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ABSTRACT

This Final Environmental Statement contains an assessment of the environmental
impact associated with the operation of the Vogtle Electric Generating Plant,
Units 1 and 2, pursuant to the National Environmental Policy Act of 1969
(NEPA) and Title 10 of the Code of Federal Regulations, Part 51 (10 CFR 51),
as amended, of the Nuclear Regulatory Commission regulations. This statement
examines the environmental impacts, environmental consequences and mitigating
actions, and environmental and economic benefits and costs associated with

‘station operation.
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SUMMARY AND CONCLUSIONS

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

(1)

(2)

(3)

This action is administrative.

The proposed action is the issuance of operating licenses to Georgia'Power v

Company (GPC), Oglethorpe Power Corporation (OPC), the Municipal Electric
Authority of Georgia (MEAG), and the City of Dalton, Georgia, as owners,

for operation of the Vogtle Electric Generating Plant, Units 1l.and 2 (the
facility) (Docket Numbers 50-424 and 50-425). The facility is located on

- the southwest side of the Savannah River in the eastern sector of Burke

County, Georgia, directly across the Savannah River from the Department

of Energy's Savannah River Plant, Barnwell County, South Carolina. Georgia
Power Company (referred to herein as the applicant), on behalf of itself
and the other owners, acts as agent in the planning, design, licensing,
construction, acquisition, completion, maintenance, operation, and decom-
missioning of the facility.

The two-unit facility uses two four-loop pressurized water reactors (PWRs)
manufactured by Westinghouse Electric Corporation. Each reactor has a
rated thermal output of 3411 MWt. The 14-MWt input from the reactor
coolant pumps increases the reactor coolant system gross thermal output

to 3425 MWt. The corresponding turbine-generator gross electrical output
is 1157 MWe. The maximum core design output (excluding pump heat) is

3565 MWt. This power level is referred to as the stretch level and is

the value used in the rad1o]og1ca1 accident analyses. Excess heat from
the condensing of steam is dlss1pated to the atmosphere through natural
draft cooling towers.

‘The information in this statement represents an assessment of the environ-

mental impacts of station operation pursuant to the Commission's regula-
tions as set forth in Title 10 of the Code of Federal Regulations, Part 51
(10 CFR 51), which implements the requirements of the National Environ-
mental Policy Act of 1969 (NEPA). After receiving, in August 1972, an
application to construct a four-unit facility and subsequent amendments
thereto, the staff reviewed the impacts that would occur during construc-

tion and operation. That evaluation was issued as the Final Environmental -

Statement-Construction Permit phase (FES-CP) in March 1974. After that

“environmental review, a safety review, and an evaluation by the Advisory

Committee on Reactor Safeguards, the Nuclear Regulatory Commission issued
Construction Permits CPPR-108, 109, 110, and 111 on June 28, 1974 for
construction of the facility. On September 12, 1974, the applicant cancel-
led Un1ts 3 and 4. ’

Amendments to Construction Permits CPPR 108 and CPPR-109 were issued by the
NRC on January 24, 1977; July 24, 1981; January 29, 1982; February 13, 1984;
and March 6, 1985. of these five amendments, only the third--regarding a
design change to the discharge structure and deletion of three conditions
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‘mental significance. The applicant submitted an application for operati
licenses for Units 1 and 2 by letters dated June 30, 1983 (tendering the
Final Safety Analysis Report (FSAR)) and August 31, 1983 (tendering the
Environmental Report- Operating License stage (ER- OL)) The NRC conducted
a predocketing acceptance review and determined that sufficient information _
was available to start detailed environmental and safety reviews. The
operating Ticense application was docketed on September 16, 1983 (FSAR) and
November 30, 1983 (ER-OL).

concerning plant chlorine discharges and related monitoring--is of envirb

(4) The staff has reviewed the activities associated with the prbposed opera- *
tion of the facility and the potential impacts of such operation, both |
beneficial .and adverse. The staff's conclusions are summarized as follows:

(a) Alteration of about 604 ha (1492 acres)* of land and associated wild-
life habitats will be necessary, including up to 338 ha (835 acres)
that are devoted to permanent plant facilities. No prime farmland was
Tocated on the site. Although construction has had adverse effects
on land and wildlife, these effects have not been particularly signif-
icant. Vacant areas on the site will be managed for forestry and
wildlife (Sections 4.2.2 and 4.3.4).

(b) Two 500-kV and two parallel 230-kV transmission lines on 531 km
(330 miles) or 2510 ha (6202 acres) of right-of-way will connect
Vogtle with the existing power system within the State of Georgia
(Section 4.2.7). Another 230-kV line will be routed over 33.5 km
(20.8 mi) to a termination p01nt within the Savannah River Plant
area in South Carolina.

(c) Plant operation should not jeopardize the existence of any terrestrial '
or aquatic endangered or threatened species (Section 4.3.5).

(d) Surface water quality impacts to the Savannah River caused by the:
blowdown discharge from the Vogtle plant are predicted to be small,
"based on the staff's assessment of pollutant loading and/or concen-
tration in the blowdown discharge to the river and on the small flow
of the blowdown relative to the flow of the river (Sections 5.3.2
and 5.5. 2). ‘ .

(e) Since the FES-CP was issued, the discharge design has been changed

: from a multiport to a single-port configuration. The predicted
benefits of the single-port discharge are that the thermal plume will
be smaller, that the plume will not impinge on the Georgia shoreline
of the river, and that the total width of the river affected by the
thermal plume will be less than that predicted in the FES-CP
(Section 5.3.2).

-

*Throughout the text of this document, values are presented in both metric and
English units. For the most part, measurements and calculations were origi-
nally made in English units and subsequently converted to metric. The number

of significant figures given in a metric conversion is not meant to imply

greater or lesser accuracy than that implied in the original English value. ‘
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(f)

(9)

(h)

(1)

The effect of the intake structure on the canal, the barge un]oad1ng
facilities, the site runoff flume, and the site discharge pipe on the.
100-year f]oodp]a1n of the site is negligible (Section 5.3. 3)

The 1mpact of the cooling towers on climatic conditions such as
fogging and icing will be negligible (Section 5.4.1).

Operation of the emergency diesel generators and auxiliary boilers
will not significantly degrade air quality in the vicinity of the

plant. The applicant will operate the auxiliary boilers in accordance

with a State of Georgia permit to 1imit emissions. The State of
Georgia has exempted air quality permitting requirements for the
diesel generators because of low rates of emissions (Section 5.4.2).

Plant operation, including the rélease of drift from cob]lng towers,
will not adversely affect native vegetat1on or agricultural crops in

the vicinity of the plant (Section 5.5.1).

()

Operation of the Vogt]e transmission lines will have no effect on the
health of humans, animals, and plants (Section 5.5.1.2). Wildlife
habitat will be modified by right-of-way clearing, and agricultural
tand directly under the towers will be unavailable for tillage.

One section of transmission line crosses Ebenezer Creek at a point’

. designated as a National Natural Landmark by the U.S. Park Service

and as a Scenic River by the State of Georgia. The applicant has
proposed mitigative measures to protect the values of the area.. _
These measures are such that the proposed crossing is acceptable to
the designating agencies and to the staff (Section 5.2.2).

Following completion of transmission line cultural resource surveys,

-the staff--in consultation with the State Historic Preservation

(k)

(1)

- (m)

Vogtle FES

Officer--will submit determination of eligibility requests to the
Keeper of the National Register of Historic Places, where appropriate
(Section 5.7).

The thermal plume from the single-port discharge will reach the river
bottom at a distance of 7.6 m to 9 m from the point of discharge. The
benthic community in this area will be affected minimally because of
the sparse habitat prov1ded by the sh1ft1ng-sand substrate (Sec-
tion 5.5.2).

The single-port diséharge is predicted to provide a greater zone of
passage for migratory fish in the Savannah River in the plant vicinity
than would the multiport discharge (Section 5.5.2).

A high potential for fouling of the Vogtle plant water systems by
Corbicula (Asiatic clam) is suggested by the high population of
Corbicula in the site vicinity, the infestations experienced at the
Savannah River Plant, and the design of the Vogtle intake system.
Intermittent chlorination of plant condenser and service cooling
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(n)

(o)

(p)

| (q)

(r)
(s)

(t)

(u)

waters will be supplemented with high level continuous chlorination
for control of macrofeouling by the Asiatic clam (Corbicula). A dech}
rination system may be used to reduce the residual chlorine concentra-
tion in the cooling system blowdown during the Corbicula spawning
season (April to November). The allowable 1imits for chlorine in the _
discharge are in the NPDES Permit (Appendix E). Because the discharge =
from the plant is less than 1% of the total flow of the Savannah River

in the vicinity of the plant, the total residual chlorine in the dis-
charge should be rapidly diluted within the mixing zone and should

have no adverse effect on aquatic biota downstream, as long as the -
total residual chlorine levels in the discharge do not exceed 0.1 mg/L
(Section 5.5.2).

Since the FES-CP was issued, the intake design has been changed.

Impacts from intake entrainment and impingement of biota from the

Savannah River ‘are expected to be minimal because of design features
incorporated into the intake structure (Section 5.5.2).

‘The shortnose sturgeon, Acipenser brevirostrum, is the only identified

endangered aquatic species 1n the vicinity of the Vogtle plant. De-
mersal eggs of the species should not be affected by the plant intake

or the thermal plume; however, if larvae are a component of the river-

ine drift community, they could be drawn into the plant or carried.
through the thermal plume. The small number of larvae collected in

the plant vicinity indicates that the site vicinity is not a unique
spawning habitat. Operation of this plant is not expected to jeopar-—

dize the continued existence of this endangered species (Section 5.6.‘

Socioeconomic impacts of the facility are anticipated to be minimal
(Section 5 8).

The risks to the general public from the exposure to radioactive
effluents and the transportation of fuel and wastes from annual
operation of the facility are very small fractions of the estimated
normal incidence of cancer fatalities and genetic abnormalities
(Section 5.9.3.2).

The risk to the public health and safety from exposure to radioactivity
associated with the norma] operation of the facility will be small
(Section 5.9.3.2).

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

Impacts of a postulated reactor accident could be severe, but the
likelihood of occurrence is small, and the risks are comparable to
those at other nuclear power plants. There are no special or unique
circumstances about the Vogtle site and environs that would warrant.
consideration of alternatives for the Vogtle plant (Section 5.9.4.6).

(LWR)-supporting uranium fuel cycle are very small when compared with

The dose commitments and health effects of the light-water reactor ‘
dose commitments and potential health effects to the U.S. population
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(5)

(6)

(7)

(8)

resulting from all natural background sources. The annual occupa-
tional dose attributabie to alil phases of the fuel cycle will have a
small environmentai impact. The transportation dose to workers and
the public with respect to the uranium fuel cycle is small in com-
parison with the natural background dose. Low-level radioactive
waste disposal at land-burial facilities will have no significant
radioactive releases to the environment (Section 5.10 and Appendix C).

(v) Radiation doses to the public as a result of end-of-1ife decommission-
ing activities are expected to be small (Section 5.11).

(w) Noise levels at residences near the site during operation will be
slightly above ambient .levels, and no significant impact as a result
of plant noise is expected. Noise during wet weather conditions could
cause annoyance at one residence located adjacent to one of the Vogtle
transmission 1ines. The applicant will be requ1red to report annually
.in the Environmental Protection Plan any noise complaints received re-
lated to the high voltage line and their resclutions.

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
lTife. Where appropriate, a specific operating life of 40 years has been
assumed.

The personne] who participated in the preparat1on of this document are
identified in Section 7.

The DES was made avai]ab]evfor comment tovthe public, to the Environmental
Protection Agency, and to other agencies as specified in Section 8.

On the basis of the analysis and evaluations set forth in this statement,
after weighing the environmental, technical, and other benefits against

‘the environmental costs at the operating license stage, the staff con-

cludes that the action called for under NEPA and 10 CFR 51 is the issuance
of operating licenses for Vogtle Electric Generating Plant, Units 1 and 2,
subject to the following conditions for protection of the environment:

(a) Before engaging in additional construction or operational act1v1t1es
that may result in a significant adverse impact that was not evaluated
or that is significantly greater than that evaluated in this statement,
the applicant shall provide written notification of such activities
to the Director of the Office of Nuclear Reactor Regulation and shall
receive written approval from that office before proceeding with such
activities.

(b) The applicant shall carry out the environmental monitoring programs
- outlined in Section 5 of this statement, as'modified and. approved by
the staff, and implemented in the Environmental Protection Plan and
Technical Specifications that will be incorporated in the operating
licenses for Vogtle Electric Generating Plant, Units 1 and 2. Moni-
toring of the aquatic environment shall be as specified in the
National Pollution Discharge Elimination System (NPDES) Permit.
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(c) If adverse environmental effects or evidence of impending irreversible

environmental damage occurs during the operating life of the plant,
the applicant shall provide the staff with an analysis of the problen

and a proposed course of corrective action.
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FOREWORD

This environmental statement was prepared by the U.S. Nuclear Regu]atory
Commission, Office of Nuclear Reactor Regulation (the staff), in accordance
with the Commission's regulations in 10 CFR 51, which implements the require-
ments of the National Environmental Policy Act of 1969.

This environmental review deals w1th the impacts of operation of the Units 1
and 2. Assessments relating to operat1on that are presented in this state-
ment augment and update those described in the Final Environmental Statement-

Construction Phase (FES-CP) that was issued in March 1974 in support of issuance

of construction permits for Un1ts 1, 2, 3 and 4. Units 3 and 4 subsequently
were cancelled. ' B

The information to be found in the various sections of this statement updates
the FES-CP in four ways: (1) by evaluating changes in facility design and
operation that will result in different environmental effects of operation
(including those that would enhance as well as degrade the environment) than
those projected during the preconstruction review; (2) by reporting the results
of relevant new-information that has become available subsequent to the issu-
ance of the FES-CP; (3) by factoring into the statement new environmental
policies and statutes that have a bear1ng on the licensing action; and (4) by
identifying unresolved environmental issues or surveillance needs that are to
be resolved by means of license conditions. Introductions (résumés) in appro-
priate sections of this statement summarize both the extent of updating and the
degree to which the staff considers the subject to be adequately reviewed.

Copies of this statement and the FES-CP (1974) are available for inspection and
copying for a fee at the Commission's Public Document Room, 1717 H Street NW,
Washington, DC, and at the Burke County Library, Fourth Street, Waynesboro,
Georgia 30830.

Ms. Melanie Miller is the NRC Licénsing Project Manager who coordinated preparation

of this statement. She may be contacted by telephone 301/492-4259 or by writing
to: :

Ms. Melanie Miller .

Division of Licensing

U.S. Nuclear Regulatory Commission
Washington, DC 20555
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1 INTRODUCTION

The proposed action is the issuance of operating licenses (OLs) to Georgia Power
Company (GPC, applicant), Oglethorpe Power Corporation (OPC), the Municipal
Electric Authority of Georgia (MEAG), and the City of Dalton, Georgia for the
operation of Vogtle Electric Generating Plant, Units 1 and 2 (the facility or
plant), which is located in the eastern sector of Burke County, Georgia on the
southwest side of the Savannah River, directly across the river from the Departf
ment of Energy's Savannah River Plant, Barnwell County, South Carolina. It is
about 42 km (26 miles) south-southeast of Augusta, Georgia, and about 24 km

(15 m11es) east-northeast of Waynesboro, Georgia.

The two-unit facility uses two four-loop pressurized water reactors (PWRs) manu-
factured by Westinghouse Electric Corporation. The rated thermal output of each
reactor is 3411 MWt. The 14-MWt input from the reactor coolant pumps .increases
the reactor coolant system (RCS) gross thermal output to 3425 MWt. The maximum
core design output (excluding pump heat) is 3565 MWt. This power level exceeds
that that would be permitted by the Vogtle licenses, but is the value used in
the radiological accident analyses. Reactor heat absorbed by the RCS produces
steam in four steam generators sufficient to drive a turbine generator unit
with a gross electrical rating of 1157 MWe. The turbine generator unit is manu-
factured by the General Electric Company. Excess heat from the condensing of
steam exiting the turbine is dissipated to the atmosphere through natura] draft
~cooling towers

1.1 Adm1n1strative History

. In August 1972, an application with the Atomic Energy Commission (AEC), now the
Nuclear Regulatory Commission (NRC, the staff, or the Commission), for permits
to construct a four-unit Vogtle Electric Generating Plant was filed by GPC, on
behalf of itself as part owner and three other owners: OPC, MEAG, and the
City of Dalton, Georgia. The conclusions resulting from the staff's environ-
mental review were issued as a Final Environmental Statement-Construction Permit
stage (FES-CP) in March 1974. Following reviews by the AEC regulatory.staff and
the Advisory Committee on Reactor Safeguards, public hearings were held before
an Atomic Safety and Licensing Board. Construction Permits CPPR-108, 109, 110,
‘and 111 for Units 1, 2, 3, and 4, respectively, were issued on June 28, 1974.

On September 12, 1974 the app11cant notified the NRC that Units 3 and 4 had
been cancelled. v _

The application for operating licenses for Units 1 and 2 was submitted in two
parts. On June 30, 1983, the applicant tendered the Final Safety Analysis
Report (FSAR) and on August 31, 1983, tendered the Environmental Report-
Operating License stage (ER-OL).* The FSAR was docketed by the NRC on

*These documents are cited throughout this report as FSAR or ER-OL, followed by
a section, table, or figure number. They are available for review at the NRC

" Public Document Room, 1717 H Street, NW, Washington, DC, and at the Burke
County Library, Fourth Street, Waynesboro, Georgia.
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docketlng of the ER OL on Nov mber 35 1983. The applicant estimates that as
of February 17, 1985, construct1on of Unit 1 was 76% complete and that of Uni
was 45% comp]ete :

(1]

The staff plans-to‘issue its Safety Evaluation Report (SER) documenting its
radiological safety review in June 1985. The applicant estimates that Unit 1
w111 be ready for fuel loading in September 1986, and Unit 2 in March 1988.

This statement by the NRC is based, :in large part, on information in the ER- 0L
through and 1nc1ud1ng Amendment 5 dated March 15, 1985.

A draft of this environmental statement was issued for public comment in Octo-
ber 1984. The comment letters received are reproduced in Appendix A of this
report. The staff's responses to these comments are given in Section 9.

Changes to text, tables, or figures made since the DES was issued are indicated
by a vertical line in the margin next to the change. It should be noted that
the changes are insignificant and do not affect the staff's conclusions as

given in the DES. The.majority of changes were made in response to comments
received on the DES. However, revisions to estimates of rad1o]og1ca1 impacts
include revised impacts from rout1ne operations. These revisions are the

result of the staff's using different assumptions in estimating the releases of
radioactive materials in gaseous effluents. Revisions related to radiological
consequences of potential severe accidents at Vogtle were made to correct insig-
nificant errors in the DES. A revised liquid pathway calculation was performed
based on additional information provided by the applicant (Bailey, 1985). These
changes are considered insignificant because they do not affect the staff's con-'
clusions as given in the DES.

Appendix B contains the population radiation dose assessment according to the
National Environmental Policy Act; Appendix C discusses the effects of the
uranium fuel cycle; and Appendix D gives examples of the site-specific dose
assessment calculations. The National Pollutant Discharge Elimination System
(NPDES) permit is reproduced in Appendix E. Appendices F and G relate to re-

. Tease categories used in the consequence analysis and consequence modeling con-
siderations, and Appendix H presents information on endangered and threatened
species. Appendix I is a copy of the Section 401 Water Quality Certification
issued by the State of Georgia, and Appendix J contains correspondence relating
to the proposed transmission line crossing of Ebenezer Creek Swamp.

1.2 Permits and Licenses

ER-OL Table 12.1-1 lists the status 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.
Pursuant to Section 401 of the Clean Water Act, the issuance of a water quality
certification, or waiver therefrom, by the Georgia Department of Natural
Resources (GDNR) is a necessary prerequisite to the issuance.of an operating

1982 (ER-OL Section 12.1) and is reproduced in Appendix I of this statement.

t2

license by the NRC. This Section 401 certification was granted on January 15, ‘

On August 1, 1984, GDNR issued a draft NPDES permit for Vogtle Units 1 and 2,
pursuant to Section 402 of the Clean Water Act, and‘a public notice of intent
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to issue the permit. The final NPDES perm1t was issued September 10, 1984
noted above, a copy of the permit is in Appendix E of this statement.
1.3 References

1985.
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2 PURPOSE AND NEED FOR THE ACTION

" The Commission amended Title 10 of the Code of Federal Regulations, Part 51

(10 CFR 51), "Licensing and Regulatory Policy and Procedures for Environmental

. Protection, " effective April 26, 1982, to provide that need for power issues

will not be considered in ongoing and future OL proceedlngs for nuclear power
plants unless a showing of spec1a1 circumstances is made under 10 CFR 2.758 or
the Commission otherwise so requires (Federal Register, March 1982). Need for
power issues need not be addressed by OL applicants in environmental reports to
the NRC, nor by the NRC staff in environmental impact statements prepared in con-
nection with operating license applications (10 CFR 51.53, 51.95, and 51.106(c)).

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

Substantial information exists that supports an argument that nuclear plants are
lower in operating costs than conventional fossil plants. If conservation or
other factors lower anticipated demand, utilities remove generating facilities
from service according to their costs of operations, with the most expensive
facilities removed first. Thus, a completed nuclear plant would serve to sub-
stitute for less economical generat1ng capacity (Federa] Register, August 1981
and March 1982). .

A Accordingly, this statement does not consider need for power issues. Section 6

does, however, consider the savings associated with the operat1on of the nuclear
plant.

2.1 References

Federal Register, 46 FR 39440, August 3, 1981.
--, 47 FR 12940, March 26, 1982. |
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3 ALTERNATIVES TO THE PROPOSED ACTION

The Commission amended its regulations in 10 CFR 51 effective April 26, 1982,
to provide that issues related to alternative energy sources will not be con-
sidered in OL proceedings for nuclear power plants unless a showing of special
circumstances is made under 10 CFR 2.758 or the Commission otherwise so requires
(Federal Register, March 1982). In addition, these issues need not be addressed
by OL applicants in environmental reports to the NRC, nor by the NRC staff in
environmental impact statements prepared in connection with operating license

applications (see 10 CFR 51.53, 51.95, and 51.106(c) .and (d)).

The Commission has concluded that alternative energy source issues are resolved
at the CP stage, and the CP is granted only after a finding that, on balance,

“no superior alterpative 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 with operation of the nuclear
facility because of the economic advantage that operation of the nuclear plant
would have over available alternative sources (Federal Register, August 1981
and March 1982). By earlier amendment (Federal Register, May 1981), the Com-
mission also stated that alternative sites will not be considered at the OL
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 Registef, 46 FR 28630, May 28, 1981.

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

---, 47 FR 12940, March 26, 1982.
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4 PROJECT DESCRIPTION AND AFFECTED ENVIRONMENT

" 4.1 Résumé

This résumé h1gh11ghts changes to the plant design and operating character1st1cs
since the FES-CP was issued in March 1974.

A number of changes in design and operating characteristics have occurred since
that time. Most notable of these is the cancellation of Units 3 and 4 in
September 1974. Cancellation of Units 3 and 4 resulted in the elimination of
the two associated cooling towers and reactor buildings and a reduction in the
quantity of water to be used from the Savannah River and onsite wells. The
cancellaton also reduces the total plant eff]uents discharges, and production
of wastes. i

In-addition‘to the reduction in the number of units from four to two, changes in
design affecting the plant system to dissipate excess heat produced by the plant
to the environment include (1) changing the discharge structure for cooling
tower blowdown and other plant liquid wastes from a multiport diffuser type to
a single-port discharge; (2) changing the intake structure canal design from
slope riprap to vertical sheet pile; and (3) adding lateral escape passageways
for fish escape at the intake canal entrance. To reduce impingement, the intake
structure design has been changed so that each cell contains one pump. Changes
in radwaste systems include revision of the principal design codes and standards
for liquid radwaste to conform to Regulatory Guide 1.143, and upgrading the
solid radwaste handling system to meet regulatory requ1rements Other changes-
in design affecting chemical and biocide discharges from the plant are (1) the
addition of a waste water retention basin and blowdown sump; (2) changing the
steam generator chemistry control from a phosphate treatment to an all-volatile
treatment system; (3) changing the discharge structure to a single-port dis-
charge type, as noted above; and (4) changing the handling of laboratory,
laundry, and hot shower wastes from drumming to a combination of recycling,
treatment, and release as part of combined plant 1iquid discharge. For the
c1rcu]at1ng water system, the applicant has proposed to chlorinate contin-
uously for a period of up to 1 week per month during Corbicula spawning season.
Dechlorination of plant blowdown may be necessary at times. Extensive design
changes to the transmission facilities and transmission routing have been made
since the FES-CP was issued. The area impacted by transmission line routing

has been reduced about 50%, and one of the new routes will cross the Ebenezer
Creek National Natural Landmark. Other changes are the additions of an offsite
Emergency Operations Facility and offsite monitoring and public alert systems.

A training simulator building has been added 2.4 km (1.5 miles) from the plant.
The applicant presently plans to locate the Emergency Operations Facility within
the training simulator building.

4.2 Facility Description

4.2.1 External Appearance and Plant Layout

A general description of the external appearance and plant layout during the CP
stage is in FES-CP Section 3. An artist's sketch and site plot plan for the
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proposed Vogtle plant, Units 1, 2, 3, and 4 are in FES-CP Fi
respectively.

[ ad
“i

As noted above, since the FES-CP was issued, the major changes have been the
reduction in p1ant size from four to two un1ts and the deletion of two reactor -
 buildings and cooling towers.- A minor change in external appearance (addressed

- by the staff as part of Amendment 2 to Construction Permits CPPR-108 and CPPR-109,
July 24, 1981) was the removal of the enclosure buildings and the substitution of

a steel-framed, metal-siding equipment building from grade to the 270-foot level. -
Figure 4.1 is a sketch of the two-unit plant, and ER-OL Figure 3.1-2 shows the
two-unit station layout and identifies the various structures. A photograph of

the plant site in June 1984 is shown on page v of this statement. The major

building and components on the site include the containment bu1]d1ngs cooling
towers, turbine building, administration building, radwaste service area, ware-

house, and diesel generator and auxiliary facilities. Other changes that have

‘ occurred include, as noted above, the addition of the Emergency 0perat1ons Facil-

ity, which is to be in the s1mu1ator building.

4.2.2' Land Use

The various uses of land on the plant site are shown in Figure 4.2. Of the

1282 ha (3169 acres) constituting the Vogtle site, 604 ha (1492 acres) will be

cleared as a result of construction activities. At the CP stage, it was ex-

pected that only 409 ha (1011 acres) would be disturbed. The additional acreage

disturbed is occupied primarily by spoil, stockpile, and borrow areas. ‘ :
roads,

Permanent facilities on the site--including the plant, transmission lines,

and miscellaneous structures--will occupy 247 to 338 ha (610 to 835 acres).
After the CP review, the plant design was changed from four units with four
natural draft cooling towers to two units with two natural draft cooling towers,
"reducing the acreage requirement for permanent plant facilities.

Other cleared areas not occupied by permanent facilities will be landscaped or
revegetated, and post-reclamation land uses will include forestry and wildlife
management (ER-OL response to question E290.9). Permanent facilities on the
site that are not associated with the proposed licensing action are Georgia:
Power Company's Wilson plant (a small oil-fired electrical plant) and its
230-kV power line. There were no prime or unique farmlands on the site.and no
farmlands of statewide importance (ER-OL Section 2.1.1.2). Access to the site
is by railroad spur from the Central Railroad of Georgia 19 km (12 m11es) west
of the plant and by blacktop road from Georgia State Highway 23, which is 8 km -
(5 m1les) south southwest of the p]ant

4.2.3 Water Use and Treatment
4.2.3.1 Water Use

Figure 4.3 provides a schematic flow diagram for both anticipated daily average
and maximum water use by the various Vogtle plant systems. Although the general
pattern of water use has not changed since the FES-CP was issued, the actual _
quantities of both surface water and groundwater to be used by the plant have

decreased with the reduction of plant size from four to two units and the de- .
tailed design and engineering development. Table 4.1 compares water use as
proposed in the FES-CP-and as proposed in the ER-OL.

Vogtle FES 4-2
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The Savannah River will serve as (1) the source of makeup water for the natural-
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(3) a backup source for makeup to the nuclear service coo]1ng water towers.

The main circulating water system of the Vogtle plant will consume an average
of 5.7 x 10% L/min (15,000 gpm) of the 7.6 x 10% L/min (20,000 gpm) per unit
withdrawn from the Savannah River. This rate of water withdrawal is approxi-
mately the same as the 7.2 x 104 L/min (19,000 gpm) per unit withdrawal rate
proposed in FES-CP Section 4.2.3. The maximum consumption of river water by
two units is 0.6% of the average river flow (292 m3/sec (10,300 ft3/sec)) and
1.2% of the 164 m3/sec (5800 ft3/sec) guaranteed from upstream. control struc-
tures (see Section 4.3.1 below). :

The nuclear service cooling water system, plant water treatment system, fire

protection system, and potable and sanitary system will be supplied by ground-
water from onsite wells. The average groundwater consumpt1on by these systems
is 3.18 x 103 L/min (840 gpm), and the maximum consumptIon is 8.7 x 103 L/min |
(2300 gpm) (ER-OL Section 3.3.3).

4.2:3.2 Water Treatment

Chlorine will be added to the circulating water system at the station intake
structure makeup water pumps and the circulating water system intake structure
as a gas dissolved in water to control biological growth in the condenser cool-
ing water system. Chlorine concentrations will be monitored by grab samples
taken at the discharge of the river makeup water pumps and at the blowdown sump
following dechlorination as specified in the NPDES permit (Appendix E). Inter-
mittent chlorination at the circulating water system intake structure will be
used to maintain a level of approximately 0.2 mg/L free available chlorine (FAC)
in the circulating water. During the summer for five consecutive days per month,
chlorine will be injected 1 to 3 times daily to control biological growth.
During the Corbicula (Asiatic clam) spawning season, chlorination at the river
intake structure makeup pumps may be continuous for five consecutive days per -
month, with concentrations up to 10 mg/L. This is expected to provide a 1.0

- mg/L FAC concentration in the circulating water system to prevent Corbicula
biofouling. In winter, when chlorine demand is low, a single weekly injection
period is expected. The average FAC concentration in the cooling tower blowdown
will be Timited by the NPDES permit to 0.2 mg/L, with a maximum instantaneous
concentration of 0.5 mg/L. The circulating water system intake structure is
equipped with three 4500 kg/day (10,000 1b/day) capacity chlorine evaporators

in series, with one used as a backup. The river intake structure is equipped
with two 2700 kg/day (6000 1b/day) chlorine evaporators (ER-OL Section 3.6.1.1).

" -The applicant will use a single dechlorination system to control residual chlorine
concentrations in the station blowdown as a result of chiorination of the cooling
water systems of either Unit 1 or Unit 2 (ER-OL response to staff question E291.21).
The system would use 1liquid sulfur dioxide evaporated and injected into the sta-
tion blowdown.at the blowdown sump. The capacity of the injectors is 650 kg/day

. (1425 1b/day). ' Use of the dechlorination system is expected to be necessary only |
during the Corbicula spawning season (April to November).

Blowdown from the circulating water system will be combined in the blowdown

sump with water from the low volume waste system and the nuclear service
cooling water, which will dilute the concentration of both FAC and total
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residual chlorine (TRC) from the circulating water system. The TRC concentra—-‘
tion in the blowdown discharge is expected to be less than 0.1 mg/L (ER-OL
Section 3.6.1.1).

Corrosion, scaling, and biological growth in the nuclear service cooling water -
system will be controlled by addition of sulfuric acid and chlorine (see

Table 4.2). The NPDES permit (issued September 10, 1984, see Appendix E) limits
the average FAC concentration to 0.2 ppm and the maximum instantaneous concen-
tration to 0.5 ppm as measured following the dechlorination system. The maximum
system design chlorination rate is 900 kg/day (2000 1b/day). Because groundwater
from the Tuscaloosa aquifer is used for makeup water to this system, there should
be no Corbicula biofouling. However, if river water is used for makeup, it is
Tikely that continuous chlorination over a prolonged period will be used to en-
sure that there is no Corbicula infestation of the nuclear service cooling water
system.

v

4.2.4 Cooling Sysfem

4.2.4.1 General

\ ' .
Figure 4.4 is a flow diagram of the heat dissipation system, showing both the
circulating water system and the nuclear service cooling water system. Several
changes in the plant design since the FES-CP was issued have affected the heat
dissipation system. These are (1) reducing the plant from four to two units,
(2) changing the design of the intake structure canal from slope riprap to ver-
tical sheet pile, (3) adding lateral escape passageways for fish at the intake ‘
- channel entrance, and (4) changing from a multiport diffuser to a single-port
discharge.

14.2.4.2 Intake | B

" The intake structure ‘design has been modified since the FES-CP was issued so
that each cell contains one independently operating pump. This design change
was made to reduce the potential for impingement (see Section 5.5.2).

Figure 4.5 shows the current design of the intake structure and canal (ER-OL
Section 3.4.1). The intake canal contains a skimmer weir at the river entrance )
to the canal and a submerged weir in the canal 31 m (100 ft) downstream .of the
skimmer to provide a sedimentation basin near the mouth of the canal. Sediment
deposited will be dredged and transported to an upland disposal site when the

depth in the basin causes excessive sediment carryover into the main canal .
section (ER-OL Section 3.4.1.1).

The intake structure consists of four chambers; each with stop logs, a trash
rack, a traveling water screen, one pump, and associated equipment, including
chlorination equipment. Debris is washed from the traveling water screen and
is sluiced into a trash basket located in the trash basin. The contents will
be emptied periodically and moved to an upland disposal site (ER-OL Sec-

tion 3.4.1.2). FES-CP Section 3.3.2.1 stated that leaves, twigs, and other
material washed from the traveling screen would be returned to.the river.

At the 'average river flowrate of 292 m3/sec (10,300 ft3/sec) and a water-level .

elevation of 26 m (84 feet), the average water velocities in the intake struc-
ture are calculated to be 0.1 m/sec (0.3 ft/sec) through the trash rack and
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0.2 m/sec (0.7 ft/sec) through the traveling screens. When the river flow is
at the minimum guaranteed rate of 164 m3/sec (5800 ft3/sec) and the river
elevation is 23.9 m (78.4 feet), the intake water velocities are calculated to
be 0.12 m/sec (0.4 ft/sec) through the trash rack and 0.25 m/sec (0.82 ft/sec)
through the traveling screens (ER-OL Section 3.4.1.2). These calculated velo-
cities are slightly less than those predicted in the FES-CP. Under worst case
conditions when there is clogging by debris or biological growths to the

-extent that there is a 44% reduction in the surface area of the screens or

trash racks, the velocities are calculated to be 0.5 m/sec (1.5 ft/sec) and
0.2 m/sec (0 8 ft/sec), respectively.

4.2.4.3 Circulating Water System

There have been only mihor changes in the circulating water system since the
FES-CP was issued. The revised system design parameters are shown in Table 4.3.
The water chemistry criteria for operat1on of the cooling towers are shown in
Table 4.4.

4.2.4.4 Discharge

Discharge from the circulating water system and low volume wastes is to the

Savannah River via a single-port discharge pipe. The change from a submerged
multiport diffuser to a single-port discharge was approved by the NRC on Janu-
ary 29, 1982 as Amendment 3 to the CP. The single-port discharge (Figure 4.6)

~-will meet the U.S. Corps of Engineers navigation and operations criteria and

reduce potential effects from biofouling because the port diameter is larger,
and it is expected to result in a smaller thermal and chemical plume (see Sec-
tion 5.3.2). The discharge pipe is 0.61 m (2 feet) in diameter and extends
from the west river shoreline about 6 m (20 feet)»from the low-flow water mark.
The centerline elevation of the discharge pipe is at 22 m (73 feet ms1); the
water level of the Savannah River is 24.5 m (80.4 feet ms1) at the guaranteed
Tow flow of 164 m3/s (5800 ft3/sec). The discharge is directed at an angle of
20 degrees downstream from a line perpendicular to the riverbank and 5 degrees

- downward from the horizontal plane. Under certain operating conditions, the

plume may contact the bottom for a distance of about 1.5 m (5.0 feet) beginning
at a point 7.6 m (25 feet) from the discharge point to a point 9 m (30 feet)
along the centerline. : |

4.2.5 Radioactive Waste Management System

Under requirements set by 10 CFR-50.34a, an application for a permit to con-
struct a nuclear power reactor must inc]ude~a preliminary design for equipment
to keep levels of radioactive materials in effluents to unrestricted areas as
low as is reasonably achievable (ALARA) The term ALARA takes into account the
state of technology and the economics of 1mprovements in relation to benefits
to the pub11c health and safety and other societal and socioeconomic considera-
tions and in relation to the utilization of atomic energy in the public interest.
Appendix I to 10 CFR 50 provides numerical guidance on radiation dose design
objectives for light-water-cooled nuclear power reactors (LWRs) to meet the
requirement that radioactive materials in effluents released to unrestricted
areas be kept ALARA.
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To comply with the requirements of 10 CFR 50.34a(c) for a license to operate a‘
nuciear power reactor, the appiicant provided (in FSAR Chapter 11) final de- ,
signs of radwaste systems and effluent control measures for keeping levels of
radioactive materials in effluents ALARA within the requirements of Appendix I

“to 10 CFR 50. In addition, the applicant provided revised estimates of the
quantity of each principal radionuclide expected to be released annually to
unrestricted areas in liquid and gaseous effluents produced during normal

aad

reactor operations, including anticipated operational occurrences.

The NRC staff's detailed evaluation of the radwaste systems and the capability "
of these systems to meet the requirements of Appendix I will be presented in
Chapter 11 of the staff's Safety Evaluation Report (SER). The quantities of
radioactive material that the NRC staff calculates will be released from the

plant during normal operations, including anticipated operational occurrences,

are in Appendix D of this statement, along with examples of the calculated

doses to individual members of the pub]1c and to the genera] population resulting
from these effluent quantities. :

The staff's evaluation of the solid radwaste system and its capability to
accommodate the solid wastes expected during normal operations, including
anticipated operational occurrences, also will be presented in Chapter 11 of
the SER. ‘ ’

The operating licenses for this facility will include Technical Specifications
that limit release rates for radioactive material in liquid and gaseous effluents
and that require routine monitoring and measurement of all principal release
points to ensure that the facility operates in conformance with the radiation-
dose-design objectives of Appendix I to 10 CFR 50. NPDES Permit Outfall serial
number 001B7 (see Appendix E) Timits the nonradiological components of the rad-
waste discharge.

4.2.6 Nonradioactive Waste Management Systems (NPDES Permit Outfall Serial
Nos. 001A, 001B, and 001B5) _

Chemical. and biocide wastes associated with the circulating water system blow-
down, the nuclear service cooling water blowdown, and low volume wastes will

be d1scharged during startup and operation in accordance with the final NPDES
permit (a copy of the permit is given in Appendix E). The chemicals used (see
Table 4.2) and the liquid wastes produced by these systems (Table 4.5), along
with the sanitary wastes, will be treated and combined in the waste water reten-
tion basins. Then they will be discharged to the blowdown sump where they will
be combined with the cooling tower blowdown prior to discharge to the Savannah
River, as discussed in Section 4.2.4. The blowdown flow discharged at four
cyc]es of concentration will be approximately 1.9 x 10% L/min (5000 gpm); this
flowrate is higher than the 1.5 x 104 L/min (4000 gpm) reported in FES-CP Sec-
tion 3.6.1.1. The waste-water retention basin and blowdown sump for collection
of the 1iquid wastes have been added to the design since the FES-CP was issued.
These additions were made in response to requirements of the Clean Water Act
for system capability to retain, sample, and, if necessary, treat wastes before
they are mixed with other station waste streams prior to discharge.
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‘ Low volume waste consists of liquid chemical waste from the steam generator
system, blowdown from the auxiliary boiler, and discharge from the water treat-
ment plant. Changes in the chemical constituents and handling of the Tow volume
waste since the FES-CP was issued are the result of (1) the change to an all-vola-

~ tile treatment using hydrazine and ammonia to control steam generator chemistry
rather than use of a phosphate treatment system (FES-CP Section 3.6), and (2)
the use of waste-water retention basins (ER-OL Sections 3.6.2 and 3.6.3).

The. applicant estimates that plant startup wastes (consisting of about two sys-
tem volumes of flush water and chemical cleaning waste, if needed) will be about
3.4 x 107 L (9 x 10® gallons) per unit. These waste waters will be directed to
the plant waste-water retention basins, the construction sediment retention
basin, or the startup ponds for removing suspended solids before the wastes are
discharged to the Savannah River (ER-OL Section 3.6.2.3). Discharge criteria
for flush waters (which do not contain added chemicals) and chemical cleaning
waste waters are the EPA Effluent Guidelines (40 CFR 423) for oil, grease and
turbidity, and metal cleaning wastes, respectively (see Table 5.1 and Sec-

tion 5.3.2).

The characteristics and volumes of the liquid effluents discharged to the
waste-water retention basins and ultimately the Savannah River from the circu-
lating water cooling system, nuclear service cooling water system, and low
volume wastes, and the combined effluents from these three sources are shown
in Table 4.5. The composition of blowdown discharged from these three sources
into the Savannah River is governed by EPA effluent limitations (see Sec-
‘ tion 5.3.2). The applicant anticipates that discharge from the waste retention
basins will occur intermittently for periods ranging from a few hours a week
to a few hours a day. Pumping into the blowdown sump will normally occur at a
rate of about 3030 L/min (800 gpm). Pumping rates up to 7570 L/min (2000 gpm)
could occur (ER-OL response to staff question £291.20). The solid wastes from
. the waste-water retention basins and the cooling tower basins that are not .
carried from these basins into the discharge 1ine will be removed during
normal power outages and disposed in an approved upland disposal site. Previous
operating experience has shown (ER-OL Section 3.6.4.1) that these solid wastes
are not hazardous and can be safely deposited in an upland site.

r 4.2.7 .Powér Transmission System

At the CP stage, six corridors containing eight 500-kV lines and three 230-kV
lines were proposed for the four-unit plant (FES-CP Section 3.8). The termi-

. nation points of these corridors were the Hatch Nuclear Plant, Bonaire,
Waynesboro, Klondike, Gainesville, Evans, and Goshen (FES-CP Figure 3.9). The
total land area involved was 5123 ha (12,660 acres).

For the two-unit plant for the OL stage, four transmission line corridors are

proposed (Figure 4.7). These corridors will contain a 245-km (152-miles)

500-kV line to the Scherer plant, a 256-km (159-mile) 500-kV 1ine to Thalmann,

a 230-kV iTine to South Carolina, and two 30-km (18.8 mile) 230-kV lines to Goshen.

Only the Goshen line and termination point are the same as proposed at the CP

stage. The current system is based on planning studies of needed interconnec-

tions for the Georgia power system. Changes in the routes and number of power
. lines resulted (1) from changes in construction schedules of substations and of

lines not directly associated with the Vogtle plant and (2) from the reduction

to two units at Vogtle. Design features of the lines are given in Table 4.6.
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The two lines to Goshen will lie adjacent to an existing line from the Wilson ‘
plant to Goshen. The 230-kV line to South Carolina extends 4 km (2.5 mi) in

Georgia and 29.4 km (18.3 mi) within the Savannah River Plant area. The por-

tion of the route in South Carolina was selected by the South Carolina Electric

and Gas Company. The line to the Scherer plant is routed by way of the existing -

system are expected to be made some time after the Vogtle lines are operational.
The Thalmann line is routed past Effingham, another future interconnection site.

4.3 Project-Related Environmental Descriptions

1

4.3.1 Hydrology

The Vogtle site, which encompasses an approximate area of 1282 ha (3169 acres),
is owned by Georgia Power Company. The plant is located about 42 km (26 air
miles) south-southeast of Augusta, Georgia, along the west bank of the Savannah
River, and 24 km (15 air miles) east-northeast of Waynesboro, Georgia, in the
eastern sector of Burke County at river mile 151.1. The drainage area above
the plant site is about 20,759 km? (8015 mi2). :

The plant is on high ground, with the entrance to power block buildings at

elevation 220.0 feet msl, approximately 42.7 m (140 feet) above minimum river

level and about 24.4 m (80 feet) above the probable maximum flood level.

Finished grade. elevation in the power block area is about 219.5 feet msl. The

grade elevation at the river intake structure is approximately 125.0 feet ms]. ‘

4.3.1.1 Surface Water

As shown on Figure 4.8, the Vogtle site is adjacent to the Savannah River
about 80 km (50 river miles) below Augusta, Georgia. The site is bordered on
the east by the Savannah River and on the south by Beaverdam Creek.

At a minimum flow of 164 m3/sec (5800 cfs), the river at this location is

about 104 m (340 feet) wide and from 2.7 to 4.9 m (9 to 16 feet) deep and has
an average velocity of 0.9 m/sec (3 ft/sec). The Savannah River Basin has a
drainage area of 27,394 km2 (10,577 mi2) of which 11,865 km? (4581 mi2) are in
western South Carolina, 15,076 km? (5821 mi?) in Georgia, and 453 km? (175

mi2) in southwestern North Carolina. The Tallulah and Chattooga Rivers, which
form the Tugaloo River on the Georgia-South Carolina state line, and the
Whitewater and Toxaway Rivers, which form the Keowee River in South Carolina,
start in the mountains of North Carolina. Keowee River and Twelve Mile Creek -
join near Clemson, South Carolina, to form the Seneca River. The two principal
headwater streams, the Seneca and Tugaloo Rivers, join near Hartwell, Georgia,
to form the Savannah River. ' .

From this point, the Savannah River flows about 483 km (300 miles) south-
southeasterly to discharge into the Atlantic Ocean near Savannah, Georgia.

Its major downstream tributaries include Broad River in Georgia, the two

Little Rivers in Georgia and South Carolina, and Brier Creek in Georgia. The
topography of the basin varies from elevation 5500 feet ms1 at the headwaters

of the Tallulah River to about 1000 feet ms1 in the rolling and hilly Piedmont
province, descending to around 200 feet msl at Augusta, Georgia, and from .
there, gently rolling to the nearby Coastal Province from Augusta to the

Atlantic Ocean. '
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Rainfall is generally abundant and is about 203 cm (80 inches) annually.. Snow
cover is rare except in the mountains. Runoff average is about 38 cm (15 inches)
annually for the entire drainage-area, while runoff at Augusta, Georgia, aver-
ages. about 48 cm (19 inches). Tota],stream flow varies considerably from year
to year. Streams in the basin are typically high in the winter and early spring.
During the summer, flows recede and remain low through autumn. Industry has
settled along the Savannah River at Augusta, Georgia, where there is an inland
port, and at Savannah, Georgia, where there is a deep draft harbor. Upriver
regulation has 1ncreased the minimum daily flow from a record of 31 m3/sec

(1105 cfs) before construction of the dams to 173 m3/sec (6100 ft3/sec) after
their construction.

Since the FES-CP was issued, an additional upstream reservoir, Richard B.
Russell, has been located between Clark Hill and Hartwell reservoirs. It was
comp]eted in 1984.

There are three major Corps of Engineers dams in the Savannah River Basin:
namely, Hartwell, Richard B. Russell, and Clark Hill.  These three reservoirs
will form a chain of reservoirs about 193 km (120 miles) long. The Hartwell
Dam is located 143 km (89 miles) above Augusta and 11 km (7 miles) below the
confluence of the Tuga]oo and Seneca Rivers, which form the Savannah River. It
is a multipurpose project with 1.5 m (5 feet) of storage above the maximum
power pool* (660 feet ms1) reserved for flood control. This is equivalent to
a flood control storage capacity of 3.61 x 108 m3 (293,000 acre-ft). The
reservoir covers 22,643 ha (55,950 acres) at maximum power pool (660 feet
ms1). The surface area at the top of flood control pool (665 feet msl) is
24,828 ha (61,350 acres). Minimum power pool elevation is 625 feet msl.

The Richard B. Russell Lake and Dam is another multipurpose project in the
Savannah River Basin. It is on the Savannah River in Georgia and South Carolina,
- 442.6 km (275.1 miles) above the river's mouth, 101.3 km (63 miles) above
-Augusta, and about 26 km (16 miles) southeast of Elberton, Georgia. At maximum
power pool (elevation 475 feet msl), the reservoir has an area of 10,785 ha
(26,650 acres) and has a stable lake with only 1.5 m (5 feet) of drawdown.

The Ctark Hi1l Dam project was begun in August 1946 and completed in July
1954. It is a multipurpose project designed to reduce floods in the Savannah
"River and to ensure a required minimum river flow for navigation. The Clark
"Hill project is credited with reducing the sediment load in the Savannah River
carried into the Savannah Harbor by 22%. At maximum power pool (330 feet msl),
Clark Hill provides a total storage of 3.6 x 10° m® (2,900,000 acre-ft) and
flood control storage of 4.81 x 108 m® (390,000 acre-ft) at a pool elevation
of 335 feet ms1. The reservoir elevation normally recedes to about elevation
326 feet ms1 from September to mid- December

Flow regulat1on at Hartwell Dam establishes the power pool at Clark Hill Dam,
which, in turn, provides minimum flow downstream of Clark Hill Dam. A minimum
flow of 164 m3/sec (5800 ft3/sec) (based on the period of record) is required

*The term "power pool" as used in this section refers to the water volume stored
between specified elevations of a reservoir that is allocated to the generation
of hydroelectric power.
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for navigation below Augusta; however, a discharge of 178 m3/sec (6300 ft3/sec)
is normally- provided 70% to 80% of the time. Clark Hill Dam is designed for
maximum drawdown of 5.5 m (18 feet) from the top of the power pool at elevati
330 feet ms1 to a minimum pool at elevation 312 feet msl. However, it is not
anticipated that the minimum pool will be reached more often than once in 150
years.

On the basis of data from the United States Geo]og1c Survey gag1ng station at
Augusta, Georgia, the annual average Tiow of the Savannah River is 291 md/sec
(10,300 ft3/sec).

Heavy flows into the lake begin generally in mid-December and continue through
April, with a maximum power pool reached by the first of May. FSAR Table
2.4.1-3 shows the drainage areas, ownership, seismic design criteria, spillway
design criteria, location, and type of structure for these major reservoirs
and other water-controlling structures. :

The discharge structure for the Vogtle plant is directed into the Savannah
River at about river mile 151. A1l overland flows from the site would drain
into either the Savannah River or into Beaverdam Creek, which also discharges
into the Savannah River. The area of possible surface water contamination is,
therefore, limited to the Savannah River downstream of the plant discharge
(Figure 4.9).

The Savannah River system below the Vogtle site is very sparsely developed and,
therefore, has few users. Population centers utilizing the Savannah River are

not encountered until the ocean outfall of the river is approached in the area

of Savannah/Chatham County (Figure 4.9). In this area, eight withdrawals hav’
been identified, of which two serve at least some domestic users. One other
withdrawal in the area (Continental Forest, Inc.) was determined to be from an
upstream tributary to the Savannah R1ver and therefore, is not exposed to
possible contamination. -

The two population areas served by withdrawals from the Savannah River are the
Beaufort/Jasper County water intake, which currently serves approximately

50,000 domestic users, and the water intake for the Cherokee Hill Water Treat-
ment Plant (Port Wentworth), which serves an effective population of 20,000
users. The Beaufort/Jasper County intake currently withdraws 19.6 m1111on

L/day (5.18 million gpd); it is located 180 km (112 river miles) downstream
approximately at river mile 39. The population projections of the Economic
Research Service of the Office of Business Economics indicated that, by the

year 2020, the domestic withdrawal rate will be approx1mate1y 20.7 m1111on L/day
(5.47 m11]1on gpd). The Cherokee Hill Water Treatment Plant's domestic with- -
drawal rate is currently approximately 170.6 million L/day (45.07 million gpd)
and is expected to increase to 226.7 million L/day (59.9 million gpd) by the
year 2020. It is located 196 km (122 river miles) downstream at about river
mile 29. ‘ :

" A1l of the remaining withdrawals are for industrial purposes, primarily coo]1ng
water. The industrial process water used is primarily for paper processing.
There are no process waters associated with foodstuffs, and there are no iden-
tified groundwater users, such as riverbank wells, that could conceivably be
contaminated by Vogtle discharge. A. survey conducted by the applicant found .
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that there was no irrigation water w1thdrawa] from the Savannah R1ver near the
plant site. :

Table 4.7 lists the identified river water users that could be contaminated by
Vogtle discharges, including the user's name, type of water used, distance from
the station in river miles and radial miles, current and projected withdrawal
rates, and estimated return rates. Projections were made based on population
for domestic users and the type of industrial use for other users. The various
power company usages are not expected to increase over the projection period.
The other industrial users are assumed to increase withdrawal rates at an
average of 2% per year. Return rates were calculated on the assumption that
domestic, industrial process, and cooling water rates were 80%, 90%, and 95%
of withdrawal rates, respectively. Use of the Savannah River does not vary
seasonally, nor are there significant storage ponds or flow augmentation
activities.

As discussed below, there are 11 groundwater users within a 3.2-km (2-mile)
radius of the Vogtle plant. Figure 4.10 shows the location of each groundwater
well and identifies the groundwater users by sector and water use.

There are four facility structures'in the Vogtle floodptain: the intake struc-
ture with canal; the barge unloading facility; the site runoff flume; and the
site discharge pipe.

4.3.1.2 ’Groundwater

~ A shallow water table aquifer (maximum depth 24 to 30 m) and the deep confined
Tuscaloosa (Cretaceous) and Tertiary aquifer systems (below 43 to 52 m depth)
exist at the site. They are separated by the 18- to 21-m (60~ to 70-foot) thick
Blue Bluff marl member of the Lisbon Formation, the principal load bearing struc-
ture for the plant. The Blue Bluff marl is a clayey mar] and is the load bear-
ing horizon, located about 26 m (85 feet) below grade at 134 feet msl. The .
Blue Bluff marl consists of a semiconsolidated glauconitic mar] with subordinate
lenses of dense, well-indurated, well-cemented limestone. The permeability of
the marl layer is very low (essentially zero), and it is classified as an aqui-
¢lude. The mari effectively confines groundwater within the unnamed sands of
the Lisbon Formation to produce artesian conditions at the site. This artesian
water region is referred to as the Tertiary Groundwater System and is the source
of the plant's potable water. The Cretaceous (Tusculoosa) and Tertiary Ground-
water Systems are hydraulically connected at the site. However, a few miles
south of the plant the two systems are hydraulically separated by the relatively
impermeable clays and silts of the Huber and Ellenton Formations. The applicant
estimates (FSAR Section 2.4.11.5) that the recoverable water quantity in the -
Tuscaloosa aquifer is approximately 25,900 km® (21 billion acre-ft) and that
this provides a safe yield of 19 billion L/day (5 billion gpd). :

- Because the permeabf]ity of the marl aquiclude is essentially zero and the water

table aquifer at the site is hydraulically separated from the underlying confined

Tertiary and Cretaceous aquifers, contaminants potentially released at the site
could not migrate downward from the water table aquifer directly into these
deeper aquifers. One possible hypothetical means for contaminants to reach the
confined aquifers would be for the contaminants to migrate through the water
table aguifer to a stream that would discharge to the Savannah River. The
Savannah River is in hydraulic contact with the deep aquifers and may offer a
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potential pathway to these deep aquifers. However, the deep aquifers discharge
into the river because their hydraulic heads are substantially higher than the
river. Therefore any contaminants still remaining after migrating to the river
could not enter the deeper aquifers and migrate downgradient to offsite ground-
water users.

The area on which Vogtle is situated is bounded by stream channels that have

cut down to the impervious marl and act as drains for the shallow-water. aquifer
thereby intercepting the groundwater that moves laterally through the sands and
preventing inflow or outflow to adjacent areas. These streams include the
Savannah River to the northeast, the Hancock Landing drainage to the north, and
Beaverdam Creek and its tributaries to the west and south. This means that the
water table aquifer is hydraulically isolated on an interfluvial high and that
groundwater at the site, replenished by natural precipitation, eventually drains
to the Savannah River either through one of the interceptor streams or by way of

springs located along the bluff above the Blue Bluff marl horizon. Figures 4.11"

and 4.11a show the direction of flow and the probable discharge point of poten-
tial contaminants percolating into the water table aquifer beneath the plant
site. The local groundwater system is described in more detail in FSAR .Sec-
tion 2.4.12 and the contours of the water table aquifer are shown in FSAR Fig-
ure 2.4.12-7 (Figure 4.10c). :

Table 4.7a, reproduced from FSAR Table 2.4.12-7, provides a partial record of
groundwater level measurements at the Vogtle site. The staff has instructed the

applicant to provide a complete record in an FSAR amendment. Figure 4.10a, repro-

duced from FSAR Figure 2.4.12-2, shows the location of makeup and observation
‘wells. Neither the figure nor Tab]e 4.7a provides a complete record of wells
and well readings, but a complete record will be .provided by a future FSAR
amendment. Figures 4.10b and 4.10c are reproduced from FSAR Figures 2.4.12-6
and 2.4.12-7, respectively. They show the piezometric surface of the water
table and confined aquifers.. Table 4.7b is a partial 1lst1ng of permeability
- values determined for the site.

As noted above, the groundwater wells are shown on Figure 4.10.

A11 of the groundwater users are located upgrad1ent of the onsite aquifer system

pathways as shown on Figure 4.11, and thus will not be affected by any potential

radioactive liquid re]ease at the Vogtle site.

During normal operation of the plant, the groundwater supply is provided by one
makeup well, with one makeup well for maintenance and standby purposes. Each

of the we]]s (MU-1 and*MU-2A) is capable of producing 7570 L/min (2000 gpm) on a
continuous basis for the life of the plant. -A third well, TW-1, was drilled as
a test well and provided data for the design criteria used in construction of
the makeup wells. This well is capped and is available for future sampling and
testing if required; it will not be used for plant makeup because of its loca-
tion near seismic Category I structures. Well MU-2A has replaced well MU-2 be-
cause of facility Tocation requirements '

The two plant makeup water wells (MU-1 and MU-2A) are constructed as gravel pack

wells extending to a depth of 253 m (830 feet) and are open to selected aquifer
zones below 133 m (435 feet).
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4.3.1.3 Water Use

Plant Water Sources

As described in Section 4.2.3, Vogtle has two water sources:

(1) Savannah River water is used (1) as makeup to the main circulating water
system natural draft cooling towers, which dissipate waste heat from the
main condensers and the turbine plant heat exchangers; (2) as dilution
water for liquid radwaste discharge; and (3) as backup for makeup to the
nuclear service cooling water towers.

(2) Onsite well water will be used for normal makeup to the nuclear service
cooling water system, the water treatment plant, the fire protection
system, and the potable and sanitary water system, and for ut111ty water
use.

Three of the four 83, 270 L/min (22,000-gpm) capacity makeup pumps (one is a
spare) will normally withdraw Savannah River water at the river intake struc-
ture. The spare pump may also be used to provide dilution water for the peri-
odic discharge of radwaste if such dilution is required so the discharge to
the river is within the levels of concentration specified in 10 CFR.20. At
normal operating conditions, no additional dilution water is required to
supplement the 37,850-L/min (10,000-gpm) flow from.the combined blowdown from
the Units 1 and 2 coo11ng systems and other station 1iquid wastes to satisfy
the 10 CFR 20 limits. Under normal operating conditions, one of two makeup
wells with 7570-L/min (2000-gpm) capacity each will service both units.

System Description

-

The river water makeup pumps supply water directly to the basins of the natural
draft cooling towers. Makeup water is required to compensate for evaporatlon
drift, and blowdown losses. A small portion of the water pumped from the river:
is used to backwash the screens in front of the pumps. River water may also be
provided for radwaste dilution when required. :

When the basin water level indicator shows more water is needed in the basins
of the nuclear service cooling water towers, this water will be supplied from
makeup wells, from the well water storage tanks Makeup water can also be
provided by the river makeup water pumps. '

Makeup from the we]] water storage tanks is also supplied to the water treat-
ment plant that serves the two units and for general use (general washdown and
miscellaneous cooling and lubrication). The demineralized water will be

pumped into a 946,250-L (250,000-gallon) demineralized water storage tank.
Demineralized water will be used as makeup water for the reactor cooclant sys-
tem, condensate and feedwater system, component cooling water system, auxiliary
component cooling system, the turbine plant closed cooling water system, the
auxiliary steam system, the liquid radwaste system, and other usage points
(e.g., the water used .in laboratories and for washdown of equipment).
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The potable and sanitary water requirements are satisfied from a 94,625-L ‘
(25,000-gallon) potable and sanitary water tank supp]1ed by the makeup water
we]]s

In add1t1on well water supplies two 1,135,500-L (300,000 gallon) fire water -
storage tanks one -of which can be f111ed in 8 hours at the makeup rate of
2,365 L/min (625 gpm). This storage tank provides fire protection water during
norma] operation. Water from the nuclear service cooling water tower basins
can be used if the tank supply is unava11ab1e such as the result of the

safe shutdown earthquake '

Consumptive Use

Vogtle Units 1 and 2 will consume an average of 3180 L/min (840 gpm) of ground-
water and 113,550 L/min (30,000 gpm) of Savannah River water. Maximum consump-
tive use is 8705 L/min (2300 gpm) of groundwater and 113,550 L/min (30,000 gpm)
of river water. Because groundwater is not returned to the supply aquifer, all
groundwater withdrawn is considered to be consumptively used. The majority of
the plant water consumption is the result of evaporation from the natural draft
cooling towers.

At the maximum use rate, the river water consumption for two-unit operation is
0.6% of the average Savannah River flow of 291 m3/sec (10,300 ft3/sec) and
1.2% of the 164 m3/sec (5800 ft3/sec) minimum flow guaranteed from upstream
control structures.

4.3.2 Water Quality _ | . ‘

" Water quality in the vicinity of the Vogtle intake and discharge has been
determined to be moderately polluted as the result of the -cumulative effects
of wastewaters originating in the Augusta vicinity and wastewater entering the
Savannah River from Upper Three Runs Creek (Georgia, 1974). Water quality
2.8 km (1.75 mi) downstream of the Upper Three Runs Creek (river mile 158) was
found to be healthy, primarily because of the inflow of water from Steel Creek;
however, water quality at this sampling site was determined not to be charac-
teristic of waters in this reach (Georgia, 1974).

Table 4.8 compares water quality data provided by the applicant (Savannah River
Plant, 1980, 1981, 1982, 1983, and 1984) with water quality data in the FES-CP.
A review of these data shows that Savannah River water quality has not changed
appreciably since the FES-CP was issued, although it is noted that levels of ’
nitrate, phosphorus, and manganese averaged over the period of 1979 through 1983
were greater than the average given in the FES- CP

4.3.3 Meteorology

The discussion of the general climatology of the site and vicinity in FES-CP
Section 2.6 remains unchanged. However, the following paragraphs update some
of the information on extreme meteorological conditions and severe weather
phenomena

Extreme temperatures of 41.7°C (106°F) and -16.1°C (3°F) have been reported at ‘

Augusta, Georgia. About 77 thunderstorms can be expected on about 56 days
each year. Hail often accompanies severe thunderstorms. During the period
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1955 to 1967, six occurrences of hail with diameters greater than 19 mm (3/4
inch) were reported in the latitude-longitude "square" containing the site.
Tornadoes also occur in the area. The FES-CP provides a conservative estimate
of the recurrence interval for a tornado at the plant site--500 years. Hurri-
canes or remnants of hurricanes pass through the region occasionally. During
the period 1871-1982, 40 tropical cyclones (tropical depressions, tropical
storms, and hurricanes) passed within 100 nautical miles of the site.

Since the FES-CP was issued, the applicant has collected onsite meteorological

- data for three additional years (April 4, 1977 to April 4, 1979 and April 1,
1980 to March 31, 1981). For this period of record, winds at the 10-m (33-foot)
‘level are well distributed. Wind direction frequencies vary from about 4% to
about 8.5%. The median wind speed at the 10-m level is about 2.5 m/sec (5.6
mph). Calm conditions (defined as wind speeds less than the starting threshold
of the anemometer) occur infrequently, about 0.5% of the time. Slightly stable
(Pasquill type "E") conditions predominate at the Vogtle site, occurring about
34% of the time, as defined by the vertical temperature gradient between the
45.7-m and 10-m levels for the 3-year period described above. Moderately
stable (Pasquill type "F") and extremely stable (Pasquill type "G) conditions
occur about 16% and 9% of the time, respectively, using the same stability
indicator. Moderately stable and extremely stable conditions were observed
with relatively the same frequency dur1ng the pre-operational program (Decem-
ber 4, 1972 to December 4, 1973). .

4.3.4 Terrestria] and Aquatic Resources
4.3.4.1 Terrestrial Resources

Terrestrial biota of the Vogtle site and the surrounding region were described
in FES-CP Section 2.7.1. Subsequent surveys of terrestrial biota were conducted
in 1980 and 1981. The results of these surveys are in the ER-OL Section 2.2.1
and in the preconstruction and preoperational environmental reports prepared

by the applicant. These reports discuss vegetation, invertebrates, amphibians
and reptiles, small mammals, small game mammals and furbearers, birds, and
white-tailed deer (Odocoileus virginianus).

The biota of the site have not changed significantly since issuance of the
FES-CP in 1974, except that clearing and construction have eliminated habitat
-(Table 4.9) and permanently reduced the populations of .the affected plant

and animal species. The amount of clearing completed as of 1984 was 581.9 ha
(1437 acres); total onsite clearing for the project w111 be about 604 ha
(1492 acres).

From the standpoint of productivity of vegetation and wildlife, the branch hard- -
wood communities, the cove hardwoods, and the bottomland hardwoods are the most v

jmportant vegetation types on the site, while the upland sandhill communities
are the least productive. As of 1984, clearing for the plant involved about

420 ha (1038 acres) or 47% of sandhl]] communities and about 23 ha (56 acres) or
19% of the cove, branch, and bottomland hardwood communities. Only 5% of the
bottomland hardwoods were cleared. Additional lands cleared to date have been
in uplands. Revegetation of cleared areas not occupied by permanent facili-
ties will allow some plant and animal species to repopulate this acreage.
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Power line construction practices, generic impacts, and revegetation practlces
are discussed in FES-CP Section 4.3.1.2. Because fewer power lines are reqguire

for the two-unit plant, the total acreage in offsite rights-of-way has been

reduced from 5123 ha (12,660 acres) to 2631 ha (6493 acres) within the State

of Georgia. Acreages of the more important ecological communities to be

affected in Georgia are 1195 ha (2950 acres) of natural pine and pine planta- -
tion, 942 ha (2324 acres) of hardwood forests, and 151 ha (371 acres) of wetlands
(Table 4.10). Hardwood forests include bottomland types found along rivers and
streams as well as upland types. Wetlands include primarily Carolina Bays in

the uplands and forested swamps in river and stream bottoms. Thousands of v
Carolina Bays have been identified in the region. These are shallow, natural
"depressions found on the Coastal Plain of North and South Carolina and Georgia
(Langley and Marter, 1973). They vary greatly in degree of wetness, and their
vegetation varies from herbaceous to forested. Most of these bays are small

. enough to be spanned by the power lines so that little or no construction of

towers within the wetland itself is expected to be necessary, although some

trees will be cut to obtain the necessary clearance for the lines.

More than 20 places in Georgia have been identified as important natural areas

on the basis of various ecological characteristics (Goodwin and Niering, 1975;
Waggoner, 1975; Department of the Interior, 1983). None of these is near the

plant site, but two, Lewis Island and Ebenezer Creek Swamp, lie.near the power

line routes. Lewis Island is within the Altamaha State Waterfowl Management

Area and contains a stand of virgin bald cypress (Taxodium distichum) that has

never been timbered. The Vogtle-to-Thalmann power line passes about 0.4 km

(0.25 mile) from the Altamaha Management Area (Section 4.2.7), and should have ‘

no effect on the Lewis Island forest.

The applicant proposes to route the Vogtle-to-Thalmann power transmission line
by way of the Effingham Substation, which is proposed to be built in 1987
about 3.2 km (2 miles) south-southeast of the mouth of Ebenezer Creek (Foster,
August 1984). The applicant proposes to cross Ebenezer Creek about 1.0 km
(0.6 mile) upstream from the Savannah River (ibid). As originally proposed,
the line would have a 448-m (1471-foot) . span w1th a 45.7-m (150 foot) wide
clear-cut corridor across the swamp.

The Georgia State Legislature (Georgia Scenic Rivers Act of 1969) has declared:
", ..that portion of Ebenezer Creek from Long Bridge on County Road S 393 to
the Savannah River and located in Effingham County, Georgia, which portion -
extends a length of approximately 7 miles" (11.3 km) to be a scenic river. In
addition, the U.S. National Park Service has designated the Ebenezer Swamp a
National Natural Landmark (U.S. Department of the Interior, 1983). The portion -
of the swamp designated as a National Natural Landmark consists of 1013 ha :
(2500 acres) and extends from State Road S 953 on the west boundary to the

creek's confluence with the Savannah River on the east boundary, with the 4.6-m
(15-foot) elevation line delimiting the north and south boundaries. Ebenezer

Creek Swamp "...is the best remaining Cypress-Gum Forest in the Savannah River

Basin. The phys1ca1 relationship and interactions between the river and the

creek are unique to this system. The evaluator* knows of no other area with

*Dr. Bozeman, who was professor of biology at Georgia Southern College, ad- : ‘
dressed the national significance of Ebenezer Creek Swamp. He now is with the
Georgia Department of Natural Resources.
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these exact qualities" (Bozeman 1975; reproduced in Append1x J to th1s
statement).

After being informed by the staff that Ebenezer Creek Swamp is a National Natural |
Landmark, the applicant submitted a preliminary evaluation of Ebenezer Creek

Swamp Transmission Line Crossing (Foster, August 1984). The evaluation con-
"sidered five alternatives for crossing the Ebenezer Creek Swamp area, and provided
the approximate additional cost for two alternatives (designated A and B and shown
on Figure 4.12 of this statement). The applicant also modified the original
proposal to site the 1ine as originally proposed, but added a mitigative measure.
This mitigative measure would substitute taller towers at closer intervals for

the two towers closest to Ebenezer Creek. ‘After review of the proposed crossing
by the U.S. Department of Interior and the State of Georgia, the preliminary

study was completed with revisions and resubmitted (Foster, October 1984).

_ The staff's assessment of the environmental consequences of and the m1t1gat1ng

‘actions proposed by the applicant for the Ebenezer Creek Swamp crossing and the
results of the reviews by the Department of Interior and the State of Georgia
are in Section 5.2.2 of this statement.

For power lines outside the Ebenezer Creek area, populations of a large number
of forest wildlife species will be reduced by the clearing of forests. Popula-
tions of a smaller number of old-field-type species will increase in response
to the creation of the right-of-way habitat type. Because the corridors are
narrow, these population changes will be relatively minor. Whether or not

game species such as rabbits and deer benefit from the creation of power 1line
corridor habitat will depend on the types of habitats cleared, the types
adjacent to the corridors, and types that develop in the corr1dor

4.3.4.2 Aquatic Resources

From October 1971 to November 1981, the applicant conducted various studies in
the Savannah River in the vicinity of the Vogtle plant to obtain information

on the species composition, trophic relationships, relative abundances, and
reproductive cycles of the aquatic community. Studies conducted since the
FES-CP was issued (1) identified components of the macroinvertebrate community
as being similar to that of the community reported in the FES-CP; (2) identified
components of the macroinvertebrate drift and the primary time of drift (Nichols,
1983); (3) showed diatoms to be the predominant taxa of phytoplankton and proto-
zoans to be the predominant taxa of zooplankton (Collins, 1983), and (4) identi-
fied the trophic structure, feeding habits, and species composition of the fish
community in the vicinity of the plant (ER-OL Sections 2.2.2 and 6.1.1.2).

The applicant conducted studies of adult fish from September 1977 through
December 1978. Cyprinid minnows comprised 69% of the total number of individuals
collected and centrarchid sunfish 10.7%. Seventeen game and commercial species
of fish constituted 16% of the total number of individuals collected (ER-OL
Sections 2.2.2 and 6.1.1.2).

Larval fish studies conducted from January through August 1974 identified eggs
and larvae of 34 species of fish. The larvae of Pomoxis spp. (crappie) and
Minytrema melanops (spotted sucker) constituted the largest portion of the lar-
vae collected, 29.3% and 15.7% respectively, and Alosa sapidissima (American
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shad) constituted the largest percent (23.6%) of the total e‘ggs‘coﬂected. ‘

Larval densities increased from January to April, peaked in May, and then

decreased sharply in July and August (ER-OL Section 2.2.2).

Food habit studies of fish were conducted from October 1980 through September ,
1981. Largemouth bass (Micropterus salmoides) and black crappie (Pomoxis -
nigromaculatus) were the two predominant predatory game fish. Bass fed on

minnows, sunfish, and crayfish, while black crappie fed almost exclusively on
aquatic insects (ER-OL Section 2.2.2; Miracle and Wiltz, 1982). The forage

fish identified were the taillight shiner (Notropis maculatus), spottail shiner -
(Notropis hudsonius), bannerfin shiner (Notropis leedsi), and the eastern :
silvery minnow (Hybognathus regius) (ER-OL Section 2.2.2). These findings dif-

fer from those reported in FES-CP Section 2.7.2.4, in which the applicant found

the longear gar (Lepisosteus osseus) to be the predominant predatory fish and

the gizzard shad (Dorosoma cepedianum) to be the predominant forage fish.

The applicant monitored anadromous fish in Beaverdam Creek from March 1977

through May 1978 to determine if construction activities were affecting spawning

in the creek. ' Results show that Beaverdam Creek provided minor spawning use

~ for blueback herring (Alosa aestivalis) but that the substrate was unsuitable

for spawning of shortnose sturgeon (Acipenser brevirostrum), Atlantic sturgeon
(Acipenser oxyrhynchus), American shad (Alosa sapidissima), or striped bass

(Morone saxatilis) and was not used by hickory shad (Alosa mediocris) (Wiltz,
1982a). Studies of the resident fish in Beaverdam Creek showed that there

were approximately 39 taxa; bluegill (Lepomis macrochirus) constituted the

largest number of individuals of a game or commercial species and dusky shiner .

(Notropis cummingsae) the largest number of nongame and noncommercial species-
(Wiltz, 1982b). The effects of turbidity and siltation associated with right-.
of-way construction were minimized by control measures and resident fish at
the affected sample sites returned to a community composition 51m1]ar to the
undisturbed sites (ibid).

The results of the benthic macroinvertebrate studies conducted in the Savannah
River from January to November 1981 (Guill, 1983) showed that the benthic

fauna in the vicinity of the Vogtle plant was dominated by Chironomidae (midges),
Hydropsychidae, particularly Cheumatopsyche spp. (caddisflies), and Oligochaetes
(aquatic earthworms) and did not differ significantly from the 1972 studies.

Studies of Beaverdam Creek from June 1973 through June 1978 (Staats, 1983) *
showed that changes in the macroinvertebrate community were the result of access
road construction rather than plant construction and that the effects of sedi-

ment addition as the result of access road construction were of short duration.

The macroinvertebrate communities at the altered stations have become increas- -
ingly similar to those of the unaltered station since 1974 (Staats, 1983).

Studies of macroinvertebrate drift in the Savannah River from September 1980
through August 1981 showed that drift, which ranged from 924 organisms per

1000 m® to 17,297 organisms per 1000 m3, was dominated by Diptera (true flies),
Annelida (worms), and Crustacea (crayfish) and that drift showed transect and
diurnal variation. The drift density of Diptera, Trichoptera (caddisflies),
Ephemeroptera (mayflies), Annelida, and Crustacea peaked at night (Nichols,
1983), as 1s typical of macroinvertebrate drift (Waters, 1962).
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Surveys of plankton in the Vogtle vicinity since the FES-CP was issued (Collins,
1983) show that diatoms continue to be the predominant.phytoplankton taxa and
that protozoans were the predominant taxa of zooplankton. Densities of zoo-
plankton in the Savannah River continue to remain low (ER-OL Section 2.2.2.5.2).

Monitoring conducted at the Savannah River Plant since the FES-CP was issued
show some changes in the aquatic biota in the Savannah River in the vicinity of
the Vogtie plant (SRP, 1980). These changes were determined to be the conse-
quence of the d1sappearance of aquatic weed beds and the introduction of the
Asiatic clam. Changes in the macroinvertebrate population upstream of the
site were determ1ned to be the result of increased organic enrichment from
upstream input (ibid) and the disappearance of the rooted aguatic plants over
the period of 1975-1978 the result of improved water quality (SRP, 1979). A
study of the Savannah River conducted in 1982 (Georgia, 1982) found a diverse
assemblage of freshwater species and the anadromous species h1ckory shad,
Atlantic sturgeon, American shad, and blueback herring.

The fish community in the Vogtle site vicinity is dominated in numbers by
minnows (Cyprinidae), sunfish and bass (Centrarchidae), and shad/herrings
(Clupeidae), which constituted 69%, 11%, and 5%, respectively, of the fish
collected 1n the Georgia Power Company survey (W11tz 1981). Seventeen of the
39 species collected were identified as game and commercial species. These
include sunfishes, crappie, largemouth bass, chain pickerel (Esocidae), cat-
fishes (Ictaluridae), yellow perch (Percidae), and three anadromous species:
American shad, blueback herring, and striped bass (ibid). The size of the
American shad and blueback herring collected indicate that they spawn upstream
of the Vogtle site (Tedesco, 1981).

Populations of the Asiatic clam, Corbicula fluminea, at or near the Vogtle site
were first discovered in 1972 (Fuller and Powell, 1973) and have since been
described in relation to the Savannah River Plant, which is located just across
. the river from the Vogtle site (Fuller and Richardson, 1977; Boozer and Mirkes,
© 1979; Britton and Fuller, 1979; Tilly et al., 1978; and Harvey, 1981, 1982).
Populations of Corbicula fluminea in the Savannah River were also reported in
the Final Environmental Statement for Savannah River Plant's L-Reactor (U.S.
Department of Energy, 1984). A bivalve distribution and faunistic study:of

the Savannah River at the Savannah River Plant (Britton and Fuller, 1979)
showed Corbicula fluminea to be distributed along the entire boundary of the
plant. One of the sampling localities for that study was just opposite the
Vogtle site. The applicant has confirmed the occurrence of Corbicula at the
Vogtle aquatic sampling stations in the river (ER OL response to staff ques-
tion £291.13).

Harvey (1981) reported recolonization rates for the Asiatic clam in cooling
water basins for the Savannah River Plant K-Area reactor to range from 3.0 to
5.6 metric tons per year. This recolonization was attributed to siltation of
the basins, which provided a substratum for the bivalves. Harvey noted during

a meeting on May 30, 1984 (Miller, October 3, 1984) that Corbicula fluminea,
through the production of large amounts of pseudofeces that bind sand with
mucus, produce sediments where none existed before infestation. This obser-
vation has been previously reported in the Delta-Mendota Canal of California's
Central Valley (Prokopovich, 1969). Harvey also noted on May 30, 1984 that all
Corbicula fluminea removed from the reactor cooling water basins are placed into
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a canal that drains into Steel Creek, which empties into the Savannah River jus.
downstream of the Vogtle site.

No quantitative information is available on the spawning season for Savannah-
River populations of Corbicula; however, qualitative judgments of the applicant
and a representative of the Savannah River Plant are that spawning for the local
populations at the Vogtle and Savannah R1ver P]ant sites is cont1nuous for 6 to
8 months every year.

-

4.3.5 Threatened and Endangered Species
4.3.5.1 Terrestrial

The discussion below does not apply to the transmission corridors in South
Carolina; they are still being evaluated. The applicant has committed to pro-
vide this information to the staff at the same time that it is provided to the
" State of South Carolina.

The geographic ranges of several endangered and one threatened species overlap
the Vogtle site and transmission-Tine routes (50 CFR 17.11 and 17.12) (see

also Appendix H). The hairy rattleweed (Baptisia arachnifera) occurs only in
Wayne and Brantley Counties in southeastern Georgia. The Vogtle-to-Thalmann
route lies in McIntosh and Glynn Counties within 10 km (6 miles) .of the known -
geographic distribution of this plant species. However, because the rattleweed
is not known to occur in McIntosh and Glynn Counties (U.S. Fish and Wildlife
Service, 1983), impacts on this species are not expected. The persistent
trillium (Trillium persistens) and green pitcher plant (Sarracenia oreophila)
also occur in Georgia, but far to the north of the Vogtle impact area.

The wood stork was recently (February 28, 1984) designated as an endangered

species (Federal Register, 1984). The wood stork (Mycteria americana) forms

nesting colonies in swamps primarily in the State of Florida, and some wander

north during nonbreeding seasons to Georgia, South Carolina, and Alabama.

In addition, there are three colonies in Georgia, at least one of which is

active. No active colony is located within 16 km (10 miles) of Vogtle or its

_power line routes (Kroodsma, 1984). Because the colonies are vulnerable if
disturbed, their exact location is not divulged. Populations of wood storks .
in F]or1da have declined primarily because of disturbances at the colonies and
feeding sites.

Storks at the colony nearest Vogtle forage at approximately 50 feeding sites,
most of which are located within 50 km (30 miles) of the colony. At least
nine of these feeding sites are located on the Savannah River Plant site
across the Savannah River from Vogtle. Although juvenile storks are not known
to feed at the Savannah River Plant site, an estimated 64% of the adult storks
of the colony were using the sites before the young left the nests.

The Vogtle plant and its power lines are not expected to have any effect on

storks at the colony or on those using the feeding sites at the Savannah River

Plant site. Storks flying between the colony and the Savannah River Plant site
should be able to easily fly around or over the Vogtle plant and over the power
lines. ‘
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The red-cockaded woodpecker (Picoides borealis) nests in numerous areas in
Georgia (U.S. Fish and Wildlife Service, 1983), including 10 counties traversed
by the power line routes (Wesley, 1984). Although there is no suitable habitat
(large or old-age pines infected with red heart disease) for this species at
‘the Vogtle site, such habitat may occur along the power line routes. In 1984,
the applicant's staff biologist walked the power line routes near areas known
to have had cclenies of red-cockaded woodpeckers. The applicant also flew over
the remainder of the power line right-of-way to look for additional potential
habitats. Results indicated that no active colcnies and no suitable nesting
habitat are located on or adjacent to power line corridors for those surveys
completed. The survey of the South Carolina line is ongoing by South Carolina
Electric and Gas, the line's owner. The State of South Carolina will be evalu-
ating the survey results. Additionally, Georgia Power Company has committed to
submit the survey results to the staff when the results are complete (Foster,
1985). :

Bald eagles (Haliaeetus leucoephalus) nest in several different areas in
Georgia. Information on the Tocation of these nests is being withheld to
protect the eagles. However, none of the nests is located near the power line
routes (Foster, 1985); therefore none should be affected. 5

The Bachman's warbler (Vermivora bachmanii) has not been observed in many years
and is probably extinct. The only nesting records are from the period 1897 to
1937 in moist deciduous forests in the southeastern United States. Between
1973 and 1978, there were several unconfirmed sightings of this species, includ-
ing one near the Long-McIntosh county line (U.S. Fish and Wildlife Service,

1983) crossed by the Vogtle-to-Thalmann power line route.

The American alligator (Alligator mississippiensis) is endangered in several
-areas in the southeastern United States including the inland coastal plain of
Georgia (ibid). The alligator has been sighted in two sediment retention
basins and Mallard Pond on the Vogtle site (ER-OL Section 2.2.3), and may also
occur in other ponds in the area and in the Savannah River bottoms. Alligator
habitats that existed at the plant site prior to construction have not been
significantly affected, and the alligator population in the area should not be
jeopardized by completion and operation of the Vogtle plant. Mallard Pond
appears to be unaffected by sediment-laden runoff from construction sites,
because its shorelines lacked obvious signs of sedimentation and its waters
were very clear when inspected by the NRC staff and its consultants on March 21,
1984 (Foster, 1985).

Most of the Vogtle-to-Thalmann power line route traverses the geographic range
of the eastern indigo snake (Drymarchon corais couperi), a threatened species,
in southeastern Georgia (U.S. Fish and Wildlife Service, 1983). Population
levels, however, appear to be relatively low in the counties traversed by this
route (Diemer and Speake, 1981, Table 4). This snake prefers sandhill areas

of high, dry, well-drained sandy soils but also frequents streams and swamps .
during warmer months. It commonly uses gopher tortoise burrows and other sub-
terranean cavities for denning and egg laying. Surveys were conducted for this
species along the power ]1ne route, but no evidence of the snakes was found
(Foster, 1985).

The plant site and power line routes lie at the northeastern edge of the former

geographic range of the Florida panther (Felis concolor coryi). However, be-

cause the panther is now known to occur only in southern Florida (Kroodsma 1984),

the proposed action will not affect this species.
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4.3.5.2 Aquatic . ' B ‘

The shortnose sturgeon (Acipenser brevirostrum) is found only in tidal rivers
and estuaries along the east coast of North America. The shortnose sturgeon

had not been documented in the middle reaches of the Savannah River until 1982,
when larvae were collected near the Savannah River Plant as part of that plant's
aquatic monitoring program (Muska and Matthews, 1983). This study found that
the shortnose sturgeon spawns both upstream and downstream of the Savannah

River Plant which is across the river from the Vogtlie site. No shortnose stur-
geon were found in Beaverdam Creek downstream of the Vogtle site (Wiltz, 1982a),
nor in any other studies conducted by the applicant (Wiltz, 1981).

However, because the Savannah River Plant studies document that the species
occurs in the immediate vicinity of the Vogtle plant, the staff has conducted a
biological assessment of the potential impact of the Vogtle plant on the species.
This assessment is presented in Section 5.6.2 of this statement.

4.3.6 Historic and Archeological Sites

FES-CP Section 2.3 discusses the closest sites listed in the National Register
of Historic Places. These sites were more than 40 km (25 miles) from the
plant. At present, there are no listed sites within 16 km (10 miles) of the
plant. '

4.3.7 Socioeconomic Characteristics

The general socioeconomic characteristics of the region, including demography .
and land use, are presented in FES-CP Section 2. As indicated in the FES-CP,

the plant is located in the eastern area of Burke County, Georgia about 42 km

from Augusta. The plant is on the southwest side of the Savannah River at

about river mile 151, directly across the river from the 775 kmZ2 (300 mi%)
restricted area of the U.S. Department of Energy's Savannah River Plant.

The 16-km area surrounding the plant site includes part of Burke County and a
small portion of Richmond County in Georgia, and parts of Barnwell and Aiken
Counties, and a small portion of Allendale County in South Carolina. The gen-
eral area is characterized as rolling terrain that is primarily wooded and
includes some land devoted to farming. The area is sparsely populated. Girard,
which is 12 km (7.5 miles) south-southeast of the plant, is the only town

within the 16-km area. According to the U.S. Bureau of Census, Girard declined
in population from 241 persons in 1970 to 225 persons in 1980. Waynesboro,

which is located about 24 km (15 miles) west of the plant, increased in popula-
tion from 5530 persons in 1970 to 5760 in 1980. According to the applicant,

the 1980 residential population within 16 km of the plant, including construction
workers, was approximately 2560 persons. The residential population within 16 km
is estimated to be 2096 persons in the year 2007 (ER-OL Table 2.1-4). The staff
has reviewed the applicant's demography data by comparing the applicant's esti-
mates with independent data sources and finds the applicant's estimates reasonable.
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'_ Table 4.1 Cooling water system design comparison?

Parameter CP stage? 0L Stage3

Circulating water system . ,
Heat rejection rates, Btu/h 8.2 x 10° ' 7.95 x 10°

Circulating water flowrate 474,800 484,600
System makeup - - 19,000 20,0004
Evaporation 14,860 :
* Drift . 70 15?000
- Blowdown 4,000 5,000%
Radwaste dilution 15,000 o 0¢

Concentration factor _ 4 to 8; 5 average 2tob

Nuclear service water system

System flowrate 20,700 20,700
System makeup 268 270
Evaporation and drift 203 o 200
Blowdown 65 70

1A11 values in gallons per minute per unit unless otherwise specified. To
convert to liters per minute multiply values shown by 3.785; to convert Btu/h
to J/h, multiply the values shown by 1055.

2As presented in the FES-CP.
‘ ~ 3As presented in the ER-OL.
4For 4 cycles of concentration; at 2 cycles, makeup would be 30,000 gpm.

SFor 4 cycles of concentration; at 2 cycles, blowdown would be 15,000 gpm.

6The capability exists for providing a 31,000-gpm flow for dilution, if
necessary.
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Table 4.2 Summary of biocide and chemical use at Vogtle

Common name

Trade name or
scientific formula

Use (system
function)_

Use per year

per unit

Alkaline phosphate

solution

Organic acid

Acid inhibitor
Citric acid

‘Hydrazine

Sulfuric acid

Sodium hydroxide

Ammonia

Chlorine

Dispersant

Na3P04 + NazHP04

Hydroxyacetic acid
(HOCH,COQH)
Formic acid (HCO.H)

Dow A-145 (or
equivalent)
HOC(CHzCO,H),, (OgH)

NoHyg, 35% solution

H,S04, 66° Baume

NaOH, 50% commercial
solution

NH3, 29% commercial
solut1on

Cl,

Nalco 7319 or
equivalent

Startup chemical
cleaning*

Startup chemical
cleaning*

Startup chemical
cleaning*

Startup chemical
cleaning*

Condensate and steam
generator :
Auxiliary boiler

Circulating water
Nuclear service
cooling water

Waste neutra]1zat1on
Demineralizer
regeneration

Waste neutralization
Demineralizer
regeneration

Fire protection
corrosion protection

Condensate and steam
generator

~ Auxiliary boiler

River intake
Circulating water
Nuclear service
cooling water
Potable water

Main circulating
water

Nuclear service
cooling water

66,000 1b**

33,000 1b
15,000 1b
4000 1b

31,000 1b

10,000 gal

2000 gal

92,900 gal***

8000 gal
72,000 gal
8500 gal
9000 gal
54,000 gal
2,500 gal

13,300 gal
4600 gal
90,000 1b
300,000 1b
9000 1b
147 1b
27,800 1b

4300 1b

*Chemicals may be used for subsequent‘maintenance cleaning.

xx] 1b = 0.45 kg.

x*XAL 70, 7% plant availability, 105,120 gal/yr at 80% plant ava11ab111ty
(approximate); 1 gal/yr = 3.785 L/yr or 0.003785 m3/yr.

Source:
Vogtle FES

ER-OL Table 3.6-1
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Table 4.3 Summary of circulating water system design parameters for
' two-unit operation*

Parameter ' -Va1de

Main condenser

Condenser tube material

Main section
Periphery

Tube sheet material

‘ Cooling towers

Surface area (ft2) 825,000
, Heat transfer capability (Btu/h) 7951 x 108
. Circulating waterflow (gpm) 484,600
Velocity in tubes (ft/s) 6.32
Tube side inlet temperature (°F) 89
Condenser backpressure (in. mercury abs) 4.4
Cleanliness factor (%) 90

Titanium (ASTM
B338076, grade B)

22 BWG
18 BWG

Aluminum bronze
(ASTM B171, alloy
614)"

Quantity 2 (1 per unit)
Approach (F°) 11
Range (F°) , i3
Water inlet temperature (°F) 122
Water outlet temperature (°F) 89
Volume of water per basin (ft3) 832,000
) Airflow (1b/h) - 175,900,000
Exit air temperature (°F) 110
Exit air velocity (ft/s) 15.8
. Circulating water pump (2 per tower)
* Flowrate (gpm) 242,300
Head (ft) 95

*To convert ft to m, multiply values shown 0.3048; to convert ftZ to m?,
multiply values shown by 0.0093; to convert ft2 to m3, multiply values shown
by 0.028; to convert Btu/h to J/h, multiply values shown by 1055; to convert
ft/s to m/s, multiply values shown by 0.3048; to convert gpm to L/min, multi-
ply values shown by 3.785; to convert °F to °C, subtract 32 and multiply by
0.55; to convert F° to C°, multiply values shown by 0.55; to convert °F to °C,
multiply the values shown by 0.55 and subtract 32; to convert 1b/h to kg/h,
multiply values shown by 0.45. : '

Source: ER-OL Table 3.4-1
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Table 4.4 Water chemistry criteria for cooling tower operation ‘

Criterion, Value

Stability index | 7.0 - 8.0

Cycles of concentration 2.0 - 6.0

pH ’ ‘ | 7.0 - 8.5

Total manganese (ppm as Mn) » <0.2

Corrosion (mil/year) <10

Free avai]able cﬁ]orine (ppm as Cl1,) 0.2 - 2.0 (périodic)

Source: ER-OL Table 3.4-2

o
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Table 4.5 Predicted liquid effluent water quality summary

Main cooling

Low volume

Combined

water system NSCW tower
blowdown blowdown ‘waste effluent
Avg at ‘Max at Avg at Max at

Characteristic* 4 cycles 6 cycles 4 cycles. 8 cycles Avg Max  Avg
F]ow‘(gpm) 5000 2070 65 30 140 1600 10,280
TDS (mg/L) 240 360 435 870 - 640 2100 250
TSS (mg/L) 50 -100 <50 <100 30 100 30
Calcium (mg/L) 30 40 <60 (' <120 17 18 30
Sodium (mg/L) 30 44 50 100 40 , 890 30
Magnesium (mg/L) 14 21 32 64 4 8 14
Iron (mg/L) 1 2 1 2 1 2 1.0
Potassium (mg/L) 8 11 11 22 13 16 8

- Copper (mg/L) <0.1 <0.1 <0.1 <0.1 <1.0 <1.0 «<1.0

. Lead (mg/L) <0.1 <0.1 <0.1 <0.1 <1.0 «<1.0 <1.0
Zinc (mg/L) 0.1 0.2 - <0.3 <0.6 <1.0 <1.0 <1.0
Mercury (mg/L) <0.01 <0.01 = <0.01 <0.01  <0.01 <0.01 <0.01
.Chloride (mg/L) 20 30 10 20 33 50 20
Fluoride (mg/L) 0.3 0.5 <0.1 <0.2 <1.0 <1.0 <1.0
Total phosphorus 1.0 3.0 2 3 <1.0 <1.0 1.0

. (mg/L) _ ‘

Chromium (mg/L) <0.1 <0.2 <0.1 <0.1 <0.1 <0.2 <0.1
0i1 and grease Nil Ni1 Ni1 Ni1 <15 <20 <15

- 5-day BOD** NA NA NA NA <30 <45 <30

(mg/L) | _

Nitrate (mg/L) 2. . 13.0 10 110 1.0
pH 7.0- 7.0- ' 7.0- 7.0- 6.0 6.0 6.0-
' 8.0 8.0 8.0 8.0 - 9.5 9.5 9.0
Alkalinity 95 140 140 ‘290 100 250 100

*Describes the characteristics of the combined liquid wastes after treatment;

i.e., the plant effluent discharged to the Savannah River.

**xB0D = biochemical oxygen demand

Note: Maximuh flow is not necessarily concurrent with maximum water quality
concentration.

Source: ER-OL Table 3.6-2

~ Vogtle FES
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Table 4.6 Power line design features

Line parameters

230-kV lines

500-kV lines

Structure type
Structure material
Nominal height

Nominal span
Conductor type and size

Phase-to-phase clearance
Minimum ground clearance

Guyed H-frame
Galvanized steel

24 to 30 m
(80 to 100 ft)

396 m (1300 ft)

Two-bundled 795,000
cir-mil ACSR*

7.0 m (23 ft)
8.2 m (27 ft)

Four-legged lattice |
Galvanized steel

24 to 30 m
(80 to 100 ft)-

396 m (1300 ft)

Three-bundled 1,113,000

cir-mil ACSR*
8.5 m (28 ft)
10.1 m (33 ft)

*Aluminum cable steel reinforced.

Source: ER-OL Table 3.9-1

-

Vogtle FES
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Table 4.7 Water users possibly contaminated by Vogtle discharges

Plant

(Port Wentworth)

Distance
Current* Projected 2020* from site
With- Return With-

_ drawal Return drawal Return Radial River
User -~ Use (gpm) (gpm) (gpm) (gpm) (miles) mile
Savannah Electric Industrial 176.6 176.6 176.6 176.6 87 131
-and Power :

(Port Wentworth)

Beaufort/Jasper Domestic 3.6 - 0.0 3.8 0.0 70 112
Savannah Electric Industrial 70.0 70.0 70.0 70.0 65 108
and Power : i :

(Effingham) .
Union Camp ‘ Industrial 24.0 =~ 21.6 53.0 47.7 89 134
Savannah Electric Industrial  66.8 66.8 66.8 66.8 90 136 -
and Power ‘ » o
(Riverside) _
Savannah Electric  Domestic *k - - - 90 137
and Power.

(General Offices)

American Industrial 11.1 10.0 24.5 22.1 92 140
Cynanimide _

Cherokee Hill Domestic/  31.3 0.0 41.6 0.0 83 122
Water Treatment Industrial

*Flows represent monthly averages.

**Facility is licensed "domestic," but is not used for consumption.

Source: ER-OL Table 2.1-51, Amendment 1

Vogtle FES
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Table 4.7a Water leve) measurements at observation wells

(before construction postponement of 1974)%

Highest/Lowest Elevation of Ground Water for Year Shown (ft above ms!)

1971

wel | surface 1972 1973 1974
No, Elevation High Low High Low High Low High Low
Observation Wells in Water Table Aquifer
420 209.7 160 154 159 156 161 160 158 157
124 260.3 162 161 163 162 170 167 169 163
129 215.3 1595 . 153 157 154 163 157 160 14y
140 222. 4 161 159 161 160 168 165 165 162
1 230.4 155 154 156 154
142 224.5 153 152 153 152 160 136 158 5y
143 ‘224.5 155 153 155 143 163 161 160 150
145 218.7 161 17 155 151
176 196. 4 160 159 161 160 167 165 164 162
177 213.0 161 161 163 160 170 167 165 162
178 240. 4 159 157 160 157 163 160 159 157
179 275.9 166 154 17 166 174 170 169 165
243 213.0 151 146 148 47 147 146
244 212.6 165 161 160 130 158 156
245 207.6 156 155 163 162 161 159
2u7 211.3 162 159 :
2us 166.8 162 161
249 192.8 160 159 164 162 162 157
. Observation Wells in Artesian Aquifer -
24 216.0 122 116 120 116 123 - 116 122 117
26 203.8 135 100 107 103 107 102 106 104
27 210.0 9u 79 . 90 81 98 82 88 79
29 193.4 107 89 102 97 102 96 99 93
n 211.0 110 101 112 107 121 107 1M 105
32 214.0 107 102 109 105 111 102 106 100
34 86.0 102 101
y2a 210.5 204 82 102 99 111 107 110 105
101A  .210.8 119 117 120 117 121 116 118 113
121 88.0 :
135 200.5 118 104 109 106 110 104
144 103.2 103 86 90 83
17 226.2 118 115 2118 116 185 117 119 116
246 210. 4 118 116 116 11y 113 111
Observation Wells in Mari Aquiclude
428 210.4 187 118 126 118 139 139
y2c 210.0 152 150 156 152 150 150

L

uced from FSAR Table 2.4.12-7.

f

.

Notes

Completed in 1972
Completed in 1972
Compieted in 1972
Completed in 1972.
Completed in 1972
Completed in 1972

Artesian fiow except in 1972.
1971 high/low not considered valid

Artesian flow

Artesian flow

1971 and 1972 data not available

High reading in 1973 not considered valid
Completed in 1972

L 3 ‘III
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Table 4.7a (Conti nued')

: » Quarterly Ground Water LeVeIs_(r; ms 1)
Well = Surface Total Screened Interva]

C " 1979 1980 :
No. Elevation Depth From “To Active 2nd 3rd Lth _1st 2nd 3rd 4th
Observation Wells in the Water Table Aquifer
LT-1A 200.7 77.3 62.3 72.3 Yes (e) (e) 137.6 136.3 1371 136.3 135.8
LT=-7 200.4 - 73.2 58.2 68.2 " Yes (e) (e) 41,9 142.6 140. 4 139.4 140.0
1290}, 215.3 - - 97.0 92.0 - 97.0 Yes 211.7 169.6 204.9 176.0 156.0 147.7 149.9
138 225.1 82.0 0 82.0 No(h) - - - - - - -’
140. 223.5 96.0 81.0 96.0 Noth) - - - - - - -
141 223.6 100.0 90.0 100.0 NoM - - - - - - -
142(0)  224.5 95.0 85.0 95.0 Yes 217.6 222.0 {c) (c) 146.0 145.9 145,.8
177 213.0 80.0 60.0 80.0 No(d) 168.1 158.5 158.6 158.2 159.7 159.3 (d)
179 275.9 131.0 111.0 131.0 Yes 160.2 161.8 161.1 157.9 162.0 161.7 161.1
243 225.2 80.0 60.0 80.0 Noth) - - —_— - - - -
800 215.7 94.0 69.0 89.0 Yes 158.3 159.1 159.0 158.7 160.0 158.5. 199.3
801 214.8 87.5 62.5 82.5 Yes 154.3 154.8 155.8 154.7 155.8 155.3 154.5
802 217.8 94.0 69.0 79.0 Yes 150.5 132.1 150.8 150.7 146.1 151.2 150.6
803A 220.3 87.0 ~ 57.0 77.0 Yes 156.0 155.1 - 15571 " 154.7 134.9 154.7  154.4
804 226.1 90.0 60.0 80.0 : Yes 161.2 14y, 4 161.2 161.0 . 161.4 161.1 160.9
805A 234.7 125.0 95.0 115.0 Yes 152.4 153.0 152.9 121. 1% 137.5 153.3 118.7
8068 217.5 70.0 55.0 65.0 Yes (e) {e): Dry Dry Dry Dry Dry
807A 216.8 80.0  65.0 1 158.1 158.9 158.7 158.1

75.0 Yes - {e) (e) 156.
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Table 4.7a (Continued)

’ ' _ uarteriy Ground Water Levels (ft msl
Well Surface Total Screened iInterval 1979 : 1980
No. Elevation Depth From - To Active 2nd 3rd yth 1st 2nd 3rd 4th

Observation Welis in the Confined Aquifer

26 - 203.8 - 200.0 190.0 200.0 Yes 102.4 103.5 102.9 135.8 102.7 101. 101.
27 209.0 190.0 180.0 190.0 Yes 81.6 82.2 (c) (c) 82.6 Bg.3u B?Tlu
29 193.4 210.0 200.0 210.0 Yes (c) 97.3 96.6 104.0 96.9 94.9 95.4
X} 216.8 210.0 200.0 210.0 Na(q) 107.0 ° 107.9 106.5 111.3 107.1 105.1 105.2
32 217.4 210.0 200.0 210.0 Yes ©107.0 106.5 106.5 109.7 107.17 . 103.8  104.7
33 238.6 . 220.0 210.0 220.0 Yes 96.0 Ory 96.6 93.1 Dry (c) (c)
3y 90.5 - 100.0 90.0 100.0 No(9) - - - - - - . -

246 213.5 230.0 220.0 230.0 Yes 113.5 113.8 112.7 117.2 113.5 1111 111.3

a, Elevations on sheet 1 of this table are'top of PVC riser as surveyed prior to instaltlation of construction
bench marks;.elevatipns on sheets 2 and 3 are top of PVC riser as surveyed in 1984 from construction benchv

marks.

b. Readings are anomolous and not considered reliable; well is considered reparable and will be retained in
the ground water monitoring program.

¢, No-readings taken this period. _
d. Has been or is.scheduled to be sealed and abandoned due to proximity to ongoing, constructton
e, Constructnon of wells completed Oecember 1979 through January 1980.

f. All currently active wells are intended to be permanently retained for the ground water monatorung program,
Some additions/deletions may be required due to construction activities.

g. Well 34 ijs a flowing well located in the flood plain_of the river.

h. Wells were inspected in 1981 and found to be nonfunctional and irreparable. All readings since 1979 are
considered unreliable Well has been seated and deleted from the ground water monitoring program.

¢ ‘ . : ) ‘. 3 .
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Table 4.7b Permeability test results, river faci]ities area

Ground ele- Test Permeabi]ity**

Material deatioh* vation, m (ft) - Depth; m (ft) methqd cm/s x 10% (ft/year)
Alluvial si]ts/clays P-4A 28.8 (94.6) - 0- 2.3 (0 - 7.5) E-19 1.3 (130) '
, ' P-6A 27.6 (90.5) 0- 1.2 (0O- 4.0) E-19 2.5 (260) '
Alluvial sands P-6B 28.0 (91.8) 3.1 - 6.1 (10.0 - 20.0) E-18t 348 (36,000)
- P-6C 28.1 (92.1) 6.1 - 9.1 (20.0 - 30.0) - E-18% 203 - (21,000)
P-6D 28.0 (91.7) 9.1 - 12.2 (30.0 - 40.0) E-18% 260 ‘ (27,000)
Weathered marl P-1 31.1 (102.1) 1.8 - 3.4 (6.0 - 11.0) E-18 (0)
(Lisbon formation) P-1A 31.3 (102.6) 0- 1.8 (0 - 6.0) E-19 0.15 (15)
P-1 32.9 (107.8) 2.1 - 5.2 (7.0 - 17.0) E-18 . (0)
| P-3A 32.9 (107.9) 0- 2.0 (0- 6.5) E-19 0.24 (25)
Marl member P-1 31.1 (102.1) 3.4 - 9.5 (11.0 - 31.0) E-18 _ (0)
(Lisbon formation) P-2 - 31.2 (102.2) 1.5 - 9.1 (5.0 - 30.0) E-18 0.5 (50)+%
p-3 32.9 (107.8) 5.2 - 11.3 (17.0 - 37.0) = E-18 : (0)
P-5 29.4 (96.3) 3.7 - 8.2 (12.0 - 27.0) E-18 0.06 (B)ttt
Lower sand member P-1 31.1 (102.1) 10.1 - 14.6 (33.0 - 48.0) E-18 2.3 (240)
(Lisbon formation) p-2 31.2 (102.2) 9.1 - 15.2 (30.0 - 50.0) E-18 1.8 (1%0)
' P-3 32.9 (107.8) 12.2 - 16.6 (40.0 - 54.6) . E-18 2.4 (250)
P-4 28.6 (93.7) 6.4 - 11.0 (21.0 - 36.0) E-18. - 0.6 (60)
P-5 29.4 (96.3) 8.8 - 16.5 (29.0 - 54.0) E-18 3.3

(340)

*Hole locations are shown on FSAR Figure 2.5.1-11.

**Rounded values.

fModified E-18; cemented casing above test interval.

ttPossible hydro-fracturing of test material.

t1tPossible packer leak.

Source: FSAR Table 2.4.12-9




Table 4.8 . Compériéon of water quality characteristics: ,
Savannah River at River Mile 158

FES-CP ‘ 1979-1983*
Parameter?! Range o Average Range . Average
Temperature, °C . 4.9 - 28.8%2 -- 1.5 - 25.0 17.6
pH, std. units n.d. n.d. 5.3 - 7.7 - »
Dissolved oxygen 6.0- 10.0 7.8 6.7-12.0 9.6
Alkalinity 18 - 30 23.2 0.1.- 25.0 14.8
Hardness 20 - 38 v 30.8 4 - 86 23.7
Total dissolved solids 41.8 - 76.3 59.9 . 31 - 115 55.7
Biochemical oxygen | |
demand n.d. n.d. 1-12 1.9 o
Ammonia 0.0 - 0.56  0.21 0.04 - 0.90 0.13" |
Calcium 4.0 - 9.6 6.5 0.1 - 4.0 2.6
Chloride 0.0 - 17.0 4.8 2.4 - 10.0 6.0 ‘
Iron (total) 0.12 - 0.48  0.30 0.01-2.00 0.34
Manganese 0.0- 0.0 0.0 0.07 - 0.30 0.12 v
Nitrite and nitrate 0.0 - 0.48%  0.28% 0.03 - 4.00 0.72
Phosphorus (total P) 0.0 - 0.22  0.09 0.02 - 400 0.37 |
Sodium | 4.2 - 9.8 7.3 0.1~ 15.0 8.6 .
sulfate 2.1-18.8 7.3 2.0-10.0 5.9

1A11 values in mg/L unless otherwise noted.

~ 2From Burton's Ferry Bridge, 36.2 km (22.5 miles) downstream of plant
site. _ ‘

3Nitrate only.
n.d. = no data.

*Source: Savannah River Plant, 1980, 1981, 1982, 1983, and 1984.
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Table 4.9 Habitat losses associated with plant construction through 1984

4

Hectares, Hectares . :
Stand 1972 _ cleared Percent
number* Stand type (acres) (acres) cleared
1 Sandhi1l hardwood-pine 475 (1175)** 166 (411) 35
2 Sandhill hardwood- : ’ .
planted slash pine 289 (713) 166 (409) 57
3,4,5 Branch hardwood 85 (210) 19 (48) 22
6 Cove hardwood 6 (15) 2.4 (6) 40
7 Slash pine plantation - 60 (149) 21 (52) 35
(18 to 23 years) ,
8 Slash pine plantation . 4 (10) 4 (9) 100
(10 years)
9 Bluff hardwood 25 (61) 2.4 (6) 10
10 Bottomland hardwood 22 (55) 1 (2) 5
11,12,13 Sandhill longleaf pine 17 (41) 0.1 (0.2) 1
14 Pond 2 (4) ' 0 .0
15 Cleared sandhill . 114 (281) 88 (218) 77
16 Fields 178 (440) 112 (276) . 63
17 Roads 6 (16) -- -
TOTAL 1283 (3170) 581.9 (1437) 45%**

*As designated in Candler, 1983.
X*Subsequent to 1972, 3.3 ha (8.1 acres) were so]d reducing the sandhill
hardwood-pine to 475 ha (1175 acres).

*xx%Total clearing through comp]et1on of construct1on is expected to be 47% of

site acreage.

Source:

Vogt]e FES

Candler, 1983; ER-OL 2.2.1.2.
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Table 4.10 Land use for

Vogtle transmission line corridors,

hectares (acres)

Classification of right-of-way iand

Wooded Fields and

_ . cultivated
Line Pines Hardwoods land ‘Wetlands Urban
Scherer 500-kV Yine'

Vogtle to Wadley 113 (280) 94 (232) 91 (224) 3 (7) --

Wadley to Wallace Dam 170 (419) 126 (310) 104 (257) 5(13) 2 4

Wallace Dam to Scherer 216 (534) 127 (313) 39 (96) 6 (16) 2 (5)

Total 499 (1233) 347 (855) 234 (577) 15 (36) 4 (9)
Thalmann 500-kV 1ine* '

Vogtle to Effingham 165 (408) 184 (455) 156 (385) 33 (82) --

Effingham to Thalmann 351 (866) 296 (730) 3 (8) 78 (192) 1 (2)

Total 516 (1274)»_480 (1185) 159 (393) 111 (274) 1 (2)
Goshen 1, 2, and 3 .

230-kV lines** 111 (275) 89 (220) 50 (123) 10 (25) 1 (2)
South Carolina Electric | |

and Gas 230-kV Tine 68 (168) 26 (64) 2 (5) 15 (36) --

Total

1195 (2950) 942 (2324) 445 (1098) 151 (371) 5 (13)

*About 107 ha (263 acres) of wooded wetlands were included in both

and wetlands categories.
wetlands categorles

Source:

Vogtle FES

ER-OL Table 3.9-3.

- 4-58

the wooded .

x*Ahout 7 ha (17 acres) of wooded wetlands were included in both the wooded and



e

|

T

5 ENVIRONMENTAL CONSEQUENCES AND MITIGATING ACTIONS
5.1 Résufie |

This section evaluates changes in environmental impacts that have developed
since the FES-CP was issued. Section 5.2.1 discusses increased land use at the
plant site, and Section 5.2.2 discusses the applicant's proposal for the trans-
mission line crossing of Ebenezer Creek Swamp. Section 5.3 indicates that the
average rate of water used by the two Vogtle units is about half that of the
four-unit fac1]1ty presented in the FES-CP. Additionally, Section 5.3.2.2 dis-
cusses changes in the river thermal plume due to the change from a multiport to
a single-port discharge, Sections 5.3.2.3 and 5.5.2.1 discuss generally lower
chemical discharge concentrations, and Section 5.3.3 discusses floodplain im-
pacts. Section 5.5.1.2 discusses terrestrial impacts associated with transmis-
sion lines and notes a change in the staff position since the FES-CP was issued
to allow spraying of herbicides from helicopters. Improvements in the impact
on aquatic resources (Section 5.5.2) include less impingement and entrainment
due, in part, to design changes. An increase in the number of plant operat1ng
staff members and their pay changes the socioeconomic impacts, as discussed 1n
Section 5.8.

Information in Section 5.9 on radiological impacts has been revised to reflect
knowledge gained since the FES-CP was issued. The material on plant accidents
contains information that -has been revised and updated, including actual expe-
rience with nuclear power plant accidents more severe than design-basis acci-
dents and the lessons learned from the accident at Three Mile Island Unit 2.
Information on the environmental effects of the uranium fuel cycle, decomm1s-

'sioning, and operational monitoring programs is also provided.

5.2 Land Use
5.2.1 Plant Site

PrOJected impacts on land use at the plant site were evaluated in FES-CP Sec-

- tions 4.1 (construct1on) and 5.1 (operation), and current land use on the site

is described in Section 4.2.2 of this statement. Plant construction has re-
quired about 200 ha (494 acres) more land for spoil, stockpile, and borrow ar-
eas than expected at the CP stage. (After construction is completed this land
will be revegetated and managed for forestry and wi]d]ife;) During plant oper-
ation, permanent facilities--including the plant, transmission lines, roads,
and m1sce1]aneous structures--w1]] occupy from 247 to 338 ha (610 to 835
acres).

The only aspect of normal p]ant operation that has potential for land use im-
pact at the site is the emission of drift from the cooling towers and the ‘
deposition of this drift -on agr1cu1tura] lands in the vicinity. This potential

offsite impact is evaluated in Section 5.5.1 of this statement; the staff has
concluded it will be inconsequential. Residential, industrial, highway, and-

Vogtle FES o 5-1



recreational land uses are not expected to be affected by cooling tower ‘
emissions. _

- 5,2.2 Transmission Lines

The effects of transmission Tines on land use were evaluated in FES-CP Section
4.1.2 (construction) and 5.1.2 (operation). The applicant's plans for trans-
mission lines have changed since the FES-CP was issued and Units 3 and 4 were
canceiled. One change is the addition of a transmission line that will cross
Ebenezer Creek Swamp, an area designated by the U.S. Park Service as a National N
Natural Landmark and by the State of Georgia as a scenic river. As proposed

(ER-OL Table 3.9-2), the line would have a 448-m (1471-foot) span between 43-m
(140-foot) high towers, with a clear-cut corridor 45.7 m (150 feet) wide across

the swamp. In the fo]]ow1ng discussion, this proposal is referred to as the
"clear-cut plan." .

The staff had determined that the applicant's clear-cut plan would have had a
detrimental and essentially irreversible environmental effect. Thus, the staff
asked that the applicant provide an analysis of alternatives.

The applicant responded on August 24, 1984 with a report on alternatives and
mitigative actions (Foster, August 1984) This report. considered five alterna-
tives for crossing Ebenezer Creek Swamp area, but stated that these alterna-
tives were "based on very preliminary stud1es and in no way means that the
alternative routes would prove to be feasible when subjected to more extensive
study.” Of the five alternative routes, the applicant provided the approximat
additional cost for alternatives A and B (shown on Figure 4.12 of this state-
ment), which cross the creek in less sensitive areas. Alternative B would
entirely avoid the landmark; alternative A would cross the landmark at its
western boundary. The add1t1ona1 cost for alternative A would be approx1mate1y
$600,000, and for alternative B $1,250,000 more than the clear-cut plan.

The applicant (Foster, August 1984) modified the c]ear-cUt plan, retaining the
location of the line as originally proposed, but changing the "clear-cut" feature
by adding a mitigative measure. This mitigative measure would substitute tall-

er towers at closer intervals for the two towers closest to Ebenezer Creek.

One of these two would be sited inside the landmark area, 146 m (480 feet) .
north of the creek. The taller towers would span a 213-m (700-foot) portion of

the creek and swamp. A 7.6-m (25-foot) minimum clearance would be maintained
between the conductors and the tree tops by trimming trees as needed. This

- modification increased the applicant's prOJected cost of the line by approxi- :
mately $97,000. -

In its review of the applicant's revised proposal, the State of Georgia Depart-
ment of Natural Resources found that the line crossing Ebenezer Creek would not
have any adverse impact on the fish and wildlife resources (Ledbetter, 1984,
reproduced in Appendix J of this statement).

The U.S. Department of the Interior (Fish and Wildlife Service and the National
Park Service) also reviewed the impacts of the alternative transmission line
crossings on the National Natural Landmark and provided the results of its

review by letters dated September 24 and 25, 1984 (see Appendix J). The'Depar’
ment of the Interior recommended that alternative A or B be selected. '

A\
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Copies of these reviews were provided to the app]icaht.

By October 10, 1984, the applicant completed the evaluation of alternative

_ routlngs and submltted a letter further modifying the measures for mitigating
the impact of crossing Ebenezer Creek Swamp (Foster, October 1984). As noted
in the October proposal, the applicant, will build three 59-m (195-foot) (50 m
(165 feet) to the conductor attachment) towers. One will be on the bluff on
the south edge of Ebenezer Creek Swamp, the second 450 m (1475 feet) north on
the north edge of the large cypress and tupelo gum stands (station 124.00), and
the third 366 m (1200 feet) further north, at station 135.00. The tower at
station 124.00 is about 238 m (780 feet) north of Ebenezer Creek. The towers -
at stations 124.00 and 135.00 are inside the National Natural Landmark area. In
addition, there is a 53-m (175-foot) tower outside the National Natural Land-
mark area, on the north edge.

The use of these taller towers will result in conductor clearances sufficiently
high that there will be no need to trim or cut any of the trees in the right-
of-way, except for the small working area to be cleared for placement of the
tower at station 124.00. This change is responsive to the September 24, 1984
letter from the National Park Service (see Appendix J), which regards ". .the
construction of larger towers as essential to prevent the destruct1on of the
delicate ecosystem closest to the creek."

The.base of this tower will occupy an area of approximately 18 x 18 m (60 x

60 feet) and the working area around the base is necessary to allow access dur-
ing construction. A total of 30 x 30 m (100 x 100 feet) will be cleared. The
vegetation within the area to be cleared consists primarily of second growth
bottomland hardwood and thus the impact on the landmark would be minimal. To
minimize the area to be cleared, the tower will be constructed using a crane or
a combination of crane and he11copter Access to the tower construction area
will be gained-by selectively clearing a corridor no more than 6 m (20 feet)
wide along the right-of-way from 01d Augusta Road to the tower site. In clear-
ing of this corridor, larger trees within the right-of-way will be avoided.

The applicant also stated that an old 1ogg1ng road from the 01d Augusta Road

to the r1ght—of-way would be used to gain access to the tower construction area
if perm1ss1on could be obta1ned from the property owner.

During the construction of the tower and the associated corridor, the require- -
ments of the U.S. Army Corp of Engineers for work in wetlands will be met.

During the life of the project, any maintenance trimming of the trees within
the landmark areas necessary to maintain conductor clearance will be done by
hand. The initial conductor clearance is such that 1.5 to 3 m (5 to 10 feet)
of growth would be required before any maintenance trimming would be needed.

On the basis of the maturity of the trees in the landmark area, it is unlikely
that growth will be enough to require trimming. The applicant estimates that
the modifications proposed in October (Foster, October 1984) will cost approxi-
mately $100,000 more than the clear-cut plan.

With the October proposal (ibid) the applicant included an updated evaluation
of the alternate route.around the swamp (alternative A, Figure 4.12) provided
in the August evaluation (ibid). Alternative A would cross Ebenezer Creek -
parallel to an existing transmission line owned by another utility on the
western boundary of the National Landmark. From this crossing to the proposed

Vogtle FES 5-3




Effingham substation, the existing l1ine is in close proximity to several house‘

To route a 500-kV l1ne parallel to the existing line would requ1re purchasing
those homes or going around them. The former would result in higher cost and
more impact on the community, while the latter would result in much higher cost
due to the additional length of the 1ine and angle structures required.

The cost estimates for the alternative routes for Ebenezer Creek Swamp included
in the August evaluation (ibid) had only included the incremental costs for
construction as compared to the clear-cut plan. The estimate for alternative A
(Figure 4.12), as revised in October, included the cost of land, surveying, and
- clearing. On the basis of this revision, alternative A would cost $1,387,000
more than the clear cut plan.

The Department of the Interior (Fish and Wildlife Service) has reviewed the
applicant's October 10, 1984 proposal and has concluded that this proposal
resolves its earlier concerns (Eudaly, 1984, reproduced in Appendix J of this
statement). A biologist from the Fish and W11d11fe Service inspected the pro-'
posed Ebenezer Creek crossing site and discussed the October proposal with the
“applicant's ‘representatives. On the basis of this inspection and review, the
Fish and Wildlife Service made one additional recommendation: any permanent
water sloughs, or defined channels, should be crossed with box-type or other
~large culverts to allow free flow of water through the swamp. The applicant
will adopt this recommendation and has also obtained permission to use the old
logging road from the 01d Augusta Road to tower station 124.00 (Hood, 1984)

Installing taller transmxss1on towers at the or1g1na1 cross1ng, but in the man
ner currently proposed by the applicant, would considerably reduce the detri-
mental environmental impact. The remaining adverse impacts are deemed by the
- staff to be minor and are attributed to some cutting of trees to accommodate
the erection of one tower inside the landmark boundary and creating a small
visual intrusion into the area. Thus, the staff concludes that the environ-
mental impact associated with the alternate routing is substantial and would
result in the avoidance of only minor adverse impacts within the landmark,
considering the mitigating actions associated with the applicant's proposed
plan. Therefore, the staff agrees with the app11cant s plan for crossing
Ebenezer Creek Swamp

The primary land covers affected by the power lines outside the Ebenezer Creek
Swamp area are forests, because line-to-vegetation clearance must be maintained
on the right-of-way. Various aspects of transmission 1ine operation (e.g.,

ozone production) have the potential for impact on land use through effects on .

hiota; these potential effects are evaluated in Section 5.5.1.2. None of these
potential impacts is expected to be of any consequence to agricultural or other
land uses in the area. Cultivation and grazing can continue beneath the lines
as they did before the construction of the lines, although the tower bases will
eliminate a small area of land from these uses, possibly including some small
areas of prime farmland. No permanent access roads will be maintained along
the right-of-way (ER-OL Section 5.5.2). '

5.3 Water Use

A

The two units of the Vogtle plant will consume surface water from the Savannal‘

River and groundwater from the Tuscaloosa aquifer (Sect1on 4.2.3). At the
average rate of use, consumption of the river water is 1.2% of the 164 m3/s
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(5800 cfs) guaranteed flow and 0.6% of the average flow (292 m3/s (10,300 cfs)).
These consumption values, on a per unit basis, do not differ appreciably from
those presented in FES-CP Section 5.2. - '

5.3.1 Water Use Impacts
5.3.1.1 Surface Water

Station operation will not sighificantly alter the hydrological characteristics
of the Savannah River. Water will be supplied from an intake structure on the
west bank of the Savannah River to the natural draft cooling tower basins (cir-
culating water system) to compensate for evaporation, drift, and blowdown losses.
River water may also be provided for radwaste dilution when required and for an
alternate to the normal well water supply for the nuclear service cool1ng water
(NSCW) tower basins. The average rate of water withdrawal from the river is
1.3 m3/sec (45 cfs) per unit. The average rate of withdrawal from the river is
only 0.4% of the average river flow of 292 m3/sec (10,300 cfs). This will not
create any significant alteration in river flow patterns nor will it affect
downstream users. :

The discharge structure for the plant is directed into the Savannah River at
about river mile 151. The velocities of the effluent at the discharge point
are such that some physical effects occur. The maximum discharge rate of

3.5 m3/sec. (123 cfs) produces an initial centerline jet velocity of 11.9 m/sec
(39 fps). The velocity decreases to 3 m/sec (10 fps) within 9 m (30 feet) of
the discharge centerline and to 1.5 m/sec (5 fps) within 15 m (50 feet) of the
discharge.

The water depth within 9 to 15 m (30 to 50 feet) from the discharge point is
only 3.7 m (12 feet). The boundary effects at the river bed begin approximately
9 m (30 feet) along the plume centerline from the discharge point because of the
width of the jet plume and depth of the river. The jet causes only minor local
scouring of the river bottom, which should be tolerable because the river is
alluvial in nature. Similarly, the surface boundary effects begin approxi-
mately 9 m (30 feet) from the discharge point and diminish to less than 1.2 m/
sec (4 fps) within 15 m (50 feet). The large discharge rates and associated
high discharge velocities are 1nfrequent and of short duration because they
occur only when dilution flow is used: :

Consumptive water use--principally the result of evaporative and drift losses
from the cooling towers--will have a negligible effect on the Savannah River
because the average consumptive use rate of 1.9 m3/sec (67 cfs) is only 0. 6%
of the average river flow of 292 m3/sec (10,300 cfs) or 1.1%¥ of the minimum
required navigation flow of 164 m3/sec (5800 cfs).

Drainage paths for site runoff have been modified as a result of construction

of the plant dra1nage system. In the immediate vicinity of the plant, the grade
is sloped to a series of collection ditches and a stormdrain system. A1l ditches
are paved, and once paving and vegetative cover is completed, the. sedimentation
rate to the Savannah River will probably be less than the preconstruction rate.

-5.3.1.2 Groundwater

Groundwater used by Vogtle during operation (for makeup, drinking water, and
the like) will be obtained from wells that draw groundwater from the Cretaceous
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~ aquifer system at a maximum rate of approximately 8705 L/min (2300 gpm) and ‘
at an average rate of approximately 3180 L/min (840 gpm). Because of the large
capacity of the groundwater aguifers (see Section 4.3.1.2), this small use rate
will have an insignificant effect on this large regional aqu1fer supply. There
should also be no effect on other users in the vicinity of the plant.

5.3.2 Water Quality
'5.3.2.1 General

The Savannah River in the plant vicinity is classified as "fishing" by the
State of Georgia (ER-OL Section 5.1). Criteria for this classification are as
follows: dissolved oxygen daily average of 5.0 mg/L and no less than 4.0 mg/L
at any time; pH within a range of 6.0 to 8.5; bacteria (fecal coliform) not to
exceed a geometrwc mean of 1000/100 mL and a maximum of 4000/100 mL; water tem-
perature .not to exceed 32°C (90°F) and the temperature of the receiving water.
at no time to be increased by more than 2.7°C (5°F) above the intake tempera-
ture; and no added concentrations of toxic wastes or other deleterious materi-
als that would be harmful to humans, fish, game, or other beneficial aquatic
1ife (ER-OL Section 5.1.1). A mixing zone is permitted if it will not create
an objectional or damag1ng pollution condition.

The discharges from the Vogtle plant will be regu]ated by the State of Georg1a
through the NPDES permit requirements (see the NPDES permit in Appendix E).
The EPA effluent limitation guidelines for the steam electric power generating
point source category (40 CFR 423), which constitute the minimum standards of
performance for pollutant sources in this category, provide guidance for
effluent Timits established in the NPDES permit (see Table 5.1).

5.3.2.2 Thermal Effects

The State of Georgia has determined that temperature limits of a maximum of
~32.2°C (90°F) or an increase of 2.7C° (5F°) above ambient will be met and has
not specified a mixing zone in the discharge permit.

For two-unit discharge (4.2 x 104 L/min (1.1 x 104 gpm)) into the minimum
guaranteed river flow at the site (9.8 x 107 L/min (2.6 x 107 gpm)), the appli- .
cant's estimate of the phys1cal character1st1cs of the thermal plume is as

shown in Table 5.2. :

The staff's appraisal of these values accompanied Amendment 3 to Vogtle Con-
struction Permits CPPR-108 and CPPR-109 on January 29, 1982. It indicated that *
the applicant's analysis was accurately performed and interpreted. The staff's
estimate of the volume of the winter 2.7°C (5°F) plume coming from the submerged
multiport diffuser was 90.6 m3 (3200 ft3), based on the total plant discharge

of 35,960 L/min (9500 gpm) estimated in the FES-CP. The staff estimated (ibid)
that the benefits as the result of the change from a multiport to a single-port
discharge would be: (1) the thermal plume would be smaller, (2) the plume would
not impinge on the shoreline on the Georgia side of the river, and (3) the total
width of the river affected by the thermal plume would be less than that that

would have been affected by the multiport diffuser design. ‘
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5.3.2.3 Chemical Effects (NPDES Outfall Serial Nos. 001A and 001B)

The predicted types and concentrations of chemical discharges from plant opera-
tion are discussed in Section 4.2.6.. The preoperational cleaning/flushing and
hydrostatic testing waste waters are planned to be one-time treatments of the
plant cooling water systems. The chemical treatment of these waters is shown
in Table 4.2, and the staff has determined that they will not cause water qual-
ity in the river to exceed the assigned water quality criteria or create condi-
tions harmful to aquatic biota. The staff reached this conclusion because
these wastes will be sampled, treated as needed, and d1scharged to the river at
a controlled rate for this one-time use.

The revised estimates of the amounts and concentrations of wastes to be dis-
charged to the river by the Vogtle chemical waste treatment system during oper-
ation are in Tables 4.2 and 4.5. The discharge concentration values are ‘
generally lower than those given in the FES-CP. -These wastes are released into
the cooling tower blowdown line after treatment. Treated waste discharges are
intermittent, and the treated wastes are released at a rate that is small com-
pared to the cooling tower blowdown flow rate. Dispersion of the plant dis-
charge when it mixes in the river will reduce the concentration of these
pollutants. These characteristics, in combination with the lower concentration
factor of the cooling systems and the reduction in plant size from four units
to two units, are not expected to result in adverse water quality in the river
or violations of the assigned water quality standards. For those wastes that
will be treated before release to meet an established EPA effluent guideline or
state water quality standard, the applicant has designed a physical/chemical
treatment scheme that is expected to produce effluents in compliance with the
applicable requirements before release to the blowdown 1ine.. Provisions have
been made for holdup and sampling of these effluents before release to the
blowdown line to ensure compliance with applicable limitations set by the NPDES
permit.

The use of chlorine for biofouling control will result in the discharge of
chlorine-containing compounds in the cooling tower blowdown (Section 4.2.6).
The applicant plans to control the addition of chlorine to the cooling system
of the unit be1ng chlorinated so that the free available chlorine (FAC) in the
‘plant blowdown is equal to or less than the concentrations perm1tted by the
applicable EPA regulations. The applicant states that experience with other
cooling tower-equipped power plants in the region shows that these units usual-
ly operate so that the total residual chlorine (TRC, the sum of the FAC and the
combined available chlorine) concentration in the plant blowdown does not ex-
ceed 0.1 mg/L. The applicant estimates that the concentration of TRC in the
blowdown will be in this same range (0.1 mg/L or less).

Applicable EPA regulations and the NPDES permit currently 1imit only the FAC
concentration in the cooling tower blowdown of each unit after the dechlorina-
tion chamber. The stated limit (0.2 mg/L FAC average concentration, 0.5 mg/L
FAC maximum concentration) allows higher levels of residual chlorine in the
blowdown than those expected by the applicant. (The applicant's expected TRC
discharge concentration is the same as that recommended by the staff in the
FES-CP to avoid adverse impacts on receiving water quality.) Available data
from operating power plants indicate that residual chlorine in cooling tower
blowdown is almost exclusively comprised of combined available chlorine.. The
staff believes that FAC concentrations are typically below detectable limits in
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the blowdown from the unit being chlorinated because (1) chlorine biocide addi-

tion is often controlled by measurement of residual concentration in the con-

denser outlet waterbox thereby minimizing chiorine addition; (2) the chliorinated
cooling water is exposed to air, sunlight, and biological growths in the cooling
towers; and (3) the chlorinated water is typically sampled in the cooling tower
basin before it is discharged (with provision to terminate blowdown from the -
unit being chlorinated until the residual chlorine concentration falls within

the NPDES 1limit). :

The EPA regulations and the NPDES permit prohibit the discharge of detectable -
residual chlorine from either unit for more than 2 hours in any 1 day, unless
the permittee demonstrates that the units cannot operate within the restriction.
The applicant's current plans for the chlorination of the condenser circulating
cooling water system are for one to three intermittent biocide additions for a
total of up to 2 hours per day per unit. The releases from this system (blow-
down and drift) are much less than the circulating water flow rate, and the
system volume is large compared to the blowdown volume during the app11cat10n
period. A finite time beyond the termination of biocide addition is requ1red to.
completely change the contents of the system. Thus, assuming complete mixing
of a substance added to the system, the presence of the biocide (although at a
reduced concentration) could be expected in the blowdown and drift for per1ods
beyond the time of its addition to the system.

The practicable field detection 1imit for TRC in power plant cooling waters has
been variously reported to be in the range of 0.03 mg/L (EPA, 1980 and 1983) to
0.085 mg/L (NUS, 1980). Because this lower limit of detectability may be con-
siderably below the concentration necessary for effective biofouling control in.
the condenser and cooling tower fill areas of the cooling system, and assuming

the period of addition and expected concentration are as discussed above, the

staff expects that use of the dechlorination system or temporary suspension of
blowdown may be necessary after the system is chlorinated to comply with this
-discharge limitation, recognizing the nonconservative (i.e., reactive) nature

of residual chlorine biocide.

Operational problems were not reported in a recent survey of nuclear power
plant chlorination practices at plants using this latter form of control (NUS,
1980). The need for TRC concentration reduction measures will depend largely
on the initial residual chlorine concentration in the blowdown and on the
site-specific lower 1imit of detectability of the monitoring method used at
Vogtle, as approved by the state.

The applicant currently plans to chlorinate the condenser circulating waters of  «
only one unit at a time. This operating scheme is consistent with the recently
promulgated EPA final effluent limitations guidelines, pretreatment standards,
and new source performance standards for the steam electric power generating
point source category (EPA, 1982) as they apply to residual biocide discharged
in cooling tower blowdown. However, this limitation does not appear in the
NPDES permit. Employment of the nonsimultaneous chlorination scheme provides
residual chlorine reduction in common discharges by dilution with the unchlori-
nated discharge water and by reaction with chlorine-demanding substances in-the
unchlorinated waters when both units are operating. Because residual chlorine
is toxic to freshwater 1life and, therefore, is controlled by state water stan-
dards, these reduction mechanisms are important (1) in attaining water quality
that meets applicable standards within the mixing zone and (2) in minimizing
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the volume of water in the v1c1n1ty of the discharge that could contain residual
chlorine concentrations deleterious to aquatic 11fe

5.3.244 Rad101og1ca1 Effects

Radiological impacts from routine operations are discussed in Section 5.9.3.
This discussion indicates that there will be no impact on groundwater and neg-
ligible effects on users of surface (river) water. Radiological impacts from
postulated accidents-are discussed in Section 5.9.4. That discussion includes
(in Section 5.9.4.5 (4)) a discussion of releases from a postulated core
meltdown to the local groundwater system.

FSAR Section 15.7.3 presents an analysis of the rupture of the recycle holdup
tank, which is located at elevation 36 m (119 feet) inside the auxiliary build-
ing. This analysis represents a worst case release for potential offsite impact
of design-basis events. The analysis assumes instantaneous entry of all-of the
radioactive liquid to the water table aquifer through postulated cracks in the
auxiliary building. This assumption is not only conservative from the stand-
point of neglecting the confining effect of the auxiliary building walls and
base slab, but also from the standpoint that the auxiliary building is set into
the impermeable marl whose upper surface is at approximately elevation 40 to
41 m (132 to 135 feet). Contaminants would therefore tend to be trapped in a

""'pocket" in the marl formed by the auxiliary building basemat. The analysis
demonstrates that the concentrations of the postulated accidental release of
radioactive effluents from the tank would not exceed 10 CFR 20 limits at the
‘nearest surface water intake. The staff review of this tank analysis will be
presented in the SER.

Other possible accident scenarios include surface spills and pipe breaks. All
such scenarios are enveloped by the analysis for the recycle holdup tank because
releases from this source have been assumed to instantly enter the water table
aquifer, whereas surface spills and pipe break releases would have to percolate
downward through the unsaturated zone before reaching the water table. The
analysis of the recycle holdup tank, in turn, is enveloped by the analysis of a
core melt release in Section 5.9.4. '

5.3.3 Floodplain Impacts

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

The areas of hazard related to the 1% chance flood in the Savannah River in the
vicinity of Vogtle are shown in Figure 5.1 (U.S. Geologic Survey, 1964, 1965).
The flood profiles at various points on the Savannah River for d1fferent proba-
bilities of flood occurrence are shown in Figure 5.2.

The main plant facilities (such as the powerblock and cooling towers), as shown
on Figure 5.1, are above the 100-year flood zone. The intake structure with
canal, the barge unloading facilities, the site runoff flume, and the site dis- -
charge pipe, also shown on F1gure 5.1, are located within the 100-year f]ood zone.

The river intake structure is located at river mile 151.1. Figure 5.2 shows that
the 100-year flood (about 4950 m3/sec (175,000 ft3/sec)) will result in a flood
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elevation of about 107 feet ms1 at the intake structure. At the 100-year flood ‘
elevation, the width of the river in the vicinity of the intake structure is

about 3660 m (12,000 feet) and the preconstruction cross-sectional area is about
22,300 m2 (240,000 ft2). Modifications of the floodplain as a result of the
construction of the intake structure resulted in a cross-sectional area reduc-

- tion of about 186 m2 (2000 ft2) at the 100-year flood 1eve1 This is slightly
less than 1% of the preconstruct1on area.

The 186-m2 (2000-ft2) area reduction resu]ting from construction of the intake
structure would induce increased stages upstream of the intake. structure of
less than 3 cm (0.1 foot) dur1ng the 100-year flood event. This minor stage
variation is insignificant in comparison to the wide floodplain and large d1s-
charge associated with the 100-year flood event.

Virtually no obstruction to flow results from the barge unloading facility,

the site runoff flume, and site discharge pipe. No significant effect on flood
flows or flood levels in the Savannah River will result. Thus, the staff con-
siders the effects of the presence of the Vogtle facilities on the 100-year
floodplain to be negligible and, therefore, the fac111ty is in compliance with
the intent of Executive Order 11988

5.4 Air Quality
5.4.1 Fog and Ice

marily of waste heat and water vapor. The staff concluded in the FES-CP that
"operation of the natural draft cooling towers at Vogtle would not measurably
increase ground fogging in the area." In addition, in the FES-CP the staff
provided estimates of the visible plume from the natural draft cooling towers
for "average" conditions. These estimates indicated a small visible plume,
dissipating.very quickly downwind of the towers. With the reduction in plant
size from four units to two units, even these slight effects will be lessened.
Thus, the staff reaffirms its FES-CP conclusion that the impact of the coo]wng
towers on climatic conditions will be negligible.

Atmospheric emissions from the natural draft cooling towers will consist pri- .

5.4.2 Other Emissions _ | ' ’ -

As indicated in the FES-CP, nonradicactive pollutants (e.g., sulfur dioxide

and nitrogen oxides) produced by operation of emergency diesel generators and
auxiliary boilers should not significantly degrade air quality in the vicinity of
the plant. As stated in ER-OL Section 3.7.2, the applicant has agreed to oper-
ate the auxiliary boilers in accordance with a State of Georgia permit (Current,
1981) to limit emissions. The applicant has further stated in ER-OL Section 3.7.3
that the State of Georgia (Ledbetter, 1981) exempted the diesel generators from
air quality permitting requirements because of their low rates of emissions.

<.

5.5 Terrestrial and Aquatic Resources

| 5.5.1 Terrestrial Resources

5.5.1.1 Cooling Tower Operation ' _ o .

Natural draft cooling towers have the potential to impact terrestrial resources
in the following ways: (1) increased ground-level fogging and icing resulting
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from water droplets in the cooling-tower drift may interfere with highway traf-
 fic; (2) plumes and enhanced cloud formation may cause increased precipitation
and ground-level shading; (3) vegetation may be adversely affected by increased
icing or by the salts contained in the drift deposited on soils or directly on
foliage; and (4) wildlife may be affected indirectly by impacts of drift on
vegetation and, in the case of birds, collision with towers.

The impacts of natural draft cooling towers have been addressed by many pub-
lished studies (see Carson, 1976; Talbot, 1979; and Wilber and Webb, 1983). A
survey of Titerature on cooling towers (conducted by the staff for the purposes
of this review) found no studies that detected s1gn1f1cant impacts on plants or
animals. On the basis of these studies and recognizing that hundreds of natural
- draft cooling towers (the majority of these in Great Britain; Carson, 1976) .
have operated for many years without significant impact, the staff would expect
that operation of the Vogtle cooling towers will have no significant impact on
terrestrial resources. Increases in ground-level fogging, precipitation, icing,
cloud formation, and associated shading, and their effects on productivity of
. vegetation, crops, and animal life at Vogtle are, therefore, expected to be
inconsequential.

The primary environmental stress identified with natural draft cooling towers
is the deposition of the salt-bearing drift on foliar surfaces and soils. This
deposition has the potential for damaging or reducing productivity of native,
exotic, and agricultural plants. The composition of the drift is equivalent to
that of the circulating water. The concentration of substances in the circu-
lating water is shown in Table 4.5. The substance of particular interest with
regard to its potential for damage is the chloride ion. The other constituents
listed in the table are either at such low concentration as to be neg]1g1b]e or
are potentially beneficial.

Studies ‘indicate that at sodium chloride deposition rates of about 100 kg/ha
per year (90 1bs/acre per year) agricultural productivity may be reduced
(NUREG-0555; Mulchi and Armbruster, 1981). Deposition rates would have to be
much higher for deposition to cause plant deaths.

At the CP stage, the applicant estimated a deposition of 342 kg/ha/year (305 1b/
acre/year) for two-unit operation based on a conservative drift rate of 0.015%
of the circulating water flow rate, a high dissolved solids concentration, and
the assumption that all deposition would occur within 1.6 km (1 mile) of the
site. The staff prediction at the CP stage was 2.6 kg/ha/year (2.3 1b/acre/year)
using the average expected value of 0.008% for the drift rate, and 300 mg/L for
the TDS, and assuming all deposition occurs within 4.8 km (3 miles) of the site.

- The staff then concluded that deposition effects on terrestr1a1 ecosystems would
be negligible.

The applicant, in the ER-OL, refined its cooling tower drift analysis to incor-
porate current design parameters for drift rate and cycles of concentration and
to reflect more typical drift dispersion behavior. To predict the drift deposi-
tion rate for the two Vogtle cooling towers, the applicant obtained the resuits
~of modeling studies from four other power plants with similar cooling towers.
Table 5.3 identifies the other sites and shows the total rate of salt emissions
from the towers at each site. The applicant has assumed that the deposition
pattern at Vogtle will be similar to that at the other sites, and has made minor
“corrections to account for differences in wind direction distribution. - Based .
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on the data for the four plants and on meteorological data for the Vogtle site
the applicant predicted that maximum annual dissolved solids deposition rates ‘
for the two cooling towers will be 13 kg/ha per year (17 1b/acre per year) on

the site and 17 kg/ha per year (15 1b/acre per year) adjacent to the site.

Ab?ut one-seventh of this is the potentially damag1ng constituent sod1um

ch or1de ' - : "

Results of other cooling tower modeling studies reviewed by the NRC staff indi-
cate that these estimates are reasonable (NUREG-0884, NUREG-0974). The deposi-
tion rates will decrease rapidly with distance from the site. For example, the
solids deposition rate 1 km (0.6 mile) from the cooling towers is expected to
be below 50 kg/ha per year (45 1b/acre per year). Even if it is assumed that
all drift is deposited within 1 km (0.6 mile) of the coo]ing towers, the

solids deposition rate averaged over the entire area is only 47 kg/ha per year
(42 1b/acre per year) (calculated from the data in Table 5.3, assuming a plant
capacity factor of 0 8).

After the DES was pub11shed the appllcant performed more deta11ed modeling

of drift transport and deposition for the Vogtle cooling towers using Vogtle-
specific meteorological data (Foster, 1985, Attachment II). The mathematical

model (the NUS FOG model; see Fisher, 1974) uses different size water droplets

to simulate the possible range of droplets to be emitted from the cooling towers.
The FOG model was previously used at the Palo Verde Nuclear Generating Station

and is approprlate for application at Vogtie. Data from the onsite meteorolog-
ical station were used as were actual design data for the Vogtle cooling towers,
eliminating much of the uncertainty of the estimation procedures. ‘

The model showed a maximum total-solids deposition rate of 1.9 kg/ha/yr

(1.7 1bs/acre/year) at the site boundary, confirming that the applicant's esti-
mation techniques described above were conservative. The applicant's plant-
specific cooling tower analysis is reproduced in Appendix K of this statement.

" Because the sodium chloride deposition rates expected at Vogtle are so much
less than the critical value reported in the Environmental Standard Review Plan
(NUREG- 0555) the staff conc]udes that the impact will be negligible.

Four sma]] mechanical draft cooling towers are part of the nuclear service cool-
ing water system (Section 4.2.4). Makeup for these towers will be drawn from
groundwater wells at the site, although river water will be a backup. The oper-
ation of these towers will release a small amount of drift in comparison to that
of the natural draft cooling towers. Most of this drift from the mechanical
towers will be deposited on the site, whereas most drift from the natural draft
cooling towers will be deposited off the site. Salt deposition rates from both
types of cooling towers at Vogtle is expected to be far below the levels that

can cause reduced productivity of plant species, and no significant adverse
impacts on vegetation or wildlife are expected. :

Although some birds will collide with the cooling towers, the annual environ-
mental reports prepared by licensees of operating plants indicate that the num-
ber of bird mortalities as a result of collision with existing cooling towers

is relatively small. Although publications in the scientific literature show
incidents of thousands of birds colliding with radio and TV towers (during

spring and fall migrations), the reports on cooling tower monitoring do not ‘
show evidence of a significant number of bird collisions.
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‘ 5.5.1.2 Transmission System

The Vogtle transmission lines will produce small amounts of ozone, nitrogen
oxides, electromagnetic fields, and corona noise, and will cause some bird mor-
tality as a result of collisions with structures and conductors. In addition,
periodic cutting of vegetation and possible herbicide application for right-
of-way maintenance will affect terrestrial biota.

The electromagnetic fields associated with the 1ines can cause an induced cur-

- rent in nearby grounded objects and the buildup of a voltage on nearby ungrounded
objects such as automobiles, electric or nonelectric fences, and rain gutters on
buildings. A person or an1ma1 who contacts such an object could receive a shock
and experience a painful sensation at the point of contact. The strength of the
shock depends on the electric field strength, the size of the object, and how
well both the object and the person or animal are insulated from the ground.

With constant contact, a person could experience a current level of up to 5 mA
(milliamps) under worst case conditions (i.e., a well-grounded person touching
a large well-insulated vehicle parked under a 500-kV power line). In normal
situations, however, induced currents should be much less than 5 mA. The aver-

- age "let-go"* level has been estimated as 9 mA for men, 6 mA for women, and 5
mA for children. A current of 4.5 mA has been est1mated as a safe 1et-go level
for children. (lLee et al., 1983).

A spark discharge may also occur just before contact is made with the object.
“This discharge is similar to the static discharge shock a person can experience
after walking across a carpet and then touching a metal door knob, although in

the case of transmission lines the shock can occur repeatedly at a high fre-
quency (60 times per second) as long as there is a slight space between the
person and the object. The energy in a spark discharge can be harmful at lev-
els above 25 J (joules). For 230-kV and 500-kV transmission lines, the energy
in a discharge would in the worst case (i.e., for a large vehicle parked under
a power line) usually be less than 30 mJ (millijoules) (Lee et al., 1982).

To avoid potential problems with shocks involving induced currents or spark
discharges, the applicant routinely provides grounding for objects near the
transmission lines in accordance with the National Electric Safety Code (NESC)
specification that induced currents not exceed 5 mA (ER-OL Section 5.5.1). On
the basis of measurements taken under existing Georgia Power Company 500-kV
~ lines, the app]1cant expects that electric field strength under the power lines
will be a maximum of 5.2 kV/m in the right-of-way and 2.8 kV/m at the edge of
» the right-of-way. Although the NESC guidelines do not specifically address the
' level of field strength within a particular right-of-way, the level within the
r1ght-of—way conforms with the NESC guideline (less than 7.5 kV/m maximum); the
level at the edge slightly exceeds the NESC gu1de11ne (2.6 kV/m maximum) (ER-OL
Section 5.5.1.1). '

The issue of long-term exposure to electromagnetic fields is somewhat contro-
~versial. Extensive experience with high voltage lines up to 765 kV and the

overall results of numerous studies provide little evidence that transmission

lines pose a long-term biological hazard (Lee et al., 1982). Thirty reviews of

*The "let go" level is the current above which it would not be possible for a
person to release (or let go of) the ungrounded object.
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the literature on biological effects of electromagnetic fields generally agree
that power line electromagnetic fields have not been shown to cause harmful
effects in plants, animals, or people (ibid). Most of the reviews, however,
pointed out the need for further research because of the effects reported in
some studies. The applicant has encountered no significant environmental prob-
lems associated with electromagnetic fields from the app]icant s 230-kV and
500-kV power lines (ER-OL Section 5.5.1); thus the applicant is expected to be
able to operate the Vogtie power lines without significant effect. If problems
do arise, it is 1ikely that they can be eliminated by modifications of the
lines or r1ghts of-way

Noise, radio and TV interference, and production of ozone and nitrogen oxides
result from corona phenomena (electrical discharges in the air around the con-
ductors) associated with the operation of power lines. Corona increases with
voltage, adverse weather conditions (e.g., high humidity or fog), and the amount
of surface irregularities (e.g., scratches, dirt particles) on the conductors.

Power lines are designed to 1imit corona to relatively low levels. Corona noise
and possibly some radioc and TV interference will be noticeable near the lines.
Under adverse weather conditions, a 500-kV line (double circuit) increases the
ambient ozone concentration at ground level under the lines by about 0.0022 ppm,
compared to an average ambient ozone concentration of 0.01 to 0.03 ppm in rural
areas (ibid), and a national primary air qua11ty standard of 0.12 ppm. There-
fore, ozone production by the power lines is expected to be inconsequential.
Production of nitrogen oxides is even less significant (ibid).

Bird mortality will result from collisions of birds with the towers and the ‘

conductors. The amount of this mortality cannot be accurately quantified,
although Stout and Cornwell (1976) estimated that only 0.07% of the total
non-hunting mortality of waterfowl resulted from collision. Bird collisions
with lines occur most frequently where the lines pass through areas of bird
concentration, such as river crossings or wetland areas frequented by large.
numbers of waterfowl. Although the Vogtle lines will cross rivers . and wetlands,
no areas with large concentrations of waterfowl or wading birds are known to
exist adjacent to the transmission line routes. Thus, the lines should have no
greater impact on birds than other transmission lines in the region. Signifi-
cant impacts on waterfowl at the Altamaha Management Area should not occur,
because the Vogtle-to-Thalmann line 1s 1ocated about 0.4 km (0.25 m11e) from the
area (Section 4.3.4.1).

The power line rights-of-way will be managed primari1y by reclearing vegetation
every 3 years within the right-of-way and removing or trimming tall trees at

the edge of the right-of-way. The reclearing is done with rotary or drum mowers
and, to a Tesser extent, with hand tools. This maintenance practice is in wide-
spread use among utilities and should have no unexpected or serious impacts.
Populations of most of the wildlife species occurring on the right-of-way may
fluctuate in response to the cutting cycle, with the lowest population densities
occurring shortly after the periodic cutting

The applicant states that very wet areas and areas of steep terraIn along its
existing power line rights-of-way are recleared by spraying herbicides from a

is too inefficient and dangerous (ER-OL Sections 5.5.2 and response to ques-
tions E290.10). According to the applicant, only herbicides approved by the

hehcopter ‘because operation of mechanical reclearing equipment in these area'
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U.S. EPA for right-of-way use are applied, application is done by a licensed
pesticide applicator, spraying is limited to times when the wind does not ex-
ceed 3.2 km (2 miles) per hour, and the application rate is in accordance with
label directions. Herbicide spraying of many types of rights-of-way is a com-
mon practice throughout the United States (Voorhees, 1983). Such spraying
kills primarily broadleaved plants and often allows grasses to become the domi-
nant vegetation on the right-of-way. Herbicides commonly used on power line
rights-of-way have low toxicity to wildlife, and there are no reports of sig-
nificant toxicity-related impacts on wildlife in the voluminous literature on
herbicide use (Tillman, 1976a; U.S. Fish and Wildlife Service, 1979; Arner and
Tillman, 1981; Brown, 1978; Buffington, 1974; Cody, 1975; and Voorhees, 1983).

In the FES-CP (page 5-16), the NRC staff stated that no spraying could be done
from helicopters. However, after reviewing the voluminous literature that has
been published on herbicides since issuance of the FES-CP in 1974, the staff
now finds that spraying from helicopters can be done with an acceptable level
of environmental impact in places where such spraying is clearly justified and
EPA-approved herbicides are used. .

5.5.2 Aquatic Resources
The effects on aquatic biota in the Savannah River as the result of opefation

of the Vogtle plant will be associated with chemical/biocide discharges, thermal
discharges, and the intake effects of entrainment and impingement. Organisms

~entrained in the discharge plume.will experience some effects from elevated

temperature and chemical discharge. Impacts of impingement will be mitigated

by the lateral fish escape passageway that has been installed since the FES-CP
assessment. Entrainment effects are expected to be minimized by the design of
the intake structure. GDNR has tentatively determined that the proposed cooling
water intake structure complies with Section 316(b) of the Clean Water Act (see
item 6 in the fact sheet issued with the draft NPDES, in Appendix E).

5.5.2.1 Chemical and Biocide Discharges

The chemical constituents in the discharge are summarized in Section 4.2.6 and
Table 4.5. The concentration of the chemical constituents in the discharge
depends upon the number of cycles of concentration. The predicted concentra-
tions in the plant discharge are not significantly different from those evalu-
ated in the FES-CP, although the amount discharged will be less because of the
reduction in size of the plant from four units to two units. The discharge
concentrations of chemicals, other than residual chlorine, are not expected to
result in adverse effects on river biota. The discharge is less than 1% of the
guaranteed minimum flow of the river at the site. Mixing of the plant discharge
with the river flow is not expected to result in adverse impacts on river water
quality or river biota.

According to state water quality standards, deleterious substances are not to
be present in amounts that would render the waters injurious to humans, fish,
or other beneficial organisms. A water quality standard for total residual
chlorine (TRC) for the protection of fresh water organisms, other than salmonid
fish, was established by EPA (1976), under the provisions of the Clean Water
Act; the standard is 0.01 mg/L. This level was estabished on the basis of a
review of toxicity studies conducted by EPA researchers and others, and is
applicable to a continuous exposure to residual chlorine. Other continuous
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exposure safe concentrations or chronic tox1c1ty thresholds have been set by .
Brungs (1973) and Mattice and Zittel (1976) for freshwater organisms. The

- Timitation recommended by these researchers is 0.003 mg/L for both studies.

Exposure to residual chlorine at or below this level would not be expected to
produce mortality in aquatic organisms. These criteria considered cold water
(salmonid) fishes as well as warm water organisms, however, and may be unduly
restrictive for the organisms in the Savannah River. -

For comparison, the EPA limitation for salmonid fish is 0.002 mg/L. Other
studies by Dickson et al. (1974) and Brooks and Seegert (1978) examined the ~
effects of intermittent exposures of warm water fishes to residual chlorine.
These studies concluded that exposure to residual chlorine not greater than
0.2 mg/L TRC intermittently for a total time of up to 2 hours per day would
"probably be adequate to protect more resistant warm water fish such as the
bluegill" (Dickson et al., 1974); and that intermittent exposures to combined
available chlorine totaling 160 minutes would not produce mortality to the
most sensitive of 10 warm water fishes tested at concentrations at or below
0.21 mg/L, respectively. The most sensitive species in the latter study was
the emerald shiner. The other species tested were the common shiner, spotfin
shiner, bluegill, carp, white sucker, channel catfish, white bass, sauger, and
freshwater drum. '

The most restrictive chlorine water quality criterion for a fresh warm water
fishery is that set by EPA (EPA, 1976), 0.01 mg/L. As stated above, the appli-
cant estimates that the proposed operation of the Vogtle plant will result in a
TRC concentration in the plant blowdown of 0.1 mg/L. The applicant's thermal .
analysis of the discharge indicates 'a diluting of discharge constituents of 8.
within the 2.7C° (5F°) isotherm volume of the thermal plume, under minimum riv-
er flow conditions. This dilution would reduce TRC to nearly the EPA criterion
(0.012 mg/L). On the basis of known reactivity of residual chlorine with con-
stituents in natural waters, the staff's confirmatory review of the applicant's
thermal analysis, and the average flow of the river at the site, the staff con-
cludes that the d1scharge concentration of 0.1 mg/L TRC expected by the appli-

- cant will not result 1n unacceptable adverse impacts on the b1ota of the
Savannah River. :

5.5.2.2 Thermal ' o .

The staff review of the single-port discharge for Amendment 3 to the Vogtie
construction permits found that its operational effects would be similar to

those of the multiport diffuser, except that the single-port discharge is nearer
the shoreline and, under certaIn operating conditions, the thermal plume may = °
reach both the surface and the bottom. The benthic commun1ty will be affected
where the plume reaches and scours the bottom; however, the impact should be
minimal because of the shifting-sand substrate, which provides poor habitat for
benthic organisms (Hynes, 1970). The plume will affect a benthic area along a
centerline trajectory starting approximately 7.6 m (25 feet) from the discharge
port for a distance of about 9 m (30 feet). The plume is expected to surface

~ approximately 9 m (30 feet) from the discharge port. Because of the smaller

' size and the new orientation of the discharge plume using the single-port
discharge rather than.the multiport design, there should be a greater zone of
passage for migratory fish along both the Georgia and South Carolina sides of. j
the river (ibid). _ o

)
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. 5.9.2.3 Entrainment

At a maximum withdrawal rate of 3.4 m3/s (120 cfs) and a minimum guaranteed

river flow of 164 m3/s (5800 cfs), a maximum of 2% of the river flow will pass
- through the plant. Assuming a uniform distribution of drift organisms, this
' - withdrawal would remove approximately 2% of the drift community as it passes
the plant. This removal rate should have 1ittle if any effect on the drift
organisms and the aquatic community feeding on plankton in the vicinity of the
plant because of recruitment from upstream, from marsh and swamp areas, and.
from side streams. Under average flow conditions (292 m3/s (10,300 cfs)) and
maximum withdrawal (3.4 m3/s (120 cfs)), the removal rate would be 1% of the
drift organisms. The maximum removal rate calculated in FES-CP Section 5.5.2.2
for four operating units was 3.5%.

FES-CP Section 5.5.2.2 states that there are no streams entering the river on
the Georgia side immediately upstream of the intake structure. The intake canal
is designed with (1) a sediment deposition area and weir at the mouth of the
intake canal, (2) a short approach distance to the intake structure, and (3) a
Tow intake velocity (see Section 3.4). . These design features should help mini-
mize the number of fish eggs.and larvae in the water being drawn into the intake
structure, thereby minimizing the effects of entrainment. All eggs and larvae
that pass through the cooling system are expected to die. No unique spawning
areas for anadromous fish have been identified in the immediate plant vicinity.
Beaverdam Creek, other tributary streams in the midreach section of the Savannah

River, and upstream portions of the river provide suitable habitat for spawning
‘ of anadromous species (Wiltz, 1982). There should be no significant adverse

impact on resident fish species in the plant vicinity as the result of
entrainment.

5.5.2.4 Impingement

The design of the intake structure has been modified since the FES-CP was
issued and has been reviewed by the staff (Tedesco, April 1981). The design
includes a 126-m (414-foot) approach canal with a skimmer weir at the mouth,
a weir in the canal to trap sediment, flow guide vanes, and a fish escape gap.
The weirs are designed to minimize sediment transport to the intake structure
and the weirs and guide vanes are designed to provide uniform flow distribution
through the canal. At the downstream end of the river weir there is a 0.9-m

. (3-foot) opening that will provide a fish escape route. Flow in the fish gap
will be from the canal to the river, based on design hydraulics.

The Vogtle intake will have a lower water withdrawal rate, lower intake veloci-
ties, and a shorter approach canal than the Savannah ‘River Pliant, so impingement
should be less. Because of the intake weirs, the upper 1.8 m (6 feet) of the
river water will be selectively withdrawn by the intake structure; thus, biota
in this water would be more susceptible to transport into the intake canal.

Because the eggs of most freshwater fish are adhesive, demersal, or semi-buoyant,
~ the eggs and early .larval stages should not be susceptible to transport into the
~intake canal.- Eggs of the blueback herring and the American shad, (anadromous

species that spawn upstream) also are semi-buoyant so they too should not be
. susceptible to transport into the intake canal. As the larvae of both groups

begin to feed throughout the water column, they will be more susceptible to
being carried into the intake canal. Impingement impacts on the aquatic biota
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in the Savannah River in the vicinity of the Vogtle plant should be less than .
‘those calculated in FES-CP Section 5.5.2.1 because of (1) the low intake veloc-
jties (0.15 m/sec (0.5 ft/sec)) across the trash rack and 0.2 m/sec (0.7 ft/
sec) across the traveling screens (which help to minimize impingement (Boreman,
1977)), (2) the fish escape route built into the weir design, and (3) the re-
duction in water use as a result of the cancellation of two of the Vogtle units.

- Studies at the Savannah River Plant showed that 36 species and a total of 469

fish were impinged over a 12-month period in the three intake canals (Wiltz,

1981). A 1978 study at that plant noted that 347 fishes of 35 species were ~
~impinged; of these, no species constituted more than 10% of the sample (McFarlane
et al., 1978). The predominant species impinged were sunfish, channel catfish,

and yellow perch. Twelve species of centrarchids (46% of the sample), 5 species

of ictalurids (catfish, 13%), and 3 species of clupeids (shad/herring, 15%) were
impinged (Wiltz, 1981).

.Fewer fish are expected to be impinged at the Vogtle plant than at the Savannah
River Plant because (1) the area of the intake canal is smaller than the area
of the Savannah River Plant canals, (2) there is only one intake canal for
Vogtle, and (3) the velocity in front of the Vogtle intake screens will be
about one-fourth to one-third that in front of the Savannah River Plant screens
(1b1d) The velocity across the traveling screen, which is lower than reported
in FES-CP Section 5.5.2.1, should further reduce the impingement of Savannah
River fishes by the Vogtle intake structure. Thus, the staff concludes that
there will be no significant effects on the fishes of the Savannah River as the
result of 1mp1ngement

5.6 Threatened and Endangered Species

5.6.1 Terrestrial

For most of the threatened and endangered species found in the region (Sec-

tion 4.3.5), the principal potential impacts are associated with destruction

of habitat during clearing and construction. Operation of the plant and power
lines has little potential to affect these species. Exceptions are the American
alligator, which occurs on the site, and the eastern indigo snake, which may

occur on the Vogtle-to-Thalmann power line route. - R

Habitat management activities at the site and releases of cooling tower drift

to the atmosphere and blowdown to the Savannah River should not affect alliga-
tor habitat or alligator populations on or near the site. Reclearing of vege-
tation during r1ght-of-way maintenance may affect habitat of the indigo snake

and could result in death of individuals that are in the way of the reclearing
vehicle. -

5.6.2 ‘Aquatic

‘The shortnose sturgeon, Ac1pensef brevisostrum LeSueur, is the only aquatic
species on the Federal list of endangered species that is expected to occur in
the vicinity of the Vogtle plant.

No specimens of the shortnose sturgeon have been collected by'the applicant in
aquatic sampling associated with baseline (pre-construction) and construction
phase (pre-operational) environmental monitoring programs. However, studies
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shortnose sturgeon larvae in the v1c1n1ty (Muska and Matthews, 1983 ER-OL
Section 2.2.3). 1In 1982 and 1983 collections, the Savannah River Piant study
found larval shortnose sturgeon in or near the SRP intake canals. (The SRP
collection in 1982 represented the first documented occurrence of the species

in the middle reaches of the Savannah River.) Because specimens (nine larva)
were found in the vicinity of the Savannah River Plant, the Department of Energy
(the SRP licensee) consulted with the National Marine Fisheries Service (NMFS)
pursuant to Section 7 of the Endangered Species Act and, at the request of NMFS,
prepared a biological assessment (Muska and Matthews, 1983). The summary of
information (presented in Section 4.3.5.2) on the shortnose sturgeon of the
Savannah River is based primarily on Muska and Matthews because no more recent
information has been presented for the Vogtie plant.

The NRC staff assessed the potential impacts of the Salem and Hope Creek plants
on shortnose sturgeon in the Delaware River (NUREG-0671*). Vogtle systems that
could potentially interact with the shortnose sturgeon are the same as those

identified in the Savannah River Plant and NRC staff assessments; these are the

intake (makeup) and discharge (blowdown) systems. The interactions of concern

are intake entra1nment and impingement and discharge plume entrainment and
attraction. The intake and discharge designs and the proposed operational
characteristics are described in Section 4.2.4 above. Those aspects of cooling
system design and operation that are 1mportant to the evaluation of 1mpacts on
the shortnose sturgeon are highlighted in the following paragraphs.

As described in Section 4.2.4.2, the design of the intake will essentially
screen . out the bottom 2 m (7 feet) of the water column, thereby excluding the
demersal eggs and the benthic-oriented larvae, juveniles, and adults of the
shortnose sturgeon. The intake system is equipped with a fish escape passage-
way to prevent entrapment of fishes that may swim into the intake canal. Stur-
geon that are healthy enough to seek out the intake canal should be able to
avoid the intake flow with velocity at the screens of about 0.2 m/sec (0.6 ft/

‘sec). The SRP study found no juvenile or adult shortnose sturgeon in the intake

canals, nor have any been found in the impingement studies (Muska and Matthews,
1983). The Vogtle plant is equipped with closed~cycle cooling, and water use
requirements from the Savannah River are small; consumptive use by the two-unit
plant is 0.6% of the average annual river flow and 1.2% of the guaranteed

minimum controlled flow.

Thermal and chemical discharges will be regu]ated by the State of Georgia
through the NPDES permlt Blowdown will be via a s1ng]e-port discharge pipe
with an estimated mixing zone volume of 1.4 m3® (50 ft3) in summer and 17.6 m3
(620 ft3) in winter. There will be open zones for migratory movements, but the
plume will cause some localized scour of the bottom within a downstream dis-
tance of 1.5 m (5 feet) between 7.6 to 9.1 m (25 to 30 feet) of the pipe out-
let. The bottom substrate in this area of the river is characterized as _
shifting sand that is inhospitable habitat for spawning and early larval stages

- of shortnose sturgeon. Water quality effects are expected to be small, based
on present pollutant loading of the Savannah River and the small discharge

blowdown and effluent concentrations (see Section 5.3.2 and 5.5.2).

"*A11 documents in the NRC NUREG series are cited by NUREG number, as above.

They are ljsted in the reference section under "J.S. Nuclear Regu]atory
Commission.'
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Fishes that may be attracted to the thermal plume area in winter could suffer ‘
"cold shock" effects if there is a sudden shutdown of the Vogtle units. The
mixing zone for the Vogtle blowdown is small and would provide only a very

small habitat for fish to spend the winter. Savannah River Plant personnel

report that there is no indication from sampling that shortnose sturgeon spend “
the winter in thermal plumes (Muska and Matthews, 1983). Because the sturgeon
is primarily bottom oriented, it is not expected to seek out the plume, which
. rises to the water surface rapidly. (The bottom habitat affected by the plume
covers a distance of only 1.5 m (5 feet), as noted above.) Moreover, with two
units operating at the site, the sudden 51mu]taneous shutdown of both units is
unlikely.

5.7 Historical and Archeologiéa] Sites

Transmission 1ine construction is continuing. Under Condition 3E(1l) of the

Vogtle construction permit, the applicant submits proposed right-of-way loca-
tions for transmission lines to the State Historic Preservation Officer (SHPO)

for a determination of whether the right-of-way will disturb any structure or

site of historical or archeological significance. Cultural resource management
(CRM) plans are developed.-in close consultation with and approved by the SHPO

for each segment of each transmission line. The CRM plans apply for the life

of the transmission line and provide protection during construction and opera-
tion for selected sites identified in the cultural resource surveys. A CRM plan
has been estabiished for the Vogtle-to-Wadley portion of the Vogtle-to-Scherer
line. It is anticipated that a total of four CRM plans will be developed in
consultation with the SHPO.  Where sites are identified as potentially e]igibl.
for listing in the National Register of Historic Places, the staff will consul
with the SHPO and submit determination of eligibility requests to the Keeper of
the National Register, when appropriate. By letter dated September 19, 1984,

the applicant submitted the cultural resources survey of the Wadley/Wallace Dam
portion of the Vogtle-to-Scherer transmission 1ine. This plan includes a proposal
for the line to cross Francis Plantation, a site on the National Register. 1In
accordance with 36 CFR 800, the staff is conducting a determlnatlon of effect,

in consultation with the State Historic Program Officer.

5.8 Socioeconomic Impacts

FES-CP Section 5.6 addresses the socioeconomic impacts of the operation of the
four-unit Vogtle plant proposed during the CP stage; operation of the plant was
estimated to require about 150 workers. It is now estimated that about 957
workers will be required to operate and maintain the two-unit plant. More than |
300 workers are already on the site (ER-OL response to staff question E310.3).
The remaining workers, who will be hired between now and 1990, are likely to -
reside in locations similar to those where present plant employees live. Thus,
‘about 60% of the workers are expected to live in Richmond County, 20% in Colum-
bia County, 10% in Burke County, and 1¥ in Aiken County, with the remaining
residing in other surrounding counties. Because of the distribution and rela-
tively small number of workers required to operate and maintain the plant, the
“impact on the communities in which they reside and on traffic is still expected
to be minimal, although it is expected to be greater than that estimated in the

FES-CP .
The annual payroll of the workers is projected to be $20.77 million (1984 dol-
lars). Local purchases of materials and supplies relating to the operation of
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the plant are expected to total about $3.54 million annually (1984 dollars).
Local purchases are expected to be made within the Augusta standard metropoli-
tan statistical area and Burke County. Table 5.4 shows the estimated ad
valorem taxes for the first five years of operation, and Table 5.5 shows the
estimated local option and use taxes for the first five years of operation.

5.9 Radio]ogica] Impacts

5.9.1 Regulatory RequifementsA

Nuclear power reactors in the United States must comply with certain regulatory
requirements in order to operate. The permissible levels of radiation in
unrestricted areas and of radiocactivity in effluents to unrestricted areas are
recorded in 10 CFR 20, Standards for Protection Against Radiation. These regu-
lations specify limits on levels of radiation and 1imits on concentrations of
radionuclides in the facility's effluent releases to the air and water (above
natural background). The radiation protection standards of 10 CFR 20 speC1fy '
"limitations on whole-body radiation doses to members of the general public in
unrestricted areas at three levels: 500 mrems in any calendar year, 100 mrems
in any 7 consecutive days, and 2 mrems in any 1 hour. These limits are con-
sistent with national and international standards in terms of protecting public
health and safety.

In addition to the radiation protection standards of 10 CFR 20, 10 CFR 50. 36a
contains license requirements that are to be imposed on licensees in the form

of Technical Specifications on effluents from nuclear power reactors to keep
releases of radioactive materials to unrestricted areas during normal opera-
tions, including expected operational occurrences, .as' low as reasonably achiev-
able (ALARA). Appendix I to 10 CFR 50 provides numerical guidance on dose-
design objectives for light-water reactors (LWRs) to meet the ALARA requirement.
Applicants for permits to construct and for licenses to operate an LWR shall
provide reasonable assurance that the following calculated dose-design objec-
tives will be met for all unrestricted areas: 3 mrems per year to the total

- body or 10 mrems per year to any organ from all pathways of exposure from liquid
effluents; 10 mrads per year gamma radiation or 20 mrads per year beta radiation
air dose from gaseous effluents near ground level and/or 5 mrems per year to the
total body or 15 mrems per year to the skin from gaseous effluents; and 15 mrems
- per year to any organ from all pathways of exposure from airborne effluents that
include the radioiodines, carbon-14, tritium, and the particulates.

Experience with the design, construction, and operation of nuclear power reac-
tors indicates that compliance with these design objectives will keep average
annual releases of radioactive material in effluents at small percentages of
the limits specified in 10 CFR 20 and, in fact, will result in doses generally
below the dose- des1gn objective va]ues of Append1x I to 10 CFR 50. At the same
time, the licensee is permitted the flexibility of operation, compatib]e with
cons1derat1ons 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 h1gher than such small percentages but st111
well within the limits specified in 10 CFR 20.

In addition to the impact created by facility radioactive effluents as dis-
cussed above, within the NRC policy and procedures for environmental protection
described in 10 CFR 51 there are generic treatments of environmental effects

}
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of all aspects of the uranium fuel cycle. These environmental data have been .
summarized in Table $-3 (reproduced herein as Table 5.17) and are discussed in
Section 5.10 below. In the same manner, the environmental impact of transpor-
tation of fuel and waste to and from an LWR is summarized in Table S-4 (repro-
duced herein as Table 5.7) and discussed in Section 5.9.3.1.2 of this report. B

EPA has established, in 40 CFR 190, an additional operational requirement for
uranium fuel cycle facilities including nuclear power plants. This regulation
1imits annual doses (excluding radon and daughters) for members of the public = N
to 25 mrems total body, 75 mrems thyroid, and 25 mrems other organs from all
fuel-cycle facility contributions that may 1mpact a specific individual in the
public. _ :

5.9.2 Operational Overview

During normal operations of the Vogtle plant, small quantities of radioactivity
(fission, corrosion, and activation products) will be released to the environ-
ment. As required by NEPA, the staff has determined the estimated dose to
members of the public outside of the plant boundaries as a result of the radia-
tion from these radioisotope re]eases and relative to natural-background-
radiation dose levels.

These facility-generated environmental dose levels are estimated to be very
small because of both the plant design and the development of a program that _
will be implemented at the facility to contain and control all radioactive
emissions and effluents. Radioactive-waste management systems are 1’ncorporated.
into the plant and are designed to remove most of the fission-product radioac-
tivity that is assumed to leak from the fuel, as well as most of the activation
and corrosion-product radioactivity produced by neutrons in the reactor-core
vicinity. The effectiveness of these systems will be measured by process and
effluent radiological monitoring systems that permanently record the amounts of
radioactive constituents remaining in the various airborne and waterborne pro-
cess and effluent streams. The amounts of radioactivity released through vents
and discharge points to areas outside the plant boundaries are to be recorded
and published semiannually in the Radioactive Effluent Release Reports for the
facility. ,

Airborne effluents will diffuse in the atmosphere in a fashion determined by

the meteorological conditions existing at the time of release and are generally
-dispersed and diluted by the time they reach unrestricted areas that are open -

~to the public. Similarly, waterborne effluents will be diluted with plant . y
waste water and then further diluted as they mix with the Savannah River beyond

the plant boundaries.

Radioisotopes in the facility's effluents that enter unrestricted areas will

produce doses through their radiations to members of the general public in a

manner similar to the way doses are produced from background radiations (that

is, cosmic, terrestrial, and internal radiations), which also include radiation

from nuclear weapons fallout. These radiation doses can be calculated for the

many potential radiological-exposure pathways specific to the environment around

the facility, such as direct-radiation doses from the gaseous plume or liquid
effluent stream outside of the plant boundaries, or internal-radiation-dose ‘
commitments from radioactive contaminants that might have been deposited on
vegetation, or in meat and fish products eaten by people, or that might be
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- present in dfinking water outside the plant Or_ihcorporated into milk fron
at nearby farms.

These doses, calculated for the "maximally exposed" individual (that is, the
hypothetical individual potentially subject to maximum exposure), form the
basis for the staff's evaluation of impacts. Actually, these estimates are for
a fictitious person because assumptions are made that tend to overestimate the
dose that would accrue to members of the public outside the plant boundaries.
For example, if this "maximally exposed" individual were to receive the total
body dose calculated at the plant boundary as a result of external exposure to
the gaseous plume, he/she is assumed to be physically exposed to gamma radia-
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 -1iquid effluents; meteoro-
logical information (for example, wind speed and direction) specific to the
site topography and effluent release points, and hydrological information per-
taining to dilution of the liquid effluents as they are discharged. ’

An annual land census will identify changes in the use of unrestricted areas to
permit modifications in the programs for evaluating doses to individuals from
principal pathways of exposure. This census specification will be incorporated
into the Radiological Technical Specifications and satisfies the requirements
of ‘Section IV.B.3 of Appendix I to 10 CFR 50. As use of the land surrounding
the site boundary changes, revised calculations will be made to ensure that the
dose estimate for gaseous effluents always represents the highest dose that
might possibly occur for any individual members of the public for each applica-
ble 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 the Vogtle plant, provides measurements of radiation
“and radioactive contamination levels that exist outside of the facility bound-
aries both before and after operations begin. In this program, offsite radia-
tion levels are continuously monitored with thermoluminescent detectors (TLDs).
In addition, measurements are made on a number of types of samples from the
surrounding area to determine the possible presence of radioactive contaminants
that, for example, might be deposited on vegetation, be present in drinking
water outside the plant, or be incorporated into cow's milk from nearby farms.
The results for all radiological environmental samples measured during a calen-
~dar year of operation are recorded and published in the Annual Radiological.
Environmental Operating Report for the facility. The specifics of the final
operational-monitoring program and the requirement for annual publication of
the monitoring results will be incorporated into the operating license Radio-
logical Technical Specifications for the Vogtle facility.

5.9.3 Radiological Impacts from Routine Operétions
5.9.3.1 Radiation Exposure Pathways: Dose Commi tments
The potential environmental pathways through which bersons may'be exposed to

radiation originating in a nuclear power reactor are shown schematically in
Figure 5.3. When an individual is exposed through one of these pathways, the
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dose is determined in part by the amount of time he/she is in the v1c1n1ty of ‘

the source, or the amount of time the radioactivity inhaled or ingested is re-
tained in h1s/her body. The actual effect of the radiation or radicactivity

is determined by calculating the dose commitment. The annual dose commitment

is calculated to be the total dose that would be received over a 50-year period,
following the intake of radioactivity for 1 year under the conditions existing
20 years after the station begins operation. (Calculation for the 20th year,

or midpoint of station operation, represents an average exposure over the 1ife
of the piant.) However, with few exceptions, most of the internal dose commit-
ment 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 are a number of possible exposure pathways to humans that are appropriate
to be studied to determine the impact of routine releases from the Vogtle facil-
ity on members of the general public living and working outside of the site
‘boundaries, and whether the releases projected at this point in the licensing
process will in fact meet regulatory requirements. A detailed listing of these
exposure pathways would include external radiation exposure from the gaseous
effluents, inhalation of iodines and particulate contaminants in the air;
drinking milk from a cow or eating meat from an animal that feeds on open pas-
ture near the site on which jodines or particulates may have deposited, eating
vegetables from a garden near the site that may be contaminated by similar de-
posits, and drinking water or eating fish caught near the point of d1scharge of
liquid effluents. : :

Other less important potential pathways include: external irradiation from ‘

radionuclides deposited on the ground surface, eating animals and food crops
raised near the site u51ng 1rr1gat1on water that may contain liquid effluents,
shoreline, boating and swimming activities near the lakes or streams that may
be contam1nated by effluents, drinking potentially contaminated water, and
direct radiation from within the plant itself. The Vogtle design does not
provide for disposal of waste (radiological or nonradiological) through under--
ground injection; thus there is no impact on groundwater and its users from
such a potential pathway. The only release of radioactive liquid is through
the station discharge to the river where contaminants are diluted to meet. the
requirements of 10 CFR 20 and Appendix I to 10 CFR 50, as discussed in Section
4.2.5. There is currently no drinking water pathway of concern because the
first drinking water intake is 180 km (112 miles) downstream of the plant and
dilution of the plant effluent makes any effect of liquid-released radioactivity
completely negligible. There is also no known use of Savannah River water for
- irrigation within 80 km (50 miles) downstream of the Vogtle site.

Calculations of the effects for most pathways are limited to a radius of 80 km
(50 miles). This limitation is based on several facts. Experience, as demon-

strated by calculations, has shown that all individual dose commitments (0.1 mrem

per year) for radioactive effluents are accounted for within a radius of 80 km
from the plant. Beyond 80 km the doses to individuals are smaller than 0.1 mrem
per year, which is far below natural-background doses, and the doses are subject
to substantial uncertainty because of limitations of predictive mathematical
models.

The 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
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genera] public for these pathways resu1t1ng from routine operation of the facil-
ity. A discussion of these evaluations foilows.

5.9.3.1(1) Occupational Radiation Exposure for Pressurized-Water Reactors

Most of the dose to nuclear plant workers results from external exposure to
radiation coming from radioactive materials outside of the body rather than

from internal exposure from inhaled or ingested radicactive materials. Experi-
ence 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 pressurized-water reactors (PWRs).
Recently licensed 1000-MWe PWRs are operated in accordance with the post-1975
regulatory requirements and guidance that place increased emphasis on maintain-
-ing occupational exposure at nuclear power plants ALARA. These requirements and
guidance are outlined primarily in 10 CFR 20, Standard Review Plan Chapter 12
(NUREG-0800), and Regulatory Guide 8.8, "Information Relevant to Ensuring that
Occupational Radiation. Exposures at Nuc]ear Power Stations Will Be as Low as Is
Reasonab]y Achievable.'

The app11cant s proposed implementation of these requirements and guidelines

is reviewed by the staff during the licensing process, and the results of that
review are reported in the SER. 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 373 PWR reactor-years of
operation is available for those plants operating between 1974 and 1983. (The
year 1974 was chosen as a starting date because the dose data for years prior

to 1974 are primarily from reactors with average rated capacities below 500 MwWe.)
These data indicate that the average reactor annual collective dose at PWRs has
been about 510 person-rems, although some plants have experienced annual collec-
tive doses averaging as high as about 1350 person-rems per year over their oper-
ating lifetime (NUREG-0713, Vol 5). These dose averages are based on widely
varying yearly doses at PWRs. For examplie, for the period mentioned above,
annual collective doses for PWRs have ranged from 18 to 3223 person-rems per
reactor. However, the average annual dose per nuclear-plant worker of about

0.8 rem (ibid) has not varied significantly during this period. The worker

dose 1imit, established by 10 CFR 20, is 3 rems per quarter, if the average

dose over the worker lifetime is being controlled to 5 rems per year, or

1.25 rems per quarter if it is not.

The wide range of annual collective doses experienced at PWRs in the United
States resuits from a number of factors such as the amount of required mainte-
nance and the amount of reactor operations and in-plant surveillance. Because
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 lifetime. There may on occasion be a need
for relatively high collective occupational doses, even at plants with radia-
tion protection programs designed to ensure that occupational radiation doses
will be kept ALARA.

In récognition of the factors mentioned above, staff occupational dose esti-
mates for environmental impact purposes for the Vogtle plant are based on the
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assumption that each unit will experience the annual average occupational dose‘

for PWRs to date. Thus the staff has projected that the collective occupation-

al doses for each unit at the Vogtle plant will be 510 person-rems, but annual

collective doses could average as much as 3 times this va]ue 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 two years,
will be about 80 person-rems. This radiation exposure will result predomi-
nantly 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 breakdown of the dose to the construction workers

by the location of their work and the type of exposure 15 given in FSAR Sec-
tion 12.4.3.

The average annual dose of about 0.8 rem per nuclear-plant worker at operating
PWRs has been well within the 1imits of 10 CFR 20. However, for impact evalua-
tion, the staff has estimated the risk to nuclear-power-plant workers and com-
pared 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.
and occupational radiation exposures as a result of normal operation of this ‘
facility, the staff used somatic (cancer) and genetic risk estimators that are
based on widely accepted scientific information. Specifically, the staff's
estimates are based on information compiled by the National Academy of Sciences
Advisory Committee on the Biological Effects of Ionizing Radiation (BEIR I, 1972
and BEIR III, 1980). The estimates of the risks to workers and the genera]
public are based on conservative assumptions (that is, the estimates are prob-
ably higher than the actual number). The following r1sk estimators were used

to estimate health effects: 135 potential deaths from cancer per million
person-rems and 220 potent1a] cases of all forms of genetic disorders per
million person-rems. _

The cancer-morta]ity risk estimates are based on the "absolute risk" model de--
scribed 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 v
four times greater than those used in this report. The staff regards the use
of the "relative risk" model values as a reasonable upper 1limit of the range of
uncertainty. The.lower 1imit of the range would be zero because there may be
biological mechanisms that can repair damage caused by radiation at low doses
and/or dose rates. The number of potential cancers would be approximately 1.5
to 2 times the number of potential fatal cancers, according to the 1980 report
of the National Academy of Sciences Committee on the Biological Effects of
Ionizing Radiation (BEIR III).

Values for genetic risk estimators range from 60 to 1100 potential cases of a‘l'

forms of genetic disorders per million person-rems (BEIR III). The value of 2
potential cases of all forms of genetic disorders is equal to the sum of the
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geometric means of the risk of specific genetic defects and the risk of defects
with complex etiology. . '

The preceding values for risk estimators are consistent with the recommenda-
tions of a number of recognized radiation-protection organizations, such as the
International Commission on Radiological Protection (ICRP, 1977), the National
Council on Radiation Protection and Measurements (NCRP, 1975), the National
Academy of Sciences (BEIR III), and the United Nations Sc1ent1f1c Commlttee on
the Effects of Atomic Rad1at1on (UNSCEAR, 1982).

The risk of potentia] fatal cancers in the exposed work-force population at the
Vogtle facility is estimated as follows: multiplying the annual plant-worker-
population dose (about 1010 person-rems) by the somatic risk estimator, the
staff estimates that about 0.14 cancer death may occur in the total exposed
population. The value of 0.14 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 14 chances in 100. The risk of potential genetic
disorders attributable to exposure of the work force is a risk borne by the
progeny of the entire population and is thus properly considered as part of the
risk to the general public.

5.9.3.1(2) Public Radiation Exposure

. Transportation of Radioactive Materia]s

The transportation of "cold" (unirradiated) nuclear fuel to the reactor, of
spent irradiated fuel from the reactor to a fuel reprocessing plant, and of
solid radioactive wastes from the reactor to waste burial grounds is considered
in 10 CFR 51.52. The contribution of the environmental effects of such trans-
portation to the environmental costs of licensing the nuclear power reactor is
set forth in Summary Table S-4 from 10 CFR 51.52, reproduced herein as Table 5.7.
The cumulative dose to the exposed population as summarized in Table S$-4 is

very small when compared to the annual collective dose of about 60,000 person-
rems to this same population or 28,000,000 person-rems to the U.S. population
from background radiation.

Direct Radiation for PWRs

Radiation fields are produced around nuclear plants as a result of radiocactiv-
ity within the reactor and its associated components, as well as a result of
radioactive-effluent releases. Direct radiation from sources within the plant
is due primarily to 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, and less than

5 mrems per year at the site boundary.

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

Radioattive-Eff]uent Releases: Air and Water

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

active effluents are then diluted by the air and water into which they are re-
leased before they reach areas accessible to the genera] pubtic. '

Radioactive effluents can be divided into several groups. Among the airborne
effluents, the radioisotopes of the fission product noble gases, krypton and
xenon, as well as the radioactivated gas argon, do not depos1t on the ground
nor are they absorbed and accumulated within Tiving organisms; therefore, the
noble gas effluents act primarily as a source of direct external rad1at1on
emanating from the effluent plume. Dose:calculations are performed for the
site boundary where the highest external-radiation doses to a member of the
general public as a result of gaseous effluents have been estimated to occur;
these include the total body and skin doses as well as the annual beta and
gamma air doses from the plume at that boundary location.

»

Another group of airborne radiocactive effluents--the fission product radio-
jodines, as well as carbon-14 and tritium--are also gaseous but these tend to
be deposited on the ground/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 particular significance here. -

A third group of airborne effluents, consisting of particulates that remain .
after filtration of airborne effluents in the plant prior to release, includes
fission products such as cesium and strontium and activated corrosion products

such as cobalt and chromium. The calculational model determines the direct

external radiation dose and the internal radiation doses for these contaminants
through the same pathways as described above for the radioiodines, carbon-14,

and tritium. Doses from the particulates are combined with those of the radio-
iodines, carbon-14, and tritium for comparison to one of the design objectives

of Appendlx Ito 10 CFR 50.

The waterborne-radioactive-effluent constituents could include fission products

such as nuclides of strontium and iodine; activation and corrosion products,

such as. nuclides of sodium, iron, and cobalt; and tritium as tritiated water.

Calculations estimate the internal doses (if any) from fish consumption, from

water ingestion (as drinking water), and from eating of meat or vegetables

raised near the site on irrigation water, as well as any direct external radia- .
tion from recreational use of the water near the point of discharge.

The release rates for each group of effluents, along with site-specific meteor-
ological 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 calcu-

- lations are discussed in Revision 1 of Regulatory Guide 1.109, "Calculation of
Annual Doses to Man from Routine Releases of Reactor Effluents for the Purpose

of Evaluating Comp11ance with 10 CFR Part 50, Appendix I," and in Appendix B of
this statement. ‘

Examples of site-specific dose assessment calculations and discussions of pa-
rameters involved are given in Appendix D.- Doses from all airborne effluents
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except the noble gases are calculated for individuals at the location (for ex-
ample, the site boundary, garden, residence milk cow, and 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 con-
sumption, cow milk consumption, or meat consumption.) Only those pathways as-
sociated with airborne effluents that are known to.exist at a single location
are combined to calculate the total maximum exposure to an exposed individual.
Pathway doses associated with liquid effluents are combined without regard to
any single location, but they are assumed to be associated with maximum
exposure of an individual through other than gaseous-effluent pathways.

5.9.3.2 Radiological Impact on Humans

Although the doses calculated in Appendix D are based primarily on radioactive-
waste treatment system capability and are below the 10 CFR 50, Appendix I design
objective values, the actual radiological impact associated with the cperation
of the facility will depend, in part, on the manner in which the radiocactive-
waste treatment system is operated. Based on its evaluation of the potential
performance of the ventilation and radwaste treatment systems, the staff has
concluded that the systems as now proposed are capable of controlling effluent
releases to meet the dose-design objectives of Appendix I to 10 CFR 50.

Operation of the Vogtle facility will be governed by operating license Technical
. Specifications that will be based on the dose-design objectives of Appendix I
to 10 CFR 50. Because these design-objective values were chosen to permit
flexibility of operation while still ensuring that plant operations are ALARA,
the actual radiological impact of plant operation may result in doses close
to the dose-design objectives. Even if this situation exists, the 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 per year) or
the dose limits (500 mrems per 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 the Vogtle
facility.

Operating standards of 40 CFR 190, the EPA environmental radiation protection
standards for nuclear power plant 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 daugh-
ters excepted) to the general environment from all uranium-fuel-cycle opera-
tions and radiation from these operations that can be expected to affect a
given individual. The staff concludes that under normal operations the Vogtle
facility is capable of operat1ng within these standards.

The radiological doses and dose commitments resulting from a nuc]ear 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 111 effects. Furthermore, the effects of radiation on
living systems have for decades been subject to intensive investigation and
consideration by individual scientists as well as by select committees that
have occasionally been constituted to objectively and independently assess
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radiation dose effects. Although, as in the case of chemical contaminants, ‘
there is debate about the exact extent of the effects of very low levels of
radiation that result from nuclear-power-plant effluents, upper bound limits of
deleterious effects are well established and amenable to standard methods of

risk analysis. Thus the risks to the maximally exposed member of the public -
outside of the site boundaries or to the total population outside of the bound- -
aries can be readily calculated and recorded. These risk estimates for the

Vogtle facility 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 objec-
tives for total-body radiation in 10 CFR 50, Appendix I. This calculation
results in a risk of potential premature death from cancer to that individual
from exposure to radioactive effluents (gaseous or liquid) from 1 year of
reactor operations of less than one chance -in one million.* The risk of poten-
“tial premature death from cancer to the average individual within 80 km

(50 m11es) 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 cancer incidence from causes unrelated to
the operation of the Vogtle facility. :

Multiplying the annual dose to the general public population of the United

States from exposure to radioactive effluents and transportation of fuel and

waste from the operation of this facility (that is, 78 person-rems) by the pre-
ceding somatic risk estimator, the staff estimates that about 0.01 cancer death

may occur in the exposed popu]atwn The significance of this risk can be '
determined by comparing it to the total incidence of cancer death in the popula-
tion of the United States. Multiplying the estimated population of the United
States for .the year 2010 (~280 million persons) by the current incidence of

actual cancer fatalities (~20%), about 56 million cancer deaths are expected
(American Cancer Society, 1978).

For purposes of eva]uating the potential genetic risks, the progeny of workers

are considered members of the general public. However, according to paragraph 80

of ICRP, 1977, it is assumed that only about one-third of the occupational

radiation dose is received by workers who have offspring after the workers'

radiation exposure. Multiplying the sum of the dose to the population of the

United States from exposure to radioactivity attributable to the normal annual

operation of .the plant (that is, 78 person-rems), and the estimated dose from

occupational exposure (that is, one-third of 1010 person-rems) by the preceding

genetic risk estimators, the staff estimates that about 0.09 potential genetic s

disorder may occur in all future generations of the exposed population. Be-

~cause BEIR IIT indicates that the mean persistence of the two major types of
genetic disorders is about 5 generations and 10 generations, in the following

analysis the risk of potential genetic disorders from the normal annual opera-

tion of the plant is conservatively compared with the risk of actual genetic

i11 health in the first 5 generations, rather than the first 10 generations.

Mu1t1p1y1ng the estimated population within 80 km of the plant (~750,000 per-

sons in the year 2010) by the current incidence of actual genetic i1l health in

*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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each generation (~11¥%), about 400,000 genet1c abnormalities are expected 1n the
first 5 generations of the 80-km popu]at1on (BEIR III)

The risks to the general public from exposure to radioactive effluents and
transportation of fuel and wastes from the annual operation of the facility

are very small fractions of the estimated normal incidence of cancer fatalities
and genetic abnormalities. On the basis of the preceding comparison, the staff
concludes that the risk to the public health and safety from exposure to radio-
activity associated with the normal operation of the facility will be very
small.

5.9.3.3 Radiological Impacts on Biota Other than Humans

Depending on the pathway and the radiation source, terrestrial and aquatic biota
will receive doses that are approximately the same or somewhat higher than humans
receive. Although guidelines have not been established for acceptable limits for
radiation exposure to species other than humans, it is generally agreed that the
limits established for humans are sufficiently protective for other species.

Although the existence of extremely radiosensitive biota is possible and
increased radiosensitivity in organisms may result from environmental interac-
tions with other stresses (for example, heat or biocides), no biota have yet
been discovered that show a sensitivity (in terms of increased morbidity or
mortality) to radiation exposures as low as those expected in the area sur-
rounding the facility. Furthermore, at all nuclear plants for which radiation
exposure to biota other than humans has been analyzed (Blaylock, 1976), there
have been no cases of exposure that can be considered significant in terms of
harm to the species, or that approach the 1imits for exposure to members of
the public that are permitted by 10 CFR 20. Inasmuch as the 1972 BEIR Report
(BEIR I) concluded that evidence to date indicated that no other 1iving organ-
isms are very much more radiosensitive than humans, no measurable radiological
impact on populations of biota is expected as a result of the routine operation
of this facility.

5.9.3.4 Radiological Monitoring

Radiological environmental monitoring programs are establshed to provide data
where there are measurable levels of radiation and radioactive materials in the
site environs and to show that in many cases no detectable levels exist. Such
monitoring programs are conducted to verify the effectiveness of systems in the
plant used to control the release of radioactive materials and to ensure that
unanticipated buildups of radioactivity will not occur in the environment.
Secondarily, the environmental monitoring programs could identify the highly
unlikely existence of releases of radioactivity from unanticipated release
points that are not monitored. An annual surveillance (land census) program
will be established to identify changes in the use of unrestricted areas to
provide a basis for modifications of the monitoring programs or of the Tech-
-nical Specification conditions that relate to the control of doses to
individUaIs.

These programs are discussed generically in greater detail in Regulatory Guide:

4.1, Revision 1, "Programs for Monitoring Radioactivity in the Environs of
Nut]ear Power PIants ," and in the Radiological Assessment Branch Technical
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~ Position, Revision 1, "An Acceptable Radiological Environmental Monitoring ‘
Program."* .

5.9;3.4(1) Preoperational

The preoperational 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, for the training of personnel, and for the evaluation of procedures,
equipment, and techniques. The applicant proposed a radiological environmental
monitoring program to meet these objectives in the ER-CP, and it was discussed
in the FES-CP. The current program is in ER-OL Section 6.1.5 and is summarized
here in Tables 5.8 and 5.9.

The applicant states that radiological monitoring began in August 1981; thus the
preoperational program will have been operating at least 4 years before initial
criticality of Unit 1 to document background levels of direct radiation and con-
centrations of radionuclides that exist in the environment. The preoperational
program will continue up to initial criticality of Unit 1 at which time the
operational radiological monitoring program will commence.

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

5.9.3.4(2) Operational

The operational, offsite radiological-monitoring program is conducted to 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 Regulatory

Guide 1.21, "Measuring, Evaluating and Reporting Radioactivity in Solid Wastes

and Re]eases 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 continu-
ation of the preoperational program described above, with some periodic adjust-
ment of sampling frequencies in expected critical exposure pathways. -

The proposed operational program will be reviewed priofvto plant operation.
Modification will be based upon anomalies and/or exposure pathway variations
observed during the preoperational program. _ .

The final operational-monitoring program proposed by the applicant will be

reviewed in detail by the staff, and the specifics of the required monitoring

program will be 1ncorporated 1nto the operating license Radiological Technical
Specifications.

*Available from the Radiological Assessment Branch, Office of Nuclear Reactor
Regulation, U.S. Nuclear Regulatory Commission, Washington, D.C. 20555
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5.9.4 EnVironmenta] Impacts of Postulated Accidents
5.9.4.1 Plant Accidents

The staff has considered the potential radiological impacts on the environment
of possible accidents at the Vogtle plant site, in accordance with the June 13,
1980 Statement of Interim Policy issued by the NRC. The discussion below 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 the consequences should accidents occur.
Also described are the important properties of radioactive materials and the
pathways by which they could be transported to become environmental hazards.
Potential adverse health effects and societal impacts associated with actions
to avoid such health effects as a result of air, water, and ground contamina-
tion from accidents are also identified.

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

The results of calculations of the potentia] consequences of accidents that
have been postulated within the design basis are then given. Also described
are the results of calculations for the Vogtle 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 Cenera] 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 materi-
als into the environment. The predominant focus, therefore, is on events that
can lead to releases substantially in excess of permlss1b1e limits for normal
operat1on Normal release limits are specified in the Comm1551on s regulations
1n 10 CFR 20 and Appendlx I to 10 CFR 50.

There are several features that combine to reduce the risk associated with ac-
cidents at nuclear power plants. Safety features in design, construction, and
operation, comprising the first line of defense, are to a very large extent
devoted to 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 the Vogtle
plant are in the applicant's FSAR. The most important mitigative features are
descrlbed in Sect1on 5.9.4.4(1) below.

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

Vogtle FES ' 5-33



5.9.4.2(1) Fission Product Characteristics - .

By far the largest inventory of radioactive material in a nuciear 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 1nventory

of radioactive material is located in this storage area. Much smaller inven-

tories of radioactive materials are also normally present in the water that
circulates in the reactor coolant system and in the systems used to process

gaseous and liquid radioactive wastes in the plant. Table 5.10 lists the
inventories of radionuclides that could be expected in a Vogtle reactor core.

These radioactive materials exist in a variety of physical and chemical forms.
Their potential for dispersion into the environment depends not only on mechan-
ical forces that might physically transport them, but also on their inherent
properties, particularly their volatility. The maJor1ty 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 charac-
teristics have a significant bearing on the assessment of the environmental
radiological impact of accidents.

The gaseous materials include radioactive forms of the chemically inert noble
gases krypton and xenon. These have the highest potential for release into the
atmosphere. If a reactor accident were to occur involving degradation of the
fuel cladding, the release of substantial quantities of these radiocactive gases
from the fuel is a virtual certainty. Such accidents are low frequency 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 ra-
dioactive 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 predom1nant1y through the external gamma radiation from the airborne
plume. The reactor containment structure is designed to minimize this type of
release. o

Radioactive forms of iodine are formed in substantial quantities in the fuel

by the fission process, and in some chemical forms they may be quite volatile.
For these reasons, iodine has traditionally been regarded as having a relatively
high potential for release from the fuel. If the radionuclides are released to
the environment, the principal radiological hazard associated with the radio-
iodines is ingestion into the human body and subsequent concentration in the
thyroid gland. - Because of this, the potential for release of radioiodines to
the atmosphere is reduced by the use of special systems designed to retain them.

The chemical forms in which the fission product radioiodines are found are gen-
erally solid materials at room temperatures, so they have a strong tendency to
condense (or "plate out") on cooler surfaces. In addition, most of the iodine
compounds are quite soluble in, or chemically reactive with, water. Although

these properties do not inhibit the release of radioiodines from degraded fuel,
they do act to mitigate the release from containment structures that have 1arg'
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
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may "escape" into the atmosphere. Thus, if rainfall occurs during a release,
or if there is moisture on exposed surfaces {for example, dew), the radioicdines
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
iodines, have a much smaller tendency to escape from degraded fuel unless the
temperature of the fuel becomes very high. By the same token, if such materials
escape by volatilization from the fuel, they tend to condense quite rapidly to
solid form again when they are transported to a lower temperature region and/or
dissolve in water when it is present. The former mechanism can result in pro-
duction of some solid particles of sufficiently small size to be carried some
distance by a moving stream of gas or air. If such particulate materials are
dispersed into the atmosphere as a result of failure of the containment barrier,
they will tend to be carried downwind and deposit on surface features by gravi-
tational settling (fallout) or by precipitation (washout or ra1nout), where
they will become "contamination" hazards in the environment.

~ A1l of these radioactive materials exhibit the property of radioactive decay
with characteristic half-lives ranging from fractions of a second to many days
or years. Many of them decay through a sequence or chain of decay processes

and all eventually become stable (nonradioactive) materials. The radiation
emitted during these decay processes renders the radioactive materials hazardous.

5.9.4.2(2) Meteorological Considerations

Two separate analyses of accident sequences are performed by the staff. One
analysis, the determination of the consequences of certain accidents (referred
to as design-basis accidents), is performed for the .SER. This analysis is per-
formed to ensure that the doses to any individual at the exclusion area boundary
(EAB) over .a period of 2 hours, or at the outer boundary of the low population
zone (LPZ) during the entire period of plume passage,* will not exceed the
siting dose guidelines of 25 rems to the whole body or 300 rems to the thyroid,
pursuant to 10 CFR 100. This analysis is used to examine site suitability

(10 CFR 100) and the mitigative capability of certain plant safety features

(10 CFR 50). The atmospheric dispersion model for this evaluation, as described
in Regulatory Guide 1.145, uses onsite meteorology data (typically, a multiyear
period of record) considered representative of the site and vicinity to calcu-
late relative concentrations (x/Q) that will be exceeded no more than 0.5% of
the time in any one sector (22% degrees) and no more than 5% of the time for

all sectors (360 degrees) at the EAB and LPZ.

The second ana]ys1s of accident consequences is reported herein and considers

a spectrum of release categories (including severe accidents) and actual mete-
orological conditions from a representative l-year period-of record of onsite
data. From this 1l-year period (8760 consecutive hours) of hourly averaged mete-
orological observations (wind speed, atmospheric stability, and precipitation),
9] time sequences are used to calculate the dispersion and deposition of radio-
active material from each release category into each of 16 sectors corresponding

*P1ume péssage can be defined as the time period associated with the passage
of the radicactive cloud created by the release of fission products following
an acc1dent
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to the 22%-degree sectors used in the wind direction reports. In the samphng.
of meteorological data, all hourly data appear at some time during at least

one of the time sequences, and favorable, unfavorable, and typical atmospheric
dispersion conditions are considered. Using 91 time sequences and 16 directions
"produces 1456 sets of computed consequences for each release category. The
probability per reactor year associated with each set is the product of the
probability per reactor year of the release categories muitiplied by the annual
probability of the wind blowing into a given sector, divided by 91 to represent.
the equal likelihood of the meteorological samples. The diversity of meteoro-
logical conditions sampled is pr1nc1pa]]y responsible for the general shape of -
the probability distributions given in Figures 5.5 through 5.9.

Combinations of the worst severe accident release category and the most unfavor-
able meteorological conditions sampled are represented by the extreme of the
distribution on the bottom right of each of the p]ots presented A detailed
description of the atmospheric dispersion model is contained in Appendwx VI to
WASH-1400 (NUREG-75/014). _

5.9.4.2(3) Exposure Pathways

The radiation exposure (hazard) to individuals is determined by their proximity
to the radiocactive materials, the duration of exposure, and factors that act

to shield the individual from the radiation. Pathways for radiation and the
transport of radioactive materials that lead to radiation exposure hazards to
humans are generally the same for accidental as for "normal" releases. These
are depicted in Figure 5.3. Two additional poss1b1e pathways that could be
significant for accident releases are not shown in F1gure 5.3. One of these 1"
the fallout of radicactivity initially carried in the air into open bodies of
water. The second would be unique to an accident that results in temperatures
inside the reactor core sufficiently high to cause melting and subsequent pene-
tration of the basemat underlying the reactor by the molten core debris. This
creates the potential for the release of radioactive material into the hydro~
sphere via groundwater. These pathways may lead to external exposure to radia-
tion and to internal exposure if radioactive mater1a1 is contacted, inhaled, or
ingested from contaminated food or water.

It is characteristic of these pathways that during the transport of radioactive
material by wind or by water the material tends to spread and disperse, like a
p]ume of smoke from a smokestack, becoming less concentrated in larger volumes
of air or water. The result of these natural processes is a lessening of the
intensity of exposure to individuals downwind or downstream of the point of
release, but they also tend to increase the number of persons who may be ex- M
posed. For a release into the atmosphere, the degree to which dispersion re-
duces 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 ac-
cident consequences are very much dependent on the weather conditions existing

at the t1me

5.9.4.2(4) Health Effects

The cause-and-effect relationships between radiation exposure and adverse .
health effects are quite complex (CONAES, 1979; Land, 1980); they have been
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studied extensively. Estimates of health effects are based on estimates of
radiation dose for various organs of the body and the whole body itself.

. 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. At about 50 rems, some people can be expected to
exhibit symptoms of what is called radiation sickness (vomiting, diarrhea,
etc.). At dose levels above 50 rems, various forms of early and continuing
health effects (aiso called early morbidity or injury) may appear as described
. in the RSS, WASH-1400. Doses of about 175 rems or more, also received over a
relatively short period of time (hours to a few days), can be expected to cause
some fatal injuries in the general population, with increasing numbers of fa-
talities at corresponding higher dose levels. At the severe but extremely low
probability end of the accident spectrum, exposures of these magnitudes are
“theoretically possible for persons in the close proximity of the plant if
measures are not or cannot be taken to provide protection, such as by shelter-
ing or evacuation.

Any level of exposure also may constitute a latent health risk, but the ability
to define a direct cause-and-effect relationship between a known exposure to
radiation and any given health effect is not possible given the backdrop of the
many other possible reasons why a particular effect is observed in a specific .
individual. For this reason, it is necessary to assess such effects on a sta-
tistical basis. Such effects include randomly occurring cancer in the exposed
population and genetic changes in future generations after exposure of a pro-
spective parent. The occurrence of cancer itself will not be necessarily in-
dicative of fatality. Occurrences of cancer in the exposed population may
begin to develop only after a lapse of'1 to 15 years (latent period) from the .
time of exposure, and continue over a’period of about 30 years (plateau peri-
od). 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 used in
this assessment is based on the BEIR I report (BEIR I, 1972). 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
Yarge number of people is within the range of about 10 to 500 potential cancer
deaths per million person-rems (although zero is not excluded by the data).

The range comes from the BEIR III report (BEIR III, 1980), which also indicates
a probable number ‘of about 150 cancer deaths per m1111on person-rems. This
value is virtually identical to the value of about 140 cancer deaths used in
the NRC health effects model. 1In addition, the BEIR III methodology projects
approximately 220 genetic changes per million person-rems over succeeding
generations. That number also compares well with the number of about 260 per
million person-rems currently used by the NRC staff, which was computed as the
sum of the risk of specific genetic defects and the risk of defects with complex
etiology (causes).

For the purposes of assessing the impacts of accidents on the environment, the
staff has chosen to use five principal measures: early injury, early fatality,
latent cancer fatality, onsite costs, and offsite costs. The choice of the
five is based on the conclusion that they are representative of the more impor-
tant accident impacts on humans. (The references at the end of this chapter
will provide a more detailed discussion of other potential health impacts.)
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5.9.4.2(5) Health Effects Avoidance

. Radiation hazards in the environment tend to disappear by the natural p}ocess

of radioactive decay. Where the decay process is slow, however, and where the
material becomes relatively fixed in its location as an environmental contami-
nant (such as in soil), the hazard can continue to exist for a relatively long -
period of time--months, years, or even decades. Thus, a possible environmental
societal impact of severe accidents is the avoidance of the health hazard rather
than the health hazard itself, by restrictions on the use of the contaminated
property or contaminated foodstuffs, milk, and drinking water. The potential .
economic impacts that this can cause are discussed below. '

5.9.4.3  Accident Experience and Observed Impacts

The evidence of accident frequency and impacts in the past is a useful indicator
of future probabilities and impacts. As of early 1984, there were 79 commer-
cial nuclear power reactor units licensed for operation in the United States

at 52 sites with power-generating capacities ranging from 50 to 1180 MWe. The
Vogtle units are designed for an electric power output up to 1210 MWe. The com-
bined experience with these operating units represents approximately 780 reactor-
years of operation over an elapsed time of about 24 years. Accidents have
occurred at several of these facilities (Bertini, 1980; NUREG-0651; Thompson

and Beckerley, 1964). Some of these accidents have resu]ted in re]eases of
radioactive material to the environment, ranging from very small fractions of

a curie to a few million curies. None is'known to have caused any radiation
injury or fatality to any member of the public, nor any significant individual

or collective public radiation exposure, nor any significant contamination of .
the environment. This experience does not provide a large enough base for a
reliable statistical inference. It does, however, suggest that significant
environmental impacts caused by acc1dents are very un11ke1y to occur over time
periods of a few decades.

Melting or severe degradation of reactor fuel occurred during the accident at
Three Mile Island Unit 2 (TMI-2) on March 28, 1979. It has been estimated that
about 2.5 to 13 million curies of noble gases (about 0.9% of the core inventory)
and about 15 curies of radioiodine (about 0.00003% of the core inventory) were
released to the environment at TMI-2 (NUREG/CR-1250). No other radioactive
fission products were released to the environment in measurable quantity. It -
- has been estimated that the maximum cumulative offsite radiation dose to an
individual was less than 100 millirems (Rogovin, 1980; President's Commission,
1979). The total population exposure has been est1mated to be in the range

from about 1000 to 5000 person-rems (this range is discussed on page 2 of v
‘NUREG-0558). This exposure could produce between zero and one additional fatal
cancer over the lifetime of the population. The same population receives each
year from natural background radiation about 240,000 person-rems, and approxi-
mately a half-million cancers are expected to develop in this group over its
lifetime (Rogovin, 1980; President's Commission, 1979), primarily from causes
other than radiation. Trace quantities (barely above the limit of detectabili-
ty) of radioiodine were found in a few samples of milk produced in the area.

No other food or water supplies were affected.

Accidents at nuclear power plants in the United States have also caused occu-
pational injuries and a few fatalities, but none attributed to radiation expo
sure. Exposures to individual workers have ranged up to about 4 rems as a
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direct consequence of reactor acc1dents (although there have been higher expo-
sures to individual workers as a result of other unusual occurrences)

Accidents have also occurred at other nuclear facilities in the United States
and in other countries (Bertini, 1980; Thompson and Beckerley, 1964). Because

of inherent differences in design, construction, operation, and purpose of most

of these other facilities, their accident record has only indirect relevance

to current nuclear power plants. Melting of reactor fuel occurred in at least
seven of these accidents, including the one in 1966 at Enrico Fermi Atomic Power
Plant Unit 1. Fermi Unit 1 was a sodium-cooled fast breeder demonstration reac- .
tor designed to generate 61 MWe. The damages were repaired and the reactor
reached full power 4 years after the accident. It operated successfully and
completed its mission in 1973. The Fermi accident did not release any radioac-
tivity to the environment

A reactor accident in 1957 at Windscale, Eng]and released a s1gn1f1cant quan-
tity of radioiodine, approximately 20, 000 curies, to the environment (United
Kingdom, 1957). Th1s reactor, which was not operated to generate electricity,
used air rather than water to cool the uranium fuel. ODuring a special opera-
tion to heat the large amount of graphite in this reactor (characteristic of
graphite-moderated reactor), the fuel overheated and radioiodine and noble gas-
es were released directly to the atmosphere from a 123-m (405-foot) stack. Milk
produced in a 518-km? (200-mi2) area around the facility was impounded for up
to 44 days. The United Kingdom National Radiological Protection Board (Crick,
1982) estimated that the releases may have caused as many as 260 cases of thy-
roid cancer, about 13 of them fatal, and as many as seven deaths from other
cancers or hereditary diseases.

5.9.4.4 Mitigation of Accident'Consequences

Pursuant to the Atomic Energy Act of 1954, as amended, the staff is preparing
a safety evaluation report on the application to operate Vogtle Units 1 and 2.
Although this SER will contain more detailed information on plant design, the
principal design features are discussed in the following section.

5.9.4.4(1) Design Features

The Vogtle plant contains features designed to prevent accidental release of
radioactive fission products from the fuel and to lessen the consequences should
such a release occur. Many of the design and operating specifications of these
features are derived from the analysis of postulated events known as design-
basis accidents. These accident preventive and mitigative features are collec-
tively referred to as engineered safety features (ESF). The possibilities or
probab111t1es of failure of these systems are incorporated in the assessments
discussed in Section 5.9.4.5.

The steel-1ined concrete containment building is a passive mitigating system
that is designed to minimize accidental radioactivity releases to the environ-
ment. Safety injection systems are incorporated to provide cooling water to
the reactor core during an accident to prevent or minimize fuel damage. Cool-
ing fans provide heat removal capability inside the containment following steam
release in accidents and help to prevent containment failure as a result of
overpressure. Similarly, the containment spray system is designed to spray
cool water into the containment atmosphere. The spray water also contains an
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additive (sodium hydroxide) that will chemically react with any airborne r‘adi"
iodine to remove it from the containment atmosphere and minimize its release
to the environment.

A11 the mechanical systéms mentioned above are supplied with emergency power
from onsite diesel generators 1n the event that normal offsite station power
is interrupted. .

The fue]-hand]ing building also has accident-mitigating systems. This safety-
grade ventilation system contains both charcoal and high efficiency particulate -
filters. This ventilation system is also designed to keep the area around the
spent-fuel pool below the prevailing barometric pressure during fuel-handling
operations so that effluents will not leak through building openings. If radio-
activity were to be released into the building, it would be drawn through the
ventilation system and most of the radioactive iodine and particulate fission
products would be removed from the flow stream before it is exhausted to the
outdoor atmosphere.

There are features of the plant that are necessary for its power-generation
function that can also play a role in mitigating certain accident consequences.
For example, although the main condenser is not classified as an ESF, it can
act to mitigate the consequences of accidents involving leakage from the prima-
ry to the secondary side of ‘the steam generators (such as steam generator tube
ruptures). If normal offsite power is maintained, the ability of the plant to
send contaminated steam to the condenser instead of releasing it through the
safety valves or atmospheric dump valves can significantly reduce the amount
water-solubie radionuclides released to the environment.

Much more extensive discussions of the safety features and characteristics are
in the FSAR, and the staff evaluation of these features will be in the SER. In
~addition to benefitting from these features, Vogtle also will benefit from the
implementation of the lessons learned from the TMI-2 accident--in the form of
improvements in design, procedures, and operator training--that will signifi-
cantly reduce the Tikelihood of a degraded core accident that could result in
large releases of fission products to the containment. Specifically, the appli-
cant is required to meet the TMI-2-related requirements in NUREG-0737.

5.9.4.4(2) Site Features

The NRC's reactor site criteria, 10 CFR 100, require that every power reactor

site have certain characteristics that tend to reduce the risk and potential
impact of accidents. The discussion that follows briefly describes the Vogtle *
site characteristics and how they meet these requirements.

First, the site has an exclusion area, as required by 10 CFR 100. This exclu-
sion area is an irregularly shaped area that conforms to the site property
Tines. The minimum distance from the center of the Unit 1 containment building
to the exclusion area boundary is 1097 m (3600 feet). The Georgia Power Compa-
ny and the co-owners of the Vogtle plant own the entire 1283 ha (3169 acres) of
surface and mineral rights in the area which comprises the Vogtle site. There
are no residents living within the exclusion area. Activities unrelated to
‘plant operations that occur within the exclusion area include those associat
with the construction of Unit 2, and with persons in and around the visitors
center. Other activities in the exclusion area involve the maintenance and
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operation of the Georgia Power simulator, and the Wilson plant, which is a com-
bustion turbine plant also owned by Georgia Power. As required by 10 CFR 100,
Georgia Power has the authority to control all activity within the exclusion
area. There are no railroads, waterways or highways traversing the exclusion
area. In case of an emergency, ‘arrangements have been made with local authori-
ties to 1imit access and to control the activity and evacuation of everyone in
the exclusion area. '

Second, beyond and surrounding the exclusion area is a low population zone
(LPZ), also required by 10 CFR 100. The LPZ for the Vogtle site is a circular
area with a 3.2-km (2-mile) radius measured from a point centered on a line

- midway between Units 1 and 2. Except for the Savannah River and the swampy
flood plain which extends partly into the Savannah River Plant property, the
LPZ consists mostly of wooded areas. There are very few recreational activi-
ties on the river. Within the LPZ, 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 seri--
ous accident. The applicant has indicated that there were about 495 persons
residing in the Vogtle LPZ in 1980--consisting mostly of workers connected

with the construction of Units 1 and 2. This number is expected to increase
to a maximum of about 517 before Unit 2 is completed, when it is expected to
decrease to about 27. During the operating lifetime of the plant, the popula-
tion in the LPZ is not expected to exceed 75 persons. 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 Vogtle plant. For
further details, see Section 5.9.4.4(3), Emergency Preparedness. ‘

Third, 10 CFR 100 also requires that the distance from the reactor to the near-
est boundary of a densely populated area containing more than about 25,000 res-
jdents be at least one and one-third times the distance from the reactor to the
outer boundary of the LPZ. The city of Augusta, Georgia, located about 41.5 km
(26 miles) north-northwest of the site, is the most densely populated center -
near the plant. The population of Augusta was 47,532 in 1980. The distance
from Augusta to the site is at least one and one-third times the distance to
the outer boundary of the LPZ. There are no cities larger than Augusta within
80 km of the site. The closest large city is Columbia, South Carolina, located
about 120 km (75 miles) away in a northeasterly direction. Columbia had a 1980
population of 101,208. The population density within 48 km (30 miles) of the
site is projected to be 38 persons per km? (97 persons per mi2), when the plant
" js scheduled to go into operation. It is not expected to exceed 56 persons per
km2 (145 persons per mi2?) during the life of the plant.

The safety evaluation of the Vogtle site includes a review of potential exter-
nal hazards that might adversely affect the operation of the plant and cause an
accident. This review encompasses nearby industrial, transportation, and mili-
tary facilities that might create explosive, fire, missile, toxic gas, or simi-
lar hazards. The risk to the Vogtle facility from such hazards has been found
to be negligibly small. Compliance with the Commission's siting criteria for
consideration of both natural (e.g., earthquakes and floods) and constructed
hazards are discussed in more detail in the SER. ~ :

i 5.9.4.4(3) Emergency Preparedness

Emergency preparedness plans including protective action measures for Vogtle
Units 1 and 2 and environs are under development and are not fully completed.
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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 p]ann1ng zones (EPZs). A plume
exposure pathway EPZ of about 16 km (10 m]]es) in radius and an ingestion expo-
sure pathway EPZ of about 80 km (50 miles) in radius are required. Other stan-
dards include appropriate ranges of protective actions for each of these zones,
provisions for dissemination to the public of basic emergency planning informa-
tion, provisions for rapid notification of the public during a serious reactor
emergency, and methods, systems, and equ1pment for assessing and monitoring
actual or potential offsite consequences in the EPZs of a radiological emergency
condition. :

The 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 lo-
cal government emergency response plans. The NRC will determine the adequacy
of the applicant's emergency response plans with respect to 10 CFR 50.47(b),
Appendix E to 10 CFR 50, and NUREG-0654, Revision 1, "Criteria for Preparation
and Evaluation of Radiological Emergency Response Plans and Preparedness in
Support of Nuclear Power Plants." After the above determinations by NRC and .
FEMA, -the NRC will make a finding in the licensing process as to the overall
and 1ntegrated states of preparedness. The NRC staff findings will be reported
in a supplement to the SER. Although the presence of adequate and tested emer-
gency plans cannot prevent an. accident, it is the staff's judgment that such
plans, when implemented, can mitigate the consequences to the public if an ac-
cident should occur.

5.9.4.5 Accident Risk and Impact Assessment
5.9.4.5(1) Design-Basis Accidents

“As a meahs of ensuring that certain features of the Vogtle plant meet accept-
able design and performance criteria, both the applicant and the staff have
analyzed the potential consequences of a number of postulated accidents.

Some of these could lead to s1gn1f1cant releases of radioactive materials to
the environment, and calculations have been performed to estimate the potential
radiological consequences to persons off the site. For each postulated initi-
ating event, the potential radiological consequences cover a considerable range
of values depending upon the particular course taken by the accident and the
conditions, including wind direction and weather, prevalent during the accident.

Three categories of accidents have been considered based upon their probability
of occurrence: (1) incidents of moderate frequency (events that can reasonably
‘be expected to occur during any year of operation), (2) infrequent accidents
(events that might occur once during the lifetime of the plant), and (3) limit-
ing faults (accidents not expected to occur but that have the potential for
significant releases of .radioactivity). The radiological consequences of inci-
dents in the first category, also called anticipated operational occurrences,

are similar to the consequences from normal operation that are discussed in .

Section 5.9.3.
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Some of the initiating events postulated in the second and third categories for
the Vogtle plant are shown in Table 5.11. To evaluate the potential environ-
mental risk inherent in the operat1on of the Vogtle plant, the app11curt has
analyzed a variety of accidents, in a more realistic manner, using the guidance
of Regulatory Guide 4.2,.Revision,2, “"Preparation of Environmenta] Reports for
Nuclear Power Plants." The types of accidents presented in Table 5.11 are
similar to some events evaluated in the SER. The applicant's estimates of the
radiation doses to individuals at the nearest boundary of the plant during the
first 2 hours after an accident are also shown in Table 5.11. -

These results reflect the expectation that certain engineered safety features
designed to mitigate the consequences of the postulated accidents would func-
tion as intended. An important assumption in these evaluations is that the
releases considered are limited to noble gases and rad101od1nes and that other
radioactive materials are not released.

“The staff does not perform an independent assessment of the potential offsite
consequences using realistic assumptions. Instead, the staff estimates poten-
tial upper bound exposures to individuals for the same accidents listed in
Table 5.11 for the purpose of implementing the provisions of 10 CFR 50 and 100.
For the staff evaluations, the assumptions made regarding the course of the
accident and the prevailing plant conditions are much more pessimistic than the
assumptions made in the realistic analyses discussed above. The assumptions
‘used for the design-basis accidents include much larger amounts. of radioactive -
material released, additional single failures in equipment, operation of ESFs
in a degraded mode,* and poor meteorological dispersion conditions. Although
not discussed herein, the results of the staff's evaluation will be described
.in detail in the Vogtle SER. ‘

For comparison with the dose values in Table 5.11, the results taken from the
Vogtle SER for the CP stage show that the 11m1t1ng whole-body exposures are
not expected to exceed 7 rems to any individual at the exclusion area boundary.
~ They also show that radioiodine releases have the potential for offsite expo-
sures ranging up to about 122 rems to the thyroid. For such an exposure to
occur, an individual would have to be located at a point on the site boundary
where the radioiodine concentration in the plume has its highest value and
inhale at a breathing rate characteristic of a person jogging for a period of
2 hours. The health risk to an individual receiving such an exposure to the
thyroid is the potential appearance of benign or malignant thyroid nodules in
about 4 out of 100 cases, and the development of a fatal thyroid cancer in
about 2 out of 1000 cases.

None of the calculations of the impacts of design-basis-accidents described in
this section or in the SER take into consideration possible reduction in indi-
vidual or population exposure as a result of taking any protective actions.

© 5.9.4.5(2) Probabilistic Assessment of Severe Accidents

This and the following three sections discuss the probabilities and conse-
quences of accidents of greater severity than the accidents discussed in the

*The containment structure, however, is assumed to prevent 1eakage in excess
of that that can be demonstrated by testing, as prov1ded in 10 CFR 100.11(a).
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previous section. They are considered less likely to occur, but their conse-
quences could be severe, both for the plant itself and for the environment.
These severe accidents can be distinguished from design-basis accidents in two
- primary respects: they involve substantial physical deterioration of the fuel
in the reactor core, including overheating to the point of melting, and they
involve deterioration of the capability of the containment structure to perform
its intended function of Timiting the release of radioactive materials to the
environment. Heretofore these accidents have frequently been called Class 9

accidents, which, as a-class, include all accidents involving sequences of fai- '

lures more severe than those postulated for the design basis of the protective
systems and engineered safety features. The consequences of such accidents
could be severe.

The assessment methodology employed is that described in the Reactor Safety
Study (RSS), which was published in 1975 (as WASH-1400, now designated
NUREG-75/014). A less comprehensive but more up-to-date treatment is given in
NUREG/CR-2300, "PRA Procedures Handbook." A discussion of the uncertainties
surrounding the RSS methodology is in Section 5.9.4.5(7).

However, the sets of accident sequences that were found in the RSS to be the
“dominant contributors to the risk in the prototype PWR (Westinghouse-designed
Surry Unit 1) have been updated or "rebaselined" (NUREG-0773). The rebaselining
has been done largely to incorporate both peer group comments and the better
data and analytical techniques that resulted from research and development

that took place after the publication 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
diverse accident sequences into encompassing "Release Categories" (as was done
in the RSS) has been largely (but not completely) eliminated (see NUREG-0773).

The Vogtle Units 1 and 2 are Westinghouse-designed PWRs having design and
operating characteristics similar to the Surry Unit 1 facility used in the RSS
as a prototype for PWRs. Therefore, the present assessment for Vogtle has used
as its starting point the rebaselined accident sequences and release categories
referred to above, and more fully described in Appendix F. Characteristics of
the sequences (and release categories) used (all of which involve partial to
complete melting of the reactor.core) are shown in Table 5.12.

Sequences initiated by external phenomena--such as tornadoes, floods, or seis-
mic events, and those that could be initiated by humans, including deliberate
acts of sabotage--are not included in the event sequences corresponding to the
listed release categories. The only plants for which external events have been
assessed in detail in a contemporary probabilistic sense by both licensees and
the staff are Zion, Indian Point, Limerick, and Millstone Unit 3. "In these
cases, no estimates of risk from sabotage were made, because these estimates
are considered beyond the state of the art. However, the consequences of large
releases caused by sabotage should not be different in kind from the releases
estimated for severe internally initiated accidents. For Zion and Limerick,
the licensees submitted probabilistic risk assessments (PRAs) that indicate
external events can be significant contributors to risk. For Indian Point,
staff evaluations also indicate significant risks as a result of external events
other than sabotage.- "Significant," in this context, means that the best esti-
mates of the additional risk from external events other than sabotage were cal-
culated to be as much as a factor of 30 higher compared to the best estimate

~
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isks from internal events at Indian Point, but about 2 to 10 times the best
stimate risk from internal events at Zion.

Although the staff made no numerical assessment of externally initiated acci-,
dent risks for Vogtle, the staff did draw upon information from the Zion, Lim-
erick, Millstone Unit 3, and Indian Point studies. The staff concludes the
actual risks from internal and external causes (exclusive of sabotage) could be
higher than those presented here, but are unlikely to exceed those determined
from risk multipliers computed for Zion, Limerick, Millstone 3, and Indian
Point. These multipliers would not resu]t in r1sks at Vogtle outs1de an uncer-
tainty range of a factor of 100 times the risks from internal events, as dis-

- cussed in Section 5.9.4.5(7).

The calculated probability per reactor-year associated with each release cate-
gory used is shown in the second column in Table 5.12. 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 inadequa-
cies in the data base on failure rates of individual plant components that were
used to calculate the probabilities. The probabilities of some of the accident
sequences from the Surry plant were modified to account for an improved ability
to prevent Event V (containment bypass loss-of-coolant accident) and to reflect
the offsite power and diesel reliability at Vogtle. However, because there

was no detailed PRA specific to the Vogtle site, the probabilities shown in-
Table 5.12 could be substantially different from those developed from a com-
prehensive PRA. In spite of this, the staff judges that the overall effect of
all sequences taken together is 11ke1y to be within the uncertainty range
discussed in Section 5.9.4.5(7).

The magnitudes (curies) of radioactivity release for each release category are
obtained by multiplying the release fractions shown in Table 5.12 by the
amounts that would be present in the core at the time of the hypothetical acci-
dent. (These are shown in Table 5.10 for Vogtle Units 1 and 2 at a core ther-
mal power level of 3565 MWt, the power level used in the safety evaluation.)

O0f the hundreds of radionuclides present in the core, the 54 listed in

Table 5.10 were selected as significant contributors to the health and economic
risks of severe accidents. The core radionuclides were selected on the basis
of (1) half-life, (2) approximate relative offsite dose contribution, and

(3) health effects of the radionuclides and their daughter products.

The potential radiological consequences of these releases have been calculated
by the consequence model used in the RSS (NUREG/CR-2300), adapted and modified
as described below to apply to a specific site. The essential elements are
shown in schematic form in Figure 5.4. Environmental parameters specific to
the Vogtle site have been used. These include the following:

". meteoro]og1ca1 data for the site represent1ng a full year of consecutive
hourly measurements and seasonal variations -

projected population for the year 2010 extending throughout regions of
-km (50-mile) and 563-km (350-mile) radii from the site

the habitable land fraction within a 563-km (350-mile) radius
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. land-use statistics, on a statewide basis, including farm land values,
farm product values including dairy production, and growing season infor-
mation, for the States of South Carolina and Georgia and each surrounding
state w1th1n the 563-km (350-mile) region

To obtain a probability distribution of consequences, the calculations are per- *
formed assuming the releases, as defined by the release categories, at each of
91 different "start" times throughout a 1-year period. Each calculation used
(1) the site-specific hourly meteorological data, (2) the population projec-
tions for the year 2010 out to a distance of 563 km (350 miles) around the -
Vogtle site, and (3) 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 protec-
tive 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 from severe releases. The evacuation model used
. (see Appendix G) has been revised from that used in the RSS for better site-
specific application. The quantitative characteristics of the evacuation model
used for the Vogtle site are estimates made by the staff. There normally would
be some facilities near a plant, such as schools or hospitals, where special
equipment or personnel may be required to effect evacuation, and some people
near a site who may choose not to evacuate. Therefore, actual evacuation

- effectiveness could be greater or less than that characterized, but it would
not be expected to be very much less, because special consideration will be
glven in emergency planning for the Vogt]e plant to any unique aspects of deal-
“ing with special facilities.

The other protective actions include: (1) either complete denial of use, or ‘
limited use, or permitting use only at a sufficiently later time after appro-
priate decontamination of food stuffs such as crops and milk; (2) decontamina-
tion of severely contaminated environment (land and property) when it is con-
~sidered to be economically feasible to lower the levels .of contamination to
protective action guide (PAG) levels; and (3) denial of use of severely con-
taminated land and property for varying periods of time until the contamination
levels are reduced to such values by radioactive decay and weathering that land
and property can be economically decontaminated as in (2) above. These actions
would reduce the radiological exposure to the people from immediate and/or
subsequent use of or living in the contaminated environment.

Early evacuation within and relocation of .people from outside the plume expo-

sure pathway zone (see Appendix G) 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 Vogtle 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.

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 action, and costs associated
with property damage by radioactive contammatmn .
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‘ 5'.9.4.5(3) Dose and Health Impacts of Atmospheric Re]eas'es

The results of the atmospheric pathway calculations of dose and health impacts
performed for the Vogtle fac111ty and site are presented in the form of
probability distributions in Figures 5.5 through 5.9*% and are included in

the impact summary table, Table 5.13. A1l of the release categories shown

in Table 5.12 contribute to the results, with each weighted by its associated
probability. : ’

- Figure 5.5 shows the probability distribution for the number of persons who
might receive bone marrow doses equal to or greater than 200 rems, whole body
doses equal to or greater than 25 rems, and thyroid doses equal to or greater
than 300 rems from early exposure,** all on a per-reactor-year basis. The
200-rem bone marrow dose figure corresponds approximately to a threshold value
for which hospitalization would be indicated for the treatment of radiation
injury. The 25-rem whole-body dose and 300-rem thyroid dose figures correspond.
to the Commission's guideline va1ues for reactor siting in 10 CFR 100.

Figure 5. 5 shows in the left-hand portion that there are approx1mate]y 2 chances
in 100,000 per reactor-year that one or more persons may receive doses equal to
or greater than any of the doses specified. The fact that the three curves
initially run almost parallel in horizontal 1ines shows that if one person were.
to receive such doses, the chances are about the same that ten to hundreds would
be so exposed. The chances of larger numbers of persons being exposed at those
levels are seen to be considerably smaller. For example, the chances are less
than about one in 17,000,000 (6 x 10-8) that 10,000 or more people might receive
bone marrow doses of 200 rems or greater.. V1rtua11y all of the exposures
reflected in this figure would occur within a 161-km (100-mile) radius.

Figure 5.6 shows the probability distribution for the total population exposuré
in person-rems; that is, the probability per reactor-year that the total

*Figures 5.5 through 5.9 are called complementary cumulative distribution
functions. They are intended to show the relationship between the probabil-
ity of a particular type of consequence being equalled or .exceeded and the

- magnitude of the consequence. Probability per reactor-year (r-y) is the

. chance that a given event will occur in 1 year of operation for one reactor.
Because the different accident releases, atmospheric dispersion conditions,
and chances of a health effect (for examp]e, early fatalities) result in a
wide range of calculated consequences, they are presented on a logarithmic
piot in which numbers varying over a very large range can be conveniently
illustrated by a grid indicated by powers of 10. For instance, 10® means
one million or 1,000,000 (1 followed by 6 zeroes). The cumulative probabil-
ities of equalling or exceeding a given consequence are also calculated to
“vary over a large range (because of the varying probabilities of accidents
and atmospheric dispersion conditions), so the probabilities are also plotted
logarithmically. For instance, 10-® means one millionth or 0.000001.

: |
**Ear]y exposure to an individual includes external doses from the radioactive
cloud and the contaminated ground, and the dose from internally deposited
radionuclides from inhalation of contaminated air during the cloud passage.
Other pathways of exposure are excluded.
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population exposure will equal or exceed the values given. Most of the popula
tion exposure up to 10° person-rems would be expected to occur within 80 km

(50 mlles) but the more severe releases (as in the first two release categories

in Table 5.12) cou]d result in exposure to persons beyond the 80~km range as

shown.

~ For perspective, population doses shown in Figure 5.6 may be compared with the
~annual average dose to the population within 80 km of the Vogtle site resulting
from background radiation of 72,000 person-rems, and to the anticipated annual
population dose to the general public (total U.S.) from normal plant operation e
(both units) of 78 person- rems (exc]ud1ng p]ant workers) (Appendix D,
Tab]es D-7 and D-9).

Figure 5.7 shows the probab1]1ty distributions for early fatalities, repre-
senting radiation injuries that would produce fatalities within about 1 year
after exposure. Al1l of the early fatalities would be expected to occur within
a 20=km (12.5-mile) radius and the majority within a 9.6-km (6-mile) radius.
The results of the calculations shown in this figure and in Table 5.13 reflect
the effect of evacuation within the 16-km (10 mile) plume exposure pathway
emergency planning zone. _

Figure 5.8 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 are shown separately. Further, the fatal latent cancers

have been subdivided into those attributable to exposures of the thyroid and .
those attributable to exposures of all other organs. These estimates may be .
compared to the cancer fatality risk per individual per year from all causes

of 1.9 X 10-3 (American Cancer Society, 1981).

An additional potential pathway for doses resulting from atmospheric release is
from fallout onto open bodies of water. This pathway was investigated in the
staff analysis of the Fermi Unit 2 plant, which is located on Lake Erie and for
which appreciable fractions of radionuclides -in the plume could be deposited

in the Great Lakes (NUREG-0769). The staff found that, for the Fermi site,

the calculated individual and societal doses from this pathway were on the same
order of magnitude as the interdicted doses from other pathways. Further, the
individual and societal liquid pathway doses could be substantially eliminated
by the .interdiction of the aquatic food pathway in a manner comparable to inter-
" diction of the terrestrial food pathway in the present analysis. Because Vogtle
is not on a large surface water body, the fraction of radioactive material that
could fall onto nearby rivers, streams, or lakes would be correspondingly _ >
reduced. . a

The staff has also considered fall onto and runoff and leaching into water
bodies in connection with a study of severe accidents at the Indian Point
reactors in southeastern New York (Codell, 1982). In that study, empirical
models were developed based upon considerat1ons of radionuclide data collected
in the New York City water supply system as a result of fallout from atmospheric
weapons tests. As with the Fermi study, the Indian Point evaluation indicated
that the uninterdicted risks from this pathway were fractions of the interdicted
risks from other pathways. Further, if interdicted in a manner similar to the
interdiction assumed for other pathways, the Tiquid pathway risk from fallout
would be a very small fraction of the risks from other pathways. Considering
the regional meteorology and hydrology for the Vogtle site, the staff sees
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nothing to indicate that the 1iquid pathway contribution to the total accident
risk would be significantly greater than the risk found for Fermi Unit 2 and
Indian Point. This water pathway would be of small importance compared to the
results presented here for fallout onto land.

5.9.4.5(4) Additional Possible Re]eases to Groundwater

This section presents a comparative evaluation of the radiological consequences
that might result following a large release of radionuclides from the Vogtle
reactors to the local groundwater system. - Such releases could occur following
a postulated core meltdown with eventual penetration of the containment basemat.
Core debris that exits the melt hole at elevation 134 feet (above mean sea
level) would then enter below the water table aguifer, which extends from ele-
vation 134 feet to elevation 160 feet, and radionuclides in the débris would be
leached into the groundwater system. It is also possible for containment sump
‘water, which would be rich in dissolved fission products, to be released via
the basemat melt hole into the groundwater system.

The NRC staff analysis of the potentia1.consequences of such an event is in
- NUREG-0440, "Liquid Pathway Generic Study" (LPGS). This generic report pro-
vides the basis for the comparative evaluation of the Vogtle units.

The LPGS presents analyses for a four-Toop Westinghouse PWR located at a number
of land sites. Two of the land-based sites analyzed in the LPGS were a river
site on the Clinch River and an east coast estuary site. The Vogtle site is
located 151 river miles from the Atlantic Ocean and is most comparable to the
river site, except that the r1ver)1s not long and there are no dams between the
site and the ocean. The Vogtle site is unlike the estuary site because it is
far enough away from the ocean so that no tidal effects are present.

In the LPGS, parameters for each generic site were chosen to be representative
of the full spectrum of similar sites. Although the parameters used for analy-
sis in the LPGS are typical, they do not represent any actual plant site. The
LPGS concluded that the individual and population doses for the liquid pathways -
would be fractions of the airborne pathways dose that .could result from a core
meltdown accident. Individual and population doses are reported in the LPGS
for the principa] ]iquid pathways:. drinking water, aquatic food, and direct
exposure from swimming and shoreline usage. Exposures resulting from crop

" jirrigation were also considered but were found to contribute insignificantly
to dose.

Doses to individuals and populations were calculated in the LPGS without taking
credit for possible interdiction methods such as isolation of contaminated .
groundwater, the temporary restriction of fishing, or providing alternative
sources of drinking water (or additional purification equipment). Such inter-
diction methods would be highly successful in preventing exposure to radioac-
tivity, and the liquid pathways consequences would, therefore be economic and
societal rather than radiological.

The estimates of the liquid pathways consequences resu1t1ng from a radionuclide
release at Vogtle were developed by comparing, in a series of ratios, the prin-
cipal parameters app11cab]e to the Vogt]e site to’ the parameter va]ues used

for the generic river site calculations in the LPGS. The parameters for which
ratio comparisons were developed are
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(1) the radiohuc]ide source release to the river ‘

(2) the population along the river system that obtains drinking water
. from the river _

(3) the annual fish harvest on the river system
(4) the annual recreational usage of the river system

In a very general way, the consequences of a major radionucliide release to the g
groundwater system at Vogtle can be expressed as follows:

dose = Vogt]e source LPGS dose for x  usage ratio for
- LPGS source the ith pathway the ith pathway
Pathway usage ratios are .

(1) Drinking water population for Vogtle river system
Drinking water population for LPGS river system

(2) Annual fish harvest for Vogtle river system-
Annual fish harvest for LPGS river system

(3) Person-hours of direct exposure for Vogtle river syétem
Person-hours of direct exposure for LPGS river system

To be exact, this summation should be carried out for each radionuclide. How- ‘
ever, it has been found that the liquid pathway doses tend to be dominated by

a very few radionuclides. As will be shown below, the characteristics of the
Vogtle site are such that most of the important radionuclides will undergo sub-
stantial decay during the process of groundwater transport to the Savannah

River. Therefore, the general equation above provides an adequate approach to
developing a comparative liquid pathways dose evaluation.

« = Site Characteristics as Related to Grdundwater Releases .

Vogtle is located on the southwest bank of the Savannah River at approximately
river mile 151. This location is about 26 air miles south-southeast of Augusta,
Georgia. The facility is on the eastern margin of the Tifton Upland topographic
belt, an elevated area of the Coastal Plain geographic region, at a ground
elevation of 220 feet ms1. The Savannah River cuts a deep, transverse valley
through the Coastal Plain along the eastern border of the plant site. The river
valley is a mature topographic feature with a broad floodplain at approximately
elevation 85 feet ms1. The plant is about 1097 m (3600 feet) from the Savannah
River at its closest approach to the site.

-The principal load bearing structure for the Vogtle plant is the Blue Bluff

mar] member of the Lisbon Formation. The Blue Bluff marl is a clayey marl
approximately 21 m (70 feet) thick; the top of the load-bearing horizon is

about 26 m (85 feet) below grade at elevation 134 feet ms1l. The containment
building and most other plant structures are built upon this soil structure.

The Blue Bluff marl consists of a semi-consolidated glauconitic marl with sub-
ordinate lenses of dense, well-indurated, well-cemented 1imestone. The marl ‘
layer overlies the unnamed sands member of the Lisbon Formation. The per-
meability of the marl layer is very low, essentially zero, and it is classified
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as an aquiclude that effectively confines groundwater within the unnamed sands
to produce artesian conditions at the site. This artesian water region is
referred to as the Tertiary Groundwater System. The Huber Formation is about
30.5 m (100 ft) thick and is located directly below the Lisbon Formation. The
Huber Formation is an aquitard and separates the Tertiary Groundwater System
from the Cretaceous Groundwater System directly below. The Tuscaloosa Formation
is the cretaceous aquifer at the site and is a major regional groundwater supply
aquifer and the source of the plant's potable water supply and makeup for the
nuclear service cooling water system. Because of the 1mpermeab1e nature of the
marl, recharge to the Tertiary and Cretaceous aquifers is not a direct result of
rainwater infiltration at the site. The formation slopes in a general easterly
trend toward the Savannah River. However, this trend is insufficient for the
marl to pass beneath the river. As the Savannah River cut its channel, the

mar]l was exposed at elevation 130 feet ms1 on the southwest bank of the river
approximately 14 m (45 feet) above the floodplain.

After rainfall over the plant site and surrounding area percolates through

the overlying soil, it accumulates above the Blue Bluff marl to produce water
table conditions. This water table aquifer extends from elevation 160 feet ms1
to the top of the Blue Bluff marl at elevation 134 feet ms1. A hydraulic con-
nection with the Savannah River is precluded by the stratigraphy of the site.
The water table aquifer discharges to the surface by seepage through the flanks
of adjacent stream beds as they flow toward the Savannah River. The water table
also discharges to surface waters in several free-flowing springs located near
the plant site. These springs feed small streams that flow eventually to the
Savannah River. The local groundwater system is shown in Figure 4.10c and is
described in FSAR Section 2.4.12.2.

Groundwater Travel Time

Radionuclides entering the groundwater system would be entrained in the natural
groundwater flow to streams feeding into the Savannah River. The Blue Bluff
mar]l aquiclude would preclude the migration of radicnuclides from a postulated
core melt accident into the underlying confined aquifer. -The Vogtle plant is
situated on the northwest side of a relatively flat groundwater plateau, and
radionuclides released in the vicinity of the plant would probably migrate in

a northwesterly direction to a spring about 975 m (3200 feet) from the Unit 2
containment building and into Mathes Pond and then by surface flow to the
Savannah River. Excavation for the main power block covers a rectangle that

is about 311 m (1020 feet) (east-west) by 284 m (930 feet) (north-south) and is
at least three feet below the top of marl. This excavation, exclusive of the
structures, is backfilled with Category I material, composed of sand and silty
sand, and compacted to an average of 97% maximum density. Based on permeability
and porosity tests (FSAR Section 2.4.12), the maximum permeability of the
material is 689 m/yr (2260 ft/year) and the minimum effective porosity is 25%.
Radionuclides released in the power block area would migrate through the plant
backfill and then, most likely, travel through the Utley Limestone to the spring
and Mathes Pond. The applicant (FSAR Section 2.4.12) performed pumping tests

to determine the permeability of the Utley Limestone. These test results show
that permeability may be as h1gh as 45,720 m/year (150,000 ft/year). Permeabil-
ities of this magnitude result in groundwater travel times through the Utley
Limestone that are on the order of one-half year. The staff conservatively
ignored this travel time in eva]uat1ng the affects of a core-melt release at

the site.
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~ The seepage velocity may be determined with Darcy's Law as follows: .

veEki
Ne
where
v = seepage velocity
k = coefficient of hydraulic conductivity*
i = hydraulic gradient
Ne = effective porosity or specific yield

Groundwater levels from December 1984 indicate a gradient of 3.2 meters per
thousand meters for the plant backfill from the Unit 2 containment northwesterly
toward the spring and Mathes Pond (FSAR Section 2.4.12). Once construction is
complete, the paving and ditching in the power block area should reduce recharge
to the groundwater table aquifer and slightly reduce gradients in the piant fill
area. However, the staff has conservatively assumed a gradient of 4 meters per
thousand meters for this evaluation. Based on this gradient, a permeability of
689 m/year (2260 ft/year) and an effective porosity of 25%, the groundwater
velocity through the plant backfill would be calculated as follows:

V= (689 m/year) (4 X 10°%) - 11 m/year (36.2 ft/year)
0.25

The 1ength of the flow path through the backfill is 168 m (550 feet) The
_ groundwater travel time (t) is then conservatlvely given by the following
expression:

t. cons. = é = lllggyZar = 15 years
where
X = the pathway distance |
‘v = seepage velocity
. Source Compérison
‘The rad1onuc11dé source that is ultimate]y transmitted through a groundwater -

system to an adjacent surface water is determined by the fo]low1ng three
factors

(1) the core radionuclide inventory
(2) the fraction of the core radionuclide inventory released to ground-

water via such mechanisms as sump water release and ‘leaching from
the core debris :

*For these evaluations, hydraulic conducti@ity and permeabi]ity are used
interchangeably. : ‘
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(3) the attenuation that takes place during transport through'the ground-
water system, principally from radioactive decay and adsorption

The LPGS analyses were based on the core inventory for a four-loop Westinghouse
PWR similar to the Vogtle units. The fraction of the core inventory that couild
be released to the groundwater depends on numerous factors, such as the specific
accident sequence and containment failure mode, containment sump structure, and
the nature of the soils that separate the containment basemat from the under-
lying groundwater system. The staff assumed that the LPGS assumptions apply

to the Vogtle units. A number of release cases are considered in the LPGS;
however, the worst cases considered (instantaneous release of all sump water

and all activity available for leaching) are clearly bounding for any

plant/site combination. '

The LPGS demonstrated that for travel times on the order of years virtually
all of the population dose from the ligquid pathway in an assumed coremelt
accident would result from Sr-90 and Cs-137. These chemically active nuclides
would, however, travel through the groundwater pathway at a much slower rate
because of the process of sorption onto the soil and rock media. The degree
of retardation is governed by the various physical properties such as bulk
density, aquifer porosity, and radionuclide equilibrium distribution coeffi-
cients. The relationship between groundwater velocity (or groundwater trans-

~port time), radionuclide adsorption, and the radionuclide fraction that is

ultimately transmitted with decay is given by the following expression:
- 0.693 (t. cons.) (a)

' 1n‘(T.F.) = T,
2
where
T.F. = transmitted fraction :
t. cons. = conservative estimate of groundwater transport time
T% = radionuclide half-life
a = adsorption retention factor

The adsorption retention factor is equal to (1 + p/n Kd)

where

p = bulk density of the aquifer media

porosity of the aquifer

n

Kd distribution coefficient which is defined as the mass of
radionuclide adsorbed per gram of soil divided by the mass
of rad1onuc11de dissolved per milliliter of groundwater

A typical value of the ratio p/n is 5; however, for consistency the value of'
4.1 used in the LPGS was adopted. The retardat1on factors were calculated

" using equilibrium distribution coefficients of 5 cm3/gm for Sr-90, 49 cm®/gm

for Cs-137, and zero for H-3. These equilibrium distribution coeff1c1ents
were der1ved from an extensive literature search and are at the low end of the
range of values given by Isherwood (1981). The calculated retardation factors
for Sr-90, Cs-137 and H-3 are 21.5, 165, and 1, respectively.
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LPGS Table 6.2.1 lists the transmitted fraction for a number of radionuclides,
the more important of which are as follows:

Nuclide ' | T, , years T.F.
H-3 12.1 0.97
Sr-90 28 0.87
~ 'Cs-137 30 0.31

As shown above, the conservative groundwater transport time at the Vogtle site
is estimated to be about 15 years. On the basis of this and the calculated
retardation factors, the transmitted fractions for the principle radionuclides

are as fol

Tows: v

Nuclide T, years T.F.* T.F. (Vogtle)/T.F. (LGPS)
H-3 12.1 0.43 0.44
Sr-90 28" 0.0005 0.0006
Cs-137° 30 0 0

The effect of much longér groundwater travel time at the Vogtle site (15 years
compared to 0.61 year in the LPGS), even with the relatively small assumed val-

ues of Kd,

is very significant. Virtually no Cs-137 would be expected to reach

the Savannah River. Only 0.0005 of the released Sr-90 would reach the river

(compared.

tritium release is closer to that estimated in the LPGS, with a transmitted
fraction of 0.43 for Vogtle compared to 0.97 for LPGS.

The source effect on liquid bathway consequences can be summarized as follows:

(1)

(2)

(3)

to a transmitted fraction of 0.87 in the LPGS). The projected

Pathway doses that would be dominated by Cs-137 would be nil at
Vogtle in comparison to doses calculated in the LPGS.

Pathway doses that would be dominated by Sr-90 at Vogtle would be
about 4 orders of magnitude lower than those ca]cu]ated in the LPGS,
assuming equal pathways exposure

Pathway doses from H-3 at Vogtle would be lower, but within the same
order of magnitude, assuming equal pathways exposure. At the levels
of population dose calculated in the LPGS, tritium is not a signifi-
cant contributor. This is the result, in part, of the smaller core
inventory of tritium (2 to 3 orders of magnitude less than the curie
content for Sr-90 or Cs-137), and also in part to the relatively low
whole-body dose factors (1 x 102 person-rems per curie compared to

1~

1.9 x 10® person rems per curie for Sr-90 and 8 x 10% person-rems per
curie for Cs-137).

- Drinking Water Pathway Comparison

The LPGS generic river system was assumed to supply drinking water to 620,000

people. E

R-OL Section 2.1.3.8.2 shows that the current number of people who

*The trans
would be

Vogtle FES

mitted fractions using the staff's best estimate of travel time
4.2 x 10-2 or less.
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get their dr1nk1ng water from the Savannah River downstream of the Vogtle site
is 70,000. This is only about 11% of the number used in the LPGS. In addition,
the dr1nk1ng water pathway dose is dominated by Sr-90 and Cs-137. Because the
‘transmitted fractions of these radionuclides would be much smaller than in the
LPGS, the drinking water pathway dose for Vogtle is about 5 orders of magnitude
less than the LPGS dose.

Fish Flesh Pathway Comparison

The LPGS estimates that the annual fish harvest for the generic river system is
1.2 x 10 kg (7.7 x 10° kg recreational and 3.9 x 105 kg commercial). The an-
nual recreational fish harvest on the Savannah River within potential influence
of the site for 1980 is shown in ER-OL Table 2.1-49 as 1.04 x 10° kg. The com-
mercial fish harvest survey is not complete, but the mean commercial shad har-
vest is shown in ER-OL Table 2.1-50 as 3.7 x 10% kg.

Like the drinking water pathway, the fish flesh pathway is dominated by Sr-90
and Cs-137. Because the Sr-90 source is 4 orders of magnitude lower, the fish
flesh dose would be about 4 orders of magnitude lower. In addition, the eco-
nomic and societal impacts of severe accidents on the ocean fish catch should
be roughly 4 orders of magn1tude less than assessed for the LPGS ocean fish
catch.

. Shoreline and Immersion Pathway Comparison

The shoreline and immersion pathway includes such activities as swimming,
wading, and sunbathing. These are .external exposure pathways, and dosage is
dominated by Cs-137. Because the transmitted fraction for Cs-137 would be
essentially zero, it is concluded that the direct exposure dose would be nil
in comparison to that calculated in the LPGS.

Conclusions

On the basis of Vogtle site features and the specific comparisons of radio-

nuclide source and pathway populations, it is apparent that the spectrum of

1iquid pathways doses following a core melt release would be much lower for

Vogtle than the doses calculated in the LPGS for a river-sited plant. This

- conclusion is based mainly on the much smaller source released to the Savannah
River that, in turn, results mainly from a much longer groundwater transport

time. - : ,

If one were to postulate the same radionuclide source as in the LPGS, the
Vogtle doses would still be slightly lower than those in the LPGS, because the
population ratios of the pathways are about the same or lower.

Finally, there are measures that could be taken to further minimize the 1mpact
of the liquid pathway. The staff has conservatively estimated that the minimum
groundwater travel time from the containment building to the nearest spring
would be about 15 years. This would allow ample time for engineering measures
such as slurry trenches or well point dewatering to isolate the radioactive
contamination near the source and to establish a groundwater monitoring program
that would ensure early detection if any contaminants should escape the immedi-
ate plant area. A comprehensive discussion of these and other mitigation meth-
ods potent1a11y applicable to Vogtle is in Harris et al., May and September
1982.
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5.9.4.5(5) Economic and Societal Impacts ‘

As noted in Section 5.9.4.2(5), the various measures for avoidance of adverse
health effects, including those resulting from residual radioactive contamina-
tion in the environment, are possible consequential impacts of severe accidents.

Calculations of the probabilities and magnitudes of such impacts for the Vogtle
plant anhd environs have also been made.. Unlike the radiation exposure and

health effect impacts discussed above, 1mpacts associated with adverse health
effects avo1dance are more readily transformed into economic 1mpacts -

The results are shown as the probability d1str1but1on for costs of offsite
mitigating actions in Figure 5.9 and are included in Table 5.13. The factors
contributing to these estimated costs include the following:

evacuation costs
value of milk contaminated and condemned
cost of decontamination of property where practical

indirect costs attributable to loss of use of property and income derived
therefrom* : .

Figure 5.9 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 (about one chance in five hundred thousand per '
reactor-year).

Additional economic impacts that can be monetized by the RSS consequence model
include costs of decontamination of the facility itself. Another impact is the
cost of replacement power. Probability distributions for these impacts have
not been calculated, but they are included in the d1scu551on of risk consider-
ations in Section 5.9.4.5(6) below.

5.9.4.5(6) Risk Considerations

Environmental Risks

The foregoing discussions have dealt with both the frequency (or likelihood

of occurrence) of accidents and their impacts (or consequences). Because the
ranges of both factors are quite broad, it is also useful to combine them to »
obtain average measures of environmental risk. Such averages provide a useful

_ perspective, and can be particularly instructive as an aid to the comparison

- of radiological risks from accidents with risks from normal operational re-

leases, and with other forms of risk.

*These costs would derive from the necessity for interdiction to prevent the
use of property until it is either free of contamination or can be economical

decontaminated.
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A common way in which this combination of factors is used to estimate risk is
to multiply the probabilities by the consequences. The resultant risk is then
expressed as a number of consequences expected per unit of time. Such a quan-
tification of risk does not at all mean that there is universal agreement that
the peoples' attitudes about risks, or what constitutes an acceptable risk, can
or should be governed solely by such»a measure. At best, it can be a contrib-
uting factor to a risk judgment, but not necessari]y a decisive factor.

Table 5.14 shows average values of risk associated with population dose, early
fatalities, latent fatalities, and costs for evacuation and other protective
actions. These average va]ues are obtained by summing the probabilities multi-
plied by the consequences over the entire range of the distributions.

Because the probab111t1es are on a per-reactor- year basis, the averages shown
are a]so on a per-reactor-year basis.

The population exposures and latent cancer fata]1ty risks may be compared with
those for normal operation shown in Appendix D. The comparison (excluding
exposure to the plant personnel) shows that the accident dose risks (expressed
in person-rems to the whole body) to the total population are about 8 times

the dose from normal operation, and the accident dose risks within 80 km

- (50 miles) are about 30 times higher than the normal operation dose within 80 km.

The latent cancer fatality risks from potential accidents can also be compared
to the cancer risk from all other sources. For accidents, this risk, averaged
over those within 80 km of the Vogtle plant, is 6 x 10-% per year per person,
compared with the background cancer fatality risk from a]l other sources of
1.9 x 10-3 per year.

There are no early fatality or economic risks associated with protective actions
and decontamination for normal releases; these risks are unique for accidents.
For perspect1ve and understanding of the meaning of the early fatality risk

of 1 x 10-5 per reactor-year, the staff notes that a good approximation of the
population at risk is that within about 16 km (10 miles) of the plant, which
will be about 2216 persons in the year 2010. Accidental fatalities per year
for a population of this size, based upon overall averages for the United
States, are approximately 0.5 from motor vehicle accidents, 0.17 from falls,
0.07 from drowning, 0.06 from burns, and 0.03 from firearms. The average early
fatality risk from reactor acc1dents is thus an extremely small fract1on of the
~ total risk from other kinds of accidents.

Figure 5.10 shows the calculated risk expressed as whole-body dose to an indi-
vidual downwind -from the plant from early exposure as a function of the dis-
tance from the plant within the plume exposure pathway zone. The values are on
a per-reactor-year basis,-and all accident sequences and release categories in
Table 5.12 contributed to the dose, with the values we1ghted by their associated
probabilities.

Figures 5.11 and 5.12,»respective1y, display risks to an individual of early
fatality and latent cancer fatality, all from early exposure, as functions of
distance from a Vogtle reactor on a per-reactor-year basis. The curves in these
figures were generated without regard to the differences in the likelihood of
wind blowing in different directions (the staff used 16 direction sectors of

Vogtle FES_ | © 5-57

R



the compass). To obtain risk curves for a specific direction (1 out of the
16), all values on the curves along the vertical axis must be multiplied by
-16P, where P is the annual average probability of the wind blowing toward the
direction of interest. The values of P for the Vogt]e site derived from 1977-
1978 meteorological data are shown in Table 5.15." For comparison to early
fatality risk to an individual from Vogtle reactor accidents, the following
nonnuclear risks, per year, of accidental fatality to an 1nd1vidua] living

in the United States may be noted (CONAES, page 577): . automobile accident,
2.2 x 10-¢ ; falis, 7 7 x 10-5 ; drowning, 3.1 x 10-%; burning, 2.9 x 10-5; and
firearms, 1.2 x 10 For compar1son to the estimated latent cancer fatality
risk to an 1nd1v1dua] from Vogtle reactor accidents, it should be noted that

. the risk of cancer fatality to an individual in the U.S. from nonnuclear causes
is 1.9 x 10-3 per year (American Cancer Society, 1981).

The economic risk associated with evacuation and other protective actions

could be compared with property damage costs associated with alternative energy
generation technologies. The use of fossil fuels--coal or oil, for example--
would cause substantial quantities of sulfur dioxide and n1trogen oxides to be
emitted into the atmosphere and, among other th1ngs lead to environmental and
ecological damage through the phenomenon of acid rain. (CONAES, pages 559-560).

+ This effect has not, however, been sufficiently quantified for a usefu] compar-
ison to be drawn at this tlme

Other Econom1c Risks

Other risks can be expressed in monetary terms, but these are not included in
the cost calculations discussed in the section on economic and societal impacts
These impacts, which would result from an accident at the facility, produce
added costs to the public (ratepayers, taxpayers, and/or shareholders). These
costs would accrue from decontamination and repair of the faci]ity and from
increased expenditures for rep]acement power while the unit is out of service.
Experience with such costs is being accumu]ated as a resu]t of the accident at
the Three Mile Island facility.

If an accident occurs during the first year of operation of Vogtle Unit 1
(beginning in 1987), the economic penalty to which the public would be exposed-
would be approximately $1850 million (1987 dollars) for decontamination and
-restoration including replacement of the damaged nuclear fuel. This estimate
is based on a conservative (high) 10% annual escalation of the 1980 economic
penalty determined for the Three Mile Island facility (Comptrolier General,
1981). Although insurance would cover $300 million or more of the $1850 mil-
lion accident cost, the insurance is not credited against this cost because the
arithmetic product of the insurance payment and the risk probability would the-
oretically balance the insurance premium.

In addition, the staff estimates that systém'fuel costs would increase by ap-
proximately $163 million (constant 1987 dollars) for replacement power during
each year Vogtle Unit 1 is out of service. This estimate assumes that the unit

will operate at an average 60% capacity factor and that replacement energy will

be provided primarily from coal-fired generation. If the unit does not operate

1987 do11ars)

€y

-

»

for 8 years, rep]acement power costs could amount to $1304 million (constant ‘
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The probability of a core melt or severe reactor damage is assumed to be as
high as 10-* per reactor-year. (This accident probability is intended to
account for all severe core-damage accidents leading to large economic conse-
quences for the owner and not just those leading to significant offsite conse-
quences.) Mulitiplying the sum of the previously estimated repair and replace-
ment power costs of approximately $3154 million for accident damage to the
unit during the initial year of its operation by the above 10-* probability
results in an economic risk of approximately $315 400 (1987 dollars) during the
first full year, or for the purpose of comparlson with other costs presented in
this section, $162 000 (1980 dollars). This is also the approximate economic
risk (in constant 1987 dollars) to Vogtle Unit 1 during each subsequent year of
operation, although this amount will gradually decrease as the unit depreciates
in value and operates at a reduced annual capacity factor.

The annual economic risk to Vogtle Unit 2 is also $315,400 (constant 1987
dollars) because of its physical similarity and proximity to Unit 1.

"Regional Industrial Impacts

A severe accident that requires the interdiction and/or decontamination of land
areas will force numerous businesses to temporarily or permanently close. These
closures would have additional economic effects beyond the contaminated areas
through the disruption of regional markets and sources of supp]ies. This sec-
tion provides estimates of these 1mpacts that were made using: (1) the RSS
consequence model discussed elsewhere in this section and (2) the Regional
Input-Output Modeling System (RIMS II) developed by the Bureau of Economic
Analysis (BEA) (NUREG/CR-2591).

The industrial impact model developed by BEA takes into account contamination
levels c¢f a physically affected area defined by the RSS consequence model.

Contamination levels define an interdicted area immediately surrounding the

plant, followed by an area of decontamination, an area of crop interdiction,
and finally an area of milk interdiction. (The industry-specific impacts are
estimated for the four accident sequences listed in Table 5.12.)

Assumptions used in the analysis include the following:

. (1) In the interdicted area, all industries would lose total production
' for more than a year.

(2) In the decontamination zone, there would be a 3-month loss in nonag-
ricultural output; -a l-year loss in all crop output, except there
- would be no loss in greenhouse, nursery, and forestry output; a
3-month loss in dairy output and a 6-month loss in livestock and
poultry output.

(3) " In the crop interdicted area, there would be no loss in nonagricul-
" tural output; a l-year loss in agricultural output, except there
would be no loss in greenhouse, nursery, and forestry output; no loss
in livestock and poultry output; and a 2-month loss of dairy output.

(4) In the milk 1nterd1ct1on zone there would be only a 2-month loss in
dairy output.
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The estimates of industrial impacts are made for an economic study area that .
consists of a physically affected area and a physically unaffected area. An
accident that causes an adverse impact in the physically affected area (for

example, the loss of agricultural output) could also adversely affect output

in the physically unaffected area (for example, food processing). In addition s
to the direct 1mpacts in the physically affected area, the following additional
impacts would occur in the physically unaffected area:

(1) decreased demand (in the physica]]y affected area) for output pro-
duced in the physically unaffected area

(2) decreased availability of production inputs purchased from the
physically affected area :

Only the impacts occurring during the first year following an accident are
considered. The longer term consequences are not considered because they will
vary widely depending on the level and nature of efforts to mitigate the acci-
dent consequences and to decontaminate the physically affected areas. The
estimates assume no compensating effects such as the use of unused capacity

in the physically unaffected area to offset the initial lost production in

the physically affected area, or income payments to individuals displaced from
their jobs that would enable them to maintain their spending habits. These
compensating effects, which would reduce the industrial impacts, would occur
over a lengthy period. The estimates using no compensating effects are the
best measures of first year economic impacts. .

- Table 5.16 presents the regional economic output and employment impacts and

corresponding expected risks associated with the four different release cate-
gories (for additional information regarding the release categories, see
Section 5.9.4.5(2) and Appendix F). The estimated overall risk value using
output losses as the measure of accident consequences, expressed in a per-
reactor-year basis, is $4842. This number is composed of direct impacts of
'$2384 in the nonagricultural sector and $1929 in the agricultural sector, and
indirect impacts of $529 from decreased export and supply constraints. The
corresponding expected employment loss per reactor-year is less than 0.3 job.

It should be noted that 20% of the expected losses, or $951, results from re-
leases occurring toward the northwest. The TMLB' sequence (Section 5.9.4.5(2))
contributes $833 of that amount. On an absolute basis, the Event V -category
release to the northwest is the greatest and would result in a loss of $793
million and 42,000 jobs. For each release category, for all directions, the
minimal expected losses (that is, the minimum Toss risk, of the loss risks
calculated for each direction) range from $0 to $44 per reactor-year. The staff
has also considered the health care cost resulting from hypothetical accidents
in a generic model developed by the Pacific Northwest Laboratory (Nieves, 1983).
On the basis of this generic model, the staff concludes that such costs may be
a fraction of the offsite costs evaluated herein but that the model is not suf-
ficiently constituted for application to a specific reactor site.

5.9.4.5(7) \Uncertainties
The probabﬂ1st1c risk assessment discussed above has been based mostly upon ’

the methodology presented in the RSS, which was pub11shed in 1975 (NUREG-75/01
Although substantial improvements have been made in various facets of the RSS
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‘ methodology since its publication, there are still large uncertainties in the
results of the analysis presented in the preceding sections, including uncer-
tainties associated with the likelihoods of the accident sequences and contain-
ment failure modes leading to the release categories, the source terms for the
release categories, and the estimates of environmental consequences. The rela-
tively more important contributors to uncertainties in the results presented

in this environmental statement are as follows: :

(a) Probability of Occurrence of Accident

If the probability of a release category were to change by a certain fac-
tor, the probabilities of various types of consequences from that release
category would also change exactly by the same factor. Thus, an order of
magnitude uncertainty in the probability of a release category would re-
sult in an order of magnitude uncertainty in both societal and individual
risks stemming from the release category. As in the RSS, there are sub-
stantial uncertainties in the probabilities of the release categories.
This is due, in part, to difficulties associated with the quantification
of the human error and to inadequacies in the data base on failure rates
of individual plant components, and in the data base on external events
and their effects on plant systems components that are used to calculate
the probabilities.

Another related area of uncertainty is the risk from externally caused
accidents (such as earthquakes, floods, and person-caused events, including
' sabotage). No evaluations of such risks have been made for Vogt]e Some
’ of these types of risks have been evaluated by both the licensees and the
staff for the Indian Point reactors in New York State, the Millstone Unit 3
in Connecticut, the Limerick reactors in Pennsy]vania, and the Zion reactors
in I11inois. These risks were found to be within a factor of less than
100 times greater than risks from internally initiated accidents at the
corresponding plants. Such experiences in plant-specific probabilistic
risk assessments cannot be extended directly to Vogtle because of site and
plant design differences. However, the staff judges such risks to be with-
in the uncertainty bounds discussed below. :

(b) Quantity and Chemical Form of Radioactivity Released

This relates to the quantity of each radionuclide species that would be
released (and its chemical form) from a reactor unit during a particular
accident sequence. Such releases would originate in the fuel and would be

. ~ attenuated by physical and chemical processes in route to being released
to the environment. Depending on the accident sequence, attenuation in
the reactor vessel, the primary cooling system, the containment, and adja-
cent buildings would influence both the magnitude and chemical form of
radioactive releases. The source terms used in the staff analysis were
determined using the RSS methodology applied to a PWR with a large dry
containment. NUREG-0772 indicates that best-estimate source terms cannot
be much worse than the larger source terms used in this analysis, but
could be substantially lower than the release categories used here for the
same types of initiating accident sequences. The impact of smaller source
terms would be substantially lower estimates of health effects, particu-
larly ear]y fatalities and injuries.
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(c) Atmospheric Dispersion Modeling for t
Including the Physical and Chemical Be
Particulate Form in the Atmosphere

D1,
i

.\ad' active Plume Transport, '
ior of Radionuclides 1in

This uncertainty relates to the differences in modeling the atmospheric .
transport of radioactivity in gaseous and particulate states, and the
actual transport, diffusion, and deposition (or fallout) that would occur
during an accident (including the effects of condensation and precipita-
tion). The phenomenon of plume rise because of the heat associated with
the atmospheric release, effects of precipitation on the plume, and fall-
out of particulate matter from the plume all have considerable impact on
the magnitudes of early health consequences, and the distance from the
reactor out to which these consequences would occur. The staff judgment
is that these factors can result in substantial overestimates or under-
estimates of both early and later effects (health and economic).

Other areas that have substantial but relatively less effect on uncerta1nty
than the preceding items are as follows:

- (a) Duration and Energy of the Release, Warn1gg Time, and Inp]ant Radionuclide
Decay Time

These areas relate to the differences between the assumed duration and
energy of the release, and the warning and the inplant radioactivity
decay times compared with those that would actually occur during a real .

accident.

For a relatively long duration of an atmospheric release (greater than a
half-hour), the actual cross-wind spread (the width) of the radioactive

- plume that would develop is likely to be larger than the width calculated
by the d1spers1on model used by the staff. However, the effective width
of the plume is calculated by the staff using a p]ume expansion factor
that is determined by the release duration. For a given quantity of
radionucides in a release, the plume and, therefore, the area that would.
come under its cover would become wider if the release duration were made
longer. In effect, this would result in lower air and ground concentra-
tions of radicactivity, but a greater area of contamination. .

The thermal energy associated with the release affects the piume rise
phenomenon, which results in relatively lower air and ground concentrations
in the closer regions, and relatively higher concentrations from fallout .
in the farther out regions. Therefore, if a large amount of thermal

energy were associated with a release containing large fractions of core-
inventory radionuclides, the distance from the reactor over which early
health effects may occur could increase. If, on the other hand, the
release behavior were dominated by the presence of large amounts of con-
densing steam, very much the reverse could occur because of the close-in
deposition of radionuclides induced by the falling water condensed from

the steam.

Warning time before evacuation has considerable 1mpact on the effective-
ness of offsite emergency response. Longer warning times would improve .
the effectiveness of the response.
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(b)

(c)

(d)

The time from reactor shutdown until the beginning of the release to the
environment (atmosphere), known as the time of release, is used to calcu-
late the depletion of radionuclides by radioactive decay within the plant
before release. The depletion factor for each radionuclide (determined by’
the radioactive decay constant and the time of release) multiplied by the
release fraction of the radionuclide and its core inventory determines the
actual quantity of the radionuclide released to the environment. Later
releases would result in the release of fewer curies to the environment

for given values of release fractions.

The first three of the above parameters (duration and energy of release,
and warning time) can have significant impacts on accident consequences,
particularly early consequences. The staff judgment is that the early
consequences and risks calculated for this review could be substantial
underestimates or substantial overest1mates ‘because of uncertainties in
these three parameters

Meteorological Sampling Scheme Used

This area relates to the possibility that the meteorological sequences
used with the selected 91 start times (sampling) in the consequence model
(the CRAC code) may not adequately represent all meteorological variations
during the year, or that the year of meteoro]ogwca] data may not represent
all possible conditions. This factor is judged to produce greater uncer-
tainties for early effects and fewer for latent effects.

Emergency Response Effectiveness

‘Th1s area relates to the differences between modeling assumptions regard-

ing the emergency response of the people residing near the Vogtle site
compared to what would happen during an actual severe reactor accident.
Included in these considerations are such subjects as the effectiveness of
evacuation under different circumstances, the effectiveness of possible
sheltering, and the effectiveness of population relocation. The staff's
judgment is that the uncertainties associated with emergency response ef-
fectiveness could cause large uncertainties in early health consequences.
The uncertainties in latent health consequences and costs are considered
to be smaller than those for early health consequences.

Dose Conversion Factors and Dose Response Relationships for Early

Health Consequences, Including Benefits of Medical Treatment

These areas relate.to the uncertainties associated with estimates of dose
and early health effects on individuals exposed to high levels of radia-
tion. Included are the uncertainties associated with the conversion of

- contamination levels to doses, relationships of doses to health effects,

and considerations of the availability of what was described in the RSS

as "supportive medical treatment" (a specialized medical treatment program
of limited availability that would minimize the early health effects of
high levels of radiation exposure following a severe reactor accident).
The staff analysis shows that the variation in estimates of early fatality
risks stemming from consideration of supportive medical treatment a]one is
about a factor of 7 for the Vogtle site.
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(e) Dose-Conversion Factors and uose Response Relationships for Latent Health ’
A Consequences ' '

These areas relate to the uncertainties associated with dose estimates and
latent (delayed and long-term) health effects on individuals exposed to .
lower levels of radiation and on their succeedlng generations. Included
are the uncertainties associated with conversion of contamination levels

to doses and doses to health effects. The staff judgment is that this
category has a large uncertainty. The uncertainty could result in rela-
tively small underestimates of consequences, but also in substantial over-
estimates of consequences. (Note: radiobiological evidence on Tow level
doses does not rule out the possibility that Jow level radiation could pro-
duce zero consequences.) 4

(f) Chronic Exposure Pathways, Inc]udwng;fnvironmenta] Decontamination and
: the Fate of Deposited Radionuclides

These areas relate to uncertainties associated with chronic exposure path-
ways to persons from long-term use of the contaminated environment. Un-
certainty arises from the possibi]ity that protective action guide levels
different from those assumed .in the staff analysis may actually be used

for interdiction or decontamination of the exposure pathways. Further
uncertainty arises because of the lack of precise knowledge about the fate

of the radionuclides in the environment as influenced by natural processes
such as runoff, weathering, and the like. The staff's qua]wtat1ve judg-

ment is that the uncertainty from these considerations is substantial. ‘

(g) Economic Data and Modeling

These areas relate to uncertainties in the economic parameters and econom-
ic modeling, such as costs of evacuation, relocation, medical treatment,
cost of decontamination of properties, and other costs of property damage.
Uncertainty in this area could be substantial.

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 devel-
oped. Therefore, although the staff has made a reasonable analysis of the ' 4
risks presented herein consistent with current data and methodology, there are
large and unquantifiable 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. , .

When the accident at Three Mile Island occurred in March 1979, the accumulated
experience record was about 400 reactor-years. Once in 400 reactor-years was
within the range of frequencies estimated by the RSS for an accident of this
severity (CONAES, page 553). The Three Mile Island accident has resulted in a
very comprehensive evaluation of reactor accidents by a significant number of
investigative groups. Actions to improve the safety of nuclear power plants
.have resulted from these investigations, 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 th
TMI-2 Accident" (NUREG-0660, Vol I) collected the various recommendations of ’
these groups and described them under the subject areas of: operational safetys
siting and design; emergency preparedness and radiation effects; practices and
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procedures; and NRC policy, organization, and management. The action plan pre-
sents a sequence of dLLlOHS, some already taken, that resuits in a gradually
increasing .nprovement in safety as individual actions are completed. The
Vogtle units are receiving and will continue to recelve the benefit of these
actions.

5.9.4.5(8) Comparison of Vogtle Risks with Risks at Other Plants

To provide a perspective as to how the Vogtle plant compares, in terms of risks
from severe accidents, with some of the other nuclear power plants that are
either operating or that are being reviewed by the staff for possible -issuance
nf a license to operate, the estimated risks from severe accidents for several
nuclear power plants (including those for Vogtie) for three important categories
of risk are shown in Figures 5.13 through 5.21. The values for individual plants
are based upon three types of estimates: from the RSS (labeled WASH-1400, aver-
age plant); from independent staff reviews of contemporary probabilistic risk
assessments (Indian Point 2 and 3, Zion, Limerick, and Millstone 3); and from
generic applications of RSS methodology to reactor sites for environmental
statements by the staff (for 27 nuclear power plants). Figure 5.13 indicates
that the calculated risk of early fatality at the Vogtle site is at the Tow end
of the range of risk of the plants evaluated. Figures 5.14 and 5.15 show that
the calculated risk of latent cancer fatalities is about the median of the plants
* evaluated. Figures 5.16 through 5. 21 show the range of estimated uncertainties
for the three measures of risk.

5.9.4.6 Conclusions

The foregoing sections consider the potential environmental impacts from acci-
dents at the Vogtle facility. These have covered a broad spectrum of possible
accidental 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 core melt.

The environmental impacts that have been considered include potential releases
of radioactivity to the environment with resulting radiation exposures to
individuals and to the population as a whole, the risk of near- and long-term
adverse health effects that such exposures could entail, and the potential eco-
nomic and societal consequences of accidental contamination of the environment.
These impacts could be severe, but the likelihood of their occurrence is judged
to be small. This conclusion is based on (1) the fact that considerable experi-
ence has been gained with the operation of similar facilities without signifi-
cant degradation of the environment; (2) the fact that in order to obtain a
license to operate the Vogtle facility, the applicant must comply with the
applicable Commission regulations and requirements; and (3) a probabilistic
assessment of the risk based upon the methodology developed in the Reactor
Safety Study. v

The overall assessment of environmental risk of accidents, assuming protective
actions, shows that it is about the same order as the risks from normal opera-
tion, although accidents have a potential for early fatalities and economic costs
that cannot arise from normal operations. The risks of early fatality from a
potential accident at the site are small in comparison with risks of accidental
deaths from other human activities in a comparably sized population. The risks
of latent cancer fatalities from potential accidents at the site are small when
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compared to the background cancer risk (see Section 5.9.4.5(6)). ‘These risks ‘
when compared to the calculated risks at other sites in the United States (see

" Figures 5.13 through 5.15) would be around the med1an values of all sites and

much less than the risks presented for the worst site.

On the basis of the above considerations, the staff concluded that there are no
special or unique circumstances about the Vogtle site and environs that would
warrant consideration of alternatives for the Vogtle plant.

5.10 Impacts from the Uranium Fuel Cycle

The uranium fuel cycle rule, 10 CFR 51.51, reflects the latest information rela-
tive to the reprocessing of spent fuel and to radioactive waste management as
discussed in NUREG-0116, "Environmental Survey of the Reprocessing and Waste
Management Portions of the LWR Fuel Cycle," and NUREG-0216, which presents
staff responses to comments on NUREG-0116. The rule also cons1ders other envi-
ronmental factors of the uranium fuel cycle, including aspects of mining and
milling, isotopic enrichment, fuel fabrication, and management of low- and :
high-level wastes. These are described in the AEC report WASH-1248, "Environ-
mental Survey of the Uranium Fuel Cycle." The staff was also directed to de-
velop an explanatory narrative that would convey in understandable terms the
significance of releases ‘in the table. The narrative was also to address such
important fuel cycle "impacts as environmental dose commitments and health ef-
fects, socioeconomic impacts, and cumulative impacts, where these are appropri-
ate for generic treatment. A proposed explanatory narrative was published in
the Federal Register on March 4, 1981 (46 FR 15154-15175). Appendix C to this
report contains a number of sections that address those impacts of the fuel
cycle supporting a light-water reactor that reasonably appear to have signifi-
cance for individual reactor licensing sufficient to warrant attention for NEPA
purposes.

Table $-3 of the final rule is reproduced in its entirety as Table 5.17 herein.*
Specific categories of natural resource use included in the table relate to

Tand use, water consumption and thermal effluents, radioactive releases, burial

of transuranic and high- and low-level wastes, and radiation doses from trans-
portatlon and occupational exposures. The contributions in the table for repro-
cessing, waste management, and transportation of wastes are maximized for either .
of the two fuel cycles (uran1um only and no recyc]e) that is, the cycle that
results in the greater impact is used.

Appendix C to this report contains a description of the environmental impact
assessment of the uranium fuel cycle as related to the operat1on of the Vogtle
facility. The environmental impacts are based on the values given in Table S-3
(Table 5.17) 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 population of the United States from radioactive
gaseous and liquid releases (including radon and technetium) because the uranium
fue] cycle is very small when compared with the impact of natural background

*The U.S.'Supreme Court has upheld the validity of the S-3 rule in Baltimore
Gas & Electric Co., et al. v. Natural Resources Defense Council, Inc.,
No. 82-524, 1ssued June 6, 1983, 51 U.S. Law Week, 4678.
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radiation. In addition, the nonrad1olog1ca] 1mpacts of the uranium fuel cycle
have been found to be arceptable

5.11 Decommissioning

The purposes of decommissioning are (1) to safely remove nuclear facilities
from service and (2) to remove or isolate the associated radioactivity from the
environment so that the part of the facility site that is not permanently com-
mitted can be released for other uses. Alternative methods of accomplishing
these purposes 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, to date, no large commercial reactor has
undergone decommissioning, the broad range of experience gained from smaller
facilities is generally relevant to the decommissioning of any type of nuclear
facility.

Radiation doses to the public as a result of end-of-life decommissioning activ-
ities should be small; they will come primarily from the transportation of
waste to appropriate repositories. Radiation doses to decommissioning workers
should be well within the occupational exposure limits imposed by regulatory
requ1rements

The NRC is currently conducting generic rulemaking that will develop a more.
explicit overall policy for decommissioning commercial nuclear facilities.
Specific licensing requ1rements are being considered that include the develop-
ment of decommissioning plans and financial arrangements for decommissioning
nuclear facilities.

The appllcant s estimate of the economic cost of decommissioning the Vogt]e
units is in Section 6 of this statement.

5.12 Noise Impacts

5.12.1 Plant Site

Sound pressure levels expected to occur from the operation of Vogtle Units 1

and 2 have been calculated for seven ambient noise survey positions--1 through 6
and 11--located in the vicinity of the site (Figure 5.22), as chosen by the
~applicant (ER-OL and response to staff questions E 290.12 to E 290.20). A1l
locations are just outside the site boundary except location F, which is just
inside the southeast plant boundary Positions 1, 2, and 3 represent trailer/

- mobile home camps that will remain after the p]ant beg1ns operation, although
the number of trailers will be reduced from the present number. Locations 4,
5, 6, and 11 are not critical receptors and are only representative pos1t1onsv
on the site boundary. Residences in those directions are quite distant.

Ambient noise levels at locations 1 through 6 and 11 were measured in both 1974
and 1981. A preconstruction noise survey (Hickman, 1974) was made at the plant
site May 14-15, 1974. Measurements were also made April 14-16, 1981 during the
construction period. Construction noise at the property line at that time was
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usually barely audible and was often overshadowed by sounds from traffic, birds‘
and windy conditions. For positions 1 through 6 and 11, only A-weighted sound
levels were measured. In the staff's assessment, the lowest measured ambient
noise level was chosen at each location (1 through 6 and 11) as a basis for
comparison with predicted operational noise levels. The resulting ambient at
6.was high compared to site boundary points (because of transformer noise at

6 during 1974), so its ambient was chosen as the same as a nearby location 8
(not shown in Figure 5.22, but about 300 m southeast of 6). Additional infor-
mation on these measurements is presented in the ER-OL (Table 2.7-1)"and in
Hickman- (1974). These data provide -the most representative 1nf0rmat1on on .
ambient Tevels in the vicinity of the plant.

'The major noise sources at the site are

(1) two natural-draft cooiing towers

(2) four circular mechanical-draft cboling towers
(3) 14 transformers*

- The natural draft and circular mechanical draft cooi1ng towers emit noise of a
broadband nature, and the transformers emit noise of a tonal nature at the dis-
crete frequenc1es 120, 240, 360, and 480 Hz.

Staff calculations were made based on a University of I11inois/Argonne National
Laboratory (UI/ANL) computer model by Dunn, Policastro, and Wastag (1982).

That model is based largely on the Edison Electric Institute (EEI) Environmen-
tal Noise Guide (Bolt, Beranek and Newman, 1978); it was used to predict the
effect of the above plant noise sources on the seven receptor locations. Cal-
culations were made using only the above significant noise sources. (Other
noise sources at the site lead to insignificant contributions of community
noise levels because of their location inside buildings, or the intermittent
nature of noise generation, or low sound power level. The relatively large
distances from these sources to the nearby noise-sensitive areas further indi-
cate the negligible contribution from those sources.) The cooling towers and
14 transformers were assumed to be in operation continuously, throughout the
day and night. Standard day conditions (15°C ‘ambient temperature and 70% rela- .
tive humidity) were also assumed. Source data on the natural draft and circu-
Tar mechanical draft cooling tower noise came from the EEI Noise Guide. Data
on the noise level of the transformers came from Gordon, Piersol, and Wilby
(1978). Data on transformers of similar MVA rating were examined, and the
staff chose the data that represented the strongest source of noise for each
transformer. A conservative assumption was also made in neglecting attenuation
as a result of intervening trees and barriers between the source and receptors.

" Model predictions were carried out in two steps. First, the increase in
ambient noise at all eight receptor points as a result of operation of the
two natural draft and four mechanical draft coo]1ng towers alone was computed.
The community impact of the increased broadband noise was then determined.

*Each of the two units has three main transformers (404 MVA each), two unit .
auxiliary transformers (56 MVA each), and two reserve auxiliary transformers
(60 MVA each). ' C

~
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The second step involved a rerun of the UI/ANL noise code-emp]oying the "new"
ambient represented by the increased broadband noise in the community as a
result of the cooling towers. In this second run, only the transformer core
tones at 120, 240, 360 and 480 Hz were modeled.

The cooling tower noise was found to increase the masking level of the ambient
noise and thereby assisted in making the transformer tones inaudible. The
results in the second step showed that no tones would be audible at any of the
receptor locations. The increase in the ambient noise because of the cooling
tower noise provided considerable incremental masking of the transformer tones
at the core tone frequenc1es

Table 5.18 summarizes the noise predictions from the natural and circular
mechanical draft cooling towers as part of the first step. The table also
presents the expected community reaction at each of these receptor locations
in terms of modified community noise rating (CNR) (Bolt, Beranek and Newman,
1978). Figure 5.23 uses the letters A to I to show expected community reac-
tion. Table 5.18 and Figure 5.23 show the predicted reaction at each receptor
location 1 to 4 and 11 to be "no reaction." The predicted reaction to noise
from the cooling towers at location 5 is “sporadic complaints," and for
location 6 is "widespread complaints." However, 5 and 6 are not critical
receptor locations; these points represent only a portion of the site boundary.
Community residents live only at 1, 2, 3, and 11. Other critical receptors
are sufficiently far from the p]ant (Y0] that no significant noise impacts are
expected. As a result, no s1gn1f1cant impacts are expected as a result of the
~ broadband noise increase.

The staff's calculations used two factors. First, the sound power levels for
the cooling towers and transformers were taken from the literature because no
data were available from the manufacturers. An uncertainty in this factor
exists because the noise levels for the natural draft (and mechanical draft)
cooling towers purchased by the applicant may differ from that provided for an
"average" natural draft (and mechanical draft) cooling tower in the EEI Noise
Guide. If noise levels were available from the manufacturers, they might pro-
vide the basis for more accurate noise predictions. The same applies to the
transformer noise, for which sound power data were taken from the literature
from transformers of similar MVA rating and other transformer characteristics.
A complete match could not be made, however, because of the limited quantity
of manufacturer's data that have been pub]ished.

Second, noise attenuation because of intervening trees, vegetation, and barri-
ers between the residences and noise sources has been neglected. No receptor

is known to have an unblocked direct line of sight to all the transformers and
cooling towers because of the intervening turbine buildings. This barrier
effect has been neglected in the calculations. Some of the conservatism built
into the neglect of barrier effects may be counter-balanced in part by the
uncertainty about the true residual ambient because ambient measurements were
made only over short periods of time (few days). In total, however, the calcu-
lations are believed to be sufficiently conservative to provide assurance that
.no significant noise impacts will result at 1, 2, 3, and 11.
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5.12.2 Transmission Lines 4 , . ‘
- Recent studies (Fidell et al., 1979; Comber et al., 1982; and Molino et al.,

1979) have shown that extra high voltage transmission line noise is uniquely
annoying because of its fluctuating nature and strong high frequency content

in the frequency range of greatest hearing sensitivity (approximately 3000 Hz). -
In addition, transmission line noise is tonal, with tones at 120 Hz and harmon-

ics of that frequency. Because of the combination of high frequencies, un-
steadiness, and tones, the A-weighted sound level value of transmission line

noise must be increased by 8 to 10 dBA (Fidell et al., Comber et al., and .
Molino et al.) for comparison against any commonly used scale of community

reaction or criterion stated as a function of dBA. .

Along the transmission line corridor, there is one home site of concern because

of its close proximity to the transmission line. That home is about 40 m

(130 feet) from the ground centerline of the transmission 1ine and only about

33 m (107 feet) in line-of-sight distance from the nearest conductor (Figure 5.24).
During and for several hours following heavy rainfall, the intrusive (Liq)

audible noise level at the home site will average 49 dBA, which is equivalent

in annoyance to a 58-dBA sound evaluated against standard criteria. (The addi-
tion of 9 dBA was made to account for the special annoyance of transmission line
noise as compared to other broadband noise in determining human reaction, as
mentioned above.) Calculational methods of Chartier and Stearns (1981) were

‘'used to predict the broadband noise impacts; methods from Comber et al., (1982)
were used to predict tonal noise impacts of the transmission line. The tones

will be audible by approximately 12 dB during rainfall and by more than 20 dB _
for the several hours after rain has stopped. These additional hours are .
required for the conductors to dry. In fact, the several hours of broadband .

and tonal noise from energized transmission lines are typically experienced

during periods of fog, sleet, or icing. Using the modified CNR criterion, the
calculations of broadband and tonal noise indicate "vigorous community action."

‘The calculations of the broadband and tonal noise impacts at the home site of
concern were made assuming an ambient identical to that of location 4, measured
on May 14, 1974, both in octave band and on the A-weighted scale (24 dBA). .
Based on field surveys by Vér and Anderson (1977), tonal noise of 12 to 20 dB -
above ambient masking level would lead to a "strong likelihood of complaints"
on an individual basis for the individual resident living at that home. It
should be recognized that the above transmission line impacts are present only
under foul weather conditions; no impact is expected when there is no precipi-
tation and no fog.

-

The staff will require in the Environmental Protection Plan that the applicant
annually report complaints regarding noise along the high voltage transmission
1ine and report the action taken in response to the complaints.

5.13 - Emergency Planning Impacts

In connection with the promulgation of the Commission's upgraded emergency
planning requirements, the staff issued NUREG-0658, "Environmental Assessment
for Effective Changes to 10 CFR Part 50 and Appendix E to 10 CFR Part 50; Emer-
gency Planning Requirements for Nuclear Power Plants.” The staff believes t
only noteworthy potential source of impacts to the public from emergency pla
ning would be associated with the testing of the early notification system.
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The test requifements and noise levels Wi]1 be conéistent with those used for
existing alert systems; therefore, the staff concludes that the noise impacts
from the testing of the system will be infrequent and insignificant.

5.14 Monitoring

5.14.1 Terrestrial Monitoring

Vogetat1on was surveyed in 1972 (preconstruction) and again in 1980 a]ong strip
“transects that intersected each different plant community type on the site
(ER-OL Section 6.1.4.3). On the basis of these surveys, vegetation maps and
descriptions of each plant community were prepared. The invertebrate fauna on
the site was sampled from January to November 1981 using six different sampling
techniques. Amphibians and reptiles were collected from October 1980 to August
1981. Bird surveys included the following: (1) songbirds for 1 year beginning
October 1980; (2) raptors each month in fall, winter, and spring from 1977 to
1981; (3) up]and game birds during the songb1rd and raptor surveys; and (4)
waterfow1 and wading birds monthly. Small mammals were trapped monthly in var-
ious habitats from November 1980 through August 1981. Deer were surveyed along
road margins on and off the site from 1977 through 1980. Data on the abundance
~of small game mammals and furbearers were also collected. The results of these

studies were presented in ER-OL Section 2.2 and in several separate reports
(Candler, 1983). :

The primary potential source of impact of station operation on terrestrial sys-
tems is cooling tower drift. The predicted cooling tower drift deposition rate
will be much lower than the 10 to 20 kg/ha/mo (8.9 to 17.9 1bs/acre/mo) at
which damage to plants might be detectable. Because no significant impact to
terrestrial systems has been identified, no terrestrial monitoring will be
required.

Monitoring of the possible effects of power ]1nes on terrestrial ecology is
not considered necessary.

As d1scussed in Section 4.3.5 of th1s statement, during the summer of 1984,
woodstork co]on1es, bald eagle nests, and red-cockaded woodpeckers were
surveyed by air and on foot in critical areas along the power line routes.
Subsequently, in response to a staff request, the applicant completed surveys

for red-cockaded woodpeckers and eastern indigo snakes along other appropriate

sections of the power line routes. No evidence of these species was found.
 5.14.2 Aquatic Monitoring

Aquatic monitoring will be determined by the effluent limitations, monitoring
requirements, and biological studies required as cond1t1ons of the NPDES permlt
(see the NPDES in Appendix E).

5. 14 3 Atmospher1c Mon1tor1ng

The FES-CP did not contain a descr1pt1on of the ons1te meteoro]oglca] measure-
ments program.

Onsite meteorological measurements at the Vogtle site were initiated in April
1972. The meteorological tower used to provide data to support both the CP
and OL applications was located about 1500 m (5000 feet) south-southwest of the
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Unit 1 containment building. Wind speed and direction were measured at the 10.
(33-foot) and 45.7-m (150-foot) levels, and the vertical temperature gradient

was measured between the 45.7-m and 10-m levels. Ambient dry bulb and dew point
temperatures were measured at the 10-m level, and precipitation and solar radia-
tion were measured near the ground. The applicant has performed an analysis of

the overall measurements system accuracies for each parameter, and concluded -
that the system accuracies for analog recording are not within the specifica-

tions presented in Regulatory Guide 1.23, "Onsite Meteorological Programs.”

System accuracies for digital recording appear to comply with the specifica-

tions presented in Regulatory Guide 1.23.. (The meteorological data provided in -
FSAR Section 2.3 have been checked for reasonableness. The results indicate

that the data collected by the meteorological measurements program are reason-

able compared to other data collected in the area.

Four years of meteorological data (December 4, 1972 to December 4, 1973;
April 4, 1977 to April 4, 1979; and April 1, 1980 to March 31, 1981) were pro-
vided in the FSAR. The most recent 3 years of data were combined into joint
frequency distributions of wind speed and wind direction by atmospheric sta-
bility for use in the atmospheric dispersion assessment described in Appendix D
of this statement. Data recovery for the composite data set was about 92%.
Because the periods of missing data were sufficiently random, the 3-year period
of record is expected to reasonably reflect diurnal, seasonal, and annual air-
flow and stability patterns subject to the final determ1nat1on of data quality,
as described above.

during plant operation. The upgrade included installation of a new mete-
orological tower in the vicinity of the tower location described above, and
includes measurements at the 10-m and 60-m (33-foot and 197-foot) levels.
The applicant has indicated that a minimum of 1 year of valid data from the
new measurements program will be available before Unit 1 fuel load. These
data will be reviewed by the staff for quality and consistency when they
become available.

The apph'cant has upgraded the meteorological measurements program for use ‘
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Figure 5.13 Estimated early fatality risk (persons) with supportive medical
: treatment from severe reactor accidents for several nuclear power
plants either operating or receiving consideration for issuance of
a license to operate (see footnotes following Figure 5.21)
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Figure 5.14

Vogtle FES

Estimated latent thyroid cancer fatality risk (persons) from

severe reactor accidents for several nuclear power, plants either
operating or receiving consideration for issuance of license to
operate (see footnotes following Figure 5.21)
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Figure 5.16 Estimated early fatality risk (persons) with supportive medical
treatment from severe reactor accidents for several nuclear power
plants either operating or receiving consideration for issuance
of a license to operate for which 'site-specific applications of
NUREG-0773 accident releases have been used to calculate offsite
consequences. Bars are drawn to illustrate effect of uncertainty
range discussed in text (see footnotes following Figure 5.21).
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Figure 5.17 Estimated latent thyroid cancer fatality risk (persons) from severe
reactor accidents for several nuclear power plants either operat-’
- ing or receiving consideration for issuance of a license to operate
‘ : for which site-specific applications of NUREG-0773 accident re--
. leases have been used to calculate offsite consequences. Bars are
drawn to illustrate effect of uncertainty range discussed in text
(see footnotes following Figure ‘5.21).
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Figure 5.18 Estimated latent cancer fatality risk, excluding thyroid (persons)

Vogtle FES

from severe reactor accidents for several nuclear power plants

either operating or receiving consideration for issuance of a license
to operate for which site-specific applications of NUREG-0773
accident releases have been used to calculate offsite consequence
Bars are drawn to illustrate effect of uncertainty range discussed

in text (see footnotes following Figure 5.21).
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Notes for Figures 5.13 through 5.21 - ‘

Except for Indian Point, Zion, Limerick, Millstone 3, Braidwood, Hope Creek,
NMP-2, and WNP-3, risk analyses for other plants in these figures are based
on WASH-1400 generic source terms and probabilities for severe accidents -
and do not include external event analyses. The staff and the applicants
extensively reviewed Indian Point 2.and 3, Zion, Limerick, and Millstone 3,
“including externally initiated accidents. The staff briefly reviewed
Braidwood, Hope Creek, NMP-2, and WNP-3 to determine plant-specific release
categories and probabilities considering internal events only. On the
basis of these reviews, the staff concludes that any or all of the values
could be underestimates or overestimates of the true risks.

1 With evacuatlon within 16 km (10 miles) and relocation from 16 to 40 km
(10 to 25 miles).

Exc]ud1ng severe earthquakes and hurricanes.

See Section 5.9.4.5(7) for discussion of uncgrtainties.

Vogtle FES ' - 5-100



-~
~

-
»

Property L
§ perty 1ne\ —m———
o+ N
o , . , -
- : - 111
e @Q)-m-="" O
. . \ Cd
‘.
. _
A * Savannah
@ River
v/’
]
\
\
\ Transformers
\
\ .
\ -
v .
\
\\
\ Natural-Draft )
. \ Cooling Towers ‘\\::‘
. \ o _
o (:)\ Mechanical-Draft (:)
2 North - \ Cooling Towers
et ' ' ’
{
! S
‘o : P Graphic Scale
~ ’ R Sm— |
SOt / v . i i ]
OSSN o c o am

Meters

F1gure 5.22 Location of seven ambient noise measurement positions, 1 through 6 and 11, and key noise
sources for Vogtle

Source: Hickman, 1981.
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have been changed to Positions 1 through 6 and 11 to distinguish them from the
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Table 5.1 EPA effluent guidelines for the steam
electric generating point source category '

Effluent Effivent
Waste stream characteristics : guidelines, mg/L*
Low volume wastes - o TSS*x . 30/100
0i1 and grease » 15/20
Metal cleaning TSS ' 30/100 .
wastes 0i1 and grease 15/20
- Copper, total*** 1.0/1.0
. ‘ _ Iron, total*** 1.0/1.0
Cooling tower blowdown . FAC 0.2/0.5
: A1l 126 prlor1ty pollutants No detectable
added to chemicals added for amountt
cooling tower maintenance
except
Chromium, tota]*** 0.2/0.2
ZincX** ‘ 1.0/1.0
A1l discharges pH ‘ 6.0 to 9.0
Polychlorinated ’ 0
biphenols :

. Neither FAC nor TRC may be discharged from any
unit for more than 2 hours in any 1 day, and
no more than one unit in any plant may discharge
FAC or TRC at any one time unless it is demon-
strated to the NPDES permit issuing authority

" that the units cannot operate at or below this
level of chlorination. '

For waste streams from various sources that are
" combined for treatment or discharge, the quantity
of each pollutant property attributable to each
’ controlled waste source shall not exceed the
specified limitation for that waste source.

*In all situations (except for pH), where two numbers are presented (e.g.,
30/100), the first represents an average of daily values over a 30 consecu-
tive-day period, and the second is the maximum concentration for any 1 day. .
A1l numbers are in mg/L unless otherwise noted.

**TSS = total suspended solids. ‘
***These 1imits are imposed only if the systems are chemically treated.

tAt the permitting authority's discretion, instead of determining compliance
by monitoring, compliance with the limitations for the 126 priority pollut-
ants may be determined by engineering calculations that demonstrate that the
‘regulated pollutants are not detectable (nothing over 10 ppb) in the final
discharge using the. analytical methods in 40 CFR 136. ‘

. Source: ER-OL Table 5.1-1
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Table 5.2 Applicant's assessment of thermal plume characteristics

Parameter

Summer value

Winter value

Discharge temperature’
River temperature

AT

Plume centerline distance
Plume width |
Plume volume

Temperature dilution factor

33°C (92°F)
26°C (79°F)

7°C (13%F)

3.6 m (12 ft)

0.8 m (2.6 ft)

1.4 m® (50 ft3)
2.6

28.9°C (84°F)
5°C (41°F)
23.9°C (43°F)
9.8 m (32 ft)
2.0 m (6.4 ft)
7.6 m® (620 ft3)
8.6 |

Vogtle FES
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Table 5.3 Natural draft cooling tower data for Vogtle compared with four other
‘nuclear plants, per cooling tower

Beaver Valley

Parameter - Vogtle Susquehanna Unit 2 Shearon Harris  Grand Gulf
Location Burke Berwick, Shippingport, Bonsal, NC Port Gibson,
County, GA PA PA _ MS

Drift rate, %

Guaranteed 0.03 0.02 0.013 0.05 0.008

Expected 0.008 0.002 NAX 0.002 NA*
Circu]ating.water flow 30,569 - 30,152 32,007 30,404 36,082

rate, L/s (gpm) (484,600) (478,000) (507,400) (482,000) (572,000)
Dissolved solids

In makeup, mg/L 60 432 203 70 376

In blowdown, mg/L 240 1640 365 539" 1880
Concentration factor 4 3.8 1.8 7.7 5.0
TDS emission rate, ** ‘

. kg/yr - 14,800 24,900 - 8,300 136,900
Frequency of domlnant
wind, % 12 15 1 11 9
Maximum solids <9.5 kg/ 2.4 kg/ 2.4 kg/ha/yr 4.5 kg/ha/yr 2.8 kg/ha/yr
deposition on land** ha/yr = ha/yr (2.1 1b/ (4 b/ (2.5/1b/
: (<8.5 1b/ (2.1 1b/ acre/yr) acre/yr) acre/yr)
acre/yr) -acre/yr)

*NA = not available.

**When the expected drift rate was available, it was used in calculations.

Source: -

ER-OL Table E290.8-1
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Table 5.4 Est1mated ad valorem taxes attr1butab1e to Vogtle,
thousands of 1984 $*

Burke County Burke County
Year Board of Commissioners , Board of Education
1990 $6384.7 $5746.3
1991 ' $6384.7 $5746.3
1992 . ‘ $6384.7 $5746.3
1993 . $6384.7 _ $5746.3
1994 $6384.7 $5746.3

*Figures are based on budgeted expenditures for real estate and improvements,
with allowances for anticipated pollution control expenditures. Estimates
include taxes to be paid by Georgia Power and Oglethorpe Power, plus "in lieu
of tax payments" to be paid by Municipal Electric Authority of Georgia. The
City of Dalton does not pay ad valorem taxes to Burke County. It is assumed
that millage rate will remain constant at 4.50 for the Board of Commissioners
and 5.00 for the Board of Education.

Source: ER-OL Table E310.6-1.

Table 5.5 Estimated local option and use taxes attributable to Vogtle,
thousands of 1984 $* ‘

Burke County City of City of City of
Year Board of Commisioners Midville Sardis Waynesboro
1990 $917.0 $34.6 $60.9 $297.5
1991 $963.2 ' - $36.3 $64.0 $312.5
1992 $1012.2 $38.2 $67.2 $328.4
1993 $1063.3 : $40.1 $70.6 $345.0
1994 $1117.2 $42.1 $74.2 $362.5

*Estimates are based on estimated operating and maintenance expenditures.
The local option sales and use tax is 1% on all goods delivered into or
used in Burke County, it is payable on materials and supplies, including
nuclear fuels. A nearby county would receive local opt1on tax on supplies

- sold to Vogtle if plant personnel picked up the supplies in that county.
Georgia Power is responsible for payment of this tax and is reimbursed
by the co-owners. Figures are gross estimates without any deduction for
vendor's compensation or State of Georgia administrative fees. It is
assumed that the division of total local option tax collected will
continue to be at Burke County, 70.0%; Waynesboro, 22.71%; Sardis, 4.65%;
and Midville, 2.64%.

Source: ER-OL Table E310.6-1
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Table 5.6 Incidence of job-related mortalities o .

Mortality rates,

Occupational group premature deaths per 10° person-years
Underground metal miners* ~1300

Uranium miners* v 420

Smelter workers* ' : 190

Mining** ' 61 -
Agriculture, forestry, and fisheries** 35

Contract construction** - 33

Transportation and public utilities** 24

Nuclear-plant workers*** ‘ 23

Manufacturing** v : 7

Wholesale and retail trades** : 6

Finance, insurance, and real estate** 3

Services** . ' _ 3

Total private sector** 10

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

*xy, S. Bureau of Labor Statistics, "Occupational Injuries and Il1lness in the
United States by Industry, 1975," Bulletin 1981, 1978. : '
d

***The nuclear-plant workers' risk is equal to the sum of the radiation-relate
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 10° 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 Interna-
tional 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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ransportation

Table 5.7 (Summary Table $-4) Environmenta
v n -cooled

of fuel and waste to and from o
nuclear power reactori '

3

=

SUMMARY TABLE S—4—ENVIRONMENTAL IMPACT Of TRANSPORTATION OF FUEL AND WASTE TO
AND FROM ONE LIGHT-WATER-COOLED NUCLEAR POWER REACTOR !

Normatl Conditions. ol Trsnspont

Emaronmental impsct
Heal (per imadisted fuel cash in trenst | 250,000 Biu/iv,
Wegh {governed by Federal or Siate 'nlnchons) .| 73.000 s per truck; 100 tons per cask per 1ail car.
Trattc densy. |
Truch itreers e o} L@SS than 1 per day.
Rai . Less than 3 per month
Esumated’ j ; Cumulstve dose
’ number of Rlnqeo'dommomoud . 10 exposed
Exposed populstion persons mawousts * (per resctor yesr) populstion (per
exposed reactor year) *
Transpor i 200 | 0.01 %0 300 miti 4 mansem.
General public:
: On ] 1.100 | 0.003 10 1.3 3 man-rem.
Along Route 800,000 | 0.0001 %0 0.06 mithrem........ ............]
\
Accigemis in Transpon
Environmental nisk
Radilogical effects Smel *
C ( ological) cavses 1 fatal injury in 100 resctor years, 1 nontatal injury in 10
reactor years. 3475 property damage per reaclor year.
* Deta supporting this table are given in the C. ission’s “Envi Survey of T of R M
10 and from Nuclear Power Plants,” WASH-1238, Doc.mb-v 1972, and Supp. 1 NUREG—'ISIOM April 1975, Both documents
e uvmhble for nwoc\m and copying al the C. s Pubhe D Room. 1717 H S1.. NW., Washingion, D.C. and
be ¥ \d. Ve. 2216). WASH-1238 15 svailable from NTIS ol 8

may Sema Springhel
cost of $5.45 (mm $2.25) and NUREG-757038 is sveilable at a cost of $3.25 (microfiche, $2.25).

? The Federat Radustion Council has rec that the doses om all sources of radation other than natural
beckground and medica! exposwres should be hmied 10 5000 mdlrem per year for ndwviduals as & resull of occupatonal
oxposure snd should be fimited 10 500 millxem per year for indriduals in the generst population. The dose to indmdusls due
0 aQe natural backg s about 130 mvivem per your.

® Mansem is an son for the of whole body doses 0 indhiduals in & group. Thus, il each member of a
mlmovoupo'|u)opoopiewelolecm05mnofoomnm(|muum)ovdeoophwotovoccmaﬂouol
osm(soom-n)m Nloulmn-ummnnchnuwmulmm-«m

¢ Athough the J nisk of rackological effects of

numercally quanithed. the nsk small rega oT* l-beng-ppudlonlmghvumu-
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Table 5.8 Preoperatioria'l radiological environmental monitoring program ‘

Sample medium and location

Frequency

Analysis

Airborne particulates and
radioiodine
Indicator stations

Continual sampler
operation, with

col]ection weekly

7: Simulator building
(1.5 miles SE)
10: Meteorological tower
, (1.1 miles SSW)
16: Hancock Landing Road
(1.4 miles. NNW)

Nearest community**

35: Girard (6.6 miles SSE)
“Control station :

36: Waynesboro (15 miles WSW)
Direct radiation ‘Quarterly

Thermoluminescent dosimeters
(see Table 5.9 for locations)

Composite over
monthly period

~ River water

Control stations

81: River mile 153.1
82: River mile 151.2

Indicator stations

83: River mile 150.6
84: River mile 149.5
85: River mile 146.7

Drinking water Mbnthly
Control station

80: North Augusta Water
Treatment Plant

Indicator stations -

87: Jasper Water Treatment
Plant (Beaufort, SC)

88: Cherokee Hill Water
Treatment Plant (Port

Wentworth, GA) ,
Sediment from shoreline Semiannually

Control stations
81: River miles 153-154
82: River miles 151-152

Vogtle FES . 5-110

Radioiodine
\canister: 1-131

Particulate
'sampler: gross
beta activity
following filter
change*; composite
(by location) for
gamma isotopic
quarterly

Gamma dose

Gamma isotopic
monthly; composite

for tritium

quarterly

Gross beta, I-131,
and gamma jsotopic
monthly; composite

- for tritium

quarterly

- Gamma isotopic



Table 5.8 (continued)

Sample medium and location Frequency Analysis

Indicator station
84: River miles 148.5-150.5

Milk Biweekly Gamma isotopic
98: W. C. Dixon Dairy*** and I-131
Grass (g.g miles SE) ' Monthly ~ Gamma isotopic
Indicator stations
7: Simulator building
(1.5 mites SE)
15: Hancock Landing Road
o (1,5 miles NW)
Control station
.36: Waynesboro (15 miles WSW)
Fish _ , Annually ‘ Gamma isotopic on
Control station ' edible portions of
composites of any
81: River miles 153-158 , commercial or recrea-
Indicator station tionally 1mportant
species (e.g.,.
85: River miles 144-149.4 bream or catfish)
Groundwater Quarterly - Gamma isotopic and

, _ , tritium analyses
Regional confined aquifer
51: Makeup well 1
(0.4 mile N)

Local unconfined aquifer

61: Spring water from upper
end of Mallards Pond
(0.8 mile NW)

62: Spring water from bluff

- near river mile 156
(1.1 miles E)

63: Construction well 1

(0.4 mile SW)

Note: To change miles to km, multiply the values shown by 1.609.

*Filters should be analyzed for gross beta 24 hr or more after sampling to
allow for radon daughter decay. If gross beta activity is more than 10 times
the mean of control sample for any medium, gamma isotopic analysis should be
performed on that sample.

**Also considered a control station.

xxkpnother dairy 4.6 miles SE will be regularly sampled.
Source: ER-OL Tables 6.1-1 and 6.1-2
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Table 5.9 Thermoluminescent dosimeter locations ' ‘
(gamma dose - sampled quarterly) '

Distance, Direction,
Station miles* sector >
1 Hancock Landing Road 1.1 N
2 River bank 0.8 NNE
3 River bank 0.7 NE .
4 River bank 0.8 ENE
5 River bank 1.2 E
6 Wilson plant 1.1 _ ESE
7 Simulator building 1.5 SE
8 River Road ' 1.1 SSE
9 River Road 1.1 S
10  River Road 1.1 SSW
11 River Road 1.2 SW
12 River Road 1.1 WSW
13 River Road 1.3 W
14 River Road =~ 1.8 WNW
15 Hancock Landing Road 1.5 Nw
16 Hancock Landing Road 1.4 NNW
17 Savannah River Plant - 5.4 N
River Road
18 Savannah River Plant - 5.0 NNE
D Area - : ‘
19 Savannah River Plant - 4.6 -NE .
Road A.13 _
20 Savannah River Plant - 4.8 , ENE
Road A.13.1
21 Savannah River Plant - 5. E
Road A.17 ‘
22  River bank upstream of 4.2 ESE
Buxton Landing
23 River Road 4.7 SE
24  Chance Road 4.9 SSE
25 Chance Road and Highway 23 5.2 S .
26 Highway 23, mi 15.5 4.6 SSwW
27 Highway 23, mi 17 4.8 SW
28 Hancock Landing Road 5.0 WSW
29 Claxton-Lively Road 5.0 W -
30 Ben Hatcher Road 4.7 WNW
31 River Road at Allen's 5.0 NW
- Church Fork :
32 River bank 4.8 NNW
33 Nearby residence 3.3 SE
34 Girard Elementary School 6.3 SSE
35 Girard | 6.6 SSE
36 Waynesboro 15.0 WSW

XTo change to km, multiply the values. shown by 1.609.
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Table 5.10 Activity of radionuciides in a Vogtle unit

_ reactor core at 3565 Mwt

Group/radiondc]ide

Radioactive inventory
millions of curies

Half-1ife, days

A.

NOBLE GASES
Krypton-85
Krypton-85m
Krypton-87
Krypton-88
Xenon-133
Xenon-135

TIODINES
Todine-131
Todine-132
Iodine-133
Iodine-134 .
Todine-135

ALKALI METALS

Rubidium-86
Cesium-134
Cesium-136

- Cesium-137 .
TELLURIUM-ANTIMONY

Tellurium-127
Tellurium-127m
Tellurium-129
Tellurium-129m
Tellurium-131m
Tellurium-132

Antimony-127

“Antimony-129
ALKALINE EARTHS.

Strontium-89
Strontium-90
Strontium-91°
Barium-140

COBALT AND NOBLE METALS

Cobalt-58

* Cobalt-60

Molybdenum-99
Technetium-99m
Ruthenium-103
Ruthenium-105
Ruthenium-106

Rhodium~-105

Vogtle FES

0.391

- 109

0.048
34.0

'1.25

3.25
3.88
0.179

5.1
11,030
0.403
12.8

71.0
1,920

0.25
39.5
0.185

. 366

1.50



Table 5.10 (Continued) o ‘ ‘

Radioactive inventory, :
Group/radionuclide millions of curies Half-1ife, 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
Praseodynium-143 - 140 - 13.7

Neodymium-147 67 11.1

Neptunium-239 1800 ‘ 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 10°
Curium=-242 0.56 163

Curium-244 0.026 : 6,630 ’ ‘

Note: The above grouping of radionuclides corresponds to that in Table 5.12.

Table 5.11 Approximate 2-hour radiation doses from
design-basis accidents at the exclusion
area boundary, using realistic assumptions |

Dose (rems) at 1097 m*
Thyroid Whole body , .

Infrequent Accidenfs
Steam generator tube

‘rupture** 0.0018  0.0018 , -
Fuel hand]ing'accident' 0.0086 0.000022

Limiting Faults o B
.Control rod ejection 0.314 0.00123

Large-break LOCA ' 1.34 0.0073

~ *Plant exclusion area boundary distance’
**See NUREG-0651 for descriptions of three steam
generator tube rupture accidents that have occurred
in the United States. .
Source: ER-OL Table 7.1-2
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Table 5.12 Summary of atmospheric releases in hypothetical accident
sequences in a PWR (rebaselined) as used for Vogtle*

Accident |
. sequence, Prob- Release Dura- Fraction of Core Inventory Release***
sequence ability time, tion,
group** per r-y  hours hours Xe-Kr 1 Cs-Rb Te-Sb Ba-Sr Rut Latt
B Event V 1.0(-6)# 1.0 1.0 1.0 0.64  0.82 0.41 0.1 0.04 0.006
TMLB' - 2.0(-5) 2.5 0.5 1.0 0.31 0.39 0.15 0.04 0.02 0.002
PWR 3 - 3.0(-6) 5.0 1.5 0.8 0.2 0.2 0.3+ 0.02  0.03 0.003
PWR 7. . 8.0(-5) 10.0 - 10.0 6(-3) 2(-5) 1(-5) 2(-5) 1(-6) 1(-6) 2(-7)

*See Section 5.9.2.4 for a discussion of uncertainties in risk estimates.
**See Appendix D for a description of accident sequences and release categories.

- X%XBackground on the isotope groups and release mechanisms is in NUREG-75/014,
Appendix VII. ' ' ‘

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

#Exponential notation: 1.0(-6) = 10-6.

Table 5.13 Summary of environmental impacts and probabilities

1 Early
Persons Persons fatalities’
- exposed exposed (persons) Population Cost of
: over over with sup-  exposure, Latent offsite
Probability 200 rems 25 rems portive millions of cancer mitigating
. of impact (bone (whole medical person-rems, fatalities, actions,
per r-y marrow)  body) treatment 80 km/total 80 km/total $ millions
10-¢ 0 0 0 0/0.001 0/0 0.3
. 10-° 0 3,700 0 0.8/13 - 95/960 640
5 x 10-6 6 8,900 0 2/21 - 170/1700 930
10-6 290 54,000 O 7/38 . 1000/2900 1900
- 10-7 1900 98,000 35 13/52 11700/5000 - 3900
10-8 30,000 200,000 85 20/69 2900/5900  .5000
Related ,
figure 5.5 5.5 5.7 5.6 5.8 5.9
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. Table 5.14 Average values of environmental risks due to

accidents, per reactor-year

Environmental risk

Average value

Popu1étion exposure

Person-rems within 80 km
Total person-rems

Early fatalities
Early injuries
Latent cancer, fata11t1es

A1l organs excluding thyroid, entire region

Thyroid only, entire region

A1l organs, excluding thyroid, w1th1n 80 km

Thyroid only, within 80 km

Cost of protective actions and
decontamination _

35
310

0.00001
0.003

0.02

0.004 - -
0.00295
0.0015

$16,000%

*1980 dollars.

Table 5.15 Annual average wind-direction
probabilities for the Vogtle
site based on data for the
year April 1977 to April 1978

Wind blowing Probability
toward the (fraction of
direction the year)

N 0.06

NNE 0.07

NE 0.08

ENE 0.08

E 0.09

ESE 0.08

SE . 0.07

SSE 0.04

S 0.04

SSW 0.05

SW 0.08

WSW 0.06

W 0.05

WNW 0.05

NW 0.05

NNW 0.05

Total 1.00
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Table 5.16 Regional economic impacts of output and employment

Direct losses,

1980 $ millions ' Total Loss in
o - losses, employment Expected loss
Release Wind Nonagri-  Agricul- Indirect losses, 1980 $ annualized in output per

cagetories* direction . cultural tural 1980 $ millions millions  jobs ‘r-y, 1980 $

Maximum losses

N 516 190 87 793 42000 42

1

2 NW 516 190 ) 87 793 42000 833
3 Nw 395 35 : 53 483 26000 76
4 SW : 0 2 .0 2 <1000 11

Minimum losses -

1 E 4 16 2 22 1000 - 2
2 E 4 16 2 22 : 1000 . 44
3 E - 0 8 1 9 - <1000 3
4 14 direc- O 0 0 0 0 0
tions :
Loss risk, per r-y, 1980 $ .

1 A1l 107 87 : 24 218 <1 xx
2 A1l 2147 1732 475 4354 . <«
3 All 130 94 28 252 <1
4 Al 0 16 2 . 18 <1
All ‘ A1l 2384 1929 529 4842 <0.3

*Release categories include:

1. Event V

2. TMLB'

3. PWR 3

4. PWR 7 .

**Not applicable; the expected loss 'is already expressed in the "Total" column for this portion of
the table. : - "
Source: Bureau of Economic Analysis, U.S. Department of Commerce with assumptions supplied by the U.S5.
Nuclear Regulatory Commission.. '



‘Table 5.17 (Summary Table S-3) Uranium-fuel-cycle environmental datal

TABLE S-3—TABLE OF URANIUM FUEL CYCLE ENVIRONMENTAL DATA !
[Normalized to model LWR annus! fus! requirement [WASH-1248] or reference reactor yasr [NUREG-0116))
’ [See footrotes at end of this table)

. . Maximum eftect per annuat tuel requirement or
Environmental considerations Totat reference reactor year of model 1,000 MWe LWR

NATURAL RESOURCE USE

Land (acres):
Temp iy ifted * N 100
Undisturbed erea..... 79
Di area 22 | Equivalent to a 110 MWae coai-fired power plant.
Permanentty ifted 13
Overburden moved (millions of MT).........cccc...coocvueenennes 2.8 | Equivaient to 85 MWe coal-fired power plant
Water (millions of gations):
Discharged 10 ait . 160 | =2 percent or mooel 1,000 MWe LWR with cookng
Oischarged to water | JORRER— 11,090
Discharged 10 ground : 127
Totsl 11,377 | <4 percent of model 1.000 MWe LWR with once-
through cooting.
Fossil fusl:
Electrical snergy {thousands of MW-hour).... 323 | <5 percent of model 1,000 MWe LWR output.
Equivaienm coat (th ds ol MT) 118 | Equivalent to the consumptlion o a 45 MWe coal-tved
power plant.
Natura! gas (MHNONS Of BCT) .....couueeeeceere st eeens ] 135 | <04 percent ot model 1.000 MWe energy outpul.

EFFLUENTS—CHEMICAL (MT)
Gaesss (including entrainment): *

SO, 4,400
NO,* 1,190 | Equr to emissions from 45 MWe coal-fired plany
: for @ year. ’

Hy bons 14

Co..... 296

Perticul 1,154

Other gases:

F : 87 | Principey from UF, production. enrichment. end re-
processing. Concentration within range of state
standerde—below level thet has effects on human

. X health. ‘

HQL..... 014
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Table 5.17 (Continued)

TasLe S-3—TABLE Of Uranium FUEL CYCLE ENVIRONMENTAL DATA ' —Continued
{Normalized 10 modet LWR annusl tusl requirement (WASH- 1248] or reterence reactor year {NUREG-0116])
[See footnotes at end of this lable)

Maximum eHact per snnual tuel requir

Envionmental considerations Total roterence reacior year of model 1,000 Mwe Lwa

9.9 | From ennchment, fuel fabrication, snd feprocessing
258 steps. Components thal constitute & potential for
129 adverse enviwonmental o"ect are present n dikne

(X ] wons end dilution by re-
85 cetving bodies of water to levels below permissible
121 The consts mhat require diution and

100 the How ol dilution water are: NH,—600 cfs., NO,—20
K] cfs., Fluoride—70 cfa.

240 | From mitls only—no significant effluents to enviconment.

Sokids 91,000 | Principally rom mits—no significant eHivents to enw-

Eftiuents—Radioloyical (curies)
Gases (including entrainment):

An-222 P y under reconsideration by the C
Ra-226 02 ’

Th-230 02

L g 034

Tritivm (thousands) 18.1

C-14 24

Kr-85 (thousands) 400

Ru-1C6 .14 | Principalty from luel reprocessing plants.
129 13

13y .83

Tc-09.. Pr y under : by the C
Fission products and i 203

Uranium and daug : 21 | Principaly from mitling—included taings lquor and re-
. turned to ground—no effiuents; thercfore, no effect
on environment.

Ra-226 . .0034 | From UF, production.
Th-230 0015
Th-234 .01 | From fuel (abrication plants—cor ion 10

of 10 GFR 20 for tota! processing 26 annual fuel
requirements for model LWR

Fission and activation products 59x10°¢
Solids (bured on site): .
Other than high level (shatiow) 11300 { 9.100 Ci comes from low level reactor wastes snd
1,500 Ci comes from reactor ducontaminaton and
decnmmissioning—buried at land burat facilities. 600
Ci comes from mills—included in taikngs retumed %o
ground. Acprosamatety 60 Ci comes from converson
and spent fuel storage. No uondncnn( offiuent 10 the
R emsronment.
TRU and HLW (deep) " 1110 | Buried st Federsi
Effluents—thermal (bilons of British lhormnl units) ... 4,063 | <5 percant of model 1,000 MW. LWR.
‘I'unsmﬂnhon (penoo-nm)
and g 25

n " (por

22.6 | From repronwasing and waste management.

! in some Cases whera no entry appears i is Clear from the background documents that the matter was addressed and thet,
in effect, tha Tabie should ba rcad as if & specific zero entry had been mace. However, there are other sreas (hat are not
addressed 8t all in the Tablo. Tdus-adoolnotnchmwmnnmswommnmmdescﬁndanm or estimates
of roleases ol Radon-222 om the wanum fust cycle or estimates of Technetium-89 released from waste management or
freprocessing activities. These issues may be the subject of libgation in the indwidual licensing proceedi gn

Dats nnm.mwnlh-'fm-omw ey of the Uranwm Fuel Cycle,” WASH-1248, April 1974; the
“Environmen of the Reprocessing and Waste Management Portion of the LWR Fuel Cycle,” NUREG-0116 (Supp.1

0 vusu—mce) the “Public Comments and Task Force Responses Regarding the Environmental Survoy of the Repr

ocessing
and Waste Management Portions of the LWR Fuel Cycie,” NUREG-0216 (S\no meMI‘ua) und in the record of the
kampsﬂmlol" Fuel Cycle imp from Spent Fuel A Waste M
DOocket AM-50-3. The from waste 0 and nnwonwonoi wasies are maximized for
amdmomludqcmlunnunmrynmmmuyde)m wom )08 Wansportahon of cold
fuel 1o 8 resckr and of tuel and mmm-:mummconsmwntwowoﬂﬂmm
Tmeomw-_lmmlhow-u-p.olmmmmwnmA{uhbhs-aAMWAmwu
*The triy to Ly y committed land opr 20 not p over 30 ysars, since (he

porary i of wh mmmmvmummumv-c\mhmwn
3 Estimal cmwwmmdemlmenm
¢ 1.2 psrcont from natwal ges use and Process.
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Table 5.18 Summary of noise assessment:

ambient versus

predicted operational noise levels of Vogtle

cooling towers

Assumed Predicted Bifference
ambient operational in noise Modified
noise level, noise level, Tlevel, CNR
Receptor  dBA : dBA _ dBA1 rating?
1 27 29 +2 C
2 32 33 +1 C
3 25 - 33 +8 C
4 24 33 ' +9 C
5 25 36 +11 D
6 28 40 +12 E
11 34 35 +1 C

lpositive values indicate an increase in noise level during
operation over ambient level.

2CNR = Composite Noise Rating; see Figure 5.23 for definition
~ of alphabetic ratings.
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6 EVALUATION OF THE PROPOSED ACTION

6.1 Unavoidable Adverse Impacts

The staff has reassessed the physical, social, biological, and economic- impacts -
that can be attributed to the operation of the Vogt]e E]ectr1c Generat1ng
Plant, Un1ts 1 and 2. These impacts are summarized.in Table 6.1.

The applicant is required to adhere to the following conditions for the
protection of the environment:

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

(2) The applicant will implement the environmental monitoring programs out-
lined in Section 5 of this statement, as modified and approved by the
staff, and implemented in the Environmental Protection Plan and Technical
Specifications that will be incorporated in the operating license.

(3) 1If an adverse environmental effect or evidence of irreversible environ-
mental damage is detected during the operating life of the plant, the
applicant will provide the staff with an analysis of the problem and a
proposed course of action to alleviate it.

6.2 Irreversible and Irretrievable Commitment of Resources

Changes in the staff's assessment of irreversible* and irretrievable* comm]tments
of resources since the FES-CP was issued are primarily associated with the
reduction from four units to two units, as well as those associated with other

. design changes. Impacts upen biotic resources as a result of the permanent

alteration of habitat (FES-CP Section 10.3.2) are less significant than antic-
ipated for terrestrial resources (Section 4.3.4.1) because of the reduction
(of about 50%) in acreage for transmission lines. The impacts also are less

for aquatic resources (Section 5.5.2) because of design changes in the intake

and discharge structures (Section 4.2.4) and waste management systems (Sec-
tions 4.2.5 and 4.2.6). The quantities of (1) materials consumed by construc-
tion or to be contaminated during operation, (2) surface water and groundwater

—

*"Trreversible" applies to environmental resources and concerns commitments
-of the environment that cannot be altered at some later time to restore the
present order of environmental_resources. "Irretrievable" applies to
material resources and concerns commitments of materials that, when used,
cannot by practical means be recycled or restored for other use.
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. to be used during operation, and (3) uranium.to be consumed as fuel (FES-CP ‘
Section 10.3.3) are less for two units than for four. The number of uses of :
land on the plant site and the amount of land to be used (Section 4.2.2) have
increased since the CP stage, but the disturbing of the add1t1ona1 acreage

is primarily of a temporary nature.

6.3 Relationship Between Short-Term Use and Long-Term Productivity

- The principal change in this section since the CP stage (FES-CP Section 10.2)

is associated with the reduction from four to two units, with the associated -
‘reduction in power production. Uses adverse to productivity (FES-CP Sec-

tion 10.2.3)--such as land and water usage--have generally improved, as dis-

cussed in Section 6.2. Section 6.4 below provides a benefit-cost summary for

the two-unit Vogtle facility. The staff's conclusion in FES-CP Section 10.2.1--
that the cost to future generations will be offset by those products of the
economic activity generated by the electricity made available by Vogtle that

have long-Tasting value or enhance future productivities--remains valid.

6.4 Benefit-Cost Summary

6.4.1 Benefits

A major benefit to be derived from the operation of Vogtle units is the lower-
production cost for approximately 11 billion kWh of baseload electrical energy
that will be produced annually. (This projection assumes that both units will
operate at an annual average capacity factor of 55%.) Production costs avoide '
on approximately 11 billion kWh of electrical energy will be 41.5 mills per

kWh (ER-OL Table 8.1-7) resulting in a total annual avoided cost on existing
generation of $450 million (constant 1987 dollars).

The addition of the plant will also improve the appTicant s ability to supply
system load requirements by contributing -2250 MW of capac1ty to the Southern
Company's system.

- 6.4.2 Economic Costs

The economic costs associated with staticn-operation include fuel costs and
operation and maintenance costs, which are expected to average 14 mills and
7.5 mills per kWh, respectively. These values are based on ER-OL Table 8.1-6,

in 1987 dollars, but were adjusted by the NRC staff for a 55% capacity factor
rather than app]1cant s estimate of 59% capacity factor. Total annual produc-
tion costs for 11 billion kWh per year produced by the nuclear units wou1d be -
approximately $237 million in constant 1987 do]lars

The app11cant S estimate of the decomm1ss1on1ng costs for each of the Vogtle
units is $50 million (1980 dol]ars ER-OL Section 8.2.1.3). :

6.4.3 Socioeconomic Costs -
No significant socioeconomic costs are expected from either the operation of
the fac111ty or from the number of fac111ty personnel and their families

1iving in the area. . The socioeconomic impacts of a severe accident could be |
large; however, the probab1]1ty of such an accident is small. :
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6.5 Conclusion

As a result of its aha]ysis and review of potential environmental, technita],
and social impacts, the staff concludes that the Vogtle Electric Generating
Plant can be operated with minimal environmental impact.
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Miw Ve oA

wn

ummary for Vogtle Units 1 and 2

Pfimary impact and effect

on population or resources Quantity (Section)* Impact**
BENEFITS
Capacity
Additional generating capacity 2250 Mwe  Large
Economic v
Reduction in existing 11 billion kWh/yr Moderate
system production costs @ 41.5 milis/kWh or
_ ' $450 million/yr**x
COSTS -
Economic B
Fuel o 14.0 mills/kWh*** Small
Operation and maintenance 7.5 mills/kWh*** Moderate
Total $237 million/yr**x Moderate
Decommissioning $ 50 million/unitt Smail-
‘ moderate
Environmental

Damages suffered by other water users

Surface water consumption
‘Surface water contamination
Groundwater consumption
Groundwater contamination
Damage to aquatic resources
Impingement and entrainment
Thermal effects
Chemical discharges
Damage to terrestrial resources
Cooling tower operation
Transmission line maintenance

Damage to air quality

*See foothotes at end of table.

Vogtle FES

(Section 5.3.1)
(Section 5.3.2)
(Section 5.3.1.2)
(Section 5.3.1)

(Sections 5.5.2.3 and
5.5.2.4)

(Section 5.5.2.2)
(Section 5.5.2.1)

(Section 5.5.1.1)
(Section 5.5.1.2)

(Section 5.4)

6-4

Small
Small
Small
None

Smalil

Small
Small

Small
Small

Small



. Table 6.1 (Continued)

Primary impact and effect _
on population or resources Quantity (Section)* Impact** .

Adverse socioeconomic impacts
Loss of historic or archeological

resources ~ - (Section 5.7) . None
Increased demand on public _ v :

facilities and services .~ (Section 5.8). Small
Increased demands on private :

facilities and services _ (Section 5.8) . Small
Noise (Section 5.12) _ ‘None

Adverse radiological effects

Routine operation ' (Section 5 9.3) Small
Postulated accidents (Section 5.9.4) Tt
Uranium fuel cycle A (Section 5.10) - Small,

*Where a particu]ar unit of measure for a benefit/cost category has not
been specified in this statement or where an estimate of the magnitude
of the benefit/cost under consideration-has not been made, the reader is
directed to the appropriate section(s) of this report for further
information.

**A subjective measure of costs and benefits is assigned by reviewers where
quantification is not possible: "Small" = impacts that, in the reviewer's
judgment, are of such minor nature, based on currently available information,
that they do not warrant detailed investigation or consideration of miti-
gative actions; "Moderate" = impacts that, in the reviewer's judgment, are -
likely to be clearly evident (mitigation alternatives are usually con-
sidered for moderate impacts); "Large" = impacts that, in the reviewer's
Judgment 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.

**x1987 -dollars. The net reduced generating cost is the difference between
$450 million/yr and $237 million/yr, which is $213 million/yr for both units.

11980 do11ars

t1Impacts of an accident cou]d possibly be 1arge although the risk of an
accident is small.
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Charles W. Billups

Alvin R. Brauner

Louis K. Bykoski

Sarah M. Davis

~ patrick G. Easley

James E. Fairobent

E. Nick Fields

Darl S. Hood

_Joe1 J. Kramer

Germain E. LaRoche

John C. Lehr

Vogtle FES

Nuclear Eng1neer B.S. (Nuclear Engineering),
1974; 10 years experience

Aquatic Scientist; Ph.D. (Marine Science),
1974, Aquat1c/F1shery Resources, Aguatic
Ecology, 14 years experience

Site Analyst; B.S. (Electrical Engineering),
1950; Siting Analysis; 34 years nuclear
experience

'Regiona1 Environmental Economist; Ph.D.

(Economics), 1965; 19 years experience

. Reliability and Risk Analyst; B.A. (Mathematics

and Economics), 1977; Reliability and Risk
Assessments; 7 years experience

Nuclear Engineer; M.S. (Chemical Engineering),
1980; 7 years experience

Meteorologist; M.S. (Meteorology), 1972;
11 years experience

Electrical Engineer; B.S. (Electrical
Eng1neer1ng) 1969; Siting Ana]ys1s, 15 years

. expem ence

Senior Progect Manager; B.S. (Nuc]ear Engineer-
ing), 1962; 22 years nuclear experlence

Senior Eng1neer1ng.Psycho]og1st; M.S.
(Psychology), 1961; Human Factors; 24 years
experience

Senior Land Use Analyst; Terrestrial Resources/
Transmission Systems; Ph.D. (Botany-Ecology),
1969; Terrestrial Ecology; 27 years experience

Senior Environmental Engineer; M.S. (Environ-

mental Engineering) 1972; Water Quality;
13 years experience

7-1




Melanie A. Miller ' Project Manager; B.S. (Nuclear Engineering),
1982; Nuclear Engineering; 3 years experience

Charles R. Nichols Senior Nuclear Engineer; Ph.D. (Chemical
Engineering), 1965; Chemical/Nuclear
Engineering; 25 years experience

Brian Richter Cost-Benefit Economist; M.A. (Economics) 1970;
' Socioeconomics, 14 years experience

Robert B. Samworth Leader, Environmental Engineering Section;
Ph.D. (Environmental Engineering), 1968;
Water Quality and Pollution Contro]
17 years experience

John G. Spraul - Quality Assurance Engineer; B.Ch.E. (Chemical
Engineering), 1951; Nuclear Engineering;
32 years exper1ence

Gary B. Staley Hydraulic Engineer; B.S. (Civil Engineering),
: 1960; Hydraulic Engineering; 23 years

experience

Jerry J. Swift Health Physicist; Ph.D. (Nuclear Engineering),
1971; 18 years experience

Edward F. Williams, Jr. Emergency Preparedness Analyst; B.A. .

. (B1ochem1stry) 1956; 28 years nuclear

experience

Consultants

Clement L. Counts III | University of Delaware; Marine Scientist;

Ph.D. (Marine Studies-Zoology), 1983; Asiatic
Clam Biofouling; 9 years experience.

Roger L. Kroodsma Oak Ridge National Laboratory; Terrestrial -
Ecologist; Ph.D. (Zoology), 1970; Land Use and
Terrestrial Ecology; 15 years experience.

Anthony J. Policastro ArgonnevNational Laboratory; Noise Analyst;
Ph.D. (Civil Engineering), 1970; Applied -
Mathematics; 13 years experience.

Andrea Sjoreen Q0ak Ridge National Laboratory, M.S.
\ (Geophysics), 1977; Computer Apalyst.

Virginia R. Tolbert Oak Ridge National Laboratory; Aquatic

Ecologist; Ph.D. (Ecology), 1978; Eco]ogy,
5 years experience.
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8 AGENCIES, ORGANIZATIONS, AND PERSONS TO WHOM COPIES OF THE DRAFT ENVIRONMENTAL
. STATEMENT -WERE SENT

Advisory Council on Historic Preservafion

- . Federal Emergency Management Administration
U.S. Environmental Protection Agency

.S. Department of Agriculture

. Department of the Army

c CcC <
w

.S. Department of Commerce

.S. Départment of Enengy

S. Department of Health and Human Services

. Department of Housing and Urban Development

.S. .Department of the Interior

< < = [
w

.S. Department of Transportation

Attorney-General, the State of Georgia

Central Savannah River Area Planning and Deveiopment Commission
County Commission, Burke County, Georgia

0ff1ce of Planning and Budget, the State of Georg1a

South Carolina Commissioner for Environmental Health and Safety

South Carolina State Clearinghouse
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9 STAFF RESPONSES TO COMMENTS ON THE DRAFT ENVIRONMENTAL STATEMENT

: Y
Pursuant to 10 CFR 51, the "Draft Environmental Statement Related to the
Operation of Vogtle Electric Generating Plant, Units 1 and 2" (DES) was trans-
mitted, with a request for comments, to the agencies, organizations, and
persons listed in Chapter 8 of this report. 1In addition, the NRC requested
comments on the DES from interested persons by a notice published in the
Federal Register.

Those who fesponded to the requests for comments are listed below, chronologi-

~ cally in order of the dates of their letters. The letters are reproduced in

Appendix A. In parentheses after the name of each commentor are the initials
used to identify the commentor later in this chapter and the page in Appendix A
on which the comment letter begins. The commentors were:

U.S. Department of Agriculture, Economic Research Service (USDA-E, 1)

State of Georgia, Department of Natural Resources Historic Preservation
Section (DNR, 2) '

U.s. Depértment'of the Army, Savannah District, Corps of Engineers (COE, 3)

Judfth E. Gordon (JEG, 5)

M. Litchfield (ML, 8)

Tom Clements (TC, 10)

Georgia Power Company (the applicant, GPC, 13)

Educational Campaign for a Prosﬁerous Georgia (ECPG, 35, 58)

Doug Teper (DT, 52)

Georgians Against Nuclear Energy (GANE, 57)

U.S. Environmental Protection Agency, Region IV (EPA, 59)

William F. Lawless (WFL, 63, 91)

u.s. Departmént of the Interior (DOI; 88)

Georgia State Clearinghouse (GSC,'89)‘
The letters from USDA-E, DNR, and GSC did not require a staff response. because
they essentially had no comments on the DES. The remaining letters did require
a staff response.
The staff's.consideration of these comments and iﬁs disposition of the issues

involved are reflected, in part, by revised text in pertinent sections of this:
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FES, and, in part, by the discussion following in this chapter. The discussi‘
is genera]]y keyed to the body of the statement; for example Section 9.5.9.3
contains the staff's response to comments on Sect1on 5.9.3 in the DES. The

- comments are referenced by use of the abbreviations indicated above and by the
individual comment numbers indicated in the margins of the comment letters
shown in Appendix A. = "

‘Table 9.1 is a cross-reference list of comments, their Appendix A page number,
and the section(s) and page(s) of this report in which they are addressed.

9.1 Abstract, Summary and Conclusions, Foreword, and Introduction
GPC-7 | | |

The text has been modified to reflect this comment. Section 4.3.5 also has
been modified to show that the indigo snake is threatened.

GPC-8

The suggested change has been made.
GPC-9

The text has been changed to note that Timitations on chlorine in the discharge
are established by the NPDES permit. A copy of the permit is provided in FES
Append1x E, replacing the draft NPDES permit and supporting documentation tha
were in DES Append1x E. '

DT-1 1
The text has been modified to provide more information on transmission lines.
DT-2 |

New maintenance requirements for the emergency diesel generators are not likely
" to affect the duration of normal testing, which was the basis for the State's
exemption. If the mode of operation of the diesel generators changes signifi-
cantly, the State of Georgia is likely to review the exemption and develop air
quality permit requirements as appropriate.

DT-3 .

Impacts of electromagnetic fields on people are addressed in Section 5.5.1.2.
Hundreds of miles of 500-kV -and 230-kV power lines are in operation in the
United States, and no damage to or impacts on the health of farmers have been
documented.

b1-4

The discussion of adverse effects of residual chlorine presented in Sec-
tion 5.5.2.1 includes informatior on effects at concentrations greater than
0.1 mg/L. As noted, restricting exposure to residual chlorine to not greate
than 0.2 mg/L (TRC) intermittently for a total of up to 2 hours per day has
been judged by some researchers as adequate to protect more resistant warm
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water fish. Intermittent exposures to the more persistent chemical form (i.e.,
combined available chlorine) would not produce mortality to the most sensitive
of 10 warm water fishes tested for intermittent exposure times totalling

160 minutes at concentrations at or below 0.21 mg/L.

The staff is not implying by item 4(m) of the Summary and Conclusions that
discharge concentrations greater than 0.1 mg/L are expected. Rather the staff
conclusion is based on the expected blowdown concentration of less than 0.1 mg/L
TRC reported by the applicant in ER-OL Section 3.6.1.1. (Also see Sec-

tion 4.2.3.2 and the responses to comments COE-3, COE-5, COE-6, GPC-9, GPC-11,
GPC-14 through 19, and JEG-1.)

DT-5

Site geology is not addressed in the DES/FES. It will be addressed in Sec-
tion 2.5 of the Vogtle SER. PSAR Sections 2.5.1.4 and 2.5.1.5, written before
the excavation was done for the plant, discuss the 1imestone overlaying the
marl. The fact that these sections were written before plant excavation
indicates that the limestone was not a "surprise."

For a discussion of the effects of the Savannah River P1ant, see the response
to WFL-19 in Section 9.5.9.

DT-6

The staff's estimate of "anticipated annual energy production benefits" is
derived from the staff's assumption of an average annual capacity factor of 55%
for Vogtle. Contrary to DT's assertion, this level of operation has been
experienced by commercial facilities. In fact, 55% represents the low end of
the range of average capacity factors that have been experienced by operating
reactors. Lifetime average annual capacity factors have typically ranged from
55% to 65%, with factors on the order of 60% 1ikely for future reactors.

Because the staff uses the low end of the range, its estimates of potential
energy benefits and associated production cost savings are understated.

In regard to a 40-year operat1ng 1ife, Section 103, paragraph C of the Atom1c
Energy Act states:

Each such license shall be issued for a specified period, as determined by
the Commission, depending on the type of activity to be licensed, but not
exceeding forty years, and may be renewed upon expiration of such period
(see 10 CFR 50.51). ‘ , -

The staff has no reason to believe that Vogtle cannot attain this period of
operation, if adequate operation and maintenance policies are practiced.
Moreover, the NRC's periodic inspection and reporting requ1rements are suffi-
cient to ensure that these policies are followed.

DT-7
Licensees are required to meet regulations and license conditions, and to

comply with the Environmental Protection Plan.. The NRC can implement enforce-
ment action with licensees who do not comply with regulations.
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9.1.1 Administrative History R : _ .
ML-1

See the response to TC-1 1mmed1ate]y below, ‘and the response to GANE-2 in
Section 9.2.

TC-1

A notice of opportunity for public hearing on Vogtle was published in the
Federal Register (December 28, 1983, 48 FR 57183). As a result of this notice,
two parties (GANE and ECPG, who also commented on the DES) were granted inter-
venor status before an Atomic Safety and Licensing Board. Neither the National
. Environmental Policy Act of 1969 nor the Commission's regulations mandate a

public hearing on the DES. However, admitted contentions on Vogtle do include
environmental issues. Add1t10na11y, written comments from the public are con-
sidered in the preparat1on of the FES.

 ECPG-31 | | | o
See the responsé_to TC-1 above. |

| WFL-3 | :

The staff recognizes that a research or organizational bias can influence
~data and conclusions. However, the Rosenthal experimenter expectancy effect
deals predominantly with the possible bias of research results when research '
humans is performed by more than one experimenter. If appropriate experimenta
control is not utilized to account for the possible difference in experimenters,
the results may not reflect the differing conditions being tested but rather
the different experimenters. The examples of possible bias that are given by
WFL do not constitute research with human subjects. Therefore, the relevance
of the Rosenthal experimenter expectancy effect to the issue be1ng raised is
quest1onab1e Add1t1ona]1y, the staff has reviewed the information contained

in the applicant's ER against all the app]lcab]e NRC regulations, and reports
these results in the DES/FES.

The role of the NRC is not to collect data independently but to review and -
evaluate the applicant's data and techniques. The opportunity for peer review
of the DES is provided in the 45-day comment period following DES publication.
The approximate total cost to the NRC to produce the Vogtle DES is $192,000.
O0f that total, approximately $2000 was paid to Argonne National Laboratories,
approximately $24,000 to Oak Ridge National Laboratories, and approximately
$2000 to Dr. Clement Counts of the University of Delaware.

WFL-4

Preparation of the staff's DES/FES is mandated by the National Environmental

Policy Act of 1969. The review procedures and time 1imits are set by the
Commission's regulations in Title 10 of the Code of Federal Regulations Part 51.
Provisions are made for requests for reasonable extensions of the comment

period. The comment period, in essence, provides an opportunity for peer .
review. : :
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WFL-13

On September 12,