values are presented in both metric and
English units. For the most part, measurements and calculations were
originally made in English units and subsequently converted to metric. The
number of significant figures given in a metric conversion is not meant to
imply greater or lesser accuracy than that implied in the original English
value.
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4. The staff has reviewed the activities associated with the proposed
operation of the plants and the potential environmental impacts. The
staff's conclusions are summarized as follows:

a. Seabrook Station will improve the ability of the applicant and the New
England Power Pool (NEP00L) to supply system load requirements. There
will be a net savings in overall system production costs that will
result from the operation of the plant (Chapter 6). ~

b. Alteration of about 78 ha (193.5 acres) of land for the plant has
been necessary. This is not significant.

c. The presence of the plant and plant operations will have negligible
effect on the 100 year floodplain (Section 5.3.3).

d. Periodic operation of the auxiliary boilers and diesel generators
(the predominant contributors to air pollutant discharges) should not
have a significant impact on air quality (Section 5.4).

e. Operation of Seabrook Station will not have an adverse impact on any
terrestrial or aquatic endangered or threatened species (Sections 5.5.1.1
and 5.6).

f. While experimental work is still underway on the biological effects
of electric fields along transmission lines, the staff has found no
evidence to date to support a conclusion that the operation of the
345-kV transmission lines will have an adverse effect on the health
of humans or that their operation will adversely affect plant or
animal life (Section 5.5.1.2).

g. Assessments by the Environmental Protection Agency and the staff of
the impacts of Seabrook Station operations on estuarine and marine
biota and fisheries were made during the construction permit proceed-
ings. EPA and the staff concluded that (1) the relevant sections of
the Clean Water Act and NEPA have been met; (2) with respect to the
thermal components of the discharge and in accordance with limita-
tions imposed in the NPDES permit (Appendix H), the once-through
cooling system will ensure the protection and propagation of a
balanced indigenous population of fish, shellfish, and wildlife in
and on the receiving waters; and (3) the intake structures reflect
the best available technology for minimizing adverse environmental
impacts to the aquatic biological and fishery resources of Hampton
Harbor and nearby coastal waters. The key NRC and USEPA assessments
and decisions are summarized. The impacts are not reevaluated in
this environmental statement (Section 5.5.2).

h. Tne operation and maintenance of Seabrook Station will not adversely
impact existing archeological resources or historic sites (Section 5.7).

i. The overall socioeconomic impact of operating Seabrook Station will
be beneficial (Section 5.8).

;

, j. The location of Seabrook Station should not result in large measureable
' losses to beach attendance or to the beach economy (Section 5.8.3).
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k. Approximately 7.6% of the total population growth in eastern Rockingham
and southeastern Strafford counties from 1980 to 1985 can be attributed
to Seabrook Station (Section 5.8.4).

1. The risk to public health and safety from exposure to radioactive
effluents and the transportation of fuel and wastes from normal
operations will be very small (Section 5.9.3.2).

Activities off site that might adversely affect operation of the plantm.
(nearby industrial, military, and transportation facilities that might
create explosive, missile, toxic gas, or similar hazards) were evaluated.
The risk to Seabrook Station from such hazards is negligibly small
(Section 5.9.4.4(2)).

n. The environmental risks of accidents, assuming protective action is
taken, is of the same order of magnitude as the risk from normal
operation, although accidents have a potential for early fatalities
and economic costs not associated with normal operations. The risk
of early fatality is small in comparison with the risk of early
fatality from other human activities. There are no special or unique
characteristics of the site and environs that would warrant requiring
special accident-mitigating features (Section 5.9.4.6).

The environmental impact of Seabrook Station as a result of the uraniumo.
fuel cycle is very small when compared to the impact of natural back-
ground radiation (Section 5.10).

5. This Draft Environmental Statement is being made available to the public,
to the Environmental Protection Agency, and to other specified agencies
in April 1982.

6. On the basis of the analyses and evaluations set forth in this statement,
and after weighing the environmental, economic, technical, and other
benefits against environmental and economic costs and after considering
available alternatives at the operating license stage, the staff concludes
that the action called for under NEPA and 10 CFR 51 is the issuance of
operating licenses for Seabrook Station, Units 1 and 2, subject to the
following conditions for the protection of the environment (Section 6.1):

a. Before engaging in additional construction or operational activities
that may result in a significant adverse impact that was not evaluated
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 Regulation and shall
receive written approval from that office before proceeding 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 operating
licenses for Seabrook Units 1 and 2. Monitoring of the aquatic
enviror, ment shall be as specified in the national pollution discharge
elimination system (NPDES).
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c. If adverse environmental effects or evidence of irreversible environ-
mental damage occurs during the operating life of the plant, the appli-
cant shall provide the staff with an analysis of the problem and a
proposed course of action to alleviate it.

]
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FOREWORD

This Draf t Environmental Statement-0perating License Stage (DES-OL) was prepared
by the U.S. Nuclear Regulatory Commission, Office of Nuclear Reactor Regulation
(NRR, 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 imple-
ments the requirements of the National Environmental Policy Act of 1969 (NEPA).
Sections reldted to the aquatic environment were prepared in cooperation with
the U.S. Environmental Protection Agency, Region I.

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, fus.ctions, 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 which 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 which cannot be avoided should the-

proposal be implemented

Alternatives to the proposed action-

The relationship between local short-term uses of man's environment and-

the maintenance and enhancement of long-term productivity

Seabrook DES xv
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N

Any irreversible and irretrievable commitments of resources which would
be involved in the proposed action should it be implemented.'

An Environmental Report (ER) accompanied the application for an operating license.
In conducting the required NEPA review, the staff met with the applicant to dis-

4

cuss items of information in the ER, to seek new information from the applicant
that might be needed for an adequate assessment, and to ensure that the stafft

has thorough understanding of the proposed project. In addition, the staff has
obtained information from other sources that have assisted in this evaluation,

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

The evaluation has led to the publication of this DES, which is being circulated;

| to Federal, state, and local government agencies for comment. A notice of the

.

availability of the ER and this DES is beina published in the Federal Register.
1 Interested persons are also invited to comment on the proposed action and on

this draft statement.

After receipt and consideration of comments, the staff will prepare a Final
Environmental Statement (FES), which will include a discussion of questions
and concerns raised by the comments and the disposition thereof. The FES will
also contain conclusions as to whether--after the environmental, economic,
technical, and other benefits are weighed against environmental costs--the action
called for, with respect to environmental issues, is the issuance of denial of
the proposed license, or its appropriate conditioning to protect environmental
values. The format used in this DES will also be used in the FES to facilitate
review.

: The information to be found in the various sections of this statement updates

the FES-CP in four ways: (1) by evaluating changes to facility design and,

' operation that will result in different environmental effects of operation
(including those which would enhance as well as degrade the environment) than
those projected during the preconstruction review; (2) by reporting the results
of relevant new information that has become available subsequent to the issuance
of the 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 resolved

j by means of license conditions.

I Copies of this environmental statement are available for inspection at the
Commission's Public Document Room, 1717 H Street, NW, Washington, DC 20555
and at the Exeter Public Library, Exeter, NH. Single copies may be obtained'

! by writing to the:

i
! Division of Technical Information and Document Control

U.S. Nuclear Regulatory Commission
| Washington, DC 20555

?
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i 1 INTRODUCTION

1.1 Resumd

The proposed action is the issuance of operating licenses to the Public Service
Company of New Hampshire (PSNH) (the applicant), acting also as agent for all the
other members of the Seabrook Station Owners group, for the startup and operation
of the Seabrook Station (the plant), Units 1 and 2 (Docket Nos. 50-443 and
50-444). Each unit will use a pressurized-water reactor (PWR) and will have an
initial gross electrical output of approximately 1198 MWe. Condenser cooling
during normal operations will be accomplished by a once-through cooling system
drawing water from and discharging it back to the Atlantic Ocean. A backup'

closed-loop cooling system using forced-draft cooling towers is also available
if the once-through system is inoperative. The plant is located on a 290-ha
(715-acre) site on the Atlantic Coast in New Hampshire, in the northern part of
the town of Seabrook, about 18 km (11 mi) south of Portsmouth, New Hampshire.

1. 2 Administrative History

This operating license (OL) review is the second assessment of the environ-
mental impacts associated with Seabrook Station. After receiving, in 1973,
an application to construct the plant, the staff reviewed impacts that could
occur during the construction and operation of the plant. This' evaluation
was issued as a Final Environmental Statement--Construction Permit Stage
(FES-CP) in December 1974. As a result of that environmental review, a safety
review, and an evaluation by the Advisory Committee on Reactor Safeguards
(ACRS), and after public hearings before an Atomic Safety and Licensing Board,
the Nuclear Regulatory Commission (NRC) issued Construction Permits CPPR-135
and CPPR-136 on July 7, 1976.

On June 29, 1981, the applicant submitted the Seabrook Station Environmental
Report--Operating License Stage (ER-OL) and the Final Safety Analysis Report
(FSAR)* as part of the application requesting operating licenses for Units 1
and 2. The FSAR and ER-OL were docketed on October 5, 1981. The operational
safety and environmental reviews were initiated following the docketing of
these documents.

As of April 1,1982, construction of Unit 1 was approximately 61% complete,
with a proposed fuel loading date of November 1983. Unit 2 was approximately
25% complete, with a tentative fuel-loading date of February 1986.

*See availability statement on the inside front cover of this report. Other
documents referenced in this report also are available as noted on the inside
front cover and are listed at the end of the section in which they are cited.
Most documents are arranged alphabetically in reference lists according to the
name of author or publisher, as given in parenthesis following the text state-
ment that cites the reference. NRC documents such as NUREG reports or IE
bulletins are referred to by their alphameric designations but listed under
the heading of U.S. Nuclear Regulatory Commission.
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1.3 Permits and Licenses

I The applicant has provided a status listing of environmentally related permits,
approvals, and licenses required by Federal and state agencies in connection
with the proposed project (ER-OL Section 12.0, and Supplement 1 p. 2.2-4).
The staff has reviewed the listing and is not aware of any potential non-NRC

,

licensing difficulties that would significantly delay or preclude the proposed
j operation of the plant. The issuance of, or waiver of requirement for, a water

quality certification pursuant to Section 401 of the Clean Water Act of 1977 by>

the State of New Hampshire is a necessary prerequisite for the issuance of an
operating license by NRC. The water quality certification was issued on October 9,
1975. A preliminary draft NPDES permit was produced by the U.S. Environmental
Protection Agency for Seabrook Station during March 1982. It is included as,

' Appendix H to this statement. This preliminary draft NPDES permit includes all
of the provisions and requirements expected to be included in the draft permit
that will be issued for public notice at the time the NRC issues the Final Environ-*

mental Statement for Seabrook Station. Comments on the preliminary draft NPDES
Permit, including the nonradiological aquatic monitoring program, should be
addressed directly to:

U.S. Environmental Protection Agency
: Region I, Permits Branch
! John F. Kennedy Federal Building

Boston, Mass. 02203

: ATTN: Mr. T. E. Landry
: NPDES No. NH0020338

!
!

;

,

.

1
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2 PURPOSE OF AND NEED FOR ACTION

The Commission has amended 10 CFR 51, " Licensing and Regulatory Policy and
Procedures 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 circum-'

stances" is made under 10 CFR Section 2.758 or the Commission otherwise so requires
: (47 FR 12940, March 26, 1982). Need for power issues need not be addressed by

operating 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 51.21, 51.23(e), and 51.53(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 system,,

i 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 insufficient 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 insuffi-
cient need would not, in itself, result in denial of the operating license.

i

Substantial information exists which supports the contention that nuclear plants
are lower in operating costs than conventional fossil plants. If conservation, or
other factors, lowers anticipated demand, utilities remove generating facilities
from service according to their costs of operation, with the most expensive
facilities removed first. Thus, a completed nuclear plantwould serve to substi-

4 tute for less economical generating capacity (ibid, see also 46 FR 39440,
August 3, 1981).

Accordingly, this environmental statement does not consider "need for power."
Section 6 does, however, consider the savings associated with the op~eration
of the nuclear plant.

i

l

l
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3 ALTERNATIVES TO THE PROPOSED ACTION

The Commission has amended its regulations in 10 CFR 51 effective April 26,,

1982 to provide that issues related to alternative energy sources will not be
considered in ongoing 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 (47 FR 12940, March 26, 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 51.21, 51.23(e), and 51.53(c).)

The Commission has concluded that alternative energy source issues are resolved
at the construction permit stage and the CP is granted only after a finding
that, on balance, no superior alternative to the proposed nuclear facility
exists. In addition, this conclusion is unlikely to change even if an alterna-
tive is shown to be marginally environmentally superior in comparison to opera-
tion of the nuclear facility because of the economic advantage that operation
of the nuclear plant would have over available alternative sources (ibid, see
also 46 FR 39440, August 3, 1981). By 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 per
10 CFR 2.758. Accordingly, this environmental statement does not consider
alternative energy sources or alternative sites.

|
i

!

|

|

!
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4 AFFECTED ENVIRONMENT

4.1 Resum4

This rdsum4 highlights changes in the design of and operating procedures for
Seabrook Station, as well as new information on the local environment gained
since the FES-CP was issued in 1974.

An updated summary is presented of land use and terrestrial impacts resulting
from site preparation. A site-related environmental description of estuarine
and coastal waters also is presented. Aquatic resources are discussed as they
relate to specific matters that remain to be resolved or assessed. These
matters are: information on the aquatic environment, changes in the environ-
ment that relate to previous decisions, an applicant proposal for continuous
low-level chlorination to replace thermal backflushing of the cooling system,
updated recreational and commercial fishery information, and current informa-
tion on threatened and endangered species. Since publication of the FES-CP,
the onsite meteorological measurements program has been modified.

Regarding historic and archeological sites, the Governor Meschech Weare House
has been added to the National Register of Historic Places, a transmission
line has been rerouted, and three potentTal sites have been excavated.

I

Changes that have occurred in the socioeconomic characteristics of the area
are described in this chapter.

4.2 Facility Description

4.2.1 External Appearance and Plant Layout
;

Figure 4.1 shows the site layout of the Seabrook Station. This layout is more
detailed than the plot plan presented in Figure 3.1-2 of the ER-CP. As a result
of the site construction activities more of the upland portion of the site has
been cleared for construction than was contemplated in the FES-CP (ER Section 3.1).
Additional details on the terrestrial impact of site preparation are provided
in Section 4.3.1 of this statement.

4.2.2 Water Use

Seabrook Station overall water use has not changed significantly from that
presented in the FES-CP. There have been some changes in the water use by
individual systems, however. These are

(1) an increase in the estimated sanitary and potable water used during station
operation from about 37,850 1/ day (10,000 gal / day) to about 57,530 1/ day
(15,200 gal / day)

)

(2) an increase in the estimated secondary plant leakage from about 109,000
:

1/ day (28,800 gal / day) to about (157,080 1/ day (41,500 gal / day)

P
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(3) a decrease in estimated demineralizer regeneration effluent from about
32,550 1/ day (8600 gal / day) average to about 24,225 1/ day (6400 gal / day)

(4) a decrease in the estimated amount of groundwater to be used by the station
during operation from about 662,400 1/ day (175,000 gal / day) average to about
454,200 1/ day (120,000 gal / day)

,

!

j Table 4.1 and Figure 4.2 show the anticipated station water use under various
j station operating conditions.

Another modification to the station water use since the FES-CP was issued has
been the addition of onsite wells to supply the other-than condenser- and ser-
vice-water-cooling needs during construction. At the time of the FES-CP, it was
planned to obtain water for these purposes from the well field of the town of
Seabrook. During construction, it was found that station water needs could not

I be satisfied by the amount contracted for with the town and additional wells were
dug onsite and placed into operation (response to Question 240.10). Since thatt

time, work has been initiated by the town to increase its water capacity. The
applicant's current agreement with the town of Seabrook is for up to 190,000
1/ day (50,000 gal / day) of fresh water with additional amounts, averaging from
662,400 1/ day (175,000 gal / day) to 908,400 1/ day (240,000 gal / day), depending on

,

| the capacity of the new well field site above 3,312,000 1/ day (875,000 gal / day)
| (response to Question 391.21). The applicant expects that the enlarged town
j supply will be capable of meeting normal station requirements. The applicant

reports that the town's consultant estimated that a total well capacity of aboutt

5,680,000 1/ day (1,500,000 gal / day) through three 1325-1/ min (350 gpm) wells
could be developed. The onsite wells would only be used to meet higher than

j normal station needs or temporary reductions in the town's municipal supply
j (response to Question 291.15). '

.

4.2.3 Cooling System

4.2.3.1 Intake

The " velocity cap" concept evaluated in the FES-CP has been retained. This con-
cept was chosen because of its low potential for fish entrapment as experienced
for similar coastal structures.

l
| The location of the intake structures has changed since the FES-CP was published.
' Figure 4.3 illustrates the generai layout of the intake structures in relation to

the discharge structure. Figure 4.4 shows a profile of Seabrook Station circu-
lating water system. A diagram of the station velocity cap intake structures is

| given in the ER-OL.
i

Additional changes in the intake system design are given in Table 4.2. The
status of the regulatory review of these changes by the Nuclear Regulatory
Commission and the Environmental Protection Agency is discussed in Section 5.5.2.

|
4.2.3.2 Discharge

|

Hydrothermal model studies conducted by the applicant since the issuance of the
i FES-CP have resulted in the selection of a submerged multiport diffuser as the

discharge structure. Figures 4.3 and 4.4 show the general layout of the discharge
system and its relationship to the intake system.

Seabrook DES 4-3
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Table 4.1 Plant water use

Condition *

A B C D

PointCC Flow *** Notes

11 824,000 gpm 824,000 gpm 412,000 gpm 0 824,000 Continuous flow

2 780,000 gpm 780,000 gpm 390,000 gpm 0-780,000 Continuous flow

3 44,000 gpm 44,000 gpm 22,000 gpm 0-44,000 Continuous flow

4 47,240 47,240 20,490 50,000 Maximum allocation is
50,000 gpd

5 72,000 72,000 72,000 72,000 1/2 of 48-hr drawdown
test

i 6 -- -- -- 138,000

7 53,600 53,600 26,850 120,000 480,000 gpd max. capacity

8 15,200 15,200 15,200 140,000 Maximum during construc-
tion

9 39,300 39,300 19,300 -- 20 days use per year
assumed, 358,600 gpd
per unit

10 as req'd as req'd as req'd as req'd In event of fire, two
500,000 gal storage
tanks available

11 6,400 6,400 3,200 -- Intermittent operation
(with blowdown recovery
operating)

12 5,700 5,700 2,850 -- Variable due to batch
releases

13 160,000 483,200 403,200 -- The steam generator
blowdown recovery
system greatly reduces
water use by processing
and recycling blowdown.

14 41,500 41,500 20,800 -- Continuous during operating

15 -- -- -- 120,000 Storage used for maximum
(avg) flow during flushing

sequences

Source: ER-OL Table 3.3-1

RCondition: A Two units operating full load 80% capacity factor
B One unit fill load, one unit startup
C One unit startup i

D Startup construction
CCRefer to Figure 4.2

CCCA11 flow rates in gal / day unless otherwise noted.
Seabrook DES 4-4
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Table 4.2 Intake system data
l

l

i
1974 1981

''

FES-CP ER-OL

Heat discharge rate (Btu /hr)* 16x109 16x109

Flow rate (gpm)* 824,000 824,000

AT ( F) 38 38

Number of intake structures 1 3

Intake structure depth, MLW (ft) 30 50

Intake structure diameter (ft) 64 30.5

Intake structure height (ft) 8.4 7.0

Length of intake tunnel (ft) 13,000 17,160

Diameter of intake tunnel (ft) 18 19

Length of discharge tunnel (ft) 15,000 16,500'

Diameter of discharge tunnel (ft) 18 19

Diffuser depth, MLW (ft) 40 50 to 60-

Length of diffuser (ft) 550-1100** 1000

Number of discharge nozzles --- 22

Discharge velocity (fps)* 12 to 15 15

lource: Response to Question 291.9.

* Values given are for two-unit operation.
** Design length of diffuser had not been finalized.
Note: To convert BTU /hr to Joules /hr, multiple the values

shown in the table by 1054.6.
To convert feet to meters, multiply the values
shown in the table by 0.3048.

4.2.4 Radioactive-Waste-Management System
(

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
is reasonably achievable (ALARA). The term ALARA takes into account the state,

l of technology and the economics of improvements in relation to benefits to the
| public health and safety and other societal and socioeconomic considerations
| and in relation to the utilization of atomic energy in the public interest.
I 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.

|-
;
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To comply with the requirements of 10 CFR 50.34a, the applicant provided final
designs of radwaste systems and effluent c'ontrol 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

I areas in liquid and gaseous ef fluents produced during normal reactor operations,
including anticipated operaiLional occurrences.

The NRC staff's detailed evaluation of the ro L aste 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 Report (SER), which is to be
issued in September 1982. The quantities of radioactive material that the NRC
staff calculates will be released from the plant during normal operations,
including articipated 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, will be presented in Chapter 11 of the
SER.

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 con-
formance with the radiation-dose-design objectives of Appendix I.'

4.2.5 Nonradioactive Waste Treatment Systems

With the exception of the applicant's planned method for control of biofouling
in the station cooling systems, there have been no changes to the nonradioactive

I waste treatment systems of Saabrook Station from those presented in the FES-CP.
The proposed biofouling control procedures are discussed below. As was indicated
in the FES-CP, all station wastewaters, except treated sanitary wastes and non-

i radioactive floor drainage and storm water runoff, will be routed to the station
discharge tunnels for discharge offshore with the station cooling water (response
to questions 291.20 and 240.20). Table 4.3 is a summary of expected nonradio-
active wastes. There will be no discharge of wastes to groundwater in the site
vicinity.

I
! In the FES-CP, the applicant identified several measures to control biofouling
| in the station cooling water systems. These were thermal backflushing, periodic

shock chlorination of the circulating and service water systems, and mechanical
cleaning and antifoulant paint applications. The first two methods would be
employed while the station is operating; the third method would be performed

| while one or both units were shut down (see FES-CP Section 3.4.5). The proposed
procedure was to have employed circulating-water-system flow-reversal heatI

| treatment, producing temperatures at the system exits (that is, station intake
structures) of about 110 F (43 C) for 1 to 2 hours. This procedure was

| projected to be used twice a month for the period June through October and
! once every 2 months for the remaining months. Shock chlorination of the cooling

water systems was to supplement the thermal treatments. Sequential treatmentI

j of the station condensers was planned, with applications of sodium hypochlorite
;
' Seabrook DES 4-9
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Table 4.3 Chemicals added to discharge

Maximum estimated
Yearly discharge concentration in

Chemical (total lb) effluent (ppm)

Operational

Chlorine (Cl ) ~5.5 x 1052
Free residual 0.25
Chlorine reaction products 1.75
(chloride, chloramines,
chloro organics, etc.)

1.9 x 103a 0.1
Sulfuricacid(502-))

4
Sodium hydroxide (Na 1.7 x 105 0.1
Hydrazine (N H ) 3.6 x 1032 4
Morpholine (C H N0) 1.2 x 101 0.0000074 3

Preoperational

Hydroxyacetic acid 1.9 x 103
Formic acid 4.6 x 102

[ Trisodium phosphate 7 x 101
| Monosodium phosphate 3 x 101

Disodium phosphate 6 x 101
Sodium nitrite 2.4 x 104
Citric acid 1.2 x 104
#
Based on regeneration of one train per day.

solutions not exceeding 2 hours per day. Expected maximum free available oxidant
was 0.25 mg/l at the diffuser. The staff recommendation was that the station
discharge be monitored for total residual oxidant and that the maximum concentra-

| tion at the diffuser outlet be controlled to 0.1 mg/1.

The applicant has proposed * in the NPDES permit application that continuous
low level chlorination of the circulating water system be used to control bio-
fouling (response to question 291.19), with supplementation, as necessary, by
thermal backflushing. The applicant cites (letter of January 30, 1981) reduced
station generating capacity during backflushing, increased generating costs
during this time, and risk to station operation during backflushing changeovers
as reasons for preferring the chlorination system. Concurrent use of biocide
application and thermal treatment is not planned.

| Provisions have been made during the construction of the station for biocide
injection into the cooling water flow at the three offshore intakes and at the
intake transition structure, the circulating water pump house,,the service water

! pump house, and the discharge transition structure. Sodium hypochlorite solution
'

would be added to the cooling water flow primarily at the intake structures,

Oletter from B. B. Beckley, PSNH to T. Landry, EPA, dated January 30, 1981 '

(NPDES permit application).

Seabrook DES 4-10
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with the other injection points available for booster dosage should the offshore
| locations not provide a sufficiently high dose in the system heat exchangers

to control biofouling (response to Question 291.19). Figure 4.5 is a block |

! |
.

diagram of the system, showing system structures, biocide inject' ion points,
water flow rates, travel times and water temperatures.

The applicant has stated (letter of January 30, 1981) that no measurable
residual oxidant are expected to be present at the station discharge. Although
the applicant does not state a reference minimum detectable oxidant residual,
for chlorine the minimum detectable concentration for compliance purposes is
usually taken as 0.1 mg/l total residual oxidant.

The preliminary draf t NPDES permit for Seabrook Station (Appendix H) would
require that the use of biocide for biofouling control at the station be
limited to chlorine only, unless approval from the EPA Regional Administrator
and the New Hampshire Water Supply and Pollution Control Commission (NHWS&PCC)
Executive Director is obtained for use of any other biocide (s). In addition,
this permit would restrict total residual oxidant discharges from the condenser
and service cooling waters during station operation to 0.2 mg/l maximum at a
point prior to where the chlorinated streams mix with any other discharge. The
applicant plans to control total residual oxidant concentration in station
cooling waters to this maximum value at the discharge transition structure
(response to Question 291.19).

There is no limitation in the proposed draft NPDES permit on the duration of
individual applications or time of year that biocides may be used at the station.
However, the applicant asserts, and the staff concurs, that biofouling is likely
to be a seasonal problem sucn that treatment of the entire intake side of the
station cooling system with biocide may not be required throughout the year
(response to Question 291.'19). Control of slime buildup in station condensers
and heat exchangers is anticipated to be a recurring need throughout the year,
requiring intermittent chlorine application to these systems year round. The
resulting total residual oxidant concentration in the station discharge is
proposed to be limited to 0.2 mg/l by the draft NPDES permit. In addition,
this permit would require the applicant to perform a biocide application
minimization study, approved by the EPA Regional Administrator and by the

| NHWS&PCC Executive Director (NPDES Part I.4.e) that would determine the minimal
discharge of biocide to the environment consistent with maintenance of suitablei

biofouling control in the intake cooling water system, condensers, and service
water heat exchangers. This requirement would tend to minimize both the amount
and duration of biocide discharges to the environment. The detailed program
description and specifications for the minimization program have not yet been
prepared by the applicant. The proposed program will be submitted to the EPA;

| for approval before implementation. A description of the general approach for
such programs is appended to the Steam Electric Power Plant Effluent Limitations
Guidelines (40 CFR 423) and is included in Appendix I of this statement.

4.2.6 Power Transmission System

The Seabrook transmission lines are described in the ER-CP (Section 3.9), in
the FES-CP (Section 3.8, and 4.1.2), in the ER-OL (Section 3.9), and in the
response to staff's questions (Question 310.2, ER Section 3.9). Discussions
of transmission Pine rights-of-way, land use, and impacts are in Sections 4.3.1,
5.2, and 5.5.1 of this statement. The transmission lines are divided into three

i corridors: the Seabrook-Newington line; the Seabrook Tewksbury line; and the
'

Seabrook-Scobie Pond line.

: Seabrook DES 4-11
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The Seabrook-Newington line, as noted in the construction permit, was relocated
near the Packer Bog to avoid a stand of Atlantic cedars. South of this point
and on the west side of I-95, the route was relocated to more nearly parallel
I-95. Except for these changes, the corridor remains essentially the same as
that outlined in the FES-CP.

The Seabrook-Tewksbury and the Seabrook-Scobie Pond lines, as proposed by the
applicant and outlined in the FES-CP, would share a common corridor westerly
from Seabrook for approximately 8 km (5 miles). Then the Seabrook-Tewksbury
line would head south to Tewksbury.

The Seabrook-Scobie Pond line from the end of the joint corridor to its
termination near Scobie Pond has undergone one location change to date: a

relocation around Cedar Swamp, as ordered in the construction permit (see also
FES-CP Sections 3.8.5, 4.1.2, and 9.2.4). Both the Seabrook-Tewksbury line
and the Seabrook-Scobie Pond line are awaiting final alignments as a result of
resolutions pending before state hearing boards and/or court cases (Question
310.2, ER Section 3.9). The Seabrook-Newington line has been constructed and
energized. Presently, the applicant indicates a schedule of completion of the
Seabrook-Tewksbury line for August 1983 and Seabrook-Scobie Pond for November
1985. If there are any changes in alignments along the NRC-approved corridors
that would result in a significant adverse impact that was not evaluated by
the staff or that is significantly greater than that which is evaluated in
this statement, the applicant will provide proper notification of such

j activities to the staff for its evaluation.

The approximate length of the proposed Seabrook-Tewksbury line is 64 km
(40 miles), while the Seabrook-Scobie Pond proposed line would be
approximately 48 km (30 miles) long (Figure 4.6). The constructed and
energized Seabrook-Newington line is 27.4 km (17 miles) long.

4.3 Project-Related Environment Description

( 4.3.1 Land

[

| The staff revisited the Seabrook site in December 1981 to observe the progress
' of construction activities and to further assess the environmental changes and

impacts of construction, as well as to review potential impacts relating to
station operation. The total land area owned by the utility in connection with
the Seabrook Station is approximately 363 ha (896 acres). The land area within
the site boundary, or exclusion area boundary, is approximately 291 ha (719
acres). At the time of the staff's site visit, a total of 78 ha (193.5 acres)
had been cleared since the start of construction (Response to Question 290.1).

| The major change in land use since the FES-CP was published is that more of
! the forested upland portion of the site has been cleared for construction

activities than was contemplated. The FES-CP estimated that approximately
50 ha (123 acres) would be required for the Seabrook Station (FES-CP
Section 4.1.1). The actual cleared area is apprxomately 28 ha (70 acres)
larger than originally assessed in the FES-CP.

The site also contains a rock storage area approximately 8 ha (20 acres)
larger than predicted in the FES-CP.

,

!
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The areas crossed by the two proposed and one constructed transmission (Seabrook-
Newington) lines (Section 4.2.6) consist of primarily woodlands, open range,
pastures, and croplands.

4.3.2 Water Quality

Water quality information on the surface waters near the Seabrook site that
was given in the FES-CP was limited to a presentation of water temperatures of
the offshore coastal waters. Additional information on the quality of the waters
near the site has been collected by the applicant and others since the FES-CP
was published. The staff summarized these data, available through 1978, in
its Seabrouk Alternative Site Study (NUREG-0501). This analysis indicated that
water quality in the site vicinity was generally good, with high dissolved oxygen
levels and improving bacteriological quality compared to historic levels. The
assessment of the New England River Basins Commission, 1977, was that the assigned
standards (that is, State of New Hampshire Class "B") for the waters of the
coastal basin were expected to be met once planned waste treatment facilities
for the coastal communities was implemented. The applicant has supplemented
the available coastal waters quality data (ER-OL Section 2.4.1) with measurements
taken during the station construction phase monitoring program. A summary
showing data on water temperature, salinity, and dissolved oxygen is given in
Table 4.4. These data are consistent with that presented in the staff's 1978
review.

The applicant also has examined the watershed of the Browns River to identify
possible sources of contamination or conditions of degraded water quality
(Faulknar and Nason, 1981) (response to Question 291.14). This examination
did not identify any routine point source discharges of treated or untreated
wastes to the Browns River or its tributary streams. Nonpoint sources of con-i

taminants such as agricultural land runoff and parking lot runoff were identified
as possible sources of orthophosphates, sediment loads, coliform bacteria, and
oil and grease. However, no specific water quality stresses in the Browns River

| have been identified. Likewise, two short-term studies conducted for the appli-
| cant by Normandeau Associates Inc., 1979 and 1980, to determine possible effects
| of settling basin effluents on biota of the Browns River and Hampton Harbor

did not identify contaminant-related water quality stresses in the control,

I station (river and harbor) samples.
!

I a.3.2.1 Hydrologic Description
i

| The hydrologic description presented in Section 2.5 of the FES-CP is still valid.
' The present hydrologic description has been updated to reflect new infermation

gathered since the FES-CP was prepared. It includes information on groundwater
resources and the effects of the plant on the 100 year flood plain.

4.3.2.1.1 Surface Water

I The Seabrook site has characteristics of both an estuarine and coastal site.
! The station itself will be situated about 3.5 km (2 miles) inland in an estuarine
; environment, but the station cooling water will be supplied directly from the

Atlantic Ocean through long underground tunnels. For this reason, the surface
| water hydrology of both the astuarine and coastal environments is described
| below.
|

|
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|m:- Table 4.4 Summary of hydrographic characteristics of the coastal environment off Hampton Beachs NHs

. a
! g 1973 through 1978
! .... - --- -

. DISSOLVEDAIR WA1FP

SEASON WIND TEM pERAIUR E CURRENTS TEMJ p ATTRE SALINITh OXYGEN
j

Predominantly from Jan 25 F (-4 C) Southern flowg pre- Lowest temperature Surface salinities 10.0-11.5 mg/l

25 West 9.2 kn reb 27 r (-3 C) dominant in rebruary. Temp- average 31-33 prtl 90-100% ==turated.,_

*= NW 7.3 kn Mar 35 F (2 C) S 37% eratures vary near-bottom values
5 SW 8.9 kn Tidal 34.6% between 32"F and average 32-33.5 ppt.,

yg
$$g Highest average N 28.3% 38 F at surface;

3DQ speeds from Net drift southward. water column nearly

hg E 9.4 kn isothermal, surface

NE 10.1 kn sometime colder.""

Predominantly from April 46 F (8 C) Tidal flows most Development of a Createst variation 10.5-!!.3 ag/1.

W 7.1 kn May 56 F (13 C) frequent seasonal thermo- between surface and With spring bloom,

NW 7.0 kn June 65 F (18 C) Tidal 47.5% cline. Tempe r a t u r es bottom 3-5 ppt. decrease to 9.0-fy ;g S 6.5 kn S 34.8% rise ragidly to Surface salinities 10.0 mg/1. When
N 17.7% 40 F-50 F ag generally 28 to 31 9.0-11.5 mg/l

yd.3 Highest average

g*" speeds from Net drift south. surface; 33 F- ppt. Sottom saturated to super-

45 F near' bottom. salinities generally saturated. Near-h NE 10.0 kn
32 to 34 ppt. surface value higher

than near-bottom.Jh

$ Calm and variable; July 71 F (22 C) Currents primarily Highest temp. in Surface 29-32 ppt ; 8.0-10.0 mg/1.

predominantly Aug 69 F (21 C) tiJat August. Tempera- near bot tom 32 - 1.owest values in'

H W 6.1 kn Sept 62 F (17 C) Tidal 58.6% tures at surface 34 ppt in depths la te summer >1.8 ag/1.
.

,hh SW 7.8 kn S 22.2% >60 F; little var- greater than 100 ft. Near-surface super-
i'

gQp NW 5.5 kn N 19.2% istionoverghe 3 Values at surface saturated 100-120%.

7 .g Average speeds in Net drift months, +2-3 F. and bottom nearly Near-bottom 80-100%.
] ;

m3$ all directions south Temperature dif- equal in depthe of
i

gm f5 kn ferences surface- 10-60 ft.

bottom greatest,-

+6 F-10 F.
__

U Predominantly from Oct 52 F (~1 C) Northerly flows Decline steadily Vertical breakdown Lowest of year.

E W 8.1 kn Nov 42 F (6 C) prevalent f rom #F t o of stratification 7.5-10 mg/l values#

SW 8.6 kn Dec 30"F (-l C) N 48.2% 40"F. Water generally late rise sharply in

[j x [p S 7.7 kn Tidal 29.6% becomes wc!! mixed October or early autumn. Slightly

S 22.2% --little variation November. Salini- subsaturatedh,g Highest average
<gg sheeds from Net drift south. between surface and ties generally 31 90-100%.

;

S E 9.7 kn bottom. to 32 ppt.

g NE 9.7 kn
~ .

Snurce: NAI, 1980.' Annual Summary Report for 1978 Hydrographic Studies off Hampton Be ac h . New Hamp* hire
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Estuarine Waters

Operation of the plant does not directly affect the estuarine waters of the
area, so only a brief description of these waters will be given. The site is
on the edge of a salt marsh that is part of the Hampton Harbor estuary. About
10% of the estuary is open water and the rest is salt marsh. Figure 4.7
(Figure 2.8 in FES-CP) shows the site in relation to the estuary.

Hampton Harbor is a shallow lagoon behind the barrier beaches of Hampton Beach
(north of the harbor entrance) and Seabrook Beach (south of the entrance).
The harbor is roughly 1.9 km (1.2 miles) wide and 2.4 km (1.5 miles) long.
Several shallow tidal streams flow into Hampton Harbor, the most important
being Hampton, Hampton Falls, Taylor, Browns, and Blackwater Rivers and Hunts
Island, Tide Mill, and Mill Creeks.

Circulation in Hampton Harbor is dominated by tidal flushing. The mean tidal
range is about 2.6 m (8 6 feet). At low tide only about 1.5 to 1.8 (5 to 6
feet) of water remains in the deeper channels, with most of the harbor covered
by only 0.6 to 1 m (2 to 3 feet) of water. The tidal prism, which is the dif-
ference in water volumes between high and low tide, is about 1.3 x 107 m 3

(4.7 x 108 ft ). This volume of water is exchanged with the ocean each tidal3

cycle, representing about 88% of the estuary volume. The average tidal exchange
a (9850 ft ) per second.3is therefore about 279 m

In contrast, the fresh water input to the estuary is relatively minor. The
(47.4 mi2). Average rainfalldrainage area of Hampton Harbor is about 123 km 2

is about 109 cm (43 in.) per year. The pan evaporation is estimated to be about
81 cm (32 in.) per year (Baldwin 1973). Fresh water runoff varies widely,
depending on such variables as the intensity of rainfall, atmospheric variables,
existing state of vegetation, and saturation of the watershed soils. Freshwater

3runoff has not been measured but can be estimated to range between 1 and 4 m /sec
3(38 and 150 ft /sec) in an average year, based on the drainage area, pan evapora-

tion, and rainfall figures given above. This amounts to less than 1.5% of the
mean tidal flushing rate for the harbor. Consequently, salinity in Hampton
Harbor is nearly that of the ocean, except during periods of heavy rainfall
and spring runoff. Very slight salinity gradients, rarely more than 0.3 parts
per thousand, exist in the harbor because of the slight amount of fresh water
input. The rivers and streams feeding Hampton Harbor are brackish, because
they are less influenced by the tidal flushing of the harbor itself.

Tempcrature fluctuations in the harbor and marsh are strongly influenced by
solar heating and atmospheric cooling, and temperatures fluctuate over a much
wider range than those of the ocean.

Dissolved oxygen in the estuarine waters varies over the tidal cycle as a result
of the influence of such variables as temperature and tidal flushing.

Coastal Waters

The Seabrook site lies on a section of the Atlantic coastline that borders the
Gulf of Maine. The Gulf of Maine comprises an estimated surface area of about
1.3 x 105 km2 (49,000 mi2). Water circulation between the Gulf and the North
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Atlantic is restricted by two shallow bank areas, Georges Bank and Browns Bank,
which gives the Gulf some of the properties of a coastal sea. ;

Water for the Seabrook plant is withdrawn from a submerged intake structure
about 2130 m (7000 feet) offshore from Hampton Beach and returned to a submerged
discharge structure 1680 m (5500 feet) offshore. Circulation in the vicinity

of the intake and discharge structures is tidal, which dominates about 43% of
the time. Unidirectional currents along shore are nearly equally persistent
at 28.8% and 28.4% of the time to the south and north, respectively. These
along-shore currents are wind induced and frequently persist for several days.
Speeds for either tidal or unidirectional currents typically are in the range
of 10 to 15 cm/sec (0.2 to 0.3 knots), while higher speeds of 15 to 52 cm/sec
(0.3 to 1 knot) occur less frequently. Tidal flows predominate during the
summer months. Unidirectional currents are more typical in the fall and winter
months, when stronger winds and storms are more prevalent.

On a larger scale, there is a seasonal counterclockwise gyre that encompasses
the entire Gulf of Maine. Spring runoff from coastal rivers helps to develop
this gyre, which is fully developed by May, but largely broken up by autumn.

i There is a net drift that is also seasonal and varies both vertically and

; horizontally in the Gulf. Drif t rates vary from 1.9 to 5.6 km (1 to 3 nautical
miles) per day for near-surface flows and the rate is about 0.19 km (0.1 nautical
miles) per day for near-bottom flows.

Tides in the region are semidiurnal with a small diurnal inequality of 0.3 to
0.61 m (1 or 2 feet). The mean tidal range is about 2.5 m (8.3 feet). Spring
tides are as great as 3.8 m (12.5 feet), and neap tides as small as 1.8 m (6.0
feet).

,

Water temperatures show pronounced daily, seasonal, and annual variability.
Figure 4.8 is a summary of water temperature data collected from 1973 to the
present for the waters in the vicinity of the intake and discharge structures.
A thermocline begins to form in the spring and may reach thicknesses of 9 to
12 m (30 to 40 feet) before dissipating in the fall. Offshore surface temper-L

ature data show pronounced variations between flood and ebb tides of the same
day, probably the result of the influence of the large volume of solar-heated

! water released from the estuary during ebb tide. Cooling of the estuarine water
at night or in cold weather would produce a cooling effect in the relatively
warmer waters offshore.'

.
Salinity in the Gulf of Maine is slightly lower (32 to 33 parts per thousand)

! than that of the open sea (35 parts per thousand), reflecting the influence of
| fresh water runoff from coastal rivers. Vertical and seasonal variations in

salinity are small, usually less than 1 part per thousand, except in the vicinity
of large rivers.

4.3.2.1.2 Groundwater

Groundwater is the principal source of potable water in the area of the Seabrook
plant. Groundwater in the site vicinity is found in fractured bedrock and over-
lying glacial and recent deposits. Recharge to the aquifers in the region is

| by infiltration, especially in places underlain by ice-contact, outwash, and
|

|

! Seabrook DES 4-19

|

_ _ _ _ _ . _, ___



70
- 20

_ NE AR SURFACE ( 2 FEET)

60 -
- 15

M AXIMUM ME AN -_

u. U
L - *

mt m %| g
o 50 - - 10 m
s t-

< <
[ _ MINIMUM MEAN $i

a. o-
2 E
w w
>- 40 _ 5-,

_

|
'

' ' ' ' ' ' ' ' ' ' - 030
J F M A M J J A S O N D

:
,

1

i

|

60 - 15

( NEAR BOTTOM (48 FEET)

_

C
L 50 - MAXIMUM MEAN - 10~

Nw
= 2o - s* 4< x

@ 40 - MINIMUM MEAN - 5*
' 2E \ w
* >-

_

' ' ' ' ' ' ' ' ' ' -

30,

| J F M A M J J A S O N D

1

| Figure 4.8 Water temperature for coastal waters'

off Hampton Beach, NH

Seabrook DES
4-20

,



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

shore deposits. The principal aquifers are in glacial ice-contact deposits of
stratified sand and gravel.

Groundwater is also taken from glacial outwash deposits and from bedrock wells.
Some wells are also developed in the till and the beach sands, but these are
suitable for only very small yields.

The principal direction of groundwater movement from the site is toward the
marsh and estuary. Accidental contamination of groundwater would, therefore,
flow away from any groundwater users. The potential effects of radioactivity
accidentally released to the groundwater are covered further in Section S.9 of
this report.

4.3.2.2 Water Use

Virtually all the potable water used in the area is groundwater. The towns of
Seabrook, Salisbury, and Hampton take their water supplies from ice-contact
deposits. Part of the water supply for the Seabrook Station comes from the
town of Seabrook public water supply. The Seabrook Station will supplement
its groundwater supply with a series of bedrock wells (see Section 4.2.2
above).

No potable water in the area is supplied by surface waters because they are
salty or brackish. Surface water uses in the area of the plant are mainly
recreational, such as water sports, fishing, and boating. The Seabrook plant
will use a large quantity of seawater for condenser cooling. Uses and inpacts
of operation are covered in Section 5.3.1 of this report.

4.3.3 Terrestrial and Aquatic Resources

4.3.3.1 Terrestrial Resources

The ecological communities are described in detail in the ER-CP (Section 2.7.1),
the FES-CP (Section 2.7.1), and the ER-OL (Section 2.2.1). Construction of
the station has resulted in the elimination of portions of the terrestrial biotic
communities described in the FES-CP. The site still contains terrestrial
features undisturbed by construction activities. In addition, certain plant
communities have been protected by fencing or other means to preserve their
uniqueness as judged by the applicant (ER-OL p. 2.2.1). The surrounding
Sparatina marsh has received special attention, and it appears that
construction activities have not harmed it.

4.3.3.2 Aquatic Resources

This section reviews briefly the aquatic resources of the Seabrook site and
vicinity relative to station operation that have not been evaluated previously
or that are related to areas of concern that are new since the publication of
the FES-CP.

The impacts to estuarine and marine biota and fisheries from operation of the
cooling systems (intake and discharge) have been assessed and found to be
insignificant and acceptable. Because environmental conditions have not
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changed, the impacts will not be reevaluated in this environmental statement.
Section 5.5.2 summarizes the previous asse'ssments and findings of the NRC and
the U.S. Environmental Protection Agency.

Descriptions of aquatic resources included in this environmental statement are
related to the following matters that remain to be disclosed and assessed:

(1) the availability of recent information on the aquatic environment of the
Seabrook site and vicinity

(2) changes in the aquatic environment that affect previous decisions

(3) a proposal by the applicant for continuous low-level chlorination of the
cooling system (applied at the offshore intake structures) for biofouling
control, to replace thermal backflushing

(4) updating of recreational and commercial fishery information, for use in
assessments of socioeconomic impacts and the consequences of accidents

(5) updating of information on endangered and threatened species (included in
Section 4.3.5 that follows)

Available Information on the Seabrook Site

The ecology of the estuarine and marine environs in the vicinity of the Seabrook
site was described in the FES-CP (Section 2.7.2). The aquatic resources and
fisheries of Hampton Harbor and New Hampshire waters of the Gulf of Maine were
summarized in the NRC Alternative Site Study for Seabrook. The applicant and
his consultants have been studying the aquatic environs near Seabrook since
1969. A detailed index of the studies through March 1977 (Nelson) and a
summary document that describes the aquatic environment through December 1977
(Normandeau, December 1977) were prepared by the applicant. A listing of
surveys of aquatic biota and marine environmental conditions conducted since
the summary document was published appears at the end of this chapter. The
applicant's consultants have published several papers that resulted from the
preoperational studies conducted in the vicinity of Seabrook; these too are
listed at the end of this chapter. The ER-OL summarizes the aquatic biological
resources (Section 2.2.2) and recreational and commerical fisheries (Section
2.1.3.4) of the site vicinity and the marine waters within an 80-km (50-mile)
radius of the Seabrook site. The ER-OL also summarizes studies of the marine
environment that are being conducted by agencies and organizations in New
Hampshire, Maine, and Massachusetts (Section 6.3).

The Marine Ecosystem

There have been no significant changes in the marine / estuarine ecology or-
biological resources of the Seabrook site vicinity since the previous assess-
ments discussed above that affect or alter previous conclusions.

Biofouling Organisms
)

The biofouling organisms of concern are those with the potential for fouling
or clogging of cooling system components, principally mussels (Mytilus spp.)
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and barnacles (Balanus spp.), and to a lesser extent polychaete worms (for
example, Spirorbis spp.), tunicates (for example, Molgula spp.), other mollusc
and arthropod species, and some species of macroalgae.

j

Entry into the cooling system will occur with the cooling water at the offshore
intake structures by the planktonic forms of the fouling organisms. The plank-
tonic larvae of the principal foulers are present during spring through fall,
with summer and early fall the periods of most active reproduction and settlement'

for the majority of organisms. Barnacle larvae are present during March and
April, and mussel larvae are present during May through October or November.

The method of biofouling control considered in the assessments and decisions
discussed above was thermal backflushing. The frequency of application was to
be approximately twice per month during the warmer months of April through
November, and perhaps less often during the remaining months. The present

proposal is to replace thermal backflushing with continous low-level chlori-
nation applied at the offshore intake structures (see Section 4.2.3 above).

1

It may not be necessary to continuously chlorinate the entire intake side of
the circulating water system year round, because biofouling is a seasonal
phenomenon.

In September 1980, Arkansas Nuclear One, Unit 2, was shut down after the
discovery that the unit failed to meet requirements for minimum service-water
flow rate through the containment cooling units as a result of extensive fouling
by freshwater bivalve clams. In April 1981, the NRC issued IE Bulletin No. 81-03,
" Flow Blockage of Cooling Water to Safety System Components by Corbicula sp.
(Asiatic Clam) and Mytilus sp. (Mussel)," to holders of operating licenses and
construction permits. The bulletin required the submittal to NRC of information

,

on the known occurrence of fouling molluscs in the vicinity of nuclear poweri

plants and on inspections of plant equipment for fouling, as well as a descrip-
tion of methods (in use or planned) for preventing and detecting fouling. The

_

applicant responded to the bulletin on July 8, 1981 (letter from J. DeVincentis,
! PSNH, to B. H. Grier, USNRC Region I) and acknowledged the presence of Mytilus
I sp. in the Seabrook site vicinity. Although the safety-related aspects of

biofouling at Seabrook will be addressed in the safety evaluation report, the
environmental impacts of biofouling control are addressed in this environmental

| statement (Section 5.5.2).
| Fisheries

Fisheries of the Seabrook site vicinity were briefly discussed in the FES-CP
and in more detail in the NRC Alternative Site Study fcr Seabrook. The ER-OL
(Section 2.1.3.4) and ER-OL Revision 1 provide updated and detailed discussions
of fisheries resources and harvests within an 80-km (50-mi) radius of Seabrook.;

| The following discussion summarizes the recent information.

The coastal fishery resources within 80 km of Seabrook include harvests of
finfishes, molluscs, crustaceans, and seaweeds from several counties within
three states--New Hampshire (Rockingham Co.), Maine (York Co.), and Massachusetts
(Essex and Suffolk Counties, and portions of Norfolk and Plymouth Counties).

)

!
t
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Marine recreational fishing occurs throughout the region within 80 km of
Seabrook. Estimated harvests during recent years are shown in Table 4.5. The
principal finfishes harvested have been cod, flounder, mackerel, pollock, smelt,
conner, herring, scup, and tomcod. Soft shell clams are harvested in all three
states. Lobsters are harvested recreationally in New Hampshire and Massachusetts.

,

Lobstering in Maine is restricted to commercial harvesting. Within New Hampshire, i

recreational harvests of finfish numbered 1,375,000 in 1979 (Table 4.5) and '

744,923 in 1980 (Table 4.6). The principal species taken were pollock, mackerel,
flounder, cod, haddock, smelt, and others (New Hampshire 1981). The estimated
harvests from Hampton Harbor are shown in Table 4.7. Fish stocking programs
are conducted by the State of New Hampshire for the purpose of managing and
enhancing the stocks of coastal anadromous fishes, such as American shad, coho
salmon, and chinook salmon (ibid). About 1157 coho salmon were estimated to
have been caught by anglers in tidal waters during 1980, compared with 314
during 1979.

Harvesting of soft shell clams is restricted to recreational fishing in
New Hampshire. The number of recreational license holders was 2215 in 1979
and 5062 in 1980. An estimated 5000 bushels of clams were harvested from
Hampton Harbor during September 1980 through May 1981 (ER-OL Revision 1,

) Table 291.3-2). During the period 1971 to 1976, recreational harvesting of
clams in Hampton Harbc was intense and the stock was nearly depleted (Lindsay)..,

| The spatfall density of soft shell clams in Hampton Harbor during 1976 was
' large and increased 20-fold above that of 1975 (ibid). During 1977 through

1980, the spatfall density has been lower than in 1976, but improved compared
with the leaner years of 1973-1975 (Normandeau R-353). Similarly, the densi-
ties of juvenile and adult clams have steadily increased through 1980 (Normandeau
R-366). The spatfall during 1981 also was good, and the clam stock of Hampton
Harbor does not appear to be in a depleted condition (personal communication,

between C. R. Hickey, NRC, and C. F. Thoits, NH Fish and Game Department,
February 24, 1982).

,

!

Commercial fishing occurs throughout the coastal waters within 80 km of,

| Seabrook for finfishes, crustacean and molluscan shellfishes, sandworms, and
seaweeds. Relative harvests within the three-state area are shown in Table 4.5.
The principal finfishes harvested have been pollock, cod, whiting, sea herring,
flounder, hake, menhaden, haddock, and ocean perch. The principal molluscan

i shellfishes harvested have been soft shell clams, squid, mussels, and sea '

| scallops. Lobster is the principal crustacean shellfish harvested, and is one
of the highest valued items harvested (along with pollock, cod, haddock, and

| flounder). Within New Hampshire, total commercial landings have ranged between '

2,919,000 pounds (worth $1,077,000) in 1974 (Nat'l Marine Fisheries, 1977, 1978,
1979) and 4,301,064 pounds (worth $1,637,076) in 1977 (Tables 4.8 and 4.9).
During the period 1969-1979, between 206 and 382 license holders fished for
lobster each year, with annual landings ranging between 263,539 pounds in 1974
and 499,482 pounds in 1977 (New Hampshire Fish and Game). A new refined

! statistical program for collecting landings data was instituted in 1980, with
| a resulting estimated lobster harvest of 970,953 pounds (ibid). The value of
I landed lobster in New Hampshire during 1974-1977 has ranged between $668,000
| in 1976 and $812,000 in 1977 (Nat'l Marine Fisheries 1977, 1978, 1979)
| (Table 4.9). The lobster stock in northeastern waters is very heavily fished,
| with recent concern that it is being overexploited (Acheson). Within New
| Hampshire, harvests have been reasonably stable in recent years (personal

communication between C. R. Hickey, NRC, and C. F. Thoits, February 24, 1982).
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Table 4.5 Estimated annual recreational harvest of soft
shell clams, lobsters, and finfishes (by state)
within 80 km of Seabrook (to convert lb to kg,

multiply by 0.454)

Bushels of Pounds of Number of
State soft shell clamt lobster (1979)2 finfish (1979)3

Maine 1,500* 0** 1,688,000

New Hampshire 6,000 5,200 1,375,000

Massachusetts 11,100* 163,291 22,554,000
(9100 - 13100)

Total 18,600 168,491 25,617,000

1 Compiled from estimates during 1979-1981. Source: ER-OL Revision 1
Table 291.2-1.

2 Source: ER-OL Revision 1 Table 291.2-1.
3 Source: ER-OL Revision 1 Table 291.1-1.
*The average yield of soft clams taken commercially during 1974-1976
ranged between 13-15 pounds of meat per standard bushel.i

: ** Recreational harvest is prohibited in Maine.

Table 4.6 Estimated marine recreational finfishery effort and harvest in
New Hampshire coastal waters during June through September 1980

! Number of Number of Number of fish Number of fish
Fishery type angler trips angler hours caught caught / hour

I Party boat - - 588,789 2.73

Private boat 17,212 76,411 89,865 1.19

Bridge, pier,
jetty 37,215 54,304 59,391 1.18

i Beach and
bank 8,315 8,832 6,878 0.75

|
| Total 744,923

l

| Source: New Hampshire Fish and Game Department 1981.

,

I

Seabrook DES 4-25

_ _



_ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Table 4.7 Estimated recreatidnal fishery harvests
(by species and number) from the Hampton
Harbor estuary for the 4-month period of
June-September 1979 and 1980.

Species 19791 %2 19801 %2

Winter flounder 8,000 34 13,000 33

Pollock 13,000 55 22,000 55

Cunner 800 3 700 2

Hakes
(red, white, silver) 70 <1 1,200 3

Cod 300 1 1,000 2

Sculpin 700 3 900 2

Other flounder
; (windowpane, smooth, etc.) 70 <1 300 1

-
i

Sea ravens 70 <1 60 <1

Coho salmon 70 <1 300 1

| Mackerel 30 <1 60 <1
1

| Smelt 400 2 - -

4
' Skate 30 <1 - -

Striped bass - - 60 <1

Silversides - - 300 1

Total 23,540 100 39,880 100

1 Approximate number of fish caught.
2 Approximate percentage of total catch.
Source: ER-OL Revision 1 Table 291.3-1.

4.3.4 Meteorology

The discussion of the general climatology of the site and vicinity in the FES-CP
remains unchanged. Since issuance of the FES-CP, information about the frequency
of thunderstorms has changed. A recent study by the National Climatic Center
indicates that about 26 thunderstorms can be expected to occur each year in

j the vicinity of the Seabrook site, being most frequent in June, July, and
August.

Since issuance of the FES-CP, the applicant modified the onsite meteorological
measurements program and collected another 1 year (April 1, 1979 - March 31,,

1980) period of data using the new system. However, because of changes in the
data collection program, onsite meteorological data cannot be combined into a
multiyear period of record. For the period April 1, 1979 - March 31, 1980,
data from 13.1-m level indicated prevailing winds from the west-northwest

i
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8 Table 4.8 1977 commercial fishery landings (in pounds) and dollar values for the major

groups of marine products harvested, by state and coastal county within 80 km""

El of Seabrook (to convert lb to kg, multiply by 0.454)
m

New Hampshire Maine Massachusetts
Species or Group Rockingham York Essex Suffolk Norfolk Plymouth

Total finfish (lbs) 3,777,714 9,723,482 149,161,100 22,495,600 113,600 4,044,300
($) 787,885 2,182,340 21,842,480 6,038,758 39,494 1,369,615

Lobster (1bs) 474,100 1,036,559 2,468,192 880,467 - 1,055,181

($) 812,038 1,775,456 4,563,375 1,562,613 - 1,980,900

Crustaceans (1bs)* 25,450 37,968 535,100 - - 11,000
(nonlobster) ($) 4,873 20,724 286,438 - - 2,750

Molluscs (lbs)** - 17,170 2,312,719 25,831 - 632,424
($) - 19,957 850,410 39,740 - 740,783p

03 Sandworms (1bs) 23,800 20,000 - - 10,500-

($) 32,280 - 40,000 - - 20,000
IIrish moss (1bs) - 524,560 - - - 1,079,400

($) - 27,800 - - - 43,174

Total (lbs) 4,301,064 11,339,739 154,497,111 23,401,898 113,600 6,832,805
($) 1,637,076 4,026,277 27,582,703 7,641,111 39,494 4,157,222

* Rock crabs, shrimp.
** Soft clams, hard clams, razor clams, mussels, bay scallops, sea scallops, squid, conch.

Source: ER-OL Tables 2.1-25 through 2.1-30.
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Table 4.9 1977 commercial fishery harvest
(in pounds) and dollar value for
Rockingham County, New Hampshire
(to convert lb to kg, multiply
by 0.454)

Species Harvest (lbs) Value ($)

Alewives 210,000 7,518
Anglerfish 43,781 14,736
Bluefish 200 20
Cod 951,025 234,427
Cusk 131,297 24,314
Eel 5,600 4,963
Flounder 463,122 143,871
Haddock 223,637 89,766
White hake 395,136 54,530
Halibut 3,010 4,615
Sea herring 54,383 2,638
Launce 6,400 2,624
Mackerel 4,562 728
Ocean perch 9,599 2,003
Pollock 1,207,850 191,444
Shad 4,239 382
Sharks 3,980 584
Skate 5,838 606
Striped bass 2,000 700
Common sturgeon 1,076 179
Bluefin tuna 3,547 2,833
Whiting 35,184 2,736
Wolffish 2,540 276
Unclassified (food) 9,708 1,372
Shrimp 2,850 2,500
Rock Crab 22,600 2,373
Lobster 474,100 812,038
Sandworms 23,800 32,280

Total 4,301,064 1,637,076

Source: ER-OL Table 2.1-26.

(17.7% of the time), with winds from the west and northwest each occurring
about 10% of the time. ,

4.3.5 Endangered and Threatened Species s

4.3.5.1 Terrestrial
l

1

There are two plant species occurring within the 80-km area around Seabrook
that have been proposed for listing as endangered or threatened species
(Appendix G). Neither the small-whorled pogonia (Isotria meleoloides) or the
silverling (Paronychia argyrocoma var. albimontana has been observed on the ,
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l

Seabrook site itself, and it does not appear that the proposed transmission
facilities will be constructed in areas where these plants occur (Appendix G).

The U.S. Fish and Wildlife Service indicates that the peregrine falcon (Falco
peregrinus) and the bald eagle (Haliaeethus leucocephalus) have been sighted
within 80 km of Seabrook. However, there are no known nests of the peregrine
falcon within an 80-km radius of Seabrook. The bald eagle is known to winter
along the Merrimack River. The U.S. Fish and Wildlife Service has expressed

its concern about the " potential electrocution of birds" from transmission
facilities, especially raptors such as the peregrine falcon and the bald eagle
(Appendix G). The staff examines this conce.n in Section 5.5.1.2.

The applicant also considered the State of New Hampshire list of endangered
and threatened species (ER-OL Response to Question 290.3). It is the

' applicant's position, and the staff concurs, that no state-listed species
occur on the site, and possible transients in the adjacent marshes will not be
affected by station operation (ER-OL Section 6.1.4.3).

4.3.5.2 Aquatic

During September 1981, NRC staff initiated a formal request for information on
the occurrence of endangered species near Seabrook from the U.S. Fish and
Wildlife Service, under Section 7(c) of the Endangered Species Act Amendments
of 1978, PL 95-632 (letter dated September 21, 1981, from F. J. Miraglia, NRC,
to H. Larson, U.S. Fish and Wildlife Service, Newton Corner, Massachusetts).
NRC also initiated a similar formal request to the National Marine Fisheries
Service during November 1982 (letter dated November 17, 1981, from F. J.
Miraglia, NRC, to A. Peterson, National Marine Fisheries Service, Gloucester,
Massachusetts). In response, both agencies listed several marine species known
to occur in the region, including whales, leatherback sea turtles, and one
fish--the shortnose sturgeon (Appendix G).

Among the costal fishes, the State of New Hampshire recognizes only the short-
nose sturgeon to be endangered. It is known to occur in the Great Bay /Piscatagua
River system north of Seabrook (personal communication between C. R. Hickey
and C. F. Thoits, February 25, 1982) and in the Merrimack River. It has not
been captured near Seabrook during the several years of studies described in
Section 4.3.4.2 above.

4.3.6 Historic and Archeological Sites

Historic and natural landmarks and archeological sites were discussed in Sec-
tion 2.3 of the FES-CP.

Since the publication of the FES-CP, the Governor Meschech Weare House in
Hampton Falls has been added to the National Register of Historic Places (ER
Section 2.6). The Seabrook-Scobie Transmission Line, which had been designed
to span Cedar Swamp in Kingston, has been redesigned and now follows a dog-leg
approximately 1.6-km (1-mile) long around the northern perimeter of the swamp
(ER Section 4.2.1). During consultation with the State Historic Preservation
Officer, the applicant was notified that local citizens are developing informa-
tion with regard to two proposed historic districts in South Hampton for the
state's consideration of their possible eligibility for inclusion in the National
Register of Historic Places. The districts are along the path of the approved
transmission corridor.
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Since publication of the FES-CP three archeological sites, designated as
NH 47-20, NB-47-21, and NH 47-22, located"on the plant site, were excavated by
the University of New Hampshire. Three other known archeological sites in the
vicinity, two of which are off site and one of which is on site, will not be
impacted by the operation and maintenance of the plant.

4.3.7 Socioeconomic Characteristics

Socioeconomic characteristics include the permanent population, transient popula-
tion, land use, industry, and recreation. The relevant attributes for the region
around the Seabrook Station have been described in the FES-CP (Sections 2.2.1,

2.2.2, 2.2.3, 2.2.3.1, 2.2.3.2, and 2.2.3.3). Some changes have occurred since
the FES-CP was issued, and these are described below.

4.3.7.1 Permanent Population

Figures 4.9 and 4.10 show the projected resident population within 80 km of the
station for 1983 and 2025, the first and last years of operation, respectively.
Figure 2.1-5 of the applicant's ER indicates that the 1983 resident population
within 16 km of the site would be 107,300. However, the applicant has since
revised the 1983 population data for the 0- to 16-km area. The staff reviewed
these data in light of the 1980 census and the most recent projections by the
State of New Hampshire, neither of which was available to the applicant when
the ER was prepared. As a result of that review, the staff adjusted the
applicant's 1983 population data for the 16-km area around the station. The
staff's population forecast is 99,900, or approximately 7% less than the
applicant's forecast.

4.3.7.2 Transient Population

The area within 16 km of the Seabrook Station includes the beaches along the
'

coasts of New Hampshire and Massachusetts. It is the beaches- particularly
those at Hampton, Seabrook, and Salisbury--that attract large numbers of seasonal
and daily transients and that give the region its unique demographic character.
The applicant estimated that a peak population on a summer weekend day could
reach 117,000 within 16 km of the station site. The staff examined the appli-
cant's data in terms of the following three population groups: seasonal resi-
dents; overnight visitors at hotels, motels, and campgrounds; and daily
transients who park in lots and on the street spaces near the beach and at
nonseasonal housing within walking distance to the beaches. With the exception
of those who park at nonseasonal housing, these population groups and their
estimation are discussed by the applicant in ER Section 2.1.2.3. The staff
updated and revised the applicant's information through extensive telephone
surveys and the adoption of different assumptions. Table 4.10 compares the
staff's estimated peak summer weekend with those submitted by the applicant.
Both 1,ets of data are for the " instantaneous" population; that is, the maximum
population at a moment in time, assuming maximum capacity.

4.3.7.3 Land Use and Settlement

The Seabrook site is bordered on its north, south, and east sides by marshland.
Within 8 km of the site, 71% of the land is undeveloped; that is, marsh, open,

field, or woodland (ER Table 2.1-12). The major high density areas are to the
east of I-95 and are, to a large extent, oriented toward serving beach users
and summer tourists. There are 74 public and private schools and state-cpproved
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Table 4.10 Estimated peak transient weekend day population
within 16 km of Seabrook Station

Population group Applicant estimate Staff estimate

Seasonal residents 43,012 43,012

Overnight visitors 18,672 21,047

Daily transients 55,304 66,939

Total 116,988 130,998

nursery and day care centers, 23 hospitals and other medical-related facilities,
and 17 campgrounds within 16 km of the Seabrook site (ER Tables 2.1-8, 2.1-9,
2.1-5, and staff update).

Table 4.11 indicates the 1980 and projected 1985 resident population of towns
that are contained within the 16-km region around Seabrook. Although the towns
of Exeter, Portsmouth, and Haverhill have large concentrations of population,
only small portions of these municipalities fall within 16 km of the station
site. Of the towns which fall within 16 km of the site, Hampton, Amesbury,
and Newburyport have the largest concentration of population.

4.3.7.4 Manufacturing and Industry

The applicant inventoried manufacturing and industrial employment within 16 km
of the station (FSAR Amendment 44). Employment in these activities is concen-
trated in Seabrook, Exeter, Amesbury, and Newburyport. With a small number of
exceptions, most manufacturing and industrial firms are small. The largest-
industrial employers are listed in Table 4.12.

4.3.7.5 Recreation

In addition to the beach-oriented activity discussed above, the area around
Seabtook offers opportunities for boating, recreational fishing, and dog racing.
Much of the boating activity that occurs during the summer months is noticeable
in the vicinity of Hampton Harbor. Significant boating activity occurs in the
Atlantic Ocean within 3 to 5 km of the Hampton Harbor inlet, on the Hampton
and Blackwater Rivers within a 3-km radius of Seabrook, on the Merrimack River,
and in Rye Harbor, approximately 15 km northeast of the site (ER Section 2.1.2.3.e).

Recre.itional fishing in the Atlantic Ocean is primarily from licensed charter
or paity boats. ER Tables 2.1-20 and 2.1-21 identify boats by season, capacity,
and the number of operating days. Freshwater angling occurs throughout the
80-km region, and species are taken by individuals through various methods (ER
Section 2.1.3.4, see also Section 4.3.4 of this report).
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Table 4.11 Population of municipalities within
16 km of Seabrook1

19802 19853 j

New Hampshire

Brentwood 2,004 2,215
East Kingston 1,135 1,208
Exeter 11,024 11,753
Greenland 2,129 2,362
Hampton 10,493 11,585
Hampton Falls 1,372 1,432
Kensington 1,322 1,424
Kingston 4,111 4,517
Newfields 817 821
Newton 3,068 3,382
North Hampton 3,425 3,600
Portsmouth 26,254 27,075
Rye 4,508 4,744
Seabrook 5,917 6,262
South Hampton 660 717
Stratham 2,507 2,790

Massachusetts 4

Amesbury 13,971 16,036
Haverhill 46,865 48,528
Merrimac 4,451 5,009
Newbury 4,529 5,158
Newburyport 15,900 16,150
Salisbury 5,973 6,148
West Newbury 2,861 2,873

1A11 municipalities wholly or partially within
16 km of the Seabrook site.

21980 census.
3 Massachusetts Population Projections: 1985
Age and Sex By City and Town Within 6 Health
Servi e Areas, November 15, 1978, Massachusetts
Department of Public Health, Office of Health
Planning; New Hampshire Population Projections
for Counties and Municipalities, April 1981,
New Hampshire Office of State Planning.

4 Massachusetts data for 1985 were adjusted to
reflect the 1980 census.

4-

9

|

|
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Table 4.12 Largest industrial employers within 16 km of
Seabrook Station

i

i No. of Direction / distance Type of
Company employees from site (km) product

,

Towle Mfg. Co. 1800 SSW 8-10 Silverware

llSM, Baily Div. 930 WSW 1-3 Plastic, rubber

Gould, Inc. 500 SSW 8-10 Fuses
,

!

GTE Sylvania, Inc. 500 NNW 12-14 Electrical equip.

The Seabrook Greyhound Park is 4 km west of the site and operates on a year-round
schedule. The peak capacity of the track is estimated to be 7500 persons (ER
Section 2.1.2.3.e.).
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5 ENVIRONMENTAL CONSEQUENCES AND MITIGATING ACTIONS

5.1 Rdsums

This rdsumd highlights changes in the staff's evaluation of the environmental
effects of operating Seabrook Station in the light of information gained since
the FES-CP was issued in 1974. No discussion is provided of those impacts for
which there has been no new information or change since the construction review.

Minor adjustments in land-use impacts have been noted since the FES-CP was issued.
Water-use and hydrological impacts are reexamined and updated to reflect changes
in plant-related environmental data. The water quality effects and aquatic
resources impacts of the new prcposal for continuous low-level chlorination of

,

station cooling systems for biofouling control are discussed. Air quality impacts
are also reexamined. Terrestrial- and aquatic-ecology impacts are reviewed
and updated. Operational impacts with respect to historic and archeological sites
were reviewed. Socioeconomic impacts are reviewed and updated. Information on

,

radiological impacts of normal operation has been revised to reflect updated
knowledge gained since the FES-CP was issued. The material on plant accidents now
contains information that has been revised and updated to include Class 9 acci-
dents and the lessons learned from the accident at Three Mile Island, Unit 2

(TMI-2). The latest information on environmental effects of the uranium fuel
cycle and decommissioning is provided.

Operational monitoring programs are to be conducted in accordance with the
Environmental Protection Plan (EPP) and the Environmental Technical Specifica-
tions for radiological monitoring to be issued by NRC as part of the operating
license. The EPP will require the applicant, as licensee, to (1) notify NRC
if changes in plant design or operation occur, or if tests or experiments
affecting the environment are performed, provided that such changes, tests, or
experiments involve an unreviewed environmental question; (2) maintain specific
environmentally related records; (3) report violations of conditions stated in
the NPDES permit or state certification pursuant to Section 401 of the Clean
Water Act; and (4) report unusual or important environmental events.

5.2 Site Land Use

In the FES-CP (Section 5.1), the staff evaluated the impacts of station opera-,
' tion on land use. With the exception of the increased clearing requirements

outlined in Section 4.3.1, there is no new information regarding construction
impacts on site land use. The staff does not believe that the increased
clearing requirements alter any of its conclusions as outlined in the FES-CP
(FES-CP Section 4.1). Impacts from operation of the proposed transmission
systems on land use and terrestrial communities are discussed in Section 5.5.1
of this statement.
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5.3 Water Use and Hydrologic Impacts

5.3.1 Water Quality
1

The impacts of station chemical discharges on the quality of the waters in the*

! vicinity of the discharge structure in the Gulf of Maine were discussed in the !

] FES-CP. The staff did not identify any adverse impacts on water quality nor I
'- any expected violations of the water quality standards established for the

; waters by the State of New Hampshire as a result of the discharge of sanitary
system wastes or industrial wastes (such 9mineralizer regeneration solutions,,

reactor coolant chemicals, secondary coolo... . adwater treatment chemicals,,
' and preoperational cleaning solutions). Because the use, treatment, and

discharge of these chemicals has not changed since the FES-CP was published,
'the assessment therein remains unchanged.

As indicated in Section 4.2.6, the proposed treatment of the condenser and
service cooling waters has changed significantly from that presented in the
FES-CP. The potential for this revised treatment scheme to adversely impact
site water quality is discussed below.

The addition of chlorine to the station cooling waters will likely result in
several organic and inorganic halogenated compounds being discharged to the

i,
waters of the Gulf of Maine. The exact composition of the station discharge
will be affected both by the water quality of the intake water- primarily the

; pH, salinity, and ammonia content--and by the level to which the cooling waters
i are chlorinated (the halogen-to-ammonia ratio achieved in the waters). It is

possible, then, that the discharge composition from the station will vary in
both types of compounds formed and their concentration, depending on whether

j the station employs booster doses of biocide or is able to operate only on the
) continuous low-level biocide application.

Studies of the site waters performed for the applicant indicate generally
stable water quality conditions in the Seabrook area, but with some seasonal
cycling of parameter values. Temperature is the most obvious of these varia-
tions and is important in determining the onset of spawning and the subsequent
settling of marine fouling organisms at the site. Thus, water temperature is
likely to be the determining factor in the initiation and termination of the
continuous phase of biocide application. The applicant has cited the blue
mussel, Mytilus edulis, as the major fouling organism for the Seabrook site,
The identified setting period for this organism is May through October when
water temperatures range between 10 C to 15 C. Setting has been reported in

j New England, according to the applicant, at temperatures as low as 8 to 9 C,
however. The applicant, therefore, anticipates a need to continuously chlorinate,

station cooling waters when the water temperature rises above 7.2 C (45 F) until'

the water temperatures fall below this value in the fall of the year (response
to staff question 291.19). This would typically correspond to the May through
October time frame (FES-CP Section 2.5.1.3 and response to staff question 291.19).

Continuous application of biocide during these times is designed to provide
sufficient biocide presence in the cooling waters so that an environment hostile
to mussel larvae attachment would exist throughout the station cooling water
system. With an initial concentration of 2 mg/l total residual oxidant (based
on four chlorinators injecting a total of 385.5 kg/hr (848 lb/hr) of equivalent

3chlorine into a cooling water flow of 3119 m / min (824,000 gpm)), mussel setting
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is not likely to occur in the station intake piping. The degree and speed with
which this initial biocide concentration is reduced in the system piping are
dependent on the initial compounds formed from chlorination and the chlorine
demand of the intake water. (The entire demand of the intake water is not
immediately satisfied by the station chlorinators because they utilize a
sidestream of the intake waters and then mix this treated water with the
remaining intake water.) The type of chlorination products formed in the
intake system may be deduced from the amount of chlorine added, the salinity,
ammonia concentration, and pH. Using the average values provided by the applicant,
studies by Inman and Johnson, 1978, and Sugam and Helz, 1980, would predict
that the oxidants formed would be comprised nearly entirely by hypobromous acid
and bromamines (that is, in excess of 95-97% of the total oxidant formed).
Monochloramine formation would be extremely limited, if at all.

Assuming complete mixing at the initial injection locations (the station intakes),
residual oxidant concentration degradation during the approximate 88 min transit
time of the cooling waters to the intake transition structure would be expected
to range between 60 to 70%, or 1.2-to-1.4 mg/l reduction, using values available
in the literature (Wong and Davidson, 1977, and Wong, 1980). Seabrook site-
specific studies by the applicant (ER-OL Section 5.3.1) indicate values ranging
from 0.8-to-1.24 mg/1, with an average of 1.0 mg/l over a 1 year period. The
applicant expects that the chlorine demand experienced during station operation
will exceed 1.0 mg/1. Based on the values given above and the fact that these
studies were conducted in seawater alone and, therefore, do not account for
any additional demand that may be encountered in the station piping from
biofilms surviving, the staff concludes that the applicant's characterization
of the system oxidant demand is reasonable. This demand would seem to negate
the need for booster doses of chlorine on the intake side of the cooling water
system (at either the intake transition structure or the circulating and service ,

I

water pump houses; see Figure 4.5). However, the studies by Wong and Davidson,
1977, indicate that oxidant demand occurs in two distinct phases of greatly
differing rates, with the division in times between rates occurring at about 1
hr after oxidant introduction. Also, at this point in the cooling water system,
biofouling growth rate is known to be considerably more vigorous because of
the increased temperatures experienced in the station condensers and service
water heat exchangers. In addition, biocide exposure to the heat transfer
surfaces is short (for example, 16 sec in the main condenser) and operational
experience (ANL/ES-12, 1972) has shown that the greatest effectiveness in this
portion of the system is attained through exposure of the biofouling film to
free available oxidant as a result of its greater oxidizing capacity over
combined available oxidant. The free available oxidant residual would only be
likely to occur in the condensers and service water heat exchangers from a
booster dose applied at the pump houses. Thus, during the period of the year
that continuous chlorination is practiced, additional biocide injection is
considered likely to be necessary by the staff at the pump houses. During the
remainder of the year, biocide addition would occur at these same points for
the reasons cited above, unless thermal backflushing is employed. Booster dose
oxidant concentrations have not been estimated by the applicant. However, it
is stated (ER-OL Section 5.3.1) that the injection rate will be controlled so
that the maximum total residual oxidant at the discharge transition structure
will be 0.2 mg/l or less.

O r the remaining 42 min travel time from the discharge transition structure
to the station diffuser, additional decomposition of oxidant residual may occur.
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0xidant demand appears to be continuous and continually changing in rate over
the time period experienced in station cooling system passage. Additionally,

Wong's 1980 study showed an increase in oxidant demand with both water
temperature and initial oxidant concentration. The higher the water
temperature for a given oxidant concentration, the greater the change in oxidant
demand over time.

On this basis, the staff concludes that there is likely to be a decrease in
the total residual oxidant concentration in the station discharge line from
the level maintained at the discharge transition structure. The concentration
at the station diffuser would likely be below 0.2 mg/l but a more precise
estimate of this concentration cannot be made on the basis of currently

available information.

In addition to the presence of the active residual oxidant species in the
station discharge mentioned earlier in this section, other halogenated compounds
may be formed and discharged as a result of cooling water chlorination at the
station. Studies conducted by Bean, et al. (NUREG/CR-1301) indicate that the
principal haloform found in chlorinated seawater is bromoform. In samples of
Pacific Ocean water collected near San Onofre with a pH of 8.3 and a calculated ,

applied chlorine concentration of from 2.9 ng/l to 3.2 mg/1, bromoform concentra-
'

tions of 13.0 pg/l and 17.0 pg/l were measured. Trace amounts (that is, less
1

than 0.5 pg/1) of chlorodibromomethane were also measured. (This latter compound,
,

along with dichlorobromomethane and chloroform, was found in chlorinated estuarine
samples comprised of about 50% fresh water.) Other volatile organic compounds,
trichloroethylene, and toluene were also detected but their concentrations were
not noted. Similar sampling (Bean, Mann, and Neitzel, 1980) at the Millstone
Nuclear Power Station (intake water pH = 8; chlorine injection concentration =
2 mg/1) indicated bromoform concentrations averaging 3.7 pg/l in the station
discharge; chlorodibromomethane concentrations averaged 0.4 pg/l (that is " trace"
amounts similar to San Onofre sampling). The staff concludes from this field
sampling that bromoform will likely be the principal halogenated organic
compound present in the Seabrook Station discharge. Available data support-

an estimate of about 15 pg/l for the concentration at the discharge structure.

Discharge of station cooling waters will be through a submerged offshore multiple
port diffuser (Section 4.2.4). Impacts to the water quality and aquatic biota
in the vicinity of the discharge will be mitigated by the high discharge velocity
and the rapid mixing of the effluent with unchlorinated water entrained in the
discharge plume. The applicant reports (ER-OL Section 5.3) that the dilution4

af forded the effluent in the receiving waters is 10 to 1 by the time the plume'

reaches the ocean surface. Expected total residual oxidant concentration at
this point in the plume is 0.02 mg/l or less, depending on the amount of!

degradation of oxidant residual occurring in the cooling water system beyond
the last booster dose addition point or the discharge transition structure and
on the amount of reduction of residual through chemical interaction with the
oxidant demand of the entrained ambient water. In a study (Normandian Associates,
1977) of the characteristics of the circulating water system and its performance
under normal two-unit operation, an approximate 8-fold dilution of the discharge

i is projected to occur within 32 sec of discharge. The estimated volume of water
in the plume to this point in time and dilution is 3700 ma (3 acre-ft). Ignoring
demand reactions, this represents a residual oxidant concentration of about

; 0.025 mg/l at the edge of this plume volume. Beyond this point, concentration
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of residual oxidant would continue to decrease as a result of dilution,
time-related natural decomposition, and reaction with oxidant-demanding
substances in the entrained ambient waters in the discharge plume.

The staff evaulated the applicant's far-field thermal plume predictions and
estimated the centerline time of travel of the plume for weak ambient southern
and weak ambient northern currents (0.15 knot) and moderate ambient northern
current (0.40 knot), with average heat transfer rates in all cases. The
0.01 mg/l and 0.008 mg/l total residual oxidant isopleths at the plume
centerline were calculated to exist at the isotherm locations identified in
the applicant's study, ignoring oxidant reduction by chemical reaction. When
these combinations of residual oxidant concentration are plotted against their
flow time from the point of discharge, the resulting locus of points would
indicate that entrained organisms in the discharge plume would experience
exposures below both the acute and chronic toxicity thresholds identified by
Mattice and Zittel, 1976. However, this time exposure assessment would only
apply to organisms captive to the plume. Mobile organisms, such as fish, would
be free to move in and out of the plume. Studies have shown (NUREG/CR-1350)
that fish have the ability to detect and in fact, given the opportunity, will
avoid areas containing residual oxidants at values as low as 2 pg/l total
residual oxidant (coho salmon).

Studies by Gibson, et al., 1981, on the eastern hard clam (Mercenaria mercenaria)
and the Atlantic menhaden (Brevoortia tyrannus) indicated that the thresholds
for acute effects for these species from bromoform exposure are very much greater
than the amounts that have been observed to be produced in power plant
chlorination. Sublethal effects were noted, but also at concentrations above
those observed in power plant chlorination. The discharge of halogenated
organics from Seabrook Station is not believed likely to cause adverse effects
on aquatic biota in the site vicinity.

5.3.2 Hydrologic Alterations and Floodplain Effects

Construction at the site had already begun at the time Executive Order 11988,
Floodplain Management, was signed in May 1977. It is therefore the staff's
conclusion that consideration of alternative locations for any structures
identified as being in the floodplain is neither required nor practicable.

The floodplain is defined as the lowland and relatively flat areas adjoining
inland and coastal waters, subject to a 1% or greater chance of flooding in
any given year. For the Seabrook site, the floodplain is in the low lying salt
marshes surrounding the tidal zone in the estuary of Hampton Harbor, to the
north, east, and south of the site. Flooding at the site would be caused by
either heavy precipitation or a storm surge caused by northeasters or hurricanes.

The 100 year flood was conservatively estimated by the applicant to be 10 feet
mean sea level (MSL), using the Federal Insurance Administration (FIA) study
for Salisbury, Massachusetts. Although this study was performed for a coastal
location 23 km (14 miles) from the Seabrook site, the water level is higher
than that of the predicted 100 year floods at the site, at Portland, ME, and
Boston, MA. Table 5.1 shows a comparison betwcan the applicant's estimated
100 year flood at the site with other floods, either predicted or measured,
for the site and other nearby coastal areas.

Seabrook DES 5-5

|
a



.

Table 5.1 Predicted and measured floods

Still water level, i

Flood event feet MSL l

Applicant's predicted 100 year flood * 10

Northeaster of Nov. 30, 1944** 8.4
Hurricane of Dec. 29, 1959** 7.7
Maximum predicted flood, based on a storm of

record (Feb. 1978) combined with high tide * 8.8
Staff's probable maximum design basis storm surge ** 15.6
Staff's probable maximum flood from intense

8.9precipitation **
Predicted 100 year flood at Portland, ME*** 9.4
Predicted 100 year flood at Boston, MA*** 9.8

*ER-OL Pesponse to Question 240.2

**SER-CP Section 2.4

***FSAR Section 2.4 -

An FIA flood study for the town of Seabrook is being prepared but will not be>

available for the present evaluation. In lieu of the FIA study for Seabrook,
the staff agrees that the 10-foot MSL estimate for the 100 year flood is
reasonable.

Areas inundated by the 100 year flood are depicted on Figure 5.1, which also
shows areas where site construction has disturbed the preconstruction 100 year
floodplain. A relatively small area of the 100 year f'oodplain has been dis-
turbed. Because the site area is a broad, flat marshland, the encroachment of
the plant site on the floodplain will have no measurable hydrologic effect on
flood levels elsewhere. Furthermore, the plant has been designed for floods
far worse than the 100 year flood, up to and including the probable maximum
floods from storm surge and precipitation. The only direct effect of the site
on the floodplain is the removal of a small amount of habitat below the 10-foot
MSL contour as shown in Figure 5.1.

In conclusion, the staff considers that the effect of the presence or operation
i of the plant on the 100 year floodplain is negligible.
t

: 5.4 Air Quality

Air quality impacts from nonradioactive atmospheric pollutants (particulates,
sulfur dioxide, and nitrogen oxides) were not addressed in the FES-CP. Two

auxiliary boilers and four emergency diesel generators will emit particulates,
sulfur dioxide, carbon monoxide, hydrocarbons, and nitrogen oxides when they

| are in operation. Use of the auxiliary boilers is expected for maintenance,

The
|

purposes and if both nuclear units are out of operation simultaneously.
! diesel generators will be used during refueling for each unit, during emergency

conditions, and for periodic testing. The applicant has estimated combined

i
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annual auxiliary boiler and diesel generator emissions on the basis of i, i
.

1920 hours (80 days) of full capacity boiler operation and 119 hours of full 1 !

capacity combined diesel generator operation. Using EPA emission factors for/ '

fuel oil combustion and diesel industrial engines, the applicant has estimated
that annual emissions from these sources will be highest during a year when
Unit 1 has a refueling outage and Unit 2 is still under construction. Annual
combined emissions for this situation will be less than EPA de minimus levels
for particulates, sulfur dioxide, carbon monoxide, hydrocarbons, and nitrogen
oxides. The applicant's estimates appear reasonable, and, considering the
infrequent operation of the auxiliary boilers and diesel generators, the staff
concludes that these sources should not have a significant impact on air
quality in the vicinity of the plant.

5.5 Terrestrial and Aquatic Resources

5.5.1 Terrestrial Resources

5.5.1.1 Station Operation

The terrestrial impacts of operation of the Seabrook facility have been con-
sidered in the FES-CP (Section 5.5.1.1) and the ER-OL (Sections 4.1 and 5.1).
The staff, based on information provided by the applicant and from other sources
such as the site visit, concludes that the analysis of impacts of operation of
the Seabrook facility on the terrestrial resources presented in Section 5.5.1.1
of the FES-CP remains valid. .

+-
"The staff has reviewed the information on endangered species (Section 4.3.4.1)

and concludes that the operation of the Seabrook facility will not impact any 4terrestrial endangered species. 7*

5.5.1.2 Transmission System s

Induced Voltage and Low-Level Electric Fields

The staff has reviewed the environmental impacts that could be associated with
the operation of the Seabrook transmission system. The potential sources of !

jimpacts are (1) induced electrical currents, (2) electric fields, (3) ozone L
production, and (4) corridor maintenance. Concern over sources (1), (2), and
(4) were expressed at a public meeting in Seabrook on December 2, 1981. I

Except for items (1) and (2), the staff's analyses of impacts potentially
associated with the operation of Seabrook transmission lines are not expected

! to change significantly from those discussed at the CP stage of review
(Section 5.5.1.2).

Research data on the potential biological effects from electrical fields
associated with transmission lines have been reviewed by the staff (Department
of Energy 1980; EPRI). While experimental work is still underway on the bio-
logical effects of electric fields along transmission lines, the staff has
found no evidence at this time to support a conclusion that the operation of
the Seabrook 345-kV transmission lines will have an adverse effect on the
health of humans or that their operation will adversely affect plant or animal
life.

:
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:

The staff has determined that the applicant's transmission system design incorp-
orates minimum conductor-to ground clearances (ER-OL Response to Staff Question
290.2) that will not result in induced currents due to electrostatic effects
exceeding the 5 milliamperes (mA) level used as a shock criterion in the National
Electrical Safety Code (NESC). In addition, the applicant also states (ER-OL
Response to Staff Question 290.2) that all fences and gates in and along the,

Seabrook transmission line rights-of-way will be grounded at 15-m (50-foot)
intervals. The staff concludes that these mitigative actions will reduce any
potential shock hazards to nonhazardous levels and, therefore, will not result

; in any adverse human health effects.

~

The staff believes it unlikely that induced shock will be a problem to biota
along transmission corridors. Raptors nerched on towers are unlikely to build r

up an induced voltage because they are grounded through the tower. The line
spacing would be sufficiently great to preclude short circuiting by outspread
wings,

i

Avian collisions with power lines are discussed in the FES-CP (Section 5.5.1.2).
The FES-CP concludes that transmission lines present a negligible hazard to
avain populations. The staff believes that this conclusion remains valid.

* Energized transmission lines produce electric fields in the region of space
surrounding the line conductors. Such fields can transfer electrical energy to
conductive bodies--including biological organisms--that lie within these fields.
This electrical energy transfer can occur directly from the transmission linei

' to the individual without contact, producing a current within or on the surface
of the affected organisms. For the specific overhead tranriission line design

i of the Seabrook 345-kV lines, the maximum electric field gradients predicted
by the applicant would occur on the right-of-way and approach a value of 5.7
kilovolts per meter * (kV/m) (ER-OL Response to Staff Question 290.2). At the
edge of the right-of-way, the electric field drops off to about 1.6 to 2.2 kV/m.

| The design of lines similar to the Seabrook 345-kV system is such that the
| strongest electric field exists in an area approximately 6-18 m (20 to 60 feet)

from the centerline. The field drops off moderately as one moves closer to'

the centerline, and falls off rapidly as one moves farther away from the
centerline.'

|

) The fields generated from transmission lines are not strong enough to cause
| excessive tissue heating, the primary hazard from electromagnetic fields (MPSC,
: DOE 1979). Several categories of subtle effects have been postulated, entailing

changes in the physiology, cellular morphology, genetic material, or behavior
of biological organisms (MPSC).

A small number of research studies have observed physiological and/or behavioral
effects that may indicate the possible occurrences of adverse health effects
in people (MPSC, DOE 1979). However, most of these studies have been challenged,
with poor experimental design and inadequate statistical treatment of results
cited (DOE 1979). Therefore, electric field effects remain controversial
because of the alleged possibility of long-term human health effects. The

*The intensity of the electric fields at ground level is expressed in units of
kilovolts per meter.
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Federal government has undertaken to fund an extensive research program to
correct the flaws in past research efforts and to determine any biological
effects from the electromagnetic fields from transmission systems. These
research studies are using animals to investigate possible transmission line
electric field effects.

Although some of the recent research data indicate certain statistically
significant results in laboratory animals (DOE 1980), the ef fects are so
subtle and small in magnitude that further research is needed to determine if
these effects are biologically significant and will adversely affect the test
organisms.

The staff has reviewed a vast amount of data on this issue and concludes that
there is little evidence to indicate that people are adversely affected by
electric fields at power line frequencies. Those statistically significant
effects described above on laboratory animals were produced at field strengths
(4-20 kV/m; based upon Kolesnikov and Kuane) approximating electric field
gradients near the ground under 345-765 kV transmission lines. As indicated
above, electric field gradients decrease rapidly as one approaches the edge of
the right-of-way. The staff believes that humans would not be chronically
exposed to field gradients in excess of the maximum edge of right-of-way value
(2 kV/m) because people are not permitted to live on the right of-way and,
therefore, would not receive a long-term, constant exposure. The staff concludes,
therefore, that the general population living along a right-of-way would receive
a long-term exposure less than 2 kV/m, which is below the value of 4-20 kV/m
estimated by the staff * to have resulted in the reported statistically
significant effects in laboratory animals.

Current research is being funded and guided by the Federal Interagency Advisory
Committee on Electric Field Effects, on which NRC staff members actively serve,
to determine if more definite guidelines are necessary.

Based on the foregoing facts, it is the staff's opinion that there is no evidence
to date that the operation of 345-kV power lines will have an adverse biological
health effect on humans. If ongoing research were to conclude that protective
measures were warranted, a variety of actions could be considered including,
but not limited to: increasing the width of rights-of-way to limit the field
strengths to which the public would be exposed at the edge of the right-of-way;
giving potential right-of-way users specific warnings of possible risks; and
using shield wires or other types of retrofitting techniques that could reduce
field gradients to a prescribed level.

Results of research (Bankoski, IIT) on electric field effects on growth and
development of plants and animals indicate that neither adverse injuries nor
abnormalities were apparent from a 50-kV/m field. Some minor physical damage,
barely perceivable, along corn, bluegrass, and alfalfa leaf tips was indicated
in fields from voltage gradients of 25 kV/m and above. The same series of

*The field strengths applied to these laboratory test animals (DOE 1980)
averaged about 100 kV/m. However, it is commonly recognized that a com-
parison of these results with humans must involve a scaling factor (Kuane).
The average of Scaling factors has been suggested and, therefore, the staff
has provided its uest estimates of a range of electric field values (4-20 kV/m)
after scaling from test animals to humans.
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studies investigating electric field effects on small animals indicates that
no adverse abnormalities in behavior, activity, or outward appearance have been

|
demonstrated from electric fields of 50 kV/m.

! Based on the above findings, which indicate no adverse damage to plants or
animals, the staff does not believe that changes in the applicant's proposed
transmission line design are warranted.

,

Ozone,

The staff's evaluation in FES-CP Section 5.5.1.2 states that ozone generated

j by corona discharge during transmission operation will not affect biota in the
! vicinity of the lines. This remains valid.

Right-of-Way Maintenance

The applicant intends to use a combination of selective cutting and EPA- and
; state-approved herbicide treatments. Swamp and bog areas and those recognizable
| as watershed areas will be exempt from chemical treatment (FES-CP Section 5.6).

Maintenance plans for transmission line rights-of-way have not changed since
,

the FES-CP was issued.

Thus, the staff's evaluation that adverse biotic impacts would be minimal
remains valid.

5.5.2 Aquatic Resources

The design and impec.t potential of the Seabrook Station cooling system has
received rigorous regulatory review from several state and Federal agencies.
An overview of the regulatory hi. story was provided by the applicant in
Revision 1 to the ER-OL (Response to Question 291.10).

Î
The impacts to estuarine and marine biota and fisheries from operation of the
cooling system were assessed by the NRC under the National Environmental Policy
Act of 1969 (PL 91-190) and by the EPA under Sections 316(a) and (b) of the

Clean Water Act (PL 95-217). The impacts were found to be insignificant and
acceptable, and will not be reevaluated in this environmental statement. The

| key NRC and EPA assessments and decisions are summarized below.
i

NRC Assessment and ASLB Decision
|

i The FES-CP evaluated the potential impacts to aquatic biota and fisheries from
entrapment / impingement of fishes; entrainment of plankton (fishes and important
she11 fishes); thermal effects (inplant and effluent plume); and chemical effects

(FES-CP Sections 5.5.2 and 11.0). At the time of FES-CP publication, the exact
design and location of the submerged offshore discharge structure had not been
finalized (FES-CP Sect'on 3.4.4). After the FES-CP was published, the design
and location were finai' zed and were considered (along with design and location

| of the offshore intake structures) by the NRC Atomic Safety and Licensing Board
'

(ASLB) in its overall evaluation of the potential impacts from operation of
Seabrook Station. The ASLB Initial Decision of June 1976 (LPB-76-26) found
that the operation of Seabrook would not cause significant adverse effects to
the aquatic ecosystem or to commercial and recreational fisheries in the area.

I Seabrook DES 5-11
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EPA Assessment and Decision of the Administrator

Since the issuance of the FES-CP and the ASLB Initial Decision, the EPA has
reviewed the impact potential to aquatic resources from operation of the
Seabrook Station cooling system under Sections 316(a) and (b) of the Clean
Water Act. A series of decisions and legal actions on the design and impact
of the cooling system lead to an August 4, 1978 Decision on Remand by the EPA
Administrator. Considered in the Decision on Remand were the potentials for
impact from: thermal discharges; thermal backflushing for biofouling control;
cold shock; discharge plume scouring of the ocean bottom; entrainment of
plankton through the cooling system; attraction of fishes to the intake
structures; entrapment of fishes at the intakes and subsequent impingement on
the traveling screens; thermal plume barriers to migrating fish; increase in
nuisance species populations; and gas bubble disease of fish. The Decision on
Remand concluded that (1) the requirements of Sections 316(a) and (b) of the
Clean Water Act have been met; (2) with respect to the thermal components of
the discharge and in accordance with limitations imposed in the NPDES permit
(Appendix H), tha once-through cooling system will ensure the protection and
propagation of a balanced indigenous population of fish, shallfish, and
wildlife in and on the receiving waters; and (3) the intake structures reflect
the best available technology for minimizing adverse environmental impacts to
the aquatic biological and fishery resources of Hampton Harbor and nearby 5

coastal waters.

Monitoring

The certification and permits required under the Clean Water Act provide the
mechanisms for protection of water quality and aquatic biota in the vicinity
of operating power plants. Operational monitoring of effluents from Seabrook
will be required by the NPDES permit issued by the EPA. Monitoring of intake-
related losses of aquatic biota also will be required. The Draft NPDES permit
is included as Appendix H of this statement. In addition to operational intake
and discharge monitoring, the applicant will continue the comprehensive pre-
operational monitoring of the estuarine and marine biological, chemical, and
physical conditions af the Seabrook site and vicinity. These studies will be
used to define preoperational conditions against which conditions observed
during power plant operation can be compared . The scope of these igoing
studies is developed by the applicant and periodically reviewed, evaluated and
approved by EPA and the State of New Hampshire. The NRC staff will rely on
the decisions made by the above agencies, under authority of the Clean Water
Act, for any monitoring or power plant design mitigation, should that become
necessary.

An Environmental Protection Plan (EPP) will be included as Appendix B of the
Seabrook station operating license. This plan will include requirements of
prompt reporting by the licensee of any occurrence of important events that
potentially could result in significant environmental impact causally related
to station operation, such as fish kills, mortality of any species protected
by the Endangered Species Act of 1973 as amended, increase in nuisance organisms
or conditions, and unanticipated or emergency discharge of waste water or
chemical substances.

Violations of requirements imposed under the NPDES permit (should they occur)
could result in environmental impact at a facility reviewed and licensed by
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NRC. To keep the NRC abreast of all potential environmental impacts at licensed
facilities, the EPP will require the licerisee to report to NRC all violations
of the NPDES permit. A copy of the notice provided to the permitting agency
will staisfy this EPP reporting requirement.

5.6 Endangered and Threatened Species

The National Marine Fisheries Service, U.S. Department of Commerce, responded
to the NRC request for information on endangered and threatened species near
Seabrook (see Section 4.3.5.2). The response (included as Appendix G) stated
that the operation of Seabrook Station will not affect the endangered shortnose
sturgeon or the habitat of the offshore whales and sea turtles.

5.7 Historic and Archeological Sites

The operatien and maintenance activities of the undertaking are not expected
to affect any cultural resource sites in or eligible for the National Register
of Historic Places.

5.8 Socioeconomics

The expected socioeconomic impacts as a result of operation of the Seabrook
Station were considered prior to the start of construction (FES-CP Section 5.6).
New data have become available for some of the impacts; these have been re-
examined using the most recent data available and the relevant results are
presented below. On the basis of these results, the staff concludes that the
overall socioeconomic impacts of operating Seabrook Station will be beneficial.

5.8.1 Local Economy

The applicant estimates that the Seabrook Station will employ 359 operating
personnel *; 141 people in clerical, security supervisico, janitorial, public
relations, and administrative services; and 100 security guards, employed by a
contract service. With the exception of contract personnel, the applicant:

! estimates the annual payroll to be $29 million in 1986 dollars. Certain
[

positions at the station will require people with unique skills who may not
' reside in the local area. The applicant nas estimated that 3 to 5% of those

who will be employed at the site will be Seabrook residents (FSAR Section 8.1.6).

The applicant did not estimate the number of indirect jobs (those created
locally for supplying the site) and induced jobs (those created by an increase
in consumer spending) that could be created by the operation of the Seabrook

. Station.** The staff believes that both indirect and induced employment could
|

|

*0perating personnel include the following areas: station management,
operations staff, operators, radioactive waste, training, technicalt

| services, chemistry, maintenance, instrumentation and control, reactor
| engineering, engineering services, health physics, and computer
| engineering.

**See " Power Plant Construction: What Does it Mean to My Town?-The Municipalt

Impacts of Construction of the Seabrook Nuclear Power Plant," prepared by the
Strafford Rockingham Regional Council, May 1979. This report uses an employ-
ment multiplier of 1.7; in other words for each 10 jobs at Seabrook Station,

i another 7 jobs would be created in the local economy as a result of increased
expenditures.
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result, but that, such opportunities would be filled by a combination of new
( entrants to the labor fo ce, reduction in unemployment, internal labor force

shifts, and by spouses of inmoving workers; few positions would attract people
from beyond the local employment area.

5.8.2 Tax Benefitsj_

' Real estate taxes and earnings taxes are two categories of tax payments by the
applicant that arise from station operation. Currently, real estate taxes on

: utility plants are levied by the municipality in which the plant is located.
In 1980, Seabrook Station paid approximately $4 million in local real estate'

taxes. The applicant states that over the long term the station will pay
; between $4 and $5 million annually (ER Section 8.1.3).

Public Service must also pay a 9% tax on net earnings (excluding taxes) directly
to the state. In the first full year of operation, the applicant estinates a

; franchise tax payment of $5 million based on the PSNH share of earnings from
| Seabrook Station, but such payments will decrease over time (ER Section 8.1.3).

5.8.3 Effects of Operating the Seabrook Station on the Local Economy
4

Although the creation of jobs and the payment of local taxes by PSNH will
| benefit local jurisdictions, apprehension has been expressed by local business
| interests concerning the effect of the station's on the local economy.* Speci-
t fically, these concerns focus on the following three operating situtations:

i (1) Even under normal operating conditions, the existence'of the plant will
; represent a threat to some portion of the summer tourist population, which

will result in a reduction of beach use as a consequence. Economic losses
would accrue to owners of rental property, retailers, and others providing
services to the beach / tourist population, and to local government.

(2) A rumor of problems at the Seabrook Station could result in additional,

j losses to the sectors cited above as business is interrupted.

(3) In the event of an accident that released radioactive material to the beach
area, the beach economy could be adversely and permanently affected, even
if the beach were decontaminated.

*

The following paragraphs address the concerns expressed in (1) and (2) above;
; the socioeconomic effects of an accident are addressed in Section 5.9.4.5(4)

of this statement.
;

There is no question that tourism is important to the State of New Hampshire.
Twenty-three% of all state and local revenues and 11% of all jobs in the state
are estimated to be tourist- and recreation-related (NH Travel Council). A
1975 study of beach use estimated the number of day tripper visitor days at
1.8 million and the number of vacationer visitor days at 1.5 million. .This
study also estimated that $16.4 million was spent during the summer season by both
classes of beach users at New Hampshire beaches (Southeastern NHRPC). Although
the amount of tax revenues directly collected by the coastal towns is not avail--

able, the amount of redistributed revenues from state-imposed taxes is known.
Table 5.2 indicates the redistributed revenues derived from a 6% tax on rooms

;

* Concerns expressed at the public meeting in Seabrook on December 2, 1981.
!
i.
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Table 5.2 1981 distribution of state
|

revenue, by source

Town Rooms and meals Business profits

Hampton $65,575 $256,903

North Hampton 17,082 77,801

Rye 21,003 55,527

Seabrook 26,772 112,440

Source: Response to Questions, February 10, 1982.

5

and meals and an 8% tax on net business income. The data in the table provide
a conservative indication of the tourist-related business in each of the towns.

To provide insight into the potential effects of nuclear plant siting on local
economies, the staff undertook a study of nuclear plants (Bykoski et al.). In
the Spring of 1976, the staff interviewed selected local residents to determine
if any changes in the use of water-oriented recreational facilities could be
attributed to the presence of nearby nuclear power plants. Ten operating stations
were chosen, and between 5 and 13 government officials and business people were
interviewed at each location, as shown in Table 5.3. These individuals were
chosen because of their knowledge of local tourism and recreational activities.
The interviews were structured to provide information on trends in activity,
and positive or negative impacts, as well as personal opinions concerning plant
impacts. These interviews were updated with followup interviews during May/
June 1978 and during February 1981.

Nearly all those interviewed could identify no negative impacts on tourism or
recreation that could be attributed to the local nuclear power station. Fluctua-
tions in attendance data were attributed to climatic conditions, gasoline shortages
(1974-1975), economic recession (1974-1976), and variations in data collection
techniques from year to year. In fact, several respondents cited an improvement
in tourism and recreation because of the cooling systems discharge (which results
in increased fishing activity) and visitors to the plants' visitors centers.

In addition to the staff's study, research was undertaken to estimate tourist
avoidance in the vicinity of offshore floating nuclear power plants. The survey

' was directed toward the following areas: the Panama City Beach-Ft. Walton Deach
area of northwest Florida; the Clearwater-St. Petersburg Beach area of south
Florida; the south shore of Cape Cod, Massachusetts; and the Atlantic County-
Ocean County Beach area of New Jersey. Between 23 and 26% of those interviewed
at the four beaches indicated an unwillingness to return if a plant were sited
directly off shore at a distance of 5 km (3 mi). The researchers also concluded
that the use of points farther up or down the beach would probably be lowered
by at least the same proportion of the original response figures (3 to 6% at
8 km, 2 to 4.5% at 16 km, and 1.5 to 3.5% at 40 km). In addition, the implied

distance decay curve suggests that some who find the beaches nearest the plant
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Table 5.3 10 operating power plants, their locations, and
initial dates of commercial operation

i

Plant Unit County / state Commercial operation

Brunswick Unit 1 Brunswick /N.C. March 1977
Unit 2

Cook Unit 1 Berrien/Mich. August 1975
Unit 2 June (1978) est.

Haddam Neck Middlesex/ Conn. January 1968

Indian Point Unit 1 Westchester/N.Y. October 1962*
Unit 2 August 1973
Unit 3 August 1976

Maine Yankee Lincoln /Me. December 1972

Millstone Unit 1 New London / Conn. March 1971
Unit 2 December 1975

St. Lucie St. Lucie/Fla. December 1977'

San Onofre San Diego/Ca. January 1968
Three Mile Island Unit 1 Dauphin / Penna. September 1974

Unit 2 May 1978

Zion Unit 1 Lake /Ill. December 1973
Unit 2 September 1974

*Defueling completed January 1976.i

I

unacceptable may relocate to nearby, but more distan., beaches. The resulting
losses in beach attendance for the entire beach would be less than the sum of
the impacts at specific points. The researchers concluded that the upper limit
of beach-user avoidance would be in the 5 to 10% range and the impact might be

| less than 5% (NUREG-0394).

These studies do not provide conclusive evidence concerning the prospective
behavior of Seabrook area tourists and beachgoers once the station becomes

| operational. The NUREG-0394 research discussed above indicates that under
certain circumstances a 5 to 10% loss in beach activity could be expected;
however, this study indicates that the vast majority of people surveyed would
not avoid using the beaches. If this avoidance potential is applied to the

| incremental increase in potential beach users over time, then the vast majority
' of people would probably not avoid the beaches near Seabrook. The NUREG-0394

study also indicated a spatial sorting of population at the beaches: for those
who remain beachgoers, increasing sensitivity to the perceived risk of nuclear

( power would lead to increasing distances of removal from the station. However,
NUREG-0394 does not indicate that those less sensitive to nuclear power could
perceive the beaches close in to Seabrook as more desirable than other loca-
tions because of the reduced density (Hecock). The end effect could be a
density pattern similar to that currently observed at Seabrook area beaches.
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Considering the evidence offered by both studies, the staff concludes that the
siting of the Seabrook Station should not~ result in large measurable losses to
beach attendance or to the beach economy.

5.8.4 Settlement Patterns

For the purposes of analyzing impacts of inmoving operating phase workers on
local communities, the staff assumed that all security guards and one-half of
the administrative and support positions would be filled by nonmovers or by
spouses of movers. The staff also assumed that of the 430 workers relocating
to work at the Seabrook site, approximately 300 would live in eastern Rockingham
County and southeastern Strafford County.* Commuters from these areas would
have access to the site on the New Hampshire Turnpike (I-95), U.S. Highway 1
U.S. Highway 4, and State Route 51. The communities which comprise this impact
area include Seabrook, Hampton Falls, Hampton, Exeter, North Hampton, Rye,
Portsmouth, and Newihgton in Rockingham County and Durham, Dover, Rollinsford,
Somersworth, and Rochester in Strafford County. This area had a 1980 population
of 130,700 and an expected population of 138,800 in 1985. The staff has assumed
that 70% of the inmoving workers would be married and would have an average

,

household size of three persons (NUREG/CR-2002). Therefore, the addition of
670 people associated with Seabrook would represent approximately 7.6% of the
total population growth in eastern Rockingham and southeastern Strafford
counties between 1980 and 1985. The remaining 130 workers and their families
would live in other communities within New Hampshire or Massachusetts.

| 5.8.5 Community Services and Institutions

The number of operating employees and their dependents moving into the south-
eastern Strafford-southern Rockingham impact area will be smaller than the
estimated inmovers during the peak of construction. As the construction labor
force declines with the completion of the station, housing and other community
facilities and services will become available for the inmoving operating popula-
tion. The effect on community supplies of resources and facilities should not
be significant. The potential for imbalance between the needs of the inmoving,

I population and community facilities and services will be mitigated by increased
levels of local tax benefits from station operation and station operators.

. Moreover, the migration of the operating workers into the impact area over a
' multiyear period minimizes the stresses that could accompany absorption of

people into the local community structure. In fact, the applicant hired key
supervisory personnel for station operation as early as 1979 (FSAR p.13.1-16).

5.9 Radiological Impacts

| 5.9.1 P gulatory Requirements

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

i

! *CR Section 8.1.6 indicates that workers would move into communities within
j 16 to 24 km of the station site. The staff believes that the impact area

selected by the applicant is too narrowly defined. The staff's impact area'

explicitly considers accessibility to the station. A survey of workers on
site in June 1978 indicated that 70% of the inmoving work force lives in the

I towns comprising the staff's impact area.
Seabrook DES 5-17

. . . - -



_ _ _ _ _ _ _ _ _ _ _

unrestricted areas and of radioactivity in effluents to unrestricted areas are
in 10 CFR 20, " Standards for Protection Against Radiation." These regulations
specify limits on levels of radiation and limits on concentrations of radio-
nuclides in the facility's effluent releases to the air and water (above natural i

background) under which the reactor must operate. These regulations state that
no member of the general public in unrestricted areas shall receive a radiation
dose, as a result of facility operation, of more than 0.5 rem in 1 calendar
year, or, if an individual were continously present in an area, 2 mrems in any,

1 hour or 100 mrems in any 7 consecutive days to the total body. These radiation-
dose limits are established to be consistent with considerations of the health
and safety of the public.

In addition to the Radiation Protection Standards of 10 CFR 20, there are
recorded in 10 CFR 50.36a license requirements that are to be imposed on
licensees in the form of Technical Specifications on Effluents from Nuclear
Power Reactors to keep releases of radioactive materials to unrestricted areas
during normal operations, including expected operational occurrences, as low
as is reasonably achievable (ALARA). Appendix I of 10 CFR 50 provides numerical
guidance on dose-design objectives for LWRs to meet this ALARA requirement.

i,

Applicants for permits to construct and for licenses to operate an LWR shall
provide reasonable assurance that the following calculated dose-design objec-
tives will be met for all unrestricted areas: 3 mrems/yr to the total body or
10 mrems/yr to any organ from all pathways of exposure from liquid effluents;
10 mrads/yr gamma radiation or 20 mrads/yr beta radiation air dose from gaseous
effluents near ground level--and/or 5 mrems/yr to the total body or 15 mrems/yr
to the skin from gaseous effluents; and 15 mrems/yr to any organ from all path-
ways of exposure from airborne effluents that include the radioiodines,
carbon-14, tritium, and the particulates.

Experience with the design, construction, and operation of nuclear 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 health
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 des-

' cribed 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 of 10 CFR 51.20 and are discussed 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 of 10 CFR 51.20
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'

i 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,
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and 25 mrems other organs from all fuel-cycle facility contributions that may
impact a specific individual in the public,

i

( 5.9.2 Operational Overview
:

During normal operations of Seabrook Units 1 and 2, small quantities of radio-
activity (fission and activation products) will be released to the environment.
As required by NEPA, the staff has determined the dose estimated 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.

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

will be implemented at the facility to contain and control all radioactive
,

emissions and effluents. As mentioned in Section 4.2.5, highly efficient'

radioactive-waste management systems are incorporated into the plant design.
These systems arn designed to remove most of the fission product radioactivity
that is assumed ts leak, in small amounts, from the fuel, as well as most of
the activation product radioactivity produced by neutrons in the reactor-core
vicinity. The effectiveness of these systems will be measured by process and
effluent radiological monitoring systems that permanently record the amounts
of radioactive constituents remaining in the various airborne and waterborne
process and effluent streams. The amounts of radioactivity released through
vents and discharge points to be further dispersed and diluted to points outside
the plant boundaries are to be recorded and published semiannually in the
Radioactive-Effluent-Release Reports for the facility.

The small amounts of airborne effluents that are released will diffuse in the
atmosphere in a fashion determined by the meteorological conditions existing

i at the time of release and are generally much dispersed and diluted by the time
they reach unrestricted areas that are open to the public. Similarly, the small

,

j amount of waterborne effluents released will be diluted with plant waste water
and then further diluted as they mix with the Atlantic Ocean 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,

j 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
i 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
i- 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

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

Site-spacific 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, meteoro-
logical information (for example, wind speed and direction) specific to the
site topography and effluent release points, and hydrological information
pertaining 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 where cows are pastured.

An extensive radiological environmental monitoring program, designed specifically
for the environs of Seabrook, 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 which, for example,
might be deposited on vegetation, be present in drinking water outside the p ant,<

or be incorporated into cow's milk from nearby farms. The results for all radio-
logical 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 li*ense Radiological Technical Specifications
for the Seabrook facility.

j 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 existingt

15 years after the station begins operation. (Calculation for the 15th year,
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Figure 5.2 Potentially meaningful exposure pathways to individuals

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-

l ment for each nuclide is given during the first few years after exposure becat.se
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 Seabrook
| facility site 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 regulatorv requirements. A detailed listing
of these exposure pathways would include external radiation exposure from the
gaseous ef fluents, 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 eating fish caught near the point of discharge of liquid
effluents.

I Other less important pathways include: external irradiation from radionuclides
deposited on the ground surface, eating animals and food crops raised near the

|

|
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site using irrigation water that may contain liquid effluents, shoreline, boating
and swimming activities near lakes, streams, or oceans that may be contaminated
by effluents and direct radiation frcm within the plant itself. Note that for
the Seabrook site there is no drinking water pathway of concern since the liquid
effluents are discharged into the Atlantic Ocean.

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 /yr) 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 /yr, which is far below natural-background doses, and the doses are
subject to substantial uncertainty because of limitations of predictive mathema-
tical models.

The NRC staff has made a detailed study of all of the above importai.t. 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.

5.9.3.1.1 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.
Experience shows that the dose to nuclear plant workers varies from reactor to
reactor and from year to year. For environmental impact purposes, it can be

.
projected by using the experience to date with modern PWRs. Recently licensed

'
1000-MWe PWRs are 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 Regulatory Guide 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 Safety Evaluation Reports. The
license is granted only after the review indicates that an ALARA program can

f be implemented. In addition, regular reviews of operating plants are
performed to determine whether the ALARA requirements are being met.

Average collective occupational dose information for 239 PWR reactor years of
operation is available for those plants operating between 1974 and 1980. (The
year 1974 was chosen as a starting date because the dose data for years prior
to 1974 are primarily from reactors with average rated capacities below
500 MWe.) These data indicate that the average reactor annual collective dose
at PWRs has been about 440 person-rems, with some plants experiencing an
average plant lifetime annual collective dose to date as high as 1300 person-
rems (NUREG-0713, Vol. 2). These dose averages are based on widely varying
yearly doses at PWRs. For example, for the period mentioned above, annual

,

collective doses for PWRs have ranged from 18 to 5262 person-rems per reactor.'
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| However, the average annual dose per nuclear plant worker of about 0.8 rem
; (ibid) has not varied significantly during this period. 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 /yr) or 1.25 rems / quarter if it is not.

The wide range of annual collective doses experienced at PWRs in the United
States results from a number of factors such as the amount of required mainten-
ance and the amount of reactor operations and inplant surveillance. Because'

these factors can vary widely and urpredictably, it is impossible to determine
in advance a specific year-to year annual occupational radiation dose 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 radiation doses will
be kept ALARA.,

In recognition of'the factors mentioned above, staff occupational dose estimates
for environmental impact purposes for Seabrook 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 occupational doses for
each anit at Seabrook will be 440 person-rems, but dosas 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
i the period between the initial power operation of Unit 1 and the similar start-

up of Unit 2, construction personnel working on Unit 2 will potentially be
exposed to sources of radiation from the operation of Unit 1. This radiation

,

exposure will result predominantly from Unit 1 radioactive components and>

I gaseous effluents from Unit 1. The applicant is currently preparing a detailed
breakdown of the integrated dose to the construction workers by the location
of their work and its duration and will include this estimate in the FSAR. An

| analysis of the integrated dose to construction workers will be presented in
' the final environmental statement.
i

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

and compared it in Table 5.4 to published risks for other occupations. Based
: on these comparns, 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 norn.al 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 Science's

| Advisory Committee on the Biological Effects of Ionizing Radiation (BEIR I).
The estimates of the risks to workers and the general public are based on con-
servative assumptions (that is, the estimates are probably higher than the actual
number). The following risk estimators were used to estimate health effects:

i 135 potential deaths from cancer per million person-rems and 258 potential cases
of all forms of genetic disorders per million 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 of the " relative risk" model along
with the assumption that risk prevails for the duration of life. Use of the

,
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Table 5.4 Incidence of job related mortalities

Mortality Rates
Occupational Group (premature deaths per 105 person years)

Underground metal miners * *1300

Uranium miners * 420

Smelter workers * 190

Mining ** 61

Agriculture, forestry, and fisheries ** 35

Contract construction *f 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
j United States by Industry,1975," Bulletin 1981, 1978.

***The nuclear plant workers' risk is equal to the sum of the radiation-related
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
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.)

i
,
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" relative risk" model would produce risk values up to about 4 times greater
than those used in this report. The staff'regards the use 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 nonfatal
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 Science's
Advisory Committee in the Biological Effects of Ionizing Radiation (BEIR III).

Valueg for genetic risk estimators range from 60 to 1500 potential cases of
all forms of genetic disorders per million person-rems (BEIR I). The value of
258 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. However, the value of zero cannot be excluded,

because there is no direct evidence of human effects at doses in this dose-rate1

range (BEIR III).

I 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), the National Council on
Radiation Protection and Measurement (NCRP), the National Academy of Sciences
(BEIR III), and the United Nations Scientific Committee on the Effects of Atomic

j Radiation (UNSCEAR).
!

The risk of potential fatal cancers in the exposed work-force population at
the Seabrook facility and the risk of potential genetic disorders in all future
generations of this work-force population, is estimated by multiplying
the annual plant-worker population dose (about 880 person-rems) by the risk
estimators, the staff estimates that about 0.12 cancer deaths may occur in the
total exposed population and about 0.23 genetic disorders may eccur in all future
generations of the same exposed population. The value of 0.12 cancer death
means that the probability of I cancer death over the lifetime of the entire
work force as a result of 1 year of facility operation is about 12 chances in

i 100. The value of 0.23 genetic disorder means that the probability of 1 genetic
disorder in all future generations of the entire work force as a result of 1 year

! of facility operation is about 23 chances in 100.

i

| 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

i solid radioactive wastes from the reactor to waste burial grounds is considered
; in 10 CFR 51.20. 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 51.20, 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 26,000,000 person rems to the U.S. population
from background radiation.
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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

tpower reactor

suonwat Coastaticais of taanscont

Enveonmenta! *1pect
Heat (per araeated fuse cash in eened) - 250 000 Stu/hr
Weight (governed by Federal or State restrctions) F3 000 t>s per truch,100 tons per casa por rad car
feartic densdy

Truch .. _ Less Ihan t per day
Rad ._. _ . Less than 3 per anonth

E stamated Range of doses to Cumulahve done to
Esposed populaten number of esposed avsivduais 8 exposed population

persons (per reactor year) (per reactor year) e
exposed

Transportation workers ..
General pubhc-

_. _ _ . _ . _ _ 200 0 Ot to 300 mdhrem .. . 4 mandem

Oniookers _. _ t.100 0 003 to t 3 mdhrem . . 3 man rem
Along Route . - 600.000 0 0001 to 0 06 mdtwem ..

acCsofists m vnawseont

Envoorwnentar nsa
Fleeologcal eMects ._ . _ . Small ?
Common (nonradelogran causes - - t fatas inlury a 100 reactor years. I nonfatal wyury in to re

actor years. S4 F5 property damage per reactos year<

! ' Data supportmg the table are gven r the Commessen's "Enweanmentat Survey of Transportalen of Radeoective Malenaes
4

to and from Nucisar Power Plants? WASH-t238, Decernber 1972, and Supp l. NUREG-75/038 Aptd 1975 Both documents
are avadable for espechan and copying at the Comemsson's Pubhc Document Room,1717 H St NW Washington, O C, and
may be obtained from Natenal Technscal information Senace. Sonngfeld. Va 22161 WASH-1238 e avadable from NTIS at a
cost of $$ al 4microtche. 52 25) and NUREG-75/038 s avadatue at a cost of 53 25 temcrohche. 52 25I

8 The Federal Raeason Councd has ~ _ % that the caeahon doses from ad sources of reeaten other thari natural
background and meecal esposures should be hmeted to S.000 mdivem per year for mdnnduals as a result of occupahonal espo-
sure and should be hrmted to $00 mdhrem per year for mdnnduals et the general populaten The dose to individuals due to
average natural background raeaten es about t30 mdleem per year

' Man-tem e an espressen for the summaten of whole turjy doses to mdrwntuals e a group Thus, d each mornber of a
populaten grote of 1.000 people were to receeve a dose of 0 001 rem (1 mehreras, or d 2 peopie were to rece.we a dose of 0 $
rem (500 mdhrem) each, the total marwom done en each case would be 1 m.sn-rem

' Although the onwoonmental nsk of raeologecal eMects stemming from transportaten accidents is currenth mcapabie of
| being numentally quantsfed, the nsk remains small regardless of whether et a bemg apphed to a negle reactor or a muitaeactor

, , . .

Direct Radiation for PWRs-

The principal sources contributing to radiation fields in nuclear power plants
are the reactor core, primary coolant, and radioactive effluent releases. In
a PWR, the reactor core and the primary coolant, with its fission, corrosion,'

and activation products, are located in a heavily shielded reactor containment
or other heavily shielded building. Because these major radiation sources are I

contained in a heavily shielded area, dose rates in the vicinity of PWRs are
generally undetectable (less than 5 mrems/yr).

: 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-

As pointed out in an earlier section, all effluents from this facility will be
subject to extensive decontamination, but small controlled quantities of radio-
active effluents will be released to the atmosphere and to the hydrosphere during
normal operations. Estimates of site-specific radioisotope-release values have
been developed on the basis of estimates regarding fuel performance and the
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!
!

descriptions of operational and radwaste systems in the applicant's ER and FSAR
and by using the calculational models and parameters developed by the NRC staff
in NUREG-0016 and NUREG-0017. These have been supplemented by extensive use
of the applicant's site and environmental data in the ER and in subsequent
answers to NRC staff questions, and should be studied to obtain an understanding
of airborne and waterborne releases from the facility.

These' radioactive effluents are then diluted by the air and water into which
i 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 of 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
;I 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 radiciodines,
I as well as carbon-14 and tritium--are also gaseous, but these tand to be deposited

on the ground and/or inhaled into the body during breathing. For this class
of effluents, estimates of direct external-radiation doses from deposits on
the ground, and of internal radiation dcses to total body, thyroid, bone, and4

I 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.;

1

A third group of airborne effluents, consisting of particulates that remain
1 after filtration of airborne effluents in the plant prior to release, includes

fission products such as cesium and barium and activated corrosion products
such as cobalt and chromium. The calculational model determines the dir;ct

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 and iodine; activation products, such as nuclides
of sodium and manganese; and tritium as tritiated water. Calculations estimate
the internal doses (if any) from fish and invertebrate consumption as well as
any direct external radiation from recreational use of the water near the point

j of discharge.
t

| The release values for each group of effluents, along with site-specific meteo-
rological 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 Regulatory.

!
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Guide 1.109, " Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR 50,
Appendix I," and in Appendix B of this statement. |

|

Examples of site-specific dose assessment calculations and discussions of para- |
meters involved are given in Appendix D. Doses from all airborne effluents !

except the noble gases are calculated for individuals at the location (for
example, the site boundary, garden, residence, milk cow, meat animal) where
the highest radiation dose to a member of the public has been established from

i all applicable pathways (such as ground deposition, inhalation, vegetable
'

consumption, cow milk consumption, or meat consumption. ) Only those pathways ,

associated 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-
' waste treatment system capability and are well below the Appendix I design

objective values, the actual radiological impact associated with the operation -
,

of the facility will depend, in part, on the manner in which the radioactive-
waste treatment system is operated. Based on its evaluation of the potential
perfotaance of the ventilation and radwaste treatment systems, the NRC staff

! has concluded that the systems as now proposed are capable nf c.c.1 trolling
effluent releases to meet the dose-design objectives of Appendix I to 10 CFR 50.

Operation of the Seabrook facility will be governed by operating license
Technical Specifications that will be based on the dose-design objectives of
Appendix I to 10 CFR 50. Because these design-objective values were chosen to
permit flexibility of operation whila 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
! individual doses for the member of the public subject to maximum exposure will

still be very small when compared to natural background doses (s100 mrems/yr)
.

or the dose limits (500 mrems/yr - total body) specified in 10 CFR 20 as con-
sistent 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 the Seabrook facility.

Operating standards of 40 CFR 190, the Environmental Protection Agency's
Environmental 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

l materials (radon and its daughters excepted) to the general environment from
! all uranium-fuel-cycle operations and radiation from these operations that can

be expected to affect a given individual. The NRC staff concludes that under
normal operations the Seabrook facility is capable of operating within these
standards.

i The radiological doses and dose commitments resulting from a nuclear power plant
are well known and documented. Accurate measurements of radiation and radio-
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active contaminants can be made with very high sensitivity so that much smaller
amounts of radioisotopes can be recorded t'han 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 committees 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 ef fects 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

i. boundaries or to the total population outside of the boundaries can be readily
calculated and recorded. These risk estimates for the Seabrook facility are

presented below.
i

The risk to the maximally exposed individual is estimated by multiplying the'

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 exposure to radioactive effluents (gaseous or liquid) from 1 year of
reactor operations of less than one chance in one million.* The risk of
potential premature death from cancer to the average individual within 80 km<

(50 mi) 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 natural cancer incidence from causes unretated
to the operation of the Seabrook facility.'

I Multiplying the annual U.S. general public population dose from exposure to
radioactive ef fluents and transportation af fuel and waste from the operation
of this facility (that is, 37.0 person-rems) by the preceding risk estimators,
the staff estimates that about 0.005 cancer death may occur in the exposed
population and about 0.01 genetic disorder may occur in all future genera-
tions of the exposed population. The significance of these risk estimates can
be determined by comparing them to the natural incidence of cancer death and,

genetic abnormalities in the U.S. population. Multiplying the estimated U.S.
population for the year 2000 (s260 million persons) by the current incidence
of actual cancer fatalities ($20%) and the current incidence of actual genetic

; diseases (s6%), about 52 million cancer deaths and about 16 million genetic
abnormalities are expected (BEIR I; American Cancer Society). The risks
to the general public from exposure to radioactive effluents and transporta-
tion of fuel and wastes from the annual operation of the Seabrook facility are
very small fractions (less than one part in a billion) of the estimated normal
incidence of cancer fatalities and genetic abnormalities in the year 2000,

| population.

On the basis of the preceding comparison (that is, comparing the risk from
exposure to radioactive effluents and transportation of fuel and waste from
the annual operation of this facility with the risk from the estimated

|
incidence of cancer fatalities and genetic abnormalities in the year 2000

,

I
*The risk of potential premature death from cancer to the maximally exposed

! individual from exposure to radiciodines and particulates would be in the
same range as the risk from exposure to the other types of effluents.
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population) the staff concludes that the risk to the public health and safety
from exposure to radioactive effluents and the transportation of fuel and
wastes from normal operation of the Seabrook facility will be very small.

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
surrounding the facility. Furthermore, at all nuclear plants for which radia-
tion 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 no other living
organisms are very much more radiosensitive than humans, no measurable radio-
logical 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 monitering 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 in greater detail in Regulatory Guide 4.1,
Revision 1, " Programs for Monitoring Radioactivity in the Environs of Nuclear
Power Plants," and the Radiological Assessment Branch Technical Position,
Revision 1, November 1979, "An Acceptable Radiological Environmental 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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5.9.3.4.1 Preoperational
|
| The preoperational phase of the monitoring program should provide for the

reasurement of background levels of radioactivity and radiation and their vari-
ations 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 the program was discussed in:

the FES-CP. This early program has been updated and expanded; it is presented
in Section 6.1.5 of the applicant's ER-OL and is summarized here in Table 5.6.

^

The applicant states that the preoperational program has been implemented at
least 2 years before initial criticality of Unit 1 to document background levah
of direct radiation and concentrations of radionuclides that exist in the
environment. The preoperational program will continue up to initial criticality
of Unit 1 at which time the operatiLnal radiological monitoring program will
Commence.

The staff has reviewed the preoperational environmental monitoring plan of the
applicant and finds that it is acceptable as presented.

5.9.3.4.2 Operational

The operational, offsite radiological monitoring program is conducted to provide
data on measurable levels of radiation and radioactive materials in the site
environs in accordance with 10 CFR 20 and 50. It assists and provides backup
support to the effluent-monitoring program recommended in Regulatory Guide 1.21,
" Measuring, Evaluating and Reporting Radioactivity in Solid Wastes and Releases
of Radioactive Materials in Liquid and Gaseous Effluents from Light-Water Cooled
Nuclear Power Plants."

The applicant states that the operational program will in essence be a continua-
tion of the preoperational program described above with some periodic adjustment
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 prior to 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 NRC staff, and the specifics of the required monitor-

! ing program will be incorporated into the operating license Radiological
Technical Specifications.

5.9.4 Environmental Impact of Postulated Accidents

5.9.4.1 Plant Accidents

The staff has examined the applicant's evaluation of the plant accidents
involving radioactive materials and concludes that the analyses and dis-
cussions in the ER-OL generally meet the guidance of the June 13, 1980
Statement of Interim Policy published in the Federal Register. The staff has
performed independent analyses of the postulated accidents at the Seabrook site.
The following discussion reflects the staff's considerations and conclusions.
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Table 5.6 Radiological evnironmental monitoring program summary

Enposure Number of Type and
pathway and/or samples and Sampling and frequency
sample sample locations collection frequency * of analysis

AIRBORNE

Radiciodine Samples from 3 Continuous operation Radiofodine
and offsite locations ** of sampler with sam- canister. Analyze
particulates (in different pie collection as at least once per

sectors) with the required by dust 7 days for I-131.
highest calculated loading but at least
annual ground level once per 7 days-
D/Q.

1 sample from the Particulate sampler.
vicinity of a popu- Analyze for gross
lation center having beta radioactivity
the highest calcu- 224 hours following
lated annual average filter change.
ground level D/Q. Perform gamma iso-

topic analysis on
1 sample from a each sample when
control location gross beta activity
15-30 km distance. is >10 times the

yearly mean of
control samples.
Perform gamma iso-
topic analysis on
composite (by
location) sample at
least once per

' 92 days.
;

DIRECT 32 stations with At least once per Gamma dose. At
| RADIATION two or more dosim- 92 days. least once per
,

eters placed in 92 days.
' two concentric

rings around the
plant.

' 8 stations with two
or more dosimeters
placed at control

; locations, popula-
tion centers and
nearby residences.

See footnotes at end of table.
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i Table 5.6 (Continued)

| Exposure Number of Type and
pathway and/or samples and Sampling and frequency of
sample sample locations collection frequency * analysis

)
'

WATERBORNE

Surface 1 sample in the (Composite sample.) Gamma isotopic
rea of the At least once per analysis of each

discharge. 31 days. sample.

I sample from a Tritium analysis
control location of composite

samples at least
once per 92 days.

Ground 2 samples from (Composite sample.) Gamma isotopic and
sources likely to At least once per tritium analyses of
be affected. 92 days. of each sample.

Sediment 3 samples from At least once per Gamma isotopic
beach locations 184 days. analysis of each
near the discharge sample.
area.

1 sample from a
'

control location.

INGESTION

Milk 3 samples from At least once per Gamma isotopic and<

locations within 15 days when animals I-131 analysis of
3 miles distance are on pasture; at each sample..

from the plant least once per 31
having the highest days at other times.
dose potential.

I sample from a
control location.

Fish 1 sample from the One sample in season, Gamma isotopic
and discharge area. or at least once per analysis on '

Inverte- 184 days if not edible portions.,

; brates 1 sample from a seasonal of 3
control location commercially and

recreationally
important species.

See footnotes at end of table.
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Table 5.6 (Continued)

Enposure Number of Type and j
pathway and/or samples and Sampling and frequency
sample sample locations collection frequency * of analysis

INGESTION (Continued)

Food 1 sample from 3 At time of harvest. Gamma isotopic
farms or gardens One sample of 3 analysis on
having the highest principle classes edible portion.
dose potential. of food products

grown in the area.

1 sample from a
control location.

Source: Adopted from ER-OL (Table 6.1-5).
* Exposure pathway monitoring and/or sampling for all program elements will not be
performed for the entire 2 year preoperational program period. As a minimum,
sampling will be performed for the following periods before initial criticality.

2 years 1 year 6 months

direct radiation air particulate air radiciodine,

food crops and vegetables milk I-131 iii milk samples
sediment ground water
fish and invertebrates surface water

CCConsideration for location of air monitoring stations was given to year-round
access to the location, availability of power and population in the area.

Section 5.9.4.2 deals with general characteristics of nuclear power plant
accidents, including a brief summaty of safety measures to minimize the prob-

~

ability of their occurrence and to mitigate tiie consequences should accidents>

occur. Also described are the important properties of radioactive materials
and the pathways by which they could be transported to become environmental
hazards. Potential adverse health effects and societal impacts associated
with actions to avoid such health effects 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
l a summary review of safety features of the Seabrook Units 1 and 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 in the design basis are then given. Also described are
| the results of calculations for the Seabrook 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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{7'5.9.4.2 General CharacLcristics of Accidents,

The term " accident,' as used in this section, refers to any unintentional
event not addressed.in Section 5.9.3 that results in a release of radioactive

aaterials int? the environment. The predominant focus, therefore, is on
events that can' lead to releases substantially in excess of permissible limits

i for normal operation. Normal release limits are specified in the Commission's
regulations at 10 CFR 20, and 10 CFR 50, Appendix I.

There are several features that combine to reduce the risk associated with
accidents at nuclear power plants. Safety features in the design, construc-
tion, and operation comprising the first line of defense are to a very large
extent devoted to the prevention of the release of these radioactive materials
from their normal places of confinement within the plant. There are also a
number of additional lines of defense that are designed to mitigate the con-

_
sequences of failures in the first 1;ne. Descriptions of these features for

the Seabrook units are in the FSAR and in the SER (NUREG-0896). The most
important mitigative features are described in Section 5.9.4.4(1) below.

These safety features are designed taking .o consideration the specific
locations of radioactive materials within one plant; their amounts; their
nuclear, physical, and chemical properties; and their relative tendency to be
transported into and for creating biological hazards in the environment.

(1) Fission Product Characteristics

By far the largest invrntory of radioactive material in a nuclear power plant
is produced as 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 refueling shutdowns, the assemblies containing these fuel
pellets are transferred to a spent-fuel storage pool so that the second largest
inventory of radioactive material is located in this storage area. Much
smaller inventories 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 liquid radioactive wastes in the plant. Table 5.7 lists
the inventories of radionuclides in a Seabrook reactor core.

These radioactive materials exist in a variety of physical and chemical forms.
Their potential for dispersion into the environment depends not only on
mechanical forces that might physically transport them, but also upon 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 upon the assessment of the
environmental radiological impact of accidents.

The gaseous materials include radioactive forms of the chemically inert noble
gases krypton and xenon. These have the highest potential for release into
the atmosphere. If a reactor accident were to occur involving degradation of
the fuel cladding, the release of substantial quantities of these radioactive
gases from the fuel is a virtual certainty. Such accidents are very low fre-
quency but credible events (see Section 5.9.4.3). It is for this reason that
the safety analysis of each nuclear power plant incorporates a hypothetical
design-basis accident thct postulates the release of the entire contained
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Table 5.7 Activity of radionuclides in a Seabrook
reactor core at 3425 MWt

Radioactive inventory

Group /radionuclide in millions of curies Half-life (days)

A. NOBLE GASES
Krypton-85 0.6 3,950
Krypton-85m 26 0.183
Krypton-87 50 0.0528
Krypton-88 73 0.117
Xenon-133 188 5.28
Xenon-135 36 0.384

B. 10 DINES
Iodine-131 91 8.05
Iodine-132 129 0.0958
Iodine-133 188 0.875
Iodine-134 201 0.0366
Iodine-135 161 0.280

C. ALKALI METALS
Rubidium-86 0.028 18.7
Cesium-134 8.0 750
Cesium-136 3.2 13.0
Cesium-137 5.0 11,000

D. TELLURIUM-ANTIMONY
Tellurium-127 6.3 0.391
Tellurium-127m 1.18 109
Tellurium-129 34 0.048
Tellurium-129m 5.6 34.0
Tellurium-131m 13 1.25
Tal1urium-132 129 3.25
Antimony-127 6.6 3.88
Antimony-129 35 0.179

E. AKALINE EARTHS
Strontium-89 101 52.1
Strontium-90 4.0 11,030
Strontium-91 118 0.403
Barium-140 175 12.8

F. COBALT AND NOBLE METALS
Cobalt-58 0.83 71.0
Cobalt-60 0.31 1,920
Molybdenum-99 175 2.8
Technetium-99m 148 0.25
Ruthenium-103 118 39.5
Ruthenium-105 77 0.185
Ruthenium-106 27 366
Rhodium-105 52 1.50
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Table 5.7 (Continued)

Radioactive Inventory
Group /Radionuclide in Millions of Curies Half-Life (Days)

G. RARE EARTHS, REFRACTORY
OXIDES AND TRANSURANICS
Yttrium-90 4.2 2.67
Yttrium-91 129 59.0
Zirconium-95 161 65.2
Zirconium-97 161 0.71
Niobium-95 161 35.0
Lanthanum-140 175 1.67
Cerium-141 161 32.3
Cerium-143 134 1.38
Cerium-144 91 284
Praseodymium-143 134 13.7
Neodymium-147 64 11.1
Neptunium-239 1750 2.35
Plutonium-238 0.06 32,500
Plutonium-239 0.023 8.9 x 106
Plutonium-240 0.023 2.4 x 106
Plutonium-241 3.6 5,350
Americium-241 0.0019 1.5 x 105
Curium-242 0.54 163
Curium-244 0.024 6,630

Note: The above grouping of radionuclides corresponds to that in Table 5.9.

inventory of radioactive n;ble gases from the fuel into the containment struc-
ture. 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 predominantly through the external gamma radiation
from the airborne plume. The reactor containment structure is designed to
minimize this type of release.

Radioactive ' forms of iodine are formed in substantial quantities in the fuel
by the fission process, and in some chemical forms they may be quite volatile.
For these reasons, they have 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
radioiodines is ingestion into the human body and subsequent concentration in
the thyroid gland. Because of this, the potential for release of radiciodines
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 do act to mitigate the release from containment structures
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that have large internal surface areas and that contain large quantities of
water as a result of an accident. The same properties affect the behavior of
radiciodines 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 iodine, a much smaller tendency to escape from degraded fuel unless
the temperature of the fuel becomes very high. By the same token, such
materials, if they escape by volatilization from t"e 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 have the result of producing 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 containment barrier, they will tend to be carried downwind and deposit
on surface features by gravitational settling or by precipitation (fallout),
where they will become " contamination" hazards in the environment.

'All of these radioactive materials exhibit the property of radioactive decay
with characteristic half-lives ranging from fractions of a second to many days
or years. Many of them decay through a sequence or chain of decay processes
and all eventually become stable (nonradioactive) materials. The radiation
emitted during these decay processes is the reason that they are hazardous
materials.

(2) 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 from the transport of
udiation and radioactive materials that lead to radiation exposure hazards to
htnans 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 onto open bodies of water of radioactivity initially
carried in the air. 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 through contact with ground water. These pathways may
lead to external exposure to radiation and to internal exposures if radioactive
material is 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 inviduals 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
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concentration 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.

(3)- Health Effects

The cause-and effect relationships between radiation exposure and adverse
health effects are quite complex (CONAES p. 515-34, Land), but they have been
more exhaustively studied than any other environmental contaminant.

| 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
4 of time (hours) is necessary before any physiological effects to an individual

are clinically detectable. Doses about 10 to 20 times larger than the latter
dose, 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 close proximity of such accidents 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 direct 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 observed 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 then continue over a period of about 30 years (plateau
period). However, in the case of exposure 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 health consequences model cur-
rently being used is based on the 1972 BEIR Report of the National Academy of
Sciences (BEIR I). The occurrence of cancer itself is not necessarily

*

indicative of fatality.

Most 6uthorities agree that a reasonable--and probably conservative- estimate
of the randomly occurring number of health effects of low levels of radiation
exposure to a large number of people is within the range of about 10 to
500 potential cancer deaths (although zero is not excluded by the data) per,

( million person-rems. 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 addition, approximately 220 genetic changes per million person-

i

rems would be projected by BEIR III over succeeding generations. That also
compares well with the value of about 260 per million person rems currently
used by the NRC staff.

,
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(4) Health Effects Avoidance

Radiation hazards in the environment tend to disappear by the natural process
of radioactive decay. Where the decay process is a slow one, however, and
where the material becomes relatively fixed in its location as an environ-
mental contaminant (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 consequential 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 food-
stuffs, 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 indicator
of future probabilities and impacts. As of mid-1981, there were 71 commercial
nuclear power reactor units licensed for operation in the United States at
50 sites with power generating capacities ranging from 50 to 1130 MWe. (The
Seabrook Units 1 and 2 are designed for electric power output of 1198 MWe
each.) The combined experience with these units represents approximately
500 reactor years of operation over an elapsed time of about 20 years.
Accidents have occurred at several of these facilities (Bertini; NUREG-0651).
Some of these have resulted in releases of radioactive material to the environ-
ment, 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 individual or collective public radiation
exposure, nor any significant contamination of the environment. This experi-

ence base is not large enough to permit a reliable quantitative statistical
is'erence. It does, however, suggest that significant environmental impacts
t - d by accidents are very unlikely to occur over time periods of a few
cecades.

Melting or severe degradation of reactor fuel has occurred in only one of
these units, during the accident at Three Mile Island Unit 2 (TMI-2) on
March 28, 1979. In addition to the release of a few million curies of
xenon-133, it has been estimated that approximately 15 curies of radioiodine
was also released to the environment at TMI-2 (Rogovin). This amount rep-
resents an ext.remely minute fraction of the total radioiodine inventory
present in the reactor at the time of the accident. No other radioactive
fission products were released in measurable quantity.

It has been estimated that the maximum cumulative offsite radiation dose to an
individual was less than 100 millirems (Rogovin, President's Commission). The
total population exposure has been estimated to be in the range from about
1000 to 3000 person-rems. This exposure could produce between none and one
additional fatal cancer over the lifetime of the population. The same popu-
lation 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 (ibid), primarily from causes other
than radiation. Trace quantities (barely above the limit of detectability) of

fradioiodine were found in a few samples of milk produced in the area. No

other food or water supplies were impacted. j
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Accidents at nuclear power plants 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 ac
a result of other unusual occurrences). However, the collective worker expo;dre
levels (person-rems) are a small fraction of the exposures experienced during
normal routine operations that average about 440 to 1300 person-rems in a PWR
and 740 to 1650 person-rems in a BWR per reactor year.

Accidents have also occurred at other nuclear reactor facilities in the United
States and in other countries (Bertini; NUREG-0651). Because of inherent
differences in design, construction, operation, and purpose of most of these
.Other facilities, their accident record has only indirect relevance to current
nuclear power plants. Melting of reactor fuel occurred in at least seven of
these accidents, including the one in 1966 at the Enrico Fermi Atomic Power
Plant Unit 1. Fermi Unit 1 was a sodium cooled fast breeder demonstration
reactor designed to generate 61 MWe. The damages were repaired and the reactor
reached full power in 4 years following the accident. It operated successfully
and completed its mission in 1973. This accident did not release any
radioactivity to the environment.

A reactor accident in 1957 at Windscale, England, released a significant
quantity of radioiodine, approximately 20,000 curies, to the envit onment.
This reactor, which was not operated to generate electricity, used air rather
than water to cool the uraniu.n fuel. During a special operation to heat the
large amount of graphite in this reactor, the fuel overheated and radiciodine
and noble gases were released directly to the atmosphere from a 123-m (405-foot)
stack. Milk produced in a 518-km2 (200-mi2) area around the facility was
impounded for up to 44 days. This kind of accident cannot occur in a water-
cooled reactor like Seabrook, however.

.

5.9.4.4 Mitigation of Accident Con:,equences

Pursuant to the Atomic Energy Act of 1954, the staff has conducted a safety
evaluation of the application to operate Seabrook Units 1 and 2. Although
this evaluation contains more detailed information on plant design, the
principal design features are presented in the following section.

(1) Design Features

The Seabrook Station 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 des <1n and operating specifications
of these features are derived from the analysi. of postulated events known as
design-basis accidents. These accid'nt prevent'"e and mitigative features are
collectively referred to as engineerc<1 safety feal.ures (ESFs). The possibilities
or probabilities of failure of these systems is incorporated in the assessments
discussed in Section 5.9.4.5.

The steel-lined reinforced concrete containment building surrounded by a
,

reinforced concrete enclosure building form a passive mitigating system that
is designed to minimize accidental radioactivity releases to the environment.
Safety injection systems are incorporated to provide cooling water to the
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j reactor core during &n accident to prevent or minimize fuel damage. The
containment spray system is designed to spray cool water into the containment
atmosphere to help prevent containment failure due to overpressure. The spray,

water also contains an additive (sodium hydroxide) that will chemically react ,

,

with any airborne radiciodine to remove it from the containment atmosphere and j

1 mitigate its release to the environment. l

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 that outleakage will not occur through building openings. If;

radioactivity were to be released into the building, it would be drawn Grough
the ventilation system and any radioac'ive iodine and particulate fission
products would be removed from the flow stream before exhausting 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, the main condenser, although not classified as an ESF, can act to

,

i mitigate the consequences of accidents involving leakage from the primary to
the secondary side of the generators (such as steam generator tube ruptures).
If normal offsite power is maintained, the ability of the plant to send con-

,
' taminated steam to the condenser instead of releasing it through the safety

!.
valves or atmospheric dump valves can significantly reduce the amount of
radioactivity released to the environment.

4

Much more extensive discussions of the Seabrook safety features and character-4

istics may be found in the FSAR. The staff evaluation of these features will
i be addressed in the Seabrook SER (NUREG-0896). In addition, the implementation

of the lessons learned from the TMI-2 accident, in the form of improvements in
i design and procedures and operator training, will signif*cantly reduce the

likelihood of a degraded core accident that could resul'. in large releases of
'

fission products to the containment. Specifically, the applicant will be
;

i required to meet those TMI-related requirements specified in NUREG-0737. As
noted in Section 5.9.4.5, no credit has been taken for these actions and

;

improvements in discussing the radiological risk of accidents.i

(2) Site Features

The NRC reactor site criteria, 10 CFR 100, require that the site for every
;

power reactor have certain characteristics that tend to reduce the risk and2

potential impact of accidents. The discussion that follows briefly describes
' the Seabrook site characteristics and how they meet these requirements.

The site has an exclusion area as required by 10 CFR 100. The minimum exclusion
area distance from either reactor unit is 914 m (3000 ft). With some exceptions,

} the exclusion area is located within the 363-ha (896-acre) site owned by the

! Public Service Company of New Hampshire. The exceptions consist of the Boston
and Maine Railroad easement, the Exeter and Hampton Electric Company underground
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power transmission line easemt.nt, and portions of Brown's River and Hunt's
Island Creek. The applicant's authority * to determine all activities within
the exclusion area with respect to the above easements and waterways is still
under review by the staff. The results of the evaluation will be reported in

the Seabrook SER (NUREG-0896).

Beyond and surrounding the exclusion area is a low population zone (LPZ), also
required by 10 CFR 100. The LPZ for the Seabrook site is a circular area with
a 2012-m (1.25-mile) radius centered at the mdpoint of the centerline between
Units 1 and 2 reactors. This area encompasses the property owned by the
applicant, as well as property not owned by the applicant. The LPZ is traversed
by U.S. Route 1 and several feeder roadways, as well as a spur of the Boston
and Maine Railroad. There is one school within the LPZ, the Seabrook Elementary
School, south of the site and near the LPZ boundary. The school enrollment
(including school staff) was about 740 in 1978, and is currently projected to
drop to about 705 by the mid-1980s. The principal industrial facility within
the LPZ is the Bailey Division of USM Corporation, a manufacturer of plastic,
rubber, and metal goods, which employs 930 people. There are several commercial
establishments (shops, restaurants, and the like), as well as two shopping
centers, within the LPZ. All of the above site features are located near the
LPZ boundary in the western and southern directions from the site. Although a
portion of Hampton Harbor and sections of several tidal brooks and rivers that
are used for recreational purposes are located within the LPZ, the major beaches
in the area are located east of Route 1A in Salisbury, Massachusetts, and
Seabrook and Hampton, New Hampshire, and are outside the LPZ. The number of
permanent residents within the LPZ at Unit 1 startup (in 1983) is estimated to
be 2160 persons. This is projected to increase to about 4400 persons by the
year 2025. Within the LPZ the applicant must provide assurance that there
is a reasonable probability that appropriate protective measures could be
taken on behalf of the residents and other members of the public in the event
of a serious accident. (See also the following section on Emergency
Preparedness.)

10 CFR 100 also requires that the distance from the reactor to the nearest
boundary of a densely populated area containing more than about 25,000 residents
be at least one and one-third times the distance from the reactor to the outer
boundary of the LPZ. Because accidents more hazardous than those commonly
postulated as representing an upper limit are conceivable, although highly
improbable, it was considered desirable to add the population center distance
requirement in 10 CFR 100 to provide for protection against excessive exposure

.

doses to people in large centers. The applicant indicates that presently the'

nearest densely populated center of more than about 25,000 persons is Portsmouth,
New Hampshire, about 19 km (12 mi) north northeast of the Seabrook site, with a
1980 population of 26,214 persons. The applicant has also examined future
growth for nearer communities and has concluded that either Amesbury,
Massachusetts, 6.5 km (4 mi) south southwest, or Newburyport, Massachusetts,
9.7 km (6 mi) south-southwest, could become the nearest population center. The
1980 populations of Amesbury and Newburyport were 13,961 and 15,910 persons,

*The applicant is required by 10 CFR 100 to have the authority to determine
all activities in the exclusion area, including exclusionary removal of
personnel and property from the area.
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respectively. The population center distance is at least one and one-third
times the LPZ outer radius, regardless of whether the nearest population cen-
ter were designated to be Portsmouth, Amesbury, or Newburyport. The transient
population associated with seasonal activity at Hampton and Seabrook beaches
about 3.2 km (2 mi) east of the site is sufficiently large* that the Atomic
Safety and Licensing Appeal Bocrd (ASLAB), in the course of the construction
permit hearings, directed that the beach areas to the east of the site be con-
sidered the nearest densely populated center. The Board ruled that Route 1A
to the east of the site serves as the real boundary of the populated area.
Because the nearest approach of Route 1A is 2.68 km (1.67 mi) from the
Seabrook site, the population center distance is at least one and one-third
times the LPZ, as required by 10 CFR 100. The largest city within 80 km (50
mi) is Boston, Massachusetts, with a 1980 population of about 562,000 persons.
It is about 65 km (40 mi) south-southwest of Seabrook. The projected popula-
tion density within 48 km (30 mi) of the site in 1983 is a maximum of about

21373 persons per km (530 persons per mi2) at about 3.2 km (2 mi) from the
plant. The projected population density within 48 km (30 mi) in the year 2025
is also expected to reach a maximum at about 3.2 km and is projected to be about

22979 person per km (1150 persons per mi2),

The safety evaluation of the Seabrook site has also included a review of potential
external hazards (activities offsite that might adversely affect the operation
of the plant and cause an accident). This review encompassed nearby industrial,
transportation, and military facilities that might create explosive, missile,
toxic gas, or sitailar tazards. The risk to the Seabrook facility from such
hazards has been found to be negligibly small. A more detailed discussion of
the compliance with the Commission's siting criteria and the consideration of
external hazards are in the SER.

(3) Emergency Preparedness

The Emergency Preparedness Plan for the station has been submitted to the NRC
and is undergoing review. The state and local plans for the areas around the

i site have not been submitted to FEMA for review.
.

! In accordance with the provisions of 10 CFR 50.47, effective November 3, 1980,
no operating license will be issued to a nuclear facility applicant unless a
finding is made by the NRC that the state of onsite and offsite emergency pre-
paredness provides reasonable assurance that adequate protective measures can
and will be taken in the event of a radiological emergency. Among the stan- 1

dards 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 mi) in radius>

: and an ingestion exposure pathway EPZ of about 80 km (50 mi) in radius are
required. Other standards include appropriate ranges of protective actions
for each of these zones, provisions for dissemination to the public of basis
emergency planning information, provisions for rapid notification of the pub-,

lic during a serious reactor emergency, and methods, systems, and equipment'

! "Staf f's analysis of accident consequences presented here accuunts for
the transient population as a weighted average addition to the normal
population.

,

;

,
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for assessing and monitoring actual or potential offsite consequences in the
EPZs of a radiological emergency condition. In the case of Seabrook, provi-
sions will be made for recommending protective actions on a time scale that
considers offsite factors such as evacuation times for the beaches. The NRC'

is conducting an independent evacuation time estimation study to be used in
. its evaluation of the proccJures developed for recommending protective actions.
i The goal is to preplan recommended actions that will provide for the greatest

dose-saving at the time of an accident. NRC and the Federal Emergency Manage-
ment 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/ FEMA-REP-1, Revision 1,
" Criteria for Preparation and Evaluation of Radiological Emergency Response
Plans and Preparedness in Support of Nuclear Power Plants," dated November 1980.
After the above determinations by NRC and FEMA, the NRC makes a finding in the
licensing process as to the overall and integrated state of preparedness. The
NRC staff findings appear in the SER.

The overall objective of emergency response plans is to provide dose saving
(and some cases immediate life saving) for a spectrum of accidents that could
provide offsite doses in excess of the Environmental Protection Agency and
U.S. Department of Health and Human Services Protective Action Guides. How-
ever, the presence of an adequate and tested emergency plan cannot ensure that

i there will be no offsite health effects in the event of an extremely low likeli-
hood accident.

t

: 5.9.4.5 Accident Risk and Impact Assessment
!

j (1) Design-Basis Accidents

i As a means of ensuring that certain features of Seabrook Units 1 and 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 niaterials to
the environment, and calculations have been performed to estimate the potential,

radiological consequences to persons offsite. For each postulated initiating
I event, the potential radiological consequences cover a considerable range of

values depending rpon the particular course taken by the accident and the con-
ditions, including wind direction and weather, prevalent during the accident.

,

In the safety analysis and evaluation of Seabrook Units 1 and 2, three cate-
gories of accidents have been considered. These categories are based upon their
probability of occurrence and include (1) incidents of moderate frequency (events
that can reasonably be expected to occur during any year of operation), (2) infre-
quent accidents (events that might occur once during the lifetime of the plant),
and (3) limiting faults (accidents not expected to occur but that have the poten-
tial for significant releases of radioactivity). The radiological consequences
of incidents in the first category, also called anticipated operational occur-
rences, are discussed in Section 5.9.3. Some of the initiating events postulated
in the second and third categories for Seabrook Units 1 and 2 are shown in Table 5.8.
These events are designated design-basis accidents in that specific design and
operating features as described above in Section 5.9.4.4(1) are provided to
limit their potential radiological consequences. Approximate radiation doses

,

,
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to the whole body that might be received by a person at the boundary of the
plant exclusion area during the first 2 hours of the accidents are also shown
in the table. The results shown in the table reflect the expectation that
engineered safety and operating features designed to mitigate the consequences
of the postulated accidents would function as intended. An important implica-
tion of this expectation is that the releases considered are limited to noble

gases and radiciodines and that any other radioactive materials (for example,
in particulate form) are not expected to be released. The results are also e
quasi probabilistic in nature in the sense that the meteorological dispersion
conditions are taken to be neither the best nor the worst for the site, but
rather at an average value determined by actual site measurements. In order
to contrast the results of these calculations with those using more pessimis-
tic, or conservative, assumptions described below, the doses shown in Table 5.8
are sometimes referred to as " realistic" doses.

Population exposures calculated for these events range from a small fraction
of a person-rem to about 120 person-rems for the population within 80 km
(50 mi) of Seabrook Units 1 and 2. These calculations for both individual and
population exposures indicate that the risk of incurring any adverse health
effects as a consequence of these events is exceedingly small. By comparison
with the estimates of radiological impact for normal operations shown in
Section 5.9.3, the staff also concludes that radiation exposures from design-
basis accidents are roughly comparable to the exposures to individuals and the
population from normal station operations over the expected lifetime of the
plant.

The staff is carrying out calculations to estimate the potential upper bounds
for individual exposures from the same initiating accidents in Table 5.8 for

Table 5.8 Approximate 2-hour radiation doses
from design-basis accidents at
exclusion area boundary

Dose (rems) at 914 m*,
Events whole body

Infrequent Accidents

Waste gas tank failure 0.1
Small-break LOCA** 0.04
Steam generator, tube
rupture *** 0.03

Limiting Faults

Main steamline break 0.0005
Control rod ejection 0.004
Large-break LOCA 1.04

* Plant Exclusion Area Boundary Distance.
**LOCA-Loss of Coolant Accident; the TMI-2 accident

was one kind of a small-break LOCA.
***See NUREG-0651 for descriptions of three steam

generator tube rupture accidents that have
occurred in the United States.
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the purpose of implementing the provisions of 10 CFR 100, " Reactor Site Criteria."
For these calculations, much more pessimistic (conservative or worst case) assump-
tions are made as to the course taken by the accident and the prevailing condi-

! tions. These assumptions include much larger amounts of radioactive material
released by the initiating events, additional single failures in equipment'

operation of ESFs in a degraded mode, and very poor meteorological dispersion
conditions. The containment structure, however, is assumed to prevent leakage
in excess of that which can be demonstrated by testing, as provided in 10 CFR

1 100.11(a). The results of these calculations show that for these events the
exposures are not expected to exceed 16 rems to the whole body and 127 rems to
the thyroid of any individual at the exclusion area boundary over a period of
2 hours. For calculation of the thyroid dose, it was assumed that an individual
would be located at a point on the exclusion area boundary where the radioiodine
concentration in the plume has its highest value and inhaled at a breathing
rate characteristic of a person jogging, for a period of 2 hours. The health
risk to an individual receiving such a dose to the thyroid is the potential
appearance of benign or malignant thyroid nodules in about 6 out of 100 cases,
and the development of a fatal thyroid cancer in about 2 out of 1000 cases.

i
None of the calculations of the impacts of design-basis accidents described in
this section takes into consideration possible reductions in individual or
population exposures as a result of any protective actions.

(2) Probabilistic Assessment of Severe Accidents

In this and the following three sections, there is a discussion of the prob-
abilities and consequences of accidents of greater severity than the design-
basis accidents discussed in the previous section. As a class, they 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
j 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 Reactor Safety
Study (RSS), which was published in 1975 (NUREG-75/014). Because this report

has been subject to considerable controversy, a discussion of the uncertainties
'

surrounding it 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
,

I been updated ("rebaselined") (NUREG-0715). The rebaselining has been done
'

largely to incorporate peer group comments (NUREG/CR-0400) and better data and
| analytical techniques resulting from research and development after the publi-
| cation of the RSS. 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 accident sequences into the

! encompassing " Release Categories" as was done in the RSS has been largely (but
not completely) eliminated.

2
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The Seabrook plants are Westinghouse-designed PWRs having similar design and
operating characteristics to the RSS prototype PWR. Therefore, the present
assessment for Seabrook has used as its starting point the rebaselined acci-
dent sequences and release categories referred ,to above, and more fully

,

described in Appendix E. Characteristics of the sequences and release cate-'

gories used (all of which involve partial to complete melting of the reactor
core) are shown in Table 5.9. Sequences initiated by natural phenomena such
as tornadoes, floods, or seismic events and those that could be initiated by
deliberate acts of sabotage are not included in these event sequences. The
radiological consequences of such events would not be different in kind from
those which have been treated. Moreover, there are design requirements in
10 CFR 50, Appendix A, relating to effects of natural phenomena, and safeguards
requirements in 10 CFR 73, ensuring that these potential initiators are in large
measure taken into account in the design and operation of the plant. The data
base for assessing the probabilities of events more severe than the design bases
for natural phenomena or sabotage events is beyond the state-of-the-art of,

| probabilistic risk assessment. In addition, the staff judges that the additional
risk from severe accidents initiated by natural events or sabotage is within
the uncertainty of risks presented for the sequences considered here.

The 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,

| components that were used to calculate the probabilities (ibid). The probability
' of accident sequences from the Surry plant was used to give a perspective of

the societal risk at Seabrook because, although the probabilities of particular
accident sequences may be different and even improved for Seabrook, the overall

; effect of all sequences taken together is likely to be within the uncertainties
! (see Section 5.9.4.5(7) for discussion of uncertainties in risk estimates).
|

| The magnitudes (curies) of radioactivity release for each accident sequence or
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 a Seabrook plant at a
core thermal power level of 3425 MWt, the power level used in the safety
evaluation.

The potential radiological consequences of these releases have been calculated
by the consequence model used in the RSS (NUREG-0340) 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 site;

! of the Seabrook facility 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 2000 extending throughout regions of-

80-km (50-mi) and 563-km (350-mi) radius from the site (The weighted
average transient population extended to a 16-km (10-mi) radius from
the site.)

i
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E
Er Table 5.9 Summary of atmospheric releases in hypothetical accident
2 sequences in a PWR (rebaselined)
?-

E
" Accident Fraction of core inventory released *

sequence or Probability
sequence group ** per reactor yr Xe-Kr I Cs-Rb Te-Sb Ba-Sr Ru*** Lat

Event V 2.0 x 10 8 1.0 0.64 0.82 0.41 0.1 0.04 0.006

TMLB' 3.0 x 10 8 1. 0 0.31 0.39 0.15 0.044 0.018 0.002

PWR3 3.0 x 10 8 0.8 0.2 0.2 0.3 0.02 0.03 0.003

PWR7 4.0 x 10 5 6 x 10 3 2 x 10 5 1 x 10 5 2 x 10 5 1 x 10 8 1 x 10 6 2 x 10 7u,

* Background on the isotope groups and release mechanisms is presented in Appendix VII, WASH 1400.
**See Appendix E for description of the accident sequences and Release Categories.

*** Includes Ru, Rh, Co, Mo, Tc.

tIncludes Y, La, Zr, Nb, Ce, Pr, Nd, Np, Pu, Am, Cm.

Note: Please refer to Section 5.9.4.5(7) for a discussion of uncertainties in risk ectimates.
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Figure 5.3 Schematic outline of atmospheric pathway consequence model

|
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the habitable land fraction within the 563-km (350-mi) radius-

land-use statistics, on a statewide basis, including farm land values,-

farm product values including dairy production, and growing season informa-
,

tion, for the State of New Hampshire and each surrounding state within!

the 563-km (350-mi) region

land-use statistics including farmland values, farm product values includ--

ing dairy production and growing season information for the adjoining
regions of Canada within the 563-km (350-mi) radius, based on comparison
with the values for the nearby states of the U.S.

To obtain a probability distribution of consequences, the calculations are per-
formed assuming the occurrence of each accident-release sequence at each of 91
different " start" times throughout a 1 year period. Each calculation utilizes
(1) the site-specific hourly meteorological data, (2) the population projec-
tions for the year 2000 out to a distance of 800 km (500 miles) around Seabrook
site, including weighted average transient population (in particular seasonal
beach visitors), and (3) seasonal information for the time period following
each " start" time. The consequence model also contains provisions for incor-
porating the consequence-reduction benefits of evacuation, relocation, and
other protective actions. Early evacuation and relocation of people would con-
siderably reduce the exposure from the radioactive cloud and the contaminated
ground in the wake of the cloud passage. The evacuation model used (see
Appendix F) has been revised from that used in the RSS for better site-specific
application. The quantitative characteristics of the evacuation model used
for the Seabrook site are estimates made by the staff and are based upon evacua-
tion time estimates prepared by the applicant. There normally would be some
facilities near a plant, such as schools or hospitals, where special equipment
or personnel may be required to effect evacuation and some people near a site
who may choose not to evacuate. Several such facilities have been identified
near the Seabrook site, such as the Exeter Hospital, the Winnacunnet Cooperative
High School and the Hampton and Seabrook beaches. Therefore, actual evacuation
effectiveness could be greater or less than that characterized but would not
be expected to be very much less, since special consideration will be given,
in emergency planning for the Seabrook Station to any unique aspects of deal-
ing with special facilities and the influx of visitors to local beaches.

The other protective actions include: (1) either complete denial of use (inter-
diction), or permitting use only at a sufficiently later time after appropriate
decontamination of food stuffs such as crops and milk, (2) decontamination of
severely contaminated environment (land and property) when it is considered to
be economically feasible to lower the levels of contamination to protective
action guide (PAG) levels, and (3) denial of use (interdiction) of severely

'

contaminated land and property for varying periods of time until the contamina-
tion levels reduce to such values by radioactive decay and weathering so that
land and 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.

Early evacuation within and early relocation of people from outside the plume
exposure pathway EPZ (see Appendix F) and other protective actions as mentioned
abo m are considered as essential sequels to serious nuclear reactor accidents
involving significant release of radioactivity to the atmosphere. Therefore,
the results shown for Seabrook include the benefits of these protective actions.
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There are also uncertainties in each facet of the estimates of consequences
and the error bounds may be as large as they are for the probabilities (see
Figure 5.3).

The results of the calculations using this consequence model are radiological
doses to individuals and to papulations, health effects that might result from
these exposures, costs of implementing protective actions, and costs associated
with property damage by radioactive contamination.

(3) Dose and Health Impacts of Atmospheric Releases

The reselts of the calculations of dose and health impacts performed for the
Seabrook facility and site are presented in the form of probability distribu-
tions in Figures 5.4 through 5.7 and are included in the impact summary table,
Table 5.10. All of the accident sequences and release categories shown in
Table 5.9 cantribute to the results, the consequences from each being weighted
by its associated probability.

Figure 5.4 shows the probability distribution for the number of persons who
might receive whole-body doses equal to or greater than 200 rems and 25 rems,
and thyroid cases equal to or greater than 300 rems from early exposure,* all
on a per reactor year basis. The 200 rem whole-body dose figure corresponds
approximately to a threshold value for which hospitalization would be indicated
for the treatment of radiation injury. The 25-rem whole-body dose (which has
been identified earlier as the lower limit for a clinically observable physio-
logical effect in nearly all people) and 300-rem thyroid dose figures correspond
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 7 chances
in 1,000,000 (7 x 10 6) 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 run almost parallel in horizontal lines initially 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 considerably smaller. For example,
the chances are about 1 in 10,000,000 (1 x 10 7) that 5000 or more people might
iaceive doses of 200 rems or greater. A majority of the exposures reflected
in this figure would be expected to occur to persons within a 48-km (20-mi)
radius of the plant. Virtually all would occur within a 160-km (100-mi) radius.

Figure 5.5 shows the probability distribution for the total population exposure
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 100 million person-rems would occur within 80 km (50 mi), but
the more severe releases (as in the first two accident sequences in Table 5.9)
would result in exposure to persons beyond the 80-km range as shown.

!

*Early exposure to an individual includes external doses from the radioactive
cloud and the contaminated ground, and the dose from internally deposited
radionuclides from inhalation of contaminated air during the cloud passage.
Other pathways of exposure are excluded.

>

Seabrook DES 5-52

__



_-

~

f' 16 id 16 10' 10' , , , , , , , ,d ,,,,6 16r1i
'

, , , ,,,o o,,
, , , , , , , , , , ,,,,,,1 , , , , , , , , - , , , ,,,,,1 , ,o_.

a = WHOLE BODY DOSE >j 25 REM :g O :" o = THYROID DOSE ;> 300 REM" ,

8 bo- a = WHOLE BODY DOSE > 200 REM 'o
%d5 Ed*

- :

Q I ~

.

m ~

~7T gg
N*5 5*

:
| N :

_N _

<i _ _i
o o

m "3 5*O ; : ;
. .

5 5m
m e _imi N a

. "

o <

T 2 *! h 5*,

$ D : :
;z; -

-

N7 ~ ( ~t
a a

O-5 s-
_

_

x : :
9 _

_

Li ~ ~T
a < o

kHE \ EH I

}
: |:

) : |

p :
| 9 _

_T~T ood *l h 5*
m : :

4 _
_

OO

Y #
O o- O

i i...o . . . iiiiii i....... . . . a

N 16 . . . . . ;d 16 10 16 16 16 . . . ,6. . . ...i '
. . i . . . . . .ge

I 1

X= NUMBER OF AFFECTED PERSONS
,

Figure 5.4 Probability distributions of individual dose impacts (see Section 5.9.4.5(7)
for a discussion of uncertainties in risk estimates)

|

|
\

_

.. .. - - .



_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _

. . ,0 , , , , . . . 0h1 F 1
'

y 10 10' 10 J 10' o,

, , , , , , , , ' , , , , , , , , - , , , , , . , , ,, ,w ai

$ *! LEGEND 5*
3 : a = ENTIRE EXPOSED POPULATION -

~ o = POPULATION WITHIN 50 MILES :E
_

i
3 ^Mi\o :-

o
-3 :

2 i
m _

:
% _

.T$o o
=-

o"3
y3 -

-

TT k oo_ 5+o# 5 :
: W E

>, *

w

'l: "T
'

'Y
o g

a 3-
:4. : -

T \ 7
0

1. om :e
: :

m : :
< _ _

m . -

oT f

%o a
\ 3e4-= \ ::
0: :

. -

'o 'o
e i . . . . . . . . i iii.. . ..i... . . . . . . . . . . . . i i iiiii g

10' 10' 16 16 16 16 10P
X= TOTAL PERSON REM whole body

Figure 5.5 Probability distributions of population exposures (see Section 5.9.4.5(7)
for a c'iscussion of uncertainties in risk estimate) (50 mi = 80 km)

. - - _ .



._ _ _ ____ __

t 10' 10' 16 , , , , , , ,0' 10)o1
o , , , , , , , , , , , , , , , , , , ,,,,,

: a = EVAC. TO 10 MILES :gg
: 4 : :
"

en
g N - -

Ei i"
o o

3 " _? _

E*
4 -

g _

g: :
_ _

$1
Ta u. a

4 i .. 5*# "

N : - :
"

g _ _

o _ _

_ _

Do ig o
H: : Hu - _

g . _

A : :
g - _

s - _

~i Tdo - o
m: :a
< : :
m . _

O
- -

g _ _

m _ _

T to ow . . . . . . . . . . . . .. . . . .. . . . . . . . . .

16 16 16 10' 10'y
X=EARLY FATALITIES

Figure 5.6 Probability distribution of early fatalities (see Section 5,9.4.5(7)
for a discussion of uncertainties in risk estimates)

_ _ _ _ _ _ _ _ _ _ _ _



_ _.

1 1 1 1 ?o ,d 1d , , , , , , , ,6 , , , , , , ,0' , , , , , ,0' 10yy7u,
,,,,, g, , , , , , , , , , , , , , ,

8 m : a = ENTIRE EXPOSED POPULATION EXCL. THYROID :
; p - o = ENTIRE EXPOSED POPULATION THYROID ONLY ,,

0: 3 S.3 a = WITHIN 50 MILES EXCLUDING THYROID Jg
E + = WITHIN 50 MILES THYROID ONLY !g< -

_

t 7
o

% HE Ee
w : :

o : :

z?a - _f< a
U HP-- : Ee

.

E- [ 7 j
z

I \ 'To o

I /! N !"
-

m . - -

m

Ot [ 'ta a
^! h !*x

u : :

$T ~Ta o
A*~ \ EH

: Ep.,
-

E- :
T D tU o_ o
5! \h E*

:< :

$9 ~ ?o%a . , , ,,,,,i , , , , , , , , , , ,

~.8 id 16 10 16 , , , , , ,6~,,,,,,i' , , , , , , , , , , ,

4 1 1
X= LATENT CANCER FATALITIES

Figure 5.7 Probability distribution of cancer fatalities (see Section 5.9,4,5(7)
for a discussion of uncertainties in risk estimates) (50 mi = 80 km)

-. _ _ _ .



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

$
i

Table 5.10 Summary of environmental impacts and probabilities
-

E
w

Population Cost of
exposure, Latent" offsite

Probability Persons Persons millions of person- cancers, mitigating
of impact per exposed exposed Early rems, 80 km (50 mi) 80'km (50 mi) actions
reactor year over 200 rems over 25 rems fatalities total total $ millions

10 4 0 0 0 0/0 0/0 0

1 10 5 0 0 0 0.014/0.016 0/0 25

5 x 10 6 0 2,800 0 0.43/0.78 106/136 124

10 8 1,200 57,000 5 11.5/27.8 1,500/2,400 1,200

$ 10 7 5,000 300,000 1500 52/136 5,800/11,100 4,900

10 8 13,000 800,000 3,000 85/290 11,500/19,400 30,300

Related
Figure 5.4 5.4 5.6 5.5

* Includes cancers of all organs. Genetic effects would be approximately twice the number of latent cancers.
'Note: Please refer to Section 5.9.4.5(7) for a discussion of uncertainties in risk estimates.
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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 Seabrook site resulting
from natural background radiation of 390,000 person-rems, and to the anticipated
annual population dose to the general public (total U.S.) from normal plant
operation of 5.5 person-rems (excluding plant workers) (Appendix D, Tables D-7 ,

and D-9).

Figure 5.6 shows the probability distributions for early fatalities, represen-
ting radiation injuries that would produce fatalities within about 1 year after
exposure. All of the early fatalities would be expected to occur within a
11.2-km (7-mi) radius and the majority within a 3.2-km (2-mi) radius. The
results of the calculations shown in this figure and in Table 5.10 reflect the
effect of evacuation within the 16-km (10-mi) plume exposure pathway EPZ.
Figure F.1 shows the sensitivity of the early fatalities to the emergency
response.'

j. Figure 5.7 represents the statistical relationship between population exposure
' and the induction of fatal cancers' that might appear over a period of many years

following exposure. The impacts on the total population and the population
within 80 km (50 mi) are shown separately. Further, the fatal latent cancers
have been subdivided into those attributable to exposures of the thyroid and4

all other organs.

(4) Economic and Societal Impacts
,

As noted in Section 5.9.4.2, the various measures for avoidance of adverse
health ef fects, including those due to residual radioactive contamination in
the environment, are possible consequential impacts of severe accidents.
Calculations of the probabilities and magnitudes of such impacts for the

; Seabrook facility and environs have also been made. Unlike the radiation
: exposure and health effect impacts discussed above, impacts associated with

adverse health effects avoidance are more readily transformed into economic
,

i impacts.
,

The results are shown as the probability distribution for costs of offsite
,

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 crops contaminated and condemned-

; value of milk contaminated and condemned-

i
4 costs of decontamination of property where practical-

'

indirect costs due to loss of use of property and incomes derived therefrom-

The last-named costs would derive from the necessity for interdiction to
i prevent the use of property until it is either free of contamination or can be
. economically decontaminated.
E

:

Seabrook DES 5-58
.

I

r- - --,



|| 1|1 i j

foH o" .'o * _i " oeo 7 -'o* o- .'oH S'o#7 To _ ^ - .E . - E: :
l. 0!- : :_- 5! ' ;: _ - E: - -

.

, 1
, n
, i

,
i

i

,

.

,

.

"0 , "01,
, n1 )
, i 7
, s

,
n

(

,

5
i

,

4e

"d ,
i 9

6 5
\ di, n

, i1,

, n o
, .

i

,
i

t
c

i e,

S.

,

. 0 e
e8 sd

,

89s (
i,

, n1 1
, i

t)
ss

, i oe
_

,
i

Ss
ct

a, R smi

ei
, A rti

usL se'0 , 0LP a
1, ek

, N i N ti

, n1O ms
, i i

,
.

D, . nr
o

. i n

, I a
gs

i

i e
T ti6, 6S it

1, mn
, n1O i

, s
f a, i

, n
C ot

r
ne,

i

Li oc
e

A i n,

T u
t u

6 c bfO"0 i o
T r1 ,,

i 1= t n,

, n so
, i

ii
,

i X
s

ds
s, yui

t c,

i si

li= id6. '0 b
1 aa

, n1
, i

b
, s

or
ro

,
i

Pf
i

,

.

, 8
.

5

6 c
,

'0 e
1, r

, i1 u
, n
, i

g

,
s

i

i
F

,

.

,

.

'0 c
61 E5 - EE - - E: : - ~

- : - e
. ~'o" o- 7.oH S'oe

:- 5E ' : - - E: - - - 1oH oW o* a'o*T 7 I 'M 4 E m o U n,. O 4 weA >hN~QmomG
* <

L

r$ t3 .,cm" wa,

|ti| ||'l||| |, | i|,|! |



.. .

_ _ _ _ _ _

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 exceedingly small, less than one chance in a hundred million per
reactor year.

Additional economic impacts that can be monetized include costs of decontami-
nation of the facility itself and the costs 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.

(5) Releases to Groundwater

A pathway for public radiation exposure and environemntal contamination that
could be associated with severe reactor accidents was identified in Section
5.9.4.2(2) above. Consideration has been given to the potential environmental
impact of this pathway for Seabrook. The principal contributo-s 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. Soluble
radionuclides in this debris can be leached and transported with grounowater
to downgradient domestic wells used for drinking or to surface water bodies
used for drinking water, aquatic food, and recreation. In PWRs, such as those

!of Seabrook, there is an additional opportunity for groundwater contamination
as a result of the release of contaminated sump water to the ground through a
breach in the containment.

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"
(NUREG-0440). The LPGS compared the risk of accidents involving the liquid
pathway (drinking water, irrigation, aquatic food, swimming, and shoreline usage)
for four conventional, generic, land-based nuclear plants and for a floating
nuclear plant, for which the nuclear reactors would be mounted on a barge and
moored in a water body. Parameters for the land-based sites were chosen to
represent averages for a wide range of real sites and are thus " typical," but
they represented no particular real site. The study concluded that the indi-
vidual and population doses for the liquid pathway through groundwater con-
tamination range from small fractions to very small fractions of those that
can arise from the airborne pathways.

The discussion in this section is an analysis to determine whether or not the
Seabrook site liquid pathway consequences initiated by a release to groundwater
beneath a reactor would be unique when compared to land-based sites considered
in the LPGS. The method consists of a direct scaling of LPGS population doses
based on the relative values of key parameters characterizing the LPGS oceanside
land-based site and the Seabrook site. The parameters that are normally evalu-
ated included amounts of radioactive materials entering the ground, groundwater
travel time, sorption on geological media, surface water transport, aquatic
food consumption, and shoreline usage.

Doses to individuals and populations were calculated in the LPGS without con-
sideration of interdiction methods such as isolating the contaminated
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groundwater, restricting aquactic food consumption, or denying use of the water.
In the event of significant contamination, commercial, and sports fishing, as
well as many other water-related activities, would be restricted. The conse-
quences would, therefore, be largely economic or social, rather than radio-
logical. In any event, the individual and population doses from the liquid
pathway range from fractions to very small fractions of those than can arise
from the airborne pathways.

Groundwater hydrology at the site area is highly complex. Groundwater exists
in the bedrock and overlying glacial and recent deposits under water table
conditions (that is, unconfined). In some cases, however, groundwater may be
locally confined by a layer of low permeability marine deposits. The water
table near the site is locally recharged by vertical infiltration, especially
in areas underlain by permeable geologically deposited ice contact areas or
outwash deposits.

Groundwater flow from the site is toward the marsh and away from any wells;
hence, an accidental release of radioactivity from a core melt accident will
not affect users of groundwater. If no interdictive measures were taken,
contaminated groundwater would eventually reacn the open water of the marsh
and be flushed into Hampton Harbor and then to the Gulf of Maine. The p"h
which the contaminated groundwater would follow is very difficult to determine,
because the interaction between groundwater and surface water in the marsh is
indistinct. A conservative estimate of the potential for surface water con-
tamination through the groundwater pathway from a core melt accident can be
made, however, on the basis of available information to compare Seabrook to
the LPGS land-based site.

Preoperational measurements indicate that the water table beneath the site
conforms approximately to the shape of the land surface and was several feet
below the surface. The site has been leveled and is now approximately flat.
Large areas of the site have been stripped of low permeability materials
exposing bedrock, and more permeable engineered fill consisting of granular
materials covers portions of the site. Such alterations have affected the
site groundwater hydrology, so preoperational groundwater measurements are no
longer valid. No meaningful measurements of groundwater levels can be made
before major construction operations and grading of the site are completed.
It is possible, however, to predict the general characteristics of groundwater
movement to conservatively evaluate the consequences of accidental releases to
the groundwater.

Radioactivity released from a postulated core melt accident at either of the
Seabrook reactor units would intially be deposited into the bedrock. Most of

| the bedrock on site is a hard crystalline igneous rock consisting of quartz
'

diorite. A small part of the bedrock on site, including the foundation of
Unit 2, is a metamorphic metaquartzite and granulite rock. Groundwater exists

|

| in fractures in the bedrock. The applicant has stated that the physical,
chemical, and mechanical qualities of the bedrocks are comparable; the staff
uncurs.

Part of the rain falling on the site will infiltrate the soil and recharge the
,

water table. If infiltration of precipitation on the site is fairly uniform,
'

the water table would be expected to conform to the shape of the land surface.
Local features such as buildings, site grading, and landscaping might influence
infiltration, but in general the water table is expected to have its divide

|
'
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crossing the site to the northeast of both reactor units. This location of
the divide would mean that the flow of any contaminated groundwater from the
reactors would be in the direction of the marsh to the south. Groundwater could
enter the marsh soils underground at the interface of the soil and bedrock, or

' it could seep from places where bedrock is exposed. According to maps (FSAR ,

Figures 2.4.12 and 2.4.14) showing bedrock and surface topography of the site, l
bedrock is only a few feet below the marsh surface to the south of the site,
and may be exposed along the site boundary near the seawalls and riprapped banks.
The swamp to the south adjacent to the site is flat and several feet above normal
high tide. Frequency plots of tides along the coast (FSAR Figure 2.4-15), which
are typical of Hampton Harbor, indicate that flooding of the marshland adjacent
to the Jite would be common. Tides exceeding 6 or 7 feet above mean sea level
(MSL) datum, which would bring water within a few feet of the site boundary,
have' recurrence intervals of less than 2 years. The staff has chosen a represent-
ative groundwater pathway of 360 feet in length, which is the distance between
the center of the Unit 2 containment building and the 6-foot MSL contour.
Contaminated groundwater is presumed to migrate to the marsh through frectured -
bedrock and to enter surface water in the marsh at times when it is submerged.
The groundwater level on site is conservatively chosen to be at plant grade,
20 feet MSL. The permeability of the fractured bedrock is taken as the average

2
t measured value of 4 gpd/ft . The effective porosity of the bedrock is taken

as 0.01, which is typical of water-bearing fractured crystalline rock (NUREG/ ,

,

CR-0912).

. The travel time for groundwater to migrate to the marsh has been predicted to
| be about 170 days. Movement of much of the radioactivity would be slowed,

however, by scrption. Retardation coefficients of the two potentially most
significant radionuclides, Cs-137 and Sr-90, are very difficult to estimate.
A small number of in situ measurements in fractured granite indicate a retarda
tion factor of between 4 and 6 for Sr-90 (ibid). Retardation factors for
Cs-137 have not been measured in these experiments, but they are usually much
greater than those for Sr-90. For the present example, retardation factors of
5 and 50 have been chosen for Sr-90 and Cs-137, respectively. For these
conditions, 94% of the Sr-90 and 58% of the Cs-137 would eventually enter the

t marsh. This compares to 87% of the Sr-90 and 31% of the Cs-137 escaping the
groundwater pathway in the LPGS example. Radioactive groundwater seeping in
to the marsh would encounter marsh deposits of silt and and clay and would be
adsorbed; the movement of most radionuclides would be slowed to a certain extent.
Retardation factors for Sr and Cs for most soils in salt or brackish water are,

'

considerably smaller than the corresponding values in fresh water. Because
the marsh is frequently inundated with salt water, it may hold relatively little
of the radioactivity. The staff has conservatively assumed that any Cs-137 or'

| Sr-90 escaping to the marsh would be subsequently carried to Hampton Harbor
and to the Gulf of Maine by tidal flushing.

I

Although Hampton Harbor--and its marsh complex--is technically an estuary, it
is relatively small in volume and area, and has a large tidal prism (volume

; difference between high and low tide). An estimated 88% of the volume of
Hampton Harbor and the marsh is exchanged with the Gulf of Maine each 12.4-hour
tidal cycle; this exchange would quickly and thoroughly flush dissolved pollutants.

! The estuary site chosen in the LPGS study had a much slower rate of flushing
(on the order of months), and also had much higher usage (such as fisheries
and shorelines) than the Seabrook site. Therefore, the LPGS-Seabrook comparison
will consider the Seabrook site as an oceanside land-based plant.
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Contaminants entering the Gulf of Maine would disperse in the oceanic turbulence
and be swept away by currents to the Atlantic Ocean. Dispersion characteristics
of the Gulf of Maine have'not been characterized enough to differentiate them
from the dispersion characteristics used for the LPGS ocean cases. Therefore,

offshore dispersion will be considered to be equal for the LPGS and Seabrook
,

sites.

The two major liquid c;posure pathways for an ocean-based site are aquatic food i

consumption and direct shoreline exposure. The commercial and recreational
seafood catch for a rectangular block 80 km along shore and 40 km offshore from;

8the Seabrook Station has been estimated by the applicant to be 24 x 10 kg/yr
(DeVincentis). This is about a factor of 4.2 higher than the approximately
5.8 x 106 kg catch for the same size block using the LPGS ocean site parameters.
The scaling factor for fish catch is, therefore, about 4.2.

The applicant has estimated that the yearly average beach usage within 80 km
of the Seabrook site is about 3 x 107 person-hours per year (ibid). This is
about a factor of 2.7 higher than the approximately 1.1 x 107 person-hrs / year
used for the LPGS site. The scaling factor for beach usage is, therefore, about
2. 7.

About 62% of the fish dose and virtually all of the beach dose in the LPGS case
was due to Cs-137 alone. The remainder of the fish dose was due primarily to
Sr-90. About 95% of the population dose was due to fish ingestion, with the
remainder being caused by shoreline exposure and swimming.

Combining the scaling factors for the source term, groundwater pathway, fish
catch, and shoreline usage indicates that the population dose from a core melt
accident at the Seabrook site would be a factor of 6 higher than for an identical
accident at the LPGS oceanside land-based site. The staff considers this to
be a conservative estimate. Although the liquid pathway consequences of the
Seabrook site are higher than for the analogous LPGS site, they are within an
order of magnitude. Furthermore, the consequences for oceanside land-based
plants were in general considerably lower than for their counterparts based
adjacent to other bodies of water such as small rivers estuaries and the Great
Lakes. The staff, therefore, concludes that the Seabrook site is not unique in
its liquid pathway contribution to risk.

There are measures that could be taken to minimize the impact of the iiquid path-
way. The staff estimates that the minimum groundwater travel time from the
reactors to the marsh is about 170 days and that the most significant radio-
nuclides would be retarded by sorption. This travel time would allow time for
measures to diminish the migration of contaminated water off the site. Grouting,
where cement or chemical slurrys are injected under high pressure to seal cracks,

in the rock, could be used to isolate the contamination. Dewatering of the watero
- table could be used to prevent the mixing of contaminated water from the reactor

i with groundwater or to collect contaminated water for treatment.

!. ~

,

4

1

.
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(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 can be particularly
instructive as an aid to the comparison of radiological risks associated with4

i accident releases and with normal operational releases.

A common way in which this combination of factors is used to estimate risk is to
i multiply the probabilities by the consequences. The resultant risk is then
1 expressed as a number of consequences expected per unit of time. Such a quanti-

fication of risk does not at all mean that there is universal agreement that
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 population dose, early
fatalitiet, latent fatalities, and costs for evacuation and other protective

,

actions. These average values are obtained by summing the probabilities multi-
; plied by the consequences over the entire "ange of the distributions. Because
I the probabilities are on a per reactor year basis, the averages shown are also

on a per-reactor year basis.

Table 5.11 Average values of environmental,

i risks due to accidents per
reactor year

i

! Environmental risk Average value

; Population exposure
Person rems within 80 km 42
Total person-rems 105

; Early fatalities 0.0006
4

!
Latent cancer, fatalities

; All organs excluding thyroid 0.0067
Thyroid only 0.0008;

'D t of protective actions

I sud decontamination $5,800*

*1980 dollars
i

NOTE: See Section 5.9.4.5(7) for discussions
of uncertainties in risk estimates.

t
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The population exposures and latent cancer fatality risks may be compared with
those for normal operation shown in Appendix D. The comparison (excluding

,

exposure to the plant personnel) shows that the accident risks are comparablei

.

to those for normal operation.
|

There are no early fatality nor economic r,3Ks associated with protective
actions and decontamination for normal releases; therefore, these risks are
unique for accidents. For perspective and understanding of the meaning of the
early fatality risk of 0.0006 per reactor year, however, the staff notes that
to a good approximation the population at risk is that within about 16 km (10 mi)
of the plant, about 150,000 persons in the year 2000. Accidental fatalities per
year for a population of this size, based upon overall averages for the United
States, are approximately 33 from motor vehicle accidents, 11.6 from falls,
4.7 from drowning, 4.4 from burns, and 1.8 from firearms. The early fatality
risk of 0.0006 per reactor year is thus 0.0011% of the total risk embodied
in the above combined ar- ident modes.

Figure 5.9 shows the calculated risk expressed as whole-body dose to an;

individual from early exposure as a function of the downwind distance from the;

plant within the plume exposure pathway EPZ. The values are on a per-reactor-
year basis and all accident sequences and release categories in Table 5.9
contributed to the dose, weighted by their associated probabilities.

Evacuation and other protective actions can reduce the risk to an individual
of early fatality or of latent cancer fatality. Figure 5.10 shows the isopleths
of constant risk 53r reactor year to an individual living within the plume
exposure pathway EPZ of the Seabrook site, of early fatality as functions of
distance due to potential accidents in the reactor. Figure 5.11 shows the!

same type of isopleths for risk of latent cancer fatality. Directional variation
of these curves reflects the variation in the average fraction of the year the
wind would be blowing into different directions from the plant. For comparison
the following risks of fatality per year to an individual living in the United
States may be noted (CONAES p. 577): automobile accident 2.2 x 10 4, falls
7.7 x 10 5, drowning 3.1 x 10.s, burning 2.9 x 10 5, and firearms 1.2 x 10 5

In Section 5.9.4.2 it was recognized that fallout on open bodies of water of
radioactivity released to the atmosphere from reactor accidents could lead
to radiation exposure to humans. For coastal nuclear power plants such as
Seabrook, radiation exposure from aquatic pathways due to fallout on the sea
water (salt water) would be small compared to exposures from other (previously
considered) pathways mainly because of the large dilution that would be provided
by the sea and related edible fish harvest and, further, because of the absence
of drinking water as a pathway of exposure and the reduced population in over-
water directions.

The economic risk associated with evacuation and other protective actions could
be compared with property damage costs associated with alternative energy gen-
eration technologies. The use of fossil fuels--coal or oil, for example--would
emit substantial quantities of sulfur dioxide and nitrogen oxides into the
atmosphere, and, among other things, lead to environmental and ecological damage
through the phenomenon of acid rain (CONAES p. 559-560). This effect has not,
however, been sufficiently quantified for a useful comparison to be drawn at
this time.
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Figure 5.11 Isopleths of risk of latent-cancer fatality
per reactor year to an individual (to convert
mi to km, multiply by 1.6093)
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There are other economic impacts and risks which are not included in the cost i
calculations discussed above that can be monetized. These are accident impacts
on the facility itself that result in added costs to the public (ratepayers,
taxpayers, and/or shareholders). These costs would be for decontamination and
repair or replacement of the facility and replacement power. Experience 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 Seabrook Unit 1
operation (1985), the economic penalty associated with the initial year of the
unit's operation is estimated, based on TMI-2, at between $950 and $1600 million4

(Comptroller General) for decontamination and restoration, including replacement
of the damaged nuclear fuel. For purposes of this analysis, staff used the
conservative (high) estimate of $1600 million and in addition assumed the total
cost occurs during the first year of the accident. In reality the costs would
be spread over several years thereafter. Although insurance would cover $300
million or more of the $1600 million, the insurance is not credited against
the $1600 million because the insurance payment times the risk probability
should theoretically balance the insurance premium. In addition, staff esti-

,

mates additional fuel costs of $365 million (1985 dollars) for replacement
power during each year the Seabrook Unit 1 were being restored. This estimate'

assumes that the energy that would have been forthcoming from the unit (assuming
60% capacity factor) will be replaced primarily by oil-fired generation.
Assuming the nuclear unit does not operate for 8 years, the total additional
replacement power costs would be approximately $2920 million in 1985 dollars.

If the probability of sustaining a total loss of the original facility is taken as
the sum of the occurrences of a core melt accident (the sum of the probabilities
for the categories in Table 5.91, then the probability of a disabling accident
happening during each year of the unit's service life is 4.8 x 10 5 Multiplying
the previously estimated costs of $4520 million for an accident to Seabrook Unit 1
during the initial year of its operation by the above 4.8 x 10 5 probability
results in an economic risk of approximately $217,000 (in 1985 dollars) appli-
cable to Seabrook Unit 1 during its first year of operation. This is also
approximately the economic risk (in 1985 dollars) to Seabrook Unit 1 during the
second and each subsequent year of its operation. Although nuclear units
depreciate in value and may operate at reduced capacity factors so that the
economic consequences as a result of an accident become less as the units
become older, this is considered to be offset by higher costs of decontami-
nation and restoration of the units iq the later years as a result of inflation.

The economic risk to Seabrook Unit 2 (in 1985 dollars) is also approximately
$217,000 during its first year and each subsequent year of operation due to the'

balancing effect of escalation and the present worth discount factor. The
$217,000 annual risk for each unit in 1985 dollars is equivalent to an annual
risk of $135,000 in 1980 dollars, assuming a 10% percent discount rate.

(7) Uncertainties

The foregoing probabilistic and risk assessment discussion has been based upon
the methodolo0y presented in the Reactor Safety Study, which was published in
1975.

In July 1977, the NRC organized an Independent Risk Assessment Review Group to
(1) clarify the achievements and limitations of the Reactor Safety Study,
(2) assess the peer comments thereon and the responses to the comments, (3) study
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the current state of such risk assessment methodology, and (4) recommend to
the Commission how and whether such metho'dology can be used in the regulatory
and licensing process. The results of this study were issued September 1978

; (NUREG/CR-0400). This report, called the Lewis Report, contains several
'

findings and recommendations concerning the RSS. Some of the more significant
findings are j

|

A number of sources of both conservatism and nonconservatism in the-

probability and consequence calculations in RSS were found, which were
very difficult to balance. The Review Group was unable to determine
whether the overall probability of a core-melt given in the RSS was high
or low, but they did conclude that the error bands were understated.

The methodology, which was an important advance over earlier methodologies-

that had been applied to reactor risk, was sound.

It is very difficult to follow the detailed thread of calculations through> -

the RSS. In particular, the Executive Summary is a poor description of
the contents of the report, should not be used as such, and has lent
itself to misuse in the discussion of reactor risk.

On January 19, 1979, the Commission issued a statement of policy concerning the
RSS and the Review Group Report. The Commission accepted the findings of the
Review Group.

The accident at Three Mile Island occurred in March 1979 at a time when the
accumulated experience record was about 400 reactor years. It is of interest
to note that this was within the range of frequencies estimated by the RSS for
an accident of this severity (CONAES p. 553). It should also be noted that

i the Three Mile Island accident has resulted in a very comprehensive evaluation
of reactor accidents like that one, by a significant number of investigative
groups both within NRC and outside of it. Actions to improve the safety of
nuclear power plants have come out of these investigations, including those

i from the President's Commission on the Accident at Three Mile Island, and NRC
staff investigations and task forces. A comprehensive "NRC Action Plan
Developed as a Result of the TMI-2 Accident" (NUREG-0660, Vol. I, May 1980)
collects the various recommendations of these groups and describes them under
the subject areas of: Operational Safety; Siting and Design; Emergency Pre-
paredness and Radiation Effects; Practices and Procedures; and NRC Policy,
Organization, and Management. The action plan presents a sequence of actions, -

some already taken, that result in a gradually increasing improvement in
safety as individual actions are completed. The Seabrook plants are receiving
and will receive the benefit of these actions on the schedule indicated in
NUREG-0660. The improvement in safety from these actions has not been
quantified, nowever, and-the radiological risk of accidents discussed in this
chapter does not reflect these improvements.

5.9.4.6 Conclusions

The foregoing sections consider the potential environmental impacts from
accidents at the Seabrook facility. These have covered a broad spectrum of

4

!
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possible accidental releases of radioactive materials into the environment by
j atmospheric and groundwater pathways. Included in the considerations are

postulated design-basis accidents and more severe accident sequences that lead!

| to a severely damaged reactor core or core melt.

The environmental impacts that have been considered include potential 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 societal consequences of accidental contamination of
the environment. These impacts 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 gained with the operation of similar
facilities without significant degradation of the environment, (2) that, in
order to obtain a license to operate the Seabrook facility, the applicant must
comply with the applicable Commission regulations and requirements, and
(3) a probabilistic assessment of the risk based upon the methodology developed
in the Reactor Safety Study. The overall assessment of environmental risk of
accidents, assumina protective action, shows that it is on the same order as the
risk from normal operation, although accidents have a potential for early fatali-
ties and economic costs that cannnot arise from normal operations. The risks

'

of early fatality from potential accidents at the site are small in comparison
with risks of early fatality from other human activities in a comparably sized
population.

The staff has concluded that there are no special or unique circumstances about
the Seabrook site and environs that would warrant special mitigation features

; for the Seabrook plant.

5.10 Impacts from the Uranium Fuel Cycle

The uranium fuel cycle rule, 10 CFR 51.20 (44 FR 45362), 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 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
directed to develop an explanatory narrative that would convey in understandable
terms the significance of releases in the table. The narrative was also to
address such important fuel cycle impacts as environmental dose commitments
and health effects, socioeconomic impacts, and cumulative impacts, where these
are appropriate for generic treatment. This explanatory narrative 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 thei

! LWR-supporting fuel cycle that reasonably appear to have significance 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 5.12 herein.
Specific categories of natural resource use included in the table re1 ate to
land use, water consumption and thermal effluents, radioactive releases, burial
of transuranic and high- and low-level wastes, and radiation doses from trans-
portation and occupational exposures. The contributions in the table for
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tTable 5.12 (Summary Table S-3) Uranium-fuel-cycle environmental data

(Normehred m model LWR arwwal fuse requwemord (W A5H-t 248] of re44rence reactor year (NUREG411611

Wnum e ect por annual luedMa n

Erivuonmental consuserations foras regunement or reeerence reactor 4

year of moded 1000 M*e LWR )

NATURAL Resouncta Use

Land (acrest
Temporanty committed 8 _ 100

Unesturbed rea 79

Osturbed area . 22 Equrwaient to a t to WWe cosi fred pone
pleM

Permanerey commnted ... _ . . .. .... 13

Overburden moved (mdhone of MT) -- 28 Equsvaunt to 95 MWe coal fred
power paarit

Water (mdisons uf gallonst
Dscharged to aa . 160 = 2 percent of modet 1,000 MWe LWR with

Oscharged to water bodes - t 1.090
Oscharged to ground .. 127

Total . - t 1.377 (4 per-ent of mooes f.000 MWe
LWR we once-through cooling

Fosed fuel
Elecincal onergy tihousands of MW tas) . 323 <5 percent of model 1.000 MWe Lee

output
E qwvser;t coal (thousands of MT) - -

118 Equivewns to the consumpton of a 45 MWe
coal fwed power plant

Natisal gas (mdhons of sc9 .- _ 135 < 0 4 percent of model 1.000 MWe energy
output

EFf tuf asTS-CMEMICAL (MT)
Gases (includmg entrasnment) *

SO. .. .- 4 100

NO.* 1.190 Equrwaient to emissons frorn 45 MWe cose-
fred paar4 for & year

Hydrocarbons ta
CO . 29 6

Partculates . _ 1.154

Other gases
F. 67 pnncipany from UF. production, ennchment,

and reprocessang Concentraton weer
tange of state standards-below level that
has effects on human health

hcl - 014

Loads
SO . 99 From ennchtnent. fuel fahncation, and repro-

NO . - 25 8 cessmg steps. Components that constdu's

Fluonde . 12 9 a potentaal for adverse envronmental effect

Ca" $4 are present in ddute concentratens and re-

C1 65 cerve adetonal dduten by receiving bodes

Na' 12 1 of water to levels below permissue stare

NH, 10 0 ards The constituents that requwe dduton
4 and the flow of ddution water areFe

NHe 4 Cfs
%-20 cfs.
Fh70 cfs

Ta.kngs solutons (thousands of MT) 240 From mdis ordy-no sgrwficant effNents to
envwonment

Pnntipa y from mdis--to segruficant effluentsSohds 91.000 n

to enwWonment

e

a

i
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Table 5.12 (Summary Table S-3) (Continued)

(Nortnat< red to morses L WR arvbe Nes requ ement t *a$H.12a8 j or reference reactry year (NUAE G-01161)w

.
_ _ _ _ _ _ _ _ _

Vaswn m eMect per ant %es fuelu

Ievevwnente creswtweahons Total requwement or re'erence reactor
year of monfol 1000 MWe LWR

. -
- . - . - . - -

E r rior mits _ Raoerxcostat (cume s)

Presently unr$er reconsderation by the Corm
~s.

Ra-226 02
Th-230 02
Uranium 034
Trihum (thousandes t81

C-14 24
lie-65 fthousandel 400
Ru 106 14 Pnncipally from fusi reprocessing plants
|- 129 13
6-131 83
Tc-99 Present'y under considerate by the Corm

trwston

Fston products and transuranets 203
Ldluids

Uranium and daughters 21 Pnncipany from ersteng-wicauded tehngs
lutuor and retumed to ground-no of-
fluents. therefore. no eMect on envwon.
ment

Ra-226 0034 Frern UF. produi.teon.
If*-230 0015
Th-23a 01 From fuel fabreate paants-concentration

10 percent of 50 CFR 20 for total process.
ing 26 ann al fuel reQuwements for modelu
LWR

Fasson and activation products 5 9 to *

Sohds (buted on site)
Other than high level (shartoet t1300 9.100 Ce corres from low level reactor eastes

and 1.500 Ca comes from reactor decon-
tamenahon and dec-- ,. wa.v-bured at

land burias faciistes 600 Ce comes from
miles-ecluded m ta.ings returned to
ground Appro=wnateev 60 Ce comes som
cornrervon and spect fuel storage No seg
twhcant eMtuent to the envvonment.

TRU and HLW trieeps 1 1 < 10 ' Bured at Federal Reposetory

EMIuents-therrmal (tnihons of British thermal units) 4 063 < 5 percer.t of modet 1.000 MWe LWR
Trangportahon (person-rem)

t sposure o8 worsers and ganewal pubhc 25
Ot.cupateal esposure (persons m) 22 6 From reprocessmg and waste managemente

. - ~ . - - . . . - - - - - - _

'in some cases weere no entry appears d is clear from the baceground documents that the matter was addressed and that,
in ef'ect the Table should be read as d a specife seco entry had been made Mcwever, there are other areas that are not
addressed at allin the Tahoe Tatae S-3 does not nichste health eMects kom the eMtuents descret;ed en the Table. or estenates
at re%ases of Radors-222 from the uraruum fuel cycle er estimates of v .hnehu n-99 reeeased from easle rnanagement orer r

reprocessmg activities These asuses may he the subie ci of htigabon e the rutviduas liceneng proceedmgs
Data supportmg this table are gnren in the ' E nv onnental Susvey of the Uranc.em Fues Cyce." W ASH-1246 Apng 1974 thew

Envvonmental Survey of the fieprocess.ng and Waste Manapment Portion of tre LWR Fuel Cyclef" Nt., REG-0116 ISupp 1 to
W ASHat248) the Pubhc Commems and Task Force Rescomes Regarding the Envvonmental Survey of the Reprocessnq and
Waste Management Portions c the LWR Fuel Cyde" NUREG 0216 (Supp 2 to WASH-1248) and e the record of itse i

tusemahmg pertanwng to Urannsn f uel Cycle impacts kom Spent Fuel Reprocessmq and Ra Sioactive Waste Management.
Doctet AM-50-3 The contetms.ons hom reprocessing easte management ar4 transportahon of eastes are manwrwied for
e.ther of the two fuel cycles (orarwurn only and rio recyoe) The contribution kom transportahon escsudes transportation of cold
fuel to a reactor and of traSated fuei a.wl radioactwo wastes from a reactor which are consdered in Table S-4 of I 5120tg)
The conertutions from the omer steps of the bel cycle me gwen sn cosumns A E of Table S-3A of WASH.1248

3 The contrihuhunt to lernporardy comm.ried lanet from reprocessang are not prorated over 30 years, nmce the complete
remporary wnpact accruers regardiess of whether tu piant serxes one eeactur for orie year or 51 reactors for 30 years

* f stuved eftiuents Oned upon corewste of eqanraient coat for power generation
* t 2 percent kom natural gas use and process
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reprocessing, waste management, and transp,ortation 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 the Seabrook
facility. 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
(including 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 Measures and Controls To Limit Adverse Impacts

5.11.1 Atmospheric Monitoring

The operational phase of the onsite meteorological measurement program will be
essentially the same as that used for the preoperational phase described in
Section 6.1.3 of the ER.

5.11.2 Terrestrial Monitoring

A terrestrial monitoring program provided data on land use and terrestrial
ecology at the Seabrook site (ER-CP Section 6.1.4.3). This information was
reassessed in the ER-OL (Section 6.1.4.3).

With regard to nonradiological terrestrial environmental monitoring, the staff's
independent assessment of the operation of the Seabrook facility, as presented
in this statement (Sections 3.5.2 and 5.5.11), has not identified any causal
links between station operation and impacts to the terrestrial environment.
Therefore, the staff does not recommend at this time any quantitative
nonradiological terrestrial environmental monitoring for Seabrook.

However, quality assurance type programs are routinely required for transmission
line erosion control and maintenance activities. The staff will determine the
need for these types of programs in its preparation of envirionmental protection
plans.

5.12 Decommissioning

The purpose of decommissioning is to safely remove nuclear facilities from
service and to remove or isolate the associated radioactivity from the environ-
ment so that part of the facility site that is not permanently committed can be
released for other uses. Alternative methods of accomplishing this purpose and
the environmental impacts of each method are discussed in NUREG-0586.

Since 1960, 68 nuclear resctors, including 5 licensed reactors that had been used
for the generation of electricity, have been or are in the process of being decom-
missioned. Although to date no large commercial reactor has undergone decommis-
sioning, the broad base of experience gained from smaller facilities is generally
relevant to the decommissioning of any type of nuclear facility.
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Radiation doses to the public, as a result of decommissioning activities, at f
the end of a commercial power reactor's useful life, should be small and will |

come primarily from the transportation of 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 a generic rulemaking that will develop a more
explicit overall policy for decommissioning commercial nuclear facilities.
Specific licensing requirements are being considered that include the developmenti

of decommissioning plans and financial arrangements for decommissioning nuclear;

i facilities.

! Estimates of the economic cost of decommissioning are provided in Section 6 of
this statement.j

5.13 Emergency Planning Impacts

In connection with the promulgation of the Commission's upgraded emergency.

planning requirements, the NRC staff issued NUREG-0658. The staff be?ieves the4

only noteworthy potential source of impacts to the public from emergency'

planning would be associated with the testing of the early notification system.
The test requirements and noise levels will be consistent with those used for

,

existing alert systems; therefore, the staff concludes that the noise impactsi

from the system will be infrequent and insignificant.
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6 EVALUATION OF THE PROPOSED ACTION

6.1 Unavoidable Adverse Impacts

The staff has reassessed the physical, social, biological and economic impacts
that can be attributed to the operation of Seabrook Station. These impacts
are summarized in Table 6.1 of this environmental statement.

The applicant is required to adhere to the following conditions for the
protection 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 Of fice 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 out-
lined 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 operating license. >

(3) If an adverse environmental effect or evidence of irreversible environ-
mental damage are 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 Resources

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 the
Seabrook Station since the construction permit stage environmental review.

6.4 Benefit-Cost Summary

6.4.1 Summary
i

i Sections below describe the economic, environmental, and socioeconomic benefits
and costs associated with the operation of Seabrook Station. The benefits and
osts are shown in Table 6.1.
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Table 6.1 Benefit-Cost Summary

Primary Impact and Effect Quantity
2on Population or Resources (Section)1 Impacts

BENEFITS

Direct
Electrical energy 12,000 x 108 kWh/yr Large
Additional capacity 2300 x 103 kW Large

3Reduce generating costs $867-1142 million/yr Large

Indirect
Local property taxes $4-5 million/yr

Employment 600 employees
Payroll $29 million/yr

COSTS

Economic

Fuel 11.6 mills /kWh4 Small
Operation and maintenance 8.3 mills /kWh4 Moderate

5Decommissioning $21-42.8 million / unit Small

Environmental

Resources committed

Land
Water

Damage suffered by other water users
Surface water consumption (Section 4.2.3) Small
Surface water contamination (Section 5.3.2) Small
Groundwater consumption (Section 4.2.3) Small
Groundwater contamination (Section 5.3.2) None

Damage to aquatic biota
Impingement and entrainment (Section 5.5.2) Small
Thermal effects (Section 5.5.2) Small
Chemical discharges (Section 5.5.2) Small

Damage to terrestrial resources
Station operations (Section 5.5.1.1) Small
Transmission line right-of-way

maintenance (Section 5.5.1.2) Small i
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Table 6.1 (Continued)

i

Primary Impact and Effect Quantity
2on Population Resources (Section)1 Impacts

COSTS (Continued)

Environmental (Continued)
Adverse socioeconomic effects

Loss of historic or archeological (Section 5.7) Small
resources

Increased population (Section 5.8.4) Small
'

Increased demand on public (Section 5.8.5) Small
facilities and services

Reduced tourism (Section 5.8,5) Small

Adverse ionradiological health ef fects
Air quality changes (Section 5.4) Small
Water quality changes (Section 5.3.2)

Adverse radialogical health effects

Reactor operation on
General population (Section 5.9.3) Small
Workers onsite (Section 5.9.3) Small

Balance of fuel cycle (Section5.1d) Small
Accident risks (Section 5,9,4) Small

1 References in parentheses indicate the section in this statement where
evaluation appears.

2 Subjective measures of costs and benefits are assigned where quantifica-
tion is not possible:
Small: Impacts which, in the reviewer's judgement, are of such minor

nature, based on currently available information, that they do not warrent
detailed investigations or consideration of mitigative actions.*

Moderate: Impacts which, in the reviewer's judgement, are likely to be
clearly evident. Mitigation alternatives may be appropriate.

Large: Impacts which, in the reviewer's judgement, represent a severe3

penalty or a major benefit.
31987 dollars (This projection is for the first full year of operation of

both units.)
? 41987 dollars

S1978 dollars

|
T
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6.4.2 Benefits

A major benefit to be derived from the operation of the Seabrook Station is
the approximately 12 billion kWh of baseload electrical energy that will be
produced annually (this projection assumes that both units will operate at
annual average capacity factors of 60%). The addition of the plant will also
improve the applicant's (and NEP00L's) ability to supply system load require-
ments by contributing 2300 MW of generating capacity to the New England bulk
power system.

Another benefit to be derived is the savings in overall system production costs
that will accrue from the operation of the plant. A production cost analysis was
submitted by the applicant (ER-OL Rev.1) that projects annual system production
costs for the years 1984 through 1991, with and without the Seabrook units in
service. The analysis assumes two different rates of system load growth, one
with applicant's projected annual growth rate of 2.9% and the other with energy
load held constant at the 1980 level, which corresponds to a growth rate of zero.
The average savings projected for the first full year of operation of both units
are $1142 million and $867 million per year (1987 dollars), respectively, for
the two load growth scenarios. The applicant anticipates that these savings
will increase as the cost of replacement energy increases and improvement in!

| each unit's capacity factor is realized.

The staff considers these estimates to be reasonable in light of the fact that
replacement energy to service load, if the plant is not allowed to operate,
will come primarily from oil-fueled generating facilities. The Department of
Energy (DOE) has estimated (00E) that the 1981 cost of providing energy for load
from oil-fueled generating facilities rather than from nuclear generation, on
the average, imposes about a $300 million penalty per unit per year on the
supplying system * ($600 million for a two-unit station). This amount supports
the conclusion drawn in applicant's analysis since the magnitude of this current
penalty is nearly 7u% of the amount the applicant projects for 1987.
6.4.3 Economic Costs

The economic costs associated with station operation include fuel costs and
operating and maintenance costs, which are expected to average 11.6 mills per
kWh and 8.3 mills per kWh, respectively** (1987 dollars). ,

The staff's estimate of decommissioning costs for each Seabrook unit ranges
from $21 million to $42.8 million in 1978 dollars (NUREG-0586).

* Assuming nuclear units of comparable size operating at 60% capacity factor.
** Assuming a capacity factor of 60% in 1987.
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6.4.4 Socioeconomic Costs
i

No significant socioecomonic costs are expected from either the operation of
the Seabrook Station or from the number of station personnel and their families
living in the area. The socioeconomic impacts of a severe accident could be
large; however, the probability of such an accident is small.

6.4.5 Environmental Costs
!

The environmental costs were previously evaluated in the CP-FES and have not
adversely changed to any significant degree. No significant environmental
costs are expected from the operation of the plant, including considerations
of the uranium fuel cycle and plant accidents.

6.5 Conclusion

i As a result of the analysis and review of potential environmental, technical,
" economic and social impacts, the staff has prepared an updated forecast of the

effects of operation of Seabrook Station. The staff has determined that the*

Seabrook Station can be operated with minimal environmental impact. No new
'

- information has been obtained that alters the overall favorable balancing of
i the benefits of station operation versus the environmental costs that resulted

from evaluations made at the construction permit stage.

I 6.6 References
!
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R. Houston Accident Analysis
M. Kaltman Socioeconomics
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,
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,

Advisory Council on Historic Preservation
Department of Agriculture
Department of Commerce

! Department of Energy
i Department of Health and Human Services
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Department of the Army, Corps of Engineers
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'

I

!

l
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APPENDIX B

NEPA POPULATION-DOSE ASSESSMENT
,

Population-dose commitments are calculated for all individuals living within
; 80 km (50 miles) of the Seabrook facility, employing the same dose calculation
; models used for individual doses (see Regulatory Guide 1.109, Revision 1), for

the purpose of meeting the "as low as reasonably achievable" (ALARA) require-
ments 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 trans-i

port of the more mobile effluent species, such as noble gases, tritium, and
carbon-14, are taken into consideration for the purpose of meeting the require-

| ments of the National Environmental Policy Act of 1969 (NEPA). This appendix
'

describes the methods used to make these NEPA population-dose estimates.
1

1 1. Iodines and Particulates Released to the Atmosphere
i

i 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. . ithin 80 km of the facility, the deposition modelW
1 in Regulatory Guide 1.111, Revision 1, is used in conjunction with the dose
'

models in Regulatory Guide 1.109, Revision 1. Site-specific data concerning
i 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 83-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
i make no significant contribution to the population dose outside the 80-km region,
! except by export of food crops. This assumption was tested and found to

be reasonable for the Seabrook Station.

2. Noble Gases, Carbon-14, and Tritium Released to the Atmosphere

For locations within 80 km of the reactor facility, exposures to these effluents4

i are calculated with a constant mean wind-direction model according to the guid-
ance provided in Regulatory Guide 1.111, Revision 1, and the dose models des-
cribed in Regulatory Guide 1.109, Revision 1. For estimating the dose commit-4

ment from these radionuclides to the U.S. population residing beyond the 80-kmf
"' 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:

I 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. population after the released radionuclides mix uniformly in the world's

atmosphere or oceans.

(a) -First-Pass Dispersion
,

i

| For estimating the dose commitment to the U.S. population residing beyond
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

:
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directions along the plume path. The direction of movement of 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 by 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 visua-
lized 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 veloc-
ity 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-
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
half-lives greater than 1 year are considered. Noble gases and carbon-14
are assumed to mix uniformly in the world's atmosphere (3.8 x 1018 m ),3

and radioactive decay is taken into consideration. The world-wide-
dispersion model estimates the activity of each nuclide at the end of a
15 year release period (midpoint of reactor life) and estimates the annual '~

population-dose commitment at that time, taking into consideration radio-
active decay and physical removal mechanisms (for example, C-14 is
gradually removed to the world's oceans). The total-body population-dose
commitment fron- t.e emble gases is due mainly to external exposure from
gamma emittiq ne liGes, whereas from carbor.-14 it is due mainly to inter-
nal exporv com ingestion of food containing carbon-14.

,- The popuhtion-Um commitment as a result of tritium releases is esti-
mated 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 1018 m ) including the top i

3

75 m of the seas and oceans, as well as the rivers and atmospheric mois-
ture. The concentration of tritiun in the world's circulating water is
estimated at the time after 15 years of releases have occurred, taking
into consideration radioactive decay; the population-dose commitment esti-
mates are based on the incremental concentration at that time. The total-
body population-dose commitment from tritium is due mainl: to internal
exposure from the consumption of food.

3. Liquid Effluents

Population-dose commitments due to effluents in the receiving water within
80 km of the facility are calculated as described in Regulatory Guide 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
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Iaquatic biota concentrate sac'ioactivity in the same manner as was assumed for
the ALARA evaluation for the Maximally exposed individual. However, food-

'

consumption values appropriate for the average, rather than the maximum, indi-
,

vidual 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 !.o the U.S. population
in the same manner as discussed for tritium in gaseous effluents.

4. References

U.S. Nuclear Regulatory Commission, " 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," Regulatory Guide 1.109, Revision 1,
October 1977.

-- , " Methods for Estimating Atmospheric Transport and Dispersion of Gaseous
Effluents in Routine Releases from Light-Water-Reactors," Regulatory Guide 1.111,
Revision 1, July 1977.

-- , NUREG-0597, K. F. Eckerman, et. al. , " User's Guide to GASPAR Code,"
June 1980.
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! APPENDIX C

IMPACTS OF THE URANIUM FUEL CYCLE
|

The following assessment of the environmental impacts of the light-water-cooled-
(LWR)-supporting fuel cycle as related to the operation of the proposed project
is based on the values given in Table S-3 (see Section 5.10 of the main body
of this report) and the NRC staff's analysis of the radiological impact from
radon and technetium releases. For the sake of consistency, the analysis of
fuel-cycle impacts has been cast in terms of a model 1000-MWe 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 Seabrook Nuclear Station.

1. Land Use

The total annual land requirement for the fuel cycle supporting a modeli

1000-MWe LWR is about 460,000 m (113 acres). Approximately 53,000 m (13 acres)2 2

2per year are permanently committed land, and 405,000 m (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 abandonment or decommissioning of the facility, 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

2 2the 405,000 m per year of temporarily committed land, 320,000 m are undisturbed
2and 90,000 m are disturbed. Considering common classes of land use in the

United States,* fuel-cycle land-use requirements to support the model 1000-MWe
LWR do not represent a significant impact.

2. Water Use

The principal water-use requirement for the fuel cycle supporting a model
1000-MWe 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 annual requirement of 43 x 106 m (11.4 x 109 gal), about 42 x 106 m3 3

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 in process cooling) of about 0.6 x 106 m (16 x 107 gal)3

per year and water discharged to the ground (for example, mine drainage) of
3about 0.5 x 106 m per year.

On a thermal effluent basis, annual discharges from the nuclear fuel cycle are
about 4% of those from the model 1000-MWe LWR using once-through cooling. The!

consumptive water use of 0.6 x 106 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, therm &l effluents would be negligible.

;

*A coal-fired plant of 1000-MWe capacity using strip-mined coal requires the
diiturbance of about 810,000 m2 (200 acres) per year for fuel alone.
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The staff finds that these combinations of thermal loadings and water consump-
tion are acceptable relative to the water use and thermal discharges of the
proposed project.

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 combus-
tion of fossil fuel at conventional power plants. Electrical energy asso-
ciated 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) the staff finds that these emissions
constitute an extremely small additional atmospheric loading in comparison with
the same emissions from the stationary fuel-combustion and transportation sectors
in the U.S., 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.

Liquid chemical effluents produced in fuel-cycle processes are related to fuel-
enrichment, -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
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 signif- i

icant impact on the environment.

5. Radioactive Effluents

Radioactive effluents estimated to be released to tia environment from reprocess-
ing and waste-management activities and certain other phases of the fuel-cycle
process are set forth in r ble S-3. Using these data, the staff has calculateda
for 1 year of operation of the model 1000-MWe LWR the 100 year involuntary environ-
mental dose commitment * to the U.S. population from the LWR supporting fuel cycle.

*The 100 year environmental dose commitment is the integrated population dose
for 100 years; that is, it represents the sum of the annual population doses
for a total of 100 years.
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It is estimated from these calculations that the overall involuntary total-body
gaseous dose commitment to the U.S. population from the fuel cycle (excluding
reactor releases and the dose commitment due to radon-222 and technetium-99) |

| would be approximately 400 person-rems for each year of operation of the
model 1000-MWe LWR (reference reactor year, RRY). Based on Table S-3 values,
the additional involuntary total-body dose commitments to the U.S. population
from radioactive liquid effluents (excluding technetium-93) 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 involuntary 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 500 person-rems
(whole-body) per RRY.

At this time the radiological impacts associated with radon-222 and technetium-99
releases are not addressed in Table S-3. Principal radon releases occur during
mining and milling operations and as emissions from mill tailings, whereas principal
technetium-99 releases occur from gaseous diffusion enrichmont facilities. The
staff has determined that radon-222 releases per RRY from these operations are as
given in Table C-1. The staff has calculated population-dose commitments for
these sources of radon-222 using the RABGAD computer code described in Volume 3
of NUREG-0002, Appendix A, Chapter IV, Section J. The results of these calcula-
tions for mining and milling activities prior to tailings stabilization are listed
in Table C-2.

When added to the 500 person-rem total-body dose commitment for the balance of
the fuel cycle, the overall estimated total-body involuntary 100 year environ-
mental dose commitment to the U.S. population from the fuel cycle for the model
1000-MWe LWR is approximately 640 person-rems. Over this period of time, this
dose is equivalent to 0.00002% of the natural-background total-body dose of about
3 billion person-rems tc the U.S. population.*

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
stabilized 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 impact assessment, the staff
has assumed that open pit mines will be unreclaimed and has calculated that if
all ore were produced from open pit mines, releases from them would be 110 Ci
per RRY. However, because the distribution of 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 37 Ci
per year per RRY.

Based on the above, 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, respectively.
The total dose commitments for a 100- to 1000 year period would be as shown in
Table C-3.

RBased on an annual average natural-background individual dose commitment of
100 millirems and a stabilized U.S. population of 300 million.
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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 Quantity released

Mining ** 4060 Ci

Milling and tailings *** (during active mining) 780 Ci

Inactive tailings *** (before stabilization) 350 Ci

Stabilized tailings *** (several hundred years) 1 to 10 Ci/ year

Stabilized tailings *** (after several hundred years) 110 Ci/ year

*After three days of hearings before the Atomic Safety and Licensing
Appeal Board (ASLAB) using the Perkins record in a " lead case"
approach, 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 insignificant when
compared to dose commitments and potential health effects to the
U.S. population resulting from all natural background sources.
Subsequent to ALAB-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 health effects of radon-222
emissions.

**R. Wilde, NRC transcript of direct testimony given "In the Matter
of Duke Power Company (Perkins Nuclear Station)," Docket No. 50-

i488, 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 commitment
per year of operation of the model 1000-MWe LWR

l
,

Dosage (person-rems)

Radon source Radon-222 Total body Bone Lung (bronchial
releases (Ci) epithelium)

,

Mining 4100 110 2800 2300

Milling and
active tailings 1100 29 750 620

Total 5200 140 3600 2900

Table C-3 Population-dose commitments from unreclaimed
open pit mines for each year of operation of
the model 1000-MWe LWR

Population dose commitments (person-rems)

Time span Radon-222 Total Bone Lung (bronchial
(years) releases (Ci) body epithelium)

100 3,700 96 2,500 2,000
500 19,000 480 13,000 11,000

1,000 37,000 960 25,000 20,000

These commitments represent a worst case situation in that no mitigating circum-
stances are assumed. However, state and Federal laws currently require
reclamation 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
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,
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
cancer mortality resulting from mining, milling, and active-tailings emissions
of radon-222 is about 0.11 cancer fatality per RRY. When the risk from radon-222
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Table C-4 Population-dose commitements from stablized-
tailings piles for each year of operation of
operation of the model

Population dose commitments (person-rems)

Time span Radon-222 Total Bone Lung (bronchial
(years) releases (Ci) body epithelium)

100 100 2.6 68 56

500 4,090 110 2,800 2,300
1,000 53,800 1,400 37,000 3P,000

emissions from stabilized tailings over a 100 year release period is added,
the estimated risk of cancer mortality over a 100 year period is unchanged.
Similarly, a risk of about 1.2 cancer fatalities per RRY is estimated over
a 1000 year release period. When potential radon releases from reclaimed
and unreclaimed open pit mines are included, the overall risks of radon-
induced cancer fatalities per RRY range as follows:

0.11 to 0.19 fatality for a 100 year period
0.19 to 0.57 fatality for a 500 year period
1.2 to 2.0 fatalities for a 1000 year period

To illustrate: A single model 1000-MWe LWR operating at an a0% capacity factor
for 30 years would be predicted to induce between 3.3 and 5.7 cancer fatalities
in 100 years, 5.7 and 17 in 500 years, and 36 and 60 in 1000 years as a result
of releases of radon-222.

These doses and predicted health effects have been compared with those that
can be expected from natural-background emissions of radon-222. Using data
from the National Council on Radiation Protection (NCRP 1975), the staff
calculates the average radon-222 concentration in air in the contiguous U.S.
to be about 150 pCi/m , which the NCRP estimates will result in an annual dose3

to the bronchial epithelium of 450 millirems. For a stabilized future U.S.
population of 300 million, this represents a total lung-dose commitment of

t135 million 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
fatalities alone from background radon-222 in the air can be calculated to be
about 3000 per year, or 300,000 to 3,000,000 lung-cancer deaths over periods
of 100 to 1000 years, respectively. ,

The staff is currently in the process of formulating a specific model for
analyzing the potential impact and health effects from the release of
technetium-99 during the fuel cycle. However, for the interim period until
the model is completed, the staff has calculated that the potential 100 year
environmental dose commitment to the U.S. population from the release of
technetium-99 should not exceed 100 person-rems per RRY. These calculations
are based on the gaseous and the hydrological pathway modal systems described
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in Volume 3 of NUREG-0002, Chapter IV, Section J, Appendix A. When these
figures are added to the 640 person-rem total-body dose commitment for the
belance of the fuel cycle, including radon-222, the overall estimated total-body
involuntary 100 year environmental dose commitment to the U.S. population from

{ the fuel cycle for the model 1000-MWe LWR is about 740 person rems. Over this
period of time, this dose is equivalent to 0.00002% of the natural-background
total-body dose of about three billion person-rems to the U.S. population.*

|

The staff also considered the potential health effects associated with this
release of technetium-99. Using the modeling systems described in NUREG-0002,

,

the major risks from technetium-99 are from exposure of the gastrointestinal
tract and kidney, although there is a small risk from total-body exposure.
Using organ-specific risk estimators, these individual organ risks can be

i converted to total-body risk equivalent doses. Then, by using the total-body
risk estimator of 135 cancer deaths per million person-rems, the estimated risk

; of cancer mortality due to technetium-99 releases from the nuclear fuel cycle
is about 0.01 cancer fatality per RRY over the subsequent 100 to 1000 years.

In addition to the radon- and technetium-related potential health effects from
the fuel cycle, other nuclides produced in the cycle, such as carbon-14, will
contribute to population exposures. It is estimated that an additional 0.08
to 0.12 cancer death may occur per RRY (assuming that no cure for er preven-
tion of cancer is ever developed) over the next 100 to 1000 years, respectively,
from exposures to these other nt" ides.

.

The latter exposures can also be compared 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
Jose commitment would be about 30 million person-rems per year, or 3 billion
oerson-rems and 30 billion person-rems for periods of 100 and 1000 years,
respectively. These natural-background dose commitments could produce about4

400,000 and 4,000,000 cancer deaths 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 potential 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
Commission notes in Table S-3 that there will be no significant radioactive
releases to the environment. The Commission notes that high-level and tran-
suranic 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 context for the high-level and transuranic Table S-3 values
established by the Commission, indicates that these high-level and transuranic
wastes will be buried and will not be released to the biosphere. No radiological
environmental impact is anticipated from such disposal.,

* Based on an annual average natural-background individual dose commitment of
100 mrems and a stablilized U.S. population of 300 million.*
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7. Occupational Dose

The annual occupational dose attributable to all phases of the fuel cycle for
the model 1000-MWe LWR is about 200 person-rems. The staff concludes that this
occupational dose 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.

9. Fuel Cycle

The staff's analysis of the uranium fuel cycle did not depend on the selected
fuel cycle (no recycle or uranium only recycle), because the data provided in
Table S-3 include maximum recycle-option impact for each element of the fuel
cycle. Thus the staff's conclusions as to acceptability of the environmental
impacts of the fuel cycle are not affected by the specific fuel cycle selected.
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APPENDIX D

EXAMPLES OF SITE-SPECIFIC DOSE ASSESSMENT CALCULATIONS

!

1. Calculational Approach

As mentioned in the main body of this report the quantities of radioactive
material that may be released annually from the Seabrook facility are esti-
mated on the basis of the description of the radwaste systems in the applicant's
ER and FSAR and by using the calculational models and parameters developed by
the NRC staff in NUREG-0016 and NUREG-0017. These estimated effluent release
values for normal operations, including anticipated operational occurrences,
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 the plant and of cumulative doses and dose commitments to the entire pop-
ulation within an 80-km (50-mile) radius of the plant as a result of plant
operations are discussed in detail in Regulatory Guide 1.109, Revision 1. Use
of these models with additional assumptions for environmental pathways that
lead to exposure to the general population outside the 80-km radius are
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 2000. The dose commitments represent the total dose that would be
received over a 50 year period, following the intake of radioactivity for 1 year
under the conditions existing 15 years after the station begins operation (that
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
are accounted for.

2. Dose Commitments from Radioactive Effluent Releases

The NRC staff's estimates of the expected gaseous and particulate releases
(listed in Table D.1) along with the site meteorological considerations (dis-
cussed in Section 2.4 and summarized 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.

Annual average relative concentration (x/Q) and relative deposition (D/Q) values
were calculated using the straight-line gaussian atmospheric dispersion model
described in Regulatory Guide 1.111. The applicant is examining spatial and
temporal variations in airflow, particularly airflow reversals during the onset
of the seabreeze and curved trajectories during the decay of the seabreeze to
determine appropriate modifications to the results of the straight-line model.
Any such modifications will be incorporated into the Final Environment Statement.

Seabrook DES D-1

-



_ _ _ - _ _ _

Releases through the two unit vents have been considered to be partially elevated,
based on the criteria in Regulatory Guide 1.111. Exit velocities are different
for each vent, resulting in the calculation of separate X/Q and D/Q values.
Intermittent releases through each vent have been evaluated using the methodology
described in NUREG-0324. Other releases have been considered as ground level,
with mixing in the turbulent wake of plant structures.

A 1 year period (April 4, 1979 to March 31, 1980) of onsite meteorological
data was used for this evaluation. Wind speed and direction data were based on
measurements at the 13.1-m level, which the applicant believes represents
approximately the 10-m level in the vicinity of plant structures because the
base elevation of the meteorological tower is lower than plant grade. Atmos-
pheric stability was defined by the vertical temperature gradient measured
between the 13.1-m and 45.7-m levels. The applicant has been requested to
submit additional onsite meteorological data for the period June 1980 to May
1981. This additional data set will also be used to revise the X/Q and D/Q
values for the Final Environmental Statement.

The NRC staff estimates of the expected liquid releases (listed in Table D.4),
along with the site hydrological considerations (discussed in Section 2.3 and
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 r

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 contribute.
This method tends to overestimate the doses because assumptions are made that
would be difficult for a real individual to fulfill.
The estimated dose commitments to the individual who is subject to maximum
exposure at selected offsite locations from airborne releases of radiciodine
and particulates, and waterborne releases are listed in Tables D.6, D.7, and
0.8. The maximum annual total body and skin dose to a hypothetical individual
and the maximum beta and gamma air dose at the site boundary are presented
in Tables D.6, D.7, and 0.8.

The maximally exposed individual is assumed to consume well above average
quantities of the potentially affected foods and to spend more time at poten-

'tially affected locations than the average person as indicated in Tables E-4
and E-5 of Revision 1 of Regulatory Guide 1.109.

(b) Cumulative Dose Commitments to the General Population

Annual radiation dose commitments from airborne and waterborne radioactive
releases from the Seabrook facility are estimated for two populations
in the year 2000: (1) all members of the general public within 80 km
(50 miles) of the station (Table D.7) and (2) the entire U.S. population
(Table D.9). Dose commitments beyond 80 km are based on the assumptions
discussed in Appendix B. For perspective, annual background radiation doses
are given in the tables for both populations.

,
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Table D.1 Calculated releases of radioactive
materials in gaseous effluents from
Seabrook Units 1 and 2 (Ci/yr per
reactor)

Plant Plant Turbine
stack vent stack vent * building

Nuclides (continuous) (intermittent) (continuous)

Ar-41 a 25.0 a
Kr-83m a a a
Kr-85m 3.0 1.0 a
Kr-85 260.0 1. 0 a
Kr-87 1.0 a a
Kr-88 6.0 2.0 a
Kr-89 a a a
Xe-131m 12.0 3.0 a

Xe-133m a 7.0 a
Xe-133 85.0 560.0 a
Xe-135m a a a
Xe-135 7.0 6.0 a
Xe-137 a a a
Xe-138 1.0 a a

Total Noble Gases 980.0

Mn-54 0.0047 0.00009 b
Fe-59 0.0016 0.00003 b
Co-58 0.016 0.0003 b
Co-60 0.007 0.0001 b
Sr-89 0.00034 0.000007 b
Sr-90 0.000062 0.000001 b
Cs-134 0.0047 0.00009 b
Cs-137 0.008 0.0002 b

Total Particulates 0.043
t

I-131 0.01 0.005 0.001
I-133 0.01 0.002 0.001
C-14 7.0 1. 0 a
H-3 880.0 220.0 -

* Intermittent release, 24 8-hr releases per year from con-
tainment purges.

Less than 1.0 Ci/yr for noble gases and C-14, less than
10 4 Ci/yr for iodine.

Less than 1% of total for this nuclide..
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Table D.2 Summary of atmospheric disperison factors (X/Q and relative
deposition values for the maximum site boundary and receptor
locations near the Seabrook nuclear facility *

|

|

Dispersion Parameter

X/Q
X/Q (decayed-

X/Q (C'ecayed) depleted) D/Q
Location ** Source *** (sec/m ) (sec/m ) (sec/m ) (m 2)a 3 3

Unit 1

Nearest recreation A 5.50 x 10 7 5.50 x 10 7 5.21 x 10 7 7.25 x 10 9
point B 2.75 x 10 8 2.75 x 10 8 2.61 x 10 8 3.63 x 10 8
(ENE, 0.4 km) C 1.80 x 10 5 1.79 x 10 5 1.70 x 10 5 5.12 x 10 8

Nearest site A 4.24 x 10 7 4.24 x 10 7 3.89 x 10 7 8.36 x 10 9
boundary B 1.40 x 10 8 1.40 x 10 8 1.30 x 10 8 2.80 x 10 8
(ESE, 0.92 km) C 7.96 x 10 8 7.94 x 10 8 7.21 x 10 8 2.81 x 10 8

Nearest residence A 2.10 x 10 7 2.10 x 10 7 1.95 x 10 7 2.25 x 10 9
and garden B 5.10 x 10 7 5.10 x 10 7 4.60 x 10 7 5.60 x 10 9
(ESE, 2.4 km) C 1.77 x 10 8 1.75 x 10 8 1.50 x 10 8 5.46 x 10 9

Nearest milk A 5.17 x 10 8 5.16 x 10 8 4.77 x 10 8 7.96 x 10 18
goat 8 2.90 x 10 7 2.90 x 10 7 2.70 x 10 7 4.50 x 10 9
(NNW, 1.3 km) C 9.85 x 10 7 9.81 x 10 7 8.74 x 10 7 3.23 x 10 9

Nearest milk A 4.29 x 10 8 4.26 x 10 8 4.10 x 10 8 1.78 x 10 10t

cow B 2.00 x 10 7 2.00 x 10 7 1.90 x 10 7 8.40 x 10 10
(NNW, 4.0 km) C 1.67 x 10 7 1.65 x 10 7 1.35 x 10 7 4.52 x 10 10

Unit 24

4

Nearest recreation A 1.10 x 10 8 1.09 x 10 8 1.04 x 10 8 1.17 x 10 8
point B 5.48 x 10 8 5.47 x 10 8 5.19 x 10 8 5.87 x 10 8
(ENE, 0.4 km) C 1.80 x 10 5 1.79 x 10 5 1.70 x 10 5 5.12 x 10 8

Naarest site A 2.00 x 10 8 2.00 x 10 8 1.80 x 10 8 3.00 x 10 8
boundary B 8.14 x 10 7 8.14 x 10 7 7.41 x 10 7 1.20 x 10 8
(ESE, 0.92 km) C 7.96 x 10 8 7.94 x 10 8 7.21 x 10 8 1.81 x 10 8

Nearest residence A 3.08 x 10 7 3.07 x 10 7 2.79 x 10 7 2.72 x 10 9
and' garden' B 7.30 x 10 7 7.30 x 10 7 6.60 x 10 7 6.40 x 10 9
(ESE, 2.4.km) C 1.77 x 10 8 1.75 x 10 8 1.50 x 10 8 5.46 x 10 9,

Nearest milk A 9.45 x 10 8 9.44 x 10 8 8.66 x 10 8 1.04 x 10 9-
goat B 4.20 x 10 7 4.16 x 10 7 3.80 x 10 7 4.52 x 10 9
(NNW, 1.3 km) C 9.85 x 10 7 9.81 x 10 7 8.74 x 10 7 3.23 x 10 9

4
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Table D.2 (Continued)

Dispersion Parameter

X/Q
x/Q (decayed-

X/Q (decayed) depleted) D/Q ,

Location ** Source *** (sec/m ) (sec/m ) (sec/m ) (m 2)3 3 3

Nsarest milk A 5.47 x 10 8 5.42 x 10 8 5.15 x 10 8 2.03 x 10 1
cow B 2.60 x 10 7 2.55 x 10 7 2.50 x 10 7 9.50 x 10 10
(NNW, 4.0 km) C 1.67 x 10 7 1.65 x 10 7 1.35 x 10 7 3.23 x 10 9

QThe values presented in this table are corrected for radioactive decay and
cloud depletion from deposition, where appropriate, in accordance with
Regulatory Guide 1.111, Rev.1, " Methods for Estimating Atmospheric
Transport.and Dispersion of Gaseous Effluents in Routine Releases from Light
Water Reactors," July 1977.

QQ" Nearest" refers to that type of location where the highest radiation dose is
expected to occur from all appropriate pathways.

QQQSources: A: Plant stack vent, Unit 1 or 2, partially elevated continuous release.
B: Plant stack vent, Unit 1 or 2, partially elevated intermittent

release, 24 releases per year, 8 hours per release.
C: Turbine-building vent, ground-level continuous release.

.
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Table D.3 Nearest pathway locations used for maximally exposed
individual dose commitments for the Seabrook nuclear
facility

Location Sector Distance (km)

Nearest recreation point * ENE 0.4

Nearest site boundary ** ESE 0.92

Residence and garden *** ESE 2.4
'

Milk goat NNW 1.3

Milk cow and meat animal NNW 4.0
* Located in the salt marsh surrounding the plant and is referred to as
"The Rocks"; is used mainly for fishing and boating.

** 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 particular location includes doses from

I vegetable consumption as well.

,

|
<
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Table D.4 Calculated release of radioactive materials in liquid
effluents from Seabrook Units 1 and 2

|
Nuclide Ci/yr per reactor * Nuclide Ci/yr per reactor '

Corrosion and Activation Products Fission Products (cont'd)

C r-51 0.00009 I-133 0.071
Mn-54 0.00002 I-134 0.0004
Fe-55 0.00008 Cs-134 0.0037
Fe-59 0.00005 I-135 0.013

*Co-58 0.00077 Cs-136 0.00096
l

Co-60 0.0001 CS-137 0.0027
Np-239 0.00004 Ba-137m 0.0031

Fission Products All Others 0.00007

Br-83 0.00011 Total (except H-3) 0.23
Br-84 0.00002 H-3 380.0
Rb-89 0.00006
Sr-89 0.00002

Mo-99 0.0029
Tc-99m 0.0038
Te-127m 0.00001
Te-127 0.00002
Te-129m 0.00007
Te-129 0.00008
I-130 0.00025

Te-131m 0.00006
Te-131 0.00005
I-131 0.12
Te-132 0.00095
I-132 0.0094

*Nuclides whose release rates are less than 10 5 Ci/yr per reactor are not
listed individually but are included in "all others."

Seabrook DES D-8
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Table D.5 Summary of hydrologic transport and
dispersion for liquid releases from the
Seabrook facility *

Transit time Dilution
Location (hours) factor

Nearest seafood-catch location 24.0 1
(discharge area)**

Nearest shoreline access to 0.1 1

plant discharge area

*See Regulatory Guide 1.113, " Estimating Aquatic
Dispersion of Effluents from Accidental and Routine
Reactor Releases for the Purpose of Implementing
Appendix I," April 1977.

** Assumed for purposes of an upper limit estimate;
detailed information not available.
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Table D.6 Annual dose commitments to a maximally exposed individual near
the Seabrook nuclear station

Location Pathway Doses (mrems/yr per unit, except as noted)

Unit 1

Noble Gases in Gaseous Effluents

Total Body Skin Gamma Air Dose Beta Air Dose
(mrads/yr per (mrads/yr per
unit) unit)

Nearest recreation Direct radiation 0.028 0.059 0.044 0.065
point * (ENE, 0.4 km) from plume

Nearest site Direct radiation 0.015 0.031 0.023 0.034
boundary * from plume
(ESE, 0.92 km)

Iodine and Particulates in Gaseous Effluents **

Total Body Thyroid

Nearest recreation Ground deposition 0.067 (T) 0.067 (T)
point *** Inhalation 0.044 (T) 0.060 (T)
(ENE, 0.4 km)

Nearest site Ground deposition 0.076 (T) 0.076 (T)
boundary Inhalation 0.028 (T) 0.038 (T) ,

(ESE, 0.92 km)

Nearest residence Ground deposition 0.020 (C) 0.020 (C)
and garden Inhalation 0.011 (C) 0.014 (C)
(ESE, 2.4 km) Vegetable consumption 0.076 (C) 0.092 (C)

Nearest milk Ground deposition 0.0074 (I) 0.0074 (I)
Goat Inhalation 0.0022 (I) 0.0039 (I)
(NNW, 1.3 km) Vegetable consumption N/A N/A

Goat milk consumption 0.029 (I) 0.35 (I)
N arest milk Ground deposition 0.0016 (I) 0.0016 (I)
cow and meat animal Inhalation 0.0017 (I) 0.0025 (I) i

(NNW, 4.0 k'n) Vegetable consumption N/A N/A
Cow milk consumption 0.013 (I) 0.064 (I)
Meat consumption N/A N/A

Liquid Effluents **

Total Body Thyroid

N:arest seafood at Fish consumption 0.0004 (A) 0.029 (A)
plant discharge Invertebrate 0.0005 (A) 0.035 (A)
ar:a consumption

Nearest shore Shoreline recreation 0.00076 (A) 0.00076 (A)
access near Boating a a

4 plant discharge Swimming a a ,

'

Seabrook DES D-10

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _



1

Table D.6 (Continued)

| Location Pathway Doses (mrems/yr per unit, except as noted)
!

| Unit 2

Noble Gases in Gaseous Effluents

Total Body Skin Gamma Air Dose Beta Air Oose
(mrads/yr per (mrads/yr per
unit) unit)

Naarest recreation Direct radiation 0.055 0.12 0.087 0.13
point * (ENE, 0.4 km) from plume
Neatest site D; rect radiation 0.014 0.029 0.022 0.029
boundary * from plume
(ESE, 0.92 km)

Iodine and Particulates in Gaseous Effluents **

Total Body Thyroid
'N arest recreation Ground deposition 0.11 (T) 0.11 (T)
, point *** Inhalation 0.088 (T) 0.12 (T)
-(ENE, 0.4 km)

Naarest site Ground deposition 0.27 (T) 0.27 (T)
boundary Inhalation 0.079 (T) 0.094 (T)
(ESE, 0.92 km)

Nearest residence Ground deposition 0.025 (C) 0.025 (C)
and garden Inhalation 0.015 (C) 0.020 (C)
(ESE, 2.4 km) Vegetable consumption 0.11 (C) 0.13 (C)
Nearest milk Ground deposition 0.0095 (I) 0.0095 (I)
goat Inhalation 0.0036 (I) 0.0058 (I)
(NNW, 1.3 km) Vegetable consumption N/A N/A

Goat milk consumption 0.047 (I) 0.38 (I)
'Nsarest milk Ground deposition 0.0019 (I) 0.0019 (I)
cow and meat Inhalation 0.0022 (I) 0.0032 (I)
animal Vegetable consumption N/A N/A
(NNW, 4.0 km) Cow Milk consumption 0.017 (I) 0.074 (I)

Meat consumption N/A N/A

Liquid Effluents **

Total Body Thyroid
Nearest seafood at Fish consumption 0.0004 (A) 0.029 (A)

. plant discharge Invertebrate 0.0005 (A) 0.035 (A)
area consumption

Nearest shore Shoreline recreation 0.00076 (A) 0.00076 (A)
access near Boating a a
plant discharge Swimming a a

Seabrook DES D-11
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Table D.6 (Continutd)

I. Location Pathway Doses (mrems/yr per unit, except as noted)

Unit 2

! Noble Gases in Gaseous Effluents

|
Total Body Skin Gamma Air Dose Beta Air Dose

(mrads/yr per (mrads/yr per
j

! unit) unit)
!

Nearest recreation Direct radiation 0.08 0.18 0.13 0.20
point * (ENE, 0.4 km) from plume
Nearest site Direct radiation 0.029 0.06 0.05 0.06
boundary * from plume
(Eft ' 92 km)

Iodine and Particulates in Gaseous Effluents **

Total Body Thyroid

Nearest recreation Ground deposition 0.18 (T) 0.18 (T)
point *** Inhalation 0.13 (T) 0.12 (T)
(ENE, 0.4 km)

Nearest site Ground deposition 0.35 (T) 0.35 (T)
boundary Inhaiation 0.11 (T) 0.13 (T)
(ESE, 0.92 km)

Nearest residence Ground deposition 0.05 (C) 0.05 (C)
and garden Inhalation 0.026 (C) 0.034 (C)
(ESE, 2.4 km) Vegetable consumption 0.19 (C) 0.022 (C)
Nearest milk Ground deposition 0.02 (I) 0.02 (I)
goat Inhalation 0.006 (I) 0.01 (I)
(NNW, 1.3 km) Vegetable consumption N/A N/A

Goat milk consumption 0.08 (I) 0.73 (I)
hearest milk Ground deposition 0.0035 (I) 0.0035 (I)
cow and meat Inhalation 0.0039 (I) 0.006 (I)
animal Vegetable consumption N/A N/A
(NNW, 4.0 km) Cow Milk consumption 0.03 (I) 0.14 (I)

Meat consumption N/A N/A

Liquid Effluents **

Total Body Thyroid i

Nearest seafood at Fish consumption 0.0008 (A) 0.058 (A)
plant discharge Invertebrate 0.001 (A) 0.07 (A)
area consumption

Nearest shore Shorelina recreation 0.0016 (A) 0.0015 (A)
access near Boating a a

plant discharge Swimming a a

~~ *" Nearest" refers to that site boundary location where the highest radiation doses as a
result of gaseous effluent; have been estimated to occur.

** Doses are for the age group and organ that results in the highest cumulative dose for the
location: A= adult, T= teen, C= child, I= infant. Calculations were made for these age
groups and for the following organs: gastrointestinal tract, bone, liver kidney, thyroid, 4
lung, and skin.

***" Nearest" refers to the location where highest radiation dose to an individual from all
applicable pathways has been estimated.

SEABROOK DES D-12
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Table 0.7 Calculated Appendix I dose commitments to a maximally
exposed individual and to the population from operation
of the Seabrook nuclear facility *

|

Annual Dose per Reactor Unit

Individual

Appendix I Calculated
Design Objectives ** Doses ***

Liquid effluents
Dose to total body from all pathways 3 mrems 0.0017 mrems
Dose to any organ from all pathways 10 mrems 0.065 mrems

Noble gas effluents (at recreation point)
Gamma dose in air 10 mrads 0.087 mrads
Beta dose in air 20 mrads 0.13 mrads
Dose to total body of an individual 5 mrems 0.055 mrems
Dose to skin of an individual 15 mrems 0.12 mrems

Radioiodines and particulatest
Dose to any organ from all pathwa s 15 mrems 0.40 mrems

Population Within 80 km

Total Body Thyroid
person-rems person-rems

Natural-background radiationtt 390,000 -

Liquid effluents 0.27 14.0
Noble gas effluents 0.14 0.14
Radioiodine and particulates 2. 2 2.5

QThe doses in this table are the doses calculated from operation of Unit 2. The
doses calculated from operation of Unit 1 are less due to the difference in
exit velocities of the plant stack vents.

QQDesign Objectives from Sections II.A, II.8, II.C, and II.D of Appendix I,
10 CFR Part 50 consider doses to maximally exposed individual and to population
per reactor unit.

QQRNumerical values in this column were obtained by summing appropriate values in
Table D-6. Locations resulting in maximum doses are represented here.

tCarbon-14 and tritium have been added to this category.
tt" Natural Radiation Exposure in the United States," U.S. Environmental Protection

Agency, ORP-SID-72-1, June 1972; using the average background dose for

New Hampshire of 89 mrems/yr, and year 2000 projected population of 4.4 x 106

Seabrook DES D-13
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Table D.8 Calculated RM-50-2 dose commitments to a maximally exposed individual
from operation of the Seabrook nuclear facility *

| Annual Dose per Site

RM-50-2 Calculated
i Design Objectives ** Doses

Liquid effluents

| Dose to total body or any organ from
| all pathways 5 mrems 0.13 mrems

Activity-release estimate, excluding
tritium (C1) 10 0.46

Noble gas effluents (at nearest recreation point)
Gamma dose in air 10 mrads 0.13 mrads
Beta dose in air 20 mrads 0.20 mrads
Dose to total body of an individual 5 mrems 0.08 mrems
Dose to skin of an individual 15 mrems 0.18 mrems

Radiciodines and particulates***
Dose to any organ from all pathways 15 mrems 0.76 mrems

I-131 activity release (Ci) 2 0.030

*An optional method of demonstrating compliance with the cost-benefit
Section (II.D) of Appendix I to 10 CFR 50. Doses in this table are taken
from Table D.6, combined site doses.

** Annex to Appendix I to 10 CFR 50.
*** Carbon-14 and tritium have been added to this category.

e
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Table D.9 Annual total-body population dose commitments,
year 2000 (beth units)

U.S. population
Category dose commitment,

person-rems /yr

Natural background radiation * 26,000,000*

Seabrook Station Units 1 and 2
(combined) operation

Plant workers 880.0

General public:
Liquid effluents ** 2.2
Gasecus effluents 29.0
Transportation of fuel and waste 6.0

*Using the average U.S. background dose (100 mrem /yr) and year
2000 projected U.S. population from " Population Estimates and
Projections," Series II, U.S. Department of Commerce, Bureau
of the Census, Series P-25, No. 704, July 1977.

**80-km (50-mile) population dose
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APPENDIX E

REBASELINING OF THE RSS RESULTS FOR PWRs

The results of the Reactor Safety Study (RSS) have been updated. The update
was done largely to incorporate results of research and development conducted
after 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 (NUREG/CR-1659) results reflect use of advanced
modeling of the processes involved in meltdown accidents, i.e., the MARCH com-
puter code modeling for transient- and loss-of-coolant accident-(LOCA)-
initiated sequences _and the CORRAL code used for calculating 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 what existed at the time the RSS was completed. The
advanced accident process models (MARCH and CORRAL) produced some changes in staff
estimates of the release magnitudes from various accident sequences in WASH-1400.
These changes primarily involved 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, while 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 the staff understands them to evolve rather than the tech-
nique of grouping large numbers of accident sequences into encompassing, but
synthetic, release categories, as was done in WASH-1400. The rebaselining of,

the RSS also eliminated the " smoothing technique" that was criticized in the
report by the Risk Assessment Review Group (sometimes known as the Lewis Report;
NUREG/CR-0400).

In both of the RSS designs (pressurized water reactor and boiling water reactor,
PWR and BWK), the likelihood of an accident sequence leading to the occurrence
of a steam explosion (a) in the reactor vessel was decreased. This was done
to reflect both experimental and calculational indications that such explosions
are unlikely to occur in those sequences involving small size LOCAs and tran-
sients because of the high pressures and temperatures expected to exist within
the reactor coolant system during these scenarios. Furthermore, if such an
explosion were to occur, there are indications that it would be unlikely to
produce as much energy and the massive missile-caused breach of containment
postulated ict WASH-1400.

;

|
'

*It should be noted that the MARCH code was used on a number c f scenarios in
j connection with the TMI-2 recovery efforts and for post-TMI-i investigations
; to explore possible alternative scenarios that TMI-2 could have evperienced.
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For rebaselining of the RSS PWR design, the release magnitudes for the risk
dominating sequences, e.g., Event V, TMLB' $, y and S C6 (described later)2
were explicitly calculated and used in the consequence modelling rather than
b2ing lumped into release categories as was done in WASH-1400. The rebaselin-
ing led to a small decrease in the predicted risk to an individual of early
fatality or latent cancer fatality relative to the original RSS-FWR predic-
tions. 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 explosions (a) were artificially elevated in their risk significance
(i.e., made more likely) by use'of the " smoothing technique.")

In summary, the rebaselining of the RSS results led to small overall differences
from the predictions in WASH-1400. It should be recognized that these small
dif ferences due to the rebaselining ef forts are likely to be far outweighed by
the uncertainties associated with such analyses.

The accident sequences which 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 (See the table of
these symools, Table E.1). 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 mate-
rials from containment.*

! Event _V (Interfacing System LOCA)

During the Reactor Safety Study a potentially large risk contributor was iden-
tified due to the configuration of the multiple check valve barriers used to
separate the high pressure reactor coolant system from the low design pressure
portions of the emergency core cooling system (ECCS) (i.e., the low pressure
injection subsystem - LPIS). If these valve barriers were to fail in various
modes, such as a leak in one valve and rupture of the other or rupture of both
valves, and suddenly exposed the LPIS to high overpressures and dynamic loadings,
the RSS judged that a high probability of LPIS rupture would exist. Because
the LPIS is largely located outside of containment, the Event V scenario would
be a LOCA that bypassed containment and those mitigating features (e.g., sprays)
within containment. The RSS assumed that if the rupture of LPIS did not entire-
ly fail 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 this scenario represents one of the largest risk contributors from the

i 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 inter-
facing valves to ensure that these valves are properly functioning as pressure
boundary isolation barriers during alant operations. Accordingly, Event V
predictions for the RSS PWR are likely to be conservative relative to the design
and operation of the Seabrook PWR plants

! *For additional information detail see Reactor Safety Study (WASH-1400), Appen-
dix V.
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TMLB'-6, y

This sequence essentially considers the loss and nonrestoration of all ac power
sources available to the plant along with an independent failure of the steam
turbine-driven auxiliary feedwater train which would be required to operate to

! remove shutdown heat from the reactor core. Ihe transient event is initiated
by loss of offsite ac power sources which would result in plant trip (scram);

and the loss of the normal way that the plant removes heat from the reactor *
core (i.e. , via the power conversion system consisting of the turbine, con-
denser, 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
supplies (two diesel generators) and the standby auxiliary feedwater system,,

i two trains of which are electrically driven by either onsite or offsite ac
power. With failure and nonrestoration of ac power and the failure of the
steam turbine driven 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 fis-

' sion product mitigating systems would not be operational to prevent the
ultimate overpressure (6, y) failure of containment and a rather large, ener-
getic 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)

In the RSS the $ C-6 sequence was placed into 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 5 C-6, and the results indicated that it was next in over-2
all risk importance following 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 $ C-6 sequence included a small LOCA occurring in a specific2
region of the plar,+; failure of the recirculating containment heat removal
systems (CSRS-F) because of a dependence on water draining to the recircula-
tion 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 of
the CSIS(C) resulted in eventual overpressure failure of containment (6) due'

to the loss of CSRS(F). Given the overpressure failure of containment, the
RSS assumed that the ECCS functions would be lost due either to the cavitation
of ECCS pumps or from 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, leading to a significant release of radioactive materials.

Approximately 20% of the iodines and 20% of the alkali metals present in the
core at the time of release would be released to the atmosphere. Most of the
release would occur over a period of about 1.5 hours. The release of radio-
active 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 initially heated by contact with the melt, the rate of :

'

sensible energy release to the atmosphere would be moderately high.

Seabrook DES E-34
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PWR 7

This is the same as the PWR release category 7 of the original RSS, which was
made up of several sequences such as S 0-c (the dominant contributor to the2
risk in this category), SgD-c, 5 H-c, S H-c, AD-c, AH-c, TML-c, and TKQ-c.2 i

All of these sequences involved a containment base mat melt-through as the con-
tainment failure mode. With exception of TML-c and TKQ-c, all involve the poten-
tial failure of the ECCS following occurrence of a LOCA with the containment
engineered safety features continuing to operate as designed until the base
mat was penetrated. . 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. The radioactive materials
would be released into the ground, with some leakage to the atmosphere occur-
ring upward through the ground. Most of the release would occur continuously
over a period of about 10 hours. The release would include approximately
0.002% of the iodines and 0.001% of alkali metals present in the core at the
time of release. Because leakage from containment to the atmosphere would be
low and gases escaping through the ground would be cooled by contact s.ith the
soil, the energy release rate would be very low.

References

U.S. Nuclear Regulatory Commission, NUREG/CR-1659, Vol. 1, " Reactor Safety
Study Methodology Applications Program," April 1981.

-- , NUREG 75/04, " Reactor Safety Study," WASH-1400, October 1975.
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| Table E.1 Key to PWR Accident Sequence Symbols

A - Intermediate to large LOCA.

B- Failure to recover either onsite or offsite electric power within about
1 to 3 hours following an initiating transient which is a loss of offsite
ac power.

Failure of the containment spray injection system.C -

Failure of the emergency core cooling injection system.D -

H Failure of the emergency core cooling recirculation system.-

K - Failure of the reactor protection system.

Failure of the secondary system steam relief valves and the auxiliaryL -

feedwater system.

Failure of the secondary system steam relief valves and the power conversionM -

system.

Q Failure of the primary system safety relief valves to reclose after opening.-

5 - A small LOCA with an equivalent diameter of about 2 to 6 in.3

5 - A small LOCA with an equivalent diameter of about 1/2 to 2 in.2

T - Transient event.

V tow prescure injection system check valve failure,-

- Containment rupture due to a reactor vessel steam explosion.a

p - Containment failure resulting from inadequate isolation of containment
openings and penetrations,

y - Containment failure due to budrogen burning.

6 - Containment failure due tr .verpressure.

c - Containment vessel melt-through.
__

I

|
|
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APPENDIX F

CONSEQUENCE MODELING CONSIDERATIONS

F.1 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
accident, 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 contam-
ination. The Reactor Safety Study (RSS) (NUREG-75/014, WASH-1400), consequence
model contains provision for incorporating radiological consequence reduction
benefits of public evacuation. The benefits of a properly planned and expe-
ditiously carried out public evacuation wculd be well manifested in a reduction
of early health ef fects associated with early exposure; namely, in the number
of cases of early fatality (see Section F.2) and acute radiation sickness which
would require hospitalization. The evacuation model originally used in the
RSS consequence model is described in WASH-1400 as well as in NUREG-0340.
However, the evacuation model which has been used herein is a modified version
of the RSS model (Sandia) and is, to a certain extent, site emergency planning
oriented. 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 significant
quantities of radioactivity to the atmosphere.

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

0 Assumed to be of a constant value which would be the same for all evacuees.
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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 operators
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 underway.

The model assumes that each evacuee would move radially out in the downwind
direction * 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 (5 miles) more
than the 16-km (10-mile) plume exposure pathway EPZ radius). After reaching

the end of the travel distance the evacuee is assumed to receive no further
radiation exposure.

The model incorporates a finite length of the radioactive cloud in the down-
wind direction which would be determined by the product of the duration over
which the atmospheric release would take place and the average windspeed dur-
ing the release. It is assumed that the front and the back of the cloud formed
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, then 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 (a) an evacuee will still have a
head start, or (b) the cloud would be already overhead when an evacuee starts
to leave, or (c) an evacuee would be initially trailing behind the cloud. How-
ever, 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
number of times before the evacuee would reach his or 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 radio-
nuclides on the ground while they are stationary and while they are evacuating.
Because radionuclides would be deposited continually 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 cloud had completely passed.
To account for this, at least in part, the revised model assumes that persons

(a) exposed to the total ground contamination concentration which is cal-are:
culated to exist after complete passage of the cloud, after they are completely

*In the RSS consequence model, the radioactive cloud is assumed to travel
radially outward only.

** Assumed to be of a constant value which would be the same for all evacuees.
The staff's estimate of evacuation time for Seabrook site is based upon

applicant's data for site evacuation during normal and weekend (beach traffic)
road conditions.

Seabrook DES F-2



! passed by the cloud; (b) exposed to one half the calculated concentration when
j anywhere under the cloud; and (c) not expdsed when they are in front of the i

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 for accidents involving significant release
of radioactivity to the atmosphere were based upon the assumption that all peo-
ple within the 16-km (10-mile) plume exposure pathway EPZ would evacuate as
per the evacuation scenario described above. Because sheltering can be a miti-
gative feature, it is not 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 1 hour was used. The staff believes that
such a value appropriately reflects the Commission's emergency planning require-
ments. The staff estimated the effective evacuation speed to be 1 meter per
second (2.2 miles per hour), based upon the applicant's estimate of the time to
clear the 16-km (10-mile) zone. It is realistic to expect that the authorities
would evacuate persons at distances from the site where exposures above the
threshold for causing early fatalities could be reached regardless of the EPZ
distance. The sensitivity of the early fatalities to evacuation distance was
calculated by assuming longer evacuation distances of 24 and 32 km (15 and
20 miles) from Seabrook. As an additional emergency iceasure for the Seabrook
site, it was also assumed that all people beyond the evacuation distance who
would be exposed to the contaminated ground would be relocated after passage
of the plume. For these people outside of the evacuation zone and within 40 km
(25 miles), a reasonable relocation time span of 8 hours has been assumed, dur-
ing which each person is assumed to receive additional exposure to the ground
contamination. Beyond the 40-km (25-mile) distance, the usual assumption of
the RSS conser4uence model regarding the period of ground exposure was used--which
is that if the calculated ground dose to the total marrow over a 7-day period
would exceed 200 rems, then this high dose rate would be detected by actual
field measurements following the plume passage, and people from those regions
would then be relocated immediately. For this situation the model limits the
period of ground dose calculation to 24 hours; otherwise, the period of ground
exposure is limited to 7 days for calculation of early dose.

Figure F.1 shows the early fatalities for evacuation distances of 24 and 32 km
(15 miles and 20 miles), and a pessimistic case for which no early evacuation is
assumed and all persons are assumed to be exposed for the first 24 hours follow-
ing an accident and are then relocated.

The model has the same provision for calculation of the economic cost asso-
ciated with implementation of evacuation as in the orginal 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 45* 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 relocation is assumed to be $125 (1980 dollars) per person, which includes
cost of food and temporary sheltering for a period of 1 week.

Seabrook DES F-3

-.



- _ - ___ _ _

T 1,6 10' 10' 10' , , , , , , ,0' , , . . . . .&o1 1
, ,

o -. , ,,,,,,,| . , , ,,,,,i , , ,,,,,,i , ,

LEGEND !*g
a *! o = NO EVAC. -RELOCATION AFTER 1 DAY :j g o = EVAC TO 15 MILES :

:
3 :"

a = EVAC TO 20 MILES toy g0 ?H7

a? :-
g : :
g :

.f
i . o

P o_ ~*

N *!
_

>a :
_

'

~ i
i g
g Ew

mHE :
1 : :: ::

N - M
-

-

T O
. t

.

.
T o

go,g :-
u .

|H= ,

! A" "

9
-

\
e,

~ to
a !~

s *! :
g : .

- .

.Ym .

o80- 5H
m a5 h :o : _

m . _

g _

_'_

Y o
. . . . . . ......i . . . . . . . . . . . . . . . . go

16
.

. . . . ,d . . . . ;6 16 10' 16g
i 1

X=EARLY FATALITIES
Figure F-1 Sensitivity of early fatalities to avacuation characteristics

(See Section 5.9.4.5(7) for a discussion of uncertainties in risk estimates). (To convert mi to km, multiply by 1.6093)

-- _-
-



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

1

!

F.2 Early Health Effects Model

The medical advisors to the Reactor Safety Study proposed three alternative
dose-mortality relationships that can be used to estimate the number of early
fatalities that might result in an exposed population. These alternatives
characterize different degrees of post-exposure medical treatment from " minimal,"
to " supportive," to " heroic," and are more fully described in NUREG-0340.

The calculational estimates of the early fatality risks presented in the texts
j of Section 5.9.4.5(3) and Section F.1 of this appendix used the dose-mortality
j relationship that is based upon the supportive treatment alternative. This

implies the availability of medical care facilities and services for those exposed
't

in excess of about 200 rems. At the extreme low protability end of the spectrum,
i.e., at'the one chance in one-hundred-million per reactor year level, the number
of persons involved might exceed the capacity of facilities for such services,
in which case the number of early fatalities might have been somewhat under-

! estimated. To gain perspective on this element of uncertainty, the staff has
also performed calculations using the most pessimistic dose-mortality relation-
ship based upon minimal medical treatment and using identical assumptions
regarding early evacuation and early relocation as made in Section 5.9.4.5(3).
This shows one early fatality at two chances in one-million per reactor year
level, an increase from 1500 to 2700 early fatalities at the one chance in ten-
million per reactor year level (see Table 5.4), and an overall two-fold increase
in annual .*isk of early fatalities (see Table 5.5). The major fraction of the'

increased risk of early fatality in the absence of supportive medical treatment
j would occur within 4 km (2.5 mi) and virtually all would be contained within

24 km (15 mi) of the Seabrook site.,

I
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APPENDIX G
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I LETTERS FROM THE U.S. FISH AND WILDLIFE SERVICE

AND THE NATIONAL MARINE FISHERIES SERVICE
CONCERNING ENDANGERED SPECIES

IN THE SEABROOK AREA
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Mr. Frank J. Miraglia, Chief
Licensing Branch 3
Division of Licensing
Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Miraglia:

This responds to your September 21, 1981, letter R Mr. Howard Larsen requesting
information on the presence of Federally listr.a and proposed endangered or
threatened species within the impact area of the Seabrook nuclear power station,
Units 1 and 2, in Seabrook, New Hampshire. This office is responsible for all
consultations in New England under Section 7 of the Endangered Species Act for
species under our jurisdiction. The National Marine Fisheries Service in
Gloucester, Massachusetts should be consulted regarding marine endangered and
threatened species in the impact area of the project.

The following information pertains to all known Federally listed and proposed
endangered and threatened species under our jurisdiction within 50 miles of
Seabrook as you requested on September 21. Our response has been delayed pending
the receipt of additional information on the specific location of transmission
facilities associated with the Seabrook project. Mr. Allen Legendre of the
Yankee Atomic Electric Company sent us this information on October 13, 1981.

The endangered peregrine falcon (Falco peregrinus) migrates along the coastal
areas near Seabrook during the spring and f all. These birds are often sighted
over the coastal saltmarshes including those at our Rachel Carson and Parker

River National Wildlife Refuges, which are located in Wells, Maine and Newbury-
port, Massachusetts, respectively. Both of these refuges are located within
50 miles of the Seabrook site. Although the coastal area is an active corridor
for migrating peregrine falcons, there are no known nests within the 50-mile
area 'around Seabrook.

The bald eagle (Haliaeetus leucocephalus), which is also aa endangered species,
is regularly reported within 50 miles of Seabrook. Eagles use the coastline
during their seasonal migrations between nesting and wintering areas. In addi-
tion, a number of eagles spend the winter along the Merrimack River, where they
are routinely reported from as far upriver as Bow, New Hampshire.

We are concerned about the potential electrocution of birds as a result of this
project. To the extent possible, new transmission facilities should be designed
and constructed so as to prevent electrocution of raptors, such as the peregrine

f
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folcon and bald eagle. This will be especially important along migratory corridors
and wintering areas.

There are two plants which occur within the 50-mile area around Seabrook that
htve been proposed for listing as endangered or threatened species. The first
of these is the small whorled pogonia (Isotria maleoloides), which has been pro-
posed for Federal listing as an endangered species (Federal Register, Vol. 45,
No. 178, Page 59909, September 11, 1980). Populations of this species occur in
Epsom, Deerfield and Milton, New Hampshire, all of which are within 50 miles of
Ssabrook.

The second species is the silverling (Paronychia argyrocoma var. alb1 montana),
which has been proposed for Federal listing as threatened (Federal Register,
Vol. 45, No. 209, Page 70949, October 27, 1980). It occurs in Newburyport,

Massachusetts, which is within 50 miles of Seabrook.

Based on the information sent by Mr. Legendre, it does not appear that new trans-
mission facilities will be constructed La the towns where these plants occur.
Therefore, we do not feel that it is necessary to specify exact locations of the
plants. If further plans call for new facilities in these towns, please contact
us so we can advise you on potential impacts to these species.

This response relates only to endangered species under our jurisdiction. It does
not address other legislation or our concerns under the Fish and Wildlife Coordi-
nation Act.

As you have indicated a desire for a thorough review, we suggest that you contact
the following people regarding potential impacts to State listed endangered and
threatened species:

1. New Hampshire:

Ms. Carol Smith
Audubon Society of New Hampshire
3 Silk Farm Road
Concord, New Hampshire 03301

2. Massachusetts:

Mr. Bradford G. Blodgett
Massachusetts Division of Fisheries

and Wildlife
Leverett Saltonstall Building
100 Cambridge Street
Boston, Massachusetts 02202

G-2
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i 3. Maine:

Mr. Lee E. Perry
Maine Dept. of Inland Fisheries

and Wildlife
284 State Street
Augusta, Maine 04333

Lists of Federally designated endangered and threatened species in Maine, New,

Hampshire, and Massachusetts are enclosed for your information. Thank you for
your cooperation and please contact us if we can be of further assistance.

Sincerely,yours,
4 -

( I

u ./v w
Charles R. Maloy

C Area Manager

Enclosures

;

;

e
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FEDERALLY LISTED ENDANGERED AND THREATENED SPECIES
IN MASSACHUSETTS

Common Name Scientific Name Status Distribution

FISHES:

Sturgeon, shortnose* Acipenser brevirostrum E Connecticut River and
Atlantic Coastal waters

R_EPTILES:

Turtle, green * Chelonia mydas T Oceanic straggler in
Southern New England

Turtle, hawksbill* Eretmochelys imbricata E Oceanic straggler in
Southern New England

Turtle, leatherback* Dermochelys coriacea E Oceanic sumner resident
Turtle, loggerhead * Caretta caretta T Oceanic summer resident
Turtle, Atlantic Lepidochelys kempii E Oceanic summer resident

ridley *

Turtle, Plymouth red- Chrysemys rubriventris E Plymouth and Dukes
bellied bangsi Counties

BIRDS:

Eagle, bald Haliaeetus leucocephalus E Entire teate

Falcon, American Falco peregrinus anatum E Entire state -

peregrine re-establishment to
former breeding range
in progress

Falcon, Arctic Falco peregrinus tundrius E Entire state Migratory -

peregrine no nesting

MAMMALS:

Cougar, eastern Felis concolor cougar E Entire state - may be
extinct

Whale, blue * Balaenoptera musculus E Oceanic
Whale, finback* Balaenoptera physalus E Oceanic
Whale, humpback * Megaptera novaeangliae E Oceanic
Whale, right* Eubalaena spp. (all species) E Oceanic
khale, sei* Balaenoptera borealis E Oceanic

a Physeter catodon E OceanicWhale, sperm

MOLLUSKS: 1

NONE

PIANTS :

Silverling Paronychia argyrocoma T Essex County
var. albimontana (proposed)

Small Whorled Pogonia Isotria =eleoloides E Hampshire County
(proposed)

* Except for sea turtle nesting habitat, principal responsibility for these
species is vested with the National Marine Fisheries Service

G-4 Rev.1/ 6 /81
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FEDERALLY LISTED ENDANGERED AND THREATENED SPECIES
IN MAINE

Common Name Scientific Name Status Distribution
|

| FISRES:

Sturgeon, shortnose* Acipenser brevirostrum E Kennebec River and i

Atlantic Coastal waters

'

REPTILES:

Turtle, leatherback* Dermochelys coriacea E Oceanic summer resident
Turtle, loggerhead * Caretta caretta T Oceanic summer resident
Turtle, Atlantic Lepidochelys kempii E Oceanic summer resident

ridley *
J

BIRDS:'

Eagle, bald Haliaeetus leucocephalus E Entire state - nesting
habitat

I Falcon, American Falco peregrinus anatum E Entire state -
i peregrine re-establishmenc to

former breeding range
in progress

j Falcon Arctic Falco peregrinns tundrius E Entire state Migratory -
peregrine no nesting

'
MAMMALS:<

I i

Cougar, eastern Felis concolor cougar E Entire state - may be,

j extinct
j Whale, blue * Balaenoptera musculus E Oceanic

Whale, finback* Balaenoptera physalus E Oceanic!

Whale, humpback * Megaptera novaeangliae E Oceanic
Whale, right* Eubalaena spp. (all species) E Oceanic
Whale, sei* Balaenopters borealis E Oceanic
Whale, sperm * Physeter catodon E Oceanic

MOLLUSKS:

NONE

PLANTS:

Silverling Paronychia argyrocoma T 0xford County
var. albimontana (proposed)

Small Whorled Pogonia Isotria meleoloides E Kennebec, Cumberland,*

(proposed) Oxford Counties
Lousewort, Furbish's Pedicularis furbishiae E Aroostook Countyi

* Except for sea turtle nesting habitat, principal responsibility for these
species is vested with the National Marine Fisheries Service

Rev. 12/12/80
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FEDERALLY LISTED ENDANGERED AND THREATENED SPECIES
IN NEW HAMPSHIRE

Common Name Scientific Name Status Distribution

FISHES:

Sturgeon, shortnose* Acipenser brevirostrum E Atlantic Coastal waters

'EPTILES :

Turtle, leatherback* Dermochelys coriacea E Oceanic summer resident
Turtle, loggerhead * Caretta caretta T Oceanic summer resident

" Oceanic summer residentTurtle, Atlantic Lepidochelys kempii

ridley *

,lRDS:

Ea gle , bald Haliaeetus leucocephalus E Entire state - migratorf

Falcon, American Falco peregrinus anatum E Entire state -

peregrine re-establishment to
former breeding range
in progress

Falcon, Arctic Falco peregrinus tundrius E Entire state Migratory -

peregrine no nesting

!!A.'fi4ALS :

Cougar, eastern Felis concolor cougar E Entire state - may be
extinct

Whale, blue * Balaenoptera musculus E Oceanic
Whale, finback* Balaenoptera physalus E Oceanic
Whale, humpback * Megaptera novaeangliae E Oceanic
Whale, right* Eubalaena spp. (all species) E Oceanic
Whale, scia Balaenoptera borealis E Oceanic
'Jha le , sperm * Physeter catodon E Oceanic.

10LLUSKS:

NONE

?LANTS:

Robbins cinquefoil Potentilla robbinstana E Coos County
Silverling Paronychia argyrocoma T Carroll, Coos Counties

var. albimontana (proposed)
Small Whorled Pogonia Isotria meleoloides E Belknap, Strafford,

(proposed) Merrimack, Grafton,
Carroll Counties

Exc ep t for sea turtle nesting habitat, principal responsibility for these2

species is vested with the National Marine Fisheries Service

G-6 Rev. 12/12/80
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; National Oceanic and Atmospheric Administration |
NATIONAL MARINE FISHERIES SERVICE ',,

Servicas Division
Habitat Protection Branch

; 7 Pleasant Street
I Cloucester, FUL 01930
|

! February 25, 1982

Mr. Frank J. Miraglia
Chief, Licensing Branch 3

"

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Miraglia:

. This is in response to your request for information on endangered
I and threatened species found in the area of the Seabrook Nuclear ,

'

Cenerating Station in Rockingham County, New Ilampshire, in accordance+

with Section 7 of the Endangered Species Act of 1973, as amended. The,

'

endangered shortnose sturgeon (Acipenser brevirostrum) has been reported
in the Merrimack River and there was one unsubstantiated report from
the Piscataqua River. The endangered humpback whale (Megaptera
novacangline) and fin whale (Balaenoptera physalus) are commonly found
on Jef f rey's Ledge from June through September. The endangered right
whale (Balaena glacialis) is found in the adjacent offshore waters in,

June and July and again in October through December. The endangered
leatherback sea turtle (Dermochelys coriacea) is occasionally found in
the offshore waters in mid-summer. *

1

The shortnose sturgeon is not known to inhabit the Hampton-Seabrook
estuarine area near the station. Furthermore, the intake / discharge
structures will not affect the habitat of the offshore whales and sea
turtles. Therefore, we believe that the operation of Seabrook Units 1

;; and 2 will not affect endangered or threatened species for which we are
responsible. Should project plans change or new information becone'

; available that changes the basis for this decision, then consultation
'

under Section 7 should be continued.

Sincerely,

'"
t,

Ruth Rehfus
Branch Chief

r

\ T.; f ::
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PE V1 ARY
Permit No. NH0020338
Page 1 of

AUTHORI2ATION TO DISCHARGE UNDER THE
l NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of the Federal Clean Water
Act, as amended. (33 U.S.C. 551251 et seq.; the " CWA"),!

Public Service Company of New Hampshire
Seabrook Station

| P.O. Box 330
l Manchester, NH 03101

is authorized to discharge from a facility c6 it ,
'

'.
,

Route 1 ]"'"Seabrook, NH I'

to receiving water named

Atlantic Ocean and Browns River

in accordance with effluent limitations, monitoring requirements
and other conditions set forth herein.

This permit shall become effective on

This permit and the authorization to discharge expire
at midnight, five years from the effective date.

This permit supersedes the permit issued on

This permit consists of pages in Part I including ef fluent
limitations, monitoring requirements, etc. and 19 pages in Part
II including General Conditions and Definitions.

Signed this day of

Environmental Protect: gey
Boston, MA I REGION I

' M M |

DRAFT
H-1
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Part I
Pe rmit No. NH0020338
Page 2 of 21

A. Ef fluent Limitations and Monitoring Requirements

1. Except as specified in Paragraphs 1 through 11 herein, the
permittee shall not discharge to the Browns River or Atlantic
Ocean, a final effluent to which it has added any pollutants.

a. Chlorine may be used as a biocide. No other biocide
shall be used without explicit approval from the Regional
Administrator and the Executive Director.

b. Total Residual Chlorine or oxidant concentration,
unless otherwise specified, shall be measured downstream
of the unit being chlorinated before that stream mixes
with any other discharge.

The discharges shall not jeopardize any Class B use ofc.
the Browns River and shall not violate applicable water
quality standards for Class B water as defined by the
Etate of New Hampshire. Pollutants which are not limited
by this permit, but which have been specifically dicciosed
in the permit application, may be discharged at the frequency
and level disclosed in the application, provided that such
discharge does not violate Sections 307 or 311 of the Act
or applicatie water quality standards.

d. The permittee shall not at any time, either alone or
in conjunction with any person or persons, cause directly
or indirectly, the discharge of any waste into the receiving
waters except waste that has been treated in such a manner
as will not lower the Class B quality or interfere with
the uses assigned to said waters by the New Hampshire
Legislature (Chapter 211, Laws of 196 7 ) .

e. This permit shall be modified, revoked or reissued to
comply with any applicable effluent standard or limitation
issued or approved under Sections 301(b)(2)(C) and (D),
304(b)(2), and 307(a)(2) of the Act, if the effluent standard
or limitation so issued or approved:

(1) contains different conditions or is otherwise
more stringent than any effluent limitation in this
permit; or

(2) controls any pollutant not limited by this
permit.

H-2 (
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Permit No. NH0020338
Page 3 of 21

If the permit is modified or reissued, it shall be revised
to reflect all currently applicable requirements of the Act.

|

f. The term " Regional Administrator" means the Regional
|

| Administrator of Region I of the U.S. Environmental Protection
Agency and the term " Executive Director" means the Executive'

Director of the New Hampshire Water Supply and Pollution
Control Commission.

g. There shall be no discharge of polychlorinated biphenyl
compounds such as commonly used for transformer fluid.

h. The total chlorine residual of the effluent shall not
result in any demonstrable harm to aquatic life or violate
any water quality standard which has been promulgated.
Upon future promulgation of any such standard, this permit
may be revised or amended in accordance with such standards,
the permittee being so notified.

i. The thermal plumes from the station shall: (a) not
block zones of fish passage, (b) not interfere with spawn-
ing of indigenous populations, (c) not change the balanced
indigenous population of the receiving water, and (d) have
minimal contact with surrounding shorelines.

j. This permit will become effective on the date indicated
on Page 1 and will supersede the permit dated .

k. "Tunne) Activation Date" as used in the succeeding para-
graphs, is defined as that date when there is a discharge
from the cooling water diffuser nozzles. The date that
the tunr.els are filled with water by removal of the plugs
on the intake and discharge structures will not be considered
as the Tunnel Activation Date for this permit, because the
activation date may follow this date by a considerable
length of time. The permittee shall notify the Regional
Administrator and the Executive Director at least 30 days
prior to planned " Tunnel Activation Date."

1. The permittee shall notify the Regional Administrator
and the Executive Directoc as soon as it knows or has
reason to believe:

a. That any activity has occurred or will occur
which would result in the discharge of any
toxic pollutant which is not limited in the
permit, if that discharge will exceed the
highest of the following " notification levels:"

H-3



_ _ _ _ _ _

Parmit No. NH0020338
Page 4 of 21

(1 ) One hundred micrograns per liter (100 ug/1)
for all toxic pollytants except for (2) to
(4) below.

(2) Two hundred micrograms per liter (200 ug/1)
for acrolein and acrylonitrile; five hundred
micrograms per liter (500 ug/1) for 2,4-dini-
trophenol and for 2-methyl-4,6-dinitrophenol;
and one milligram per liter (1 mg/1) for
antimony;

(3) Five (5) times the maximum concentration value
reported for that pollutant in the permit
application; or

(4) Any other notification level established by
the Regional Administrator in accordance with
40 C.F.R. 512 2. 6 2 ( f ) .

b. That it has begun or expects to begin to
use or manufacture as an intermediate or final
product or by-product any toxic pollutant which
was not reported in the permit application.

m. The criteria for the Seabrook Station cooling water
system effluent limitations have been derived from the
following documents:

(1) Public Service Company of New Hampshire Application
for an NPDES Permit for Seabrook Station dated
August 1, 1974.

(2) Public Service Company of New Hampshire Application
for a Permit to Discharge or Work in Navigable
Waters and their Tributaries dated October 25,
1974.

(3) Regional Administrator's Determination dated
June 24, 1975 relating to Cooling Water Intake
Intake Structure Location and Design.

(4) Regional Administrator's Determination dated,

October 24, 1975 relating to the Thermal Component
of the Discharge.

(5) Ad ministra tor 's Decision dated June 10, 1977
relating to the Appeal of the Regional Adminis-
trator's Initial Decision.

(6) Administrator's Modifications of Determinations
dated November 7, 1977, relating to modification
to (3) and (4) above.

H-4
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(7) Administrator's Decision on Remand dated August 4,
1978.

(8) Steam Electric Power Generating Point Source
Category Effluent Limitations Guidelines 40 C.F.R.
423 as proposed at 4 5 Fed. Reg. 68328 et seg on
October 14, 1980.

n. The thermal component of the discharge shall in all
respects be in accordance with the discharge described in
the permittee NPDES Permit Application No. NH0020338, dated
August 1, 1974, except as specifically modified below.

(1) The permittee shall. perform back-flushing (cooling
water flow reversal for oio-fouling control) only
during times when meteorological and hydrological
conditions are such that the plume flows off-shore
and/or temperature increases are minimized at the Sunk
Rocks. The Permittee shall submit the data in its
possession relating to such conditions. If after
review of such data, the Regional Administrator and the
Executive Director determines that further data are
necessary, the Permittee shall submit to the Regional
Administrator and the Executive Director for approval
a plan for studying wind and tides during the pre-
operation period. The Permittee will conduct the
studies contemplated by such plan in such manner as the
Regional Administrator and Executive Director specifies.
A detailed back-flushing operational procedure will
be developed before the plant begins operation in
accordance with Paragraph I. A.10.d of this permit.

(2) Except for the discharge during cooling water flow
reversal for bio-fouling control, the thermal component
of the discharge from the Seabrook Station shall not
cause a temperature rise of more than 5.0*F in the
receiving waters, except that in the near-field jet
mixing region the 5*F limit shall apply only at the
surface of the receiving waters. For th( purposes of
this paragraph, the near-field jet mixing region means
that portion of the receiving waters within 300 feet
of the submerged diffuser in the direction of discharge.
This paragraph shall apply only to temperature rises
to the extent caused by the addition of heat to the
receiving waters by the Permittee.

|

|
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(3) After operation of the Seabrook Station commences,
the Permittee shall conduct such studies as are deter-
mined by th*e Regional Administrator and the Executive
Director to be necessary to evaluate the accuracy of
the thermal plume predictions it has submitted to
EPA in support of the NPDES Permit Application No.
NH0020338 for both normal operation and thermal back-
flushing operations. This submittal shall be in
accordance with Paragraph I.A.11 of this permit.

(4) The Permittee shall submit to the Regional Admin-
istrator and to the Executive Director for approval a
plan designed to provide adequate baseline data on the
indigenous benthic populations at the intake site, the
discharge site, the Outer Sunk Rocks, and suitable
reference stations. The plan should provide for
quantitative benthic sampling with collections for at
least two years after initiation of plant operation
to determine the effect, if any of plant operation

on such biota. The Permittee shall submit to the
Regional Director and Executive Director for approval

|

l
a plan for continued study of the population dynamics
of Mya arenaria. The Permittee shall conduct these'

studies in such manner as the Regional Administrator
and the Executive Director specify. The proposed
plan submittal shall be in accordance with Paragraph
I.A.11 of this permit.

(5) After operation of the Seabrook Station commences,
the Permittee shall conduct such studies as are deter-
mined by the Regional Administrator and the Executive
Director to be necessary to continuously monitor and
evaluate the effect of the Seabrook Station on the
balanced, indigenous population of shellfish, fish and
wildlife in and on the body of water into which the
discharge is made. The proposed plan submittal shall
be in accordance with Paragraph I.A.11 of this permit.

(6) NPDES Permits issued from time to time in regard
to the discharges from Seabrook Station will contain
such further limitations or be modified to contain
such further limitations on the thermal component of
the discharge as the results of the above studies and
other available information indicate to be necessary
to assure the protection and propagation of a balanced

t indigenous population of shellfish, fish and wildlife
in and on the receiving waters.

(7) The effluent limitations of this permit shall apply
to all thermal components of the discharge from the
Seabrook Station, including but not limited to discharge
during normal station operation and discharge during
cooling water flow reversal for bio-fouling control.

H-6
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| (8) The permittee Nhall submit to the Regional Adminis-
i trator and the Executive Director recommendations on
| methods to ' iscourage growth of organisms on the dif-d
| fuser which might attract browsing fish which would

then be susceptible to entrapment during the reversed
flow back-flushing operation. The proposed design of
the multi-port dif fuser shall be approved by the Regional
Administrator and the Executive Director prior to the
installation of the diffuser nozzle components,

o. It has been determined that the circulating water intake
structure presently designed employs the best technology
available for minimizing adverse environmental impact. No
change in the location, design or capacity of the present
structure can be made without prior approval of the Regionali

Administrator and the Executive Director. The present
design shall be reviewed for conformity to regulations
pursuant to Section 316(b) when such are promulgated.

p. The design, construction, and capacity of all compon-
ents of the cooling water system seaward of the inlets to
the main condensers or other heat exchangers, as appropriate,
of *.he Seabrook Station (the " cooling water intake structures")
shall in all respects be in accordance with NPDES Permit
Application No. NH0020338, as submitted on August 1, 1974,
and the Permittee's Application for a Permit to Discharge
or Work in Navigable Waters and their Tributaries, submitted
to the Corps of Engineers by letter of October 25, 1974,
except as specifically modified below:

(1) The cooling water intake structure shall have
three intake ports.

(2) The Permittee shall use an anti-fouling protective
coating on the cooling water intake structures to dis-
courage growth of organisms which might attract browsing
fish which would then be susceptible to entrapment. The
multiport dif f user shall be maintained free of marine
organisms.

(3) The velocity of water as it enters the cooling
water intake structures shall at no time exceed 1.0
foot per second.

(4) The cooling water intake structures shall incorp-
orate such behavioral or other non-structual deterrents
and barriers as the Regional Administrator and[the - )?)
Executive Director determines to be appropriate under
Section 316(b) of the Clean Water Act after reviewing
the results of any Permittee conducted studies and any
other information available.
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(5) That portion of the cooling water intake structures
into which the cooling water is drawn from the ocean
during normal station operation (the " intake ports")
shall be located at approximately 42' S4' 18" North
latitude and 70* 47' 10" West longitude. This location

may vary by up to 150 feet in any direction to allow
the intake to be located in accordance with best engi-
neering practices.

(6) NPDES Permits issued from time to time in regard to
the cooling water intake structures for the Seabrook
Station will contain such further limitations and require-
ments or be modified to contain such further limitations
and requirements as the results of any studies by the
Permittee and other available information indicate to
be necessary to minimize adverse environmental impace
from the cooling water intake structures.

t

.
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PART I

2. During the period beginning ef fective date and lasting through Tunnel Activa-
tion Date, the permittee is authorized to discharge from outfall(s) serial number (s)
002, tunnel dewatering, stormwater rur.of f, domineralizer waste, cooling tower blowdown,
secondary plant leakage, and treated sanitary wastes.

a. Such discharges shall be limited and monitored by the permittee as specified below:

Monitoring RequirementsEffluent Characteristic Discharge Limitations
~ Measurement SampleOther Units (Specify)

Avg. Monthly Max. Daily Frequency Type

3Flow-m / Day (MGD) (44.8) (46.3) Continuous Daily Range
and Average

Total Suspended Solids, mg/l 30.0 100.0 Once Daily Grab

Oil and Grease, mg/l 15.0 20.0 Weekly Grab

[ Total Residual Oxidants, mg/l 0.2 0.2 Daily when
in use Grab

25 Once Daily Gra bTurbidity, JTU --

b. The pH shall not be less that 6.5 standard units nor greater than 8.0 standard units,
or 0.5 standard units above that which is naturally occurring at the intake source,
whichever is greater, and shall be monitored weekly by a grab sample.

c. There shall be no discharge of floating solids or visible foam in other than trace yy
amounts. ,gm

mN
d. Samples taken in compliance with the monitoring requirements specified above .7

shall be taken at the point of discharge into the Browns River. oZ
*

.

w
b
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3. During the period beginning ef fective date and lasting through Tunt.a1 Activation
Date, the permittee is authorized to discharge from outfall(s) serial number (s) 021,
treated sanitary waste.

Such discharges shall be limited and monitored by the permittee as specified below:a.

Effluent Characteristic Discharge Limitations Monitoring Requirements
Average Average Maximum Measurement Sample

Monthly Weekly Da ily Frequency Type

-- -- Continuous Daily Range3Flow-m / Day (MGD) (0.05)
and Average

BOD , mg/l 30 45 50 Weekly 24-hr composite
S

Total Suspended Solids, mg/l 30 45 50 Da i ly Grab

5.0 Daily when GrabTbtal Residual Chlorine, mg/l -- --

z in use;
o

Oil and Grease No Visible Da ily Observation
Sheen

70 70 Weekly GrabTotal Coliform, MPN/100ml --

0.1 0.3 Daily GrabSettleable Solids, mg/l --

b. There shall be no mcasurable temperature increase. yy
ao

The pH shall not be less than 6.5 standard units nor greater than 8.0 standard units , $3
c. or 0.5 standard units above that which is naturally occurring at the intake source, yp

owhichever is greater, and shall be monitored weekly by a grab sample. g
oo
**

d. There shall be no discharge of floating solids or visible foam in other than
trace amounts. gg

o
o

Samples are taken in compliance with the monitoring requirements specified abovee. shall be taken at any representative point prior to discharge into the primary o

U
settling basin. m

~
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4. During the period beginning Tunnel Activation Date and lasting through expiration
date, the permittee is authorized to discharge from outfall(s) serial number (s) 001,
condenser cooling water, service cooling water, liquid waste distillate, steam generator
blowdown, cooling tower blowdown, domineralizer waste, secondary plant leakage.

a. Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge Limitations Monitoring Requirements
Other Units (Specify) Measurement Sample
Avg. Daily Max. Daily Frequency Type

Flow-m3/ Day (MGD) (1,187) Hourly * Daily Average--

and Range

Temperature Rise,gg T, *F *** 39 41 Hourly Daily Average
and Range

z Tempera ture (Maximum), *F -- -- Hourly Ouily Average

h and Range

Total Residual Oxidants 0.2 mg/l 0.2 mg/l Daily Average**

and Range

The flow rate may be estimated from pump capacity curves and operational hours.*

The sampling frequency shall be determined through the Chlorine Management Program**

outlined in Subparagraph "e" below.
*** Temperature Rise is the difference between the Disc,harge Temperature and Intake

Temperature. yy
>m

b. The pH of the discharge shall not be less than 6.0 standard units nor greater than 8.5 $3
standard t lits Or 0.5 standard units above that which is naturally occuring at the gp
intake source, whichever is greater. s,

oo
c. There shall be no discharge of visible oil sheen, foam, or floating solids in other **

than trace amounts except in cases of condenser leak seeking and sealing. In such w2#

cases, the use of a reasonable amount of biodegradable and non-toxic material may be "5
used to the extent necessary to find and/or seal the condenser leak. Each quarter $
the permittee shall report the occasions wherein this material was used. o

w
m
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d. Samples taken in compliance with the monitoring requirements above shall be taken at a

j representative point prior to discharge into the Atlantic Ocean.
1 The permittee shall have a plan for the Chlorine Minimization Study approved by thee.

Regional Administrator and by the Executive Director on the effective date of the permit,
to determine the minimum level of chlorine discharge into the receiving waters while
maintaining a suitable 'io-fouling control of the intake cooling water system and condenser
efficiency. The object re of this Chloringe Minimization Study is to minimize the discharge
of chlorine and its reinted compounds into the receiving waters. The Chlorine Minimization

Study should last at least one full year. The design of the Chlorine Minimization Study
shall be based upon the approach in Appendiz A of 40 C.F.R. Pa rt 423, as proposed at

45 Fed. Reg. 68328 et seg. on October 14, 1980. The test phase of this program will be

initiated on the tunnel Activation Date. The Total Residual Oxidant concentration shall
not exceed 0. 2 mg/l at the diffuser discharge ports during the Chlorine Minimization

I Study. A final report shall be submitted 6 months after the completion of the test phase
0 and shall contain as a minimum: a summary of the raw data an interpretation of the raw

data, and the recommendations for a long-term Chlorine Management Program at Seabrook"

Station.

f. All material removed from the rotating screens in the cooling water intake system shall
not be returned to the receiving waters.

The concentrations of radionuclides shall not exceed those standards for such materialsg.
as appear in and are restricted by licenses f rom the Nuclear Regulatory Commission.

mm
Wm

-
H&
M
Z

oo
m.

MZ
wm

O
O
M
O
w

- _ _ - --



_ _ _ ___-_

Part I

5. During the period beginning Tunnel Activation Date and lasting through expiration
date, the permittee is authorized to discharge from outfall(s) serial number (s) 002,
stormwater runoff, construction runoff, and treated sanitary wante.*

Such discharges shall be limited and monitored by the permittee as specified below:a.

Effluent Discharge Discharje Limitations Monitoring Requirements
Other Units (Specify) Measurement Sa mple
Monthly Max. Da ily Frequency Type

3Flow-m / Day (MGD) (1.0) (41.5) Continuous Daily
Range and Avg.

Total Suspended Solids, mg/l 30.0 100.0 Once Daily Grab

Oil and Grease, mg/l 15 20 Weekly Grab

f Turbidity, JTU -- 25 Once Daily Gra b
C

* Discharge 002 may also contain cooling tower blowdown, treated demineralizer regenerants,
and/or secondary plant leakage if required for equipnent maintenance or at times when
there is no flow in the discharge tunnel. The dates, duration, and reason of the
diversion of any one or all of these streams from Discharge 001 to Discharge 002 shall
be reported in the quarterly Discharge Monitoring Report,

b. The pli shall not be less than 6.5 standard units nor greater than 8.0 standard units,
or 0.5 standard units above that which is naturally occurring at the intake source,
whichever is greater, and shall be monitored weekly by a grab sample, yy

en
c. There shall be no discharge of floating solids or visible foam in other than *3

trace amounts. Hn

"z
d. Samples taken in compliance with the monitoring requirements above shall be taken 00

.

at the point of discharge into the Browns River.
,
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PART I

During the period beginning Tunnel Activation Date and lasting through expiration date6. serial number (s) 021, treatedthe permittee is authorized to discharge from outfall(s)
sanitary waste.

Such discharges shall be limited and monitored by the permittee as specified below:a.

Effluent Characteristic Discharge Limitations Monitoring Requirements

Other Units (Specity) Measurement Sample

Avg. Monthly | Avg. Weekly | Max. Da ily Frequency Type

Flow-m / Day (MGD) (0.035) -- -- Continuous Daily Range
3 and Average

30 45 50 Weekly 24-hr com-
BOD 5, mg/l posite

Total Suspended Solids, mg/l 30 45 50 Daily Grab

f 5.0 Daily when
2; Total Residual Chlorine, mg/l

----

in use Grab

Oil and Grease No visible sheen Daily Observation

70 70 Weekly Grab
Total Coliform,.MPN/100ml --

0.1 0.3 Daily Grab
Settleable Solids, mg/l --

b. There shall be no measurable temperature increase, yy
ag*

The pH shall not be less than 6.5 standard units nor greater than 8.0 standard units, g.

%"c. or 0.5 standard units above that which is naturally occurring at the intake source, z
whichever .is greater, and shall be monitored weekly by a grab sample. oo

There shall be no discharge of floating solids or visible foam in other thand. isg
trace amounts. O

Samples taken in compliance with the monitoring requirements specified above y\
e. into the primary wshall be taken at any representative point prior to discharge $

settling basin.

x
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7. During the period beginning Tunnel Activation Date and lasting through expiration
date, the permittee is authorized to discharge from outfall(s) serial number (s) 022,
secondary plant leakage Vault # 1, 023 secondary plant leakage, Vault # 2, 024 fire pump
house sump.

Such discharges shall be limited and monitored by the permittee as specified below:a.

,,nitoring RequirementsEffluent Characteristic Discharge Limitations Mo;

Other Units (Specity) fica su rement Sample
Avg. Monthly Max. Da ily Frequency Type

Monthly EstimateFlow-gpd -- --

Oil and Grease, mg/l 15 20 Weekly when Grab
,

ir. use
|
t

Total Suspended Solids, mg/l 30 100 Weekly when Gra b'

in use

I b. The.pH shall not be less than 6.0 standard units nor greater than 9.0 standard units.
E The samples taken in compliance with the monitoring requirements specified abovec.

shall be taken at a representative point prior to mixing with any other stream.
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Part I

8. During the period beginning ef fective date and lasting through expiration date, the
permittee is authorized to discharge from outfall(s) serial number (s) 025, liquid waste
distillate.

Such discharges shall be limited and monitored by the permittee as specified below:a.

Effluent Characteristic Discharge Limitations Monitoring Requirements
Other Units (Specify) Measurement Sample

Avg. Monthly Max. Daily Frequency Type

Flow-g pd 6,000 -- Each batch Estimate

Oil and Grease, mg/l 15 20 Once prior to Grab
batch discharge

Total Suspended Solids, mg/l 3 ') 100 Once prior to Grab
z batch discharge'

E
Radioactivity (See Subparagraph "d" below)

The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units.b.

Samples taken in compliance with the monitoring requirements specified above shallc. be taken at a representative point prior to mixing with any other stream.

The concentrations of radionuclides shall not exceed those standards for suchd. materials as appear in and are restricted by licenses from the Nuclear Regulatory gg
aw

Commission. od
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9. During the period beginning Tunnel Activation Date and lasting through expiration
date, the permittee is authorized to discharge from outfall(s) serial number (s) 026,
chemical cleaning wastes,

a. Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge LimiFations Monitoring Requirements
Other Units (Specify) Measurement Sample
Avg. Monthly Max. Daily Frequency Type

Da ily * Es tima teFlow-gpd -- --

Oil and Grease, mg/l 15 20 Da ily* Grab

Copper, mg/l 1.0 Da ily * Grab

Iron, mg/l 1.0 Da ily * Grab

Phosphate (as P), mg/l 1.0 Da ily * Grab

* Sample frequency is once daily when treated chemical cleaning waste is being discharged
from holding tanks or ponds.

b. The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units.

c. The samplea taken in compliance with the monitoring requirements specified above
shall be taken at a representative point prior to mixing with any other stream, yy

am
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10. During the period beginning Tunnel Activation Date and lasting through expiration
date, the permittee is authorized to discharge f rom outf all(s ) serial number (s) 003,
back-flushing operation for biofouling control of the intake water system.*

a. Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge Limitations Monitoring Requirements
Other Units (Specify) Measurement Sa mple
Avg. Monthly Max. Da ily Frequency Type

Flow-gpm 400,000 When in use Estimate **

Total Residual Oxidants, mg/l 0.2 0.2 2 representative
grab samples Daily Avg.
when in use and Range

Temperature, *F 120 Continuous Average and
when in use Ra nge

{
os

In the back-flushing operation, the diffuser serves as the intake and the intake*

structure is the discharge point.
** Flow rate may be estimated from pump curves and operational hours,

b. The pH shall not be less than 6.0 standard units nor greater than 8.5' standard units.

c. There shall be no discharge of oil, a visible oil sheen, foam, or floating solids
in other than trace amounts.

mv
d. The continuous back-flushing flow at high temperature (120*P maximum) shall not be .$

*longer than a duration of 2 hours. The total back-flushing cycle may not exceed 6 r.

hours. The thermal plume which arises from the back-flushing operation shall not g"
impinge upon the Inner and Outer Sunk Rocks. The permittee shall have the operational z

00procedures approved by the Regional Administrator and the Executive Director by the .

effective date of this permit that will specify the weather conditions, tidal
conditions, and any other hydrodynamic factors that would ensure that the back- U$$
flushing thermal plume will not impinge upon the Inner and Outer Sunk Rocks.

e. The permittee shall include in the quarterly submittal of the Discharge 8
Monitoring Report each time Discharge 003 is used in control of bio-fouling $
giving the date and duration of each back-flushing operation.

- . _
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11. Biological Monitoring
,

a. The permittee shall, within 30 days of the effective date
of this permit, submit to the Regional Administrator and the
Executive Director for their approval a plan for studies to
monitor the biological community adjacent to and within the
Hampton-Seabrook estuary. These operational studies should
place special emphasis on monitoring those biological
populations which may be impacted directly or indirectly
by the intake and/or discharge of the Seabrook Station.

b. The permittee shall, within 30 days of the ef fective date
of this permit, submit to the Regional Administrator and the
Executive Director for their approval a plan to study the
thermal and hydrodynamic impact on the receiving waters by
the operational circulating cooling water system (intake
structure and discharge structure under normal and back-
flushing procedures) when Unit 1 and when Units 1 and 2
(combined) are on-line.

c. Additional criteria for the biological and hydrological
studies are to be found in Paragraphs I. A.1.m through p of
this permit.

d. The approved biological and hydrological monitoring plans
shall be implemented on the Tunnel Activation Date or on
a later date as directed by the Regional Administrator and
the Executive Director.

e. The permittee may propose changes to the approved biological
or hydrological plans to the Regional Administrator and the
Executive Director annually after the Tunnel Activiation
Date based upon prior test results. The permittee must
demonstrate that the proposed changes will be equivalent
to or will enhance the previously approved studies.

f. The biological and hydrological study reports shall be
submitted on a quarterly basis with an annual report
summarizing the previous four quarters information and
conclusions.

H-19
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B. SCHEDULE OF COMPLIANCE

1. The permittee shall achieve compliance with the effluent
limitations and/or conditions specified for discharges in
accordance with the following schedule:

The permittee shall notify the Regional Administratora.
and the Executive Director at least 30 days prior to the
planned Tunnel Activation Date (Permit Par. I.A.l.k.).

b. By the effective date or the permit, the permittee
shall have an approved operational procedure for the
thermal back-flushing process ( Pa r . I.A.l.n.(1) and
I.A.10.d.).

By the effective date of the permit, the permitteec.
shall have an approved plan for the Chlorine Minimiz-
ation Study (Par. I.A.4.e.).

d. Within 30 days of the effective date of this permit,
the permittee shall submit for approval a biological
test program (Par. I.A.l.n.(4) and I.A.ll.a.).

Within 30 days of the effective date of this permit,e.
the permittee shall submit for approval a hydrological
test program (Par. I.A.1.n.(3) and I.A.11.b.).

f. On the Tunnel Activation Date, the permittee shall
initiate the Chlorine Minimization Study test phase,
the operational biological test program, and the
operational hydrological test program (Par. I.A.4.e.

and Par. I.A.11.d.).

g. The permittee shall submit a final report on the
Chlorine Minimization Study 6 calender months af ter
completion of the test phase (Par. I.A.4.e.).

h. The anti-fouling design of the diffuser shall be
approved prior to installation of the nozzle components ,

(Par. I.A.l.n.(8).)

2. No later than 14 calendar days following a date identified
in any schedule of compliance, the permittee shall submit
to the Director, either a report of progress or, in the
case of specific actions being required by identified
dates, a written notice of compliance or noncompliancc.
In the latter case, the notice shall include the cause of
noncompliance, any remedial actions taken, and the prob-
abilitly of meeting the next scheduled requirement.

i
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C. MONITORING AND REPORTING

1. Reporting

Monitoring results obtained during the previous 3 month (s)
shall be summarized for each month and reported on sparate
Discharge Monitoring Report Form (s) postmarked no later than
the 28th day of the month following the completed reporting
period. The first report is due on .

Duplicate signed copies of these, and all other reports required
herein, shall be submitted to the Director and one signed copy
to the State at the following addresses:

ENVIRONMENTAL PROTECTION AGENCY
Box 8127

Boston, MA 02114

The State Agency is:

NEW HAMPSHIRE WATER SUPPLY & POLLUTION CONTROL COMMISSION
Hazen Drive, P.O. Box 95

Concord, NH 05602
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GENERAL REQUIREMENTS

(a) Duty to comply. The permittee must comply with all con-
ditions of this permit. Any permit noncompliance con-
stitutes a violation of the Clean Water Act and is grounds
for enforcement action; for permit termination, revocation
and reissuance, or modification; or for denial of a permit
renewal application *.

(1) The permittee shall comply with effluent standards
or prohibitions established under section 307(a)
of the CWA for toxic pollutants within the time
provided in the regulations that establish these
standards or prohibitions, even if the permit has
not yet been redified to incorporate the requirement.

(2) The CWA provides that any person who violates a
permit condition implementing Sections 301, 302,
306, 307, 308, 318, or 405 of the CWA is subject
to a civil penalty not to exceed $10,000 per day of
such violation. Any person who willfully or negligently
violates permit conditions implementing Sections
301, 302, 306, 307, or 308 of the Act is subject to
a fine of not less than $2,500 nor more than $25,000
per day of violation, or by imprisonment for not
more than 1 year, or both.

(b) Duty to reapply. If the permittee wishes to continue an
activity regulated by this permit after the expiration
date of this permit, the permittee must apply for and
obtain a new permit. The permittee shall submit a new
application at least 180 days before the expiration date of
the existing permit, unless permission for a later date has
been granted by the Director. (The Director shall not grant
permission ' for applications to be submitted later than the
expiration date of the existing permit.)

(c) Du ty to halt or reduce activity. It shall not be a
defense for a permittee in an enforcement action that
it would have been necessary to halt or reduce the
permitted activity in order to maintain compliance with
the conditions of this permit. Upon reduction, loss, or
failure of the treatment facility, the permittee-shall,
to the extent necessary to maintain compliance with its
permit, control production or all discharges or both
until the facility is restored or an alternative method
of treatment is provided. This requirement applies, for
example, when the primary source of power of the treat-
ment facility fails or is reduced or lost.

(d) Duty to mitigate. The permittee shall take all reasonable
steps to minimize or correct any adverse impact on the
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environment resulting from noncompliance with this
permit.

(e) Proper operation and maintenance. The permittee shall at
all times properly operate and maintain all facilities
and systems of treatment and control (and related ap-
purtenances) which are installed or used by the permittee
to achieve compliance with the conditions of this permit.
Proper operation and maintenance includes effective per-
formance, adequate funding, adequate operator staffing
and training, and adequate laboratory and process controls,
including appropriate quality assurance procedures. This
provision requires the operation of back-up or auxiliary
facilities or similar systems only when necessary to
achieve compliance with the conditions of the permit.

(f) Permit actions. This permit may be modified, revoked
and reissued, or terminated for cause, including but not
limited to (1) Violation of any terms or conditions of
this permit; (2) Obtaining this permit by misrepresentation
or failure to disclose all relevant facts; or (3) a
change in any condition that requires either a temporary
or permanent reduction or elimination of the authorized
discharge. The filing of a request by the permittee for a

|
permit modification, revocation and reissuance, or termination,

l or a notification of planned changes or anticipated noncom-
pliance, does not stay any permit condition.

(g) Property rights. This permit does not convey ;ny property
rights of any sort, or any exclusive privilege.

(h) Duty to provide information. The permittee shall furnish
to the Director, within a reasonable time, any information
which the Director may request to determine whether cause
exists fos modifying, revoking and reissuing, or termin-
ating this permit, or to determine compliance with this
permit. The permittee shall also furnish to the Director,
upon request, copies of records required to be kept by
this permit.

'

(1) Inspection and entry. The permittee shall allow the
Director, or an authorized representative, upon the
presentation of credentials and other documents as may
be required by law, to:

(1) Enter upon the permittee's premises where a regulated
f acility or activity is located or conducted, or
where records must be kept under the conditions of
this permit;

(2) llave access to and copy, at reasonable times, any
records that must be kept under the conditions of
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this permit;

(3) Inspect at reasonable times any facilities, equipment
(including monitoring and control equipment), prac-
tices, or operations regulated or required under
this permit; and

(4) Sample or monitor at reasonable times, for the pur-
poses of assuring permit compliance or as otherwise
authorized by the CWA, any substances or parameters
at any location.

(j) Monitoring and records.

(1) Samples and measurements taken for the purpose of
monitoring shall be representative of the volume
and nature of the discharged over the sampling and
reporting period.

(2) The permittee shall retain records of all monitoring
information, including all calibration and maintenance
records and all original strip chart recordings from
continuous monitoring instrumentation, copies of all
reports required by this permit, and records of all
data used to complete the application for this permit,
for a period of at least 3 years from the date of
the sample, measurement, report or application. This
period may be extended by request of the Director at
any time.

(3) Records of monitoring information shall include:

(i) The date, exact place, and time of sampling
or measurements;

(ii) The individual (s) who performed the sampling
or measurements;

(iii) The date(s) analyses were performed;

(iv) The individual (s) who performed the analyses;

(v) The analytical techniques or methods used; and

(vi) The results of such analyses.
|

| (4) Monitoring must be conducted according to test pro-
i cedures approved under 40 C.F.R. Part 136, unless other
i test procedures have been specified in this permit.

(5) The CWA provides that any person who f alsifies,
tampers with, or knowingly renders inaccurate any
monitoring device or method required to be maintained
under this permit shall upon conviction, be punished
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by a fine of not more than S10,000 or by imprisonrant
for not more than 6 months or by both.

(6) Monitoring results must be reported on a Discharge
Monitoring Report (DMR).

(7) If the permittee monitors any pollutant more frequently
than required by the permit, using test procedures
approved under 40 C.F.R. Part 136 or as specified in the
permit, the results of this monitoring shall be
included in the calculation and reporting of the
data submitted in the DMR.

(k) Signatory requirement. All applications, reports, or in-
formation submitted to the Director shall be signed and
certified in accordance with 40 C.F.R.SS122.6 and 122.7.
The CWA provides that any person who knowingly makes any
false statement, representation, or certification in any
record or other document submitted or required to be
maintained under this permit, including monitoring reports
or reports of compliance or noncompliance shall, upon
conviction, be punished by a fine of not more than $10,000,
or by imprisonment for not more than 6 months, or by
both.

(1) Reporting requirements.

(1) Planned changes. The permittee shall give notice to
the Director as soon as possible of any planned physical
alterations or additions to the permitted f acility.

(2) Anticipated noncompliance. The permittee shall give
advance notice to the Director of any planned changes
in the permitted facility or activity which may re-
sult in noncompliance with permit requirements.

(3) Transfers. This permit is not transferable to any
person except af ter written notice to the Director.
The Director may require modification or revocation
and reissuance of the permit to change the name of
the permittee and incorporate such other requirements
as may be necessary under the CWA.

(4) Monitoring reports. Monitoring results shall be
reported at the intervals specified elsewhere in .

this permit.
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(5) Twenty-four hour reporting. The permittee shall report
any noncompliance which may endanger health or the
environment. Any information shall be provided orally
within 24 hours from the time the permittee becomes
aware of'the circumstances or the next working day.
A written submission shall also be provided within
five (5) days of the time the permittee becomes
aware of the circumstances. The written submission
shallicontain a description of the noncompliance and
its cause; the period of noncompliance, including
exact dates and times, and if the noncompliance has
not been corrected, the anticipated time it is
expected to. continue; and steps taken or planned to
reduce, eliminate, and prevent reoccurrence of the
noncompliance.

The following information must be reported within
24 hours (24-hour reporting) or the next working day:

(i) Any unanticipated bypass which causes a violation
of any effluent limitation in the permit; or

(ii) Any upset which causes a violation of any
effluent limitation in the permit; or

(iii) Any violation of a maximum daily discharge
limitation ~for any of the pollutants specifically
listed by the Director in the permit.

The Director may waive the written report on a
case-by-case basis if the oral report has been
received within 24 hours or the next working day.

(6) Other noncompliance. The permittee shall report all
instances of noncompliance not reported under para-
graphs (1), (2), and (5), of this section, a't the time
monitoring reports are submitted. The reports shall
contain the information required in paragraph (1)(5)
of this section.

(7) Other information. Where the permittee becomes aware
that it failed to submit any relevant facts in a permit
application, or submitted incorrect information in a
permit application or_in any report to the Director,
it shall promptly submit such facts or information.

(m) Bypass

(1) Defini tions .

(i) " Bypass" means the intentional diversion of
waste streams from any portion of a treatment
facility.
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(ii) " Severe property damage" means substantial
physical damage to property, damage to the
treatment facilities which causes them to
become inoperable, or substantial and permanent
loss of natural resources which can reasonably
be expected to occur in the absence of a bypass.
Severe property damage does not mean economic
loss caused by delays in production.

(2) Prohibition of bypass.

(i) Bypass is prohibited, and the Director may take
enforcement action against a permittee for bypass,
unless all the following conditions occur:

| (A) Bypass was unavoidable to prevent loss of
| life, personal injury, or severe property

damage;

(B) There were no feasible alternatives to the
bypass, such as the use of auxiliary treat-
ment facilities, retention of untreated
wastes, or maintenance during normal periods
of equipment downtime. This condition is
not satisfied if the permittee could have
installed adequate backup equipment to
prevent a bypass which occured during normal
periods of equipment downtime or preventive
maintenance; and

(C) The permittee submitted notices as required
under paragraph (m)(3) of this section.

(ii) The Director may approve an anticipated bypass,
after considering its adverse effects, if the
Director determines that it will meet the
three conditions listed above in paragraph

(m)(2)(i) of this section.
(iii) Bypass not exceeding limitations. The permittee

may allow any bypass to occur which does not cause
effluent limitations to be exceeded, but only if
it also is for essential maintenance to assure
efficient operation. These bypasses are not
subject to the provisions of paragraph (m)(3)
of this section.

(3) Notice

(i) Anticipated bypass. If the permittee knows in
advance of the need for a bypass, it shall
submit prior notice, if possible at least ten
days before the date of the bypass.
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(ii) Unanticipated bypass. "The permittee shall
submit notice of an unanticipated bypass as
required in paragraph (1)(5) of this section
(24-hour notice).

(n) Upset

(1) Definition. ' Upset" means an exceptional incident
in which there is unintentional and temporary non-
compliance with technology-based permit effluent
limitations because of factors beyond the reasonable
control of the permittee. An upset does not include
noncompliance to the extent caused by operational
error, improperly designed treatment facilities, in-
adequate treatment facilities, lack of preventive
maintenance, or careless or improper operation.

(2) Effect of an upset. An upset constitutes an affirmative
defense to an action brought for noncompliance with -

such technology-based permit effluent limitations if
the requirements of paragraph (n)(3) of this section
are met. No determination made during administrative
review of claims that noncompliance was caused by
upset, and before an action for noncompliance, is
final administrative action subject to judicial review.

(3) Conditions necessary for a demonstration of upset. A
permittee who wishes to establish the affirmative
defense of upset shall demonstrate, through properly
signed, contemporaneots operating logs, or other
relevant evidence that:

(i) An upset occurred and that the permittee can
identify the specific cause(s) of the upset;

(ii) The permitted facility was at the time being
properly operated;

(iii) The permittee submitted notice of the upset
as required in paragraph (1)(S) of this section
(24-hour notice); and

(iv) The permittee complied with any remedial measures
required under (d) above.

(4) Burden of proof. In any enforcement proceeding the
permittee seeking to establish the occurrence of an
upset has the burden of proof.

(o) Change in Discharge

All discharges authorized herein shall be consistent with
the terms and conditions of this permit. The discharge
of any pollutant identified in this permit more frequently
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than or at a level in excess of that authorized shall con-
stitute a violation of the permit. Any anticipated facility
expansions, production increases, or process modifications
which will result in new, different, or increased discharges
of pollutants must be reported by submission of a new
NPDES application or, at least 180 days prior to commence-
ment of such discharges if such changes will not violate
the effluent limitations specified in this permit, by
notice, in writing, to the Director of such changes.
Following such notice, the permit may be modified to
specify and limit any pollutants not previously limited.
Until such modification is effective, any new or increased
discharge in excess of permit limits or not specifically
authorized by the permit constitutes a violation.

,

(p) Removed Substances

Solids, sludges, filter backwash, or other pollutants
removed in the course of treatment or control of waste-
waters shall be disposed of in a manner consistent with
applicable Federal and State laws and regulations including,
but not limited to the CWA and the Federal Resource Conservation
and Recovery Act, 42 U.S.C. SS6901 et seg., and regulations
promulgated thereunder.

(q) Power Failures

In order to maintain compliance with the effluent limitations
and prohibitions of this permit, the permittee shall either:
(1) In accordance with the Schedule of Compliance contained

in Part I, provide an alternative power source sufficient
to operate the wastewater control facilities,

or, if such alternative power source is not in existence,
and no date for its implementation appears in Part I,

(2) llalt, reduce or otherwise control production and/or 1

all discharges upon the reduction, loss, or f ailure
of the primary source of power to the wastewater control
facilities.

(r) Availability of Reports

Except for data determined to be confidential under Para-
graph X below, all reports prepared in accordance with
the terms of this permit shall be available for public in-
spection at the offices of the State water pollution control
agency and the Regional Administrator. As required by
the CWA, effluent data shall not be considered confidential.
Knowingly making any false statement on any such report
may result in the imposition of criminal penalties as
provided for in Section 309 of the CWA.
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(s) Oil and Hazardous Substance Liability

Nothing in this permit shall be construed to preclude the
institution of any legal action or relieve the permittee
from any responsibilities, liabilities, or penalties to
which the permittee is or may be subject under Section
311 of the CWA.

(t) State Laws

Nothing in this permit shall be construed to preclude
the institution of any legal action or relieve the per-
mittee from any responsibilities, liabilities, or penal-
ties established pursuant to any applicable State law
or regulation under authority preserved by Section 510
of the CWA.

(u) Other Laws

The issuance of a permit does not authorize any injury to
persons or property or invasion of other private rights,
nor does it relieve the permittee of its obligation to
comply with any.other applicable Federal, State, and
local laws and regulations.

(v) , Severability

The provisions of this permit are severable, and if any
provision of this permit, or the application of any
provision of this permit to any circumstance, is held
invalid, the. application of such provision to other
circumstances, and the remainder of this permit, shall
not be affected thereby.

(w) Reopener Clause

The Regional Administrator reserves the right to make
appropriate revisions to this permit in order to esta-
blish any appropriate effluent limitations, schedules

t of compliance, or other provisions which may be authorized
under the CWA in order to bring all discharges into com-
pliance with the CWA.

(x) Confidentiality of Information.

(1) In accordance with 40 C.F.R. Part 2, any information
submitted to EPA pursuant to these regulations may
be claimed as confidential by the submitter. Any
such claim must be asserted at the time of submission
in the manner prescribed on the application form or
instructions or, in the case of other submissions,
by stamping the words " confidential business infor-
mation" on each page containing such information. If
no claim is made at the time of submission, EPA may
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make the information available to the public without
further notice. If a claim is asserted, the infor-
mation will be treated in accordance with the pro-
cedures in 40 C.F.R. Part 2 (Public Information).

(2) Claims of confidentiality for the following informa, tion
will be denied:

(i) The name and address of any permit applicant
or permittee;

(ii) Permit applications and permits; and

(iii) NPDES effluent data.

(3) Information required by NPDES application forms
provided by the Director under 40 C.F.R. SS12 2.4 and
122.53 may rot be claimed confidential. This includes
information submitted on the forms themselves and
any attachments used to supply information required
by the forms.

(y) ?ight of Appeal.

Within thirty (30) days of receipt of notice of a final permit
decision, the permittee may submit a request to the Regional
Administrator for an evidentiary hearing under Subpart E, or a
formal hearing under Subpart F, of 40 C.F.R. Part 124, to re-

consider or contest that decision. The request for a hearing
must conform to the requirements of 40 C.F.R. S124.74.

DEFINITIONS

1. For purposes of this permit, the following definitions
shall apply. ,

Administrator means the Administrator of the United States
Environmental Protection Agency, or an authorized repre-

(
sentative.

Applicable standards and limitations means all State,
interstate, and Federal standards and limitations to
which a " discharge" or a related activity is subject to, in-
cluding water quality standards, standards of performance,
toxic effluent standards or prohibitions, "best management
practices," and pretreatment standards under sections
301, 302, 303, 304, 306, 307, 308, 403, and 405 of CWA.

Application means the EPA standard national forms for
applying for a permi t, including any additions, revisions
or modifications to the forms; or forms approved by EPA
for use in " approved States," including any approved
modifications or revisions.
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|
Average - The arithmetic mean of values taken at the
frequency required for each parameter over the specified
period. For total and/or fecal coliforms, the average

{shall be the geometric mean.

Average monthly discharge limitation means the highest
allowoble average of " daily discharges" over a calendar
month, calculated as the sum of all daily discharges
measured during a calendar month divided by the number of
daily discharges measured during that month.

Average weekly discharge limitation means the highest
allowable average of " daily discharges" over a calendar
week, calculated as the sum of all daily discharges
measured during a calendar week divided by the number
of daily discharges measured during that week.

Best management practices ("BMPs") means schedules of
activities, prohibitions of practices, maintenance pro-
cedures, and other management practices to prevent or
reduce the pollution of " waters of the United States."
BMPs also include treatment requirements, operating pro-
cedures, and practices to control plant site runoff,
spillage or leaks, sludge or waste disposal, or drainage
from raw material storage.

Best Professional Judgement (BPJ) means a case-by-case deter-
mination of best practicable treatment (BPT), best available
treatment (BAT) or other appropriate standard based on an
evaluation of the available technology to achieve a parti-
cular pollutant reduction.

Composite Sample - A sample consisting of a minimum of
eight grab samples collected at equal intervals during
a 24-hour period (or lesser period as specified in the
section on Monitoring and Reporting) and combined pro-
portional to flow, or a sample continuously collected
proportionally to flow over that same time period.

i

CWA means the Clean Water Act (formerly referred to as
the Federal Water Pollution Control Act or Federal Water
Pollution Control Act Amendments of 1972) Pub. L. 92-500,
as amended by Fvb. L. 95-217 and Pub. L. 95-576; 33 U.S.C.
SS1251 et seg.

Daily Discharge means the discharge of a pollutant
measured during a calendar day or any 24-hours period that
reasonably ~ represents the calendar day for purposes of
sampling. For pollutants with limitations expressed in
units of mass, the daily discharge is calculated as the
total mass of the pollutant discharged over the day. For
pollutants with limitations expressed in other units of
measurements, the dailir discharge is calculated as the
average measurement of the pollutant over the day.
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Director means Director, Enforcement Division, EPA, Region I.

Discharge of a pollutant means:

(a) Any addition of any " pollutant" or combination
of pollutants to " waters of the United States"
from any " point source," or

(b) Any addition of any pollutant or combination of
pollutants to the waters of the " contiguous zone"
or the ocean from any point source other than a
vessel or other floating craft which is being
used as a means of transportation.

This definition includes additions of pollutants
into waters of the United States from: surface
runoff which is collected or channelled by man;
discharges through pipes, sewers, or other conveyances
owned by a State, municipality, or other person which
do not lead to a treatment works; and discharges
through pipes, sewers, or other conveyances leading
into privately owned treatment works.

This term does not include an addition of pollutants
by any " indirect dischatger" as defined in 40 C.F.R.
S122.3

Discharge Monitoring Report Form ("DMR") means the EPA standard
national form, including any subsequent additions, revisions,
or modifications, for the reporting of self-monitoring
results by permittees. DMRs must be used by " approved
States" as well as by EPA. EPA will sup' ply DMRs to any
approved State upon request. The EPA national forms may,

be modified to substitute the State Agency name, address,
logo, and other similar information, as appropriate, in
place of EPA's.

Effluent limitation means any restriction imposed by the
Director on quantities, discharge rates, and concentrations
of " pollutants" which are " discharged" from " point sources"
into " waters of the United States," the waters of the
" contiguous zone," or the ocean.

Effluent limitations guidelines means a regulation published
by the Administrator under Section 304(b) of CWA to adopt
or revise " effluent limitations."
EPA means the United States " Environmental Protection Agency."

Grab Sample - An individual sample collected in a period
of less than 15 minutes.

llazardous Substance means any substance designated under
40 C.F.R. Part 116 pursuant to Section 311 of CWA.
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Indirect Discharger means a non-domestic discharger intro-
ducing pollutants to a publicly owned treatment works.

Industrial User means a non-domestic discharger intro-
ducing pollutants to a publicly owned treatment works.

Maximum daily discharge limitation (NPDES) means the
highest allowable " daily discharge."

Interference means an addition or disruption of the POTW,
its treatment processes or operations, or its sludge
processes, use or disposal which is cause of or significantly
contributes to either a violation of any requirement of the
POTW's NPDES permit (including an increase in the magnitude
or duration of a violation) or to the prevention of sewage sludge
use or disposal by the POTW in accordance with the following
statutory provisions and regulations or permits issued thereunder
(or more stringent State or local regulations): Saction 405 of
the Clean Water Act, the Solid Waste Disposal Act(SWDA) (including
title II more commonly referred to as the Resource Conservation
and Recovery Act(RCRA) and including State regulations contained
in any State sludge management plan prepared pursuant to Subtitle
D of the SWDA), the Clean Air Act, and the Toxic Substance Control
Act. An Industrial User significantly contributes to such a
permit violation or prevention of sludge use or disposal in
accordance with above-cited authorities whenever such User:

(a) Discharges a daily pollutant loading in etcess of that
allowed by contract with the POTW or by Federal, State,
or local law;

(b) Discharges wastewater which substantially differs
in nature or constituents from the User's ave, rage-
Discharge; or

(c) Knows or has reason to know that its Discharge, 3ne
or in conjunction with Discharges from other sources,
would result in a POTW permit violation or prevent
sewage sludge use or disposal in accordance with the
above-cited authorities as they apply to the POTW's

.
selected method of sludge management.

i

Municipality means a city, town, borough, county, parish,
dTs t ri c t , association, or other public body created by
of under State law and having jurisdiction over disposal
or sewage, industrial wastes, or other wastes, or an
Indian tribe or an authorized Indian tribe organization,
or a designated and approved management agency under
section 208 of CWA.

National Pollutant Discharge Elimination System means the
national program for issuing, modifying, revoking and
reissuing, terminating, monitoring and enforcing permits,
.and imposing and enforcing pretreatment requirements,
under sections 307, 402, 318, and 405 of CWA. The term
includes an " approved program."
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New discharger means any building, structure, facility,
or installation:

(a)(1) From which there is or may be a new or additional
" discharge of pollutants" at a " site" at which
on October 18, 1972 it had never discharged pollu-
tants;

(2) Which has never received a finally effective NPDES
" permit" for discharges at that site: and

(3) Which is not a "new source."

(b) This definition includes an " indirect discharger"
which commences discharging into " waters of the United
States." It also includes any existing mobile point
source, such as an offshore oil drilling rig, sea-
food processing rig, seafood processing vessel, or
aggregate plant, that begins discharging at a location
for which it does not have an existing permit.

New Source means any building, structure, facility, or
installation from which there is or may be a " discharge of
pollutants," the construction of which commenced:

(a) After promulgation of standards of performance under
Section 306 of CWA which are applicable to such
source; or

(b) After proposal of standards of performance in accordance
with Section 305 of CWA which are applicable to such
source, but only if the standards are promulgated in
accordance with Section 306 within 120 days of their
proposal.

NPDES means " National Pollutant Discharge Elimination System."

Owner or operator means the owner or operator of any " facility
or activity" subject to regulation under the NPDES programs.

Pass Through means the Discharge of pollutants through the
POTW into navigable waters in quantities or concentrations which
arc a cause of or significantly contribute to a violation of any
requirement of the POTW's NPDES permit (including an increase in
the magn tude or duration of a violation). An industrial User
significantly contributes to such permit violation where it:

(a) Discharges a daily pollutant loading in excess
of that allowed by contract with the POTW or by
Federal, State, or local law:

(b) Discharges wastewater which substantially differs
in nature and constituents from the User's average
Discharge:,

(c) Knows or has reason to know that its Discharge
alone or in conjunction with Discharges from other
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sources would result in a permit violation; or

(4) Knows or has reason to k.now that the POTW is,
for any reason, violating its final effluent
limitations in its permit and that such
Industrial User's Discharge either alone or
in conjuction with Discharges from other sources,
increases the magnitude or duration of the
POTW's violations.

Permit means an authorization, license, or equivalent
control document issued by EPA or an " approved State."

Point source means any discernible, confined, and discrete
conveyance, including but not limited to any pipe, ditch,
channel, tunnel, conduit, well, discrete fissure, containet,
rolling stock, concentrated animal feeding operation,
vessel, or other floating craft, from which pollutants
are or may be discharged. This term does not include
return flows from irrigated agriculture.

Pollutant means dredged spoil, solid waste, incinerator
residue, filter backwash, sewage, garbage, sewage sludge,
munitions, chemical wastes, biological materials, radio-
active materials (except those regulated under the Atomic
Energy Act of 1954, as amended (42 U.S.C. SS2011 et seq.)),
heat, wrecked or discarded equipment, rock, sand,~ cellar
dirt and industrial, municipal, and agricultural waste
discharged into wucer. It does not mean:

(a) Sewage from vessels; or

(b) Water, gas, or other material which is injected into
a well to facilitate production of c ' gas, or
water derived in association with oil gas pro-
duction and disposed of in a well, if t.ie well used
either to facilitate production or for disposal
purposes is approved by authority of the State in
which the well is located, and if the State determines
that the injection or disposal will not result in the
degradation of ground or surfact water resources.i

Primary industry category means any industry category listed
in the NRDC settlement agreement (Natural Resources Defense
Council et al. v. Train, 8 E.R.C. 2120 (D.D.C. 1976), modl-
fied 12 E.R.C. 1833 (D.D.C. 1979)); also listed in Appendix A
of 40 C.F.R. Part 122.

Process wastewitter means any water which, during manu-
facturing or processing, comes into direct contact with
or results from the production or use of any raw material,
latermediate product, finished product, byproduct,or
waste product.

Publicly owned treatment works ("POTW") means any facility
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or system used in the treatment (including recycling and
reclamation) of municipal sewage or industrial wastes
of a liquid nature which is owned by a " State" or "muni-
cipality." This definition includes sewers, pipes, or
other conveyances only if they convey wastewater to a
POTW providing treatment.

Regional Administrator means the Regional Administrator,
EPA, Region I, Boston, Massachusetts.

State means any of the 50 States, the District of Columbia,
Guam, the Commonwealth of Puerto Rico, the Virgin Islands,
American Samca, the Trust Territory of the Pacific Islands

S econd a ry Industry Category means any industry category
which is not a " primary industry category."

Sewage Sludge means the solids, residues, and precipitate
separated from or created in sewage by the unit processes
of a " publicly owned treatment works." " Sewage" as used
in thic definition means any wastes, including wastes from
humans, households, commercial establishments, industries,
and storm water runoff, that are discharged to or otherwise
enter a publicly owned treatment works.

Toxic Pollutant means any pollutant listed as toxic in
Appendix D of 4 0 Cz F.R. Part 122, under Section 307(a)(1)
of CWA.

Waters of the United States means:

(a) All waters which are currently used, were used in
the past, or may be susceptible to use in interstate
or foreign commerce, including all waters which
are subject to the ebb and flow of the tide;

(b) All interstate waters, including interstate " wetlands.

(c) All other waters such as intrastate lakes, rivers,
streams (including intermittent streams), mudflats,
sandflats, " wetlands," sloughs, prairie potholes,
wet meadows, playa lakes, or natural ponds the use,
degradation, or destruction of which would affect
or could affect interstate or foreign commerce
including any such waters:

(1) Which are or could be used by interstate or
foreign travelers for recreational or other
purposes;

(2) From which fish or shellfish are or could be
taken and sold in interstate or foreign com-
merce; or
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(3) Which are used or could be used for industrial -

purposes by industries in interstate commerce;

(d) All impoundn.ents of waters otherwise defined as waters
of the United States under this definition;

,

'

(e) Tributaries of waters identified in paragraphs (a) (d)-

| of this definition;
e

(f) The territorial sea; and

(g) " Wetlands" adjacent to waters (other than waters that
are themselves wetlands) identified in paragraphs (a) -

(f) of this definition.

Wetlands means those areas that are inundated or saturated by
surf ace or ground water at a f requency and duration suf ficient
to support, and that under normal circumstances do support, ,

a prevalence of vegetation typically adapted for life in
| saturated soil conditions. Wetlands generally include

swamps, marshes, bogs, and similar areas.

2. The following abbreviations, when used, are defined below,

3cu. M/ day or M / day cubic meters per day

mg/l milligrams per liter

ug/l micrograms per liter

lbs/ day pounds per day ,

kg/ day kilograms per day '

Temp. *C temperature in degrees Centigrade

| Temp. *F temperature in degrees Fahrenheit
,

1
'

Turb. turbidity measured by the
Nephelometric Method (NTU)

TNFR or TSS total nonfilterable residue or total
suspended solids

DO dissolved 7xygen

BOD five-day biochemical oxygen demand
unless otherwise specified

TKN tetal Kjeldahl nitrogen as nitrogen
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Total N total nitrogen

NH -N ammonia nitrogen as nitrogen
3

Total P total phosphorus

COD chemical oxygen demand

TOC total organic carbon

Surfactant surface-active agent

pH a measure of the hydrogen ion
concentration

PCB polychlorinated biphenyl
1

CPS cubic teet per second

MGD million gallons per day

Oil & Grease Freon extractable material

Total Coliform total coliform bacteria

Fecal Coliform total fecal coliform bacteria

ml/l milliliter (s) per liter

NO -N nitrate nitrogen as nitrogen3

NO -N nitrite nitrogen as nitrogen2

combined nitrate and nitriteNO -NO23
nitrogen as nitrogen

total residual chlorineC1 2
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chlorme mimmization study must be point of chlorine addition in the condenser
undertaken. A detaded approach to chlonne mlet bos can result in sigmfscant reduction in
minimization is presented m the Draft the quantity of chlorine required to achieve
Developmer.t Document for the Steam the necessary level of free available chlonne -

Electnc Industry. A chlorme minimization at the condenser. Chlonne addition. however. q
study should last at leahful,l_ytat. durmg is required m the coohng water mtake
which each of the followmg three variables is structure and other sectmns of the coohng

_

controlled at sanous levels untd the system for plants with crustacean fouhng
minimum value that permits proper plant problems.
performance is determined. Most esperience has demonstrated that the

L Dose of chlorine added-where dose is contmuous apphcation of chlonne to obtain a
defmed as the total amount of chlorine added free rendual(normally a very low level
per unit volume of cooling water, would be adequate) in the condenser

"2. Durotmo of chlonne addition-where discharge is necessary to gam contro1 of both
duration is defined as the length of time larval and adult forms of the s crotate4nso
tietween the start and end of a single period where they occur on the mtekt structure.
of chlorine addition. intake tunnels. mtake water bones and

3. Frequency of chlonnation-where discharge structure. Chlorine minimization in -

,
'

frequency is defmed as the number of periods such instances mvolves applymg chlonne
of chlorine addition per day or week. only danng the growing season and at the

Dunna the trials of various combinations of lowest concentrations necessary to achieve
dose, duration. and frequency. data on plant control. Visual mspection is the most usual
performance must be co!!ected. These data and reliable method of measuring the
may include turbine back pressure. chlorme effectiveness. For new f acihties. the

option of utshzm2 eat treatment to resolve -hcondenser back pressure and the temperature
drop across tl e condenser. The performance this problem should be esplored. The benefits
data can be analyzed to determine if proper and costs of chlorine reduction would have to
plant performance is bemg maintained be balanced with the utilization of heat a

treaDifferent plants wdl necessarily employ
Appendia A-Chlorina Minimigation Program different measures of performance to ensure

g h ard to the second of the specific

for Once-nrough Coolhg Water that conditions specific to that plant are factors, many other means of controlling
g 8taken into account. If plant performance is

Purpose not adequate, dose duration, or frequency is available. Already mentioned were heat
*#"# 0 # W#The purpose of chlonne minimization is to increased until proper performance is agairi nne injechon. "nok abnatiu s NAcredure the disc.harge of chlorine er its related achieved. At the end of a full year of study,

compounds to receivmg waters. This which takes into anount seasonal variatiens use of a mechanical condenwr ntifouhng
desuiption is mtended to esplam what a in water quahty and biologir al oigariisms. "MO# E"d dM"
chlonne minimization program is and how to data are asailable to defmc the minimum usmg mec.hanical cleanmg do not chlonnate
dtvelop and implement one. Anticipated dose, duaution and frequency. These at all, but the need fur chlorine additmn is not
situational factors and how to approach thun minimum values then define the proper always eliminated. For esisting plants, the
are a!so presented. chlorination procedWe to be used for future "' "8 " " "'"8 " "'

"""# operations. Performance data on the system may be expensive. For new plants. costs of a ;

must be taken periodically to check the rnechaMcal ckoning systnn am lawn since
Chlonne is commonly added to condenser adequacy of the procedure and tu enable any n retr fit is needed. New plants should

conhng water of steam electnc facihties m needed chaeges to be made. seri us y c nsider the use of a condenser
order to control the growth of various The lesel of sophistication taken in the *''**'''""I"8'Y'''*'
organisms (algae, bactena. barnacles, clams) development of such a program is highly Systematic Appmoch for Daterminingthat s.nuld otherwise attach to surfaces in thr
condenser. coohng towers or to other variable. At the discretion of plant operators. Minimum Amount of Chlorn,a Addition

the chlorine dose may be related to ph>sical As esplained in the preceedmg discussioncomponents of the conhng system and or chemical propernes of the coohng water. the control s anables are dose, duration, and'present the system from functionmg pn'perly At this levelof sophistication. considerable N"N' EN NFF" b.dT"MThe at'achment of these sanous organisins watn quahty data must be taken Theto the umhng water system is calic'd stage, these factors must be vaned m order to
bmfouhng Smcc the control method unmg ads antage of such an approach is that dose determme the optimum program. Throughout

,

'

chlorine mvolves creating a residual dose of can be contmHed directly by momtonrig one this penod the operatmg mtegnty of the plantwat" ality paranmnreactive chlonne, some of the chlorine used must be protected. To accomph h this. plant
to control biofouhng te stdl present when the in addition to the general considerations operators will need to estabbsh some
conhng water is discharged from the plant 11 presented. spec Gc factors that must be absolute means of monitoring condenser (or
is desirable to minimize the dischare of free

conndered mrlude the foHowmg other critical part of the coohng system)
and eombmed residual chlonne from steam (a) The portion of the coohng system which performance. lf at all possible. provisions

w ou uw Nne u ng c n should be made to enable visual mspection ofelet tnc pow crplants due to the toxicity thesc andde h hf the condenser elements followmg a test
(b) Other methods. besides chloriner ous po r p an s a e undertaken pened The actual conditionef the s> stem in

some t> p- of program to reduce the use of minimizati n, that would achieve the same terms of biofouhng can then be directly
a hlorine. The results of these programs end resut of reducmg the discharge of compared to the mdirect means of monitoring
indicate that significant rhlorme reduction chlonne and its related compounds. performance (condenser back pressure.
can he ac hicsed m many cines. Some of the With regard to the first of these factors. temperature drop etc ). Actual mspection of
plants found that chlormation is not required biofoulmg is frequently not a problem in the condenser or other part of the cochng
at all whde others hase found that the many p nmns of the coohng sy stem. system (which requires plant riosure or
amount of chlonne added can be signihcantly ou@ biological growih oaurs in all loading reduction) should nut be considered
redured. especially dunng the winter months. segments Ithe cochng system the most to be a ' routine' nethod of evaluating the

sensitise portion la usually the condenser. effectiveness of the chlorme additionGeneral Approach Diological growth m the other segments does program as umt downtime to make such
in order te determme the minimum amount n t generally impair the operation and inspections is costly and highl> andesirable

of shtonne a specific powerplant requires. a efficiency of the plant with the enreption of_ from a boiler operator's sianipomt
plants woh mrrumet cans Ibarnacles. clams) The specifics of implementation are
m the mtake water. The relocanon of the presented below accordmg to
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1. Aequired capabilities. There arer three basic ways to institute a
2. Test progrem elements and chlont e minimitation program: (1) reduce the
3 Implementation plan, dose. (ii) reduce the duration or (hil change
1. Required Copabdettes -a. A means of the frequency. For some facihtles. tt may be

measurms the apparent waterside condenser desirable to conduct all three alternatives
tube foulms This should include visual pnor to selectmg the most suitable. In most
mopections and biofoulms esmp!mg at some cases, the operator can choose one
pomt in the test program. Inspection should alternative based on previous expenence.
include condenser intake and discharge The three alternative approaches are
water boxes. and. if needed, the cooling explained in detail as follows:
water intalie structure. Other measurements b) Reduction of Dose. Establish a desired
may be substituted with caution such as outlet concentration for TRC. Maintam the
deviation from expected condenser pressure frequency and duration found effective in
drop, etc. The substitute measurementa all past expenence but reduce the dose of
have serious problems of ambiguity s%ce chlonne untd the d.esired effluent
many factors other than biofoulms film concentration is not exceeded. Closely

growth in the condenser tubes affect these monitor condenser performance parameters
during this period. If the system shows signsmea surements.

b A meer.a of relating the periodic of biofouling. mcrease the dose. Test penode
inspection result or other measurements to of about two months should be used for
condenser performance. evaluating etfcctiveness of each new dose

c. A means of gathering grab sample, from used.
condenser inlet, outlet, and NPDES discharge (ii) Reduction o/Dumtion Decrease the

duration of chlodne feed while maintaining,

A means of measunng free available the dose and frequency found effective in

chlor'ne (FAC) and total residual chlonne past expenence. Again, test periods of two
(TRC) on samples without delay once months are probably adequate to evaluate a
collected. He test method to be employed in particular duration strategy.

ASW D 1253 Chlonne in Water. Method A. (iii) Change the frequency: Frequency

Direct Amperometric Titration. changes with the goal of minimiration can be
e. A means of controlling and measuring made in two ways: (1) reduce the frequency

with appropnate accuracy the addition of whila keeping dose and duration at baseline
chtcrine to the cooling water to the unit or values: or (2) mcrease the frequency but

condenser under study..The arrangement for simultaneously decrease the duration. (for

addmg chlorine varies considerably from example, increase frequency from one to

plant to-plant. The physical differences may three times per day while reducing duration

influence the minimization strategy and may frorn one hour to to minutes). Test periods of

require physical modification of the existmg two morths are probably adequate to

system in order to properly implement the evaluate a particular change in frequency.
De entire test pmgram from start to finish,progra m.

f General chemical analytical capability should not require more than one year.

for properties or substances in water. Selecti n of which minimization strategies to
g. A means of determining short term be attempted (reduction of dose duration or

chtnrine demand of the inlet water either in frequency) may be limited by the one year

the laboratory or the difference between time constraint. In such cases, previous

applied chlonne cor. centration and the free operational experience should be cal, led upon
chlonne residual found at the condenser to decide which strategy shows the most

inlet. promise for success and testing efforts should
be placed on that strategy.

2. Test pmgmm elements.-a Establish a. 3. fmplementation Plan.-a. ne
baseline of condenser performance information obtained in the test plan above
associated with the condenser for each should serve as the guidelines far a
seasonal penod of plant operation (wmter- permanent chlonne minimization program.
summer, etc.). This may involve an initial ne most sucressful approach (the method
omine chemical or mechanicalleaning It is that provides for adequate plant performance
necessary that these baseline conditions be while minimizing chlorine discharge) should
used to evaluate the results of the various be implemented.
chionnstion strategies. Data needed to b. The implementation program should take
establish baselme conditions will be mto account seasonal variations in water
available at most facilities, and thus, will no' quality. For example, as was done in the
require a delay in systematic testmg of minimization testing program, each season of
mmimization strategies the year should be approached as a new set

b. Crduct screemng tests for a length of of operstmg conditions Different
time te i determined by plant operators. combinations of dose duration, and
D fier 'snt cooling water and chlonne frequency should be applied in each season.
feed cv ,urations may require alterations in The optimum combinations for each season
the sel~ ion of the mimmiration strategies bemg tho.c defined by the chlorine
Plants with several umts with similar tube minimizatim study during that season.
metal. Intake water. transit times. c. Momtonng of condenser performance
temperature gradient across the condensers indicators (condenser back pressure. etc.)
and cooling water velocity may allow parallel should continue during the implementation
anals of the minimization strategies on plan. nis is necessary to prevent serious
several umts while mamtammg other umts on biofouling (and potential plant shutdown)in
the dose, frequer.cy and duration found the event that the influent cooling water
effertive in past experience. The duration of quality or plant operating characteristics
plan' chlonnation should be restricted to a undergo a sudden change that increases the
mammum of two hours per day. plant's susceptibility to b6ofouling
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