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NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC oJblications 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 Rtports; 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.

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.

Single copies of NRC draft reports are available free upon written request to the Division of Tech-
nical information and Document Control, U.S. Nuclear Regulatory Commission, Washington, DC
20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute,1430 Broadway, New York, NY 10018.
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ABSTRACT

This Draft Environmental Statement contains the second assessment of the envi-
ronmental impact associated with the operation of the Catawba Nuclear 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 affected environment, environmental consequences and 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 normal operational re- V
leases 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 operating licenses for Catawba Nuclear
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:

Dr. Kahtan N. Jabbour, Project Manager
Division of Licensing
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555
301/492-7821

.
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SUMMARY AND CONCLUSIONS

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

(1) This action is administrative.

(2) The proposed action is the issuance of operating licenses to Duke Power
Company, North Carolina Municipal Power Agency Number 1, North Carolina
Electric Membership Corporation, and Saluda River Electric Cooperative,
Inc. (applicant) for the startup and operation of Units 1 and 2 of Catawba
Nuclear Station (NRC Docket Numbers 50-413 and'50-414), located in York
County, South Carolina, approximately 9.6 km (6 mi)* north of Rock Hill
and adjacent to Lake Wylie.

The two-unit Catawba Nuclear Station uses two four-loop pressurized water
reactors manufactured by Westinghouse Electric Corporation. Each reactor
has a rated thermal output of 3411 MWt. The 16 MWt input from the reactor
coolant pumps increases the reactor coolant system gross thermal output to
3427 MWt. Inplant electrical power consumption is expected to be 57 MWe
per unit, and the net electrical rating is 1145 MWe per unit.

(3) The information in this statement represents the second assessment of the
environmental imp. acts 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 July 1972 to construct this station, the staff
carried out a revie( of' impacts that would occur during its construction
and operation. That evaluation was issued as a Final Environmental
Statement--Construction Phase (FES-CP) in December 1973. After completing
a safety review, an evaluation by the Advisory Committee on Reactor Safe-
guards, and public hearings, thh U.S. Nuclear Regulatory Commission issued
Construction Permits Nos. CPPR-116 and CPPR-117 in August 1975. As of May
1982, the construction of Unit 1 was about 90% complete. The applicant
estimates a fuel-loading date of October 1984 for Unit 1 and October 1986

-for Unit 2. - In March 1979 the applicant applied for operating licenses
for the units'and submitted the required safety and environmental reports~

in support {of the' application ~.

(4) The staff has r'evieyed th actihities;assocfatedwiththeproposedopera-
tion of the station' and the potential environmental impacts. The staff's

, conclusions are summarized as follows:
,

.

*Throughout the[t'est.of this docuru t' values are presented in both metric
and English unitsi Forthemost-sart,measurementsandcalculationswere
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 er lesser accuracy"than:that. implied-iri the original English
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(a) Catawba station will improve the ability of the applicant and the
Southeastern Electric Reliability Council (SERC) to supply system
load requirements. There will be a net savings in overall system
production costs that will result from the operation of the station
(Section 6).

(b) Permanent alteration of about 52 ha (129 acres) of land for the
station has been necessary. This is not significant.

(c) The presence of the station and station operations will have negligi-
ble effect on the 100 year floodplain (Section 5.3.3).

(d) Periodic operation of the diesel generators (the predominant contri-
butors to air pollutant discharges) should not have a significant
impact on air quality (Section 5.4).

(e) Operation of Catawba station will not have an adverse impact on any
Federal- or State-designated terrestrial or aquatic endangered or
threatened species (Sections 5.5 and 5.6).

-

(f) While experimental work is still under way 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
230-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 5.2.2).

(g) Impingement and entrainment of aquatic biota are not. expected to
result in detrimental impacts to any species inhabiting Lake Wylie
(Section 5.5.2.1).

(h) Surface water quality impacts in Lake Wylie caused by discharges from
Catawba Nuclear Station will be small. Adverse impacts on aquatic
species inhabiting Lake Wylie are not expected (Sections 5.3.2.2 and-
5.5.2.2).

(i) The operation and maintenance of Catawba station will not adversely
impact existing archeological resources or historic sites (Sec-
tion 5.7).

| (j) The overall socioeconomic impact of operating Catawba station will be
| beneficial (Section 5.8).
(

i (k) The environmental analysis in this statement takes into account im-
pacts from exposure to routine releases as a result of the storage'

'.
of spent fuel from Catawba and the spent fuel from Oconee and McGuire
that may be stored at Catawba.(Section 5.9.3.1.2 and Appendix D).
The environmental impacts associated with transshipment of spent fuel
between Oconee, McGuire, and Catawba are discussed in Appendix G.

.

| (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).
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(m) Activities off site that might adversely affect operation of the
plant (nearby industrial, military, and transportation facilities
that might create explosive, missile, toxic gas, or similar hazards)
were evaluated. The risk to Catawba 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 op-
eration, 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 charac-
teristics of the site and environs that would warrant requiring special
accident mitigating features (Section 5.9.4.6). A qualitative discus-
sion of accidents involving the spent-fuel pool is in Appendix E.

(o) The environmental impact of Catawba station as a result of the uranium
fuel cycle is very small when compared to the impact of natural back-
ground radiation (Section 5.10).

(p) Noise levels off site during Catawba Nuclear Station operation are
predicted by the staff to be at or below the EPA-identified level for
protection of public health and welfare for nearby residences. A
confirmatory noise-monitoring program is recommended for the opera-
tional phase of the station (Sections 5.12 and 5.14.4).

(5) This statement assesses various impacts associated with the operation of
the facility in terms of annual impacts, and balances these impacts against
the anticipated annual energy production benefits. Thus, the overall
assessment and conclusion would not be dependent on specific operating
life. Where appropriate, however, a specific operating life of 40 years
was assumed.

(6) This Draft Environmental Statement is being made available to the public,
to the Environmental Protection Agency, and to other specified agencies
in August 1982.

(7) 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 to issue operating
licenses for Catawba 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 evalu-
ated 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

Catawba DES vii



._ .~ _-. .. . . . .. - .. .- -. .- _ _ . .

the staff, and implemented in the Environmental Protection Plan and
Technical Specifications that will be incorporated in the operating
licenses for Catawba Units 1 and 2.

(c) If adverse environmental effects or evidence of irreversible environ-4

! mental damage occurs during the operating life of the plant, the
applicant shall provide the staff with an analysis of the problem and
a proposed course of action to alleviate it.

i
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FOREWORD

This draft environmental statement was prepared by the U.S. Nuclear Regulatory
Commission (NRC), Office of Nuclear Reactor Regulation (the staff), in accord-
ance with tha Commission's regulations, set forth in Title 10 of the Code of
Federal Regulations, Part 51 (10 CFR 51), which implements the requirements of
the National Environmental Policy Act of 1969 (NEPA).

This environmental review deals with the impacts of operation of the Catawba
Nuclear Station, Units 1 and 2. Assessments relating to operation that are
presented in this statement augment and update those described in the Final
Environmental Statement-Construction Phase (FES-CP) that was issued in December
1973 in support to issuance of construction permits for Catawba Units 1 and 2.

The information to be found in various sections of this statement updates the
FES-CP in four ways by

(1) evaluating changes in 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) reporting the results of relevant new information that has become avail-
able subsequent to the issuance of the FES-CP

(3) factoring into the statement new environmental policies and statutes that
have a bearing on the licensing action

(4) identifying unresolved environmental issues or surveillance needs which
are to be resolved by means of license conditions (no unresolved environ-
mental issues or surveillance needs have been identified in this statement
for the case of Catawba Units 1 and 2).

Introductions (R4 sum 4s) in appropriate sections of this statement summarize
both the extent of updating and the degree to which the staff considers the
subject to oc adequately reviewed.

Copies of this statement and the FES-CP (1973) are available for inspection at
the Commission's Public Document Room, 1717 H Street NW, Washington, DC, and at
the York County Library, 325 South Dakland Avenue, Rock Hill, .SC 29730. The
documents may be reproduced for a fee at either location. Copies of this
statement may be obtained by writing to sources indicated on the inside front
cover.

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.

Dr. Kahtan N. Jabbour is the NRC Project Manager for the environmental review
of this project. Should there be any questions regarding the content of this-
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statement, Dr. Jabbour may be contacted by telephoning 301/492-7821 or by
writing to the following address:

Dr. Kahtan N. Jabbour, Project Manager
Division of Licensing
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

|
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1 INTRODUCTION

The proposed action is the issuance of operating licenses to Duke Power Company,
North Carolina Municipal Power Agency Number 1, North Carolina Electric Member-
ship Corporation, and Saluda River Electric Cooperative, Inc. (the applicant)
for the operation of the Catawba Nuclear Station (the station), Units 1 and 2
located on a peninsula about 7.2 km northwest of Wylie Dam, York County, South
Carolina.

The two-unit Catawba Nuclear Station uses two four-loop pressurized water re-
actors manufactured by Westinghouse Electric Corporation. The rated thermal
output of each reactor is 3411 MWt. The 16-MWt input from the reactor cool-
ant pumps increases the reactor coolant system (RCS) gross thermal output to
3427 MWt. Reactor heat absorbed by the RCS produces steam in four steam genera-
tors sufficient to drive a turbine generator unit with a net electrical rating
of 1145 MWe. The turbine generator unit is manufactured by the General Electric
Company. Inplant electrical power consumption is expected to be 57 MWe-per
unit.

1.1 Administrative History

In July 1972, Duke Power Company filed an application with the Atomic Energy
Commission (AEC), now the Nuclear Regulatory Commission (NRC), for permits to
construct Catawba Units 1 and 2. The conclusions resulting from the staff's
environmental review were issued as a Final Environmental Statement--Construc-
tion Phase (FES-CP) in December 1973. Following reviews by the AEC regulatory
staff and its Advisory Committee on Reactor Safeguards, public hearings were
held before an Atomic Safety and Licensing Board. Construction permits for
Units 1 and 2 were issued on August 7, 1975.

In March 1979 the applicant submitted applications for operating licenses for
the Catawba Units 1 and 2. As of May 23, 1982, construction of Unit 1 was 90%
complete and that of Unit 2 was 43% complete. The applicant estimates that
Unit I will be ready for fuel loading in October 1984.

1.2 Permits and Licenses

The applicant has provided in Section 12 of the Environmental Report-Operating
License Stage (ER-OL) a status listing of environmentally related permits,
approvals, and licenses required from Federal and state agencies in connection
with the proposed project. The staff has reviewed the listing and other infor-
mation and is not aware of any potential non-NRC licensing difficulties that
would significantly delay or preclude the proposed operation of the plant.
The issuance of a water quality certification, or waiver therefore, pursuant to
Section 401 of the Clean Water Act of 1977 by the South Carolina Department of
Health and Environmental Control (SCDHEC) is a necessary prerequisite for the
issuance of an operating license by the Nuclear Regulatory Commission. This
certification was received by the applicant on December 27, 1974. The SCDHEC
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issued a National Pollutant Discharge Elimination System (NPDES) permit, pur-
suant to Section 402 of the Clean Water Act of 1977 to the applicant on June 29,

1981 (Appendix I). This permit has expired, but has been administratively ex-
tended by the State of South Carolina until further action is taken.
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2 PURPOSE AND NEED FOR THE ACTION

The Commission has amended 10 CFR 51, " Licensing and Regulatory Policy and Pro-
cedures for Environmental Protection," effective April 26, 1982, to provide
that need for power issues will not be considered in ongoing and future operat-
ing license proceedings for nuclear power plants unless a showing of "special
circumstances" is made under 10 CFR 2.758 or the Commission otherwise so re-
quires (47 FR 12940, March 26, 1982). Need foi power issues need not be ad-
dressed by 5 erating 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).)

This policy has been determined by the Commission to be justified even in situ-
ations where, because of reduced capacity requirements on the applicant's sys-
tem, the additional capacity to be provided by the nuclear facility is not
needed to meet the applicant's load responsibility. The Commission has taken
this action because the issue of need for power is correctly considered at the
construction permit (CP) stage of the regulatory review where a finding of in-
sufficient need could factor into denial of issuance of a license. At the op-
erating license (0L) review stage, the proposed plant is substantially construc-
ted and a finding of insufficient need would not, in itself, result in denial
of the operating license.

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 facili-
ties from service according to their costs of operation, with the most expen-
sive facilities removed first. Thus, a completed nuclear plant would serve to
substitute for less economical generating capacity. (See 46 B 39440, August 3,
1981 and 47 M 12940, March 26, 1982).

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

2.1 References

Federal Register Notice, 46 F_R 39440, '?Need for Power and Alternative Energy
Issues in Operating License Proceedings," Proposed Rule, U.S. Nuclear
Regulatory Commission, August 3, 1981.

-- , 47 FR 12940, "Need for Power and Alternative Energy Issues in Operating
License Proceedings," Final Rule, U.S. Nuclear Regulatory Commission,
March 26, 1982.
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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 8 12940, March 26, 1982).
In addition, these issues need not be addressed by operating license appli-
cants 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 (CP) 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 alternative is shown to be marginally environmentally superior in
comparison to operation of the nuclear facility because of the economic ad-
vantage that operation of the nuclear plant would have over available alterna-
tive sources. (See 46 FR 39440, August 3, 1981 and 47 FR 12940, March 26,
1982.) By earlier AmenMent (46 FR 28630, May 28, 1981E the Commission also
stated that alternative sites will not be considered at the operating license
stage, except under special circumstances in accordance with 10 CFR 2.758.
Accordingly, this statement does not consider alternative energy sources or
alternative sites.

3.1 References

Federal Register Notice, 46 FR 28630, " Alternative Site Issues in Operating
License Proceedings," Fliial Rule, U.S. Nuclear Regulatory Commission,
May 28, 1981.

-- , 46 B 39440, "Need for Power and Alternative Energy Issues in Operating
License Proceedings," Proposed Rule,.U.S. Nuclear Regulatory Commission,
August 3, 1981.

-- , 47 FR 12940, "Need for Power and Alternative Energy Issues in Operating
License Proceedings," Final Rule, U.S. Nuclear Regulatory Commission,
March 26, 1982.
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4 PROJECT DESCRIPTION AND AFFECTED ENVIRONMENT

4.1 Rdsums

This rssums highlights changes in the design of and operating procedures for
Catawba station, as well as new information on the local environment gained
since the FES-CP was issued in 1973.

Site appearance and layout have been modified as a result of selection of |

,

closed cycle circular mechanical draft towers and various additions and changes
to buildings (see Section 4.2.1). Volumetric flow rates for various water sys-
tems at Catawba station have been revised as discussed in Section 4.2.3.2 of
this statement. Sodium hypochlorite to control biofouling in the cooling tower
portion of the condenser circulating water system will be used instead of gas-
eous chlorine; other water treatments are slightly modified as well (see Sec-
tion 4.2.3.4). The Catawba station intake structure has been modified by the
addition of a fourth pump bay, pump, and associated trashrack and screen as
discussed in Section 4.2.4.2. The discharge structure design has been revised
to consist of two pipes instead of four pipes as discussed in Section 4.2.4.5.
The design and capacity of the sanitary-waste-treatment system have been chang-
ed from those presented in the FES-CP (see Section 4.2.6.4). There also have
been slight changes in the power transmission system, such as the final routing
of transmission lines and the removal from service of some existing lines (see
Section 4.2.7).

New and updated information relevant to the operational phase of. Catawba
Units 1 and 2 also is provided in this section. An updated summary is pre-
sented of land use and of site boundaries in Section 4.2.2. Updated water
quality data are given in Section 4.3.2; new information on severe weather and
site atmospheric dispersion characteristics is provided in Section 4.3.3; and
new information concerning threatened and endangered species is discussed in
Section 4.3.5. Community characteristics of the site area are updated in Sec-
tion 4.3.6, and the most recent archeologic information is discussed in Section
4.3.7.

4.2 Facility Description

4.2.1 External Appearance and Plant Layout

These topic areas are discussed in Sections 2.1, 2.2, and 3.1 of the FES-CP.
Since that analysis, the major appearance and layout change has been in the
selection of the cooling tower design by the applicant. Of the three options
presented in the FES-CP, the closed cycle circular mechanical draft towers were
selected, as shown in Figure 4.1. The towers are approximately 21 m (77 ft)
high and are about 83 m (272 ft) in diameter. _Other changes include the con-
struction of a three story office building, designating Construction Warehouse
3 as permanent, and making additions to the Steam Production Warehouse, the
Administrative Building, the Auxiliary Service Building, and the Service Build-
ing Machine Shop (response to ER-OL - Review Question (RQ) 310.1).
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4.2.2 Land Use

The station property line encompasses 419 ha (1036 acres) of which 158 ha
(391 acres) are within the site boundary. The exclusion area boundary is a
762 :n (2500 f t) radius circle centered on the center line between the reactor
buildings. Permanent station facilities are contained within the 52 ha
(129 acres) boundary. However, there are two areas within the exclusion
boundary that are devoted to nonstation operation activities. The first is
the Concord Cemetery 0.4 ha (1 acre), which is used only for visitations and

,

memorial and burial services. The cemetery has a small number of visitors who
gain access by contacting the station's security personnel. The second is the
visitors' overlook area 0.8 ha (2 acres), which is a sight-seeing and limited-
use picnic area. It has been averaging 27 visits per day (response to ER-OL
RQ 310.4). There are no other significant changes from the descriptions in
FES-CP Sections 2.1, 2.2, and 3.1.;

4.2.3 Water Use and Treatment

4.2.3.1 General

The overall water use scheme by Catawba Nuclear Station has not changed since
the FES-CP was issued. That is, the station is equipped with a closed cycle
cooling system that uses circular mechanical draft cooling towers in the con-
denser circulating water system, once through cooling for the low pressure
service water system and the nuclear service water system, and closed loopI

cooling through the standby nuclear service water pond for the station's es-
sential service water system during other-than-normal operation. The water
supply for the Catawba station remains as desc'.ibed in the FES-CP. Lake Wylie,
an onstream impoundment of the Catawba River, will supply all of the station
water uses and will receive all liquid station discharges.

4.2.3.2 Surface Water Use

The volumetric flow rates for the various water systems of the Catawba Nuclear
Station have been revised since the FES-CP was issued because of a greater de-
gree of completion in the design of the station's water use systems and a change
in the design of the station's cooling towers.

3Intake from Lake Wylie is projected to occur at an average of 5.2 m /sec
3 3 3(184 ft /sec) with a maximum withdrawal of 10.7 m /sec (379 ft /sec), compared

to a projected 10.1 m /sec (358 ft /sec) in the FES-CP. From this withdrawal,3 3

up to 4.3 m /sec (152 fta/sec) would be used in the nuclear service water sys-a

tem, down from an estimated 7.8 m /sec (275 fts/sec) for this use in the FES-CP.3

The remainder will serve the condenser circulating water system and the filter-
ed water system. The estimated station makeup and blowdown rates for the con-
denser circulating water system have changed since the FES-CP as a result of
the change in cooling tower design from linear mechanical draft towers to cir-

;

| cular mechanical draft towers. These values are now estimated as follows for
100% station load:

Makeup Blowdown

3 30.3 m /sec (9.7 ft /sec)a 32.0 m /sec (69 ft /sec)Average
3 31.8 m /sec (62 ft /sec)3 33.5 m /sec (125 ft /sec)

|
Maximum

Catawba DES 4-2
1



The station will consume water primarily through evaporation from the circulat-
ing and nonessential water systems. The average evaporative loss is estin ted

aat 1.7 m /sec (59 fta/sec). Monthly maximum evaporative loss is estimated to
3 3 3range from 1.6 m /sec (55 f t /sec) for the month of January to 1.8 m /sec

3(62 ft /sec) for the month of September. Water loss from drift from the sta-
tion cooling towers will be very low, estimated at less than 0.01 m /sec3

(0.25 f*d/sec) maximum. The Catawba Nuclear Station's water use is shown in
Table 4.1 and in Figure 4.2. At 100% station load, the water use rates given
above represent an average concentration factor of about 7.1 with a maximum of
about 10, which is the same as was anticipated in the FES-CP.

The nuclear essential service water system will be supplied by the standby4

nuclear service water pond, as described in the FES-CP. The as-built size of
the pond, 18.6 ha (46 acres), is slightly smaller than the previously planned
19.4 ha (48 acres). Maximum water flow rate between the pond and the station

3 3is estimated at 4.1 m /sec (151.5 ft /sec). During normal operation, this flow
rate is zero.

4.2.3.3 Groundwater Use

As stated in the FES-CP, there will be no withdrawal from or discharge to
groundwater by the Catawba Nuclear Station.

4.2.3.4 Water Treatment

The planned treatment of water for use in the Catawba Nuclear Station reiaains
the same in concept as proposed in the FES-CP. That is, water for the station
condenser cooling will be treated with biocides to control biofouling, with sul-
furic acid to control scaling, and with a dispersant to control sediment deposi-
tion within the system. Water for the remainder of the conventional low pres-
sure service water system (the filtered water system which supplies the station
sanitary and potable water and the demineralized water system) will be filtered,
disinfected, and, as appropriate, demineralized . The estimated amounts of chem-
icals to be used have changed from those indicated in the FES-CP as described
below.

The applicant plans to use sodium hypochlorite to control biofouling in the
cooling tower portion of the condenser circulating water system instead of gas-
eous chlorine, as indicated in the FES-CP. The planned application rate of
biocide is 272 kg/ unit / day (600 lb/ unit / day) instead of 136 kg/ unit / day (300 lb/
unit / day), as estimated in the FES-CP. However, because of the change in the
form of chlorine to be applied, the proposed application rate will cause the
same average 1.0 mg/l free available chlorine to exist in the cooling water
as was anticipated in the FES-CP. This residual is expected to vary between
1.5 mg/l in the summer and 0.5 mg/l in the winter, based on a 3-4 mg/l chlorine
demand.

Other condenser circulating water treatments proposed are (1) continuous sul-
furic acid addition at 612 kg/ unit / day (1350 lb/ unit / day) instead of 453 kg/
unit / day (1000 lb/ unit / day) as proposed in the FES-CP and (2) possible inter-
mittent use of aminomethylenephosphonate (AMP), a dispersant, and a yet-to-be-
determinu EPA-approved organic biocide for chlorine resistant organisms (for
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example, Corbicula sp.) should they become a problem. The frequency and rate
of application of the latter treatments have not been finalized and may differ
from those presented in the FES-CP.

!

4.2.4 Cooling System
,

j 4.2.4.1 General

Although the station will employ closed cycle cooling, the type and arrangement
| of the components in the Catawba Nuclear Station cooling system have changed

since the FES-CP was issued. The most obvious change that has occurred is the'

selection and construction of circular mechanical draft cooling towers for sta-
tion heat rejection. Linear mechanical draft cooling towers had been indicated
as the chosen design in the FES-CP. These and other changes are discussed
below.

:

4.2.4.2 Intake
;

The Catawba Nuclear Station intake structure has been modified slightly since
the FES-CP was issued. The modification consists of the addition of a fourth
pump bay, pump, and associated trashrack and screen. This change has been made
to accommodate the fire protection system. Revised estimates of the water ve-
locities at various locations in the intake structure are given in Table 4.2
for average flow rates at 100% power level operation for the station. Based on
an approximate 50% increase in flow rates for the maximum water demand condi-
tion, the flow rates would increase accordingly to about 0.11 m/sec (0.36 ft/.

-

sec) through the pump bay gross opening at Lake Wylie full pond or 0.17 m/sec
(0.57 ft/sec) at the same location for the Lake Wylie maximum drawdown of 3 m'

; (10 ft).

4.2.4.3 Condenser Circulating Water System

The as-built design of the cooling tower portion of this system has been
i changed since the FES-CP was issued. Circular mechanical draft cooling towers

have been constructed instead of the linear mechanical draft towers indicated
in the FES-CP. Data on the new towers are presented in Table 4.3. The-cooling
towers are designed to dissipate 8.33 X 1012 J/hr (7.9 X 109 Btu /hr) per unit
instead of 8.65 X 1012'J/hr_(8.2 X 1012 Btu /hr) per unit, as stated in the FES-
CP. The projected condenser transit time-for_the cooling water at design con-
ditions is about 16 sec. The expected rise in cooling water temperature across

of5000m/ min (1.32X10gnheatrejectionrateanda.coolingwaterflowrate.the condenser at the desi
a gpm).is 13.3C* (24F*). As stated in the FES-CP, the-

stainless steel condenser tubes will be mechanically cleaned while in operation
by a system using sponge rubber balls passing through the tubes. These balls
will be strained out of the cooling water after condenser passage and will the
held for recycle.

4.2.4.4 Service Water System

This system was designated in the FES-CP as a portion of the " Conventional-
Service Water System." This system supplies cooling water to the secondary

!~
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side of the Catawba Nuclear Station, such as the turbine oil coolers and the
generator coolers. The temperature rise of this water as it passes through the ;

station is 8.3C (15F ) under winter design conditions. There have been no
changes noted for this system since the FES-CP was issued.

4.2.4.5 Nuclear Service Water System

This system supplies cooling water to both the primary and secondary sides of
the Catawba Nuclear Station. The temperature rise of this water as it passes
through the station is 4.97C (8.95F ). There have been no changes noted for
this system since the FES-CP was issued.

,

The location of the station discharge structure is shown on Figure 4.3 and is
in essentially the same location as was indicated in the FES-CP. The low pres-
sure service water, cooling tower blowdown, nuclear service water, liquid rad-
waste, and sanitary wastes will pass through this structure.

The design of the discharge structure has changed since the FES-CP was issued.
The revised design (as shown in Figure 4.4) consists of two pipes, each with a
diameter of 1.37 m (54 in.), instead of the four pipes, each with a diameter of

1.07 m (42 in.) as shown in the FES-CP. The new discharge structure pipe cross
sectional area is 83% of the area indicated in the FES-CP. . The discharge ve-
locity at the pipe exit for the average discharge flow would be about 1.2 m/sec
(3.9 ft/sec) and for the maximum flow would be about 3.0 m/sec (9.7 ft/sec).
The discharge flow rate for the conditions given in the FES-CP was 2.3 m/sec
(7.7 ft/sec). The centerline of the discharge pipes is located at el 555.4 ft
mean sea level (MSL), 4.3 m (14 ft) below the normal full pond water surface
of Lake Wylie.

4.2.5 Radioactive-Waste-Management Systems

10 CFR 50.34a requires an applicant for a permit to construct a nuclear power
reactor to include a preliminary description of the design of equipment to be
installed for keeping levels of radioactive materials in effluents to unre-
stricted areas as low as is reasonably achievable (ALARA). The term ALARA
takes into account the state of_ technology and the economics of improvement 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. Appendix I to 10 CFR 50 provides numerical guidance
on design ~ objectives for light-water-cooled nuclear power reactors to meet the
requiremer't that radioactive materials in effluents released to unrestricted
areas be Kq t ALARA.

To comply with the requirements of 10 CFR 50.34a, the applicant has provided-
final designs of radwaste systems and effluent control measures far keeping
levels of radioactive materials in effluents to unrestricted areas ALARA within
the requirements of Appendix I to 10 CFR 50. In addition, the applicant has
provided an estimate of the quantity of each principal radionuclide expected to
be released annually to unrestricted areas in liquid and gaseous effluents
produced from normal operation, including anticipated operational occurrences.

_
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The staff's detailed evaluation of the radwaste system and the capability of
this system to meet the requirements of Appendix I will be presented in Sec-
tion 11 of the Safety Evaluation Report (SER). The quantities of radioactive
material calculated by the staff to be released from the plant will also be
presented in SER Section 11 and in Section 5.9 of this Environmental Statement
with the calculated doses to individuals and the population that will result
from these effluent quantities.

At the time of the operating license, the applicant will be required to submit
Technical Specifications, which will establish release rates for radioactive
material in liquid and gaseous effluents and which will provide the routine
monitoring and measurement of all principal release points to ensure that the
facility operates in conformance with the requirements of Appendix I to 10 CFR 50.

4.2.6 Nonradioactive-Waste-Management Systems

4.2.6.1 General,

The nonradioactive effluents will result from operation of the evaporative
cooling system, the water treatment systems, and the wastewater treatment
system. There have been changes in the systems producing these effluents as
well as changes in the volume and character of the effluents themselves since
the FES-CP was issued. These changes are discussed below.

4.2.6.2 Cooling Water System

The operation of the closed cycle cooling system for the station will result in
the discharge of water of different composition than that withdrawn from Lake
Wylie. As indicated in Section 4.2.3 of this report, the evaporative loss from
the circular mechanical draft cooling towers will result in a concentration of
the physical and chemical constituents in the makeup water. The expected aver-
age concentration of the constituents, based on average Lake Wylie water
quality data collected since the FES-CP was issued through 1978, is shown in
Table 4.4. These data are based on a projected annual average concentration
factor in the system of 7 (ER-OL Section 3.6.2). Concentration factors as high
as 10 may be experienced, however, and would likely represent the maximum con-
stituent discharge values from this system. These values also are shown in
the table. Cooling system discharge concentration values for a concentration

i factor of 10 were presented in the FES-CP. The values projected in this review
differ only slightly from those presented in the FES-CP, based on updated
analyses of Lake Wylie intake water (see Section 4.3.2).

| Also affecting the composition of the blowdown from the cooling water system
are the chemical additions to the makeup water to control biofouling, scales,
sediment deposition and pH (see Section 4.2.3.4). These additions will notice-
ably affect tne total dissolved solids, sulfate, and alkalinity concentrations,
and, to a lesser extent, the chloride concentration in the blowdown.

!

! Sodium hypochlorite additions for biofouling control in the cooling tower loop
of the low pressure service water system will result in the discharge of com-
bined residual chlorine, as indicated in the FES-CP. However, the amount and
concentration expected in the station discharge differs from that indicated

Catawba DES 4-6 i

i |



. . ._.

.

' in the FES-CP. The applicant will control the discharge concentration of total
residual chlorine in the cooling tower blowdown by interrupting system blowdown
during the time of application of biocide, and for some time afterward, until
sampling indicates that the total residual chlorine concentration in the system

' has fallen to about 0.1 mg/1. Blowdown will be restored at this time (ER-OL
Section 3.6.1) so that, upon mixing with the nuclear service water system and
the remainder of the low pressure service water system discharges, the total
residual chlorine concentration in the cooling system discharge will be below
0.1 mg/1.

A final plan for cleaning the cooling water systems outside of the condenser-
cooling tower system has not been decided upon by the applicant. The appli-
cant's preliminary plans are as follows: (1) The nuclear service water system
is equipped with strainers on the system intake to prevent entry of debris and
large organisms (for example, adult Corbicula sp.). Redundant heat exhangers
in the system will allow for removal from service, inspection, and cleaning
without interruption to station oparation, and isolation of cleaning wastes
for control and treatment, if needed,'before disposal. (2) The fire protec-
tion system uses chlorinated filtered water as input. It also has strainers
for large object exclusion and the system can be isolated for inspection and
cleaning. (3) The low pressure service water system outside of the condenser
cooling tower loop will be maintained by inspections and operational controls
(for example, backflushing thermal treatment or mechanical cleaning) in a clean
condition (ER-OL Section 3.4). Use of a biocide such as sodium hypochlorite in
these systems in a manner that would result in its discharge is not planned at
this time.

The estimated amount of dissolved solids expected to escape from the station's
cooling towers in the drift has changed from the estimate given in the FES-CP.
Based on an estimated maximum drift rate of 0.008% of the circulating water
flow rate and a maximum total dissolved solids concentration of about 860 mg/l
(the same as the maximum circulating water concentration at 10 cycles of the
concentration) about 495 kg/ day (1090 lb/ day) could be dispersed in the drift.
Under average conditions, this value is not expected to exceed 345 kg/ day
(760 lb/ day). The value estimated in the FES-CP was 468 kg/ day (1030 lb/ day)
based on a 650 mg/l drift total dissolved solids concentration and the then
estimated 0.01% drift loss figure.

4.2.6.3 Conventional Waste-Water-Treatment System

Waste and spent process waters from the fire protection system and the filtered
water system through the demineralized water system and the sanitary / potable
water (nonsewage wastes only) are routed to and treated before discharge in the
conventional waste-water-treatment system (CWWTS). This system replaces the
wastewater collection basin described in the FES-CP. The CWWTS provides phy-
sical and chemical treatment to the nonradioactive station wastes listed in ER-
OL Table 3.6.1-3. The CWWTS consists of an initial holdup pond for wastewater
flow equalization and sedimentation, two parallel stream settling ponds, and a
final holdup pond for aeration and final stabilization of the treated waste-
water before discharge. Treatment of wastes will employ coagulant aids and pH
adjustment in the intermediate settling ponds, with provision for recirculation .

of wastes between ponds if the desired level of treatment has not been attained.
Additional system description is presented in ER-OL Section 3.6.1.
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Expected effluent characteristics of the CWWTS discharge based on the system
design are given in Table 4.5. The expected characteristics of the CWWTS
discharge, based on station chemical usage and on analyses of influent waters,
are presented in Table 4.4.

Discharge from the CWWTS will be through a separate structure located in the
discharge cove. The discharge flow rate will be small, compared to the other
station discharges to Lake Wylie, and will average about 760 1/ min (200 gpm).
Other losses from the CWWTS are expected to be negligible because the initial
holdup pond is lined with concrete, the two settling ponds are lined with
tamped clay, and the final holdup pond is lined with impermeable hypalon (ER-OL
Section 3.6.1).

4.2.6.4 Sanitary-Waste-Treatment System

The design and capacity of the sanitary-waste-treatment system to be used
during the operational phase of the Catawba Nuclear Station have been changed
from those presented in the FES-CP. The estimated volume of waste influent to
the system has increased from 1.9 X 104 1/ day (5000 gal / day) as presented in
the FES-CP to 6.4 X 104 1/ day (17,000 gal / day). The capacity of the treatmer.t
system has been increased accordingly.

Instead of treatment via septic tank, sand filtration, and chlorination fol-
lowed by disposal to a wastewater collection basin and then discharge to Lake
Wylie, the system will employ a four chamber aerated facultative lagoon and an
effluent polishing basin followed by discharge to Lake Wylie. The aerobic
biological treatment accomplished in the lagoon provides about a 26-day reten-
tion time for the wastes at the rated capacity. The effluent polishing basin
is designed as a tertiary aquaculture system that uses aquatic macrophytes,
animals (such as, zooplankton and fish) and final aeration in three main com-
partments to reduce suspended solids, nitrogen and phosphorus concentrations
through biological assimilation. The assimilated materials can then be har-
vested and disposed of without disposal to Lake W' lie. This system effluenty
will not be chlorinated, as opposed to the treatment scheme presented in the
FES-CP. Further description of the system is presented in the ER-OL and in a
January 5,1977 letter from L. C. Dail, Duke Power Company. The design, con-
struction, and proposed operation of this system has been approved by the
State of South Carolina. The operation of the system will be under the super-
vision of an operator certified by the State (ER-OL Section 3.7.2).

4.2.7 Power Transmission System

| The procedures planned for connecting Catawba with Duke's existing transmission
system consist of constructing two new 230 kV lines and connecting three exist-
ing 230 kV lines to the Catawba Switching Station. The FES-CP described a
Catawba station to Shelby station tap 230 kV line. This line has been slightly
modified and is called the Catawba-Ripp 230 kV line. The other important
changes from the FES-CP are: (1) removal from service of the existing section
of line from point B (as shown in Figure 4.5) to Allison Creek tap and (2) re-
moval from service of the existing section of Catawba-Newport "Allison Creek
B&W" 230 kV line from Allison Creek tap to point C (Figure 4.5), and (3) re-,

| moval of Allison Creek tap from service after energizing the Catawba-Newport,
j Catawba-Pacolet, and Catawba-Allen 230 kV lines from Catawba Switching. Only
|

l
1
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minor differences exist between the final routing of the other transmission
lines as given in the ER-OL and that proposed in the FES-CP. All the pertinent
information concerning the land use aspects of the transmission lines are pre-
sented in Table 4.6.

4.3 Project-Related Environmental Descriptions

4.3.1 Hydrology

4.3.1.1 Surface Water

The surface water descriptions presented in Sections 2.5.1 and 3.4.3 of the
FES-CP are still valid, as supplemented by the following discussion. In ad-
dition, Section 5.3.3 of this Draft Environmental Statement contains a dis-
cussion of the hydrologic effects of alterations in the floodplain, in com-
pliance with the guidelines for implementing Executive Order 11988 on flood-
plain management (43 FR 6030, February 10, 1978). Major hydrologic features
of the Catawba River are shown in Figure 4.6.

The Catawba Nuclear Station is located at Lake Wylie on the Catawba River in
northeastern South Carolina. The site is on a peninsula bounded by Beaver Dam
Creek to the north, Big Allison Creek to the south, and Lake Wylie to the east.

Water inflow to Lake Wylie is from Mountain Island Lake, South Fork Catawba
River and tributary creeks. The Federal Energy Regulatory Commission (FERC)
license for the Catawba-Wateree Project (No. 2232) requires a minimum average

3 3daily release of 8.9 m /sec (314 cfs) from Mountain Island Dam and 11.6 m /sec
(411 cfs) from W lie Dam.y

The applicant estimated the 7-day once-in-10 year low flow entering Lake Wylie
3to be 14.6 m /sec (516 cfs). This estimate was based on the minimum average

daily release from Mountain Island Dam and the 7-day once-in-10 year low flow
per square mile from the South Fork Catawba River for the remainder of the
basin.

With operation of the Catawba Nuclear Station, the maximum drawdown which will
be allowed by the FERC License is 3 m (10 ft) or an elevation of 559.4 fi MSL.-
During the 30 year period, 1950-1980, the level of Lake Wylie has never fallen
below this elevation. The lowest level of record was el 559.9 ft MSL on
October 23, 1952. However, the lake was' intentionally lowered at this time to
permit work to be done at the Allen Steam Plant.

In addition to Lake Wylie, the only major water impoundment at the Catawba
Nuclear Station is the standby nuclear service water pond.(SNSWP), located at
the north end of the site. The SNSWP is-to be used as a source of water for
emergency shutdown of the station. At full pond elevation of 571.0 ft MSL, the
pond has a surface area of 19 ha (46 acres) and a volume of 6.9 x 10s m3

(560 acre-ft).

4.3.1.2 Groundwater

The groundwater descriptions presented in Section 2.5.2 of the FES-CP are still
valid with the following additions.

Catawba DES 4-9
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In the site area, groundwater is generally encountered under water table con-
ditions in weathered rock and saprolite soils that overlie less weathered
rocks. Observations of groundwater levels at about 60 locations in the imme-
diate vicinity of the site indicate that the water table varies from 3 m
(10 ft) to 12 m (40 ft) below natural ground surface near the location of the
reactors, and it approaches the surface elevation of Lake Wylie near the lake
shore. Groundwater movement is from the plant area towards the lake coves,
which cut into the peninsula to the north and south of the site.

A permanant safety-related groundwater drainage system has been installed to i

maintain a normal groundwater level near the base of the foundation mat and
basement walls of the auxiliary and reactor buildings. The drainage system
will decrease the groundwater gradient, and groundwater movement away from the
site will be decreased.

4.3.2 Water Quality

Data on the surface water quality of Lake Wylie were presented in the FES-CP,
as part of the applicant's baseline water quality monitoring program for the
period of September 1973 through August 1974. This information has been sup-
plemented by the applicant with the Water Quality Interim Study, beginning in
September 1974 and projected to continue until the Second-Year Preoperation-
al Study is initiated. This program is the second 1 year-long study of pre-
operational ecological conditions in the site vicinity and it is expected to
commence one full year before fuel loading of Unit 1. The interim water qua-
lity study initially collected data from 12 locations and later from 8 loca-
tions on Lake Wylie. The applicant's analysis of the data from this study
indicates (1) that Lake Wylie is a seasonally stratified lake system typical of
Carolina Piedmont reservoirs, (2) that the level of major chemical constituents'

in Lake Wylie reflect the geology and mineralogy of the drainage system, (3)
that Lake Wylie is phosphorus limited, and (4) that heavy metal concentrations
show large variations temporally and spatially, but that no adverse effects on
aquatic life have been noted from these constituents. The data from the in-
terim water quality study are presented in ER-OL Sections 2.4 and 6.1.1.

Data from the water quality studies of Lake Wylie since the FES-CP was issued
are presented in Table 4.4. These data are from the time period 1974-1978 and
rc;: resent spatial and temporal averages. A comparison of these data with those
presented in the FES-CP shows a decrease in nitrogen, phosphorus, and silica
nutrients, and increases in metals, iron, manganese, magnesium, and potassium;
values for copper, alkalinity, hardness, and total suspended and dissolved
solids remained about the same. Data from the time period 1978-1980 indicate
similar differences from the FES-CP.

Data collected by the State of South Carolina (South Carolina Wildlife and
Marine Resources Department, Columbia, South Carolina) for the period 1975-1976
in Lake Wylie, including the Big Allison Creek _ lake area (i.e. , the area to

quality (for exampt,f' rom Catawba Nuclear Station) show somewhat better watere, lower nutrient levels) than that indicated in the FES-CP.
receive discharges

This study concluded that these data did not indicate reasons for immediate
concern to the fishery resources of the lake.
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In a study (State of South Carolina Water Resources Commission, March 1981) of
the Catawba-Wateree River system in South Carolina, the state surveyed physical
and chemical water quality in an attempt to identify existing and potential
problems associated with people's use of the river system. The study cites only
occasional exceedances of state water quality standards in the river basin.
The state study indicated that only nutrients, especially phosphorus, consis-
tently occurred at " higher than desirable concentrations." Although this study
cites U.S. EPA identification of eutrophic conditions in Lake Wylie, adverse
effects of nutrient enrichment and eutrophication have not been identified for
the higher trophic communities, such as fish. It is noted, however, that the

state has designated Lake Wylie as being " water quality limited" for the pur-
pose of defining the level of waste treatment required to maintain state stan-
dards for dissolved oxygen. This designation of Lake Wylie requires waste
treatment of effluents containing oxygen-demanding substances, ammonia, and
phosphorus to be more advanced than secondary treatment technology or "best
practicable technology," as defined by the U.S. EPA.

4.3.3 Meteorology

The discussion of the general climatology of the site and vicinity contained in
the FES-CP remains unchanged. The FES-CP did not include a discussion of se-
vere weather phenomena experienced in the region of the Catawba station. Thun-
derstorms, tornadoes, and hurricanes occur in the region. About 54 thunder-
storms (Changery, November 1981) can be expected on about 42 days each year
(National Climatic Center, 1976)._ Hail often accompanies severe thunderstorms.
During the period 1955-1967, 14 occurrences of hail with diameters 19 mm
(3/4 in.) or greater were reported in the one-degree latitude-longitude square
containing the site. Tornadoes are not uncommon in the region. For a 161-km
square (100-mi square) corresponding to 26,000 km (10,000 mi2) containing the2

site, an average of 2.6 tornadoes per year were reported for the period 1950-
21976 (Kelly, August 1978). Using an average tornado path area of 7.3 km

(2.8 mi2), the computed recurrence interval for a tornado at the Catawba site
is about 1360 years (Thom, December 1963). The applicant has examined tornado
occurrences in the region for the period 1956-1980, and calculated a slightly
longer recurrence interval of 1610 years. In the period 1871 to 1978, about 23 ,

tropica'i depressions, tropical storms, and hurricanes have passed within about
80 km (50 mi) of the site. Hurricane David, September 1979, was the last
hurricane to affect the area.

Since the FES-CP was issued, the applicant has relocated the onsite meteoro-
logical tower and collected two additional years (12/17/75 - 12/16/77) of
meteorological data. For this period of record, prevailing winds at the 10 m
(33 ft) level are from the south southwest (13.9%) and from the southwest
(13.5%). A somewhat bimodal airflow pattern is evident with winds from the
south, south southwest, and southwest totalling about 35.5% and winds from the
north, north northeast, and northeast totalling about 24.9%. The wind direc-
tion frequencies observed at the new tower location for the 2 year period of-
record contrast markedly with observations for the 1 year period (6/30/71'-
6/30/72) used for the FES-CP. Prevailing winds also were from the southwest
(19.5%) but winds from the south southwest occurred only about 5.3% of the-
time. Strong secondary airflow from the northeast (16.9%) also was evident for
the earlier data collection period, but is not discernable from the most cur-
rent data. The applicant has attributed these differences to " synoptic based
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variations in direction preferences" (that is, natural variations in winds
caused by the movement of large-scale weather features); however, the dif-
ferences could be attributable to changes in terrain and vegetation caused
by plant construction or to nonrepresentative tower locations.

Similar differences also are evident in the distribution of atmospheric stabil-
ity conditions as defined by vertical temperature gradient. For example, for
the most current two year period of record, moderately stable (Pasquill type
"F") and extremely stable (Pasquill type "G") conditions occurred 8.7% and 11.7%
of the time, respectively. For the earlier 1 year period of record, these con-
ditions occurred 14.1% and 12%, respectively. Extremely unstable (Pasquill
type "A") conditions occurred 10.2% of the time for the period of June 30, 1971
to June 30, 1972, while these conditions were observed 18.7% of the time for
the period of December 17, 1975 to December 16, 1977. Atmospheric stability
conditions defined by vertical temperature gradient are more dependent on tower
location and instrument exposure than synoptic variations in airflow patterns.

As discussed in Section 5.14.3, the staff has requested the applicant to
initiate several studies to determine the representativeness of meteorological
data collected at the Catawba site. The results of these studies will be
incorporated into the FES.

4.3.4 Ecology

4.3.4.1 Terrestrial Ecology

The description of the plant-life communities on the Catawba site presented in
the FES-CP remain valid. Actual animal surveys had not been performed on site
by the time the FES-CP was published. Such studies were performed and the
results presented to NRC in 1975 (Duke Power Company). As a result of these
studies evidence was found for 80 species of birds, 15 species of mammals,
6 species of amphibians, and 11 species of reptiles on site.

4.3.4.2 Aquatic Ecology

Lake Wylie was originally impounded in 1904; however, the dam was raised 15 m
(50 ft) in 1925. The impoundment's nominal pool elevation has not changed
since that time. Impoundments undergo ecological succession resulting in
shifts in species diversity and abundance. Initially the biotic community is
highly productive followed by a decrease in production and ultimate stability.
Lake Wylie has through the years achieved a degree in ecological stability,
however, increasing nutrient enrichment has resulted in the lake being de-
scribed as having a trophic status of mesotrophic to eutrophic (ER-OL Sec-
tion 2.2.2.1.3).

Phytoplankton

In a year-long survey (Industrial BIO-TEST Laboratories, Inc., 1974) conducted
from September 1973 to August 1974 the applicant found that the phytoplankton
community of Lake Wylie ~was dominated by diatoms, green algae, cryptomonads,
blue green algae, and dinoflagellates. Green algae, diatoms, and blue green
algae represented the greatest number of different taxa. Diatoms, which are

|
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typically cold water algae, were prevalent in the spring and fall, and reached
their greatest abundance in the lake between March and May. Green and blue-
green algae were found to be most abundant from March to August and May through
September, respectively. Blue greens reached their highest densities in June.

Sampling conducted during 1977 by the South Carolina Department of Health and
Environmental Control (SCDHEC) indicated a diverse algal community that is
dominated primarily by diatoms followed by blue greens. Their findings in-
dicate that Lake Wylie is being affected by nutrient enrichment (Johnson and
de Kozlowski, 1981).

Periphyton

Monitoring, contracted by the applicant from September 1973 to August 1974,
reported that the dominant periphytic algae were diatoms (Industrial BIO-TEST
Laboratories, Inc., 1974). The study found that populations exhibited a
bimodal seasonal distribution with maximum densities present in October and
April with minimum concentration occurring in January and July. The SCDHEC
monitored periphyton from Lake Wylie in 1977 (Johnson and de Kozlowski, 1981).
Over 97% of the periphytic taxa collected from the lake were diatoms. No
periphytic biue green algae were observed.

Zooplankton

The applicant found that the dominant zooplankton genera in Lake Wylie were
primarily planktonic or limnetic species characteristic of most North American
reservoirs. A total of 41 genera were collected from the lake in the vicinity
of the station. The dominant taxa found were Copepoda, Cladocera, and Rotifera.
Rotifers averaged 47% of the total zooplankton, copepods 43% and cladocerans
10%. Immature copepods were a numerically significant component of the zoo-
plankton throughout the year. Nauplii were usually more abundant in the spring
but densities were occasionally high in the fall and winter near the Catawba
station discharge and intake. Cladocerans were the least abundant of the three
major zooplankton taxonomic groups on Lake Wylie. Bosmina longirostris, the
dominant species of cladoceran, was generally more abundant in October, May,
and June with maximum densities in June.

Rotifers were the best represented group in Lake Wylie both in species diversity
and density. Most common species were Conochilus spp., Keratella spp. and
Polyarthra spp. Peak densities for all three species were in the spring.

Weiss et al. (1975) found that seasonal fluctuations occurred in zooplankton
composition in the lake but the community averaged about 72% rotifers, 20%
copepods, 5% protozoans and 3% cladocerans throughout the year generally
agreeing in ranking with the earlier study. Weiss et al. (1975) found that
maximum population densities in Lake Wylie occurred during the spring with a
secondary peak in the fall.

Benthos

The applicant reported a total of 88 macroinvertebrate taxa from Lake Wylie in-
the vicinity of the station (ER-OL, Section 2.2.3.1). The midges (Chironomidae)
were the most diverse group with 33 taxa known from the study area. The
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dominant invertebrates from the grab samples were the Asiatic clam, Corbicula
sp. (24.9% of the total density) and immature tubificid worms (23.4%). The
Asiatic clam dominated the benthic biomass. Other common taxa included species
of the midges and the burrowing mayfly (Hexagenia spp.). Peaks in total
macroinvertebrate density occurred in December, April, and June. Minimum
densities occurred in mid and late summer and were attributed to midge emer-
gence and fish predation. Corbicula sp. densities peaked in December and
February and declined thereaf ter.

2 with theThe applicant found that the Asiatic clam densities averaged 505/m
2highest recorded of 1472/m in the vicinity of the Catawba station (ER-OL

Section 2.2.2.3.?). Densities were highest at shallow depths with a sandy or
- ,.,

muddy-sandy substrate. Densities of Corbicula sp. have continued to increase
in Lake Wylie since they were first collected in 1968. The clams usually reach
a size of 35 mm (1.4 in.) to 45 mm (1.8 in.) (Nash, undated).

On April 10, 1981, the staff issued Inspection and Enforcement Bulletin 81-03
to holders of operating licenses and construction permits requiring them to _

submit the following information: the known occurrence of Corbicula sp. in the |i 1

vicinity of their plants, an inspection of plant equipment for fouling by this
organism, and a description of methods (in use or planned) for preventing and

-detecting fouling by Corbicula sp. The applicant responded on July 8, 1981
(Parker, 1981) and stated that Asiatic clams were known from Lake Wylie.
Further, the applicant stated that inspection of the nuclear service water --

system, the fire protection system, and the conventional low pressure service
water found four small clams, one in the service water supply header and three
small clams in the fire system. Some small clam shells and shell fragments, 4

have been reported from the fire. protection system deluge nozzles in the past.
The fire protection systems were still on-temporary construction lake water
supplies which are not chlorinated. The applicant stated (Parker, 1981) that-
provisions have been designed into the station to (1) minimize the introduction
of clams into the raw water systems, (2) performance monitor components to '
verify adequate flow, (3) allow visual inspection of intake piping and inlet-
heat exchanger heads during maintenance, (4) and aid in removing these organ-s
isms if they become established in piping and components (see Section 4.2.6.2). ,#,

o,,

The 1977 study by SCDHEC found that the midge larvae Chaoborus was the most
abundant organism in the lake comprising over 90% of the fauna (Johnson and de-

~Kozlowski, 1981).
'~n, .

se e*

Fish
|

A total of 28 fish species from 9 families were collected from 4 locations near
the Catawba _ site (ER-OL Section 2.2.2.4.1). A lakewide survey by Industrial _x"
BIO-TEST Laboratories, Inc. (1974) and unpublished cove rotenone data collected
during 1978 and 1979 by South Carolina Wildlife and Marine. Resources Department ^J

.

found that the dominant species are threadfin shad, gizzard shad, bluegill,
'

'

largemouth bass, redbreast sunfish, pumpkinseed, redear sunfish, black crappie,-
white catfish, channel catfish, quillback, yellow perch, and longnose gar. ,

i Threadfin shad were the most numerous fish collected near the Catawea site
accounting for 27.6% of the total (ER-OL Section 2.2.2.4.2). Nash-(personal '

'

communication, 1981) thought that the threadfin shad population in Lake Wylie;

1 3
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is relatively stable >although naturally' occurring low water temperatures dur-
ingJthe winter'of 1975-1976 is suspected of causing a threadfin dieoff (Nash,
1980). White catfish were the most abundant of the catfishes near the site
and bluegills the most abundant of the sunfishes. The largemouth bass accounted
for the greatest biomass'of all species collected at 1,ccations near the Catawba
. site (ER-OL, Section 2.2.2.4.2).

-

AveragestUicingcopestimatesfromcoverotenoneformajorsportsspeciesin~

Lake Wylie in 1978-1973 were 11.4 kg/ha (12.8 lb/ acre) for largemouth bass,
6.9 W/ha (7.7 lb/ acre) for channel catfish, 3.4 kg/nat (3.8 lb/ acre) for black
crappie (Nash, 1980) u

Attemptc have b'een made at estab]ishing a striped bass fishery in Lake Wylie.
These have b,ean largely unsucces'sful and stocking of fry has been discontinued
(Nash. personal communication, 19'81).

~

,

Al'imitedcommercialcatf.ishbIsketfisheryapparentlyexistsonLakeWylie.'
a

< Ir.dustrial BIO-TEST Laboratories, Inc'. (1974) reported that approximately six
individuals commercial,iy" fished the lake in 1973-1974. Nash (personal commu-
nication, 1981) stated that there are presently two.to three individuals still
i Ubing or a part-time basis. Since the harvest is unregulated in South Caro-

3 lina, no estimates of harvest or effort are available.

All fish t.pscies coliected from Lake Wylie can be generally classified as spring'

and/c'r summer spawners'. Actual spawning time: varies considerably from year to
year. Some species apaarently begin.. spawning earlier in the Allen Steam Plant
dis ~ charge area than eli,ewhere (Industrial 210,-TEST Laboratories, Inc. ,1974).s

~ . , ' In the 1973-1974' study the peak shad (Dorosoma spp.)< spawning activity appar-
ently occurred during May.' Shad larvae made up 85% of the total number of"'

larval ' fish tsken between the End 'of March and .the beginning of July. Most of
the spawning activity of golden shiners occurred during April and May. White,,

catfish appa~ently reach spawning condition earlier in the Allen discharge area
F than elsewhefe. Peak activity for this species occurred in June. Peak sunfish

spavd ng probebly occurred in May and 'une while most crappie spawning appar-J
entivioccurred in April. Highest larval densities reported from the sampling
statlan nearest,.the Catawba intake were 38'5slarval fish /100 m3 of water in'

:
early Itay with 9M of the larvae collected identified as shad (Industrial BIO-
TESFLaboratories,Inc.,1974). r'

<3 ,
,

,a The.most ' common external | fish' parasite ~or disease is the protozoan Epistylis
,

(ER-OL, .Section 2.2'.2.4.3 and Nash,1980). Other parasites and diseases are
,k.nown powever infestations _were low and of little' concern. Epistylis has been

fomd on 12 host species and. contributes to the spring mortalities of black-

craprf e. It has also been frequently identified-onlargembuth bass and whitei
ba m particularly during the winter months (Nash,'1980). The factors contri-

-hating toJEpistylis infestations'are unknown, however, organic enrichment and
4 . release of nutrients during lake destritification have been suggested (ER-OL,

Section 212. 2.,4. 3 ) ? i _

4.3.5., Threatened and Endangered' Species

On September 1,,1981 a letter (Adensam, 1981) was sent to.the U. S. Fish and
Wildlife Service 1(FWS) area office in Asheville, North Carolina, notifying themV
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of the proposed licensing of Catawba Nuclear Station Units 1 and 2. Adensam
(1981) requested that the NRC be notified of any federally listed or proposed
endangered or threatened plant or animal species in the vicinity of the proj-
ect. The FWS responded on September 11, 1981 (Ryan, 1981) notifying the NRC
that no endangered or threatened species, listed or officially proposed for
listing, are known to be in the project area. The letter states that the NRC
has satisfied the requirements of Section 7(c) of the Endangered Species Act.

The State of South Caroiina has its own list of endangered species (South Caro-
lina State Regulation 50-15). In A ne 1980 two bird species observed on the
Catawba site were added to the state list. The two species are Cooper's Hawk
(Accipiter cooperii) and American Osprey (Pandion haliatus). Also in June 1980
the Carolir.a darter, Etheostoma collis collis, was added to the state list.
This species has not been collected from Lake Wylie in the vicinity of the site
and it is unlikely to be found nearby in the future. This species is known
from small to medium sized streams 0.6-0.9 m (2-3 ft) deep from backwater pools
or near stream banks in slow moving water (Collette, 1962) and would be unlikely
to be collected from Lake Wylie.

4.3.6 Community Characteristics

The socioeconomic characteristics of the area, including demography, recreation,
zoning, and land use are described in Sections 2.1 and 2.2 of the FES-CP. The
area remains predominantly rural, nonfarm with residential and recreational
development along Lake Wylie. Mecklenburg County, North Carolina has predomi-
nantly residential zoning within 8 km (5 mi) of the station while York County,
South Carolina has no zoning outside of city limits. The area within 80 km
(50 mi) of the station has been experiencing population growth at a rate fairly
consistent with that previously projected in the FES-CP. Mecklenburg County
experienced a 14 percent growth rate through the 1970s to arrive at a 1980 popu-
lation of 404,270. This population figure is slightly lower than previously
predicted. York County's 1980 population was 106,720 a little higher than pre-
dicted, resulting from a growth rate of 25% through the past decade.

Other recent data not included in the FES-CP relates to transient population
estimates. Heritage U.S.A. is a campground and religious retreat complex
(affiliated with the PTL Club) in Fort Mill, South Carolina. It is within

16 km (10 mi) of Catawba. The complex has about 500 employees and about the
same number of vistors daily. At peak attendance there is around'38,000 for
the large annual Labor Day weekend show (1980). This annual show is being
moved to the Fourth of July. In the next 5 years, a hotel and World Confer-
ence Center are scheduled for completion on the property.

The Arrowwood Industrial Park, which was included in the FES-CP, has grown to
about 120 different firms and a total of 11,000 employees. No other signifi-
cant changes have occurred from the descriptions in the FES-CP.

4.3.7 Historic and Archeologic Sites

These topics are described in Sections 2.3 and 4.2 of the FES-CP. The sites
|

listed on the National Register of Historic Places (U.S. Department of the
Interior, 1976, and subsequent listings) and within-16 km (10 mi) of the

1
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station included: The White House, Ebenezer Academy, Tillman Hall, and the
McCorkle-Fewell-Long House. All are in Rock Hill, and over 6 mi from the sta-
tion. The Catawba-Ripp 230-kV line passes within a half mile of the Kings
Mountain National Military Park and the Kings Mountain State Park. The National
Military Park is in the National Register.

The only changes in archeologic information since the issuance of the FES-CP,
was the result of the transmission corridors being archeologically surveyed. A
site in the Catawba-Newport (East) 230-kV line was considered potentially
eligible for nomination to the National Register of Historic Places (Brock-
ington, 1980). The site, which was identified as a Late Archaic campsite where
animals were butchered, was further tested after tower placement. The con-
clusion of that study was that no further investigation of the site was recom-
mended in conjunction with the Catawba transmission line project (Canouts, 1980).
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Table 4.1 Catawba Nuclear Station water use

O
h Average Maximum (1)
g Title GPM Eiter/ min GPM Liter / min

,

i

h Intales f rom Lake Wylie

!. fluclear Service Water Intake:4

11uclear Service Water 'iystem . 16,500 62,400 68,000 257,000
fluclear Service Water Pond (Regulated) 0 0 68,000 257,000

Total 16,500 62,400 68,000 257,000
4

'll Low Pressure Service Water Intake:
A. Intake Screen Backwash 0 0 560 2,100

B. Fire Protection 0 0 2,500 9,500

C. Conventional LPSW System
1. Condenser Circulating Water System

Cooling Tower Evaporation 26,500 100,000 28,000 106,000
Cooling Tower Drift 55 210 110 420

, .
A3 Coo!ing Tower Blowdown 4,360 16,500 28,000 106,000'

-ui

Subtotal 31,000 117,000 56,000 212,000

2. Filtered Water System
a. Purp Seals 55 210. 150 570

.b. -Oemineralized Water System 70 260 950 3,600
c. Sanitary and Potable Water. 13 50 160 610

-Subtotal .140- 530 3,275(5) 12,400 (5)

:3. .LPSW Heat Removal and. Service Loads 34,900 132,000 64,700 245,000

Water
'

66,000 250,000 99,000 (2) 375,000 (2)Total for- Conventional Low Pressure Service.
(C.1+C.2+C.3)

' Total f]r low Pr2ssure Service Water Intake. 66,000 250,000 102,000' 386,000
'(A+8+C)

Total!for Intake From Lake Wylie ~82,000 310,000 ~170,000 640,000
(Nuclear Service Water plus low Pressure
Service Water Intakes)

.. Source: ER-OL' Table 3.3.1-1
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O
{ Table 4.1 (Continued)
E

h Average Maximum (1)
Title (GPM) Liter / min (GPM) Liter / min

' Discharges to Lake Wylie

I. From LPSW and NSW-Intake
From Cooling Towers- 4,360 16,500 28,000 106,000
From NWS System 16,500 62,500 68,000 257,000
From Liquid Radwaste System 10 38 100 380
From Conventional LPSW System' 34,900 132,000 64,700 257,000

Subtotal ~56,000 ~212,000 (3) ~139,000 ~526,000 (4)

II. From Sewage Treatment System 35 132 55 208

III. From Final Holdup Pond 200 760 300 1,100g

b Total-Discharges to Lake Wylie ~56,000 ~212,000 ~139,000 ~526,000
(I+II+1II)

NOTES:
1. Maximum Flows'may not occur simultaneously
2. . Based on' design capacity of all LPSW pumps
3. Average intake differs from discharge due to cooling tower atmospheric losses
4. Maximum intake differs from discharge due to cooling tower atmospheric losses.

Also, flows from Fire Protection and Intake Screen Backwash are not included.
5. Filter system backwash flow included in subtotal

Source: ER-OL Table 3.3.1-1
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Table 4.2 Lake Wy'.. ...... structure areas and water
velocities for Catawba Nuclear Station

Area * Velocity **

Full pond (el. 172.8 m (569.4 ft)
2 2Gross opening 28.4 m (306.0 ft ) 0.07 m/s (0.24 fps)

Through trashcracks 20.8 m2 2(224.3 ft ) 0.10 m/s (0.33 fps)
2 2Through screens 14.7 m (158.6 ft ) 0.14 m/s (0.47 fps)

Maximum drawdown (el 170.5 m (559.4 ft)
2 2Gross opening 18.1 m (194.3 ft ) 0.12 m/s (0.38 fps)

2 2Though trashracks 13.2 m (141.9 ft ) 0.16 m/s (0.53 fps)
2 2Though screens 9.4 m (100.7 ft ) 0.23 m/s (0.74 fps)

* Areas given are for each pump bay. There is one pump per bay.
Two-unit operation will use two pumps and twice the area indicated.

** Velocities based on average water flow at 100% power operation.
Source: ER-OL Section 3.4

Table 4.3 Data on circular mechanical draft cooling
towers for Catawba Nuclear Station

Number of towers 6 (3 per unit)
Number of fans / tower 13
Height 21.3 m (70 ft)
Basin diameter 77.4 m (254 ft)
Outside diameter 82.9 m (272 ft)
Drift rate (% of circulating water 0.008%

flow rate)
Cooling range _(summer design conditions 12.8 C (22.9 F)
Cooling-tower basin temperature 31.4 C'(88.6 F)

(summer design condition)
Exit air temperature 38.9 C (102.1 F)

Sources: ER-OL Section 3.4; ER-OL Table 3.4.1-1; and
ER-OL, Table 10.1.1-3.

<
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p Table 4.4 Catawba Nuclear Station waste water discharge
Ei
1E
cr Conventional Waste Incremental Concentrations
* parameter Conc Average Cooling Tower Blowdown Water Treatment Ois Cove Lake Wylie

Av ConcS Units Intake Average Avg conc Avg Conc Max conc (5) g
v3 Conc Cone (1) (3) (4)

Alkalinity as CACO 3 mg/l 15 24(2) 10 1.5 0.28 .04
Boric Acid as B, pg/l 12.5 44.3 .01 --

Hardness as CACO mg/l 16 112 12 6.7 1.3 .19
3

Calcium, Ca. /l 3.5 25 2.5 1.5 0.29 .04
Magnesium, Mg, mg/lmg 1. 5 10.5 1. 3 0.6 0.12 .02
Sodium, Na, mg/l 7.3 72 70 4.6 0.9 .13
Potassium, K, mg/l 1.8 13 1. 3 0.8 0.15 .02
Aluminum, Al, mg/l 1.6 11 2.1 0.7 0.13 .02

/l 1.2 8.4 0.8 0.5 0.10 .01Iron, Fe,
mg/l 0.18 1.3 0.12 0.1 0.01 --

Manganese, Mn,
mg/l 0.4 -- --Cadmium, Cd, pg 1.0 7 --

Chromium, Cr, pg/l 6 42 -- 2.5 0.5 --

Copper, Cu, pg/l 5 35 -- 2.1 0.4 --

Lead, Pb, pg/l 3 21 -- 1. 3 -- --

Nickel, Ni, .pg/l 11 77 -- 4.6 0.9 --

f' Zinc,Zn, pg/l 19 134 -- 8.0 1.6 --

ro Ammonia, N, mg/l 0.19 1.3 1.1 0.1 0.01 --

Nitrate-Nitrite, N, og/l 0.28 2.0 2 0.1 0.02 --"
Chloride, Cl, mg/l 6.5 78 15 4.7 0.9 .13
Fluoride, F, mg/l 0.15 1.0 0.12 0.1 0.01 --

Phosphorus Total P. pg/l 56 392 0.6 25.4 5 --

t
Silicon, Si, mg/l 4.2 29 3.3 1.8 0.34 .05
Sulfate, 50 , og/l 10 194(2) lil 12.1 3.3 .34

4
Suspended Solids /l 10 70 16 4.2 0.82 .12
Dissolved Solids mg/l 60 600 317 36.9 7 1. 0mg
Total Organic Carbon og/l 3.1 22 9 1.3 0.26 .04
Detergents pg/l 5.4 19.2 -- --

Ethylene Glycol pg/l 0.5 1.9 -- --

Hydrazine pg/l 1.0 3.5 -- --

1. Maximum is at design load, 2 cycles concentration, and average June meteorology. Average is at 76% capacity factor, 7 cjcles,
and annual average meteorology.

2. Alkalinity is treated with sulfuric acid.
3. Average is for 115 regenerations/ year, with caustic recycle, and 8 wet layups a year. including sanitary sewage 35 gpm average flow
4. Incremental concentrations in the discharge cove estimates average station wastes in a flow of 56.200 cm (125.2 cfs).
5. Incremental concentrations in Lake Wylie are based on average station wiste discharges and a flushing tiow through the reservoir,

-The maximum incremental concentration is based on the 7-Q-10 flow of 648 cfs, and average incremental concentration is based on tre
average flow of 4445 cfs.

Source: ER-OL Table 3.6.1-2
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i

4

1

Table 4.5 Catawba Nuclear Station conventional waste
j water treatment system effluent analysis
;

Design Parameter,

| Units Normal Range Limit

pH 7.0-8.0 6.0-9.01

Total Suspended Solids,
i mg/l

-<30 1001

'

Biological Oxygen Demand, <5 ~102
mg/l

Chemical Oxygen Demand, <10 202
mg/l

.,

Dissolved Oxygen, }5 42
mg/l-

: Fe, mg/l <1 11
i
'

Cu, mg/l <1- 11

Mn, mg/l <0.5 0.52
J

l,

{ t 40 CFR 423 - EPA effluent guidelines and standards for steam electric power.
generating

2 Design Criteria
i

Source: ER-0L Table 3.6.1-1.

, ,

,

f

r
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E? Table 4.6 Catawba Nuclear Station transmission line cdditions
EI

b
Catawba- Catawba-a

C? Newport Newport
Catawba- Catawba- Catawba (Allison (Newport
Allen Ripp Pacolet Creek B&W) B&W) Totals

Total R/W Length-mi(km) 10.9(17.5) 24.4(39.3) 41.3(66.5) 5.2(8.3) 5.2(8.3) 86.9(139.8)
New R/W Length-mi(km) 1.3(2.1) 24.4(39.3) 1.2(1.9) 0.7(1.1) 0.7(1.1) 28.4(45.7)

Total R/W-ac(ha) 197.6(80.0) 426.2(172.5) 750.7(303.8) 93.6(37.9) 72.6(29.4) 1540.7(623.6)

Total New'R/W-ac(ha) 23.8(9.6) 426.2(172.5) 22.2(9.0) 12.7(5.1) 10.2(4.1) 495.1(200.3)

Forest-ac(ha) 11.5(4.6) 323.5(130.9) 10.4(4.2) 7.7(3.1) 5.9(2.4) 359.0(145.2)
-% of total New R/W 48.2 75.0 46.8 60.5 57.8 72.5

Pasture & Agriculture
--ac(ha) 0 94.2(38.1) 1.6(0.6) 0 0 95.8(38.7)
-% of Total New R/W 0 22.1 7.0 0 0 19.34,

8! ' Cleared for Catawba
Nuclear -ac(ha) 12.4(5.0) 8.5(3.4) 10.3(4.2) 4.2(1.7) 3.6(1.5) 39.0(15.8)
-% of Total New R/W 51.8 2.0 46.2 32.9 35.4 7.9

Water Crossings-ac(ha) 0 0 0 0.8(0.3) 0.7(0.3) 1.5(0.6)
-% of Total New R/W 0 0 0 6.6 6.8 0.3

Total New Cleared R/W
-ac(ha) 11.5(4.6) 323.5(130.9) 10.4(4.2) 7.7(3.1) 5.9(2.4) 359.0(145.2)

Man-Made . Structures Removed 0 2 0 0 0 2

R/R Crossings on New R/W-# 1 2 1 0 0 4

Hwy. Crossings on
.New R/W-# 0 5 0 0 1 6

Source: ER-OL, Table 3.9.1-1

.
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5 ENVIRONMENTAL CONSEQUENCES AND MITIGATING ACTIONS<

5.1 Rdsums
,

| This rdsums highlights changes in the staff's evaluation of the environmental
effects of operating Catawba Nuclear Station in the light of information gained
since the FES-CP was issued in 1973. No discussion is provided of those impacts
for which there has been no new information or change since the construction re-

, view.

Land-use impacts are addressed in Section 5.2.1, and transmission line impacts
as a result of the operation of Catawba station are evaluated in Section 5.2.2.4

| Water use and hydrological impacts-are updated in Sections 5.3.1 and 5.3.2, re-
spectively. The impact of Catawba station on the Catawba River floodplain is.

evaluated in Section 5.3.3 pursuant to Executive Order 11988, which was promul-
gated after the FES-CP was issued. Effects of fogging, icing, and other emis-
sions are updated in Sections 5.4.1 and 5.4.2. Terrestrial and aquatic ecology
are reviewed and updated in Sections 5.5.1 and 5.5.2, and the effects of thermal
discharge on biota are discussed in Section 5.5.2.2. The effects of the opera-
tion of Catawba station on historic and archeologic sites are reviewed in Sec-
tion 5.7; socioeconomic effects are updated in Section 5.8. Information on. radio-
logical' impacts of normal operation has been revised in Section 5.9 to reflect->

updated knowledge' gained since the FES-CP was issued. Section 5.9.4 on postu-
lated plant accidents now contains information that has been revised and updated
to include Class 9 accidents 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 affect-

.

ing the environment are performed, provided'that such changes, tests, or experi-
ments involve an unreviewed environmental question; (2) maintain specific envi-
ronmentally related records; (3) report violations of conditions stated in the
NPDES permit or State certification pursuant to Section 401 of the Clean Water
Act; (4) report-unusual or important' environmental events; and (5) monitor-

: potential effects of cooling tower drift.

5.2 Land Use
:

5.2.1 Plant Site

Land use. impacts from the operation of the station are discussed in Section 5.'1i
,

of the FES-CP. .No significant changes are. expected from those discussed at the
CP stage of review.

Catawba DES 5-1
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5.2.2 Transmission Lines

Environmental impacts that typically could be associated with the operation cf
transmission lines are caused by (1) ozone production, (2) induced electrical
currents, (3) electric fields, and (4) corridor maintenance. The amount of
ozone produced by transmission lines has been determined to be so small that
ozone poses no detrimental environmental threat.

There have been several recent studies of health effects on humans from electric
fields associated with transmission lines. Although experimental work is still
under way on the biological effects of electric fields along extra high voltage
(EHV) transmission lines, the staff has found no major effects associated with
the operation of the lower voltage (230 kV) lines as proposed by the applicant.

The applicant has designed the station-related portion of his transmission sys-
tem in accordance with practices approved by the National Electric Safety Code
(1977 edition) to ensure the safeguarding of persons from hazards resulting from
the operation of overhead lines.

About 72% of the transmission line corridors pass through forested land. This
means that about 145 ha (359 acres) will have to be maintained in a nonforested
condition. This will be accomplished primarily by bush-hogging with some hand-
or power-saw felling of large saplings. No herbicides are used. Because a vege-
tative cover is maintained, soil erosion should be minimal and wildlife habitat
maintained.

5.3 Water

5.3.1 Use

5. 3.1.1 Surface Water

Catawba Nuclear Station water supply will be derived from Lake Wylie. As de-
scribed in Section 4.2.3, withdrawal rates for average and maximum meteoro-
logical conditions will be 312,000 1/ min (82,000 gpm) and 643,000 1/ min
(170,000 gpm), respectively. Approximately 33% of the water withdrawn from
Lake Wylie for station use will be lost to the atmosphere from operation of-
the cooling towers. The remaining water will be discharged back into Lake
Wylie.

The present average daily surface water withdrawals from the Catawba River with-
in 32 km (20 mi) upstream and 80 km (50 mi) downstream of the site are 333,000 1/
min (88,000 gpm). The present consumptive water use of Catawba River water is
estimated to be about 38,900 1/ min (10,300 gpm). With the operation of the
Catawba station the present average daily water withdrawals from the Catawba
River in this region will almost double; however, the withdrawals will only be
about 8% of the average daily flow at the Rock Hill gaging station (see Table 5.1).
The present consumptive water use from the Catawba River in the region will in-
crease from an estimated 38,900 1/ min (10,300 gpm) to 140,900 1/ min (37,200 gpm)
with plant operation. This is less than 2% of the average daily flow at the
Rock Hill gaging station.
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As described in Section 4.3.1.1, the applicant has estimated the 7-day once-in-
10 year low flow into Lake Wylie to be 14.6 m /sec (516 cfs = 8.77 x 105 1/ min =a

2.23 x 105 gpm). The station consumptive use will be about 11% of the 7-day
once-in-10 year low flow (see Table 5.2). The total average daily consumptive
water use from the Catawba River in the site region will be about 16% of the
7-day once-in-10 year low flow entering Lake Wylie.

Based on the above analysis the staff concludes that operation of the Catawba
Nuclear Station will not have an adverse effect on regional water use from the
Catawba River. This primarily is due to the large storage volume of Lake Wylie
and the upstream control on the Catawba River provided by six dams with approx-
imately 1.9 x 19 m (1.5 x 106 acre-ft) of water storage.3

5.3.1.2 Groundwater

Operation of the Catawba Nuclear Station will be sustained by water obtained
from Lake Wylie. No groundwater will be used for operation of the station. A
groundwater drainage system at the base of the foundation mat and basement walls
of the auxiliary and reactor buildings will alter the groundwater gradient for
a maximum distance of a few hundred feet around the buildings. The changes in
the groundwater gradients will be within the station property boundaries and will
not affect domestic groundwater wells in the vicinity of the site.

5.3.2 Water Quality

5. 3. 2.1 General

Water quality impacts in Lake Wylie may be caused by chemical and other wastes
in the station ef fluent discharged during preoperational cleaning and operation.
The potential for impacts to receiving water quality were assessed during the
construction permit environmental review (FES-CP Sections 5.5.2.2 and 5.5.2.3).
There have been changes in the volume and concentration of wastes in the station
effluent as a result of changes in station design and environmental data (see
Sections 4.2.6 and 4.3.2). The resulting changes in potential water quality
impacts are examined below.

5.3.2.2 Surface Water

The applicant performed a thermal plume analysis on the combined service water
and cooling tower blowdown releases into the Allison Creek arm of Lake Wylie.
Thermal plume areas resulting from the discharge were computed for the winter
with a discharge flow of 2249 1/sec (29,800 gpm) and a temperature rise of 8.6C
(15.5F ) above ambient temperature and for the summer with a discharge flow of
3242 1/sec (51,400 gpm) and a temperature rise of 4.7C (8.5F ) above ambient
temperature. Areas enclosed by the 2.8C (SF ) isotherm above ambient' lake
temperatures and the 32.2 C (90 F) isotherm, with the percent of lake surface
area affected, are presented on a seasonal basis in Table 5.3 for average and
worst-case conditions.

Under worst-case winter (February) conditions the 2.8C (5F*) above ambient
isotherm would extend from the mouth of the discharge cove to less than 914 m
(3000 ft) downstream and to 244 m (800 ft) upstream of the Allison Creek arm
of Lake Wylie. This would represent less than 1.1% of the total lake area.
Under average winter conditions it would affect only 0.7% of the total lake
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area. Under worst-case summer (August) conditions the 2.8C (5F ) above ambient
isotherm would be confined almost entirely to the discharge cove and the 32.2 C
(90 F) isotherm would extend from the mouth of the discharge cove to less than
914 m (3000 ft) downstream and to 244 m (800 ft) upstream of the Allison Creek j

arm of Lake Wylie. This would represent an area bounded by the 32.2 C (90 F)
isotherm of about 40 ha (100 acres) or 1.1% of the total lake area. Under aver-
age summer conditions the 32.2 C (90 F) isotherm would enclose 2 ha (5 acres)
or 0.1% of the total lake area.

The South Carolina water quality standards require that fresh waters, other 1

than those classified as trout habitat, not exceed 32.2 C (90 F) at any time
and that temperature increases as a result of pollutant discharges be limited
to 2.8C (5.0F ) above natural temperatures, as a weekly average. Thus, the
areas given above for the station under worst-c.ase and average conditions
represent the areas of Lake Wylie that would not be in compliance with water
quality standards. The South Carolina Department of Health and Environmental
Control has issued a National Pollutant Discharge Elimination System (NPDES)
Permit for the station (Appendix I). This permit does not limit the station
discharge temperature during operation or the resulting area of Lake Wylie
subject to temperatures higher than those specified in the State water quality
standards. However, station design, consisting of a closed cycle cooling with
" cold side blowdown" (i.e., diversion of blowdown at a point in the flow path
beyond passage through the cooling towers) will tend to minimize discharge of
heated water from the facility.

The revised estimates of the average and maximum concentrations of wastes to be
discharged to Lake Wylie by Catawba Nuclear Station during operation are given
in Tables 4.4 and 4.5. With regard to average station effluent characteristics
(from the cooling tower blowdown, the conventional waste water treatment system,
and the sanitary waste treatment system), most of the changes are increases
(see FES-CP Table 3.13 for comparison). The increases are projected for con-
centrations of iron, magnesium, potassium, sodium, chloride, fluoride, sulfate,
hardness, and total dissolved solids. These changes are a result of changes
in the estimated ambient Lake Wylie concentration of dissolved substances,
changes in station water flow rates, and changes in station wastewater treatment.
These same parameters are estimated to have higher incremental concentrations
in Lake Wylie than projected in the FES-CP. This is due to the factors given
above for the effluent levels and also due to a lower estimate of the flushing
flow through the reservoir (648 cfs versus 713 cfs in the FES-CP). The staff
has examined the levels of these parameters reported for the ambient conditions
in Lake Wylie and the levels projected to exist in the Big Allison Creek arm of
the lake and in the lake proper when station operation begins. With the possible
exception of total iron, none of these constituents are currently, nor are they
expected (upon station operation), to reach levels inconsistent with the desig-
nated uses assigned to Lake Wylie by the South Carolina Water Resources Commis-
sion (March 1981). Although earlier data from the applicant showed total iron
concentration to average above 1.0 mg/l (that is, the value identified for pro-
tection of fresh aquatic life), the applicant's latest data show a decrease in
average total iron concentration in Lake Wylie to a level below this identified-
value. Also, none of these parameters are currently, nor are they projected to
become (upon station operation), in violation of State water. quality standards.

Some constituents in the station effluents are now projected to be discharged
in concentrations less than those evaluated in the FES-CP (although these con- ;
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centrations represent increases over ambient levels). Included in this group
are nutrients nitrate-nitrite-N, total phosphorus, and silica.

The NPDES permit (Appendix I) issued by the State for station operation has
expired, but has been administrative 1y extended, pending finalization of Ef-
fluent Guidelines and New Source Performance Standards by the U.S. Environ-
mental Protection Agency. The staff has examined the effluent limitations and
other requirements of the permit and compared them to the proposed mode of
operation of the station. The staff concludes that

(1) Compliance with the limitations on cooling tower blowdown and service
water discharge is likely without change or mitigation, based on the
applicant's commitments to hold up blowdown to allow for residual chlo-
rine concentration decay to a level below that in the permit and the cur-
rent plans to not chlorinate the once through cooling waters (Section 4.2.6).
The staff also notes that the applicant will be required, as a part of the
NPDES permit, to conduct "an internal evaluation of practicable methods to
reduce total residual chlorine levels from the combined discharge of cool-
ing tower blowdown, conventional service water and nuclear service water."

(2) Compliance with the conventional waste water treatment system and metal
cleaning wastes limitations is likely, based on the applicant's projected
effluent analysis (Section 4.2.6) and the staff's review of applicant ex-
perience with a similar waste treatment system associated with the McGuire
Nuclear Station located upstream on the Catawba River.

(3) Compliance with the sewage treatment limitations is likely, but only with
careful control of the tertiary aquaculture effluent polishing lagoon
operation. This system has experienced total suspended solids and bio-
chemical oxygen demand levels in the effluent in excess of the NPDES
limits (Peacock, 1981). However, corrective actions have been initiated
by the applicant to maintain effluent characteristics at or below the
permit limits.

The staff concludes, on the comparison of ambient lake water quality, expected
discharge quality and quantity, available criteria in the literature, and the
analyses presented in the FES-CP that surface water quality impacts caused by
operation of Catawba Nuclear Station will be small.

5.3.3 Floodplain Aspects

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

Defining an elevation for a 100 year flood in Lake Wylie is not practical be-
cause of the high degree of regulation and storage provided by the.six upstream
impoundments; however, since portions of the intake and discharge structures
are,-by design, located below the Lake Wylie water level, these structures can
be considered to be in the floodplain. All of the structures located in the
floodplain were substantially complete when Executive Order.11988 was signed in
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May 1977. Thus the staff concludes that consideration of alternative locations
for these structures is neither required nor practicable.

The Catawba Nuclear Station, including the structures located in the floodplain,
has been designed to withstand the flooding effects of a standard project flood
combined with seismic failure of an upstream dam. This combination of events,
which is a more severe event than the 100 year flood, reaches a static water
level of 592.4 ft (180.57 m) MSL. Plant grade is at 593.5 ft (180.90 m) MSL.
Based on this, the staff concludes that none of the structures located in the
floodplain will be affected by flooding caused by a 100 year flood. In addition,
the staff concludes that structures located in the floodplain will have a neg-
ligible effect on water levels in Lake Wylie during a flood event. This con-
clusion is based on the small cross sectional area of those structures in rela-
tion to the total area of Lake Wylie. The staff, therefore, concludes that the
objectives of Executive Order 11988 have been met.

5.4 Air Quality

5.4.1 Fog and Ice

As stated in the FES-CP, atmospheric emissions from the mechanical draft cool-
ing towers will consist primarily of waste heat and water vaoor, resulting in
conspicuous moisture plumes. When such plumes are near the ground, fogging
could be observed. If air temperatures are below 0 C, icing could occur.

The applicant has used observations from the operation of two mechanical draft
cooling towers at the nearby Cliffside Plant (located about 64 km (40 mi) north-
west of Catawba) as the principal bases for describing atmospheric impacts re-
sulting from cooling tower operation at the Catawba site. Several differences
between the Cliffside and Catawba plants and cooling towers should be noted.
Total heat load at Cliffside is about 820 MWt, while the total heat load at
Catawba is about 4630 MWt. The applicant has estimated the increased moisture
output and evaporation at Catawba by a ratio of the total heat loads. Other
differences between plants and cooling towers, including number of cooling tower
units (two at Cliffside, six at Catawba), and tower shape-(rectangular at Cliff-
side, round at Catawba) could affect initial plume behavior. Both the Cliffside
and Catawba plants are in areas with similar climatology (for example, ambient
temperatures and mixing heights), although wind direction frequencies are
different.

Catawba, like-Cliffside, has a high frequency of low wind speed conditions, and
ground contact of the plume is expected to be minimal because of the initial
bouyancy of the plume. The round shape of the towers at Catawba may enhance-
the initial bouyancy of the plume compared with those at Cliffside. The appli-
cant maintains that ground contact of the plume at Cliffside has been limited
to within 0.3 km (0.2 mi) of the plant. Based on plume observations at Cliff-
side, the applicant has estimated that the extent of ground level' fogging as a
result of plume contact should be limited to within 0.8 (0.5 mi) km of the
Catawba plant at a frequency of less than 1% per year. Icing is not expected
often because of the infrequent occurrence of temperatures less than 0 C.

Steam fog (formed as cold air drifts across relatively warm water) is also of
concern, although the horizontal and vertical dimensions of steam fog are not
usually large away from the water body. Steam fog in the immediate vicinity of
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Lake Wylie could be increased because of higher water temperatures, particularly
in the vicinity of the plant discharge.

Based on observations made at Cliffside and adjusted to reflect wind direction
frequencies for Catawba, the applicant has estimated the frequency and length
of visible cooling tower plumes in the vicinity of Catawba (see ER Figures
5.1.4-1 and 5.1.4-2). The applicant estimates that the visible plume will be
mostly confined to within 5 km (3.1 mi) of the station. The applicant has not
specifically addressed the impact of the visible plume on the operation of such
facilities as the municipal airport serving Rock Hill (located about 8 km (5 mi)
south of the station). However, the applicant expects the impact to be minimal
at tnis location because of the low frequency (about 5% annually) of visible
plume extent.

The applicant has modeled the nonvisible humidity plume and determined that dur-
ing most atmospheric conditions the increases in hourly average surface relative
humidity are generally small (5-10%) within 8 km (5 mi) of the plant. Short-
term increases of this order are not expected to be discernible from natural
variations in relative humidity.

The determination of the atmospheric impact resulting from plant operation will
depend almost entirely on comparison of the results of a preoperational (base-
line) monitoring program with the results of a postoperational monitoring pro-
gram.' The preoperational program (described in Section 5.14.3) included fog
observations and visibility monitoring at selected locations. The postopera-
tional program (also described in Section 5.14.3) will include the same types
of observations and visibility monitoring. The staff is assessing the adequacy
of the monitoring programs. Any changes to the postoperational program will be
included in Section 5.14.3 of the FES. The staff will evaluate the results of
the preoperational and postoperational monitoring programs to determine the need
for continued monitoring and/or mitigating actions to lessen the atmospheric
impact of plant operation.

5.4.2 Other Emissions

As stated in the FES-CP, nonradioactive pollutants (for example, 502 and N0 )xproduced by operation of emergency and safe shutdown diesel engines should
not have a significant impact on air quality in the vicinity of the plant if
fuels with relatively low sulfur content are used.

5.5 Ecology

5.5.1 Terrestrial Ecology

The terrestrial ecology impacts that were expected to be caused by operation of
the plant were assessed during the construction permit review (FES-CP Sec-
tion 5.4.1). No additional impacts are expected to occur that were not con-
sidered at the construction permit stage.

5.5.1.1 Cooling Tower Emissions

Salt drift is the principal component of cooling tower emissions. Drift deposi-
tion has the potential for adversely affecting plants, but tolerance levels of
native plants, ornamentals, and crops are not known with precision. Experiments
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simulating drift deposition on plants indicate that some species have thresh-
holds for visible leaf damage in the range of 10 to 20 kg/ha/ month (9 to 18 lb/
acre / month) of Nacl applied to the leaves during the growing season (NUREG/CR-
1231). These effects can be altered by frequency of rainfall, humidity, type
of salt, and sensitivity of species.

The applicant's predicted maximum Nacl deposition rate expressed on a monthly
basis (2-3 kg/ha/ month or 2-3 lb/ acre / month) should not cause visible injury to
the plants even in the areas of maximum deposition (NE and SW sectors). Further,
these predicted deposition rates should not cause changes in the floral composi-
tion of the areas' vegetation. However, because of the uncertainty concerning
the quantity of drift to be released (this quantity is based on a model not ac-
tual measurements) from the cooling towers and the uncertainty of threshhold
levels of injury for the local flora a monitoring program will be required to
detect any possible damage to the local flora caused by drift deposition. The
monitoring program is specified in Section 5.14.1.

5.5.2 Aquatic

5.5.2.1 Impingement and Entrainment

The biological effects on aquatic organisms inhabiting Lake Wylie as a result
of the withdrawal of water for the Catawba station heat dissipation system
cannot be predicted with accuracy. Losses of aquatic life associated with the
intake structure and withdrawal of water are a result of impingement and en-
trainment. Organisms small enough to pass through the 1-cm (3/8-in.) mesh
intake screens will be entrained into the station heat dissipation system and
subjected to elevated temperatures, changes in pressure, high flow velocities,
and biocides. Organisms that are unable to resist the flow and are drawn into
the intake structure that are too large to pass through the intake screens will
be impinged. Organisms impinged on the screens and unable to escape will ulti-
mately die and will be removed through the screen wash system for disposal.

Impingement

The flow velocities in the vicinity of the intake vary with station operation
levels and Lake Wylie pond elevation. At full pond elevation and both units at
full power, the flow rate through the trashracks is 10 cm/sec (0.33 fps) and
through the intake traveling screens is 14 cm/sec (0.47 fps). At the maximum
lake drawdown and at full power for both units, the flow through the trashracks
is 16 cm/sec (0.53 fps) and through the intake traveling screens is 23 cm/sec
(0.74 fps) (ER, Section-3.4.3). The volume of water withdrawn also is a factor
that influences impingement rates. The amount of water withdrawn is dependent
on the station power level. If both units are operating at full capacity, the
amount of water withdrawn through the low pressure service water intake struc-

3 3ture is expected to average 4.2 m /sec (147 cfs) with a maximum of 6.4 m /sec
(227 cfs) (ER-OL, Section 3.3).

Impingment of aquatic organisms will be limited almost exclusively to fish.
Predicting, with accuracy, which species and the numbers of individuals that
will be affected is difficult. Duke Power Company has a five-unit fossil sta-
tion, Allen Steam Plant, on Lake Wylie north of the Catawba station.- Intake
velocities at Plant Allen (Edwards et al., 1976) vary by unit, power level, and
pond level from 4.57 cm/sec (0.15 ft/sec) to 18.9 (0.62 ft/sec). Maximum flow j
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3rate is 35 m /sec (1236 cfs). Therefore, intake velocities are slightly less
than that at the Catawba station, but the Plant Allen maximum flow rate is
5 times greater than that expected at Catawba station. Between October 1973
and September 1974, Plant Allen conducted an impingement monitoring program,
the results (Edwards et al., 1976) of which may be used to aid in the evalua-
tion of the potential impact of Catawba station. At Plant Allen a total of
55,762 fish were collected from the intake screens during the study period.
Threadfin shad accounted for 98.6% of the total catch. The remaining 1.4% of
the fish impinged were primarily gizzard shad, channel catfish, and bluegill.
About 92% of all the threadfin shad taken were collected between November 1973
and January 1974. The high threadfin shad impingement rates during this period
are attributed to natural cold-induced mortality and disequilibrium resulting
from the fall cooldown of the lake. The stressed threadfin shad are unable to
maintain their equilibrium or orient to the flow and are therefore impinged.
The estimated number of all species of fish impinged per day calculated on a
seasonal basis ranged from 195 to 5235 for the spring and the fall, respectively
(Edwards et al., 1976).

Similar relative abundance by species is expected to be impinged at the Catawba
station; however, the actual number of individuals is expected to be signifi-
cantly lower because of the much lower volume of water withdrawn from the lake.
Although siting the intake at the end of a cove is less preferable than the

i recessed shoreline intake at Plant Allen, the expected losses at the Catawba
statior, ace still predicted to be insignificant. Assuming a conservative 50%
reduction in non-threadfin shad impingement losses at the Catawba station than
was observed at Plant Allen, the annual loss of 42 channel catfish, 156 blue-
gills, 99 gizzard shad (one-half the Plant Allen losses in 1973-74) will not
significantly affect the Lake Wylie fishery for these species. Threadfin shad
losses on the order of 27,000 per year (one-half the Plant Allen losses) also
are not expected to impact the lake fishery because of the high reproductive
capacity of this species and the fact that many of these individuals would be
lost to the fishery as a result of cold-induced mortality. The presence of
Catawba station will provide a warm water refuge for this species, which will
allow many to survive the winter and repopulate the lake in the spring.

It is therefore concluded that impingement as a result of the operation of
Catawba station will not detrimentally affect any of the fish species inhabit-
ing Lake W' lie.y

,

Entrainment

Phytoplankton, zooplankton, fish eggs, and larvae are essentially free-floating
organisms that are small enough to pass through the intake screens and become
entrained through the station cooling systems. A 100% mortality is expected
for the 25% of the organisms diverted to the cooling tower makeup stream. The!

remainder of the organisms will pass through various service water systems and
will be subjected to physical and thermal stresses; however, some survival is
expected. The percent survival is unknown for organisms entrained through
these other station cooling systems; therefore, the staff conservatively esti-4

mated 100% mortality of all organisms entrained.

. Phytoplankton and zooplankton mortality as a result of entrainment is not expect-
' ed to be significant to lake populations since both groups of organisms exhibit
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high reproductive capacities and only about 7% of the flow through Lake Wylie
will pass through Catawba station. ,

,

Fish eggs and larvae are seasonal and significant impacts to fish populations
at other facilities as a result of entrainment have been postulated. Highest
larval densities reported from the sampling station nearest the Catawba intake
in the 1973-74 study (Industrial BIO-TEST Laboratories, Inc., 1974) were 38.5

in early May. Approximately 96% of the larvae collectedlarval fish /100 m3
were identified as shad. The high shad levels were as a result of the high
reproductive capacity of the genus and their pelagic nature. The low number of

.

: non-shad larvae reported from the 1973-74 study is principally the result of
j the species' use of bottom nests (Lepomis sp.) overbank and week banks (Ictalurus
! sp. and Pomoxis sp.) for egg laying (Breder and Rosen, 1966) and the preference ,

of shallow shoreline habitat by the larvae.

Losses of shad larvae as a result of station operation is not anticipated to
.

| have a detrimental effect on the Lake Wylie populations. The high reproductive
' potential of shad and the high natural larval mortality will greatly. exceed any

mortality as a result of station operation.

Some localized depletion on non shad fish larvae in the vicinity of the intake
| cove is expected; however, its effect on lakewide populations is expected to be

insignificant.
'

4

It is therefore concluded that entrainment of aquatic organisms resulting from
the operation of the Catawba station will not detrimentally affect any species
inhabiting Lake Wylie.

:

; 5.5.2.2, Thermal Discharge
!

~! Some loss of phytoplankton and zooplankton entrained in the discharge plume is
expected, however, the high regeneration rates exhibited by these organisms will
limit areas of depletion to the discharge cove. Studies (Duke Power Company,

! 1976) conducted at Plant Allen on upper Lake Wylie showed no evidence that the
i thermal discharge'from the fossil plant was causing any shift in the phytoplank-

ton diversity toward more heat-tolerant or nuisance species. Also the discharge'

: of Plant Allen had no overall measurable influence 'on zooplankton populations
| in Lake Wylie. Scour of benthic organisms in the vicinity of the discharge

plume will occur; however, the area affected will be sip'iificantly less than
i 1% of the total lake bottom.
!

! No significant impact is expected to occur to fishes inhabiting Lake Wylie as a
~

f result of the thermal discharge. Fish are highly mobile organisms and are able
to avoid unfavorable temperature regimes.

.Even under a worst-case condition only about 42.5 ha (105 acres) or 1% of the
|

lake is projected to be more than 2.8 C (5*F) above ambient temperature. During
the summer some species of fish will. avoid this area while during the winter
some species will be attracted. Studies-(Duke Power Company, 1976) conducted

! at Plant' Allen, which has a significantly larger thermal discharge plume and
,

: is located in upper Lake Wylie, concluded that the sport fishery in Lake Wylie
i had not been adversely affected by operation ~of the plant even though' summer

time monthly average discharge temperature reached 38.7'C (101.6'F).- No shift;

i in fish composition from sport to either forage or rough fish was observed
!-
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in gill netting studies conducted in Lake Wylie outside the Plant Allen dis-
charge cove. Similar lack of observable impact as a result of the thermal
plume to fishes inhabiting the lower portions of Lake Wylie is expected.

The potential for cold-shock fish kill during the winter is minor, and the
potential for this kill having a detrimental effect on the fish community is
insignificant because of small areal extent of the 2.8 C (5 F) isotherm in re-
lation to the area of Lake Wylie and the presence of two units (which lessens
the probability of a complete cessation of blowdown because simultaneous out-
age of two units is less likely than the outage of one unit).'

The potential for gas-bubble disease killing a significant number of fish in
the area of discharge is minimal because closed-cycle cooling is used. This
closed-cycle system is not likely to result in supersaturation of the blowdown.
Furthermore, the small size and rapid mixing of the discharge plume minimizes
the number of fish that can be exposed to the station discharge and the super-
saturated water should it occur.

Because of the small size and rapid mixing of the expected plume in relation to
Lake Wylie, the staff concluded that the fishery will not experience any of the
following at significant or detectable levels: increased incidence of disease
organisms, asynchrony of fish spawning, loss of eggs ano larvae as a result of
plume entrainment, reduction in forage, or the alteration of migratory or inter-
specific relationships.

It is, therefore, concluded that the thermal plume from the operation of the
Catawba Nuclear Station will not detrimentally affect any species inhabiting*

Lake Wylie.

5.6 Endangered and Threatened Species
;

No federally protected endangered or threatened species are known from thea

Catawba site or vicinity.

For the two species of birds known from the site that are protected by the
State of South Carolina, no causal link that could result in a detrimental
impact between the operat. ion of the station and either species can be identi-
fied. The Carolina darter, Etheostoma collis collis, although known from the
drainage, has not been taken from Lake Wylie and, therefore, is not known from
the site. It is concluded therefore that no impact to species protected by the
State will occur.

5.7 Historic and Archeologic Site Impacts

The staff believes that operation of Catawba station will not significantly
af fect any sites listed or eligible for listing in- the National Register of
Historic Places (U.S. Department of the Interior, 1976, and subsequent listings).'

An archeologic site located in the Catawba-Newport (East) 230-kV line was orig-
inally recommended as being potentially eligible for inclusion in the National"

Register of Historic Places. However, since the-site is located in cleared
agricultural land, it will not be affected by normal transmission line mainte-
nance and operation such as bush-hogging, tree trimming,'etc. A letter from
the State archeologist granted archeological clearance for the line (Appendix H).
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The Catawba-Ripp 230-kV line near the Kings Mountain National Military Park
'

will have no significant impact on the park. .The line is not visible from the
roads, trails, monuments, and visitors' center in the park.

A letter from the State historic preservation officer (Appendix H) indicates
that no adverse effects on cultural resources will result from the operation
of Catawba Station.

5.8 Socioeconomic Impacts

I The socioeconomic impacts of plant operation are described in Section 5.6 of the
FES-CP. Changes that have occurred in these topic areas since then include a
revised estimate of the number of operating personnel to 846. Their annual pay-

s

roll is estimated to be $14.5 million (1984 dollars). The applicant also esti-
mates that about 200 contractual workers having an annual payroll of.$2.6 mil-

1 lion (1984 dollars) will be employed at the site during station operation (ER-OL,
RQ 310.8). The staff does not expect these personnel or their families to pre-
sent any significant impacts on the traffic use patterns or on the demand for
private and public facilities and services in the area.

It is also estimated that the station will annually spend approximately $1.5 mil- ,

lion (1981 dollars) on purchases of goods and services from the York and Mecklen- 't
burg counties area (ER-OL, RQ 310.7). Property taxes other than school taxes are
not levied against new industry in South Carolina for a period of time dependent
upon the size of the investment. For Catawba, this period is 5 years.

Therefore, for the first 5 years of operation, the taxes payable to the school _

district would be about $20.1 million (1981 dollars) annually. After that, the
-

amount would be $29.2 million (1981 dollars) annually. Both of these amounts ,

represent calculations given in 1981 tax rates. However, since the millage '

| rates are determined so that the local jurisdictions' budgets are to be covered,.-
both the estimated taxes and rates may vary. .

The staff anticipates no other significant socioeconomic impact resulting frcm
the station's operation. er

;.

5.9 Radiological Impacts
'

5.9.1 Regulatory Requirements
- '

,t

Nuclear power reactors in the United States must comply with certain regulatory,
requirements in order to operate. The. permissible levels of radiation in unre- ?_ 3
stricted areas and of radioactivity in effluents to unrestricted areas are re- J/ :

corded in 10 CFR 20. These regulations specify limits on levels of radiation ;
and limits on concentrations of radionuclides in the facility's effluent releases f.'sJ
to the air and water (above natural background) under which the reactor must!

operate. These regulations state that no member of the general public in unre .,
stricted 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 continuously
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.

a,

| .'
'

'
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In adoition to the radiation protection standards of 10 CFR 20, there are the
license requirements of 10 CFR 50.36a that are to be imposed on licensees in
the form of technical specif'ications 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
achie'vable (ALARA). Appendix I of 10 CFR 50 provides numerical guidance on
dose-design. objectives for light-water reactors (LWRs) to meet this ALARA
requirement. Applicants for permits to construct and for licenses to operate
an LWR shall provide reasonable assurance that the fellosing calculated dose-
design objectives 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 camma 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 3 kin from gaseous effluents; and 15 mrems/yr to any organ from
all pathways of exposure frem airborne effluents that include the radioiodines,
carbon-14, tritium, ar.d the particulates.

Experience with the design, construction, and operation of nuclear power reactors
indicates ttiat 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 the station's radioactive effluents as
discussed at'ove, within the NRC policy and procedures for environmental pro-
tection described in 10 CFR 51.20 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 (see Table 5.4) and are discussed later in
this report in Section 5.10. In the same manner the environmental impact ofc

transportation of fuel and waste to and from an LWR is summarized in Table S-4
(see Table 5.5) and presented in Section 5.9.3 of this report.

' Recently an additional operational requirement for uranium-fuel-cycle facilities,
in 1uding nucl a r power plants, was established by the Environmental Protection
Agency in 40'CFR 190.~ This regulation limits annual doses (excluding radon and
daughters) for members af the public to 25'mrems total body, 75 mrems thyroid,
and 25 mrems other organs!from all fuel-cycle facility contributions that may
imp ~act a specific' individual in the pu':lic.

,

5.9.2 Operational Overview

During nor.nl operations of Catawba, small quantities of radioactivity (fission
and activation products) will be _ released to the environment. As required by'

.NEPA, the staff has determined the estimated dose' to members of the public out-
side the plant boundaries resylting from 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-becausgofboththestationdesignandthedevelopmentofaprogramthat
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will be implemented at Catawba to contain and control all radioactive emissions
and effluents. As mentioned in Section 4.2.5, radioactive-waste management
systems are incorporated into the plant design. These systems are designed to
remove most of the fission product radioactivity that is assumed to leak, in
small amounts, from the fuel, as well as most of the activation product radio-

.! activity produced by neutrons in the reactor-core vicinity. The effectiveness
of these systems will be measured indirectly by process and effluent radiolog-,

ical monitoring systems that 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 be4

: recorded and published semiannually in the Radioactive-Effluent-Release Reports
for the station.

! The small amounts of radioactive materials that are released in treated airborne
effluents will diffuse in the atmosphere in a fashion determined by the meteoro-
logical conditions existing at the time of release and are generally much dis-
persed and diluted by the time they reach unrestricted areas that are open to
the public. Similarly, the small amounts of radioactive materials that are
released in treated waterborne effluents released will be diluted with plant
waste water and then further diluted as they mix with Lake Wylie beyond the
plant boundary (see Table 0.5).

1

Radioisotopes in the station's effluents that enter unrestricted areas will
produce doses through their radiations to members of the general public in a
manner similar to the way doses are produced from background radiations (that is,
cosmic, terrestrial, and internal radiations), which also include radiation
from nuclear-weapons fallout. These radiation doses can be calculated for the

,

many potential radiological exposure pathways specific 'o the environment around'

the facility, such as direct-radiation doses from the gaseous plume or liquid
effluent stream outside the plant Loundaries, or internal-radiation-dose com-
mitments from radioactive contaminants that might have been deposited on vege-
tation, or in meat and fish products eaten by people, or that might be present
in drinking water outside the plant or incorporated into milk from cows at near-
by farms.

These doses, calculated for the " maximally exposed" individual (that is, the
t

hypothetical individual potentially subject to maximum exposure), form thei

basis of the NRC staff's evaluation of impacts. Actually, these estimates are
,

( for a fictitious person because assumptions are made that tend to overestimate
the dose that would accrue to members of the public outside the plant boundaries.i

For example, if this " maximally exposed" individual were to receive the total
body dose calculated at the plant boundary as a result of external exposure to

| the gaseous plume, he/she is assumed to be physically exposed to gamma radia-
tion at that boundary for 70% of the year, an unlikely occurrence.

Site-specific values for various parameters involved in each dose pathway are
used in the calculations. These include calculated or observed values for the
amounts of radioisotopes released in the gaseous and liquid effluents, mete-
orological information (for example, wind speed and direction) specific to the
site topography and effluent release points, and hydrological information per-

*

taining to dilution of the liquid effluents as they are discharged.
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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 L
4

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 appli-
cable 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 specifi-
cally for the environs of Catawba, provides measurements of radiation and radio-
active contamination levels that exist outside the facility boundaries both
before and after operations begin. In this program, offsite radiation levels
are continuously monitored with thermoluminescent detectors (TLDs). In addi-
tion, measurements are made on a number of types of samples from the surround-
ing area to determine the possible presence of radioactive contaminants which,
for example, might be deposited on vegetation, be present in drinking water
outside the plant, or be incorporated into cow's milk from nearby farms. The;

results for all radiological environmental samples measured during a calendar
year of operation are recorded and published in the Annual Radiological Environ-
mental Operating Report for the facility. The specifics of the final opera-
tional-monitoring program and the requirement for annual publication of the
monitoring results will be incorporated into the operating license Technical
Specifications for Catawba station.

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 5.1. 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 re-
tained in his/her body. The actual effect of the radiation or radioactivity
it, determined by calculating the dose commitment. The annual dose commitment
is calculated to be the total dose that would be received over a 50 year' period,
following the intake of radioactivity for 1 year under the conditions existing
at about the midpoint after the station begins operation. (Calculation for the
midpoint of station operation represents an average exposure over the life of
the plant.) However, with few exceptions, most of the internal dose commitment
for each nuclide is given during the first few years after exposure because of
the turnover of the nuclide by physiological processes and radioactive decay.

There art 3 aumber of possible exposure pathways to humans that are appropriate
to be studied to determine the impact of routine releases from the Catawba site
on members of the general public living and working outside the site boundaries,
and whether the releases projected at this point in the licensing process will
in fact meet regulatory requirements. A detailed listing of these exposure
pathways would include external radiation exposure from the gaseous effluents,
inhalation of iodines and particulate contaminants in the air, drinking milk-
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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
frem a garden near the site that may be contaminated by similar deposits, and
drinking water or eating fish caught near the point of discharge of liquid
effluents.

Other less important pathways include: external irradiation from radionuclides
deposited on the ground surface, eating animals and food crops raised near the
site using irrigation water that may contain liquid effluents, shoreline, boat-
ing and swimming activities near lakes or streams that may be contaminated
by effluents, drinking potentially contaminated water, and direct radiation
from within the plant itself.

Calculations of the effects for most pathways are limited to a radius of 80 km
(50 mi). This limitation is based on several facts. Experience, as demonstra-
ted 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 sub-
stantial uncertainty because of lim tations of predictive mathematical models.

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

5.9.3.1.1 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 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 guid-
ance that place increased emphasis on maintaining occupational exposure at nu-
clear power olants ALARA. These requirements and guidance are outlined primar-
ily in 10 CFI' 20; Standard Review Plan, Chapter 12 (NUREG-0800); and Regulatory
Guide 8.8, "Ir. formation Relevant to Ensuring That Occupational Radiation Expo-
sures 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 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 before
1974 are primarily from reactors with average rated capacities below 500 MWe.)
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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,
j 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. However, the average
annual dose per nuclear plant worker of about 0.8 rem (NUREG-0713, Vol 2) has'

not varied significantly during this period. The worker dose limit, established
I by 10 CFR 20, is 3 rems / quarter (if the average dose over the worker lifetime is

being controlled to 5 rems / year) or 1.25 rems / quarter if it is not.

The wide range of annual collective doses experienced at PWRs in the United4

States results from a number of factors such as the amount of required main-
tenance and the amount of reactor operations and inplant surveillance. Because

I these factors can vary widely and unpredictably, it is impossible to determine
in advance a specific year-to year annual occupational radiation dose for a
particular plant over its operating li,fetime. 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 Catawba 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 unit at Catawba will be 480 person-rems, but doses could average as much
as 3 to 4 times this value over the life of the plant.

In addition to the occupational radiation exposures discussed above, during the
period between the initial power operation of Unit 1 and the similar startup of
Unit 2, construction personnel working on Unit 2 will potentially be exposed to
sources of radiation from the operation of Unit 1. The applicant has estimated
that the integrated dose to construction personnel, over a period of 2 years,
will be about 7.2 person-rems. This radiation exposure will result predominantly
from Unit 1 radioactive components and gaseous effluents from Unit.1. Based on
experience with other PWRs, the staff finds that the applicant's estimate is
reasonable. A detailed breakdown of the integrated dose to the construction
workers by the location of their work and its duration is given in Section 12.4
of the FSAR.

; The average annual dose of about 0.8 rem per nuclear plant worker at operating
j 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 5.6 to published risks for other occupations.
Based on these comparisons, the staff concludes that the risk to nuclear plant
workers from plant operation is comparable to the risks. associated with other
occupations.

In estimating the health effects resulting from both offsite (see Section 5.9.3.2)
and occupational radiation exposures as a result of normal operation of this
facility, the NRC staff used somatic (cancer) and genetic risk estimators that
are based on widely accepted scientific information. Specifically, the staff's
estimates are based on information compiled by the National Academy of Sciences'
Advisory Committee on the Biological Effects of Ionizing Radiation (BEIR I)(1972).
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: 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: 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 " relative risk" model would produce risk values up to about four
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 uncer-
tainty. 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)|
(1980).

Values 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.

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)(1977), the National Council
on Radiation Protection and Measurement (NCRP)(1975), the National Academy of
Sciences (BEIR III), and the United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR)(1977).

The risk of potential fatal cancers in the exposed work-force population at the
Catawba facility and the risk of potential genetic disorders in all future
generations of this work-force population, is estimated as follows: multiplying
the annual plant-worker population dose (about 480 person-rems / unit) by the
risk estimators, the staff estimates that about 0.06 cancer death may occur in
the total exposed population and about 0.12 genetic disorder may occur in all
future generations of the same exposed population. The value of 0.06 cancer
death means that the probability of one cancer death over the lifetime of the
entire work force as a result of 1 year of facility operation is about 6 chances
in 100. The value of 0.12 genetic disorder means that the probability of 1
genetic disorder in all future generations of the entire work force as a resulti

of 1 year of facility operation is about 12 chances in 100.

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

|
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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 back-
ground radiation.

The transshipment of spent fuel between Oconee, McGuire, and Catawba is discussed
in Appendix G.

Spent Fuel Storage-

The environmental analysis in Section 5.9 and Appendix D takes into account im-
pacts from exposures to routine releases resulting from spent fuel from Catawba
and the spent fuel from Oconee and McGuire that may be stored at Catawba. The
aspects of handling spent fuel from Oconee and McGuire within the fuel-handling
facility at Catawba will be discussed in the Safety Evaluation Report for Catawba.

Direct Radiation for PWRs-

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

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

Radioactive-Eftluent 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 dur-
ing normal operations. Estimates of site-specific radioisotope-release values
have been developed on the basis of estimates regarding fuel performar.ce and
the 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-0017. These have been supplemented by extensive use of the appli-
cant'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
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
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external-radiation doses to a member of the general public as a result of gase- !

ous effluents have been estimated to occur; these include the total body and
skin doses as well as the annual beta and gamma air doses from the plume at that
boundary location.

Another group of airborne radioactive effluents--the fission product radiciodines,
as well as carbon-14 and tritium--are also gaseous but these tend 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 doses to total body, thyroid, bone, and other '

organs from inhalation and from vegetable, milk, and meat consumption are made.
Concentrations of iodine in the thyroid and of carbon-14 in bone are of parti-
cular significance here.

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

i 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 consumption, from water ingestion (as
drinking water), and from eating of meat or vegetables raised near the site on
irrigation water, as well as any direct external radiation from recreational
use of the water near the point of discharge.

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 calcula-
tions are discussed in the October 1977 Revision 1 of Regulatory Guide 1.109,
" Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents

i 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 param-
eters involved are given in Appendix D. Doses from all airborne effluents ex-
cept the noble gases are calculated for individuals at the location (for example,
the site boundary, garden, residence, milk cow, meat animal) where the. highest

|

| radiation dose to a member of the public has been established from 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 calculatet

! the total maximum exposure to an exposed individual. Pathway doses associated
j 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
the gaseous-effluent pathways.
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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
performance of the liquid and gaseous radwaste treatment systems, the NRC
staff has concluded that the systems as now designed and built are capable of
controlling effluent releases to meet the dose-design objectives of Appendix I
to 10 CFR 50.

Operation of Catawba station 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 while still ensuring that plant operations are ALARA,
the actual radiological impact of plant operation may result in doses close to
the dose-design objectives. Even if t'his 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 (*100 mrems/ year) or the
dose limits (500 mrems/ year - total body) specified in 10 CFR 20 as consistent
with considerations of the health and safety of the public. As a result, the
staff concludes that there will be no measurable radiological impact on any
member of the public from routine operation of Catawba station.

Operating standards of 40 CFR 190, the Environmental Protection Agency's En-
vironmental Radiation Protection Standards for Nuclear Power Operations, specify
that the annual dose equivalent must not exceed 25 mrems to the whole body,
75 mrems to the thyroid, and 25 mrems to any other organ of any member of the
public as the result of exposures to planned discharges of radioactive materials
(radon and its daughters excepted) to the general environment from all uranium-
fuel-cycle operations and radiation from these operations that can be expected
to affect a given individual. The NRC staff concludes that under normal opera-
tions Catawba station is capable of operating within these standards.

The radiological doses and dose commitments resulting from a nuclear power
plant are well known and documented. Accurate measurements of radiation and
radioactive contaminants can be made with very high sensitivity so that much
smaller amounts of radioisotopes can be recorded than can be associated with
any possible observable ill effects. Furthermore, the effects of radiation on
living systems have for decades been subject to intensive investigation and con-
sideration 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 de-
bate about the exact extent of the effects of very low levels of radiation that
result from nuclear power plant effluents, upper bound limits of deleterious
effects are well established and amenable to standard methods of risk analysis.
Thus, the risks to the maximally exposed member of the public outside of the
site boundaries or to the total population outside of the boundaries can be
readily calculated and recorded. These risk estimates for Catawba station are
presented below.

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 *
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objectives 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 reac-
tor 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 unrelated to the
operation of Catawba station.

Multiplying the annual U.S. general public population dose from exposure to
radioactive effluents and transportation of fuel and waste from the operation
of this facility (that is, 82 person rems) by the preceding risk estimators, the
staff estimates that about 0.01 cancer death may occur in the exposed popula-
tion and about 0.02 genetic disorder may occur in all future generations of
the exposed population. The significance of these risk estimates can be deter-
mined by comparing them to the natural incidence of cancer death and genetic
abnormalities in the U.S. population and in the first five generations of the
U.S. population, respectively. Multiplying the estimated U.S. population for
the year 2000 (*260 million persons) by the current incidence of actual cancer
fatalities (s20%) and the current incidence of actual genetic diseases ($11%),
about 52 million cancer deaths and about 140 million genetic abnormalities are
expected in the year 2000 population and in the first five generations of the
year 2000 population, respectively (BEIR III; American Cancer Society, 1978).
The risks to the general public from exposure to radioactive effluents and
transportation of fuei and wastes from the annual operation of Catawba station
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 and in the first five generations of the year 2000 population,
respectively.

On the basis of the preceding comparison, 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 Catawba station 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 in-
creased radiosensitivity in organisms may result from environmental inter-
actions with other stresses (for example, heat or biocides), no biota have yet

*The risk of potential premature death from cancer to the maximally exposed
individual from exposure to radioiodines and particulates would be in the
same range as the risk from exposure to the other types of effluents.

|
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; been discovered that show a sensitivity (in terms of increased morbidity or
! mortality) to radiation exposures as low as those expected in the area surround-

ing the station. Furthermore, at all nuclear plants for which radiation expo-
|

sure 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 pub-
lic 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 radiological impact on pop-
ulations 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 primarily are conducted to verify the effectiveness of in-
plant systems used to control the release of radioactive materials and to en-
sure that unanticipated buildups of radioactivity will not occur in the envi-
ronment. Secondarily, the environmental monitoring programs could identify
the highly unlikely existence of releases of radioactivity from unanticipated
release points that are not monitored. An annual surveillance (land census)
program will be established to identify changes in the use of unrestricted
areas to provide a basis for modifications of the monitoring programs or of
the Technical Specifications conditions that relate to the control of doses to
individuals.

These programs are discussed in greater detail in NRC 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."*

5.9.3.4.1 Preoperational

The preoperatior,a1 phase of the monitoring program should provide for the mea-
surement of background levels of radioactivity and radiation and their varia-
tions along the anticipated important pathways in the areas surrounding the
facility, the training of personnel, and the evaluation of procedures, equip-
ment, and techniques. The applicant proposed a radiological environmental
monitoring program to meet these objectives in the ER-CP, and it was discussed
in the FES-CP. This early program has been updated and expanded; it is pre-
sented in Section 6.1.5 of the applicant's ER-OL and is summarized here in
Table 5.7.

The applicant states that the preoperational program has been implemented at
least 2 years before initial criticality of Unit 1 to document background levels
of direct radiation and concentrations of radionuclides that exist in the envi-
ronment The preoperational program will continue up to initial criticality of

*Available from the Radiological Assessment Branch, Office of Nuclear Reactor
Regulation, U.S. Nuclear Regulatory Commission, Washington, D.C. 20555.
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Unit 1 at which time the operational radiological monitoring program will
Commence.

The staff has reviewed the preoperational environmental monitoring plan of the i

applicant and finds that it is acceptable as presented. However, the current !NRC staff position is that a total of about 40 dosimetry stations (or continu-
ously recording dose-rate instruments) should be placed as follows: an inner
ring of stations in the general area of the site boundary and an outer ring in
the 6-to-8-km (4-to-5-mi) range from the site with a station in each sector of |

each ring (16 sectors x 2 rings = 32 stations). The remaining eight stations
should be placed in special interest areas such as population centers, nearby
residences and schools, and in two or three areas to serve as control stations.

Although a proposal to require real-time monitors that can be read is being
considered by the NRC staff, the capability of such a system to provide useful,
timely information to implement the offsite protection actions following acci-
dents has not been established. Such raw monitor readings must be corrected for
background and nonplant initiated radiations and processed through complex com-
puter models using concurrent meteorological conditions to provide accurate and
intelligible information to the control room. This processed information is
then used for protective action decisions. The staff is presently managing a
consultant contract that is studying such a system. After the results of the
contract effort have been received, the staff will determine whether or not
such a system will serve a useful purpose in emergency situations; the staff
will then determine whether or not to require such a system for every operating
reactor site.

5.9.3.4.2 Operational

1 Trie operational, offsite radiological monitoring program is conducted to pro-
vide 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 NRC Regulatory
Guide 1.21, " Measuring, Evaluating and Reporting Radioactivity in Solid Wastes
and Relet.ses 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. The proposed
operational program will be reviewed before Catawba station is in 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 re-
viewed in detail by the NRC' staff, and the specifics of the required monitor-
ing program will be incorporated into the operating license Radiological Tech--
nical Specifications.
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5.9.4 Environmental Impact of Postulated Accidents '

5.9.4.1 Plant Accidents *

The staff has considered the potential radiological impacts on the environment
of possible accidents at the Catawba Nuclear Station, Units 1 and 2, in accord-
ance with a Statement of Interim Policy published by the Nuclear I!egulatory
Commission on June 13, 1980 (45 F_R 40101-40104). The following discussion re-
flects the staff's considerations and conclusions.

Section 5.9.4.2 deals with general characteristics of nuclear power plant acci-
dents including a brief summary of safety measures to minimize the probability
of their occurrence and to mitigate their consequences if they should occur.
Also described are the important properties of radioactive materials and the
pathways by which they could be transported to become enviromental hazards.
Potential adverse health effects and impacts on society associated with actions
to avoid such health effects also are identified.

Next, actual experience with nuclear power plant accidents and their observed
health effects and other societal impacts are described. This is followed by
a summary review of safety features of the Catawba Nuclear Station and of the
site that act to mitigate the consequences of accidents.

CWith respect to psychological stress impacts, the U.S. Court of Appeals for
the District of Columbia Circuit has held, in People Against Nuclear Energy
(PANE) v. NRC No. 81-1131, that the National Environmental Policy Act (NEPA)
requires the Commission to evaluate the effects on psychological health of
operation of the Three Mile Island Unit 1 facility. On July 15, 1982 the Com-
mission issued a Statement of Policy, " Consideration of Psychological Stress
Issues," providing guidance on the applicability of the decision to NEPA
issues in other reactor licensing proceedings. The Commission indicated that
in accordar.ce with the opinion in PANE, cognizability of psychological stress
impacts under NEPA hinges on three elements:

First, the impacts must consist of " post traumatic anxieties," as distin-
guished from mere dissatisfaction with agency proposals or policies. Second,
the impacts must be accompanied by physical effects. Third, the " post
traumatic anxieties" must have been caused by " fears of a recurring catas-
trophe." This third element means that some kind of nuclear accident must
already have occurred at the site in question, since the majority's holding
was directed to " post-traumatic" anxieties and by fears of a " recurring"
catastrophe. Moreover, the majority clearly had only serious accidents in.
mind, because of the use of the word " catastrophe" and its references to the
" unique" Three Mile Island Unit 2 accident in the opinion. [ Policy Statement
at 3. (Underlining added.)]

Since there has been no nuclear accident at the'Catawaba site, the elements
necessary for consideration of psychological stress impacts in accordance.with
the Policy Statement are not present in connection with the. Catawba reactors.
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The results of calculations of the potential consequences of accidents that
have been postualted in the design basis are then given. Also described are
the results of calculations for the Catawba site using probabilistic methods to
estimate the possible impacts and the risks associated with severe accident
sequences of exceedingly low probability of occurrence.

5.9.4.2 General Characteristics 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 materials
into the environment. The predominant focus, therefore, is on events that can
lead to releases substantially in excess of permissible limits for normal opera-i

tion. Normal release limits are specified in the Commission's regulations at
10 CFR 20, and 10 CFR 50, Appendix 1.

There are several features that combine to reduce the risk associated with
accidents at nuclear power plants. Safety features in the design, construction,
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 consequences
of failures in the first line. Descriptions of these features for Catawba;

Units 1 and 2 may be found in the applicant's FSAR and in the staff's Safety
Evaluation Report (to be issued in 1983). The most important mitigative
features are described in Section 5.9.4.4(1) below.

These safety features are designed taking into consideration the specific lo-
cations of radioactive materials within the plant; their amounts; their nuclear,
physical, and chemical properties; and their relative tendency to be trans-
ported into and for creating biological hazards in the environment.

(1) Fission Product Characteristics

By far the largest intentory 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 inven-
tories of radioactive materials also are 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.

These radioactive materials exist in a variety of physical and chemical forms.
: Their potential for dispersion into the environment depends not only on mechan-

ical 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 character-
istics have a significant bearing upon the assessment of the environmental
radiological impact of accidents.
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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 frequencyi

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 that postulates the release of the entire contained inventory of
radioactive noble gases from the fuel into the containment structure. If these
gases were further released to the environment as a possible result of failure
of safety features, the hazard to individuals from these noble gases would
arise predominantly through the external gamma radiation from the airborne

i plume. The reactor containment structure is designed to minimize this type of
release.

J

Radioactive forms of iodine are formed in substantial quantities in the fuel by
the fission process and in some chemical forms may be quite volatile. For these
reasons, they have traditionally been regarded as hiving a relatively high poten-
tial for release from the fuel. If 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 radioiodines to the atmosphere is reduced by the use of
special systems designed to retain the iodine.

The chemical forms in which the fission product radiciodines are found are
generally solid materials at room temperatures, so they have a strong tendency
to condense (or " plate out") upon 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 radiciodines from de-
graded fuel, they do act to mitigate the release from containment structures
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
radioiodines that may " escape" into the atmosphere. Thus, if rainfall occurs
during a release, or_if there is moisture on exposed surfaces (for example, dew),
the radioiodines will show a strong tendency to be absorbed by the moisture.

Other radioactive materials formed during the operation of a nuclear power plant
have lower volatilities and therefore, by comparison with the noble gases and
iodine, a much smaller tendency to escape from degraded fuel unless the temper-
ature of the fuel becomes very high. By the same token, such materials, if
they escape by volatilization from the fuel, tend to condense quite rapidly to
solid form again when transported to a lower temperature region and/or dissolve
in water when 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 gravita-
tional settling or by precipitation (fallout), where they will become "contam-
ination" 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 (see Table 5.8). Many of them decay through a sequence or chain of
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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 radia-'

tion and radioactive materials that lead to radiation exposure hazards to hu-
i mans are generally the same for accidental as for " normal" releases. These

~

i are depicted in Figure 5.1. There are two additional possible pathway that
could be significant for accident releases that are not shown in Figure 5.1.
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

i debris. This creates the potential for the release of radioactive material in-
to the hydrosphere through contact with groundwater. 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 inten-
sity of exposure to individuals downwind or downstream of the point of release,
but they also tend to increase the number who may be exposed. .For a release
into the atmosphere, the degree to which dispersion reduces the 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
I much dependent upon the weather conditions existing at the time.

; (3) Health Effects
!

The cause-and effect relationships between radiation exposure and adverse hdalth,

| effects are quite complex (National Research Council, 1979; Land, 1980) 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 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),-_canL
| be expected to cause some fatal injuries. At the severe, but extremely low

probability end of the accident spectrum, exposures'of these magnitudes are'

i 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 shelter-
| ing or evacuation.
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Lower levels of exposures also may 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 indi-
vidual. For this reason, it is necessary to assess such effects on a statisti-
cal basis. Such effects include randomly occurring cancer in the exposed
population and genetic changes in future generations after exposure of a pro-
spective 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 currently being
used is based on the 1972 BEIR I Report of the National Academy of Sciences
(NAS). The occurrence of cancer itself is not necessarily indicative of
fatality.

Most authorities 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 latest 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-rems would be
projected by BEIR III over succeeding generations. That also coinpares well
with the value of about 260 per million person-rems curre'ntly used by the NRC
staff.

(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 environmental con-
taminant (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 conse-
quential environmental societal impact of severe accidents is the avoidance of
the health hazard rather than the health hazard itself, by restrictions on the
use of the contaminated property or contaminated foodstuffs, milk, and drinking
water. The potential economic impacts that this can cause are discussed below.

5.9.4.3 Accident Experience and Observed Impacts

The evidence of accident frequency and impacts in the past is a useful 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
Catawaba Units 1 and 2 are designed for 1145 MWe per unit.) The combined ex-
perience with these units represents approximately 500 reactor years of opera-
tion over an elapsed time of about 20 years. Accidents have occurred at several
of these facilities (Oak Ridge National Laboratory,1980; NUREG-0651). Some of
these have resulted in releases of radioactive material to the environment, rang-
ing 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
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$ any significant individual or collective public radiation exposure, nor any
| significant contamination of the environment. This experience base is not
i large enough to permit a reliable quantitative statistical inference. It

does, however, suggest that significant environmental impacts caused by acci-
dents are very unlikely to occur over time periods of a few decades.

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 also was released to
the environment at TMI-2 (U.S. Nuclear Regulatory Commission, Special Inquiry,

Group, 1980). This amount represents an extremely minute fraction of the total>

radioiodine inventory present in the reactor at the time of the accident. No
j 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 mrems (U.S. Nuclear Regulatory Commission, Special
Inquiry Group, 1980; President's Commission on the Accident at Three Mile Is-
land, 1979). 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 pcpulation. The
same population receives each year from natural background radiation about~
240,000 person-rems and approximately a half-million cancers are expected to
develop in this group over its lifetime (U.S. Nuclear Regulatory Commission,
Special Inquiry Group, 1980; President's Commission on the Accident at Three
Mile Island, 1979), primarily from causes other than radiation. Trace quanti-,

ties (barely above the limit of detectability) of radiciodine were found in a
few samples of milk produced in the area. No other food or water supplies were
impacted.

Accidents at nuclear power plants also have 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

4 accidents (although there have been higher exposures to individual workers as a
result of other. unusual occurrences). However, the collective worker exposure1.
levels (person-rem) are a small fraction of the exposures experienced during'

normal routine operations that average about 440Lto~1300 person rems in a PWR.
and 740 to 1650 person-rems in a BWR per reactor year.

l Accidents also'have occurred at other nuclear reactor facilities in the United
States and in other countries (Oak Ridge National Laboratory,1980; NUREG-0651).
Because of. inherent differences.in design, construction, operation, and purpose
of most'of these other facilities, their accident record has only. indirect re .
levance to current nuclear power plants. Melting of-reactor fuel occurred in

i 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 fa'st 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 quan-
~

tity of radioiodine, approximately 20,000 curies, to the~ environment. This
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reactor, which was not operated to generate electricity, used air rather than
water to cool the uranium fuel. During a special operation to heat the large
amount of graphite in this reactar, the fuel overheated and radioiodine and
noble gases were released directly to the atmosphere from a 123-m (405-ft)
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 Catawaba, however.

5.9.4.4 Mitigation of Accident Consequences

Pursuant to the Atomic Energy Act of 1954, the Nuclear Regulatory Commission
has conducted a safety evaluation of the application to operate Catawba 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 Catawba Nuclear Station contains features designed to prevent accidental
release of radioactive fission products from the fuel and to lessen the conse-
quences should such a release occur. Many of the design and operating specifi-
cations of these features are derived from the analysis of postulated events
known as design-basis accidents. These accident preventive and mitigative
features are collectively referred to as engineered safety features (ESFs).
The possibilities or probabilities of failure of these systems are incorporated
in the assessments discussed in Section 5.9.4.5(2).

Containment consists of a free-standing steel structure within a separate rein-
forced concrete reactor building and is designed to minimize accidental radio-
activity releases to the environment. Safety injection systems are incorporated
to provide cooling water to the reactor core during an accident to prevent or
minimize fuel damage.

The ice condenser is designed to prevent unacceptable postaccident pressures in
the containment and to provide a medium (by the ice bed containing sodium
tetraborate) for the removal of iodine from the containment atmosphere. The
containment spray system further minimizes fission product leakage by cooling
and scrubbing the postaccident containment atmosphere.

All the mechanical systems mentioned above are supplied with emergency power
from onsite diesel generators in the event that normal offsite station power is
interrupted.

The fuel-handling building for each unit also has accident-mitigating systems.
The safety grade ventilation system contains both charcoal and high efficiency
particulate filters. This ventilation system also is 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 through the ventilation system and any radioactive 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
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mitigate the consequences of accidents involving leakage from the primary to
the secondary side of the steam generators (such as steam generator-tube rup-
tures). If normal offsite power is maintained and the turbine bypass system
is operable, the ability of the plant to send contaminated steam to the conden-
ser instead of releasing it through the safety valves or atmospheric dump valves
can significantly reduce the amount of radioactivity released to the environ-
ment. In this case, the capability of the normally operating waste gas system
to remove fission products would come into play.

Much more extensive discussions of the Catawba Nuclear Station safety features
and characteristics may be found in the applicant's FSAR. The staff evaluation
of these features is addressed in the SER. In addition, the implementation of
the lessons learned from the TMI-2 accident--in the form of improvements in de-
sign and procedures and operator training--will significantly reduce the likeli-
hood of a degraded-core accident which could result in large releases of fission
products to the containment. Specifically, the applicant will be required to
meet those TMI-related requirements specified in NUREG-0737. As noted in Sec-
tion 5.9.4.5(7), no credit has been taken for these actions and improvements
in discussing the radiological risk of accidents.

(2) Site Features
The NRC's reactor site criteria, 10 CFR 100, require that the site for every
power reactor have certain characteristics that tend to reduce the risk and
potential impact of accidents. The discussion that follows briefly describes
the Catawba site characteristics and how they meet these requirements.

The site has an exclusion area as required by 10 CFR 100. The exclusion area,

located within the 158-ha (391-acre) site owned by the Duke Power Company, is a
circular area with a 762-m (2500-ft) radius measured from the centerline be-
tween Catawba Units 1 and 2. There are no permanent residents within the ex-
clusion area. The applicant owns all the land and mineral rights within the
exclusion area except for a 1-acre cemetery owned by the Concord Cemetery As-
sociation in agreement with the Duke Power Company. With the ownership and
the agreement providing control, the applicant has the authority, required by
10 CFR 100, to determine all activities in this area. Activities unrelated to
plant operation that occur within the exclusion area include activity associated
with the construction of Unit 2,. visitation at the Concord Cemetery for the
purpose of conducting memorial or burial services, water-related activities in
and around two small Lake Wylie coves that extend into the exclusion area, and
persons viewing the site and picnicking in the 2-acre visitors' overlook area.
There are no railroads, highways, or waterways traversing the exclusion area,
but in case of an emergency, arrangements have been made to limit access and
control the activity and evacuation of anyone in the exclusion area.

Beyond and surrounding _the exclusion area is a low population zone (LPZ), also
required by 10 CFR 100. The LPZ for the Catawba site is a circular area with a
6096-m (20,000-ft) radius centered on a line midway between Units 1 and 2. Ex-

cept for Lake Wylie and its tributaries, the LPZ consists mostly of wooded
areas and some farmland. Within the zone the applicant must ensure 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. The applicant has indicated that there were about 7428 per-
sons residing in the LPZ in 1980, and projects the population to increase to
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approxmately 16,755 by the year 2020. In case of a radiological emergency, the
applicant has made arrangements to carry out protective actions, including
evacuation of personnel in the vicinity of the Catawba Nuclear Station. (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 resi-
dents be at least one and one-third times the distance from the reactor to
the outer boundary of the LPZ. Since accidents of greater potential hazards
than those commonly postulated as representing an upper limit are conceivable,
although highly improbable, it was considered desirable to add the population
center distance requirements in 10 CFR 100 to provide for protection against
excessive exposure doses to people in large centers. The city of Rock Hill,
South Carolina, located about 9 km (5.8 mi) south southeast of the plant, with
a population of 34,968 persons in 1980 is the nearest population center. The
distance from the site to Rock Hill is at least one and one-third times the
distance to the outer boundary of the LPZ. The nearest major city within 80 km
(50 mi) is Charlotte, North Carolina, which had a population of 310,794 in 1980
and is located about 18 km (11 mi) northeart of the site. The population den-
sity within 48 km (30 mi) of the site is projected for 1982 to be 300 persons
per square mile and is not expected to exceed 425 persons per square mile
during the life of the plant.

The safety evaluation of the Catawba site also has included a review of poten-
tial external hazards generated by man (activities off site that might adversely
affect the operation of the plant and cause an accident). This review encom-
passed nearby industrial, transportation, and military facilities that might
create explosive, missile, toxic gas, or similar hazards. The risk to Catawba
station from such hazards has been found to be negligibly small. A more de -
tailed discussion of the compliance with the Commission's siting criteria and
the consideration of external hazards are given in the staff's Safety Evalua-
tion Report (SER). Also discussed in the staff's SER are design provisions
required for severe natural phenomena such as earthquakes, floods, and tornadoes.

(3) Emergency Preparedness

Emergency preparedness plans including protective action measures for Catawba
station and environs are in an advanced, but not yet fully completed stage. In
accordance with the provisions of 10 CFR 50.47, effective November 3, 1980, no
operating license will be issued to the applicant unless a finding is made by
the NRC that the state of onsite and offsite emergency preparedness provides
reasonable assurance that adequate protective measures can and will be taken in
the event of a radiological emergency. Among the standards that must be met by
these plans are provisions for two emergency planning zones (EPZs). A plume
exposure pathway EPZ of about 16 km (10 mi) in radius and an ingestion exposure
pathway EPZ of about 80 km (50 mi) in radius are required. Other standards in-
clude appropriate ranges of protective actions for each of these zones, provi-
sions for dissemination to the public of basic emergency planning information,
provisions for rapid notification of the public during a serious reactor emer-
gency, and methods, systems, and equipment for assessing and monitoring actual
or potential offsite consequences in the EPZs of a radiological emergency
condition.
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NRC and the Federal Emergency Management Agency (FEMA) have agreed that FEMA
will make a finding and determination as to the adequacy of state and local

'
government emergency response plans. NRC will determine the adequacy of the-

applicant's Emergency Response Plans with respect to the standards listed in'

Section 50.47(b) of 10 CFR 50, the requirements of Appendix E to 10 CFR 50, and4

the guidance contained in NUREG-0654/ FEMA-REP-1, Revision 1, " Criteria for Pre- '

j paration and Evaluation of Radiological Emergency Response Plans and Prepared-
ness in Support of Nuclear Power Plants," dated November 1980. After the above

,

determinations by NRC and FEMA, the NRC will make a finding in the licensing
,

i process as to the overall and integrated state of preparedness. The NRC staff
i findings will be reported in its SER. Further, if those findings indicate that
I the risk to the public from severe accidents, discussed in the following sections,

is significantly larger because of the details of the final plans, a supplement
to the Environmental Statement will be issued. Although the presence of adequate
and tested emergency plans cannot prevent an accident, it is the staff's judg-
ment that such plans can and will substantially mitigate the consequences to4

: the public if an accident should occur.

| 5.9.4.5 Accident Risk and Impact Assessment
;

(1) Design-Basis Accidents
3

As a means of ensuring that certain features of the Catawba Nuclear Station
; meet acceptable design.and performance criteria, both the applicant and the

staff have analyzed the potential consequences of a number of postulated acci-1

dents. Some of these could lead to significant releases of radioactive materials
to the environment and calculations have been performed to estimate the potential
radiological consequences to persons off site. For each postulated initiating
event, the potential radiological consequences cover a considerable range of
values, depending upon the particular course taken by the accident and the
conditions, including wind direction and weather prevalent during the accident.'

| In the safety analysis and evaluation of the Catawba Nuclear Station,-three
categories of accidents have been considered. These categories are based uponi

their probability of occurrence and include (a) incidents of moderate frequency
(events that can reasonably be expected to occur during any year of operation),-
(b) infrequent accidents (events that might occur once during the lifetime of
the plant), and (c) limiting faults (accidents not expected to occur but that
have the potential for significant releases of radioactivity). The radiological
consequences of incidents in the first category, also called. anticipated opera--l

tional occurrences, are discussed in Section 5.9.3. Some of the' initiating
events postulated in the second and third categories for the Catawba Nuclear
Station are shown in Table 5.9. These events are designated design-basis ac-,

i

| cidents in that specific design and operating features as described above in
Section 5.9.4.4(1) are provided to-limit their potential radiological con -

|
sequences. Approximate radiation doses to the whole body and the thyroid that

| might be received by a person at the boundary of the plant exclusion area dur-; '

|
ing the first 2 hours of the accidents were calculated by the applicant and are
also shown-in the table. The results shown in the table reflect the expectation

i

l that engineered safety and operating features-designed to mitigate the conse-
quences of the postulated accidents would function as intended. An important
implication of this expectation-is that the releases considered are limited to
noble gases and radioiodines and that any.other radioactive materials (for.
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example, in particulate form) are not expected to be released. The results
also use the meteorological dispersion conditions that are an average value
determined by actual site measurements. In order to contrast the results of
these calculations with those using more pessimistic, or conservative, assump-
tions described below, the doses shown in Table 5.9 are sometimes referred to
as " realistic" doses.

These calculations indicate that the risk of incurring any adverse health ef-
fects as a consequence of these events is exceedingly small. By comparison
with the estimates of radiological impact for normal operations shown in Sec-
tion 5.9.3, the staff also concludes that radiation exposures from design-basis
accidents are roughly comparable to the exposures to individuals and the popu-

1

lation 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 5.9 for
the purpose of implementing the provisions of 10 CFR 100. For these calcula-
tions, much more pessimistic (conservative or worst case) assumptions are made
as to the course taken by the accident and the prevailing conditions. 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. A license
to operate the plant will not be given unless the results of these calculations
would show that for these events the exposures are not expected to exceed 25 rems
to the whole body and 300 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
I will be assumed that an individual is located at a point on the exclusion area

boundary where the radioiodine concentration in the plume has its highest value
and inhales at a breathing rate characteristic of a person jogging for a period
of 2 hours. The health risk to an individual receiving 300 rems to the thyroid
is the potential appearance of benign or malignant thyroid nodules in about 1 out
of 10 cases, and the development of a fatal thyroid cancer in about 4 out of 1000
cases.

,

The staff also will evaluate the potential upper bounds for individual ex-
posures at the outer edge of the low population zone in its SER. These ex-
posures, in general, are not limiting. However, a license to operate will not
be issued unless the calculated exposures are also less than 25 rems to the
whole body or 300 rems to the thyroid.

None of the calculations of the impacts of design-basis accidents described in
this section take into consideration possible reductions in individual or popu-
lation exposures as a result of taking 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 con-
sidered less likely to occur, but their consequences could be more severe,

*The containment structure, however, is assumed to prevent leakage in excess
of that which can be demonstrated by testing, as provided in 10 CFR 100.11(a).
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: both for the plant itself and for the environment. These severe accidents,
heretofore frequently called Class 9 accidents, can be distinguished from design-!

basis accidents in two primary respects: they involve substantial physical de-
terioration 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 radio-
active 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).* However, the sets
of accident sequ,nces that were found in the RSS to be the dominant contributors
to the risk in the prototype PWR (Westinghouse-designed Surry Unit 1) have re-
cently 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 pub-
lication 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 en-
compassing " Release Categories" as was done in the RSS has been largely (but
not completely) eliminated.

The Catawba plants are Westinghouse-designed PWRs having design and operating
characteristics similar to the RSS prototype PWR. Therefore, the present
assessment for Catawba has used as its starting point the rebaselined accident
sequences and release categories referred to above, and more fully described in
Appendix E. Characteristics of the sequences and release categories used (all
of which involve partial to complete melting of the reactor core) are shown in
Table 5.10. Sequences initiated by natural phenomena such as tornadoes, floods,
or seismic events and those that could be initiated by deliberate acts of sa-
botage are not included in these event sequences. The radiological consequences
of such events would not be different in kind from those which have been treat-
ed. Moreover, there are design requirements in 10 CFR 50, Appendix A, relat-
ing to effects of natural phenomena, and safeguards requirements in 10 CFR 73,
ensuring that these potential accident intiators are in large measure taken in-
to account in the design and operation of the plant. The data base for asses-
sing the probabilities of events more severe than the design bases for natural
phenomena and sabotage is small. Hence, inclusion, in an accurate manner, of

' accident sequences initiated by natural phenomena and sabotage events more
severe than used as design bases in the staff's SER 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

r is within the uncertainty of risks presented for the sequences considered here.

Calculated probability per reactor year associated with each accident sequence
or release category used is shown in the second column in Table 5.10. 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 (NUREG/CR-0400). The probability
of accident sequences from the Surry plant were used to give a perspective of

*Because this report has been the subject of considerable controversy, a dis-
cussion of the uncertainties surrounding it is provided in Section 5.9.4.5(7).

|
!
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the societal risk at Catawba because, although the probabilities of particular
accident sequences may be substantially different and even improved for Catawba,
the overall effect of all sequences taken together is likely to be within the
uncertainties (see Section 5.7.4.5(7) for a 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 5.10 by the amounts that would be present in the core at the time of the
hypothetical accident. These are shown in Table 5.8 for a Catawba unit at a
core thermal power level of 3565 MWt, the power level used in the FSAR. The
54 nuclides shown in the table represent those (of the hundreds actually present
in an operating plant) that are the major contributors to the health and economic
effects of severe accidents. They were selected on the basis of the half-life
of the original nuclide, consideration of the health effects of daughter pro-
ducts, and the approximate relative offsite dose contribution.

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 5.2. Environmental parameters specific to the site
of Catawba station 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 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 infor-
mation, for the State of South Carolina and each surrounding state within
the 563-km (350-mi) region

For the region beyond 563 km (350 mi), the U.S. average population was assumed.

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
the site-specific hourly meteorological data and seasonal information for the
time period following each " start" time. The consequence model also contains
provisions for incorporating the consequence reduction benefits of evacuation,
relocation, and other protective actions. Early evacuation and relocation of
people would considerably 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 Midland site are estimates made by the staff and are partly based
upon evacuation time estimates prepared by the applicant. There normally would
be special facilities near a plant, such as schools or hospitals, where special
equipment or personnel may be required to effect evacuation. Several such facil-
ities have been identified near the Catawba site, such as the Carrowinds Theme
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Park and York General Hospital and Ambulance Service. Further, there may be
people who either do not receive notification to evacuate or who choose not to
evacuate; therefore, actual evacuation effectiveness could be greater or less
than that characterized but would.not be expected to be very much less.

The other protective actions include: (a) either complete denial of use (in-
terdiction), or permitting use only at a sufficiently later time af ter appro-
priate decontamination of food stuffs such as crops and milk, (b) decontami-
nation of severely contaminated environment (land and property) when it is con-
sidered to be economically feasible to lower the levels of contamination to
protective action guide (PAG) levels, and (c) denial of use (interdiction) of
severely contaninated land and property for varying periods of time until the
contamination levels reduce to such values by radioactive decay and weathering
so that land and property can be economically decontaminated as in (b) above.
These actions would reduce the radiological exposure to the people from immedi-
ate 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
above are considered as essential sequels to serious nuclear reactor accidents
involving significant release of radioactivity to the atmosphere. Therefore,
the results shown for Catawba include the benefits of these protective actions.

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 Fig-
ure 5.2).

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

(3) Dose and Health Impacts of Atmospheric Releases

The results of the calculations of dose and health impacts performed for the
Catawba Nuclear Station and site are presented in the form of probability dis-
tributions in Figures 5.3 through 5.6 and are included in the impact summary
Tables 5.11 and 5.12. All the accident sequences and release categories shown
in Table 5.10 contribute to the results, the consequences from each being
weighted by its associated probability.

Figure 5.3 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 doses 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

:

*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 pathwayslof exposure are excluded.
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for the treatment of radiation injury. The 25-rem whole-body (which has been
identified earlier as the lower limit for a clinically observable physiological
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 5.3 shows in the left-hand portion that there are approximately 6 chances
in 1 million (6 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 be-
ing exposed at those levels are seen to be considerably smaller. For example,
the chances are about 1 in 1 million (10 6) that 1000 or more people might re-

,

ceive doses of 200 rems or greater. A majority of the exposures reflected in1

this figure would be expected to occur to persons within a 32-km (20-mi) radius
of the plant. Virtually all would occur within a 160-km (100-mi) radius.

Figure 5.4 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 1 million person-rems would occur within 80 km (50 mi) but the
more severe releases (as in the first two accident sequences in Table 5.10)
would result in exposure to persons beyond the 80-km (50-mi) range as shown.

For perspective, population doses shown in Figure 5.4 may be compared with the
annual average dose to the population within 80 km (50 mi) of the Catawba site
resulting from natural background radiation of 160,000 person-rems, and to the
anticipated annual population dose to the general public (total U.S.) from nor-
mal plant operation of 40 person-rems (excluding plant workers) (Appendix D,
Tables D.7 and D.9).

Figure 5.5 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 popula-
tion within 80 km (50 mi) are shown separately. Further, the fatal, latent can-
cers have been subdivided into those attributable to exposures of the thyroid
and all other organs.

Figure 5.6 provides probability distributions and Table 5.12 provides prob-
abilities and consequences for early fatalities. Two cases are shown, rep-
resenting two potential protective actions. The first case shows.the results
considering early evacuation of the entire 10-mi plume exposure pathway EPZ,
the model for which is more fully discussed in Appendix F. For this case, the
model predicts near-zero early fatalities within the EPZ. The early fatali-
ties predicted by the calculation 6re all within 32 km (20 mi) of the site. A-
second possible emergency response is early relocation of people after passage
of the plume. This is considered to be a possible response to significant
ground contamination in the relatively restricted " footprint" from passage of
the cloud. The benefits of this protective action in the distance between 10
and 25 mi from the plant, combined with the evacuation of the EPZ, are shown
also in Figure 5.6 and Table 5.12. Figure F.1 in Appendix F shows the effects
of a much more pessimistic emergency response, as well as a more optimistic
evacuation assumption.
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(4) Economic and Societal Impacts

As noted in Section 5.9.4.2, the various measures for avoiding adverse health
effects including those resulting from residual radioactive contamination in
the environment are possible consequential impacts of severe accidents. Calcu-
lations of the probabilities and magnitudes of such impacts for Catawba station
and environs also have been made. Unlike the radiation exposure and health
effect impacts discussed above, impacts associated with avoiding adverse health
effects are more readily transformed into economic impacts.

The results are shown as the probability distribution for cost of offsite miti-
gating actions in Figure 5.7 and are included in the impact summary Table 5.11.
The factors contributing to these estimated costs include the following:

evacuation costs-

value of crops contaminated and condemned-

value of milk contaminated and condemned-

costs of decontamination of property where practical-

indirect costs resulting from the loss of use of property and incomes-

derived therefrom

The last-named costs would derive from the necessity for interdiction to pre-
vent the use of property until it is either free of contamination or can be
economically decontaminated.

Figure 5.7 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 10 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 groundwater pathway for public radiation exposure and environmental contamina-
tion that could be unique for severe reactor accidents was-identified in Sec-
tion 5.9.4.2(2). Consideration has been given to the potential environmental
impacts of this pathway for the Catawba Nuclear Station. The principal contri-
butors to the risk are the core-melt accidents associated with the evaluated
accident sequences and release categories. The penetration of the basemat of
the containment buildings can release molten core debris to the strata beneath
the station. The soluble radionuclides in the debris can be leached and trans-
ported in the groundwater to downgradient domestic wells used for drinking
water or to surface water bodies ised f r drinking water, aquatic food, .and9
recreation. In pressurized water reactors such as the Catawba units, there is
an additional opportunity for groundwater contamination resulting from the re-
lease of 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"
(LPGS) (NUREG-0440). The LPGS compares the risk of accidents involving the
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liquid pathway (drinking water, irrigation, aquatic food, swimming, and shore-
line usage) for four conventional, generic land-based nuclear plants and for a
floating nuclear plant, wherein the nuclear reactor would be mounted on a barge

_

.and moored in a body of water. Parameters for each generic land-based site were
chosen to represent averages for a wide range of real sites and were thus " typical"
although they represented no real sites. The study concluded that the individual
'and population doses for the liquid pathway range from fractions to very small
fractions of those that can arise from the airborne pathway.

The discussion in this section is a summary of an analysis performed to deter-
mine whether or not the liquid pathway consequences of a postulated accident at
the Catawba site would be unique when compared with the generic "small river"
land-based site considered in the LPGS. The method of comparison consists of a
direct scaling up or down of the LPGS population doses based on the relative
values of key parameters characterizing the LPGS small river site and the
Catawba site. The parameters that were evaluated include the amounts and rate
of release of radioactive materials to the ground, groundwater travel time,

'

sorption on geological media, surface water transport, drinking water usage,
aquatic food consumption, and shoreline usage.

All of the reactors considered in the LPGS were Westinghouse pressurized water
reactors (PWRs) with ice condenser containments; thus, they are directly compar-
able with the equipment present at Catawba station. The source term used for
Catawba in this comparison is assumed to be equal to that used in the LPGS.

Doses to individuals and populations were calculated in the LPGS without con-
sideration of interdiction methods such as isolating the contaminated ground-
water or denying use of the water. In the event of surface water contamina-
tion, alternative sources of water for drinking, irrigation, and industrial
uses would be expected to be found, if necessary. Commercial and sport fish-
ing, as well as many other water-related activities could be restricted. The
consequences would, therefore, be largely economic or societal, rather than
radiological. In any event, the individual and population doses for the liquid
pathway range from fractions to very small fractions of those that can arise
from the airborne pathways.

The Catawba Nuclear Station is located on a peninsula on the South Carolina side
of Lake Wylie, a power generation reservoir on the Catawba River. Groundwater
at the site is present within limited joints and fractures in a granitic (ada-,

mellite) bedrock. At the site the groundwater table, under ambient conditions,
slopes rather steeply toward Lake Wylie, both north and south of the station.
A dewatering system reverses the normal direction of groundwater flow during
normal station operations.

The station's dewatering system has the potential to place contaminated ground-
water directly into Lake Wylie, with virtually no holdup or dilution, if the
system continued to operate in its " normal" mode following a melt-through acci-
dent. To prevent this f ro;n occurring, it is necessary to shut down the dewater-
ing system and allow groundwater levels to return to their preconstruction levels.
Duke Power Company has committed to providing instruction in the plant Emergency
Procedures to secure the dewatering pumps in cases of accidents where core degra-
dation is indicated. Therefore, the pathway to Lake Wylie with no holdup or
dilution is considered to be blocked. Although Catawba station uses dewatering,
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the units are structurally designed to handle the hydrostatic loads accompany-
ing a return of preplant groundwater levels.

Major site buildings are founded on the adamellite bedrock material. This
material demonstrates a very low hydraulic conductivity. It is conservatively
assumed that in the case of a core-melt accident releasing contaminated material
to this rock, groundwater transport would occur along fractures known to be
present at shallow depths. Maps of these fractures in their preconstruction
condition, as prepared by the applicant, show them to be virtually absent at
the basemat level. Contamination would reach the waters of Lake Wylie, some |210 m (700 ft) distant, through the shallow system of fractures. The initial l

flow of groundwater would be toward the site as a result of the cone of depres-
sion caused by the dewatering system. Following shutdown or failure of the de-,

watering system under normal operating conditions, the time required for water
levels to rebound to preconstruction conditions would be about 56 days. Fol-
lowing reestablishment of normal gradients, flow would be toward the lake.
Groundwater would travel through the sparsely fractured bedrock to reach Lake
Wylie. Analysis of groundwater travel time has been conservatively estimated
to be in the range of 1 to 20 years following reestablishment of a "lakeward"
gradient. The wide range is due to the complicated flow path fluids must
follow to reach Lake Wylie.

For groundwater travel times on the order of years, the only significant con-
tributors to population dose are Cs-137 and Sr-90. Landstrom et al. (1978)
report on field experiments measuring the retardation of several nuclides in
similar fractured materials. Retardation factors presented by Landstrom et al.
(1978) are about 560 for Cs-137 and 6 for Sr-90. Using these values of re-
tardation, the travel time for Cs-137 at Catawba would range from 560 to 11,200
years and for Sr-90 the travel time would be 6 to 120 years. When these times
are compared to 5.7 years for Sr-90 and 51 years for Cs-137 in the LPGS case,
the larger travel times-at Catawba would allow a smaller portion of the radio-
activity to enter the river system. Virtually all the Cs-137 will have decayed
before reaching Lake Wylie. The quantity of Sr-90 that would enter the river
would be reduced by a factor of from 1 to 17 over that used in the LPGS case.
For conservatism, however, the Catawba dose assessment assumes that the quantity
of Sr-90 entering the river will be equal to that of the LPGS case.

| The Catawba River would be the direct receptor of any radionuclides released
through the groundwater. There are no drinking water wells that would be,

| directly affected by such a release.

There would be one major municipal water user affected by contamination of the
| Catawba River System. The City of Charleston, South Carolina, draws about 10%

of its water from Lake Moultrie; this proportion is expected to increase to'

j about 50% by 1990. The estimated 1990 population of Charleston'affected by such
| an accident is 325,000 people. There are other smaller users between Lake Wylie

and Charleston that would also be affected.

, The hypothetical LPGS river site had a water drinking population of 620,000
! people distributed down the river. Hence, the uninterdicted drinking-water

dose for the Catawba site was calculated'to be about 70% of that for the LPGS
river site by comparing the populations, groundwater travel timas and dilutions
for the two sites, the radioactive source terms being essentially equal.
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Population dose resulting from the consumption of finfish, mollusks, and crus-
taceans was calculated in a similar manner to the drinking-water dose. The an-
nual harvest that could be affected by contamination downstream of the Catawba
site has been conservatively estimated to be about 3.0 x 106 kg. The LPGS

6small river site, by comparison, used an annual fish harvest of 1.2 x 10 kg.
The uninterdicted population dose due to fish consumption from the Catawba site
was calculated to be about 1.8 times that of the LPGS site when consumption of
the fisheries harvest, dilution, and groundwater travel time were compared.

Lake Wylie is a popular summer residential area, and it is assumed that a large
segment of the population participates in swimming, water skiing and other
water contact activities. These activities would expose people to direct
radiation from contaminated water and sediments. The LPGS population dose
assessment, however, showed that virtually all of the shoreline, boating and
swimming dose resulted from Cs-137. Because almost no Cs-137 is predicted to
escape in the case of. Catawba, the staff estimates that the shoreline / contact
population dose will be virtually zero in comparison with the LPGS site.

In summary, the staff's analyses have shown that population doses at the
Catawba site resulting from drinking water, fisheries consumption, and rec-
reation exposure are approximately 0.7, 1.8, and 0.0 times the exposures com-
puted for the LPG 5 small river site, respectiyely. The total dose at the
Catawba site is equal to about 0.27 times the LPGS total dose. Therefore, it
has been demonstrated that the Catawba liquid pathway contribution to popula-
tion dose is of the same order of magnitude as that predicted for the LPGS
small river site and the Catawba site is not unique in its liquid pathway con-
tribution to risk.

Finally, there are measures which could be taken to further minimize the impact
of the liquid pathway. Landstrom et al. (1978) demonstrated experimentally
that additional retention of strontium and cesium could be accomplished by pres-
sure grouting of the fracture network with a thin slurry of bentonite. Adequate
time to accomplish such a grouting in the vicinity of Catawba station is in-
dicated by the calculated travel times to Lake Wylie.

(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 also is useful to combine them to ob-
tain average measures of environmental risk. Such averages can be particularly
instructive as an aid to the comparison of radiological risks associated with
accident releases and with normal operational releases.

A common way in which this combination of factors is used to estimate risk is
to multiply the probabilities by the consequences. The resultant risk is then
expressed as a number of consequences expected per unit of time. Such a 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 5.13 shows average values of risk associated with population dose, early
fatalities for various protective actions, latent fatalities, and costs for
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evacuation and other protective actions. These average values are obtained by
summing the probabilities multiplied by the consequences over the entire range
of the distributions. Because the probabilities are on a per-reactor year
basis, the averages shown also are on a per-reactor year basis.

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 station's personnel) shows that the accident risks are compar-
able with those for normal operation.

There are no early fatality or economic risks associated with protective actions
and decontamination for normal releases; therefore, these risks are unique for
accidents. For perspective and understanding of the meaning of the early fa-
tality risk of 0.0011 per reactor year for evacuation to 16 km (10 mi) and no
relocation, however, the staff notes that to a good approximation the population
at risk is that within about 32 km (20 mi) of the plant, about 620,000 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 1316 from -

motor vehicle accidents, 48 from falls, 19 from drowning, 18 from burns, and 7
from firearms (Nationa? Research Council, 1979, p. 577). The early fatality risk
from reactor accidents is thus an extremely small fraction of the total risk
embodied in the above combined accident modes.

Figure 5.8 shows the calculated risk expressed as whole-body dose to an indi-
vidual 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 5.10 con-
tributed 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 5.9 shows curves of
constant risk per reactor year to an individual, living within the plume .ex-
posure pathway EPZ of the Catawba site, of latent cancer fatality as functions
of distance resulting from potential accidents in the reactor. For persons
living within the plume exposure pathway EPZ, the calculations show that pro-
tective actions can reduce the risk of early fatality to near zero. Direc-
tional variation of these curves reflects the variation in the average frac-
tion of the year the wind would be blowing into different directions from the
station. For comparison the following risks of fatality per year to an in-
dividual living in the United States may be noted (National Research Council,
1979, p. 577: automobile accident 2.2 x 10 4, falls 7.7 x 10 5, drowning
3.1 x 10 5, burning 2.9 x 10 5, and firearms 1.2 x 10 5

The economic risk associated with evacuation and other protective actions could
be compared with property damage costs associated with alternative energy gene-
ration technologies. The use of fossil fuels, coal or oil, for example, would
emit substantial quantities of sulfur dioxide and nitrogen oxides into the at-
mosphere, and, among other things, lead to environmental and ecological dam-
age through the phenomenon of acid rain (National Research Council, 1979,
pp. 559-560). This effect has not, however, been sufficiently quantified to'

draw a useful comparison at this time.'

There are other economic impacts and risks which are not included in the cost
calculations discussed in Section 5.9.4.5(4) that can be monetized. These are
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accident impacts on the facility itself that result in added costs to the pub-
i lic (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 Catawba Unit 1 operation, the economic penalty associated with the
initial year of the unit's operation is estimated at between $950 and $1,600
million calculated in 1982 dollars (Comptroller General,1981) for decontami-
nation and restoration, including replacement of the damaged nuclear fuel. For

i purposes of this analysis, the staff used the conservative (high) estimate of
$1,600 million and in addition assumed the total cost occurs during the first4

year of the accident. In reality the costs would be spread over several years
thereafter. Although insurance would cover $300 million of the $1,600 million,
the insurance is not credited against the $1,600 million because the $300 mil-
lion times the risk probability should theoretically balance the insurance pre-
mium. In addition, the staff estimates additional fuel costs of $130 million
(1984 dollars) for replacement power during each restoration year for Catawba
Unit 1. This estimate assumes that the energy that would have been forthcoming
from the unit (assuming 55% capacity factor) will be replaced 85% by coal-fired
generation,10% by oil-fired generation, and 5% by other r.uclear generation.
Assuming the nuclear unit does not operate for 8 years, the total additional
replacement power costs would be approximately $1,040 million in 1984 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 probabili-4

ties for the categories in Table 5.10), then the probability of a disabling acci-'

dent happening during each year of the unit's service life is 4.8 x 10 5 Mul-
tiplying the previously estimated costs of $2,640 million for an accident to
Catawba Unit 1 during the initial year of its operation by the above 4.8 x 10 s
probability results in an economic risk of approximately $127,000 (in 1984 dol-
lars) applicable to Catawba-Unit 1 during its first year of operation.. This
also is approximately the economic risk (in 1984 dollars) to Catawba 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 resulting 'from an. accident become less as the units
become older, this is considered to be offset by higher costs of decontamination
and restoration of the units in the later years as a result of inflation.

The economic risk to Catawba Unit 2 (in 1984 dollars) also is approximately
$127,000 during its first year and each subsequent year of operation because of-
the balancing effect of escalation and the present worth discount factor. The
$127,000 annual risk for each unit in 1984 dollars is equivalent to an annual
risk of $87,000 in 1980 dollars, assuming a 10% discount rate.

(7) Uncertainties

The foregoing probabilistic and risk assessment discussion has been based upon
the methodology presented in the Reactor. Safety. Study (RSS) which was published
in 1975 (NUREG-75/014). There are substantial' uncertainties associated with
the numerical estimates of the likelihood, as wellLas-the consequences, of
reactor accidents that are evaluated using this~ methodology.

.i

In the consequence calculations, uncertainties arise from an oversimplified
analysis _of the magnitude and timing of the fission product release, from

Catawba DES 5-45
,

.



uncertainties in calculated energy release, from radionuclide transport from
the core to the receptor, from lack of precise dosimetry, and from statistical
variations of health effects. Recent investigations of accident source terms,
for example, have shown that a number of physical phenomena affecting fission
product transport through the primary cooling system and the reactor contain-
ment have been neglected. Some of these processes have the potential for sub-
stantially reducing the quantity of fission products predicted to be released

i from the containment for some accident sequences. Such a reduction in the
source term would result in substantially lower estimates of health effects,
particularly the estimate of early fatalities.

'

One area given considerable recent thought with respect to uncertainty is
atmospheric dispersion. Although recent developments in the area of atmos-
pheric dispersion modeling used in CRAC (the computer code developed in RSS)
inuicate that an improved meteorological sampling scheme would reduce the
uncertainties arising from this source (including the effect of washout by
precipitation), large uncertainties would still remain in the calculations of
radionuclide concentrations in the air and the ground from which radiological;

exposures to an individual and the population are calculated. These uncertain-'

ties arise from lack of precise knowledge about the particle-size distribution
of the radionuclides released in particulate forms and about their chemical be-
havior. Therefore, the parameters of particulate deposition which exert con-;

siderable influence on the calculated results have uncertain values. Vertical
rise of the radioactive plume is dependent on the heat and momentum associated
with the release categories and calculations of both factors have considerable
uncertainty. The duration of the release that determines cross-wind spread of'

the plume is another example of considerable uncertainty. Warning time before
evacuation has considerable impact on effectiveness of offsite emergency
response; and this parameter is not precisely calculated because of its depend-
ence on other parameters (for example, time of release) that are not precisely

i known.
.

; The state of the art for quantitative evaluation of the uncertainties in the
~

probabilistic risk analysis such as the type presented here is not well deve-
Toped. Therefore, although the staff has made a reasonable analysis of the
risks presented herein, there are large uncertainties associated with the
results shown. It is the qualitative judgment of the staff that the uncertainty,

'

bounds could be well over a factor of 10, but not as large as a factor of 100.

The accident at Three Mile Island occurred in March 1979 at a time when the l

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 (National Research Council, 1979, p. 553). It.

should also be noted that 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 investiga-
tions, including those 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) collects the various recommendations of these groups and describes them
under the subject areas of: Operational Safety; Siting and Design; Emergency.
Preparedness and Radiation Effects; Practices and Procedures; and NRC Policy,,

Organization, and Management. The action plan presents a sequence of actions,
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some alre5 o Laken, that result in a gradually increasing improvement in safety
as individual actions are completed. The Catawba units 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, however,
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 acci-
dents at Catawba station. These have covered a broad spectrum of possible acci-
dental releases of radioactive materials into the environment by 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
enposures 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 occur-
rence 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) the, fact that, in order
to obtain a license to operate Catawba station, it must comply with the appli-
cable Commission regulations and requirements, and (3) a probabilistic assess-
ment of the risk based upon the methodology developed in the RSS. The overall
assessment of environmental risk of accidents, assuming protective action,
shows that it is roughly comparable with the risk from normal operation,
although accidents have a potential for early fatalities 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 Catawba site and environs that would warrant special mitigation features
for Catawba Units 1 and 2.

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 and NUREG-0216, which presents staff re-
sponses 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 Atomic Energy Commission report WASH-1248.
The NRC staff also was directed to develop an explanatory narrative that would
convey in understandable terms the significance of releases in Table S-3 in
10 CFR 51.20. The narrative also was to address such important fuel cycle
impacts as environmental dose commitments and health effects and socioeconomic
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
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sections that address the impacts of the LWR-supporting fuel cycle that reason-
ably appear to have significance for individual reactor licensing sufficient to
warrant attention for National Environmental Policy Act purposes.

Table S-3 of the final rule is reproduced in its entirety as Table 5.4 in this
report. Specific categories of natural resource use included in the table re-
late to land use, water consumption, thermal effluents, radioactive releases,
burial of transuranic and high- and low-level wastes, and radiation doses from
transportation and occupational exposures. The contributions in the table for
reprocessing, waste management, and transportation of wastes are maximized for
either of the two' fuel cycles (uranium only and no recycle); that is, the cyclei

that results in the greater impact is used.

I On April 27, 1982, the U.S. Court of Appeals for the District of Columbia
Circuit issued a decision addressing the validity of the waste management por-
tion of Table S-3. Natural Resources Defense Council v. NRC, No. 74-1586
(D.C. Cir. , April 27, 1982). The Commission is considering the effect of this
decision and intends to issue a policy statement providing further guidance
regarding it.

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 Catawba
facility. The environmental impacts are based on the values given in Table S-3
(Table 5.4) and on an analysis of the radiological impact from radon-222 and
technetium-99 releases. The 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) resulting from the uranium fuel cycle
is very small when compared with the impact of natural background radiation.
In addition, the nonradiological impacts of the uranium fuel cycle have been
found to be acceptable.

5.11 Decommissioning

i 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 reactors, including 5 licensed reactors that had been!

used for the generation of electricity, have been or are in the process of
being decommissioned. Although no large commercial reactor.has undergone
decommissioning to date, the broad base of experience gained from smaller

[
facilities is generally relevant to the decommissioning of any type ~of nuclear
facility.i

i

Radiation doses to the public (as a result of decommissioning activities) at
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 occupa-
tional 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.
!

|
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Specific licensing requirements are being considered that include the develop-
ment of decommissioning plans and financial arrangements for decommissioning
nuclear facilities.

Estimates of the economic cost of decommissioning are provided in Section 6 of
this statement.

5.12 Noise Impacts at Catawba

Sound pressure levels expected to result from operation of the Catawba Nuclear
Station have been calculated for 17 receptor locations (see Figure 5.10).
These receptor locations are the same ones chosen by the applicant (ER-OL
Section 2.7) and represent points within noise sensitive land use areas in the
vicinity of the site. Ambient measurements representative of the residual
noise level (L o or noise level exceeded 90% of the time) were made by the9
applicant at each of these receptors over a time period of at least a day to
determine diurnal variation. Those measurements include the effect of con-
struction activity of Catawba; the ambient measurements generally varied over
space and time from 30-to-50 dBA [ noise is measured as A-weighted sound level
in decibels (db)].

A computer model based largely on the Edison Electric Institute environmental
noise guide (Report 3637, 1978) was used to predict the effect of plant noise
on the above 17 receptors. The sources of largest expected noise from Catawba
Nuclear Station were used: six circular mechanical draft cooling towers, four
transformers, and the three low pressure service water (LPSW) pumps at the in-
take structure. All sources were assumed to be in operation continuously and
throughout the day and night. Standard day conditions (18 C ambient temperature
and 70% relative humidity) were also assumed. Results of the model predictions
appear in Table 5.14. These noise levels are the result of station operation
only. Ambient levels of 30-to-50 dBA have not been accounted for.in that table.
The total noise level would be the logarithm sum of the ambient and plant
contributions.

North and South Carolina have no noise regulations that apply to the operation
of the Catawba station. However, the U S. Environmental Protection Agency (EPA)
has noise guidelines with which predictions may be compared. EPA recommends a
limit of 70 dBA for the 24-hour equivalent level for farmland and general un-
populated land (EPA, March 1974). This is primarily for protection from hear-
ing loss. For farm residents and residential areas with outside space (Catawba
case), the recommendations for the day night equivalent sound level (Ldn) are
55 dBA outdoors and 45 dBA indoors for protection of public health and safety.
with an adequate margin of safety. These identified levels of environmental
noise would be expected to result in little, if any, activity interference or-
annoyance. The 55'dBA recommendation is violated at location 2 (prediction is
66 dBA) for any ambient level 30-to-50 dBA. Locations 1 and 3 are close to the
recommended 55 dBA and may be within the EPA criterion. The accuracy of the
model is not sufficient to clearly indicate compliance with the EPA recommenda-
tion at points 1 and 3. Point 2 is clearly above the 55 dBA criterion for any
ambient chosen; this result is to be expected since point 2 is very close to the
mechanical draft cooling tower. The high level of plant noise predicted fort
location 2 is not expected to be a problem since that location contains only a
bridge over the discharge channel and does not represent a noise sensitive land
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i Land use at locations 1 and 3 is residential, with recreational homes anduse.
; permanent and recreational homes at these locations, respectively (M. Childers,
j Duke Power Company, personal communication, 1982).
>

Thus, the staff concludes that the noise provided by operation of the station
will be very close to the EPA recommendation (above or below) for points 1 and
3. At other noise sensitive locations identified in the ER, predictions are
very slightly above local ambient level. Adverse effects at these locations as

;

a result of noise from routine operation at Catawba Nuclear Station would not
be expected.'

,

5.13 Emergency Planning Impacts

In connection with the promulgation of the Commission's upgraded emergency,

i planning requirements, the staff issued NUREG-0654. The staff believes that
the only noteworthy potential source of impacts to the public from emergency

j 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 impacts-

from the system will be infrequent and insignificant.;

5.14 Environmental Monitoring
.

5.14.1 Terrestrial Monitoring

Because of the uncertainty concerning the quality of drift to be released from
,

the cooling towers a monitoring program will be required to detect any possible
; changes to the terrestrial environment resulting from cooling tower drift. The

staff recommends that this monitoring program use aerial photography using in-'

! frared film of the site area during the growing season before operation. Aerial
photographs using infrared film can then be taken at intervals after Catawba

,

station becomes operational to detect possible changes. The program will be
presented in the Environmental Protection Plan, which will be included as Appen-
dix B of the operating license.:

I

! 5.14.2 Aquatic Monitoring

! The certifications and permits required under the Clean Water Act provide the
mechanisms'for protecting water quality and aquatic biota. Operational moni-

| toring of effluents will be required by the NPDES permit issued by the South

|
Carolina Department of Health and Environmental Control (SCDHEC). The NRC will
rely on the decisions made by the State of South Carolina, under the authority; -

of the Clean Water Act,_for any requirements for monitoring intake losses of:

aquatic biota and for any requirements for intake-design changes, should they~

!,

be necessary. The applicant received from the SCDHEC an NPDES permit effective
from June 29, 1981 through June 30, 1981 (Appendix I). The permit has been

| extended by the State pending finalization of effluent guidelines for the steam
electric generating point source category by the U.S. Environmental Protectioni

|
Agency.

An environmental protection plan will be included'as Appendix B of the Catawba
,

i
Nuclear Station operating license. This plan will include requirements for

j prompt reporting by the applicant of important events that potentially could

!

l
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result in significant environmental impact causally related to plant operation,
for example, 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 on chemical substances.

5.14.3 Atmospheric Monitoring

The FES-CP did not contain a description of the onsite meteorological measure-
ments program. The current meteorological towers are not in the same location
as the tower used for data collection at the construction permit stage. The
current towers are located 380 m southwest of the reactor complex. The base
elevation of the towers is about 11 m above plant grade. Windspeed and direc-
tion are measured at the top a 10-m tower. Windspeed and direction also are
measured at the top of a 40-m tower, and temperature difference is measured
between the 10-m and 40-m levels of this tower.

The 40-m tower is an unusual structure on which to mount meteorological sensors
because it is constructed from large girders. The staff is concerned about the
effect of this massive structure on the representativeness of windspeed and
direction measurements. Therefore, the staff has requested that the applicant
provide justification that windspeed and direction measurements made at the
current elevation on this tower are not affected unduly by turbulence generated
by airflow over the tower structure. The applicant is considering measuring
windspeed and direction on a temporary mast at a height of one tower width
above the top structural component. Concurrent measurements from this eleva-
tion will be compared with measurements taken near the top structural component
to determine the effect of the tower structure on windspeed and direction
measurements. The results of this study will be incorporated into the FES.

The staff also is concerned about the location of the msteorological towers.
The plant site is in an area of irregular terrain, with Lake Wylie at the
lowest elevation, 18 m below the elevation of the meteorological tower.
Because of the irregular terrain, predominance of low-windspeed conditions, and
frequent intense inversions, low-level airflow may tend to follow the terrain
toward lower elevations (such as, " drainage" or gravity flow). The current
location of the 10-m tower may not adequately represent low-level airflow during
periods of gravity flow. The staff has requested the applicant to install at
least one temporary 10-m pole or tower in an area of flat terrain at plant
grade to document the existence or nonexistence of low-level gravity airflow.
Measurements from the top of the temporary tower (s) will be compared with
measurements made at the current 10-m tower location for a period of several
months covering a representative sample of conditions most conducive to low-
level gravity airflow, such as, strong temperature inversions near the surface
accompanied by low windspeeds. The details of this study to compare measure-
ments will be incorporated into the FES.

The applicant has proposed to use the current meteorological measurements pro-
gram as the operational program. The results of the comparative studies de-
scribed above will be used to determine if changes to the current meteorological,

program for 10-m and 40-m windspeed and direction measurements are required for
the operational program. The staff will evaluate the results of the preopera-
tional and operational visibility measurements program after 1 year of plant
operation to determine the need for continued monitoring and/or for mitigating
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actions to lessen the impact of cooling tower operation on visibility in the
vicinity of the plant.

The applicant has concluded a preoperational program to monitor the frequency
and intensity of naturally occurring ground fog around Lake Wylie. This pro-
gram was conducted for a 2 year period (August 10, 1977-August 9, 1979). The
preoperational program included visiometer and surface water temperature
measurements at two locations (location 1, which is about 800 m north of the
cooling towers, and location 2, which is about 250 m south of the cooling -

towers) and daily morning fog observations by security personnel near visio-
meter location 2 and by personnel at the Wylie Hydro Station (located about
6 km east-southeast of the station). When atmospheric conditions appeared to
be conducive to the occurrence of steam fog, meteorologists conducted observa-
tions of the horizontal and vertical extent of the fog as well as transport of
the fog off the lake. About six occurences were observed during the 2 years of
the preoperational program.

The postoperational fog monitoring program proposed by the applicant consists
of the same components as the preoperational program, that is, visiometer and
surface water temperature measurements, daily observations of monitoring for
occurrences near visiomete' location 2 and at the Wylie Hydro Station, and
selected observations of occurrences of steam fog. The applicant has proposed
to continue this for at least a 1 year period after plant startup and continued
operation. The staff currently is assessing the adequacy of the monitoring
program, and any changes to the postoperational program will be described in
the FES.

Comparisons of measurements and observations from the preoperational and
postoperational fog monitoring programs will be evaluated by the staff to
determine the frequency and intensity of ground fog induced by plant operation,
particularly at a nearby residential community located about 1.6 km cast of the
plant on the east shore of Lake Wylie, and at a municipal airport located about
8 km south of the plant and about 3 km south of Lake Wylie. On the basis of
this evaluation, the staff'will determine the need for continued monitoring
and/or mitigating actions to. lessen the atmospheric impact of plant operation.
The staff has recommended that the submittal of the results of the preopera-
tional and postoperational monitoring program for fog be made a condition of
the operating license.

5.14.4 Environmental Noise Monitoring

The staff recommends that the applicant conduct a short-term confirmatory noise
monitoring program at the site during the first year of operation of each unit.
The purpose of this program will be to quantify operational phase noise levels
and mitigative measures necessary, if any, in the vicinity.of the applicant's
noise assessment locations 1 and 3. The staff also recommends that this
program include, to the extent practicable, the measurements of ambient noise
levels at the same locations as proposed for the operational phases at a time
when such levels would not be significantly affected by construction or opera-
tional activities at the site. The details of this program will be included in
the Environmental Protection Plan (EPP) for the station.
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Table 5.1 Surface water use as a percentage of average river
flows, Catawba River-Lake Wylie

Total withdrawals Consumptive use

i Use and flow 1/ min gpm 1/ min .gpm

(1) Current use 333,000 88,000 38,900 10,300

(2) Catawba Nuclear
Station use 312,000 82,000 102,000 26,900

(3) Total use (1 + 2) 645,000 170,000 140,900 37,200
'

(4) Average daily flow
in Catawba River 7,724,000- 2,041,000 7,724,000 2,041,000

(5) Percent - total '
4

use to average
daily flow

(3 + 4) 8.4 1. 8
!

Table 5.2 Consumptive water use as a percentage of 7-day 10 year
low flow, Catawba River-Lake Wylie

'

,

Catawba Nuclear
Station use only Total use s.;

Use and flow -1/ min gpm 1/ min gpm

(1) Current use - - 38,900 10,300

_(2) Catawba Nuclear-
Station use 102,000 26,000 102,000 26,900

(3) Total use (1.+ 2) 102,000 26,000 -140,900 .37,200
(4) 7-day 10 year low flow,

entering Lake Wylie _876,000 231,500 876,500 231,500

(5) Percent - station use
or total use to 7-day

'

10 year low flow
(3 + 4)' 11.6 16.1
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.O Table 5.3 Maximum thermal plume extent under average and worst-case
g conditions for the four seasons *

'

-h- Average conditicns Worst-case conditions

Area to 2.8*C Area Area to 2.8 F Area
(5 F) above % to 32.2 C % (5*F) above % to 32.2 C %
ambient total ** (90 F) total ** ambient total *** (90 F) total ***
isotherm, lake isotherm, lake isotherm, lake isotherm, lake

Season ha (acre) area ha (acre) area ha (acre) area ha (acre) area

Spring 36 (90) 0.7 %0 %0 42 (105) 1.1 %0 %0
Summer 2 (5) 0.1- 2 (5) 0.1 14 (35) 0.4 40 (100) 1.1

Fall 24 (60) .5 %0 %0 30 (75) 0.8 %0 %0
Winter 36 (90) .7 %0 %0 42 (105) 1.1 %0 %0

*

$
*From ER Table 5.1.2-1.

** Based on full pond surface area of 5041 ha (12,445 acres).
*** Based on maximum drawdown 3 m (10 ft), area of 3724 ha (9,203 acres).

a, .

3
'

n. - #n

g - -

.

't .

( 3, . - J.
,
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Table 5.4 (Summary Table S-3) Uranium-fuel-cycle
environmental datal

1

(NormanMJ to model LWR anrwal bel recpremert (W ASH 1248) or reference reactor yew (NUREG-01161)

Wazamum eMoct per annual bei
ErMronmental consderations Tots requwement or roterence reactor

year of modet 1.000 WWe LWR

NAFumAL AEsoumCsS Use,

Land (acreQ
Terroorarey commstied ' ._.., _ . . _ - . 100

Unchsturtkad area _.s _ . . . 79
Desurbed eree . . .. _ .,_. _ _ - _ _ ;..... 22 Egwwwent to a 110 WWe com tved power

plant
Permanency co'nrrmned _.. _ _ ._ - ,_ _ . . - - _ _ . - 13
Overburden moved (minons of WT) .

f
. _ _ . . . 26 Eosvedent to 95 WWe coal-tred

power plant
Water {mdhons of gaaons)

Oscharged to ar. ._ . _ ~ . . . _ . . . . 160 = 2 parcent of nudW t.000 WWe LWR with

Oscharged to water bodes 11.090
Dscharged to ground -. .. .. _ . 127

Total ~.. _ . . _ . . I t.377 <a percent ce modes 1.rl00 WWe
LWR ogh once through coohng

Electncal energy (thousands et WW.hourL .. 323 <5 percent al model 1.000 WWe LWR
output

Eoswa6ert coat (thousands of WT) _ - . _ . . Its Equrwment to tre consumpton of a 45 WWe
com-kod power plant

Naners gas (mdhone of scf) .. ._ 335 <0 4 percent of model f.000 WWe energy
output.

7 Errtuseets--C sms cat (WT)
Gases bactueng onwarvnerr4 *

$0. . _. ~. 4.400
NO.*-.._._... .. 1.190 Emswadent to emstons from 45 WWe coas.

ked plant for a year
Hydrocations ,. . _ . . 14
CO - . . . . . . . . . _ . . _ . . 29 6
Paraculates ..

.

Other gases.
.- 1.154

F .. . _ . . . , . _ _ . _ 67 Pnnepany from UF. producson, erwN
... and reprocesemg. Concereston wenn

range of state star 6 loved that
has eMocts on human health.

HC1
Lansda.

.. 014

SO*. 99 From ennchment. fuel fabncatort and repro-
NO . ..

' Fluonde ..
. . . , . 25 8 coseng steps. Componones that conostase

12 9 a potental for adverse A._ A estoct
Ca * * ._ i....,...... _ - . . . 54 ye present m etute concereehons and re.
C1- . . . , . . . _ . . . . . - 85 cerve adotort etuton be eceang toess -.

Na* .. 12 1 of weser to levels below A. stand-
NH. . ~.- _ 10 0 ards. The consteuents that regure eiuton
Fe ... -- ._ _ . 4 and the flow of eeuhon water are

NH.-400 c's.
NO.-20 ces
Fbonde-.70 cts.

Taengs soluhons (thousands of WT) 240 From mdes orWy-no segndcant eMeuents to'g
, ermrenment.

Schos .._, . 4 - 91.000 pnncomey kom rmes-no segrghcant ofHuents
io .nv on-ents
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Table 5.4 (Continued)

{teurmayed to modes L AR arw%al fues roquaement [W AS** 1246) or reterence reactor year INUREG-011611

Wasim m eMeC1 per anrWas 9998u

[n ennmental Coe%derateng Totes eequrement or reference reactor
v

voar of model 1000 UWe LWR

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

ErrLuthis Raosotooscat scua'as)

Gases pncbdrig entrawwnent)
An-222 . Prasantly under reconsderaten by the Corn-

trussen.

Ra-226 .. . 02
Th-230 02

Ursneum 034

Treum (thousandst .. 18 1

C-14- - 24

e.r-85 (thousands) . 400

Ru-106 14 Pnnc@aWy kom fuel reprocesseng piants

t-129 - 13
t- 131 . _

83

t Tc-99 Presently under conssdershon by the Com.
meson

F ssen prodscts and transu anics .. _ 203r

Lsouds
Uranium and daughters . 21 Pnnceaey from emihngmtuded tashnge

hquor and returned to ground no et.
fluents the ecore. no eMect on omnron-
ment

Ra-226, 0034 Frorn UF. producten.
T h-230 . . . . . 0015

Th-234 _ -
01 From fuss fatrcaten piants-.concentreson

10 percent of 90 CFR 20 for total process-
eg 26 annual fuse regurements for model
LWR

59 10*Fasen and ac6vaten products . . _ . . _ .

*
Schds (bured on setep

Other than high level (shalloe) - 11 300 9.100 Ce comes from too level reactor wasses
and 1500 O comes from reactor decon-
taminakon and h .- ____.4 bured at
inna bunal fackbes 600 Ce comes from
mes--encluded ' m taihngs retumed to
ground Appromenatenf 60 O comes from
Conversen and spent fuel storage No sag-
ruhcant effluent to the emnronment

TRu and MLW (deep). . _ ., _ - 11410' Buned at Federal Reposslory

EMiuents-thermal (bmions of Bresh thermal uruts) - -. 4.063 < 5 percent of enodel 1.000 WWe LWR
Transportalen (person rem)

Esposure o morters and general pubhc 25r

Occupatenal exposure (person-rom) - _ - . . - . 22 6 From reprocessing and waste management

e in sorne cases where no entry appears e e clear from the background documents that the matter was addressed and that.
e eMect, the Table should be read as d a specdir zero entry had boom enaos 6eowever there are other areas that are not
ad@essed at aft a the Tabae Table S-3 does ret auclude heaeth eMects from the entuents descreed a the Tatse. or estenstes
af re eases of Radon-222 from IN. urarmurn fuel cycle or eshmates of Technefeum-99 retoased from easte management ors

renrocesssng acinntes These ssues may be the sub ect of %Dgaten a the arendbal hcensing proceedingsl
Data supportmg ttws tatue are geven a the "Enywonmental Survey of the Uratuum Fuad Cyce." W ASr4-1248. Aptd 1974. the

Envvonmental Survey of the Reprocessag and Waste Management Porten of it e LW$t Fuel Cycle 7 NUREG-0116 (Sieg.1 to
W ASH-1248L the "Put*c Comenents and Task Force Responses Regarding the Envvonmental Sunroy of the Reprocesemg and
Waste Management Portions of the LWR Fuel Cyce." NUREG-0216 (Supp 2 to WASH-1248L and a tre record of the feal
rulemaheg portawung to Uranium Fuel Cycia impacts from Spent Fuel Reprocesseg and Redcactrve Weste Management.
Docket RW-50-3 The contreutens from reprocessing, weste enanagement and transportshon of eastes are maswmrod for
either of the two fue4 cycles (uransum orWy arid no recvcle) The Contreutson kom transportahon eWCludes transportston of Cold
fuel to a reactor and of eradialed tuoi and resoactrve wastes from a reactor w%ch are canadered e Table S-4 of f 51201g)
The contreuhons from t** other steps of the tual cycle are even e columns A-E o Table S-3A of WASH-1248.s

*The contreutsons to temporanly commstted land Irorn reprocessmg are not prorated over 30 years, sece the cornpiste
'emporary anpact accrues regardless of whettwpr the piani services one reactor for one year or 57 reactors for 30 years

'Fatwnated efhuents based upon coneusten of equevaient coal for power generahon
* 12 percent from natural gas use and process
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; Table 5.5 (Summary Table S-4) Environmental impact of '

' transportation of fuel and waste to and from
ione light-water-cooled nulcear power reactor

e omwat Comofc== .a se.n

En.ra.nentar arrqpact
Heat (per tredated fuel Cask e eens t) . 250 000 Stu/te
neignt Igo.orned by Federas or State restnetonst ~ 73.000 itis per wuca.100 tons per cast per rad car
fra#ac dens.fy

feuck Less inan 1 per day
Rad . Less inen 3 per fnore

-

Esnmated Range of doses to C rwate.e done to
Esposed popeaton smreer of esposed e*mbals ' . esposed popunanon

persons (per reactor yew) (per reactor year) *
esposed

Transportanon worters 200 0 01 to 300 mdhrem . 4e
Generat putHC

Ordoomers .-. _ _ 9.100 0 003 toe 3 reverem .. 3 mauem
Along Route - . . . _

600.000 0 =01to O M wunrem ,

acceteef s me vnaa sponts

En.conrnentar nsa
Raeoioges enects . _..- . .~. . Smau *

1 fatai ensu y e 100 reactor years. I nontarW aissy a 10 re-Common (nonrasotogcar)causes . . . _ . . r*

actor yews. 5475 proper'y damage per reactor year

' Data suoporteg ths tabse are ,.en in tne Commason s - En.conments Sur.ey of transportahon of Raecoctne MetenWs -
to and Dorn Nuclear Power Piants.' WASH.1236. December 1972. and Sg 1. NUREG-75/036 Apre 1975 Som documents
are o.amaces for especton and copyng at tne Comer.ss on s Putac Document Room. t717 H St NW, Washngeon OC. and
may ee ottamed kom Natonal factnce informahon Senace. Spangheed va 22161 WASH-1238 e e.edatse trom NT4 at a
cost of SS 45 (mcrofatfr 52 25) and NUREG.751038 e a.adatse at a cost of $3 25 (rncroncne. 52 25)

t,.c.,- and e.aea, e.- snud e
se io s.0.= r

. - rew.n.as so.s as . ,es di on ceher inan naturale tne -. -..on rno dos. . - .e> .
8 The Feders R tson Co ntd nas .w_ _ .C Inst tne ra$aton doses from urces of reest

--
s,e and snu.d

.ca,,ned . ,ew io, .n ..
e.ac.,- ,s.5= r em , ix .,*ern pe, ,.a,a.on . aoou.. rage n,.

-a.on ,
n .. pre,s.n ,or ine s a.on .

,.e nod, doses .
h.s . . - w esca or e. , avan .s

i 0= - - io re 0 =t rer o or d 2 peop.e .e,e . rece e . e ,0.

rm500 eml eaca. me wi ma~ .ce e a dos.
A,inoue ine er onm-. e e. , re e cas. .oue n. i.- ..,s.on,.m acc.aents . c ,er., - o. eaca

eecis -
bemg riu encany t>antAe4 tne esa romans smas regarsess ad ehemer e e being apohed to a segie reactor or a m ltreactorm u

s.ie

.
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Table 5.6 Incidence of job-related mortalities

Mortality rates
Occupational group (premature deaths per 105 person years)

Underground metal miners * *1030
Uranium miners * 420 '

Smelter workers * 190

Mining ** 61

Agriculture, forestry, and fisheries ** 35

Contract construction ** 33

Transportation and public utilities ** 24

Nuclear plant worker *** 23

Manufacturing ** 7

Wholesale and retail trade ** 6

Finance, insurance, and real estate ** 3

Services ** 3

Total private sector ** 10

*E. L. Richardson, Secretary, " Report on Occupational Safety and Health by
the U.S. Department of Health, Education, and Welfare," The President's
Report on Occupational Safety and Health, May 1972.

**U.S. Bureau of Labor Statistics, " Occupational Injuries and Illness in the
United States by Industry,1975," Bulletin 1981, 1978.

***The nuclear plant workers' risk is equal to the sum of the radiation-related
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.).
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h Page 1 of 3

y Table 5.7 Preoperational radiological environmental monitoring program summary

Exposure Pathway Number of Samples and Sampling and Type and Frequency
and/or Sample Sample Locations Collection Frequency of Analysis

1. AIRBORNE

a. Radioiodine and Samples from 3 offsite loca- Continuous or inter- Radioiodine Cannister:
Particulates tions (in different sectors) mittent sampler op- Gamma Isotopic analysis

at points of highest calculated eration with sample for I-131 on each sample.
annual average ground-level D/Q collection monthly.
(Locations 200,201,205)

4' I sample from the vicinity Particulate Filter:g of the community having the Gamma Isotopic analysis
highest calculated annual on each sample.
average D/Q. (Location 212)

1 sample from a control
location. (Location 217)

2. DIRECT RADIATION 40 Locations (200-207, 212, Continuous integration Gamma Dose on each
217,222-251) with quarterly collec- dosimeter

tion.

3. WATERBORNE

a. Surface 1 sample upstream of the Grab sample monthly. Gana Isotopic analysis
liquid effluent discharge monthly. Composite for
point. (Location 216) Tritiu; analysis quarterly.

1 sample in the vicinity of
the liquid effluent discharge
p > int. (Location 208)

***
Source: ER-OL Table 6.1.5-1
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Table 5.7 (Continued)

Exposure Pathway Number of Samples and Sampling and Type and Frequency
and/or Sample Sample Locations Collection Frequency of Analysis

1 sample downstream, beyond
the mixing zone: (Location 211)

b. Drinking 1 sample each of the 2 nearest Grab sample monthly. Gross Beta and Gamma
water supplies downstream of Isotopic analysis monthly.
the plant discharge. (Loca- Composite for Tritiumm

y tions 213, 214) analysis quarterly.

I sample from a control loca-
tion (Location 218)

c. Sediment from I sample each from two Grab Sample Gamma Isotopic analysis
Shoreline downstream public recrea- semiannually. on each sample.

tional areas. (Locations
208,210)

1 sample from a control
location. (Location 215)

4. INGESTION

a. Milk Samples from milking animals Grab Sample Gamma Isotopic and
in 3 locations within 3 miles monthly when I-131 analysis on each
distant having the highest available. sample,
dose potential, if available.
(Locations 209,219,220)

1 sample from milking ani-
mais at a control location.
(Location 221)

Rev. 1
Source: ER-OL Table 6.1.5-1
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Table 5.7 (Continued)v'

Exposure Pathway Number of Samples and Sampling and Type and Frequency
and/or Sample Sample Locations Collection Frequency of Analysis

b. Fish 1 sample each of bass and Grab Sample Gamma Isotopic analysis
catfish in the vicinity of the semiannually semiannually on each
discharge point. (Location 208) sample.

I sample each of the same
types in a control' location

T (Location 216)
d

c. Broad-Leaf Sample from 1 offsite Grab Sample quarterly Gamma Isotopic analysis
Vegetation location at point of on each sample.

highest calculated annual
average D/Q. (Location
201)

I sample from a control
location. (Location 217)

,

Source: ER-OL Table 6.1.5.1 Rev. 1
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Table 5.8 Activity of radionuclides in a Catawba reactor core at )
3565 MWt'

Radioactive inventory
Group /radionuclide (millions of Ci) Half-life (days)

A. NOBLE GASES
Krypton-85 0.62 3,950
Krypton-85m 27 0.183
Krypton-87 52 0.0528
Krypton-88 76 0.117
Xenon-133 190 5.28
Xenon-135 38 0.384

B. 10 DINES
Iodine-131 95 8.05
Iodine-132 130 0.0958
Iodine-133 190 0.875
Iodine-134 210 0.0366
Iodine-135 170 0.280

C. ALKALI METALS
Rubidium-86 0.029 18.7
Cesium-134 8.4 750
Cesium-136 3.3 13.0
Cesium-137 5.2 11,000

D. TELLURIUM-ANTIMONY
Tellurium-127 6.6 0.391
Tellurium-127m 1. 2 109
Tellurium-129 35 0.048
Tellurium-129m 5.9 34.0
Tellurium-131m 14 1.25
Tellurium-132 130 -3.25
Antimony-127 6.8 3.88
Antimony-129 37 0.179

E. AKALINE EARTHS ~
Strontium-89 100 52.1
Strontium-90 4.1 11,030
Strontium-91 120 0.403
Barium-140 180 12.8

F. COBALT AND NOBLE METALS
Cobalt-58- 0.87 71.0
Coba1t-60 0.32 1,920
Molybdenum-99 180 2.8
Technetium-99m 160 0.25
Ruthenium-103 120 39.5.
Ruthenium-105 80 0.185
Ruthenium-106 28 366
Rhodium-105 55 1.50
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Table 5.8 (Continued)

Radioactive inventory
Group /radionuclide (millions of Ci) Half-life (days)

G. RARE EARTHS, REFRACTORY
OXIDES AND TRANSURANICS
Yttrium-90 4.3 2.67
Yttrium-91 130 59.0

! Zirconium-95 170 65.2
Zirconium-97 170 0.71
Niobium-95 170 35.0
Lanthanum-140 180 1.67
Cerium-141 170 32.3
Cerium-143 140 1.38
Cerium-144 95 284
Praseodymiem-143 140 13.7
Neodymium-147 67 11.1
Neptunium-239 1,800 2.35
Plutonium-238 0.063 32,500
Plutonium-239 0.023 8.9 x 108

- Plutonium-240 0.023 2.4 x 108-
' Plutonium-241 3.8 5,350

Americium-241 0.0019 1.5 x 105
Curium-242 0.56 163
Curium-244 0.026 6,630

i Note: The above grouping of radionuclides corresponds to that in Table 5.10.

,

|

4
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Table 5.9 Realistic estimates of 2-hour
radiation doses from design-
basis accidents at exclusion
area boundary

Dose (rem) at 762 m*

Events Whole body Thyroid

Infrequent accidents

Waste gas tank failure 0.06 (0.001
Small-break LOCA** (0.001 (0.001

"Steam generator tube 0.001 0.05
rupture ***
Fuel-handling accident 0.007 0.004

Limiting faults

Main steamline break (0.001 (0.001
Control rod ejection (0.001 0.007

Large-break LOCA 0.001 0.07

* 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.

r
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p Table 5.10 Summary of atmosphere releases in hypothetical accident
g sequences in a PWR (rebaselined)

h Accident Fraction of core inventory released *
sequence or Probability

tsequence group ** per reactor yr Xe-Kr I Cs-Rb Te-Sb Ba-Sr Ru*** La

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 6 - 0.80 0.2 0.2 0.3 0.02 0.03 0.003

PWR7 4.0 x 10 s 6 x 10 3 2 x 10 5 1 x 10 s 2 x 10 5 1 x 10 8 1 x 10 6 2 x 10 7
* 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.m

h *** Includes Ru, Rh, Co, Mo, Tc.
tIncludes Y, La, Zr, Nb, Ce, Pr, Nd, Np, Pu, Am, Cm.

Note: See Section 5.9.4.5(7) for a discussion of uncertainties in risk estimates.
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p. Table 5.11 Summary of environmental impacts and probabilities
5T

5-

[ Population
g exposure, Latent *

Probability Persons Persons millions of person- cancers, Cost of offsite
of impact per exposed, exposed, rem 50 mi/ 50 mi/ mitigating actions,
reactor year over 200 rem over 25 rem total total millions of dollars

10 4 0. 0 0/0 0/0 0

10 5 0 0 0.015/0.017 0/0 13

5 x 10 8 0 1,400 2.0/13 170/870 470

10 8 - 900 57,000 13/39 1,400/2,900 1,500

10 7 22,000 170,000 25/76 3,500/5,700 3,100

10 8' 44,000 270,000 42/160 8,300/6,100 6,700

Related
figure 5.3. 5.3 5.4 5.5 5.7

* Includes cancers of all organs. Genetic effects would be approximately twice the number of latent cancers.
Notei See Section 5.9.4.5(7) for a discussion of uncertainties in risk estimates.
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Table 5.12 Summary of early fatalities and probabilities

Probability Early fatalities Early fatalities for
of impact for evacuation of evacuation of EPZ and

i
per reactor year EPZ relocation at 10-25 mi

10 4 0 0
10 5 0 0

'
5 x 10 6 0 0,

10 6 0 0
10 7 3,600 5
10 8 19,000 470

Note: EPZ = emergency planning zone.

Table 5.13 Average values of environmental
risks resulting from accidents
per reactor year

Environmental risk Average value

Population exposure
:i Person-rem within 50 mi 47

Total person-rem 170

Early fatalities

Evacuation to 10 mi 0.0011<

Evacuation to.10 mi plus 0.00002
relocation between 10 and
25 mi

Latent cancer, fatalities
All organs, excluding thyroid 0.0099
Thyroid only 0.0025

'

Cost of protective' actions
and decontamination $7,100*

*1980 dollars.
Note: See Section 5.9.4.5(7) for discussions of

uncertainties in risk estimates.

t
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Table 5.14 Noise level predictions at receptor
locations shown in Figure 5.10 result-
ing from the operation of Catawba
Nuclear Station only

Receptor
location Leo (dBA) Ldn (dBA) Overall (dBO)

A 45 51 60
B 43 49 58
C 27 33 47
D 16 23 39
E 26 32 46
1 50 56 644

2 60 66 72,

3 49 55 63
4 28 34 48
5 26 32 46
6 15 22 39
7 24 31 45
8 17 24 40

i 9 27 34 47
10 35 41 53
11 32 38 50
12 20 27 42

; Notes:
L = equivalent sound level.
eq

dBA = A-weighted sound level.
L = day-night equivalent sound level.
dn

' dB0 = overall unweighted sound level.

l
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6 EVALUATION OF THE PROPOSED ACTION

6.1 Unavoidable Adverse Environmental Effects

The staff has reassessed the physical, social, and economic impacts that can be
attributed to operation of the Catawba station. Such impacts, beneficial or
adverse, are summarized in Table 6.1 of this draft environmental statement.

At the present time the staff foresees no impacts of a magnitude requiring
mitigating actions. However, the applicant is required to adhere to the
following conditions for protection of the environment:

(1) Before engaging in additional construction or operational activities that
may result in a significant adverse environmental impact that was not
evaluated or that is significantly greater than that evaluated in this
statement, the applicant shall provide written notification of such activ-
ities to the Director of the Office of Nuclear Reactor Regulation and
shall receive written approval from that office before proceeding with
such activities.

(2) The applicant shall carry out the environmental monitoring programs out-
lined in Section 5 of this statement as modified and approved by the staff
and implemented in Appendix B, Environmental Protection Plan (nonradiolog-
ical), and Appendix A, Technical Specifications (radiological), that will
be incorporated in the operating licenses for Catawba Units 1 and 2.

(3) If adverse environmental effects or evidence of irreversible environmental
damage are detected during the operating life of the plant, the applicant
shall 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 Local Short-Term Uses of Man's Environment and the
Maintenance and Enhancement of Long-Term Productivity

There have been no significant changes in the staff's preconstruction evalua-
tion of the relationship between environmental effects of short-term uses
(construction and operation of the plant) and long-term productivity (FES-CP,
Sec. 8). The conclusion that the dedication of resources for a nuclear generat-

ing plant at the Catawba site is consistent with the balancing of short- and
long-term objectives for use of the environment is still valid.

Catawba DES 6-1



6.4 Benefit-Cost Summary

The benefits and costs of operating the plant are summarized in Table 6.1,
which provides the staff's assessments of degrees of benefit or cost, as well
as magnitudes of impact where they are quantifiable. References that containfurther information are indicated.

6.4.1 Benefits

A major benefit to be derived from the operation of the Catawba Station is the
more than 12 billion kWh of baseload electrical energy which will be produced
annually (this projection assumes that both units will operate at an annual
average capacity of 60%). The addition of the plant also will improve the ap-
plicant's ability to reliably supply the load requirements of customers in its
service area by contributing 2290 MWe of generating capacity to the bulk power
system.

Another benefit to be derived is the savings in overall system production costs
which will accrue from the operation of the plant. A production costs analysis
was submitted by the applicant (Duke Power Company, August 7, 1981) which pro-
jected annual system production costs for the years 1984 through I M , with
and without the Catawba units in service. The analysis assumed two different
rates of system load growth--one with the applicant's projected annual growth
rate of 4.0% and the other with energy load held constant at the 1980 level
corresponding to a growth rate of zero. The average savings projected for the
first full year of operation of both units are projected to be $310 and $47 mil-
lion per year (1986 dollars), respectively, for the two load growth scenarios.
The staff anticipates 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 coal-fueled generating facilities. The Department of
Energy has estimated (Department of Energy, 1981) that the 1981 cost of pro-
viding energy for load from coal-fueled generating facilities rather than from
nuclear generation, on the average, imposes about a $66 million penalty per
unit per year, on the supplying system * ($132 million per-year for a two-unit
station). This amount appears to support the conclusion drawn in the appli-
cant's analysis since the magnitude of this penalty already exceeds the minimum
amount projected by the applicant for 1986.

6.4.2 Costs

6.4.2.1 Economic

The economic costs associated with station operation include-fuel costs and
operation and maintenance costs which are expected to average 8.6 mills per kWh
(Duke Power Company, 1982, Table 1.3.1-3) and 3.8 mills per kWh (Duke Power

* Assuming nuclear unit of comparable size and operating at 60% capacity factor.

|
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Company, 1982, Table 8.2.1-2),* respectively, in 1986, the first full year of
station operation.

The applicant's estimate of decommissioning costs for each Catawba unit totals
$45 million in 1977 dollars (ER-OL).

6.4.2.2 Environmental and Socioeconomic

i Changes in station design, operating procedures, and environmental data that
were taken into consideration in this operating-license review have not led to
significant increases in the environmental or socioeconomic costs over the
corresponding costs that were estimated during the construction permit review.
The costs considered include those attributable to the uranium fuel cycle and
to plant accidents. Such costs are either negligible or range from small to
moderate.

6.4.3 Conclusions

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 Catawba station. No new information has been obtained
that alters the overall balancing of the benefits versus the environmental
costs of station operation. Consequently, the staff has determined that the
station will most likely operate with only minimal environmental impact. The
staff finds that the primary benefits of minimizing system production costs and
increasing baseload generating capacity by 2290 MWe greatly nutweigh the environ-
mental, social, and economic costs.

6.5 References

Department of Energy, " Estimates of the Costs of Delaying Operating Licenses
for Nuclear Plants," May 15, 1981.

[ -- , "A Review of the Economics of Coal and Nuclear Power," draft, September 30,
1981.

Duke Power Company, " Catawba Station ER-OL," Rev. 2, August 7,1981.

U.S. Nuclear Regulatory Commission, NUREG-0480, " Coal and Nuclear: A Com-
parison of Generating Base Load Electricity by Region," December 1978.I

-- , NUREG-0586, " Draft Generic Environmental Impact Statement on Decommission-
ing of Nuclear Facilities," January 1, 1981.

QSum of 1981 fixed and variable operation and maintenance costs escalated at
10% per year. Escalation rate from U.S. DOE, "A Review of the. Economics of
Coal and Nuclear Power," p. IV-19.
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Table 6.1 Benefit-cost summary for the Catawba plant

Magnitude Staff assessment
benefit or cost (reference) or reference * of benefit or cost **
BENEFITS

Direct

Electrical energy (Sec. 6.4.1) 12 billion kWh/yr Large'

Additional generating capacity
(Sec. 6.4.1) 2290 MWe (design rating) Moderate

Reduced generating costs
(Sec. 6.4.1) $47-$310 million/yr (1986) Large

Indirect

Local property taxes (Sec. 5.8) $29.2 million/yr (1981) Large
Employment (Sec. 5.8) 846 employees Small
Payroll (Sec. 5.8) $14.5 million/yr (1984) Small
Local service and merchandise

purchases by utility (Sec. 5.8) $1.5 million/yr (1981) Small

COSTS

Economic

Fuel 8.6 mill /kWh (1986) SmallOperation and maintenance 3.8 mill /kWh (1986) Small
Decommissioning $45 million (1977) Small

Environmental and socioeconomic

Resources committed
'

Land (Sec. 4.2.2 and 4.2.7)
(station and transmission lines) 1250 ha Small

Water (Sec. 4.2.3) 10.7 m3/sec Small
Uranium - U 0s (NUREG-0489) About 8000 t Small-3

Damages suf fered by other water
users

Surface-water consumption (Sec. 5.3) Small
Surface-water contamination

(chemical) (Sec. 5.3) Small
Surface water contamination

(thermal) (Sec. 5.3)- Small

See footnotes at end of table.

i
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Table 6.1 (Continued)

Magnitude Staff assessment
Benefit or cost (reference) or reference * of benefit or cost **

Damage to Lake Wylie aquatic biota

Impingement and entrainment (Sec. 5.5) Small
Thermal effects (Sec. 5.5) Small
Chemical discharges (Sec. 5.3) Small

Damage to terrestrial resources

Fog and ice (Sec. 5.4) Small
Transmission line maintenance (Sec. 5.2) Small

Adverse socioeconomic effects

Loss of historic or archeological
resources (Sec. 5.7) Small

Traffic (Sec. 5.8) Small
Demands on public facilities

and services (Sec. 5.8) Small
Demands on private facilities

and services (Sec. 5.8) Small

Adverse radiological health effects

Reactor operation on

General population (Sec. 5.9.3) Small
Workers on site (Sec. 5.9.3) Small

Balance of fuel cycle (Sec. 5.10) Small
Accident risks (Sec. 5.9.4) Small

Where a particular unit of measure for a benefit / cost category has not been specified*

in the environmental impact statement (EIS), or where an estimate of the magnitude of
the benefit / cost under consideration has not been made, the reader is directed to the
appropriate EIS section or other source for further information.

** Subjective measure of costs and benefits is assigned by reviewers, where quantification
'

is not possible: "Small" - impacts that in the reviewers' judgments, are nf such minor
nature, based on currently available information, that they do not warrant detailed
investigations or considerations of mitigative actions; " Moderate" - impacts that in
the reviewers' judgments are likely to be clearly evident (mitigation alternatives are
usually considered for moderate impacts); "Large" - impacts that in the reviewers'
judgments, represent either a severe penalty or a major benefit. Acceptance requires
that large negative impacts should be more than offset by other overriding project
considerations.
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j APPENDIX B ,

!

NEPA POPULATION-DOSE ASSESSMENT
i
!.
!

! Population-dose commitments are calculated for all individuals living within-
80 km (50 miles) of the Catawba facility, employing the same dose calculation'

j models used for individual doses (see Regulatory Guide 1.109, Revision 1), for
j the purpose of. meeting the "as low as reasonably achievable".(ALARA) require-
| ments of 10 CFR, Part 50, Appendix 1. In addition, dose commitments to the
1 population residing beyond the 80-km region, associated with the export of food

crops produced within the 80-km region and with the atmospheric and hydrospheric
transport of the more mobile effluent species, such as noble gases, tritium, and

; carbon-14, are taken into consideration for the purpose of meeting the require-
ments of the National Environmental Policy Act,1969 (NEPA). This appendix

i, describes the methods used to make these NEPA population dose estimates.
j - 1

1. Iodines and Particulates Released to the Atmosphere'

:

Effluent nuclides in this category deposit onto the. ground as the effluent moves
downwind; thus the concentration of these nuclides remaining in the plume is*

'
.i continuously being reduced. Within 80 km of the facility, the deposition'model

| in Regulatory Guide 1.111, Revision 1, is used in~ conjunction with the dor,e
models in Regulatory Guide 1.109, Revision 1. Site-specific data concerning;

; production and consumption of foods within 80 km of the reactor are used. For'

estimates of population doses beyond 80 km i.t is assumed'that excess food not
consumed within the 80-km area would be consumed by the population beyond 80 km.
It is further assumed.that none, or very few, of the particulates released from

i the facility will be transported beyond the 80-km distance; thus, they will.make.
no significant contribution _to the population dose outside the 80-km-region,,

except by export of food crops.

! 2. Noble Gases, Carbon-14, and Tritium Released to the Atmosphere-
t

. . . - -

For_ locations-within 80 km of the reactor facility, exposures to these efflu-
ents'are calculated with a constant mean wind-direction model according to the

,

~

:

guidance provided in Regulatory Guide 1.111, Revision 1, and_the dose'models
'

' -

i~ dascribed in Regulatory Guide 1.-109, Revision 1. For estimating the dose com-
.mitment from these radionuclides to the U.S. population residing'beyond.the a
80-km region, two dispersion regimes are considered. These are referred to as
the first pass-dispersion regime and..the'.world-wide-dispersion-regime. The,

; model for the first pass-dispersion regimeLestimates the' dose commitment ~tolthe
~

. population from the radioactive plume-as it leaves:the facility and drifts
across the continentalLUnited States toward the' northeastern corner of the.
United States. The model for the world-wide-dispersion' regime estimates 1the'
dose commitment to the'U.S. population ~after the: released radionuclides mix'-

,

uniformly in the world's atmosphere or, oceans;
,

2

; - ;
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(a) First-Pass Dispersion

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
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

,

United States. The extent of vertical dispersion is assumed to be limited!

by the ground plane and the stable atmospheric layer aloft, the height of
which determines the mixing depth. The shape of such a plume geometry can
be visualized as a right cylindrical wedge whose height is equal to the
mixing depth. Under the assumption of constant population density, the
population 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

262 persons /km is assumed along the plume path, with an average plume-
transport velocity of 2 m/sec.

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 G S. population after the first-
pass, world-wide dispersion is assumed. Non& positing radionuclides with
half-lives greater than 1 year are considered. Noble gases and carbon-14

aare assumed to mix uniformly in the world's atmesphere (3.8 x 1018 m ),
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

1 population-dose commitment at that time, taking into consideration radio-
active decay and physical removal mechanisms (for example, C-14 is grad-
ually removed to the world's oceans). The total-body population-dose
commitment from the noble gases.is due mainly to external exposure from
gamma-emitting nuclides, whereas from carbon-14 it is due mainly to inter-
nal exposure from ingestion of food containing carbon-14.

The population-dose 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

a
| the world's circulating water volume (2.7 x 1018 m ) including.the top

75 m of the seas and oceans, as well as the rivers and atmospheric mois-
ture. The concentration of tritium 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
estimates are based on the incremental concentration at that time. The
total-body population-dose commitment from tritium is due mainly to inter-
nal exposure from the consumption of food,
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3. Liquid Effluents

Population-dose commitments due to effluents in the receiving water within
80 km of the facility are calculated as described in 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
aquatic biota concentrate radioactivity 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 liquia ~~filuent nuclides except tri-re
tium 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

4

circulating water volume and to result in an exposure to the U.S. population in
the same manner as discussed for tritium in gaseous effluents.

4. References

U. S. Nuclear Regulatory Commission, NUREG-0597, " User's Guide to GASPAR Code,"
June 1980.

-- , Regulatory Guide 1.109, " Calculation of Annual Doses to Man from Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance
with 10 CFR Part 50, Appendix I," Revision 1, October 1977.

-- , Regulatory Guide 1.111, " Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases from Light-Water-
Reactors," Revision 1, July 1977.

T
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APPENDIX C

IMPACTS OF THE URANIUM FUEL CYCLE

The following assessment of the environmental impacts of the light-water-reactor
; (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 light-water-cooled
reactor 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 Catawba Nuclear Station.

.

1, Land Use %
!

The total annual land requirement for the fuel cycle supporting a model 1000-MWe
2 2LWR is about 460,000 m (113 acres). Approximately 53,000 m (13 acres) per

2year 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, such land can be used for
any purpose. " Permanent" commitments represent land that may not be released

2for use after plant shutdown and/or decommissioning.) Of the 405,000 m per
2 2year of temporarily committed land, 320,000 m are undisturbed and 90,000 m

are disturbed. Considering common classes of land use in the United States,*
i fuel-cycle land-use requirements to support the model 1000-MWe LWR do not repre-

sent 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 sup-
plying electrical energy to the enrichment step of this cycle. Of the. total

3annual requirement of 43 x 10E m3 (11.4 x 109 gal), about 42 x 108 .m are
required for this purpose, assuming that these plants use once-through cooling.-
Other water uses involve the discharge to air (for example, evaporation losses
in process cooling) of about 0.6 x 10 ms (16 x 107 gal) per year and water dis-8

acharged to the ground (for example, mine drainage) of about 0.5 x 108 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

3consumptive water use of 0.6 x 108 m . per year is about 2% of that from the

*A coal-fired plant of 1000-MWe capacity using strip-mined coal-requires the
2disturbance of about 810,000 m (200 acres) per year for fuel-alone.

.
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model 1000-MWe LWR using cooling towers. The maximum consumptive water use /(assuming that all plants supplying electrical energy to the nuclear fuel cycle
used cooling towers) would be about 6% of the model 1000-MWe LWR using cooling
towers. Under this condition, thermal effluents would be negligible. The staff -

finds that these combinations of thermal loadings and water consumption 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 associated
with the fuel cycle represents about 5% of the annual electrical power produc-
tion of the model 1000-MWe LWR. Process heat is primarily generated by the com-
bustion 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 pro-
duction 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 (CEQ) report (1976), the staff finds that these emis-
sions constitute an extremely small additional atmospheric loading in comparison
with the same emissions from the stationary fuel combustion and transportation
sectors in the United States; that is, about 0.02% of the annual national re-
leases 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. Addition-
ally, all liquid discharges into the navigable waters of the United States from
plants associated with the fuel-cycle operations will be subject to requirements-
and limitations set forth in the national pollution discharge elimination system-
(NPDES) permit.

Tailings solutions and solids are generatcJ during the milling process. These
solutions and solids are not re''4:ul in large enough quantities to have a sig-
nificant impact on the enviro"4er

5. Radioactive Effluent,

Radioactive effluents estbnated to be released to the environment from repro-
cessing and waste-management activities and certain other phases of the fuel-
cycle process are set forth in Table S-3. Using these data, the staff has
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calculated for 1 year of operation of the model 1000-MWe LWR, the 100 year
involuntary environmental dose commitment * to the U.S. population from the
LWR-supporting fuel cycle.

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, or, 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-99) as a result of all
fuel cycle operations other than reactor operation would be about 100 person-
rems per year of operation. Thus, the estimated involuntary 100 year environ-
mental 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 prin-,

cipal technetium-99 releases occur from gaseous diffusion enrichment 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 Vol-
ume 3 of NUREG-0002, Appendix A, Chapter IV, Section J. The results of these
calculations 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 to 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 af ter. 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 assess-
ment, 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-
core 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

*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.

** Based on an annual average natural-background individual dose commitment of
100 mrems and a stabilized U.S. population of 300 million.
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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.

These commitments represent a worst-case situation in that no mitigating circum-
stances are assumed. However, state and Federal laws currently require reclama-
tion 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-
227 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.
5icitarly, 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 change 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 perioa

To illust~ ate: A single model 1000-WWe LWR operating at an 80% capacity factor
for 30 j ars 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 and Measurements (NCRP)
(1975), the staff calculates the average radon-222 concentration in air in the

al contiguous United States to be about 150 pCi/m , which the NCRP estimates will
result in an annual dose to the bronchial epithelium of 450 mrems. For a
stabilized future U.S. population of 300 million, this represents a total lung-
dose commitment of 135 million person-rems per year. Using the same risk esti-
mator 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

1
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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 ana-
lyzing 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 com-
pleted, 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 model systems described 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 balance 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 technetiuin-99 are from exposure of the gastrointestinal (GI)
tract and kidney, although there is a small risk from total-body exposure.
Using organ-specific risk estimators, these individual organ risks can be con-
verted 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 raden 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 or preven-
tion of cancer is ever developed) over the next 100 to 1000 years, respectively,
from exposures to these other nuclides.

The lattar exposures can also be compared with those from naturally occurring
terrestrial and cosmic-ray sources. These average about 100 mrems. There-
fore, for a stable future population of 300 million persons, the whole-body
dose commitment wouid be about 30 million person-rems per year, or 3 bil-
lion person-rems and 30 billion person-rems for periods of 100 and 1000 years,
respectively. These natural-background dose commitments could produce about
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

* Based on an annual average natural-background individual dose commitment of
100 mrems and a stabalized U.S. population oi 300 million.

4
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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 trans-
uranic 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 radiologi-
cal environmental impact is anticipated from such disposal.

7. Occupational Dose

The annual occupational dose attributable to all phases of the fuel cycle for
the model 1000-MWe LWR is 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 uraniun 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-cption 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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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
,

i

Mining ** 4060 Ci'

Milling and tailings *** (during active mining) 780 Ci

Inactive tailings *** (before stabilization) 350 Ci

Stabilized tailings *** (several hundred years) I to 10 Ci/ year

Stabilized tailings *** (after several hundred years 110 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, 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 with 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) permitted intervenors a 60-day period to chal-
lenge the Perkins record on the potential health effects of:
radon-222 emissions. Such challenge was made,~and a decision
thereon is pending before the Appeal Board.

**R. Wilde, NRC transcript of direct testimony given "In thc Matter
of Duke Power Company-(Perkins Nuclear Station)," Docket No. 50-488,
April 17, 1978.

***P. Magno, NRC transcript of direct testimony given'"In the Matter
of-Duke Power Company (Perkins Nuclear Station)" Docket No. 50-488,
April 17, 1978.

i
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Table C.2 Estimated 100 year environmental dose commitment
per year of operation of the model 1000-MWe LWR

Dosage (person rems)

Radon-222 Total Lung (bronchial
Radon source releases (Ci) body Bone 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 operationlof
the model 1000-MWe LWR

Population dose commitments
(person-rems)

Time span Radon-222
.

Total Lung (bronchial
(years) releases (Ci) body Bone 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

Table C.4 Population-dose commitments from stabilized-
tailings piles for each year of operation of
the model 1000-MWe LWR

Population' dose commitments
(person-rems)

. Time span Radon-222 Total Lung (bronchial
(years). releases (Ci) body Bone epithelium)1

100 100 2.6' 68 56
-500 4,090 110 2,800 2,300

,
1,000 .53,800 1,400 37,000 30,000
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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 Catawba facility are estimated
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-0017. These estimated effluent release values for normal
operation, including anticipated operational occurrences, along with the appli-
cant'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-mi) radius of the plant as a result of plant opera-
tions 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 goneral 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 at the. approximate midpoint of station operation.
For younger persons, changes in organ mass metabolic parameters with age after
the initial intake of radioactivity are accounted for.

Annual average relative concentration (X/Q) and relative depositon-(D/Q) values
were calculated using the straight-line Gaussian atmospheric dispersion model
described in Regulatory Guide 1.111, modified to reflect spatial and temporal
variations in airflow using the correction factors contained in NUREG-0324.
Releases through the two unit vents have been considered as ground level with
mixing Lin the turbulent wake of plant structures' in accordance with the criteria
contained in Regulatory Guide 1.111, that is,- releases through vents with eleva-
tions below the tops of adjacent structures are assumed not to escape from the
building wake. Intermittent releases through the unit' vents have bees, evaluated
using the methodology contained in NUREG-0324. All other releases also have
been considered as ground level.

A 2 year period of record (12/17/75-12/16/77) of onsite meteorological data
was used for this evaluation. Windspeed and direction. data were based on

Catawba DES D-1
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measurements made at the 10-m (33-ft) level, and atmospheric stability was de-
fined by the vertical temperature gradient measured between the 10-m (33-ft)
and 40-m (132-ft) levels. The results of the additional information asked for
concerning tower interference on the measurement of windspeed and direction at
the 40-m level and on the representativeness of the location of the 10-m tower
are not expected to change the conclusions based on currently available meteor-
ological data.

Tritium released through a vent stack will most likely be deposited through I

precipitation scavenging (washout), although tritium may also deposit through
contact with soil, vegetation, and surface water. Once deposited, however,
tritium can reevaporate from soil, vegetation, and water surfaces and be subse-
quently transported and deposited downwind, continuing the cycle of deposition,
reevaporation, and transport. Tritium can reach surface waters through several
different pathways: directly through precipitation scavenging; through molecu-
lar exchange between the atmosphere and water surface; and, indirectly through
runoff or influx of groundwater. Washout of tritium by precipitation probably
occurs at a rate similar to that for radiciodines. Although washout is a much
more efficient mechanism for removal of material from the atmosphere than dry
deposition, precipitation only occurs a small fraction of the time over an
annual cycle resulting in deposited amounts comparable to those estimated for
dry deposition. Assuming a representative D/Q of 1 x 10 8 m2 for all atmos-
pheric deposition processes for the vicinity of the Charlotte Water Intake
(approximately 11 km (7 mi) north-northeast of the plant) and estimating an
affected surface water area of 9 x 106 m , the amount of tritium deposited is2

expected to be less than 1% of the gaseous tritium releases. Similarly, assum-
ing a representative D/Q of 1 x 10 9 m2 for the vicinity of the Lake Wylie Dam
(approximately 6.4 km (4 mi) east-southeast of the plant) and estimating an

2affected surface water area of 6.75 x 106 m , the amount of tritium deposited
is expected to be less than 1% of the gaseous tritium releases. The amount of
tritium that reaches surface water through runoff or influx of groundwater is
expected to be even less than that deposited directly from the atmosphere
because of retention by soil and vegetation and subsequent reevaporation and
atmospheric transport.

: The NRC staff estimates of the expected liquid releases (listed in Table D.4),
! along with the site hydrological considerations (summarized in Table D.5) were
! used to estimate radiation doses and dose commitments from liquid releases.
| The staff used the "no-recirculation" mixing model rather than the completely
i mixed model for calculating the doses to a maximally exposed individual from

ingesting fish. The maximally exposed individual was assumed to eat fish caught'

in the vicinity of the plant discharge. The hydrologic models used to calculate
dilution, for the purposes of fish consumption, considered the discharge of the;

i plant, the freshwater flow rate in Big Allison Creek, the exchange of water
i between the discharge embayment and Lake Wylie, and the interaction of radio-

active cesiua with sediment.

The staff used the LADTAP model~(NUREG/CR-1275) in the completely mixed mode
; for estimating doses to the maximally exposed individual ingesting water.

Virtually the entire dose to the maximally exposed individual from ingesting!

water is caused by exposure to radionuclides whose half-lives are much greater
| than the flushing time of Lake Wylie, which is estimated to be about 46 days.
! As illustrated in Section 5, Appendix A, of Regulatory Guide 1.113, the cal-
| culated concentrations of radionuclides in water are very insensitive to the
|

|
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choice of impoundment mixing models if the ratio of half-life to flushing time
is large. Therefore, the completely mixed model is adequate for estimating
doses from drinking water.,

(a) Radiation Dose Commitments to Individual Members of the Public
'

As explained in the text, calculations are made for a hypothetical individual-
member of the public (that is, the maximally exposed individual) who would be -

expected to receive the highest radiation dose from all pathways that 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 radioiodine
and particulates, and waterborne releases are listed in Tables D.6, D.7, and
D.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 D.8.

The maximally exposed. individual is assumed to consume well'above average quan-'

tities of the potentially affected foods and to spend more time at potentially
affected locations than the average person as indicated in Tables E-4 and E-5
of Revision 1 of Regulatory Guide 1.109. The 20 year period was chosen for4

these calculations as representing the midpoint of plant operation and factors,

into the dose models by allowing for buildup of long-lived radionuclides in the1

soil. It affects the estimated doses primarily for radionuclides ingested by
humans that have half-lives greater than a few years.

| (b) Cumulative Dose Commitments to the General Population

Annual radiation dose commitments from airborne and waterborne radioactive
releases from the Catawba facility are estimated for two populations in the

-

year 2000: (1) all members of the general public within 80 km (50 mi) 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.

3. References

U.S. Nuclear Regulatory Commission,;NUREG-0016, " Calculation of Radioactive
Materials in Gaseous ar.d Liquid Effluents from Boiling Water Reactors,"
Revision 1, January 1979.

-- , NUREG-0017, " Calculation'of. Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Pressurized Water Reactors (PWR-GALE Code),"
April 1976.

-- ,-NUREG-0324, "X0QD0Q Program for the Meteorological Evaluation of Routine.
. Effluent Releases at Nuclear' Power Stations'," Draft, September 1977.
!

-- , NUREG/CR-1276, " User's Manual for LADTAP II|- A Computer Program for.4

Calculating Radiation Exposure to Man From Routine Release of Nuclear
,

; Reactor Liquid Effluents," Oak Ridge National" Laboratory, May 1980.
.
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-- , Regulatory Guide 1.109, " Calculation of Annual Doses to Man From Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance
with 10 CFR Part 50, Appendix I," Revision 1, October 1977.

-- , Regulatory Guide 1.111, " Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases f rom Light-Water
Reactors," Revision 1, 1977.

-- , Regulatory Guide 1.113, " Estimating Aquatic Dispersion of Ef fluents From
Accidental and Routine Reactor Releases for the Purpose of Implementing
Appendix I," Revision 1, April 1977.
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Table D.1 Calculated releases of radioactive materials in
gaseous effluents from Catawba (Ci/yr/ reactor)

Reactor Auxiliary Waste gas Turbine Air
building building processing building ejector<

stack stack system vent exhaust a
Nuclides (continuous) (continuous) (continuous) (continuous) (continuous) Total

Ar-41 25 a a a a 25,

Kr-83m a a a a a a
Kr-85m 1 3 a a 2 6
Kr-85 5 a 263 a a 268
Kr-87 a 2 a a a 2
Kr-88 2 5 a a 3 10
Kr-89 a a a a a a

,

Xe-131m 6 a 9 a a 15
'

Xe-133m 12 2 a a 2 16
Xe-133 1100 120 14 a 73 1300**
Xe-135m a a a a a a
Xe-135 8 8 a a 5 21
Xe-137 a a a a a a
Xe-138 a 1 a a a 1

Total noble gases 1600**

Mn-54 0.00017 0.00018 0.0045 b b 0.0049
Fe-59 0.000057 0.00006 0.0015 b .b 0.0016
Co-58 0.00057 0.0006 0.015 b b 0.016
Co-60 0.00026 0.00027 0.007 b b 0.0075 -
Sr-89 0.000013 0.000013 0.00033 b b 0.00036
Sr-90 0.0000023 0.0000024 ' O.00006 b b 0.000065
Cs-134 0.00017 0.00018 0.0045~ b b .0.0049
Cs-137 0.00029 0.0003 0.0075 b b 0.0081

Total particulates -0.043'

1-131 0.0057 0.0045 a 0.00065 0.0028 0.014
I-133 0.0016 0.0068 a 0.00098 0.0039 .0.014
H-3 a 710 710- - a -

C-14 1 a 7 a a 8

*8ased on the staff's ' review of the information submitted by Duke Power Company on
April 2, 1982, the staff has' included releases resulting from spent fuel from Catawba

: and the spent . fuel from Oconee and McGuire that may be stored at . Catawba.

** Sum is truncated.
Notes: .

. .

: a = less than 1.0 Ci/yr for noble gases and C-14,.less than'10 4 Ci/yr for iodine.
b = less than 1% of total for this nuclide.

,

|
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Table D.2 Summary of atmospheric dispersion factors (X/Q) and
i relative deposition values for maximum site boundary

and receptor locations near the Catawba Nuclear-i
' Station *
!

Relative
Location ** Source X/Q (sec/m ) deposition (m 2)3

,

Nearest effluent- A*** 3.5 x 10 5 1.3 x 10 7
control boundary
(0.7 km, NNE)

Nearest residence A*** 2.5 x 10 5 7.2 x 10 8
'

and garden '

(0.8 km, 5)

Nearest milk cow A*** 4.3 x 10 7 1.1 x 10 9
(4.5 km, SW)

Nearest meat animal A*** 1.5 x 10 6 3.0 x 10 9'

(2.2 km, NW)

! *The values presented in this table are corrected for' radioactive
decay and cloud depletion from deposition, where appropriate, in
accordance with Regulatory Guide 1.111.

**" Nearest" refers to that type of . location where the highest radia-
tion dose is expected'to occur from'all appropriate pathways.

*** A - Reactor, auxiliary and turbine buildings, waste gas. processing
system, and air ejector exhaust are all continuous release sources.

4

.

;

,

J

f

1

,
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Table 0.3 Nearest pathway locations used for maximally*

exposed individual dose commitments for the
Catawba Nuclear Station

Location Sector Distance (km)

Nearest effluent-control boundary * NNE 0.7
.

Residence and garden ** S 0.8

'- Milk cow SW 4.5

Meat animal NW 2.2

* 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 radio-
activity, exposure to deposited radionuclides, and sub-
mersion in gaseous radioactivity are evaluated at
residences. This particular location includes doses

,

; from vegetable consumption as well.

!

;

.

i

I

;

;
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Table 0.4 Calculated releace of radioactive materials in liquid
effluents from Catawba Nuclear Station, Units 1 and 2

L

Nuclide Ci/yr/ reactor * Nuclide Ci/yr/ reactor *

Corrosion and Activation Products Fission products (cont'd)
Cr-51 0.00026 Te-129m 0.0002
Mn-54 0.00007 Te-129 0.00013
Fe-55 0.00029 I-130 0.00006
Fe-59 0.00015 Te-131m 0.00003
Co-58 0.0027 I-131 0.027
Co-60 0.00045 Te-132 0.00091
Zr-95 0.00001 1-132 0.0015
Nb-95 0.00002 I-133 0.013
Np-239 0.00004 I-134 0.00001

Cs-134 0.027
I-135 0.0037

Fission Products Cs-136 0.007
Cs-137 0.02

Br-83 0.00003 Ba-137m 0.024
Rb-86 0.00005 Ba-140 0.00002
Sr-89 0.00006 La-140 0.00002
Sr-91 0.00001 Ce-144 0.00006
Y-91 0.00001

Mo-99 0.022 All others 0.00008
Tc-99m 0.016
Ru-106 0.00003 Total (except H-3) 0.17
Te-127m 0.00005 H-3 710
Te-127 0.00006

*Nuclides whose release rates are less than 10 5 Ci/yr/ reactor are
not listed individually but are included in "All others."

.
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Table D.5 Summary of hydrologic transport and dispersion for
liquid releases from the Catawba Nuclear Station *

Dilution factor of
plant discharge

Transit time
Location (hours) 1 unit 2 unit

Nearest drinking-water intake 0 51t 26t
(Rock Hill **)

Nearest sport-fishing location 0 2.2 1.7
(discharge area)***

Nearest shoreline 0 2.2 1.7
(bank near discharge area)***

*See Regulatory Guide 1.113.
** Based on completely mixed hydrological model for Lake Wylie.

***The staff used the "no-recirculation" model (i.e., a plug flow
model) rather than the completely mixed model to estimate doses
to the maximally exposed individual from ingestion of fish and
from shoreline recreation. Doses from the two preceding pathways
account for the majority of the estimated doses to the maximally
exposed individual to radioactive liquid effluents (see Table D.6).

TEquivalent dilution factor for the "no-recirculation" model.
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Table 0.6 Annual dose commitments to a maximally exposed individual
near the Catawba Nuclear Station

,

|,

Location Pathway Dose (mrem /yr/ unit, except as noted)

Noble Gases in Gaseous Effluents

Air Dose |

(mrad /yr/ unit)

Total Body Skin Gamma Beta
Nearest site boundary Direct radiation 0.62 1. 8 1.0 2.3
(0.70 km NNE)* from plume

Iodine and Particulates in Gaseous*

Effluents **

Total Body Organ

Nearest site bound- Ground deposition 1.3 1.3,

i ary (0.70 km NNE)* Inhalation 1.0 1. 2 -
(adult) (adult) (thyroid)

Nearest residence Ground deposition 0.7 0. 7
and garden (0.8 km S)*** Inhalation 0.6 (0.1

(child) (child) (bone)
Vegetable corsumption 3.5 6.6

(child) (child) (bone)
Nearest milk cow Ground deposition (0.1 (0.1
(4.5 km SW) Inhalation (0.1 (0.1

Cow milk consumption (0.1 0.3
(infant) (infant) (thyroid)

Nearest meat animal Heat consumption (0.1 (0.1
(2.2 km, NW)

Liquid Effluents **

Total Body Organ

Nearest drinking Water ingestion . (0.1 0.1
water at Bay City
Hearest fish at Fish consumption 1. 7 2.3
plant-discharge (adult) (adult) (liver)
area

Nearest shore access Shoreline recreation (0.1 (0.1
to plant-discharge
area

|

*That site boundary location where the highest radiation doses as a result of gaseousL

effluents have been estimated to occur.
** Doses are for the age group and organ that results in the highest cumulative dose for.

the location.
***The location where the highest radiation dose to an individual from all applicable

~

pathways has been estimated.,

|

|

|

|

|
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Table D.7 Calculated Appendix I (10 CFR 50) dose commitments to a maximally
exposed individual and to the population from operation of
Catawba nuclear facility

Annual Dose per Reactor Unit

Individual

Appendix I Calculated
Design Objectives * Goses**

Liquid effluents

Dose to total body from all pathways (mrem) 3 1. 8
Dose to any organ from all pathways (mrem) 10 2.4

(liver)Noble gas effluents (at site boundary)

Gamma dose in air (mrad). 10 1. 0
Beta dose in air (mrad) 20 2.3
Dose to total body of an individual (mrem) 5- 0.6,

Dose to skin of an individual (mrem) 15 1.8

Radiciodines and particulates***

Dose to any organ from all pathways (mrem) 15 7.3
(bone)

Population Within 80 km

Total Body Thyroid

Natural-background radiation (person-rem)t 160,000
Liquid effluents (person-rem) 3.0 3.0
Noble gas effluents (person-rem) 0.4 0.4
Radiciodine and particulates (person-rem) 5.1 6. 5

!

* Design objectives from Sections II.A, II.8, II.C, and II.D of Appendix I,
10 CFR 50 consider doses to maximally exposed individual and to population
per reactor unit.

** Numerical values in this column were obtained by summing appropriate values in
Table 0.6. Locations resulting in maximum doses are represented here.

*** Carbon-14 and tritium have been added to this category.
t" Natural Radiation Exposure in the United States," U.S. Environmental Protec-

tion Agency, ORP-SID-72-1, June 1972; using the average background dose for
South Carolina of 97 mrems/yr, and year 2000 projected population of 1,700,000.
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Table D.8 Calculated RM-50-2 dose commitments to a maximally exposed
individual from operation of the Catawba nuclear facility *

Annual dose per site

RM-50-2 Calculated
Effluent and dose commitment design objective ** dose

Liquid effluents

Dose to total body or any organ from
all pathways (mrem) 5 3.0
Activity-release estimate, excluding
tritium (Ci) 10 0.3

Noble-gas effluents (at site boundary)

Gamma dose in air (mrad) 10 2.0
Beta dose in air (mrad) 20 4.6
Dose to total body of an individual
(mrem) 5 1. 2
Dose to skin of an individual (mrem) 15 3.6

Radiciodines and particulates***

Dose to any organ from all pathways
(mrem) . 15 14.6 (bone)
I-131 activity release (Ci) 2 0.03

*An optional method of demonstrating compliance with the cost-benefit Sec-
tion (II.D) of Appendix I to 10 CFR 50.

** Annex to Appendix I to 10 CFR 50.

*** Carbon-14 and tritium have been added to this category.
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Table D.9 Annual total-body population dose commitments,
year 2000 (both units)

U.S. population
Category dose commitment

(person-rem /yr)

Natural background radiation * 26,000,000*

. Catawba Nuclear Station
Units 1 and 2 (combined) operation

Plant workers 960

General public:
1

Liquid effluents ** 6.0
Gaseous effluents 70
Transportation of fuel and waste 6

*Using the average U.S. background dose (100 mrems/yr) and'

year 2000 projected U.S. population from " Population Esti-
,

mates and Projections," Series-II, U.S. Department of4

Commerce, Bureau of the Census, Series P-25, No. 704,
July 1977.

**80-km (50-mi) population dose.

.

4

9

I

.

4
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APPENDIX E

REBASELINING 0F 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 LWRs could be consistently compared.

Primarily, the rebaselined RSS results (NUREG/CR-1659) reflect use of advanced
modeling of the processes involved in meltdown accidents, i.e., the MARCH com-
puter code modeling for transient and LOCA initiated sequences and the CORRAL
code used for calculating magnitudes of release accompanying various accident

These codes * have led to a capability to predict the transient andsequences.
small LOCA initiated sequences that is considerably advanced beyond what existed
at the time the Reactor Safety Study was completed. The advanced accident proc-
ess models (MARCH and CORRAL) produced some changes in the staff's estimates
of the release magnitudes from various accident sequences in WASH-1400. These.
changes primarily involved release magnitudes for the iodine, cesium, and tel-
lurium families of isotopes. In general, a decrease in the iodines was pre-
dicted for many of the dominant accident sequences; some increases in the re-
lease magnitudes for.the cesium and tellurium isotopes were predicted.

The Reactor Safety Study Methodology Applications Program (RSSMAP) has resulted
in a review of dominant accident sequences for several plants. The Sequoyah
RSSMAP risk assessment indicates the importance of' hydrogen control measures
for reducing the likelihood of failing the ice condenser containment.following
severe accidents; Catawba has an ice condenser containment like Sequoyah. .The
applicant for Catawba has plans to satisfy the Commission's requirement on hy-
drogen control. Therefore, the use of the Surry rebaselined sequences is ap-
propriate since a Catawba plant-specific assessment of-accident sequence is not
available.

Entailed in this rebaselining effort for the sequences as used here was the
evaluation of individual dominant accident sequences as the staff. understands
them to evolve rather than the technique 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 tech-
nique" 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 de-
signs (PWR and BWR), the likelihood of an accident sequence leading to the oc-

Thiscurrence of a steam explosion (a) in the reactor vessel was decreased.

.*It should be noted that the MARCH code was used on-a number of scenarios in
connection with the TMI-2 recovery efforts and for post-TMI-2 investigations
to explore possible alternative scenarios that TMI-2 could have experienced.
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was done to reflect both experimental and calculational indications that such
explosions are unlikely to occur in those sequences involving small-size LOCAs
and transients 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 as
was postulated in WASH-1400.

For rebaselining of the RSS PWR design, the release magnitudes for the risk
dominating sequences, e.g., Event V, TMLB' 6, y, and S C6 (described later)2
were explicitly calculated and used in the consequence modeling rather than

i being 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-PWR predictions.
This result is believed to be largely attributable to the decreased likelihood
of occurrence for sequences involving severe steam explosions (a) that breached
containment. (In WASH-1400, the sequences involving severe steam 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
differences due to the rebaselining efforts are likely to be far outweighed by
the uncertainties associated with such analyses.

The accident sequences which are expected to dominate risk from th3 RSS-PWR de-
sign 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 symbols, 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 materials
from containment.*

Probabilities and release fractions of accidents involving the spent fuel pool
were roughly estimated in the RSS. It can be concluded by comparison of data
in Appendix I and the main report of WASH-1400 that the probabilities and release
fractions are orders of magnitude less than the accidents involving the reactor
itself. Further, since the melting of the fuel and release of activity is deter-
mined basically by the freshly discharged fuel (less than 1 year cooling time),
the total contents of the pool in terms of assemblies with long cooling times
does not change that conclusion. Hence, impacts of these types of accidents
are well below the impacts of the reactor accidents presented here.

Event V (Interfacing System LOCA)

During the Reactor Safety Study a potentially large-risk contributor was identi-
fled because of 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 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

*For additional information detail see Appendix V of WASH-1400.
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LPIS to high overpressures and dynamic loadings, the RSS judged that a high
probability of LPIS rupture would exist. Since 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 entirely 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 re-
presents one of the largest risk contributors from the RSS-PWR design. The NRC
has recognized this RSS finding, and has taken steps to reduce the probability
of occurrence of Event V scenarios in both existing and future LWR designs by
requiring periodic surveillance testing of the interfacing valves to assure that
these valves are properly functioning as pressure boundary isolation barriers
during plant operations. Accordingly, Event V predictions for the RSS-PWR are
likely to be conservative relative to the design and operation of the Catawba
PWR plants.

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. The 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 sup-
plies (two diesel generators) and the standby auxiliary feedwater system, two

,

trains of which are electrically driven by either onsite or offsite ac power.
With failure and nonrestoration of ac and the failure of the steam turbine
driven auxiliary feedwater train to remove shutdown heat, the core would ulti-
mately uncover and melt. If restoration of ac were not successful during (or
following) melt, the containment heat removal and fission product mitigating
systems would not be operational to prevent the ultimate overpressure (6, y)
failure of containment and a rather large, energetic release of activity from
the containment. Next to the Event V sequence, TMLB'6, y is predicted to domi-
nate the overall accident risks in the RSS-PWR design.

S C-6 (PWR 3)2

In the RSS, the S C-6 sequence was placed 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 S C-6 and the results indicated that it was next in overall2
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 (sub-
atmospheric) employed in the RSS PWR design.

Catawba DES E-3
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In essence, the S C-6 sequence included a small loss-of-coolant accident occur-2
ring in a specific region of the plant (reactor vessel cavity); failure of the
recirculating containment heat removal systems (CSRS-F) because of a dependence
on water draining to the recirculation sump from the LOCA and a resulting de-
pendence 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,
either because of the cavitation of ECCS pumps or from the rather severe mechan-
ical 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. Since these
gases would be initially heated by contact with the melt, the rate of sensible
energy release to the atmosphere would be moderately high.

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), S D-c, S H c, SgH c, AD-c, AH-c, TML c, and TKQ-c. Alli 2
of these sequences involved a containment basemat melt-through as the contain-
ment failure mode. With the exception of TML-c and TKQ-c, all involve the

,

potential failure of the emergency core cooling system following occurrence of
a LOCA with the containment ESFs continuing to operate as designed until the
basemat was penetrated. Containment sprays would operate to reduce the con-
tainment temperature and pressure as well as the amount of airborne radio-
activity. The containment barrier would retain its integrity until the molten
core proceeded to melt through the concrete containment basemat. The radio-
active materials would be released into the ground, with some leakage to the
atmosphere occurring upward through the ground. Most of the release would oc-
cur 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,

I with the soil, the energy release rate would be very low.

References

i U.S. Nuclear Regulatory Commission, WASH-1400 (NUREG-75/014), " Reactor Safety
Study--An Assessment of Accident Risks in U.S. Commercial Nuclear Power
Plants," October 1975.

-- , NUREG/CR-1659, " Reactor Safety Study Methodology Applications Program,"
Vol. 1, Sandia National Laboratories, February 1981.
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Table E.1 Key to PWR accident sequence symbols

Intermediate to large LOCA.A -

B - Failure to recover either onsite or offsite electric power within about
1 to 3 hr following an initiating transient which is a loss of offsite
ac power.

C - Failure of the containment spray injection system.

D - Failure of the emergency core cooling injection system.

H - Failure of the emergency core cooling recirculation system.

K - Failure of the reactor protection system.

L - Failure of the secondary system steam relief valves and the auxiliary
feedwater system.

M - Failure of the secondary system steam relief valves and the power
conversion system.

Q - Failure of the primary system safety relief valves to reclose after-
opening.

5 - A small LOCA with an equivalent diameter of about 2 to 6 in.3

Sa - A small LOCA with an equivalent diameter of about 1/2 to 2 in.

T - Transient event.

V - Low pressure injection system check valve failure.

a - Containment rupture resulting from a reactor vessel steam explosion.

p - Containment failure resulting from inadequate isolation of containment
openings and penetrations.

y - Containment failure resulting from hydrogen burning.

6 - Containment failure resulting from overpressure.

c - Containment vessel melt-through.
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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 postaccident response to reduce exposure from long term ground con-
tamination. The Reactor Safety Study (RSS) (WASH-1400) consequence model con-
tains provision for incorporating radiological consequence reduction benefits
of public evacuation. The benefits of a properly planned and expeditiously
carried out public evacuation would be well manifested in a reduction of early
health effects 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 con-
sequence 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 (SAND
78-0092) of the RSS model and is, to a certain extent, oriented toward site
emergency planning. The modified version is briefly outlined below.

The model utilizes a circular area with a specified radius (such as a 10-mi
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 radioactive material to the atmosphere.

Significant atmospheric releases of radioactive material would in general be
preceded by one or more hours of warning time (postulated as the time interval
between the awareness of impe iding core melt and the beginning of the radio-
active release 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--those people who would potentially be under
the radioactive cloud that would develop following the release--would leave
their residences after a specified delay * 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 authori-
ties, time required by the authorities to interpret the data, decide to evacu-
ate, and direct the people to evacuate, and time required for the people to

-mobilize and get under way.

* Assumed to be of a constant value which would be the same for all evacuees.
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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 ** frcm the evacuee's starting point.

This distance is selected to be 15 mi (which is 5 mi more than the 10-mi plume
exposure pathsay EPZ radius). After reaching the end of the travel distance,
the evacuee is assumed to receive no further radiation exposure.r

1

The model incorporates a finite length of the radioactive cloud in the downwind I

direction which would be determined by the product of the duration over which 1

,

the atmospheric release would take place and the average windspeed during 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 windspeed;
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, i.e., the cloud would be trail-

ing behind the evacuees initially. On the other hand, if the delay time were
more than the warning time, then depending on initial locations of the evacuees
there are possibilities that (1) an evacuee will still have a head start, or
(2) the cloud would be overhead when an evacuee starts to leave, or (3) an evac-
uee initially would be trailing behind the cloud. However, this initial picture

of cloud people disposition would change as the evacuees travel depending on
the relative speed and positions between the cloud and people. The cloud and
an evacuee might overtake one another one or more times before the evacuee would
reach his or her destination. In the model, the radial position of an evacu-
ating 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 expo-
sure to airborne radionuclides. The model calculates the time periods during
which people are exposed to radionuclides on the ground while they are station-
ary 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 are: (1) exposed to the total ground con-
tamination concentration which is calculated to exist after complete passage of
the cloud, after they have been completely passed by the cloud; (2) exposed to

,

one-half the calculated concentration anywhere under the cloud; and (3) not
|

exposed when they are in front of the cloud. Different values of the shielding

protection factors for exposures from airborne radioactivity and ground contami-
nation have been used.

Results shown in Section 5.9.4.5 for accidents involving significant release of
radioactivity to the atmosphere were based on the assumption that all people
within the 10-mi plume exposure pathway EPZ would evacuate as per the evacua-
tion scenario described above. It is not expected that detailed inclusion of
any special facility near a specific plant site, where not all persons would be

(
*In the RSS consequence model, the radioactive cloud is assumed to' travel

;

| radially outward only,
i

.

** Assumed to be of a constant value which would be the same for all evacuees.
!

|
!
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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 6.7 mph
(3 m/sec) based upon the applicant's estimate of the time to clear the 10-mi
zone. As an additional emergency measure for the Catawba site for certain
sensitivity calculations, it was also assumed that all people beyond the evacu-
ation distance who would be exposed to the contaminated ground would be relo-
cated after the plume passed. For these people outside of the evacuat:on zone
and within 25 mi, a reasonable relocation time span of 8 hours has been assumed,
during which each person is assumed to receive additional exposure to the ground
contamination. Beyond the 25 mi distance the usual assumption of the RSS conse-
quence 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 measure-
ments 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 a pessimistic case for which no early evacuation is assumed
and all persons are assumed to be exposed for the first 24 hours following an
accident and are then relocated, and a case for which evacuation, at the same
speed as above, was assumed to take place to 15 mi. For evacuation to 20 mi,

the calculation would predict near zero early fatalities.

The model has the same provision for calculation of the economic cost associated
with inplementation of evacuation as in the orginal RSS model. For this pur-

pose, the model assumes that for atmospheric releases of durations 3 hours, or
less, all people living within a circular area of 5-mi 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 tempo-
rarily 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 dollar) per person which includes cost of food and temporary
sheltering for a period of 1 week.

F.2 Early Health Effects Model

The medical advisors to the Reactor Safety Study (WASH-1400) proposed three
alternative dose-mortality relationships that can be used to estimate the num-
ber of early fatalities that might result in an exposed population. These
alternatives characterize different degrees of postexposure 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
of Section 5.9.4.5(3) and Section F.1 of this appendix used the dose-mortality
relationship that is based upon the supportive treatment alternative. This
implies the availability of medical care facilities and services for those
exposed in excess of about 200 rems. At the extreme low probability end of the

Catawba DES F-3

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



_ _______ _ _

spectrum, i.e. , at the 1 chance in 100 million per reactor year level, the num-
ber of persons involved might exceed the capacity of facilities for such ser-
vices, in which case the number of early fatalities might have been somewhat
underestimated. To gain perspective on this element of uncertainty, the staff
has also performed calculations using the most pessimistic dose-mortality rela-
tionship based upon minimal medical treatment and using identical assumptions
regarding early evacuation as made in Section 5.9.4.5(3). This shows 10 early
fatalities at the 1 chance in 1 million per reactor year level, an increase from
19,000 to 24,000 early fatalities at the 1 chance in 100 million per reactor year
level (see Table 5.12), and an overall doubling of the annual risk of early
fatalities (see Table 5.13). The major fraction of the increased risk of early
fatality in the absence of supportive medical treatment would occur within
32 km (20 mi) and virtually all would be contained within 137 km (85 mi) of the
Catawba site.

F.3 References

Sandia Laboratories, SAND-78-0092, "A Model of Public Evacuation for Atmospheric
Radiological Releases," June 1978.

U.S. Nuclear Regulatory Commission, WASH-1400 (NUREG-75/014), " Reactor Safety
Study--An Assessment of Accident Risks in U.S. Commercial Nuclear Power
Plants," October 1975.

-- , NUREG-0340, " Overview of the Reactor Safety Study Consequences Model,"
October 1977.
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APPENDIX G

ENVIRONMENTAL IMPACT APPRAISAL FOR TRANSSHIPMENT OF SPENT FUEL FROM
OCONEE AND McGUIRE TO CATAWBA NUCLEAR STATION

1 RADIOLOGICAL IMPACTS OF THE TRANSPORTATION OF SPENT FUEL

The radiological impacts of the transporation of spent fuel from Oconee and
McGuire to Catawba are considered here. Section 1.1 deals with the possible
radiological impacts of the transportation on transportation workers. Sec-
tion 1.2 considers the radiological impacts on the public.

The transportation of Oconee and McGuire spent fuel to Catawba falls under the
provisions of 49 CFR 170-189 and 10 CFR 71. The Department of Transportation
(DOT) regulation in 49 CFR 173.393(j), which encompasses the proposed shipments,
limits the dose rate for radioactive materials during transportation to 10 mrems/
hr at any point 2 m (6 ft) from the vertical planes projected from the outer
edges of the vehicle. Radiological impacts for truck shipments are discussed
below. Radiological impacts for rail shipments are less than for truck shipments
because of fewer shipments (more fuel elements per cask) and greater isolation
of the shipment from transportation workers.

1.1 Radiological Impacts on Transportation Workers

The longest proposed truck route from Oconee to Catawba is 310 km (193 mi) and
from McGuire to Catawba is 130 km (80 mi) (Parker, April 2, 1982). On each
310-km trip, two drivers would probably not spend more than 6 hr in the truck
cab, and on each 130-km shipment would probably not spend more than 3 hours in
the cab. In addition, about I hr would be spent outside the truck visually
checking safety-related items at an average distance of 1 m (3 ft) from the
truck bed. Based on DOT regulations, radiation levels 2 m (6 ft) from the
truck bed will not exceed 10 mrems/hr. A radiation level of 2 mrems/hr is
permitted in the truck cab. Under these conditions each truck driver could
receive about 32 mrems during each shipment. Three hundred shipments of Oconee
spent fuel elements to Catawba each year would result in an annual cumulative
exposure to the drivers of about 19 person-rems. Likewise 300 shipments of
McGuire spent fuel elements to Catawba would result in a cumulative exposure
of 16 person-rems. This cumulative exposure would be distributed among several
drivers. Operating experience has indicated that the calculations tend to
overestimate actual cumulative exposure (WASH-1238).

1. 2 Radiological Impacts on the Public

Members of the general public are excluded from loading and unloading operations,
1 but some exposures might occur at truck stops en route. A member of the general

public who spends 3 min at an average distance of 1 m (3 ft) from the truck bed
might receive a_ dose of 1.0 mrem. If 10 persons,-on the: average-were.exp6 sed
during each shipment, the cumulative dose to such onlookers for 300 shipments
would be about 3.0 person-rems distributed among 3,000 persons.
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The dose rate of 10 mrems/hr at 2 m (6 ft) from the vehicle was used to calcu-
late the dose to those persons in an area between 30 m (100 ft) and 800 m
(2600 ft) on both sides of the shipping route (WASH-1238). It was assumed the
shipment would travel the 310 km (193 mi) in 6 hours. The average population
density along the route was stated by the applicant to be 232 persons /km2

(602 persons /mi2), which is more than the 96 persons /km2 calculated for the
Oconee to McGuire route (USNRC, 1978). Approximately 120,000 persons who live
within 0.8 km (0.5 mi) of the longest route over which Oconee spent fuel may be
transported might received a cumulative dose of about 2.0 person-rems from 300
shipments, which is equivalent to less than 0.02% of the dose received annually 1from background radiation. If both Oconee and McGuire shipments follow the
same route for any portion of the distance traveled, a person living on that
portion would be exposed to 600 shipments per year: 300 from Oconee and 300
from McGuire. The maximum exposed individual along that portion (defined as a
person who is 30 m (100 ft) from the roadway as each of the 600 shipments pass)
would receive a cumulative annual dose of 0.35 mrem from the 600 shipments.
This dose is equivalent to about 0.3% of the dose received annually from back-
ground radiation.

An additional consideration for exposure of the public in nonaccident situations
involves a vehicle closely following the cask over a major portion of the route.
If a car is assumed to travel directly behind the truck carrying the cask for
4 hours at a distance of 30 m (100 ft), the dose is calculated to be 1.6 mrems

; to each occupant. This dose is less than 2% of the annual dose received from
; background radiation.

2 NONRADIOLOGICAL IMPACTS OF TRANSPORTATION

Because the fuel will be cooled at least 5 years before shipment (Parker, April 2,
1982), the only heat released to the environment of any consequence is that pro-
duced by the truck's engine of 3.93 MJ/km (6000 Btu /mi). The truck estimate is
based on a 100-hp engine (WASH-1238). The heat that would be released to the
environment as a result of transport of fuel assemblies is not considered to be
significant when compared with heat generated by other traffic.

3 ACCIDENT ANALYSES

Although it is unlikely that an accident would occur, a range of accidents is
evaluated to take into account any adverse effects. The accidents are postu-

i lated based on assumptions contained in the " Environmental Impact Appraisal
' Related to Spent Fuel Storage of Oconee Spent Fuel at McGuire Nuclear Station--

Unit 1 Spent Fuel Pool" (USNRC, 1978). The accidents considered in Section 3.1
are (a) undetected leakage of coolant from the cask cavity, (b) loss of neutron
water shield, (c) cask overpressurization, and (d) a collision or overturning
of the truck.

|
3.1 Postulated Transportation Accidents

Casks used by licensees for truck shipment of spent fuel must be certified by
the NRC to meet 10 CFR 71 requirements for Type B packages under both normal
transportation conditions and transportation accident test conditions. The
10 CFR 71 accident test standards are considered to be equivalent to the condi-
tions for severe accidents given in Table 1 (WASH-1238). The 10 CFR 71 accept-
ance standard for these tests is no release of radioactive contents-except for

Catawba DES G-2
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radioactive gases and contaminated coolants containing total radioactivity not
exceeding specified small quantities (10 CFR 71.36). More severe accident con-
ditions could happen, but the probability of their occurrence is about one-ten
thousandth of that for the severe category of accidents (WASH-1238).

Undetected leakage of coolant is considered a minor accident. The loss of the
neutron water shield or cask overpressurization would present moderate accident
conditions, and drastic impact and fire would present extreme accident conditions.

For further classification of accident severity, refer to Table G.I. As the
accident severity increases the consequences increase, but because of decreasing
probability, the risk (probability x consequences) remains small for all acci-
dent conditions.

Transportation accidents noted above were previously analyzed for the shipment
of spent fuel from Oconee to McGuire (USNRC, 1978). In each case the risk was
found to be small. The fuel shipped to McGuire was assumed to have been cooled
for 270 days. Because the spent fuel shipped to Catawba will have been cooled
at least 5 years, the radiological consequences of accidents during the proposed
shipments from Oconee and McGuire to Catawba will be no greater than those cal-
culated in the Environmental Impact Appraisal (USNRC, 1978).

4 REFERENCES

Atomic Energy Commission, WASH-1238, " Environmental Survey of Transportation
of Radioactive Materials to and from Nuclear Power Plants," December 1972.

Parker, William 0. , Jr. , Duke Power Co. , letter to Harold R. Denton, NRC,
Subject: Catawba Nuclear Station, April 2, 1982.

U.S. Nuclear Regulatory Commission, " Environmental Impact Appraisal Related to
Spent Fuel Storage of Oconee Spent Fuel at McGuire Nuclear Station--Unit 1
Spent Fuel Pool," Docket No. 70-2623, December 1978.
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Table G.1 Classification of accident severity *

Accident Vehicle speed Fire Probability per
severity category at impact (mph) duration (br) vehicle mile (truck) |

Minor 0-30 0-1/2 1.3 x 10 6
30-50 0

Moderate 0-30 1/2-1 3.0 x 10 7 l

30-70 <1/2

Severe 0-50 >l 8.0 x 10 9
30-70 1/2-1
>70 0-1/2

Extra severe 50-70 >l 8.0 x 10 23
>70 1/2-1

Extreme >70 >l 2.0 x 10 14

* WASH-1238

Catawba DES G-4



APPENDIX H

LETTERS FROM STATE ARCHE 0LOGIST,
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UNIVERSITY Or SOUTH CAR O LIN A

co6vuu a.s.c.asaos

institute op AncHtotocv AND ANTumorotocv May 28, 1981

isosi 777 ei to

Mr. Charics E. Lee
South Carolins Department
of Archives and History

P. O. Box 11669
Columb's, SC 19211

RE: ArcheoloCical Clcarance for Duke Power
Company's Catsubs Transmission Lines

Cear Mr. Lee:

I have reviewed the enclosed report entitled, " Test Pits in the
Piedmont: An Archeological Survey of Duke Power Company's Proposed
Catawbs Transmission Lines." I concur with the findings of this report.

Briefly, Paul Brockington conducted a field survey of the Catsubs
Ripp sad Catsubs-Newport transmission lines in 1978. Of the twenty-seven
archeological sites located, one was recoor.icnded as eligible for the
National Register cf Historic Places. A testing program of this site,
38YK72, was conducted by Velects Canouts in 1979. The exesvated materials
provided artifset fecquency, density, and compositional dats for .1" of
this site arcs. Althoui,h the informstion potential of this site has not
been exhausted, no further investigation of the sits is recommended in con-
junction with the Catsubs transmission line project. Even though the site
vill continue to sustain impsccs f rom cultivation and possible tower or
transmission line maintenance, if the site continues to be snsged as it has
been, sufficient dses should remain available for future investigstors.

I, therefore, recommend archeological clearance be granted for the
project.

Sincerely yours,

,4 e A L JXy d .
Robert L. Stephenson
Director and State Archeologist

RI.S:dsv

| Enclosure

cc: Mr. R. Andrew Clon nger

|
Duke Power Company

i tw u . , t. c -a. usc A... use s, . -.ww a.ae ... use s.. .use ca .. c us
c c .v . ... usc tem... usc se-.= . .. usc s a .. usc u a. . na , ca.a

l
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South Carolina Department of Archives and History I

6* 1430 Senate Street
'

> Columbia, S. C.
P.O. Box 11,669

.

@ g Capitol Station 29211 ,

S 9 803 - 738 5816 If'

d - November 5, 1981

NOV2 o';gg7, .Mr. Robert L. Tedesco i
Assistant Director for Licensing \ * *- me =u,o.,
Division of Licensing b ""

'e% p s./ '
U.S. Nuclear Regulatory Comission -

Washington, D. C. 20555

Re: Catawba Nuclear Station,
Units 1 and 2
Docket Nos: 50-413 and 50-414
York County

Dear Mr. Tedesco:

Thank you for your letter of July 29, 1981, which we received on
Septemoer 21, 1981, regarding operation of the Catawba Nuclear Station.
We have also received under separate cover from the Institute of Areneology
and Anthropology a copy of the archeological survey report for the
transmission line corridor.

Our letter of January 26, 1973, stated that "the reactor project will
have no adverse effects from the historical viewpoint." Since in the
irrnediate vicinity of the proposed project there are no properties included
in the National Register of Historic Places or detemined eligible for
inclusion by the Secretary of the Interior, we have not altered this opinion.

The report prepared by the Institute (Brockington,1980) indicated that
twenty-seven archeological sites were located in the transmission line corridor.
Of these only one, 38YX72 was recomended as potentially eligible for inclusion
in the National Register of Historic Places. Additional testing of 38YK72
indicated that the site does have the potential for yielding additional
infomation, but since the site will be avoided during construction, additional
investigation seem unnecessary. We recomend that corridor maintenance
take care to avoid possible future effects.

The Federal procedures for the protection of historic properties (36CFR800)
require that the Federal agency official in charge of a federally funded or
licensed project consult with tne appropriate State Historic Preservation Officer.
The procedures do not relieve the Federal agency official of the final responsibility
for reaching an opinion of his own as to whether or not historic values have
been adequately taxen into account in allowing the project to proceed. The
opinion of the State Historic Preservation Officer is not definitive, either by
law or by established Federal procedure. In resching a conclusion of his own,

@d1
5

8111110698 811105
PDR ADCCK 05000413 1

A PDR I

Catawba DES H-2
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W. Robert L. Tedesco Page Two November S.1981

the FederaFagency official may well wish to consult other experts.

Si ely,

9.
Charles E. Lee
State Historic P servation Officer

CEUvdw
CC: Mr. Andrew R. Cloninger

Environmental Affairs
Duke Power Campany
P.O. Box 33189
Charolotte. N. C. 28242

Dr. Robert L. Stephenson Director
Institute of Archeology and Anthropology
University of South Carolina
Colunbia S. C. 29208

:

Catawba DES H-3
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APPENDIX I

PRELIMINARY DRAFT NPDES PERMIT

,
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A 90ARO
. William M. Wilson. Chairman

- J. Lonn Mason. Jr.. M.D.. %ce-Chairrran
pn [- h I. DeCuincey Newrran. Secretary

s'v p 1 6 i il Leonard W Couglas. M.D.
George G. Granam. O O S, ,

I.- JA N p Micnael W, Mims
i DO IV 3arcara P. Nuess.e
_

| [ COMMISSICNER.

Accert S. Jacksen. M O.' (N 2600 Buit Street
*

V t Celumoia. S. C. 29201

Permit No. SC0004278

AUTHORI7ATION TO DISCHARGE UNDER THE
NATIONAL POLLUTA.TI DISCHARCE ELD 1INATION SYSTDi

In cecoliance -1:h :he provisions of the Pollution Control Act of South Carolina
(S.C. See:ians a3-1-10 e,,,seo., 1976) and with the provisions of the Federal Cleantt

Water Ac: (PL 92-500, as amended by PL 95-217, Titles III, I7 and V) 33 U.S.C.
1251 el see., :he "Act,"

Duke Power Company / Catawba Nuclear Station

is authori:ed :o discharge frem a facility located at

Lake "ylie, York County, South Carolina

to receiring va:ers named

Lake Wylie

in accordance with effluent * *'4 :ations, =oni:oring requirecents and otner conditio:.s
set forth in Par:s I, !!, and III hereof.

Bis per=it shall become effectite on JUN 2 91981

Bis per:1: and :he authorization :o discharge shall'e:tpire at midnight,

Juno lo, 1931

JUN 2 91981siced:

3F.
3ureau of Wastavater and StraAm

Quali:7 Control

Catawba DES I-1
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h Du r l ey; the per loil liegliniing on the ef fective date a n.1 lans ing slis inigli the expiration date,
8' tlie pesmittee in no Inns ire.1 t o d inrh.is ne fiosa inal f all(n) ne lal siumbes (n) 001, coolins: tower blowdown and other once
c3 through non-contact cooling water (service water) discharged to I.ake Wylie.
rri
vi Sucle illoch.irgen nhall be l imi t eil nn.l mon i t o n e.1 by t he pei sult tre no nieec if icil latlow:

v

F.ffInent I:h.iract er In le Hinchas ne I.imitne tunn flon l t u n l_ng ite.pi,l_s emeig n ,
lin /.l:a y ( t hn/.la y ) - Ot her linit o (Sucify)t ,

llea rne r ement Sample.
Daily Avg. Daily ll.as. Dolly Avg. Da i l y lla x . Fi especur y Type

IFlow-m / Day (110D) - - - - Hourly Recorder or PumploR "

Temperature 'C.( F) - - - - 1/ Week Crab &/or calculatie

Chlorine Residual - - See Below 1/k'eek Multiple grabs

After start up free available chlorine shall not exceed an average concentration of 0.2 mr/1 and a maximum instantaneous
concentration of 0.5 ng/l at the cooling tower discharge.

4 Neither' free available chlorine nor total residual chlorine may be discharged from any unit for more than two hours in
any one day and not more than one unit may discharge free available or total residual chlorine at any one time unless the
pericittee can demonstrate to the S.C.D.ll.E.C. that the unit (s) cannot operate ef fectively at or below this leval-

of chlorination.

Permittee shall conduct an internal evaluation of practicable methods to reduce total residual chlorine.levelg , , , , , , .o
frosche combined discharge of cooling tower blowdown, conventional service water and nuclear service water. A y 2

|[;a !.3.sununary of this evaluation shall be submitted to'the S.C. Department of Ilealth & Environmental Control and the

Environmental Protection Agency fifteen months after the commercial nperatiori of Unit I. ''
,_,

ne senu unin f.0 nt nei<larit unit o nur I; renter t han 9.0 ntan lan d unlin nnd nhnli lie fTlie pil niiall siot

monttured: once per week by' grab sample. A
g .o~

1here phall _he no dincharge of floating nollda un vinible Ionm in ot her t han t race amouni n. ge.s
PJ

~Sn=plen-taken in compilnnee wi t h t he moni toring s e, pit remeni n rpeci f is .I nlurve ninall be inlees at th" 5
following toention(n). Chlorine at the discharge from the cooling tower prior to mixing with other waste
streans. F1ru, tarp.,' nd ti!! prior to discharge to Lake Wylie.



T! . IIILULHI l.IlilIAi10llS Allll 110||110HIflG |t1:0011(1.111 Ills
r+
es

g ther ing t he pe r in.1 1,cginning on the ef fective 'date an.1 lan s ley; ilie.nir.li the carpiration date,
u- t he pes mit tee in nut insr ! reil t o .linrla.u ne f a sna nut f all(n) nes f al numleer (n) 002, Wastewater treatment system discharged to

I.ake Wylie.o-
C Such illach.irgen ohiill I.e limit eil anil o uiltureil I y t he pco mit tc.; an og.ec illr.1 1.cInw:

F.f i l uen t Ch.is act er in t lc Isinrhange 1.imitatInun iloni t ut ing ,ltr gui s eacua re
lig/ day (llen/ lay) UtInrr Ilnlin (:;peci f y)

lica mor reent !*a m|* l e*

leally Avg. Isally flax. Itally Avg. Isa l l y lla n . Fa c.quency Type

l'Isew-me /isay (lit:1)) - - - - 1/Veek Weir or Recordel

Oil and Grease (eg/1) ,16.3(36.0) 21.8(48.0) 15 mg/l 20 mg/l 2/ Month Grab
,

Total Suspended Solids 32.7(72.0) 109(2I.0) 30 mg/l 100 mg/l 2/ Month Crab

- e-<
9

-w-

* s eis *U

E $$
|') " -I

"s ._,

:,e
The pil nien t i not lee tenn thnu 6.0 ntnnitarit unit o nur I; renter than 9.O n t a n.la s il un i t a n uit ahn l l im a

msniture.1: once per week by grab sample, ny, e
n
OTliere ohnli be no d!ncharge of finntinit nullein or vinthic futua in ot her tiean t s ace nmount n. og
O

Samplen taken In comptinnee wille t he wmituring s eepsli emene n speelfled ntnive niinil I.e t aken at tin' y
fnllowing f uent 'Jn(n): discharge from the wastewater treatrent system prior to mixing with any
other waste stream.

_ -



_ _-

3 III:LilElli 1.lMilA110lls Afil) lioilll0ltillG l(l'Ollll(IRills.

as

h the r ley; t list pes toil leegliniliin on the ef fective date anal lant ing t hs our.h the expiration date,
tlic peimittee f ri nist lenrir.eil to ellen:han ge f runs out f all(u) ocrial innaber (n) 001, Sewage treatrient plant discharged to83

y Lake Wylie.

US Sucle disch.as gen niiall be limited eniil enonitore.1 Iry t he pco mit tee as npecifical 1.cliew:

Efiluent Characterintle D i ra. hay,e 1.lm i ta t lonn flon l t ur i ng fle.pi,li c=cait a ,
lir,/elay (Ibu/ day) Otleer linits (Specify)

fle:s nu r conent !! imp ie
Daily Ave,. Bla l l y lla n , lintly Avg. Itally flax. Fa c.picury Type

Fisw-mi / Day (flGD) - - - - 1/ Month during samplingl

BOD 5
- - 30 mg/l 45 eg/l 1/ Quarter Crab

Total Suspended Solids - - 30 mg/l 45 mg/l 1/ Quarter Crab

200/100 ml 400/100 ml 1/ Quarter CrabFecal Coliform Bacteria - -

7
.>

4e ei.s
't)

se D *h.

'| " ,3 )

|" .-s
"> .-

The pil r.hnll not he lean tlant 6.0 nLnnslard unf tn stor p, renter thane 9.0 st anilard unlis, niist shnll be N
'

monitored; 1/ Week by grab sample.
M|l

There nhall Ise no dlnclearge of. flunting nolliin or vinthie foam in othnr tisan t race amnuni n. 8g
R

Snoples taken les compilance witle the muniltoring re. pit rement s specified nInrve nluil t lie taken at the Z
"

followlps location (n): Sewage treatment plant discharge prior to mixing with any other waste stream.
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.

1hirling tlic tierluil in gluning on the ef f ective date an.1 lant ing elirinir.le the expiration date.
time secruit tee les nistliorireil to illncle.u ne f om uist f all(es) nerin t oss= lier (n) nOS, Radwaste system discharged to Lake k'ylie' "

M~ via 001.

Sincia allacle.orges aliall lee !!alteil anil mosiltoreil lay time gicimit ice nn ngiecificil liclow:*

This discharge is regulated by the Nuclear Regulatory Cornission and is monitored and reported to the Nuclear
Regulatory Commission.

7.
m
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l. .-t
"
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O 1.1i LUElil 1.lMIIAi10llS Afill (10lliIUl(IflG 10:01111(Il11.lliS
C
6 Ikir ing the pee lo.I 1.culinilun on the effective date an.1 lant ing t hrough the expiration date,
u gl.c primittec In ant hur ire.1 to alloch.in ne fio.a inst f all(u) ncr tal in.mbc (n) 006* - Metal cleaning discharged f rom station
m settling basin (s) (Discharge 002).

Such illach.is gen nluill lee Ilimit eel nuil einni tut e.1 1.y t he gici ault (ce nn nei c if ical leeluw:(n

F.f i luen t CharacterlstIc lilucle.u ge I.linitat tunn llon t t ut ing. Itgpili ement a
Daily Avg. Daily Max.

Meanuremens Nam le-s

Freepicury Type

lFlow-en / liny (18G13) - - 1/ Batch Instantaneous
and/or calculatic

Copper Quantities shall not exceed 1.0 mg/l 1.0 mg/l 1/ Batch Crabthe concentrations shown to
Iron the right multiplied by the 1.0 mg/l 1.0 mg/l 1/ Batch Granflow.

''Hetal cleaning wastes shall mean any cleaning compounds, rinse waters, or any other waterborne residues derived
from cleaning and metal process equipment including, but not limited to steam generator tube.

*-
Samples taken in compliance with the monitoring requirements specified above shall be taken at the following lo-
cation (s): Settling basin (s) discharge prior to mixing with any other vaste streams.

* Serial number assigned for monitoring and identification purposes.
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PART I

? age 7 of 14
Per=it No. SC0004278

B. SCHEDULE OF COMPLIANCE

1. he perzi::ee shall achieve c =pliance with the effluent *li 1:ations specified
for discharges in accordance with the following schedule:

:UA

2. So 14:e :han '.a calendar days following a date identified in :he a5ere
schedule of compliance, the pe =i::ee shall sub=i: ei:her a report of p::-
gress ::.1. :he case of specific ac: ions being required by iden:ified da:es,
a v:i::en ::: ice of ::cyliance or noncecpliance. In the in::e case, :he ac-
ti:e shall in:1ude :he cause cf nonce:pliance, any re=edial e::icas :aken,
and :he p::babili:y f nee:ing the nex: scheduled requirement.

Catawba DES- I-7



PAtt I
Page 8 of 14
Permit No. SC0004278

C. MONITORING AND REPORTING

1. Rep.tesentztivi Sampling
|

Samples and measurements taken as required herein shall be representative of
the volume and nature of the monitored discharge. j

2. RepoMir.g

Monitoring results obtained during the previous 3 months shall be summarized
for each month and reported on a Discharge Monitoring Report Form (EPA No.'

3320-1), postmarked no later than the 28th day of the month following the com-
pleted reporting period. The first report is due on OCT 2 81981
Duplicate signed copies of these, and all other reports required herein shall
be submitted to the state at the following address:

South Carolina Department of Health and Enviornmental Control.
ATTN: NPDES Permits Section

2600 Bull Street
Columbia, S.C. 29201

3. Defiritions

The " daily average" discharge means the total discharge by weight duringa.
a calendar month divided by the number of days in the month that the pro-
duction or comercial facility was operating. Where less than daily sac-
pling is required by this permit, the daily average discharge shall be
determined by the summation of all the measured daily discharges by weight
divided by the number of days during the calendar month when the measure-

; ments were made.

b. The " daily maximum" discharge means the total discharge by weight during
any calendar day.

4. Test P.tccedures

i Test procedures for the analysis of pollutants shall conform to regulations pub
| lished pursuant to Section 304(g) of the Act, under which such procedures may

be required.

!
5. Rcco.tding of Resut.ts

|
For each measurement or sample taken pursuant to the requirements of this pern_
the permittee shall record the following information:

i Theexactplace,date,andtimeofJatol!ing;a.
!

i b. The dates the analyses were perrormed;
i

c. The person (s) who performed the analyses;j

Catawba DES I-8



PAFT I

Tage 9 of 14
Permit No SC0004278

d. The analytical techniques or nethods used; and

e. The results of all required analyses.

6. Additional Monitoring by PermLttee

If the permittee monitors any pollutant at the location (s) designated herein
more frequently than required by this permit, using approved analytical meth-
ods are specified above, the rcruits of such monitoring shall be included in
the calculation and reporting of the values required in the Discharge Moni-
toring Report Form (EPA No. 3320-1). Such increased frcquency shall also be
indicated.

7. Records Retention

All records and information resulting from the monitoring activities required
by this permit including all records of analyses performed and calibration att
maintenance of instrumentation and recordings from continuous monitoring in-
strumentation shall be retained for a minimum of three (3) years,. or longer i
requested by the Department of Health and Environmental Control.

Catawba DES I-9



!
l

PART II

Page 10 of 14

Permit No. SC0004278

A. PMGEEIT EPlilrEEiiS
1. Change. in Discha,tge

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 than: or at a level in excess ,of that author-
ized shall constitute a violation of the permit. Any anticipated facility
expansions, production increases, or process modifications which will result
in cew, different, or increased discharges of pollutants must be reported
by submission of a new NPDES application or, if such changes will not violate
the effluent limitations specified in this permit, by notice to the permit
issuing authority of such changes. Following such notice, the pemit may be
modified to specify and limit any pollutants not previously limited.

2. Ncnccmpf.iance Notifica. tion

If, for any reason, the permittee does not comply with or will be unable
to comply with any daily maximum effluent limitation specified in this
permit, the permittee shall provide the Department of Health and Environmental
Control with the following information, in writing, within five (5) days of
becoming aware of such condition:

a. A description of the discharge and cause of noncompliance; and

b. The period of noncompliance, including exact dates and times: or, if not
corrected, the anticipated time the noncompliance is expected to continue, and
steps being taken to reduce, eliminate and prevent recurrence of the noncomplying
discharge.

3. FaclLities Opetaticn

The permittee shall at all times maintain in good working order and operate
as efficiently as possible all treatment or control facilities or systems
installed or used by the permittee.

4 Mue,tse impact

The permittee shall take all reasonable steps to minimize any adverse impact
to navigable waters resulting from nonecapliance with any effluent limitations
specified in this permit, including such accelerated or additional monitoring
as necessary to determine the nature and impact of the noncomplying discharge.

5. Bypassing

Any diversion from or bypass of facilities necessary to maintain compliance
with the terms and conditions of this permit is prohibited, except (i) where
unavoidable to prevent loss of life or severe property damage, or.(ii) where
excessive stora drainage or runoff would damage any facilities necessary for
compliance with the effluent limitations and prohibitions of this permit. The
permittee shall promptly notify the Department of Health and Environmental
Control in writing of each such diversion or bypass.

Catawba DES I-10
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PART II

Page 11 of la
Permi: No. SC0004278

6. Remcued Subst:nces

Solids, sludges, filter backwash, or other pollutants removed in the course
of treatment or control of wastewaters shall be disposed of in a matner
such as to prevent any pollutant from such materials frem entering navigable
waters.

7. Pcwet F1i!%tes

In order to maintain comp 1*mnce with the affluent limitations and prohibi-
:1ons of this permit, the permit:ee shall either:

a. In accordance with the Schedule of Compliance contained in Part I, pro-
vide 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
i:s i=ple=entation appears in Part I,

b. Hal:, reduce or otherwise control production and/or all discharges upon
the reduction, loss, or failure of the primary source of power to the
wastewater control facilities.

3. RESPONSI3ILITIES

1. RiglLC of Entif

The permittee shall allow the Commissioner of the Department of Health and
Invironmental Control, the Regional Administrator, and/or 'their authorized
representatives, upon the presentation of credentials:

a. To enter upon the permittee's premises where an effluent source is lo-
ca:ed or in which any records are required to be kept under the terms
and conditions of this permit; and

b. At reasonable ti:ses to have access to and copy any records required to
be kept under the :erms and conditions of this permit; to inspect any
monitoring equipment or monitoring method required in this per:ai:; and
to sample any discharge of pollutants.-

2. TunsfcA of Ocnetahip or Codtal

In the event of any change in control or ownership of facilities from which
the authori:ed discharges emanate, the permittee shall notify the succeeding
owner or con: roller of :he existence of :his permit by letter, a copy of
which shall be forwarded to the Department of Health and Invironmental Con-
trol.

3. Avail.:rild.QI of Rzpc1.cs

Except for data determined :o be confiden:ial under Section 308 of .he Act,
all reports prepared in accordance wi:h the :erms of this permit shall be

available far public

Catawba DES I-11
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PART II I

Page 12 of 14
Per=1: No. SC0004278

inspection at the offices of the Department of Health and Environmental Control
and the Regional Mm4nistrator. As required by the Act., effluent data shall 1

,

not be considered confidential. Knowingly making any false statenant on any
such report may result in the imposition of criminal penalties as provided for
in Section 309 of the Act.

4 ?c.tn.CMcdifica. Clan

Af ter notice and opportunity for a hearing, this penic may be modified
suspended, cr revoked in whole or in part during its term for cause including,but not li=ited to, the following: I

Violation of any terms or conditions of this permit;a.

b. Obta4-4 g this permit by misrepresentation or failure to disclose fully all
relevant facts; or

A change in any condition that required eithe'r a te=porary or permanentc.
reduction or elimination of the au:horiced discharge.

$. Toxic Pci kt:nca

No:viths:anding Part II, 3-4 above, if a toxic effluent standard or prohibition
(including any schedule of compliance specified in such effluent standard or
prohibi: ion) is as:ablished under Section 307(a) of the Act for a toxic pollutan
which is present in the discharge and such standard or prohibition is more
s:ringent than any limi:ation for such pollutant in this permit, this permi:
shall be revised or modified in accordance with the tor.ic effluent standard or
prohibition and the pe:sittee so notified.

6. Civil and Ctinn1L Lhbilitj

Ixcept as provided in per=it conditions on " bypassing" (Part II, A-5) and
" Power yailures" (Part II. A-7), nothidg in this permit shall be construed to
relieve the persittee from civil or criminal penal:ies for noncompliance.

7. Cil and H::1.tacus Subst:n:t. Lhbilit?

Nothing in this permit shall be construed to preclude the insci:ution of any
legal action or relieve :he permittee from any responsibilities,11abili:iss,
or penalties to which the permittee is or may be subject under Section 311 of
the Act.

S. SL:,C: Lacs

No:hing in this permit shall be construed to preclude the insti:stion of any
legal ac: ion or relieve the persi::ea from any responsibilities,, liabilities
or penal:iss established pursuant to any applicable State law of regulation
under authority preserved by Section 510 of the Act.

Catawba DES I-12



1

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

|

PART II

? age 13 of 14
? e=1: No. SC0004278;

9. Fterc, g Qlub

Se issuance of .his pe==:.: does no: convey any proper:7 rights is ei: hor real
or personal proper:7, or any azclusive privileges, nor does *t aucherize a 7
is'u:7 to private property or any invasion of personal rights, ::: any i=fri:ge-
mest of Tederal, State or local laws or regula: ions.

10. Sw "I ' i ~j

Se ;;ovisdoes of his pe==1: are severable, a=d if a:7 provision of -lis
pe:=it, or .he applica-J.on of a:7 provision of .his pe==it to a=y cir:.:=stacca,
is held invalid. -de application of such provision to c:her cir:.:=s a=ces, and
the :2=ainde: cf this pe =1t, shall not be affacted theraby.

PART III

ui=..J- . .w: .,e I .u .oh--dcu--

A. This permit shall be modified, or alternatively, revoked and reissued, to comply
with any applicable effluent standard or limitation issued or approved under section.'
301 (b) (2) (C), and (D), 304 (b)(2), and 307 (a) (2) of the Clean Water Act, if
the effleunt standard or lir.itation so issued or approved:

(1) Contains different conditions or is otherwise more stringent than any effluent
limitation in the permit; or

(2) Controls any pollutant not limited in the permit.
Se permit as modified or reissued uader this paragraph shall also contain any other
requirements of the Act then applicable.

B. In the event that vaste streams from various sources are combined for treatment or
discharge, the quantity of each pollutant or pollutant property attributable to each
controlled waste source shall not exceed the specified limitation for that vaste
source.

C. If the permittee, af ter monitoring for at least six months, determines that he is
consistently meeting the effluent limits contained herein, the permittee may request
of the S.C.D.H.E.C. that the monitoring requirements be reduced to a lesser
frequency or be eliminated.

D. There shall be no discharge of polychlorinated byphenyl compounds such as those com-
monly used for transformer fluid.

E. The company shall notify the S.C.D.H.E.C. in writing not.later than sixty
*
. (60) days prior to instituting use of any additional biocide or chemical used in
cooling systems, other than chlorine, which may be toxic to aquatic life other than
those previously reported to the Environmental Protection Agency. Such notification
shall include:

Catawba DES I-13
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1. Name and general composition of biocide of chemical.
2. Frequency of use.
3. Quantities used.
4 Proposed effluent limitations.
5. EPA registration number..

F. Intake screen wash water may be discharged without limitations or monitoring re-
quirements.

G. Copies of Environmental Reports required by the Nuclear Regulatory Commission !

which are pertinant to water quality in Lake Wylie or the Catawba River shall be
submitted to the Regional Administrator and the State.

H. Yard drains may be discharged without limitations or monitoring requirements.

I. Low volume wastes (wastewater from all sources except those for which specific
limitations are otherwise required in this permit, including, but not limited to
waste waters from wet scrubber air pollution control systems, ion exchange water
treatment systems, water treatment evaporator blowdown, laboratory and sampling
streans, floor drainage, cooling tower basin cleaning wastes and blowdown from
recirculating house service water systems) shall be discharged to the wastewater
treatment system. Permittee shall continue established procedures designed to
minimize oil and grease discharges.

'C5.tawba DES I-14
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