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ABSTRACT

This final environmental statement contains the second assessment of
the environmental impact associated with operation of Clinton Power
Station Unit 1 pursuant to the National Environmental Policy Act of
1969 (NEPA) and 10 CFR Part 51, as amended, of the NRC's reguia-
tions. This statement examines: the affected environment, environ-
mental consequences and mitigating actions, and environmental and
economic benefits and costs. Land-use and terrestrial- and aquatic-
ecological impacts will be small. Air-quality impacts will alsc be
small. However, steam fog from the stat.on's cooling lake has the
potential for reducing visibility over nearby roads and bridges. A
fog-monitoring proaram for roads and bridges near the lake has been
recommended. Impacts to historic and prehistoric sites will be
negligible. Chemical discharges to Lake Clinton and Salt Creek are
expected to have no appreciable impacts on water quality under
normal conditions and will be required to meet conditions of the
station's NPDES permit. The hydrothermal analyses indicate that
under certain meteorological conditions (1-in-50-year drought), the
plant would Fave to be operated at reduced power levels in order to
meet the thermal standards established by the Il1linois Pollution
Control Board Order PCB 81-82. 1he effects of routine operations,
energy transmission, and periodic maintenance of rights-of-way and
transmission line facilities should not jeopardize any populations
of endangered or threatened species. No significant impacts are
anticipated from normal operational releases of radioactivity. The
risk associated with accidental radiation exposure is very low.
Contentions associated with environmental issues accepted during the
operating-license hearing are related to assessment of effects of
low-level radiation. The net socioeconomic effects of the project
will be beneficial. The action called for is the issuance of an
operating license for Unit 1 of Clinton.




SUMMARY AND CONCLUSIONS

Environmental Statement was prepared by the U.S. Nuclear Regulatory
Office of Nuclear Reactor Regulation (the staff)
action is administrative.
The proposed action is the issuance of an operating license to the Illinois
Power Company for the sta-tup and operation of the Clinton Power Station
Unit 1 located in DeWitt County, about 10 km (6 mi east of Clintor,

A\ X
[T1inois, and 100 km (60 mi) northeast of Springfield, I1linois.

-

'he facility will employ a boiling-water reactor producing 2894 megawatts
thermal (MWt). A steam turbine-generator will use this heat to provide a
net electrical output of 933 megawatts (MWe). The maximum design thermal
output of the unit is 3039 MWt. The scurce of cooling water is Lake
Clinton, which was created when the applicant constructed a dam near the
confluence of the Salt Creek and the North Fork of the Sait Creek, 90 km
(56 mi) east of where S5alt Creek joins the Sangamon River.

The information in this statement represents the second assessment of the
environmental impact associated with Clinton Power Station Unit 1 pursuant
to the guidelines of the National Environmental Policy Act of 1969 (NEPA)
and 10 CFR Part 51 of the Commission's Regulations. After receiving an
application in October 1973 to construct this station, the staff of the
Atomic Energy Commission (now Nuclear Regulatory Commission) carried out

a review of impacts that would occur during its construction and operation
That evaluation was issued as a Final Environmental Statement - Construc-
tion Phase in October 1974. After this environmental review, a safety
review, an evaluation by the Advisory Committee on Reactor Safeguards,
and public hearings in Clinton, Champaign. and Decatur, I11inois, between
June 17, 1975, and January 8, 1976, the Commission issued construction
permit Nos. CPPR-137 and CPPR-138 in February 1976 for the construction of
Clinton Units 1 and 2. In August 1980 the applicant applied for operating
licenses for Units 1 and 2 and submitted the required safety and environ-
mental reports in support of the application. However, the applicant
requested by letter dated October 30, 1981 that the licensing review for

*Throughout the text of this document most values are presented in both metric
and English units. For the most part, measurements and calculations were
originally made in English units and s'bsequently 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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has reviewed the activities associated with the proposed opera-
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which are summarized as follows:
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used for operating the station will come from Lake

ich receives its inflow from the drainage basins of Salt
Creek and North Fork Salt Creek. The average water use due to
forced evaporation from Lake Clinton during normal operation of
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Unit 1 is 9.37 x 10° m® (7600 acre-ft) per year. There are no water
users on Salt Creek, the Sangamon River, or the I1linois River
downstream of che Clinton site that could be adversely affected by
the reduced flows (Sec. 5.3.1).

Chemical discharges to Lake Clinton and Salt Creek are expected to
have no appreciable impacts on water quality under normal conditions,
and will be required to meet conditions of the station's NPDES
permit (Sec. 5.3.2).

The applicant shail continue monitoring groundwater on the site. If
mitigation against migration of pollutants to the groundwater becomes
necessary, it shall be instituted in a timely manner (Sec. 5.3.2.1).
The results of thermal modeling indicate that under certain meteoro-
logical conditions (l-in-50-year drought), the plant would have to
be operated at reduced power levels in order to meet the thermal
standards established by the I1linois Pollution Control Board Order
PCB 81-82 (Sec. 5.3.2.2).

The effect of seepage from the settlement pond on groundwater quality
is expec*ed tu be insignificant (Sec. 5.3.2).

An effect of the alterations in the flooding characteristics of Salt
Creek caused by the construction of the station and cooling lake may
be an increase in recession time of Trenkle Slough during the 100-year
flood event, which may reduce the effectiveness of some agricultural
land drains during major floods in the Trenki,e Slough Drainage




District. The applicant, however, has completed channel improvements
upstream of the reservoir which appear to be lowering the flood
levels in Trenkle Slough (as compared to those under preconstruction
conditions) for minor floods. Hence, the net effect of the reservoir
and channel improvements is indeterminate at this time. Since
construction artivities for the main dam had already begun at the
time that Executive Order 11988, Floodplain Management, was signed
in May 1977, it is the staff's conclusion that consideration of
alternatives to the modification of Salt Creek as caused by the main
dam is neither required nor practicable (Sec. 5.3.3).

Steam fog from t tation's cooling lake has the potential for
reducing visibili er nearby roads and bridges. Rime ice falling
from trees and poles along the edge of roads can reduce traction on
the road surface Both fog and rime ice may create highway-traffic
safety problems. The staff recommends a fog-monitoring program for
roads and bridges near the lake. If such problems occur, the appli-
cant will be required to take mitigating actions (Sec. 5.4.1).
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The aquatic biota of Lake Clinton and downstream Salt Creek will not
be adversely affected by the chemical and thermal discharges during
operation of Unit 1 (Sec. 5.5.2).

The environmental effects resulting from routine station nperation,
energy transmission, and the periodic maintenance of rights-of-way
and transmission line facilities should not jeopardize any popula-
tions of endangered or threatened species (Sec. 5.6).

The operation of the station is not expected to affect any cultural

sites on or eligible for the National Register of Historic Places
(Sec. 5.7).

Socioeconomic effects of the station's operation are expected to be
minimal with the exception of substantial tax benefits to DeWitt
County, Harp Township, Unit 15 School District, and Jr. College
District 537 (Sec. 5.0).
No measurable radiological impact on man or biota other than man is
expected to result from routine operations (Sec. 5.9.3).

Production cost savings and benefit/cost analyses given in this
statement are broad enough and conservative enough to account for
the small potential reduction in plant availability due to thermal
limitations mentioned in item f above (Sec. 6).

A draft statement was made available to the public, to the Environ-
mental Protection Agency, and to other specified agencies in December
1981.
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FOREWORD

This environmental statement was prepared by the U.S. Nuclear Regulatory
Commission (NRC), Office of Nuclear Reactor Regulation (the staff), in accor-
dance with the Commission's regula*ion, 10 ZFR Part 51, which implements the
requirements of the National Enviruonmental Policy Act of 1969 (NEPA).

This environmental review deals with the impacts of operation of the Illinois
Power Company's Clinton Power Station Unit 1. Assessments relating to opera-
tion that are presented in this statement augment and update those described
in the Final Environmental Statement - Construction Phase (FES-CP) that was

issued in October 1974 in support of issuance of a construction permit for
Clinton Units 1 and 2.

The information to be found in the various sections of this statement updates
the FES-CP in four ways: (1) by evaluating changes to facility design and
operation that will result in different environmental effects of operation
(including those which would enhance as well as degrade the environment) than
those projected during the preconstruction review; (2) by reporting the results
of relevant new information that has become available subsequent to the issuance
of the FES-CP; (3) by factoring into the statement new 2nvircnmental policies
and statutes that have a bearing on the licensing action; and (4) by identi-
fying unresolved environmental issues or surveillance needs which are to be
resolved by means of license conditions No unresolved issues have been
identified in this statement for the case of Clinton. Two surveillance needs
have been identified, namely the monitoring of fog and ice and of the tempera-
tures at the discharge point and at Sait Creek downctream of Lake Clinton.

Introductions (résumés) in appropriate sections of this statement summarize
both Lhe extent of updating and the degree to which the staff considers the
subject to be adequately reviewed.

Copies of this statement are available for inspection at the Commission's
Public Document Room, 1717 H Street NW, Washington, DC, and at the Warner

Vespasian Library, Clinton, I1linois. Single copies may be obtained by writing
to:

Director, Division of Licensing
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulato:y Commission
Washington, DC 20555

Mr. J.H. Williams is the NRC Licensing Project Manager for this project
may be contacted at the above address or at 301/492-9777




INTRODUCTION

The proposed action is the issuance of an operating license to the I1linois
Power Company for startup and operation of the Clinton Power Station Unit 1 in
Dewitt County near Clinton, I11inois. Eighty percent of the unit is owned by
I11inois Power Compary, 10.5% by Soyland Power Cooperative, Inc. (Soyland),
and 9.5% by Western I1linois Power Cooperative, Inc. (WIPCO).

The generating system consists of a bciling-water reactor, steam turbine-
generator, a heat-dissipation system, and associated auxiliary facilities and
engineered safeguards. Waste heat will be dissipated to the atmosphere from a
cooling lake, Lake Clinton, which was created when the applicant constructed a
dam near the confluence of Salt Creek and the North Fork of the Salt Creek,
about 90 km (56 mi) east of where Salt Creek joins the Sangamon River.

The rated thermal capability of the Unit 1 reactor is 2894 Mwt (ER-CL,”
Sec. 3.2.1); the design electrical rating 5 933 MWe net, and the design
thermal (stretch) capability is 3039 MWt (ER-OL, Sec. 3.2.1).

1.1 ADMINISTRATIVE HISTORY

On July 23, 1973, Illinois Power Company (the applicant) filed an application
with the Atomic Energy Commission (AEC), now Nuclear Regulatory Commission
(NRC), for a permit to construct Clinton Power Station Units 1 and 2. This
application was doecketed on October 30, 1973. The conclusions resulting from
the staff's environmental review were issued as a Final Environmental Statement -
Construction Phase in October 1974. Following reviews by the NRC regulatory
staff and its Advisory Committee on Reactor Safeguarcs, public hearings were
held before an Atomic Safety and Licensing Board in llinton and Champaign,
I1linois, between June 17 and July 3, 1975. On September 30, 1975, the ASLB
issued Partial Initial Decision on environmental and site suitability considera-
tions. A Limited Work Authorization was issued to I'linois Power Company in
October 1975. Hearings on health and safety issues were held in Decatur,
I11inois, on January 7 and 8, 1976. The ASLB rendered its second decision,
dealing with the remaining radiological health and safety questions, on
February 20, 1976. Construction Permit Nos. CPPR-137 and CPPR-138 were issued
in February 1976 for Units 1 and 2, respectively. Upon appeal by intervenors
from the partial initial decision of the ASLB, the Atomic Safety and Licensing

* “Clinton Power Station Environmental Report, Operating License Stage,"
issued by I1linois Power Company in August 1980. Hereinafter this document
is cited in the body of the text as ER-OL, usually followed by 2 specific
section, page, figure, or table number. The Final Environmental Statement -
Construction Phase, published in October 1974, is referred to as the FES-CP
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Accord.ng1y this final environmental statement does not consider "need for
power. Section 6 does, however, consider the savings associated with opera-
tion of the nuclear plant




ALTERNATIVES

The Commission has amended its regulations in 10 CFR Part 51, effective
April 26, 1982, to provide that issues related to alternative energy sources
will not be considered in ongcing and future operating license proceedings for
nuclear power plants unless a showing of special circumstances is made under
10 CFR Section 2.758 or the Commission otherwise so requires (47 FR 12940,
March 26, 1982). In addition, these issues need not be addressed by operating
license applicants in environmental reports to the NRC, nor by the staff in
environmental impact statements prepared in connection with operating license
applications. See 10 CFR Sections 51.21, 51.23(e), and 51.53(c).

In promulgating this amendment, the Commission noted that alternative energy
source issues are resolved at the CP stage and the CF is granted only after a
finding that, on balance, no obviously superior alternative to the proposed
nuclear facility exists. The Commission concluded that this determination is
unlikely to change even if an alternative is shown to be marginally environ-
mentally superior in comparison %o operation of the nuclear facility because
of the economic adv>ntage which operation of the nuclear plant would have over
available alternative sources (47 FR 12940, March 26, 1982). See also 46 FR
39440, August 3, 198l.

By earlier amendment (46 FR 28630, May 28, 1981), the "ommission also provided
that consideration of alternative sites will not be undertaken at the OL
stage, except upon a showing of special circumstances under 10 CF' Sec-
tion 2.758. Accordingly, this final environmental statement does not consider
alternative energy sources or alternative sites.




PROJECT DESCRIPTION AND AFFECTED ENVIRONMENT

4.1 RESUME

The following sections provide a description of the Clinton facility and
related environment with respect to changes that have occurred since the
FES-CP review. The staff hac performed a one-unit review instead of a two-
unit review as was done in the FES-CP, for reasons discussed in Section 1.
Some minor changes have been made in the design and layout of Clinton 1
(Sec. 4.2.1). More of the applicant's property has been devoted to farm land
than was originally planned because of the abandonment of the Tall Grass
Prairie restoration project originally proposed (Sec. 4.2.2). The Clinton
Power Station will use water from Lake Clinton tu meet all its water supply
needs except at the visitor's center, where some groundwater will continue to
be used (Sec. 4.2.3). The cooling system remains essentially unchanged from
the description in the FES-CP, except the bottom width of the discharge flume
has been reduced slightly (Sec. 4.2.4). The applicant has elected to meet the
radioactive-waste-treatment reguirements of the Annex to Appendix I, 10 CFR 50,
dated September 4, 1975 (Sec. 4.2.5). Periodic cleaning of the condenser with
acids may be necessary (Sec. 4.2.6.1) There has been an increase in the
amount of chlorine biocide to be used (Sec. 4.2.6.1). The thermal analysis
was redone for one-unit operation based on information provided by the appli-
cant (Sec. 4.2.6.2). The design capacity of the sanitary waste system has
been increased slightly. There will only be three emergency diesel generators
for ore-unit operation (Sec. 4.2.6.3). The routing of one transmission line
has bern changed (Sec. 4.2.7). The derived mean annual discharge at the dam
site 1+ slightly different from that cited in the FES-CP, Section 2.5.1. The
volume of sediment deposited in 30 years will te a smail percentage of the
lake capacity (Sec. 4.3.1)

The observance of methane in groundwater weils led to 2 decision to utilize
Lake Clinton for service water (Sec. 4.3.2). Air-quality data for the region
surrounding the Clinton site which were not available at the CP stage are
presented; (Sec. 4.3.3) A remnant prairie siand has bean expanded in lieu of
the originally proposed prairie restoration (Sec. 4.3.4.1). The developing
biotic community of Lake Clinton is described (Sec. 4.3.4.2). There is a
potential for the establishment of the Asiatic clam in the lake (Sec. 4.3.4.2).
There is a potential for the establishment of human pathogenic encephalitic
amoebae in the lake (Sec. 4.3.4.2). Current information on endangered and
threatened species is provided (Sec. 4.3.5). Current information on community
characteristics and on historic and prehistoric sites is provided (Secs. 4.3.6
and 4.3.7, respectively)




4.2 PROJECT DESCRIPTION

4.2.1 External Appearance and Station Layout

A general description of the external appearance, plant laycut and land use is
provided in Seciions 2, 3, and 4 of the FES-CP. An architectural rendering of
Clinton Power Station Units 1 and 2 is also presented in Figure 3.1.1 of the
applicant’'s ER-OL.

Since publication of the FES-CP and the ER-OL architectural rendering, the
major change that has occurred is the deferral of Clinton Unit 2 and the
decision to proceed with the construction of only Unit.1. Until construction
work is resumed on Unit 2, only Unit 1 structures will be visible. Thus, the
Unit 2 reactor building, turbine building, auxiliary buildings and railroad

spur will not appear. The 112 spray modules in the cooling canal are not now
included.

Other changes which have occurred since the FES-CP include expansion of the
sewage treatment plant to include two additional holding tanks, moving of the
parking lot across the road to east of the power station and placing the
visitors center to the west side of the lake at Route 54.

The configuration of the site boundary remains essentially the same as shown
in Figure 4.1 of the FES-CP,

4.2.2 Land Use

The site consists of 5703 ha (14,092 acres), down from the earlier estimated
size of 6160 ha (15,210 acres) indicated in the FES-CP (Sec. 2.1.2). Physical
alteration of about 4820 ha (11,900 acres) of site property has occurred.

Table 4.1 presents a land-use comparison of preconstruction use and present
station use of total acreage.

With the completicn of land acquisition and construction activities, some land
use within the site differs from what was described in the FES-CP (Sec. 2.1.2).
About 135 ha (333 acres) will be used for station structures and 2250 ha
(5560 acres) will be occupied by the station's cooling lake, dam and spillway,
discharge flume, and spoils. The cooling lake covers essentially the same
area of 1983 ha (4900 acres) as given in the FES-CP (Sec. 3.4.2). The change
of land use related to the site preparation, construction activities, and lake
formation is described in greater detail in the ER-OL (Secs. 4.1.1 and 4.3.1).

The applicant has abandoned plans for initiating the Tall Grass Prairie restora-
tion project in the peninsular portion of the site. A prairie reanant east of
the North Forx has, however, been expanded by planting of appropriate grasses
and forbs (ER-OL, Sec. 4.5.3). This decision resulted in an increase ir. the
amount of prime farmland to remain in production. Of the 587 ha (1451 acres)
presently leased as cropland, 504 ha (1246 acres) are designated as prime

farmland. An additional 57 ha (140 acres) of prime farmland in the general

area of the station complex may be restored to agricultural use following
completion of project construction (ER-OL, Sec. 4.3.1).




Table 4.1. Clinton Power Station Land-Use Comparisont!?

Preconstruction Station
Use (acres)t? Use (acres)t

Lake areat! 4895

Homesteads
Agricultural land
Timber/brushland
Miscellaneous

Timber and grassiand (greenbelt)t?

Agricultural land (2254 prime) (1246
prime)

Silphium prairie

Station facilities

Station complex
Discharge flume
Dam & Spillway

Other facilitiest?
Marina 150
Visitors center 20

TOTAL

t! Modified from CR-OL, p. 4.3-8.

f)

14 09214

Land available for recreational activities. A total of 4150 ha (10,250
acres) of this land has been leased to the I1linois Department of Conser-
vation to manage as a recreation/conservation area.

These facilities are open for public use by the applicant.

A1l of the siLe property was purchased primarily for the construction
and operation of the Clinton Power 5tation. Secondary usage of some of
the acreage is provided for agricultural and recreational purposes.

Note: To convert acres to hectares, multiply by 0.405.




Since August 1979, a total of 4217 ha (10,420 acres) of the site has been open
to public use for recreational and wildlife study activities; 4148 ha
(10,250 acres) are managed by the Il1linois Department of Conservation (1D0C)
and 69 ha (170 acres) by the applicant (ER-OL, Sec. 4.1.1). Implementation of
the IDOC Wildlife Resources Management Plan--thus promotes multiple use of
local resources, i.e., power generation, wildlife habitat, public recreation
and agricultural use. Among other considerations of integrated land use,
provisions of the IDOC management plan preclude soil tillage (tenant farming
opefat ons) in areas characterized by high erosion potential (e.g., steep

sl opes and/or highly erosive soils). Additionally, buffer zones such as
grasslands or forest vegetation are to be maintained between cultivated crop-
lands and adjacent drainageways and/or Lake Clinton (Ref. 29), thus restricting
sediment transport by surface runoff.

As pointed out in Table 4.1, 4150 ha (10,250 acres) have been leased to the
I1Minois Department of Conservation to manage as a recreation/conservation
area Lake Clinton is the only recreation facility within 8 km (5 mi) of the
station. With the exception of Weldon Springs State Park, located 8.8 km
(5.5 mi) southwest of the site, which offers fishing, boating, and hiking on a
150-ha (370-acre) park, Lake Clinton constitutes the only other major recre-
itional facility in the surrounding area. Lake Cﬁ*ﬂton offers year-round
recreational facilities providing boating, fishing, ting, camping, pic-
nicking, and hiking. The Illinois De»artment of Con servakwor has estimated
that in 1980 the site was visited by 320,212 persons and expects the visita-

tion to increase to 750,000 persons in 1982 and 1,000,000 persons in 1983 and
beyond

The construction of the power station and Lake Clinton has resulted in vacat-
ing portions of certain roads, relocating pertions of roads, and building some
new road. The following changes occurred:
(a) New bridges and approaches were built across North Ferk of Salt
Creek (Route 54) and Salt Creek (Route 48), and Route 10 was elevated
at the point where the lake crosses under the highway.

A 1500-m (4900-ft) section of County Highway 14 was relocated. The
relocation involved 2100 m (7000 ft) of highway and three new bridges.

In Harp Township 13.8-km (8.6-mi) of road was vacated and three old
bridges were removed. About 5.8 km (3.6 mi) of new roads and a new
bridge over the North Fork of Salt Creek were built.

In Creek Township 3
bridge removed and 3

.0 km (1.9 mi) of road was vacated, one old
2 km (2 mi) of new roads were built.

In Dewitt Township 8 km (4.9 mi) was vacated and two old bridges
removed. One new bridge and 9 km (5.9 mi) of new road were built.

In Nixon Township 0.2 km (0.1 mi) of road was vacated and about
3.1 km (1.9 mi) of new roads were built




4.2.3 Water Use

The Clinton Power Station will use water from xe Clinton to meet
supply needs. Proposed station use of groundwater was abandoned ague tc¢
methane concentrations found in test wells during construction There are no
users of the Salt Creek or its North Fork for domestic, industria or municipa
purposes. Salt Creek water is not used for irrigati ithin 80 km (50 radial
mi) downstream from the station. All water supplies fi Ch purposes are
obtained from groundwater sources The nearest public ‘

could be influenced by Salt Creek or its North Fork would

on the Mmississippi River, approximately 390 km (242 river

the Clinton Power Station.

Lake Clinton is used by the public for sport fishing, powerboating, water
skiing, and wildlife observation and study, and lakefront areas are being
prepared for use as swimming beaches (staff observations, site visits of March
and September 1981). The effect of station effluents on lake water quality is
covered in Sections 5.3.2 and 5.5 Consumptive water use resulting from
station operation is discussed in Section 5.3.1

Groundwater use by the project will be limited to the Clintor
Visitor Center and recreational areas during operation Jse
these locations will be minimal and will have no :
or regio.al hydrology

svnn ?t
> 14N

4.2.4 Cooling System

Except for the fact that only one unit will be operat
system will remain unchanged from what was described
that 1s, a once-through system withdrawing water from,
to, an impoundment of Salt Creek, named Lake '

~

4.2.4.1 Intake Structure

There have beeri no changes in oling intake stru
described in the FES-CP (Sec

4.2.4,2 Discharge Structure

Other than a reduction in the bottom width of the discharge flume from 43 m
(140 ft) to 37 m (120 ft) (ER-OL, Sec. 3.4.3), the discharge structure will be
generally as described in Section 3.4.5 of the FES-CP. The applicant does not
plan to install a series of spray modules in t“e discharge flume for supplemental
cooling during the period of one-unit operation as indicated in the ER-(

(Sec. 2.4.4).

4.2.5 Radioactive-Waste Treatment

an applicant for a permit to operate a nuclear power
description of the design of equipment to be installed
radioactive materials in effluents to unrestricted areas as
achievatle The term "as low as is reasonably achievable"
reasonably achievable taking into account the state
economics of improvement in relation to benefits t

Part 50.34a of Title 10 of the Code of Federal Regulation

f
ne

~ ¢
¢ L
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safet, and other societa) and socioeconomic considerations and in relation to

he utilization of atomic energy in the public interest Appendix I to 10 CFR
Part 50 provides numerical guidance on design objectives for light-water-coo ole
nuclear power reactors to meet the requirements that radioactive materials in

effluents released to unrestricted areas be kept as low as is reasonably
achievable.

d

To meet the requirements of 10 CFR Part 50.34a, the aop?icant has provided
final designs of radwaste systems and effluent control measures for keeping
levels of radioactive materials in effluents to unrestr1ct9, areas within the
design objectives of Appendix I to 10 CFR Part 50. The applicant elected to
meet the reQuwrements of the Annex to Appendix [ dated September 4, 1975, in
lieu of performing a cost-benefit analysis as required by Section II.D of
Appendix I. In addition, the applicant has provided an estimate of the quantity
of each principal radi onuclwde expected to be released annually to unrestv1c?ed
areas in liquid and gaseous effluents produced during normal cperation, includ-
ing anticipated operational occurrences.

The staff's detailed evaluation of the liquid and gaseous radwaste systems and
the caoao11wty of these systems to meet the requirements of Appendix I is
presented in Chapter 11 of the staff's Safety Evaluation Report which was
issued in February, 1982. The quantities of radioactive material calculated
by the staff to be released from the station during normal operations, including
anticipated operational occurrences, are presented in Section 5.9 of this
environmental statement, along with the calculated doses to individuals and to
the population that will result from these effluent quantities. The staff's
evaluation concludes that the final designs of radwaste systems and effluent
contro] measures are capable of meeting the design objectives of Appendix I to
10 CFR 50, such that radioactive materials in effluents released to unrestricted
areas can be kept as low as reasonably achievable.

Before the issuance of an operating license, the applicant « il submit technical
specifications that will establish release rates for radiocactive material in
liquid and gaseous effluents. These specifications will aiso provide for the
routine monitoring and measurement of all principal release points to assure

that the facility operator is in conformance with the requirements of Appendix I
to 10 CFR Part 50

4.2.6 Nonradioactive-Waste-Management Systems

As a result of the change in the station's source of makeup and potable water
from deep wells to Lake Clinton (Sec. 4.2.3), the designs of the makeup water
treatment system and associated waste management systems have been changed
from what was described in the FES-CP (Secs. 3.6 and 3.7). Additionally, the
analysis of thermal discharge has changed from tnat given in the FES-CP
(Sec. 3.4) in light of plans for one-unit operation.

4 2.6.1 Chemicals

Makeup and Potable ''‘ater Treatment

Plant makeup and potable water will be taken from Lake Clinton and then treated
by prechlorination, clarification and solids removal--using alum or sodium
aluminate and a coagulant aid, lime softening, and sand filtration. Plant




makeup water will undergo further treatment using carbon filtration and
demineralization (ER-OL, Secs. 3.3.4.1 and 3.6.2)

wastes generated during backwash cleaning of the sand and carbon filterg,
removal of sludge from the clarification basins, 1ime softener blowdown, and
demineralizer regeneration and condenser cleaning will be routed to two waste-
water treatment ponds, located southwest of the plant near the edge of Lake
Clinton, with a total capacity of about 1.9 x 10* m® (5.0 x 10 gal). The
supernatant effluent from the wastewater treatment ponds will be neutralized
by addition of acid, caustic, or lime and then sand filtered before discharge
to Lake Clinton via the discharge flume. If the quality of wastewater does
not meet NPDES effluent limitations (Appendix B) provisions have been made for
routing the sand filter effluent back to the wastewater treatment ponds. The
sludge collected in the wastewater treatment ponds will be dredged when neces-
sary and transported offsite to a licensed landfill (ER-OL, Sec. 3.6.4).
Although the wastewater treatment ponds will not be lined, infiltration of
seepage from the ponds into the aquifers in the vicinity of the station will
be impeded by the low permeability (less than 10-5 cm/s) of the rock and soils
in the site area (ER-OL, Sec. 2.4.3.4).

Cooling Water Treatment

Biocides. The concentration of chlorine to be used for Unit 1 condenser
biofouTing control has been increased about one-third since the FES-CP was
issued (FES-CP, Sec. 3.6.2). Plans now call for about 4 mg/L--average

(5.3 mg/L--maximum) of chlorine to be injected into the circulating water

upstream of the condenser for periods of about 30 miiutes three times daily.

The free available chiorine (FAC) concentration during chlorination will be
about 0.5 to 1.0 mg/L, which will be reduced to about 0.1 mg/L at the condenser
outlet Total residual chlorine (TRC) levels are dependent upon a variety of
reactions=-with inorganic compounds, ammonia, and organic compounds, as well

as reactions prompted by sunlight--in which chlorine is consumed (Refs. 1*3)

n

the basis of expected water quality in Lake Clinton, the staff estimates
that the TRC concentration during chlorination will be about 1.5 te 2.5 mg/L
which will be reduced to about 0.3 mg/L at the condenser outlet. Jnly one
unit will be in operation, and thus untreated circulating water from the
second unit will not be available to reduce the chlorine concentration through
reaction and dilution upen mixing, as was znticipated in the FES-CP (Sec. 3.6.2).
However, the staff estimates that the lorg transit time in the discharge flume
(about 3.9 hours) will reduce residual chlorine through further reactions as

an oxidizing agent (Refs. 4-6), resulting in a reduction of FAC to well below

0.1 mg/L and TRC to below 0.2 mg/L prior to discharge into Lake Clinton (ER-OL,
Secs. 3.3.1 and 3.6.1).

)

As described in Section 4.3.4.2, if the Asiatic clam becomes established in
Lake Clinton, the clams may block the power plant condenser tubes. This
possibility was not considered in the FES-CP. In waters similar to those
expected in Lake Clinton, an effective method to control juvenile Asiatic
clams is to asphyxiate them by creation of anaerobic conditions. During
condenser outages, water in the cribhouse is allowed to remain undisturbed for
about 36 hours while adding oxygen scavengers (about 150 to 200 mg/L sodium
meta-bisuifite, 5 to 8 mg/L hydrogen sulfide, and 0.3 ppm cobalt chloride)
At the end of the treatment period, water is neutralized by reaeration prior
to discharge Reaeration restores the dissolved oxygen content and oxidizes
s0dium meta-bisulfite and hydrogen sulfide to sulfates (Ref 7)




~

control The applicant estimates that it may be necessary to remove
scale from the condenser after fi\ o seven years of operation (and, possibly,
at similar intervals thereafter) -0L. Response to Question 291.9)

Scale

If scale develops, chemical scale will be considered using sulfuric,
formic, or phosphoric acid in a 5% to 15% sclution during a condenser outage.
Cleaning ¢f the condenser is expected to produce about 1300 m3 {5 x 10° gal)
of waste, plus rinse water; the waste solution will be neutralized, precipi-
tated in one of the two wastewater treatment ponds, and filtered, as described
in the section on makeup and potable water treatment (ER-OL, Response to
Question 29..9) Following treatment, the wastewater will be discharged into
Lake Clinton, resulting in an initial increase of about 1 ppm in the salt
concentration in the lake, which should be reduced to immeasurable quantities
shortly after cordenser cleaning is completed

4.2.6.2 Thermal

The applicant has reevaluated its thermal plume predictions for Lake Clinton
since issuance of both the FES-CP and the ER-OL This reevaluation was under-
taken because (1) the original predictions were for two unmit operation, but

the applicant has decided only Unit 1 will be in operation for an indefinite
period of time, and (2) there have been advances in thermal field predictive
techniques s“nce the applicant's original analysis

During the construction-permit stage, the applicant used & one-dimensional
(longitudiral) thermal-plume model (called LAKET) to predict the thermal
effect of station operation upon the Clinton cooling lake and the thermal
impact of the water discharged into Salt Creek below the dam (FES-CP, Sec. 5.3).

In its revised hydrothermal analysis, the applicant used the Laterally Averagad
Reservoir Mode! (LARM) to simulate the two-dimensional (longitudinal and
vertical) variations of both the velocities and temparatures in Lake Clinton

(Ref. B8)

1

The applicant computed the hydrodynamic and temperature regimes 1in
inton for 2 heat-rejection rate of 6 2 MMJ/hr (5.9 x 10° Btu/hr) with
one-unit operatior at 100% load factor (pla:t factor) and for the climato-
logical and hydroiogical coanditions of 1978 and 1955. The year 19/8 was used
to provide a verification case under no heat load (filling of the lake was
completed in May 1978, and some actual lake-temperature data were available).
The year 1955 was selected because it experienced the highest summer water
temperatures in the 26 years (1953-1978) of record (Ref. 8, Sec. 4.2.3) and
because it corresponds to the 1l-in-50-year drought (ER-OL, Sec. 5.1.2).

Lake C

The cooling water temperature rise for one-unit operation at maximum load was
calculated to be 10.1C° (18.2F°) based on a total station heat rejection rate
of 6.2 MM)/hr (5.9 x 10° Btu/hr) and a flow rate of 41 m3/s (1447 cfs). The
temperature reduction in the discharge flume was estimated to be about 0.5C°

(0.9F°) for the 1955 meteorological conditions and about 1.0C° (1.8F°) for the
1978 conditions

The applicant presented the newly predicted lake temperature data for one-unit
operation in the Thermal Demonstration Report (TDR) and submitted the report

in 1980 to the I1linois Pollutien Control Board (IPCB) to support the applicant's
petition for alternative thermal standards for Unit 1

&+
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In October 1981, the applicant, in response to the staff's question about the
applicant's thermal demonstration, indicated that for one-unit operation at 100%
load, the station heat-rejection rate would be 7.0 MMJ/hr (6.61 x 10° Stu’hr)
(Ref. 9). Also, at lake elevation of 210 m (690 ft) MSL, it was reported that
the circulating water flow rate would be 38.8 m3/s (1370 cfs), and the service
water flow rate would be 2.8 m®/s (98 cfs) (about 95% of this will go to the
discharge flume). Therefore, the combined circuiating and service water flow
rate would be 41.6 m®/s (1468 cfs) instead of 41 m3/s (1447 cfs) as previously
reported, and the resulting water temperature rise, at 100% power, would be
11.2C° (20.1F°) instead of 10.1C° (18.2F°). The Applicant's lake temperature
distribution data for the revised heat-rejection and cooling-water-flow rates
were not available to the staff.

The staff conducted an independent hydrothermal analysis for Lake Clinton
using the above flow and temperature data and the transienc temperature
preaiction model called "MITEMP" developed by Massachusetts Institute of
Technology (MIT) for natural reservoirs and cooling impoundments (Refs. 10,11).
The MITEMP program is a flexible, multipurpose computer code that contains
several submedels for predicting temperature structure and flow pattern in
natural impoundments, deep stratified cooling ponds, and shallow, vertically
mixed cooling ponds.

The staff simulated the hydrothermal performance of Lake Clinton for the
conditions during the period of May through October in the extreme dry year of
1955. Meteorological data for Springfield, Illinois, were used (Ref. 12
Based on the applicant's lake drawdown analysis, the staff assumed that the
lake level would be at the extreme low level of 209 m (685.5 ft) MSL (ER-OL,

P. 3.4-1) with no flow over the spillway. The only downstream water released
from the cooling lake to Salt Creek was considered to be discharged through
the submerged lake outlet, which has a rest elevation of 204 m (668 ft) MSL
The simulation was first performed for tre case with the station operating at
100% load factor, which represents the worst-case situation in terms of poten-
tial thermal impact.

The cooling water flow rate used by the staff is somewhat different from the
value provided by the applicant. Since the lake elevation would drop to 209 m
(685.5 ft) MSL under the 1955 conditions, the intake pumping rates would be
expected to be less than 38.8 m3®/s (1370 cfs) for circulating water and 2.8 m3/s
(98 cfs) for service water, which as the applicant pointed out, are the pumping
rates at lake elevation of 210 m (690 ft) MSL (Ref. 9). The staff calculated
that at lake elevation of 209 m (685.5 ft), the circulatirg and service water
flow rates would be 37 m3/s (1310 cfs) and 2.7 m3/s (95 cfs). The combined
cooling water discharge rate into the lake would be 39.6 m3/s (1400 cfs),
since only 95% of the service water would go into the discharge flume. At
100% load factor, the station heat rejection rate of 7.0 MMJ/hr (6.61 x 10° Btu/
hr) would result in a combined temperature rise of 11.8C° (21.2F°). Assuming
that the temperature reduction in the discharge flume would be 0.5C° (0.9F°)
for the conditions of the year 1955, the water-temperature rise for the dis-
charge into Lake Clinton would therefore be 11.3C° (20.3F°) at 100% power.

A staff evaluation of the given pond characteristics indicated that Lake

Clinton would tend to be stratified. Therefore, the deep stratified cooling
pond submcdel of the MITEMP program was used by the staff for its simulation.
The simulated discharge temperatures in the lake as computed Yy the staff are

shown in Figure 4.1 and in Table 4.2 for one-unit operation at 100% load
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Table 4.2. Results of the Staff's Predicted Temperatures
for Year 1955 (Lake Surface Elevation = 6£85.5 ft MSL).

Max1mum Annual Maximum
Cooling Water Flume Discharge Frequency Discharge
wWater Temperature Temperature Temperature above Temperature to
Discharge Rise Reducticn to Laketi'? 99°Ft1'3  Salt Creekt!'¢
(cfs) (F°) (F°) (°F) %) (°F)
100% Load Factorts
1400 21.2 0.9 110.4 16.4 80.1
146316 20.1t® 0.9 109.5 16.0 90.0
78% Load Factort?
1400 16.5 0.9 105.5 11.8 85.7
146316 15. 7€ 0.9 104.7 10.0 85.6

t!1 See Section 5.3.2.2 for details of the IPCB thermal standards.

t2 1PCB standard is 108.3°F,

t3 IPCB standards 1imit frequency of occurrence of releases above 99.0°F.
t4 IPCB standard is 90.C°F.

75 Heat-rejection rate = 6.61 x 10° Btu/hr.

18 Data provided by th: applicant.

t7 Heat-rejection rate = 5.16 x 10° Btu/hr.

Note: °C = (°F - 32) x 0.555; m3/s = cfs x 0.028

factor. The maximum temperature of water released from Lake Cliaton to
Salt Creek is also presented in Table 4.2. In addition to using the cooling
water flow rate and the water temperature rise as derived by the s%aff to
perform thermal analysis, the staff also predicted the lake temperature by
using the fiow and temperature data provided by the applicant. These results
are also shown in Table 4.2.

Based on the MITEMP program and the i.put data derived by the staff, the
predicted maximum discharge temperature into the lake would be about 43.6°C
(110.4°F) for 100X load factor. The results also indicated that the maxi.um
discharge temperatures would generally occur around August 5 under the 19,5
conditions. The maximum temperature of water released from Lake Clinton to
Salt Creek was predicted to be 32.3°C (90.1°F).

In addition, the staff has performed similar modelings for other station
operating conditions. The results for one-unit operation at 78% load factor
are also presented in Tab'e 4.2. This reduced operating level, as discussed
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i); the associated corridors include about 367 ha

ENVIRONMENTAL

yurface wWater

he surface water descriptions presented in Section 2.5 of the FES-CP are
stil) valid with the additions and discussions below. In addition, Section 5.3.3
of this report contains a discussion of the hydrologic effects of alterations

in the floodplain as required by Executive Order 11988-Floodplain Management.

the Clinton Lake watershed was estimated using discharge data
at the USGS gaging station near Rowell, 19 km (12 mi) downstream of N
n Lake dam. The drainage area monitored at Rowell is 866 km? (334 mi®)
rges of Salt Creek at the dam site were derived by multiplying the
charges at Rowell by the drainage area ratio 296/334 = 0.886. A
rec 1942-1975, was used in runoff calculations for

4+
2.

charge data for Salt Creek at the main dam site are shown in Table 4.3
flood of record at Rowell, which occurred on May 16, 1968, produced
timated peak discharge of 612 m3/s (21,600 cfs) at the main dam. Such a
an es:ww,geu recurrence ‘wLefval of about 60 years. Floods greater
‘ cfs) at Rowell (estimated recurrence interval of 10 years)
1956, 1961, 1964, and 1968

charge Data
am Site

charge Magnitude

Mean annual m3/s (212 ft3/s)
Highest mean monthly (April) m3/s (461 ft3/s)

Lowest mean monthly (September) .S m3/s (32 ft3/s)

Maximum peak m3/s (21,600 ft3/s)

Minimum low 17 L/s (0.6 ft3/s)

imum recorded flow at Rowell, observed on October 4, 1954, was 20 L/s
which has an estimated recurrence interval of 75 years. The drought
roduced this record low flow occurred from 1952 to 1 The correspond-
nimum flow estimated at the main dam is 17 L/s (0.6 ¢ The estimated
once-in-ten-years low flow for the Rowell gagi:g station is 76 L/s
which transiates to approximately 68 L/s (2.4 cfs) at the main dam
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Because of the flood attenuation effect of the lake, the magnitude of flood
flows downstream from the dam will be lower than under preconstruction condi-
tions. Minimum flows downstream of the dam will be greater than the minimum
flow of record because of a guaranteed minimum release from the cooling lake
of 142 L/s (5 cfs)

Lake Clinton has a normal po elevation of 690 ft above mean sea level which
was reached on May 17, 1978, a surface area 19.8 km* (4895 acres), and a
storage capacity of 9.15 x 107 m® (74,200 acre-ft) at normal pool elevation.
The hyarologic analyses and hydraulic design for the main dam and the lake are
based on a Probable Maximum Flood (PMF) condition with a Standard Project
Flood (SFF) as an antecedent flood. The PMF water survace elevation in the
lake at the dam site is estimated to be 703.8 ft.

A determination was made of the expected reduction in lake capacity due to
sedimentation. A sedimentation rate of 240 m3/km?/yr (0.5 acre-ft/mi2/yr) was
selected on the basis of data obtained from three sources: 1) turbidity
measurements made during a six-year period, 1950 to 1956, at Rowell, (2) sedi-
mentation surveys and studies conducted by the Il1linois State Water Survey on
85 reservoirs in I'linois, and (3) turbidity measurements made on the site of
Lake Clinton beginning in 1272. Using the selected sedimentalion rate, the
volume of sediment deposited in Lake Clinton at the end c¢f 30 years would be
about 5.5 x 10% m® (4450 acre-ft), or 6% of lake capacity at ncrmal poo)
elevation Such & loss in capacity should have nc effect on normal station
operations Analyses made by the applicant regard ng the effect of 50 years
of sedimentation on lake fiood levels showed no appreci¢bie rise in water
surface elevation in the upper reaches of the reservoi:

4.3.1.2 CGroundwater

The principal source of potable groundwater in the recicn occurs ia sand and
gravel aquifers associat with glacial deposits laci1al outwash depcsits in

the Mahomet bedrock valley are the primary source of municipal water 'n DeWitt
u:-)ur‘fy Other aquifers n limited =

public and domestic use area sand anc gravel
enses in the glacial till and alluvial deposits. The Petinsvlvanian bedrock

aguifer, underlying the glacial drift, is not generally used as a water source
because of the greater accessibility of glacially depos 'ted aguifers.

1

The Mahomet valley squifer is 2s much as 46 m (150 ft) ihick ard overlain by
approximately 61 m (200 ft) of relatively impervious clayey ti1ils. Water from
this aquifer will nut be used Ly the stat , as stated in construction phase

reports, due to its high methane content (see Sec. 4.2.3).

Local groundwater levels range in elevation from stream level in the valleys
to 3 to 12 m (10 to 40 ft) beinw the surface in the uplands between streams.

Regional groundwater movemen!i i: westward toward the Illinois River at a
gradient of 0.04% to 0.06% [0.4 to 0.6 m/km (2 to 3 ft/mi)] locally steeper
gradients occur near stream valleys

High jroundwater ievels occur in the upland areas that are poorly drained.

The 1'mited permeabilits of thes subsoil, the poor natural drainage, and the
subsequent "igh groundwate: levels contribute to a considerable drainage
problem in the agricultura’ uplands. Much of the agricu’tural 12~d is drained
artifically by tile and @'tch, some of which discharge i1nto Sa'! .reek




wWater Quality

4 3.2.1 Surface Water

The staff has performed an analysis of the new monitoring data provided
ER-OL (Secs. 2.2.2.1 and 2.4.1.6) on water quality in Salt Creek, the
Fork of Salt Creek, and Lake Clinton--during and after lake fil
applicant's preoperational monitoring program was begun in May 19
formed on a quarterly basis through September 1975 at four locat
North Fork, about 13 km (8 mi) upstream of the confluence of Sailt

the North Fork; on the Salt Creek about 19 km (12 mi) upstream of the con-
fluence; and two locations [6 km (4 mi) and 11 km (7 mi)] downstream cf the

no
3
/4 and

\
confluence. Freguency of monitoring was increased at the above locations to
monthly sampling in October 1975. When the main dam was closed in November 1977,
the monitoring program was expanded to include five additional sampling loca~
tions two on Salt Creek, 27 km (17 mi) and 26 km (16 mi) upstream of the
original confluence; and three in Lake Clinten, one at the point where the
discharge fiume enters the lake, one near the intake structure, and one in the
deepest portion of the lake near the criginal confluence (ER-OL, Sec. 6.1)
The chemical and bacteriological constituents measured during the precpera-
tional monitoring program are listed in Table 4.4.

Table 4.4. C(Chemical and Bactericlogical Constituents Measured
during Preoperational Environmental Monitoring®!

General Water Quality Parameters Nutrients

Alkalinity, total Ammonia

Chlorine, total Biochemical oxygen demand (5-day)

Conductance, specifi Nitrate

.

Oxygen, dissolved Organic carbon, tctal

Oxygen, saturation Organic nitrogen, total

pH Crtrophosphate, soluble

Temperature Fhosphorous, total

Total dissolved solids Silica, soluble

Total suspended solids

Turbidity Trace Metals

Copper

Sacteriological Lead

Bacteria, fecal coliform Merzury

Bacteria, fecal streptococci linc

t1  From ER-OL, Tatle 6.1-1.
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Some changes in water quality were observed from the data reported in the
FES-CP (Sec. 2.5.3), primarily due to point sources of domestic waste, nonpoint
sources of agricultural runoff, and filling of Lake Clinto. The concentra-
tions of aguatic nutrients and bacteria were often quite high. The range of
totz] phosphorous concentrations often excceded the standard of the I11inois
Pallution Coritrol Board (0.05 mg/L), and ranged from 0.02 to 0.6 mg/L in
upstream Salt Creek; 0.04 to 0.33 mg/L in the upstream North Fork; 0.015 to
0.12 mg/L in Lake Clinton; and 0.06 to 0.6 mg/L in downstream Salt Creek.
Fecal coliform colonies or counts (FC), which were not reported in the FES-CP,
frequently exceeded the I1linois standard (400 FC/100 mL), and ranged from 130
to 150,000 FC/100 mL in upstream Salt Creek, 240 to 10,000 FC/100 mL in upstream
North Fork, 0 to 1600 FC/100 mL in Lake Clinton, and 0-4700 FC/100 mL in
downstream Salt Creek. Dissolved oxygen levels followed natural seasonal
trends and generally met the minimum specified level of 5.0 mg/L. Concentra-
tions of Lrace metals monitored were below their respective I11inois standards.

Beczuse of tha potential for the establishment of encephalitic human pathogenic
amoeb2e in Lake Clinton (Sec. 4.3.4.2), and because the lake is used by the
pub’ic for water contact recreaticn (Sec. 4.2.3), the staff recommends that
monitoring for such amoebae be added to the existing monitoring program in
accordance with recommendations of the I11inois Department of Public Health so
that appropriate mitigation can be designed if the organisms are found.

4.3.2.2 Groundwater

Groundwater quality in the station vicinity has shown no appreciable change
frem that described at the construction-permit review stage, with the excep-
tion of groundwater in the buried Mahomet Bedrock Valley. In 1979, water
containing a high methane concentration was obtained from a test well located
about 1.5 km (1 mi) south of the station. As a result, all plant water needs
will be supplied by surface water (ER-OL, Sec. 2.4.2 and Table 2.4-16).

4.3.3 Climatolngy and Air Quality

4.3.3.1 Climatology

The Clinton site in east-central [1linois is situated in a continental-type
climate with marked annual temperature variation. Average minimum temperature

in January is -8°C (18°F) while average maximum is 29°C (84°F) in July (Ref. 14).
Extreme temperature values measured at Decatur, I1linois (Ref. 15), near the
site, show a minimum of -26°C (-15°F) and a maximum of 45°C (113°F) through
April 1975. Extremes observed onsite (Ref. 16) ranged from -28.8°C (-=20°F, to
35.2°C (95°F). Mean annual precipitation in the area is about 940 mm (37 in),
with nornal monthly precipitation that varies from 53 to 123 mm (2.1 to 4.8 in).
The larger amounts occur from April through June. Snowfall has been observed

from November through April and for the winter season averaged 534 mm (21 in)
for the period 1950-1974.

Thunderstorms and tornadoes are observed in the site vicinity and thunderstorm
days s:eraged about 50 per year (Ref. 16). The thunderstorms generally result
either from the passage of frontal systems over the area or from warm unstable
air transported into the area from the Gulf of Mexico during the summer
Tosnadoes, which can occur with the more vigorous thunderstorms, have been
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Annual summaries of air quality data collected at these five lozations since

the FES-CP was issued are available in References 20,21, for five atmospheric

pollutants for which National Ambient Air Quality Standards (NAAQS) have been
set--total suspended particulates (TSP), sulfur dioxide (50,), carbon monoxide
(CO), oxidants/ozone (as ozone, 03), and nitrogen dioxide (NO,). These data

indicate that air quality at the monitoring stations is in compliance with
NAAQS for S0,, CO, and NO, For ozone, the I1linois hourly standard (0.008 ppm)
is frequently exceeded; however, the Federal NAAQS (0.12 ppm) is never exceeded.
Peoria and Decatur are in vicolation of the annual NAAQS for TSP, and the

24-hour NAAQS for TSP is occasionally violated at all sites except Champaign
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Six of the 18 sites described in the 1973 report remain essentially undisturbed
on the station property The sites are not located within the area of environ-
mental impact related to the normal operation of the station, to planned
recreational activities, or to any identified future construction activities
on the station site. Site ISM DWV95, formerly a cultivated field, is located
in the immediate vicinity of a transmission line. Normal inspection of trans-
mission lines will utilize aircraft with foot patrois being conducted only in
extraordinary circumstances.

4.3.7 Community Characteristics

The general socioeconomic characteristics of the region, including demography
and land use, are presented in Section 2 of the FES-CP. As indicated in the
FES-CP, the plant is located in central I1linois in DeWitt County about midway
between the cities of Lincoln, 43.6 km (27.1 mi) to the west; Champaign,
48.1 km (29.9 mi) to the east; Bloomington, 36.5 km (22.7 mi) to the north;
and Decatur, 36.0 km (22.4 mi) to the south.

Dewitt County is basically agricultural with about 95% of the county being in
farms. Industry is located mostly in the two largest cities of the county,
which are Clinton (1980 population 8014), 9.7 km (6 mi) west of the site, and
Farmer City (1980 population 2252) about 17.7 km (11 mi) northeast of the
site. Some businesses such as small commercial centers and grain storage are
located in smaller communities. DeWitt County grew by a total of 1133 persons
from 1970 to 1980 from 16,975 to 18,108 persons, with Clinton accounting for
372 persons of the total increase.

Most of the 16-km (10-mi) area surrounding the site is rural and in addition to
Clinton includes Dewitt, Weldon, and Wapella. The 1970 total population within
16 km (10 mi) of the site is estimated to be 13,143 persons and 12,976 persons
in 1980, with the population in 2020 estimated to be 18,608 persons (ER-OL,
Fig. 2.1-12).

The County Board of DeWitt County intends to control future growth. In a
recently passed resolution the County Board instructed the DeWitt County
Regional Planning Commission that its revision of the Comprehensive Plan and
Zoning Ordinance should adhere to the priorities of maintaining and preserving
all of the agricultural lands of the County, and to control the growth and
development so as to avoid the admixture of urban and rural uses in the county,
while preserving property values (Ref. 28).
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5.3.2 Quality
5.3.2.1 Chemical

Surface Water

During plant operation, concentrations of dissolved substances in Lake Clin@on
and Salt Creek will be greater than those observed prior to plant construction
and during lake filling. The major part of this increase will be due to
evaporation of water from plant heat dissipation (Sec. 5.3.3), as well as the
addition of plant operation wastes to the lake (Sec. 4.2.6.1). However, thes:
effects will be less than predicted in the FES-CP (Sec. 5.5.2.4) because only
one unit will be operating. In addition, all plant wastewater will be treated
to ensure that it will meet effluent limitations listed in the station's NPDES
permit (Appendix 8). A detailed description of the quality of ths station
effluent prior to discharge into Lake Clinton and the resulting effect on the
water quality nf the lake is given in Table 5-1.

The daily maximum limit for the total residual chlorine (TRC) concentrations
during chlorination at the discharge ' om the flume as stipulated in the
original NPDES permit is 0.2 mg/L. The effects of one-unit operation are
discussed in Section 1.2.6.1. The free available chlorine residual is expected
by the applicant to be reduced to about 0.1 mg/L at the condenser outlet
because of reaction with reducing- and chlorine-demanding substances. The
staff concurs with this estimate. The staff expects that the TRC concentration
will be 0.3 mg/L at the condense. outlet and will be further reduced during
the 3.9-hour transit period from the condenser outlet to the discharge into
Lake Clinton. In addition, TRC will be monitored during chlorination to
comply with the proposed conditions of the NPDES permit. Thus, the staff
expects that the TRC limitation given in the NPDES permit will be met.

As described in Section 4.2.6.1, condenser cleaning is expected to occur every
five to seven years. The effluent from condenser cleaning must meet NPDES and
I11inois Water Quality Standards following treatment and prior to discharge
into Lake Clinton. The staff notes that use of phosphoric acid for condenser
cleaning may infrequently result in high concentrations of total phosphorous
in the lake if discharged without prior treatment. If the maximum concentra-
tion of phosphoric acid is used during condenser cleaning, the volume nf water
in the discharge flume may not be sufficient to dilute the amount of total
phosphorous to a level that would meet NPDES limitations (1.0 mg/L). Phos-
phorous is essential to the growth of aquatic organisms and car be the nutrient
that Timits the productivity of a body of water. In instances where phosphate
is the growth=limiting nutrient, the discharge of wastewater containing phos-
phorous to a receiving water may stimulate the growth, in nuisance quantities,
of photosynthetic aquatic organisms (Refs. 1-3). Thus, in order to reduce
phosphorous to acceptable levels following condenser cleaning, chemical treat-
ment, such as coagulation with alum and/or lime, may be necessary (Refs. 4,5).

The sanitary waste treatment system, described in Section 4.2.6.3, will reduce
levels of BODs and total suspended solids to meet limitations given in the
NPDES permit. The staff considers the potential levels of bacterial contami-
nation from the station's sanitary waste effluent to be minimal because of
disinfection during the sanitary waste treatment process (ER-OL, Sec. 3.7).
As described in Section 4.3.2.1, coliform bacteria counts in excess of the
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I11inois standard were frequently observed in Lake Clinton and Salt Creek,
presumably from domestic and agricultural wastes.

Groundwater

As discussed in Section 4.2.6.1, the low permeability of the soil beneath the
wastewater treatment ponds will inhibit the migration of pollutants to the
groundwater. The staff expects that the impact on groundwater quality due to
leaching from the pond will be minimal. However there are at least 137 pri-
vate, shallow wells within 8 km (5 mi) of the site for domestic use and live-
stock watering and 36 known active and inactive wells on the station property.
To ensure that groundwater in the upper glacial tills does not become contami-
nated, the applicant shall continue monitoring groundwater on the site.
Should mitigation become necessary, such as the installation of a liner beneath
the sedimentation ponds, it shall be instituted in a timely manner.

5.3.2.2 Thermal

In 1980, the applicant submitted a proposal for an alternative thermal effluent
limitation for one-unit operation for consideration by the I1linois Pollution
Control Board (IPCB) based on the applicant's updated thermal demonstration
and on available biological data (Ref. 6). The request was granted by IPCB in
its Order PCB 81-82 (May 28, 1981). The limitation specifies that the daily
average temperature of water discharged to Lake Clinton shall not exceed
37.2°C (99.0°F) during more than 12% of the hours in 12-month periods ending
with any month and shall at no time exceed 42.4°C (108.3°F). Based on the
results of the thermal analyses presented in Section 4.2.6.2, the staff believes
that the operation of Unit 1 at 100% load factor (plant factor) would yield
discharge temperatures exceeding the maximum limitation of 42.4°C (108.3°F)
under 1955 conditions. The staff has subsequently determined, based on thermal
modeling results, that under 1955 meteorolngical conditions (1-in-50-year
drought), Unit 1 would have to be operated at reduced power (78%) for several
days during the summer in order to meet the IPCB thermal standard-.

It is specified in the water quality standards of Illincis (Ref. 7) that the
maximum summer ~ater temperatures released to Salt Creek should not exceed
32.2°C (90°F) for more than 1% of the time and by no more than 1.7C° (3F°).
The staff's predicted temperature results (Sec. 4.2.6.2) show that under the
worst-case scenario, the discharge temperatures to Salt Creek would exceed the
32.2°C (90°F) limit by less than 1.7C° (3F°) and =nly for 0.3% of the time.

5.3.3 Hydrologic Alterations and Floodplain Effects

5.3.3.1 Hydrologic Al*erations

The principal hydrologic alterations related to the construction of Clinton
Power Stztion include the creation of Lake Clinton and the concomitant rise in
groundwater levels, the resulting change in the flood-handling capability of
the floodplain, the sealing of private wells on site property, and the channei-
ization of Trenkle Slough. Discussions of the consiruction-impact control
program (ER-OL, Sec. 4.5) and the flood-handling capability of the floodplain
were not included in the FES-CP and thus are presented in this section. Other
hydrological impacts resulting from construction were evaluated in the FgS-CP
and are therefore not discussed herein.
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Hydrological-related activities within the construction-impact control program
included programs for erosion, rainfall runoff, channelization of Trenkle
Slough, and groundwater. The applicant states that erosion control checklists
were completed weekly during lake clearing and initial station construction
work. Rainfall-runoff control consisted of retention ponds, which served as
stilling basins, and a belt of vegetation which filtered water flowing from
the site clearing area to the creek bed. Channelization of Trenkle Slough and
a portion of Salt Creek upstream of the lake, discussed in Section 5.3.3.2,
was required to provide adequate drainage of the Trenkle Slough Drainage
District. The work was performed under the U.S5. Army Corps of Engineers' 404
permit and an agreement between the applicant, the U.S5. Fish and Wildlife
Service, and the I1linois Department of Conservation. - Groundwater control
included well filling to prevent possible contamination, and monitoring of
groundwater levels at the dam and around the lake.

Impoundment of the cooling lake caused a change in the local base level for

groundwater flow and therefore a change in the hydraulic gradient at the site.
No further significant changes of this type are expected due to plant opera-
tion because the water level in the lake is only affected by natural causes

and the need to maintain a minimum flow rate in Salt Creek.

5.3.3.2 Floodplain Effects

Construction of the main dam for Lake Clinton, which significantly altered the
floodplain aspects of the Clinton site, had already begun at the time Executive
Order 11988, Fioodplain Management, was signed in May 1977. It is therefore
the staff's conclusion that considerations of alternatives to the modification
of Salt Creck as caused by the main dam is neither required nor practicable.

The following paragraphs address the floodplain-related effects of the dam,
which include a greatly increased 100-year floodplain on Salt Creek upstream
of the dam and increased drainage time of agricultural lands adjaceit to
Trenkle Slough.

The 100-year (1% chance per year) flood-peak discharge on Salt Creek at the
dam site before construction of the dam was estimated to be 747 m3/s
(26,400 cfs). The area above and immediately below the dam site along Salt
Creek inundated by this flood is shown in Figure 5.1. The 100-year flood with
the dam in place results in a spillway discharge of 329 m3/s (11,610 cfs) and
results in a water surface elevation in the lake of 6397 ft MSL. The area
inundated by the backwater effect of the 100-year flood at the dam along with
the applicant's property boundary is shown in Figure 5.2. As shown, the
100-year flood boundary is within the applicant's property boundary. The
100-year flood flow downstream of the dam will be decreased below that of the

flood occurring under natural conditions due to the flood-storage capacity
within the lake.

Structures within the postconstruction 100-year floodplain include the intake
and discharge structures, modified highway bridges, a marina, and seven boat
ramps. The existence of these structures has an insignificant effect on the
100-year flood level within the lake and does not affect flood levels outside
of the site property lines.

e e R R S e e e
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Portions of the intake and discharge structures &re, Dy desfgn. Jocated beiow
the 100-year flood levels. However, the plant has been designed to withstand
the flooding effects of a Probable Maximum Flood (PMF) which reaches an eleva-
tion of 708.9 ft MSL. Safety-related equipment necessary to shut down the
plant and maintain the ~lant in a shutdown condition are flood-protected up to
elevation 730 ft MSL.

An effect of the alteration in tne flooding characteristics of Salt Creek
caused by the construction of the dam may be an increase in “he recession time
of Trenkle Slough during the 10U-year flood event. An analysis by the applicant
determined that the increase in recession time for the 100-year flood is about
three days at the confluence of Trenkle Slough and Salt Creek and decreases to
about seven hours 4.8 km (3 mi) upstream under natural conditions. The applicant
has widened the Salt Creek channel from the mouth of Trenkle Slough to Iren
Bridge, 0.8 km (0.5 mi) downstream to improve the drainage characteristics in
the Trenkle Slough Drainage District and avoid adverse impacts on agricultural
land drainage.

A recent study completed for the applicant has concluded that the channel
improvements have significantly lowered flood levels in Salt Creek and in
Trenkle Slough over the last two years. However, information supplied in
regard to this study thus far by the applicant does not indicate any observed
lowering of water levels during severe floods.

The staff concludes that the construction of the station will not have any
significant adverse flood effects either upstream or downstream of the dam
except for the possible reduction in the effectiveness of agricultural land
drains in the Trenkle Slough Drainage District during major floods.

5.4 AIR QUALITY

5.4.1 Fog and Ice

The state-of-the-art in cooling-lake-plume modeling does not permit a ver.
precise assessment of the fogging 2nd icing impacts of the operation of tre
Clinton cooling lake (Pefs. 8-10), but based on recent observations and research
results (Refs. 8,11-17), the staff expects a more severe steam-fog effect and
a somewhat greater hazard to local highway traffic near the lake than was
predicted in the FES-CP (Sec. 5.3.5). Observations made at Dresden Nuclear
Power Station near Morris, Illinois, and at other existing cooling lakes
indicate that steam fog, under most weather conditions, is usually shallow,
wispy, in turbulent motion, and does not penetrate inland more than 30

to 150 m (100 to 500 ft) before evaporating, thinning, or lifting to become
stratus clouds. However, if the air is very cold [below -18°C (0°F) and the
lake very warm [20 to 25°C (70 to 80°F)], the fog is very dense (Refs. 11-15).
This type of fog can move inland as much as 1.6 to 3.2 km (1 to 2 mi)
(Refs. 8,12,13,16); however, the restriction to visibility and icing effects
in the fog zone decrease rapidly as the fog travels inland. Observations show
that as they move inland, such fogs tend to evaporate, become thinner, or 1ift
to become stratus clouds.

In subfreezing temperatures, thick deposits of 1ight, friable rime ice form on
elevated objects within the steam-fog zone. Thick deposits are generally
Timited to areas within 100 m (300 ft) of che lake. Because of the low weight
and the crumbly nature of these ice accumulations, it causes little damage.




The staff expects that during very cold winter periods, lake-produced fog will
at times reduce visibility on roads and bridges over and near the warmest part
of the cooling lake These include the bridges carrying County Route 14
(FES-CP; Fig. 4.2), a local road south of the lake (study area No. 2 in
Fig. 4.5-1 of the ER-OL); I1linois Route 10 just south of the lake (FES-CP,
Fig. 6.1); and perhaps I1linois Route 48 over the lake upstream of the dis-
charge structure (FES-CP, Fig. 4.2). Whil2 steam fog does not cause icing on
roads at ground level, rime ice falling from trees and poles along the edge of
a road can reduce traction on the road surface

Since the discharge canal is narrow and spray modules will not be utilized
(see Sec. 4.2.4.2), the staff expects no offsite or highway impacts from this
portion of the ccoling system.

The staff recomsends that the applicant initiate a fog-monitoring program for
the highways and bridges in the area to determine the freguency and density of
fogs that cruld produce highway-safety hazards and other problems. The staff
suggests monitoring during one winter (November-March) after Unit 1 begins

operation. This effort should be performed in cooperation with local highway
safety officials.

The applicant has made a commitment to the I1linois Department of Transporta-
tion to minimize hazards to public use of bridges over and highways near the
cooling reservoir [ER-OL, Response to Questions 451.2 and 451.3; and I1linois
Power Co.'s Comment 32 on the DES (see Appendix A)) If monitoring indicates
that fog and/or ice will be a problem, the staff recommends that mitigative

measures be taken, including installation of warning lights, signs, driver

aids, and covered bridges.

5.4.2 Emissions and Dust

As indicated in Section 4.2.6, nonradioactive gaseous emissions released
during routine station operation will be combustion products from testing of
standby diesel generators and from operation of vehicles. Based on the amounts
of pollutarts expected to be released during testing of the generators

(Sec. 4.2.6), the staff concludes that no violations of pplicable air quality
requlations will result. Combustion-product emissions from vehicles are also

small, and thus are not expected by the staff to have any appreciabie impact
on air quality.

Fugitive dust zan be minimized by paving (or wetting) roads and parking lots
and by minimizing vehicle traffic on unpaved roads.

5.5 ECOLOGY
5.5.1 Terrestrial

5.5.1.1 Station

o adverse effects on the terrestrial environment are expected by the staff
beyond those caused by construction, because no further destruction of habitat
is expected, and terrestrial communities will adapt to the prevailing conditions.
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As indicated in Section 5.4.1, during subfreezing temperatures, rime ice may
form on vegetation in the steam-fog zone near the cooling lake; however, such
jce is light and friable. For this reason, and those discussed in the FES-CP
(Sec. 5.3.5.1), the staff concludes that this ice woiL'd rarely, if ever, cause
appreciable damage to piants.

The staff agrees with the applicant (ER-OL, Sec. 6.1.6.7) that the terrestrial
monitoring program, which was designed to monitor the wildlife and vegetation
communities during the development phases of the site, has been adequately
completed and should be terminated. No further substantial benefit can be
realized by its continuation. Two monitoring programs related to the site
have recently been initiated by outside agencies. The Il1linois Natural History
Survey conducts an in-season monthly aerial sightings of waterfowl on Lake
Clintsn (ER-OL, Sec. 6.3). The Illinois Department of Conservation will
maintain recerds of population trends, derived from field surveys and hunter
check station counts, of unland game species, deer, waterfowl, and furbearers
(Ref. 18).

The use of Lake Clinton as a heat sink during station operation (Sec. 4.2.4.2)
will essentially preclude ice formation on the lake during the winter. This
condition will tend to delay fall migration of waterfowl and shorebirds, as
well as encourage some species to overwinter in the area, thereby increasing
competition for food rcsources. The Illinois Department of Conservation
(IDOC) site management plan provides for augmenting the availability of plant
foods for waterfow! by appropriate land-use practices. The heated condition
of lake waters may also enhance the potential for development of waterfowl
disease pathogens. The 10DC is preparing contingency plans related to potential
waterfow] disease problems at Lake Clinton. Accordingly, the staff has elected
not to require monitoring for specific waterfow] diseases. However, in the
event of a serious waterfow! disease outbreak or other significant adverse
environmenta)l impact related to wildlife, the applicant will be required to
initiate actions as specified in Section 6.1 of this statement.

5.5.1.2 Transmission System

The staff expects effects on the terrestrial environment from the transmission
of energy along the transmission lines and the maintenance of the transmission
line rights-of-way (including periodic clearing of vegetation) to be minimal.
The applicant has revised proposed use of herbicides for controlling woody
vegetation within transmission line corridors since issuance of the FES-CP
(ER-OL, Sec. 5.5.2). Current commitments by the applicant relative to use of
herbicides are summarized as follows:

Herbicides used for controlling woody vegetation shall be 'imited to
those approved for such use by the U.S. Environmental Protection
Agency.

Applications of herbicides shall be limited to selective basal
spraying.

Use of herbicides shall be limited to one application per yeér.

. Herbicides shall not be applied during or after a heavy rain, and
efforts should be made to avoid usage prior to expected rainfalls.



Herbicides of any kinc

nation of water supplies
The staff regards the foregoing as fundamental
usage, but alsoe notes that herbicide applicatio
use recreational sites and other areas of
avoided

Transmission facilities and other ta

structures g t
hazards to species capable of flight, although the number of impingements will
likely be relatively low. C(learances between energized and grounded Compo-
nents of the transmission facilities are such as to essentially preclude
electrocution of birds The applicant appears to have taken the necessary
jrecautions by grounding all transmission towers, as well as fences, metal
structures, and other fixed meta)l objects in transmission rights-ci-way (ER-OL,
Sec. 3.9.3, Appendix 39B). The staff has considered 3.a"acle information on
transmission field effects (Refs. 19-22), including earlier staff analyses of
the subject (Refs. 23,24) and concludes that operational 'a“r: of high-vcitage
transmission lines (345 kV) are unlikely to have a measurable impact

on terres-
trial ecology

1

n the following analysis, potential impact
evaluated on the basis of full-power one-un
operation as was done in the FES~CP (Sec

5.5.2.1 Impingement and”Entrainment

In the FES-CP (Secs. 5.5.2.2 and 5.5.2.3), the staff concluded that minimal
impact to the aquatic community of Clinton Lake would occur as a result of
entrainment and impingement from two-unit operation Since the volume of
water withdrawn for one-unit operation will be proportionately less than for
two-unit operation, it is the staff's conclusion that there will be no signifi-
cant impact frem impingement and entrainment l'osses during operation of
1l Additionally, impingement losses that will occur may be partially
offset by stocking of forage and game fish if needed as part of the fishery
management prcgram on the lake The shoreline location of the intake (ER-OL,
Sec. 4.3.2) is also generally considered to be advantageous in minimizing
impingement and entrainment in areas where there is relatively l-w fish abun-
dance (Ref. 25). The number of fish that escape over the spillway may be
appreciably greater than the number lost from the lake by impingment. For
example, the I1linois Department of Conservatiun has estimated that more than
1000 striped bass x white bass hybrids escaped over the spillway in 1981
(The IDOC and the applicant plan to discuss the possibility of installing a
spillway screen to alleviate such losses of fish from the lake.)

/s

clinton

2.2 Chemical Discharges

As stated in Sections 4.2.6.1 and 4.3.4.2, sodium meta-

sulfite may be used on an intermittent basis to sttr: jatic ¢=am
population in the cribhouse (Ref. 26). Because t 3 water will be
treated to neutralize any remaining chemical residues to nontoxic sulfates

prior to discharge, the staff believes that lake organisms in the discharge




area will not be harmed by sodium meta-bisulfite and hydrogen sulfide
residues

As noted in Section 5.3.2, discharge of chemical effluents to Lake Clinton and
to Salt Creek below the lake will be subject to conditions of the NPDES permit
(Appendix B). The staff believes that adherence to the limits of the permit
will protect lake and creek organisms. Elevated thermal conditions at the dam
may cause downstream movement of some creek fish in warmer months and congre-
gation of creek fish near the dam in cooler months. Lake discharge flow rates
at the dam are required to be > 8 m*/min (5 cfs) The 1DOC recommends an
increase in the minimum flow refeases to 32 m?®/min (19 cfs) in order to minimize
downstream fishery impacts, but this issue has not yet been clarified between
the applicant and the IDOC. Required discharge flow rates will maintain more
acceptable stream-flow conditions than existed prior to plant operation (i.e.,
1 m*/min, or 0.6 cfs, for 100-year, one-day low flow) (ER-CP, Sec. 3.3.6).

5.5.2.3 Thermal Discharges

In the FES-CP (Sec. 5.5.2.4.3) concern was expressed regarding impacts on Lake
Clinton biota (especially fish) as a result of thermal discharges from two-unit
operation The applicant currencly plans to operate one unit up to a load
factor consistent with the thermal standards discussed in Section 4. 2.6.2. In
light of the changes in operating parameters, the staff has reviewed thermal
tolerance levels required for survival, growth, spawning, and embryo survival
of selected species that inhabit Lake Clinton This information is summarized
in Table 5.2 for species that generally dominate midwestern reservoirs (gizzard
shad, bluegill, carp, and largemouth bass) and for species that are nct weli

suited to reservoir conditions (black crappie, white crappie, and black bu'l-
head)

During the warmest months (July through September) the water temperature in
most of Lake Clinton will be at or below 32.2°C (90°F) (Sec. 4.2.6.2). Compari-
son with the data in Table 5.2 indicates that most of the lake will be well
within the thermal tolerance for survival and at or below the thermal tolerance
for growth for species adapted to reservoir conditions.

For extended adverse (hot) meteorological conditions, populations of such
species as the crappie and black bullheads could be eliminated or greatly
reduced during the summer months. However, ambient lake temperatures during
severe metecrolegical conditions would 1imit available habitat within much of
the lake for species that are thermally sensitive anyway (Fig. 6-10, Ref. 6).
Ouring other seasons beneficial impacts from thermal warming may occur; these
include increased growth and earlier spawning. Although more thermally sensi-
tive species may be adversely affected during hot weather, the ecological
balance of the lzke will not be affected. Thermally tolerant game species and
the thermally tolerant golden shiner (Ref. 29) will fill the niche of the
adult and juvenile crappies, respectively, and bottom feeders such as carp and
channel catfish will functionally replace black bullheads (Ref. 6).

5.5.2.4 Reactor Shutdown

In the FES-CP (Sec. 5.5.2.5) the maximum lake cooling rate in the event of

two=unit shutdown was estimated to be 0.3°C/hr (0.5°F/hr). The cooling-rate
estimate for plant shutdown for a one-unit, full-power operation is expected
o be less than that for two-unit operation
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Table 5.2. Summary of Criteria Temperatures (°C)
for Fish Species Likely To Be in Lake

~

Clinton when Operation Beginst!

STMTt2 for MWATt3

Survival for
Fish of Adults Growth
Bluegill 35.5 33
Largemouth bass 34.4 32
white crappie 31 28
Black crappie 3l 27
Gizzard shad K L -
Carp 34 32
Black bullhead 34 28
Channel catfish 35.8 32

1

t! Temperatures are U.S. EPA protocel as given
in W.A. Brungs and B.R. Jones, "Temperature
Criteria for Freshwater Fish: Protocol and
Procedures,”" EPA-60G/3-77-061, 1977

STMT = Short-term maximum temperature

MWAT = Maximum weekly average temperature.

The conclusions given in the FES-CP (Sec. 5.5.2.5) regarding minimal impact of
reactor shutdown remain valid.

5.6 ENDANGERED AND THREATENED SPECIES

The staff expects that adverss impacts on endangered and threatened species
resulting from operation of the Clinton Station and ancillary facilities will
be minor The vegetation within the transmission line rights-of-way will be
controlled, but any further destruction of the potential habitat of endangered
and threatened anima's during station operation will likely be of minor conse-
quence Some state-listed plants may be adversely affected or destroyed
during periodic maintenance of utility rights-of-way. Vehicular traffic
directly and indirectly related to station operation may cause the maiming or
death of a few animals on the endangered and threatened species lists. Trans-
mission facilities and other tall structures of the station will be minor
hazards to endangered and threatened species capable of flight, but the number
of collisions will likely be relatively low. Clearances between energized and
grounded compeonents of transmission facilities essentially preclude electrocu-
tion of bild eagles. Other minor adverse effects are possible, and individual
endangereu or threatened plants and/or animals may be sacrificed; however,
routine station operation and energy transmission, and the periodic maintenance
of the Clinton Unit 1 facility are not expected to jeopardize populations of
endangered and threatened plant and animal species.




The operation of the station is not expecte o affe y cultural sites on
or eligible for the National Register of Hi ic F (see Sec. 4.3.6).
While the staff believes that the possibility any impact to ISM DWVS5 is
remote, in the event that a future major ground disturbance related to opera-
tion and maintenance of iLhe transmission line is anticipated at this site, the
applicant is required to seek consultation of the State Historic Preservation
Office before taking action,

SOCIOECONOM:

Community

Socioeconomic impacts of the Clinton Power Station's operation are discussed
in Section 5.6 of 2 FES-CP. socioceconomic effec.s are expected to be

minimal with the exceptic x benefits to DeWitt County, Harp Township,

Unit 15 School District and Junior College District 537 where the estimated

tax accounts received range between 20% and 95% of all the revenues estimated
to be received by the jurisdictions (see Table 5.7)

It is estimated that 300 workers will be required for the operation of Unit 1
One hundred and thirty-four operating workers are already at the site. The
remaining workers are likely to reside in locations similar to those where
existing plant emnloyees live. Therefore, about 42% of the workers are expected
to live in Decatur, 13% in Clinton, about 7% in Maroa, 6% in Champaign-Urbana,
about 5% in Farmer City and Warrenshurg, with the remaining living in cother
communities within a 40-km (25-mi) radius of the Clinton Power Station
Because of the relatively small number of workers required to operate the
station, the impact on the infrastructure of the communities in which they
reside and on traffic is expected to be minimal.

e
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The estimated annual payroll for Unit 1 in 1984 is projected to be $11.5 mii-
lTion (in 1985 dollars). Local purchases of materials and supplies relating to
the operation of the station is expected to total $100,000 annually (in 1980
dollars) Local purchases are expected to be made mainly in Decatur, with
smaller purchases being made in Bloomington-Normal, Champaign-Urbana and
Clinton.

5.8.2 Public Health

As discussed in Section 4.3, the potential exists for the establishment of
pathogenic, thermophillic amoebae in Lake Clinton after power production
begins. Such organisms gain entry into the human body via the nasal passages;
infection is often associatea with water-contact recreation where the organisms
can be inhaled with contaminated water. Primary amoebic meningoencephalitis,
caused by such pathogens, is a fulminating disease and is almost always lethal.
Although it is stated that the risk rate for the U.S. population as a whole is
estimated at less than 1 in 2.5 million persons (Ref. 70), it is the opinionr
of the staff that the risk rate for persons engaged in water-contact recreation
in contaminated waters would be significantly higher. However, the staff is
unaware of statistics addressing these circumstances.




Table 5.3. Estimated Clinton Power Station Unit 1 Real Estate Taxest'
(thousands of dollars)

Estimated Percentage
1984 1985 1986 1987 1988 of Real Estate Taxes
Payable Payablie Payable Payable Payable Represented by
Taxing District in 1985

in 1986 in 1987 in 1988 in 1989 Clintoen Unit 1

DeWitt Countyt? 1600 1600 1600 1700 1700 50X to 55%
Harp Township 300 400 400 400 500 Q0% to 95%

Unit 15 Srchool 4900 5200 5500 5800 6000 65% teo 70%
District

Junior College 500 500 500 500 500 20% to 25%
District 537

TOTALS 7300 7700 8000 8400 8700

1! Modified from ER-OL, p. 8.1-6.

t2 DeWitt County distributes their funds to the following categories general corporate
fund, highway, health, mental health, Illinois municipal retirement fund, insurance,
matching federal aid (highways), audit, bridges, extension education, tax assessments,
election, nursing home bonds, tax collection, civil defense, and tuberculosis




Because of the uncertainties in predicting both the liklihood of occurrence of
such thermophillic pathogers in Lake Clinton when power production occurs, and
the infection rate for persons engaged in water-contact recreation in contami-
nated waters, the staff has recommended that the lake be monitored for the
ganisms (Sec. 4.3) I » grganisms are found, e monitering data may
used to plan mitigation strategies to protect the health and safety of the

wublic
a2 o ART A b A Y
RADIOLOGICAL IMPACTS

Basmsii) . DA
Regulatory Requi

irements
Nuclear power reactors in the Unitra States must comply with certain regula-
tory requirements in order to opcrite. The maximum permissible levels of
radiation in unrestricted areas and of radioactivity in effluents to unrestric-
ted areas are recorded in 10 CFR Part 22, Standards for Protection Against
Radiation (Ref. 30). These regulations specify limits on levels of radiation
and 1imits on concentrations of radionuclides in the station's effluent releases
to the air and water (above natural background), under which the reactor must
operate. These regulations state that no member of the general public in
unrestricted areas cshall receive a radiation dose, due to station operation,

of more than 0.5 rem in one calendar year, cor if an individual were continu-
ously present in an area, 2 mrems in any one hour or 100 mrems in any seven
consecutive days to the total body. These radiation-dose 1imits are established

to be consistent with considerations of the health and safetv of the public.

In addition to the Radiation Protection Standards of 10 CFR Part 20, there are
recorded in 10 CFR Part 50.36a (Ref. 31) license requirements that ar2 to be
imposed on licensees in the form of Technical Specifications on Effluents from
Nuclear Power Reactors to keep releases of radioactive materials to unrestricted
areas during normal operations, including expected operational occurrences, as
low as is reascnably achievable (ALARA). Appendix I of 10 CFR Part 50 pro-
vides numerical guidance on dus«-design objectives Tor LWRs to meet this ALARA
requirement Applicants for permits to construct and licenses to operate an
LWR shall provide reasonable assurance that the following calculatecd dose-
design objectives will be met for all unrestricted areas: 3 mrems/yr to the

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

Experience with the design, construction and operation of nuclear power reactors
indicates that compliance with these design objectives will keep average
annual releases of radiocactive material in effluents at small percentages of
the 1limits specified in 10 CFR Part 20, and in fact, will result in doses
generally below the dose-design objective values of Appendix I. At the same
time, the licensee is permitted the flexibility of operation, compatible with
considerations of health and safety, to assure that the public is provided a
dependable source of power even under unusual operating conditions which may
temporarily result in releases higher than such small percentages, but still
well within the 1imits specified in 10 CFR Part 20.
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In addition to the impact created by station radicactive effluents as discussed
above, within the NRC policy and procedures for environmental protection
described in 10 CFR Part 5! there are generic treatments of environmental
effects of ai' aspects of the Uranium Fuel Cycle. Tnese environmental data
have been summarized in Table 5.12 (Tatle S-3 of 10 CFR Part 51) and are
discussed later in this report in Section 5.10. In the same manner the
environmental impact of transportation of fuel a2nd waste to and from an LWR is
summarized in Table 5.5 (Table S-4 of 10 CFR Part 51) of Section 5.3.3.

Recently an agditional operational requirement fur Uranium-Fuel-Cycle Facili-
ties inciuding nuclear power clants has been estab/i:ned by the EFA in 4C CFR
Part 130 (Ref. 32). This regulation iimits anmual doses (excluding raden and
daugniters) for members of the public to 25 mrems total body, 75 mrems ‘thyroid,
and 25 mrems other organs from all fuel-cycle facility contributions tnat may

impact a specific individual in the public.

5.9.2 Operational Overview .

Ouring normal operations of Clinton Power Station, uJnit 1, small guantities cof
radiocactivity (fission and activation products) will be released to the envi-
ronment. As reauired by NEPA, the staff has determined the dose estimated to
members of the public outside of the plant boundaries due to the radiation
from these radioisotope releases and relative to natural) background radiation
dose levels.

These station-generated environmental dose levels are estimated to bs very
small due to staticn design ana tha development o’ a program whict will be
implemented at tne station to comt2’n ang cuntro) all radigactive emissions
and effluents. As mentioned above, h.grly «fficient radicactive-wiste manage-
ment systems are incorporated into the piant design and are specified in
detail in the Technical Specificatiuns “or tie station. Tne effectiveness of
these systems will be measured by process and effluent radiological monitoring
systems that permanently record the amounts of radioactive cinstitutents
remaining in the various airborne and waterborne process and effluent streams.
The amounts of radiocactivity releasad through vents and discharg: points to be
further disp:~sed and diluted to points outside the plant boundaries are to be
recorded and published semiannually in the Radicactive Effluent Release Reports
o€ each facility.

The small amounts of airborne effluents that are released wili diffuse in the
atmoschere in a fashion determined by the meleorological conditions existing
at the time of reiease and are genera.ly much dispersed and diluted by the
time they reach unrestricted areas that are open to the public. Similarly,
the small amounts of waterborne efflueris released will be diluted with plant
wasi2 wailer and then further diluted as they mix with th: Clinton Lzke beyond
the stat ‘on bounda-ies.

Radioisotopes ir the station's effluents that enter unrestricted area: wil)
produce doses through their radiations to members of the general public similar
to the doses *“rom Lackground racdiations (i.e.. cosmic, terrestrial and internal
radiations;, which 2lso includa radiation from nuclear weapons fallou.. These
radiation doses can be calculated for the maiy; potential radiological exposure
pathways specific to the environment around the station, such as direct racia-
tion doses from the gaseous plume or liguid effluent stream outside of tre
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station boundaries, cr internal radiation dose commitments from radiocactive
contaminants that might have been depositea on vegetation, or in meat and Tish
products eaten by people, or that might be present in drinking water outside
the station, or incorporated into milk from cows at nearby farms.

These doses, calculated for the "maximally exposed” individual (i.e., the
hypothetical individual potentially subject to maximum exposure), form the
basis of the NRC staff's evaluation of impacts. Actually, these estimates are
for a fictitious person because assumptions are macde that tend to overestimate
the dose that would accruez 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 due to externa’ exposure to the
gaseous plume, he/she is assumed to be physically exposed to gamma radiation

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

Site-specific values for the various parameters involved in each dose pathway
are used in the calculations. These include calculated or observed values for
the amounts of radioisctopes released in the gaseous and liquid effluents,
meteorological information (e.g., 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, to be required by the Radiological Technical Specifi-
cations of the operating license, will require that as use of the land surround-
ing the site boundary changes, revised calculations be made to ensure that
this dose estimate for gaseous effluents always represents the highest dose
for any individua! member of the public for each applicable foodchain pathway.
The estimate considers, for example, wher2 people live, where vegetable gardens
are located, and where cows are pastured

For Clinton Power Station, in addition to the direct effiuent monitoring,
measurements will be made on a number of types of samples from the surrounding
area to determine the possible presence of radiocactive contaminants which, for
example, might be deposited on vegetation, or be present in drinking water
outside the plant, or incorporated into cow's milk from nearby farms

5.9.3 Radiological Impacts from Routine Operations

5.9.3.1 Radiation Exposure Pathways: Dose Commitments

There are many environmental pathways through which persons may be exposec to
radiation originating in a nuclear power reactor. All of the potentially
meaningful exposure pathways are shown schematically in Figure 5.3. When an
individual is exposed through one of these pathways, his dose is determined in

part by the amount of time he is in the vicinity of the source, or the amount
of time the radiocactivity is retained in his body The actual effect of the
radiation or radiocactivity is determined by calculating the dose commitment.
This dose commitment represents the total dose that would be received over a
50-yr period, following the intake of radioactivity for 1 year under the

conditions existing 15 years after the station vbegins operation (1.e., the

mid-point of station operation). However, with few exceptions, most of the
internal dose commitment for each nuclide is given during the ' '~st few years

after exposure due to turnover of the nuclide by physiological processes and
radiocactive decay.
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Figure 5.3. Potentially Mearingful Exposure Pathways to Individuals.
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Average collective occupational dose information for 154 BWR reactor years of
operation is available for those plants operating between 1974 and 1880. (The
year 1974 was chosen as a starting date because the dose data for years prior
to 1974 are primarily from reactors with average rated capacities below 500 Mwe.)
These data indicate that the average reactor annual dose at BWRs has been
about 740 person-rems, with some plants experiencing an average plant lifetime
annual dose to date of 1650 person-rems (Refs. 35,36), and with one plant as
high as 1853 person-rems. These dose averages are based on widely varying
yearly doses at BwRs. For example, for the period menticned above, annual
collective doses for BWRs have ranged from 44 to 3626 person-rems per reactor
However, the average annual dose per nuclear plant worker of about 0.8 rem
(Ref. 35) has not varied significantly during this period. The worker dose
limit, established by 10 CFR Part 20, is 3 rems/quarter (if the a.erage dose
over the worker lifetime is being controlled to 5 rems/yr) or 1.25 rems/
quarter if it is not.

The wide range of annual collective doses experienced at U.S. BWRs results
from a number of factors such as the amcunt of required maintenance, 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. The need for iiigh doses can occur, even at
lants with radiation protection programs designed to ensure that occupational
adiation doses will be kept ALARA.

»
"
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In recognition of the factors mentioned above, staff occupational dose esti-
mates for environmental impact purposes for Clinton Power Station are based on
the assumption that the station will experience the annusl average occupa-
tional dose for BWRs to date. Thus, the staff has projected that the occupa-
tional doses for Unit 1 will be 740 person-rems but could average as much as 2
to 3 times this value over the life of the station.

The average annual dose of about (.8 rem per nuclear plant worker at operating
BWRs and PWRs has been well within the limits of 10 CFR Part 20. However, for
impact evaluation, the NRC staff has estimated the risk to nuclear power piant
workers and compared it in Table 5.4 to risks that are published 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 asso-
ciated with other occupations.

In estimating the number of health effects resulting from both offsite (see
Sec. 5.9.3.2) and occupational radiation exposures due to normal operation of
Clinton, the NRC staff used somatic (cancer) and genetic risk estimators based
on widely accepted scientific information. Specifically, the staff's esti-
mates are based on information compiled by the National Academy of Science's
Advisory Committee on the Biological Effects of lonizing Radiation (BEIR)
(Ref. 37). The estimates of the risks to workers and the general public are
tased on conservative assumptions (i.e., the estimates are probably higher
than the actual number). The following risk estimators were used to estimate
health effects: 135 potential deaths from cancer per million person-rems and
258 potential cases of all forms of genetic disorders per million person-rems.
The cancer mortality risk estimates are based on the "absolute risk" model
described in BEIR I (Ref. 37). Higher estimates can be developed by use of
the "relative risk" model along with the assumption that risk prevails for the




Table 5.4. Incidence of Job-Related Mortalities

Mortality Inciqencg Rates
Occupational Group (premature deaths per 10° person-years)

Underground metal mir.ersa ~1300
Uranium miners® 420
Smelter workers® 190
Mining’ 61
Agriculture, forestry, and fisheriesb 35
Contract constructionb 33
Transportation and public utilities

Nuclear-plant worker®
Manufacturingb

wholesale and retail tradeb

Finance, insurance, and real estateb
Servicesb

Total private sectorb

%The President's Report on Occupational Safety and Health, "Report on Occupa-
tional Safety and Health by the U.S. Uepartment of Health, Education, and
welfare," E. L. Richardson, Secretary, May 1972.

DU‘S. Bureau of Labor Statistics, "Occupational Injuries and Illness in the
United States by Industrv, 1975," Bulletin 1981, 1978.

“The nuclear-plant workers' risk is equal to the sum of the radiation-related
risk and the nonradiation-related risk. The 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 esti-
mators described in the following text. The average nonradiation-relatec
risk for seven U.S. electrical utilities over the period 1970-1979 is abou.
12 actual premature deaths per 10% 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 International Institute of
Safety and Health in Washington, D.C., September 22-23, 1980. (Note that

the estimate of 11 radiaticn-related premature cancer deaths is potential
rather than actual.)
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duration of life. Use of the “relative risk"” model would produce risk values
up to about four times greater than those used in this report. The staff
regards the use of the "relative risk" model values as a reasonable upper
limit of the range o“ uncertainty. The lower limit of the range would be zero
because health effe_.s have not been detected at doses in this dose-rate
range. The number of potential nonfatal cancers would be approximately 1.5 to
2 times the number of potential fatal cancers (Ref. 38).

Values for genetic risk estimators range from 60 to 1500 potential cases of
all forms of genetic disorders per million person-rems (Ref. 27). The values
of 258 potential cases of all forms of genetic disorders is equal to the sum
of the geometric means of the risk of specific genetic defects and the risk of
defects with complex etiology.

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), the National
Council on Radiation Protection and Measurement (NCRP), the National Academy
of Sciences BEIR III Report, and the United Nations Scientific Committee on
the Effects of Atomic Radiation (UNSCEAR) (Refs. 38-41). The risk of potential
fatal cancers in the exposed work force population at Clinton Power Station
and the risk of potential genetic disorders in all future generations of this
workforce population, is estimated as follows. Multiplying the annual plant
worker population dose (i.e., about 740 person-rems) by the risk estimators,
the staff estimates that about 0.1 cancer death may occur in the total exposed
population and about 0.2 genetic disorder may occur in all future generations
of the same exposed population. The value of 0.1 cancer death means that the
probability of one cancer death over the lifetime of the entire work force due
to one year of operations at Clinton Power Station is about 1 chance in 10.
The value of 0.2 genetic disorder means that the probability of 1 genetic

disorder in all future generations due to one year of operations at Clinton
Power Station is about 1 chance in 5.

5.9.3.1.2 Public Radiation Exposure.

Transportation of Radioactive Materials

The transportation of "“cold" (unirradiated) nuclear fuel to the reactor, of
spent irradiated fuel from the reactor to a fuel reprocessing plant, and of
solid radioactive wastes from the reactor to waste burial grounds is considered
in 10 CFR Part 51.20 (Ref. 31). The contribution of the environmental effects
of such transportation to the environmental costs of licensing the nuclear
power reactor is set forth in Summary Table S-4 from 10 CFR Part 51.20, repro-
duced herein as Table 5.5. The cumulative dose to the exposed population as
summarized in Table S-4 is very small when compared to the annual dose of
about 61,000 person-rems to this same population or 26,000,000 person-rems to
the U.S. population fiom background radiation.

Direct Radiation for BWRs

Radiation fields are produced around nuclear plants as a result of radio-
activity within the reactor and its associated components, as well as a result
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Table 5.5. (Summary Table S-4) Environmental Impact of Transportation
of Fuel and Waste to and from One Light-Water-Cooled
Nuclear Power Reactor:

NORMAL COMDITIONS OF TRANSFORT
Ervwonmmenial wmpect
Hedl (Do TR0 Ul Cask n AN 250,000 Bw/v
Wegh! (Qoverned Dy Fecers or Siate restncuons) 73.000 o8 per ruck. 100 10N Der Cask Do M TN
Tramhc gensty
Trucx Less Men | per day
Hae Leas han ] per month

Range of Joses 1©
POSSd MO |
(per reacior yeur)

200 001 10 200 rrviwem

1.100 0003 10 ' J meliwem
800,000 00001 10 0 08 wwilwem

ACCIOENTS i TRANSPORT
Envworements: s
Racowogcal eiects Smait
Common (NOVRGIOIOPCS) Causes 1 tatal wyury 0 100 reactor years. | nonfawal wyury 10 re
aCiOr yaars. $475 property GaMEQR DI TSACIOr rew

Data 3up00ng e abie Mo gven m he Commesson § Envwonmen'sl Survey of Transponaton of Radoactive Matena's
10 and from Nucles Power Plants.” WASH- 1238 Decemder 1972, and Supp | NUREG-75/038 Apni 1975 Both cocuments
e Svasadie for AI0ECHON NG CODYWNG Al the Commesmon's Pudkc Document Room 1717 M St NW . Washmgion 0C. ad

may De 50taned re.n Nabonsl Techrcal informanon Sernce. Sonnghesd. va 22161 WASH-1238 & svadabie rom NTIS ot a
cost of $% 45 (mucrofche. $2 25) and NUREG-75/038 5 avadabie at & cost of $3 2% (mecrohche. 52 29)

I The Fecersi Racston Counc Nas recommendsd hal Ne racdaton 30888 oM s SOWTes Of 'adAton OMer Man Natse
mtvmmwnwumumnwsmwmnnuvamucvmoﬁmmmu-w
Sre and thould De Wrvied 10 500 mulwem DeY year or MAVOUSIS N e genersl popuiabon The Jose 10 “dvduas Oue 10
BVErage Natur s DACAQrOUNd adabon 4 ADOU! 130 Muwrem Der yeur

PMaN-rem 4 N SXDresson for e SUMMAaton of whole body 30ses 10 NOMOUAIS M & roud Thus ¢ sach Member of 3
pOpUIAhon group of | 000 DEODIe were 10 recenve & dose of 0001 rem (1 melwem) or 4 2 peopie were 10 recewe 3 dose of 05
rem (500 rmulivem) gach a 101Al MaNrem JOSE N $4CH Case would De ' Man-<em

CARROUGN Ihe ePVWONMENtal NSk Of rEGOIOYCA efleCts SlemTang oM TANIPONBNON BCT0eN!S 4 currently ncapable of

DG MUMeNcally Juanthed Nm'mW'WO‘“MN’OMMWIW'QK(G‘)’l”\ult.lda
vie




5-26

of radioactive effluent releases. Although the components are shielded, dose
rates observed around BWR plants from these plant components have varied from
undetectable levels to values on the order of 100 mrems/yr at onsite locations
where members of the general public were allowed. For newer BWR plants with a
standardized design, dose rates have been estimated using special calculational
modeling techniques. The calculated cumulative dose to the exposed population
from such a facility would be much less than 1 person-rem/yr per unit, insig-
nificant when compared with the natural background dose.

Low-level radioactivity storage containers outside the station are estimated
to make a dose contribution at the site boundary of less than 0.1% of that due
to the direct radiation described above.

Radioactive Effluent Releases: Air and Water

As pointed out in an earlier section, all effluents from the station will be
subject to extensive decontamination, but small controlled quantities of radio-
active effluents will be released to the atmosphere and to the hydrosphere
during normal operations. Estimates of site-specific radioisotope release
values have been developed on the basis of the descriptions of operational and
radwaste systems in the applicant's ER-OL and FSAR and by using the calcula-
tional mode! and parameters developed by the NRC staff (Ref. 42). These have
been supplemented by extensive use of the applicant's site and environmental
data in the ER-OL and in subseguent answers to NRC staff questions, and should
be studied to obtain an understanding of airborne and waterborne releases from
the station.

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

Radioactive effluents can be divided into several groups. Among the airborne
effluents the radioisotopes of the noble gases--krypton, xenon, and argon--do
not deposit 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 radiation emanating from the effluent plume. Dose calcula-
tions 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 tota) body and skin doses as well

as the annual beta and gamma air doses from the plume at that boundary location.

Another group of airborne radioactive effluents=-the radioiodines, carbon-14,
and tritium--are also gaseous but tend to be deposited on the ground and/or
absorbed into the body during inhalation. For this class of effluents, esti-
mates 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. Concentra-
tions of iodine in the thyroid ana of carbon-14 in bone are of particular sig-
nificance here.

A third group of airborne effluents, consisting of particulates that remain
after filtration of airborne effluents in the plant prior to release, includes
fission products such as cesium and barium and corrosion activition products
such as cobalt and chromium. The calculational model determines the direct



external radiation dose and the internal radiation doses for these contami-
nants through the same pathways as described above for the radioiodines,
carbon-14, and tritium. Doses from the particulates are combined with those
of the radioiodines, carbon-14, and tritium for comparison to one of the
design objectives of Appendix [ to 10 CFR Part 50
The waterborne radioactive effluent constituents could include fission products
such as nuclides of strontium and iod‘ne; activation products, such as nuclides
of sodium and manganese; and tritium as tritiated water Calculations estimate
the internal doses (if any) from fish consumption, from water ingastion (as
drinking water), and from eating of meat or vegetables raised near the site on
irrigation water, as well as any direct external radiation Trom recrea. onal

use of the water near the point of discharge

The release values for each group of effluents, alo with site-specific
meteorological and hydrological data, serve as inpt computerized radiation-
dose models that estimate the maximum radiation t would be received
outside the facility via a number of pathways individual members of the
public, and for the general public as a whole. These models and the radiation
dose calculations are discussed in Regulatory Guide 1.109 (Ref. 43) and 1n
Appendix D of this statement.

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

except the noble gases are calculated for the location (e.g., site boundary,
garden, residence, milk cow, meat animal) where the highest radiation dose to
a member of the public from all applicable pathways has been established. Only
L 3 . ']

those pathways associated with airborne e fluents that are known to exist at a
single location, are combined to calculate the total maximum exposure to an
exposed individual Pathway doses associat with liquid effluents are com-
bined without regard to any single locati it ey are assumed to be assocCi-

k-
- -
S

]0 ..

)
v )

ated with maximum exposure of an individual through other than gaseous-effluent
pathways.

5.9.3.2 Radiological Impact

Although the doses calculatec Appenaix C are based on radicactive-waste
treatment system capabilit t - | radiological impact associated with
the operation of the stati i11 depend, in part, on the manner in which the

is operated. Based on its evaluation of
the potential performance of . 'tilation and radwaste treatment systems,
the NRC staff has concluded that the systems as now proposed are capable of
controlling effluent rel es to meet the dose-design objectives of Appendix I
to 10 CFR Part 50

The station's operation will be governed by operating license Technical Speci-

ed
fications which will be based on the dose-design objectives of Appendix I to
10 CFR Part 50 (Ref. 31) Since these design-objective values were chosen to
permit flexibility of operation whi i11 ensuring that plant operations are
ALARA, the actual radiolegical 1in of plant operation may result in doses
close to the dose-design objectives Fven 1€ this situation exists, the indivi-
dual doses for the member of wublic subject to maximum exposure will still

be very small when compared to natural background doses (~100 mrems/yr) the
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dose limits specified in 10 CFR Part 20 (500 mrems/yr - total body). As a
result, the staff concluded that there will be no measurable radiological
impact on any member of the public from routine operation of the station.

Operating standards of 40 CFR Part 190, the Environmental Protection Agency's
Environmental Radiation Protection Standards for Nuclear Power Operations,
(Ref. 32) specify that the annual dose equivalent must not exceed 25 mrems to
the whole body, 75 mrems to the thyroid, and 25 mrems to any other organ of
any member of the public as the result of exposures to planned discharges of
radioactive materials (radon and its daughters excepted) to the general environ-
ment from all uranium-fuel-cycle operations and radiation from these opera-
tions that can be expected to affect a given individual. The NRC staff
concluded that under normal operations the Clinton Power Station is capable of
operating within these standards.

The radiological doses and dose commitments resulting from a nuclear power
plant are well known and documented. Accurate measurements of radiation and
radioactive contaminants can be made with very high sensitivity so that much
smaller amounts of radioisotopes can be recorded than can be associated with
any possible observable i11 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,
occasionally constituted to objectively and independently assess radiation
dose effects. Although, as in the case of chemical contaminants, there is
debate about the exact extent of the effects of very low levels of radiation
that result from nuclear power plant effluenis, upper bound limits of delete-
rious effects are well established and amenable to standard methods of risk
analysis. Thus the risks to the maximally exposed member of the public outside
of the site boundaries, or to the total population outside of the boundaries
can also be readily calculated and recorded. These risk estimates for Clinton
Power Station are presented below.

The risk to the maximum exposed individual is estimated by multiplying the
risk estimators presented in Section 5.9.3.1.1 by the annual dose design
objectives for total body radiation in 10 CFR Part 50, Appendix I. This
calculation results in a risk of potential premature death from cancer to that
individual from exposure to radiocactive effluents (gaseous or liquid) from one
year of reactor operations of less than one chance in one million.* The risk
of potential premature death from cancer to the average individual within
80 km (50 mi) of the reactor from exnosure to radioactive effluents from the
reactor is much less than the risk to the maximally exposed individual. These
risks are very small in comparison to natural cancer incidence from causes
unrelated to the operation of Clinton Power Station.

Multiplying the annual U.S5. general public population dose from exposure to
radioactive effluents and transportation of fuel and waste from the operation
of Clinton Power Station (i.e., 30 person-rems) by the preceding risk estimators

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



the staff estimates that about 0.004 cancer death may occur in the exposed popu-
lation and about 0.008 genetic disorder may occur in all future generations of
the exposed population The significance of these risk estimates can be
determined by comparing them to the natural incidence of cancer death and
genetic abnormalities in the U.5. population Multiplying the estimated U.S
population for the year 2000 (i.e., ~260 million persons) by the current inci-
dence of actual cancer fatalities (i.e., ~20%) ar. the current incidence of
actual genetic diseases (i.e., ~6%), about 52 million cancer deaths and about
16 million genetic abnormalities are expected (Refs. 37,44) The risks to the
general public from exposure to radioactive effluents and transportation of
fuel and wastes from the annual operation of Clinton Power Station are very
small fractions (about 1 part in a billion or less) of ‘the estimated normal
incidence of cancer fatalities and genetic abnormalities in the year 2000
population

On the basis of the preceding comparison (i.e., comparing the risk from expo-
sure to radioactive effluents and transportatior of fuel and waste from the
annua) operation of Clinton Power Station with the risk from the estimated
incidence of cancer fatalities and genetic abnormalities in the year 2000
population), the staff concludes that the risk to the public health and safety
from exposure to radioactive effluents and the transportation of fuel and

wastes from normal operation of Clinton Power Station will be very small
5.9.3.3 Radiological Impacts on Biota Other Than Humans

Depending on the pathway and 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 human, it is generall)
agreed that the limits established for humans are sufficiently protective for
other species

Although the existence of extremely radiosensitive biota is possible and
increased radiosensitivity in organisms may result from environmental inter-
actions with other stresses (for example, heat or biocides), no biota have yet
been discovered that show a sensitivity (in terms of increased morbidity or
mortality) to radiation exposures as low as those expected in the area sur-
rounding the station. Furthermore, at all nuclear plants for which radiation
exposure to biota other than humans has been analyzed (Ref. 45), there have
been no cases of exposure that can be considered significant in terms of harm
to the species, or that approach the limits for exposure to members of the
public that are permitted by 10 CFR Part 20 (Ref. 30) Inasmuch as the 1972

BEIR Report (Ref. 37) concluded that evidence to date indicated no other
living organisms 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 station.

5.9.3.4 Radiological Monitoring

Rad"ﬂoq’ca‘ environmental ‘nOP‘f,?""g programs are establ
on measurable levels of radiation and radioactive material
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Table 5.6

Preoperational Radiological Environmental Monitoring
Program Summary*

Critical
Pathways/Groups

Sample Method

Parameters Measured

Sample
Frequency

Air Sampling

Wellwater

Surface
water

Bottom
Sediments
Milk

Fish

Vegetables

TLD samples at 32
locations: two rings
of TLD's, one in each

sector at the site boun-

dary and at distances
of approximately 4 to
5 miles

Air particulate
samples at 8 locations

Grab sample
shoreline sediment
at 2 locations

Two locations

One Location

Three locations
Crab samples at
2 locations

None (no milk cows
within 5 km).

Electroshocker/Net,
location

Grab (nearest garden)

Gross gamma analysis

[-131
Gross-beta
Gamma isotopic

Gamma isotopic

1-131
Gross-beta
gamma isotopic
Tritium

[-131
Gross-beta
gamma isotopic
Tritium

Gamma isotopic
Tritium

Gamma isotopic

Gamma isotopic

14

I-131
Gross-beta
Gamma isotopic

32 days

182 days

At time of
harvest

*Adapted from the

Note 1l mile =

ER-OL (Table 6.1-8)

61 kilometers
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The final operational-monitoring program proposed by
reviewed in detail by the NRC staff, and the specifics
program will be incorporated into the Operating License
Specifications.

5.9.4 Environmental Impact of Postulated Accidents

5.9.4.1 Plant Accidents

The staff has considered the potential radiological impacts on the environment
of possible accidents at the Clinton Power Station Unit 1 in accordance with a
Statement of Interim Policy published by the Nuclear Regulatory Commission on
June 13, 1980 (Ref. 49). The following discussion reflects these ccnsidera-

tions and conclusions.

The first sectior deals with general characteristics of nuclear power plant

accidents including a brief summary of safety measures to minimize the prob-
ability of their occurrence and to mitigate their consequences if they should
occur Also described are the important properties of radiocactive materials
and the pathways by which they could be transported to become environmental

hazards Potential adverse health effects and impacts on society associated
with actions to avoid such health effects are also identified

Next, actual experience with nuclear power plant accidents and their observed

health effects and other societa)l impacts are then cribed. This is followed
n Power Station Unit 1

onsequences of accidents.

des
by a summary review of safety features of the Clintor
c

facilities and of the site that act to mitigate the

The results of calculations of the potential consequences of accidents that
have been postulated in the design basis are then given. Also described are
the results of calculations for the Clinton site using probabilistic methods

to estimate the possible impacts and the risks associated with severe accident
sequences of exceedingly low probability of occurrence

@

1

1 General Characteristics of Accidents

The term "accident," as used in this section, refers to any unintentional
event not addressed in Section 5 5.3 that results in a release of radicactive
materials into the environment The predominant focus, therefore, is on
events that can lead to releases substantially in excess of permissible limits
for normal operation Such limits are specified in the Commission's regula-
tions in 10 CFR Part 50, Appendix I

There are several features which combine to reduce the risk associated with
acCidents at nuclear power plants Safety features in the design, construction,
and operation comprising the first line of defense are to a very large extent
devoted to the prevention of the release of these radiocactive materials from
their normal places of confinement within the plant There are also a number
of additional lines ~f defense that are designed to m tigate the consequences

)f failures in the first line Uescriptions of these features for the Clinton

‘0
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Unit 1 station may be found in the appliicant's Final Safety Analysis Report
(Ref. 50), and in the staff's Safety Evaluation Report (Ref. 51). The most
important mitigative features are described in Section 5.9.4.1.3.1 below.

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

5.9.4.1.1.1 Fission Product Characteristics

By far the largest inventory of radioactive material in a nuclear power plant
is produced as a by-product of the fission process and is located in the
uranium oxide fuel pellets in the reactor core in the form of fission products.
Curing periodic refueling shutdowns, the assemblies containing these fuel
pellets are transferred to a spent fuel storage pool so that the second largest
inventory of radioactive material is located in this storage area. Much
smaller inventories of radioactive materials are also normally present in the
water that circulates in the reactor coolant system and in the systems used to
process gaseous and liquid radiocactive wastes in the plant.

These radicactive materials exist in a variety of physical and chemical forms.
Their potential for dispersion into the environment is dependent not only on
mechanical forces that might physically transport them, but also upon their
inherent properties, particularly their volatility. The majority of these
materials exist as nonvolatile solids over a wide range of temperatures.
Some, however, are relatively volatile solids and a few are gaseous in nature.
These characteristics have a significant bearing upon the assessment of the
environmental radiological impact of accidents.

The gaseous materials include radioactive forms of the chemically inert noble
gases krypton and xenon. These have the highest potential for release into
the atmosphere. If a reactor accident were to occur involving degradation of
the fuel cladding, the release of substantial quantities of these radioactive
gases from the fuel is a virtual certainty. Such accidents are very low fre-
quency but credible events (Sec. 5.9.4.1.2). It is for this reason that the
safety analysis of each nuclear power plant analyzes a hypothetical design
basis accident that postulates the release of the entire contained inventory
of radicactive noble gases from the fuel into the containment system. If
further released to the environment 25 a possible result of failure of safety
features, the hazard to individuals from these noble gases would arise predom-
inantly through the external gamma radiation from the airborne plume. The
reactor containment system is designed to minimize this type of release.

Radioactive forms of iodine are formed in substantial quantities in the fuel
by the fission process and in some chemical forms may be quite volatile. For
these reasons, they have traditionally been regarded as having a relatively
high potential for release from the fuel. If released to the environment, the
principal radiological hazard associated with the radioiodines is ingestion
into the human body and subsequent concentration in the thyroid gland. Because
of this, its potential for release to the atmosphere is reduced by the use nf
special systems designed to retain the iodine.
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The chemical forms in which the fission product radioiodines are found are
generally solid materials at ruom temperature, however, so that they have a
strong tendency to condense (or “plate out") upon cooler surfaces. In addi-
tion, most of the iodine compounds are quite soluble in, or chemically reactive
with, water Although these properties do not inhibit the release of radio-
iodines from degraded fuel, they do act to mitigate the release from contain-
ment systems that have large internal surface areas and that contain large
quantities of water as a result of an accident. The same properties affect
the behavior of radioiodines that may "escape” into the atmosphere. Thus, if
rainfall occurs during a release, or if there is moisture on exposed surfaces,

e.g., dew, the radiciodines will show a strong tendency to De absorbed by the
moisture

Other radioactive materials formed during the operation of a nuclear power
plant have lower volatilities and therefore, by comparison with the noble
gases and iodine, a much smaller tendency to escape from degraded fuel unless
the temperature of the fuel becomes very high. By the same token, such
materials, if they escape by volatilization from the fuel, tend to condense
quite rapidly to solid form again when transported to a lower temperature
region and/or dissolve in water when present. The former mechanism can have
the result of producing some solid particles of sufficiently small size to be
carried some distance by a moving stream of gas or air [f such particulate
materials are dispersed into the atmosphere as a result of failure of the
containment barrier, they will tend to be carried downwind and deposit on
surface features by gravitational settling or by precipitation (fallout),

1

where they will become "contamination” hazards in the environment.

P11 of these radicactive materials exhibit the property of radicactive decay
with characteristic half-lives ranging from fractions of a second to many days
or years (see Table 5.9). Many of them decay through a sequence or chain of

decay processes and all eventually become stable (nonradioactive) materials.

The radiation emitted during these decay processes is the reason that they are
hazardous materials

5.9.4.1.1.2 Exposure Pathways

The radiation exposure (hazard) to individuals is determined by their proximity
to the radioactive material, the duration of exposure, and factors that act to
shield the individual from the radiation. Pathways for the transport of
radiation and radioactive materials that lead to radiation exposure hazards to
humans are generally the same for accidental as for "normal"” releases. These
are depicted in Section 5.9.3, Figure 5.3. There are two additional possible
pathways that could be significant for accident releases that are not shown in
Figure 5.3. One of these is the fallout onto open bodies of water of radio-
activity initially carried in the air. The second would be unique to an acci-
dent that results in temperatures inside the reactor core sufficiently high to
cause melting and subsequent penetration of the basemat underlying the reactor
by the molten core debris. This creates the potential for the release of
radioactive material into the hydrosphere through contact with ground water
These pathways may lead to external exposure to radiation, and to internal

exposures if radioactivity is inhaled, or ingested from contaminated food or
water
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It is characteristic of these pathways that during the transport of radio-
active material by wind or by water, the material tends to spread and disperse,
like a plume of smoke from a smokestack, becoming less concentrated in larger
volumes of air or water. The result of these natural processes is to lessen
the intensity of exposure to individuals downwind or downstream of the point
of release, but they also tend to increase the number who may be exposed. For
a release into the atmosphere, the degree to which dispersion reduces the
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 variabil .ty of wind
direction and the preseé ice or absence of precipitation, means tha’. consequences
of accidental releases to the atmosphere would be very much dependent upon the
weather conditions existing at the time.

5.9.4.1.1.3 Health Effects

The cause and effect relationships between radiation exposure and adverse
health effects are quite complex (Ref. 52) but they have been more exhaus-
tively studied than any other environmental contaminant.

Whole-body radiation exposure resulting in a dose greater than about 10 rem
for a few persons and about 25 rem for nearly all people over a short period
of time (hours) is necessary before any physiological effects to an individual
are clinically detectable. Doses about 10 to 20 times larger than the latter
value, also received over a relatively short period of time (hours to a few
days), ced be expected to cause some fatal injuries. At the severe, but
extremely low probability end of the accident spectrum, exposures of these
magnitudes are theoretically possible for persons in the close proximity of
such accidents if measures are not or cannot be taken to provide protection,
e.g., by sheltering or evacuation.

Lower levels of exposures may also constitute a health risk, but the ability
to define a direct cause and effect relationship between any yiven health
effect and a known exposure to radiation is difficult given the backdrop of
the many other possible reasons why a particular effect is observed in a
specific individual. For this reason, it is necessary to assess such effects
on a statistical basis. Such effects include randomly occurring cancer in the
exposed population and genetic changes in future generations after exposure of
a prospective parent. Occurrences of cancer in the exposed population may
begin to develop only after a lapse of 2 to 15 years (latent period) from the
time of exposure and then continue over a period of about 30 years (plateau
period). However, in the case of exposure of fetuses (in utero), occurrences
of czncer may begin to develop at birth (no latent period) and end at age 10
(i.e., the plateau period is 10 years). The health consequences model currently
being used is based on the 1972 BEIR Report of the National Academy of Sciences
gRefii37). The occurrence of cancer itself is not necessarily indicative of
atality.

Most authorities are in agreement that a reasonable and probably conservative
estimate of the randomly occurring number of health effects of low levels cf
radiation exposure to a large number oi people is within the range of about 10
to 500 potential cancer deaths per million person-rem (although zerc is not
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The range comes from the
. ‘ also indicates a probable
vaiue 15 ' 11y identical to the value of about
health effects models In addition, approximately
genetic changes per million person-rem would be p
succeeding generations That also compares wel
260 per miliion person-rem currently used by the NRC

5.9.4.1.1.4 Health Effects Avo

Radiation hazards in the envirunment tend to disappear by the natural process
of radioactive decay wWhere %he decay process is a slow one, however, and
where the material becomes relatively fixed in its location as an environ-
mentally contaminant (e.g., in soil), the hazard can continue to exist for a
relatively long period of time--months, years, or even decades Thus, a
possible consequential environmeital societal impact of severe accidents 1s
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

3 ’ ~ g e
rience and Ubserved impactis

The evidence of accident frequency and impacts in the past is a useful
cator of future probabilities and impacts. As of mid-19 there were 71
mercial nucl power reactor units licensed for operation in the United
States at 50 tes with power generating capacities ranging from 50 to 1l
megawatts ~ic (Mwe) (Clinton Power Station Unit 1 is designed fo
combined experience with these units represents approximately
500 reactor years of operation over an elapsed time of about 20 years Acci-
urred at several of these facilities (Ref. 53) Some of these
have resulted in releases of radioactive material to the environment, ranging
from very small fract
to have caused any ra
1
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ions of a curie to a few million curies None is known
diation injury or fatality to any member of the public,

) ndividual or colliective public radiation exposure, nor
any significant contamination the environment. This experience base i1s not
large enough to permit a reliable quantitative statistical inference. It
does, however, suggest that significant environmental impacts due to accidents
are very unlikely to occur over time periods cf a few decades.

mni€®imran
0 significant

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

[t has been estimated that the maximum cumulative offsite radiation dose to an
individual was less than 100 millirem (Refs. 54,55) The total pcpulation
exposure has been estimated to be in the range from about 1000 to 3000 person-
rem This exposure could produce between none and one additional fatal cancer
over the lifetime of the exposed population The same population receives each

N
year from ratural background radiation about 240,000 person-rem and approximately

-8 1 8




a half-million cancers are expected to develop in this group over its lifetime
(Refs. 54 55), primarily from causes r than radiation. Trace quantities
(barely above the limit of detectability ra ndine were found in a few
samples of milk produced in the area her food or water supplies were
impacted

Accidents at nuclear power plants have also caused occupational injuries and a
few fatalities but none attributed to radiation exposure. Individual worker
exposures have ranged up to about 4 rems as a direct consequence of accidents,
but the collective worker exposure levels (person-rem) due to accidents are a
small fraction of the exposures experienced during rormal routine operations
that average about 500 person-rem per re:d

Accidents have also occurred at other nuc) reactor facilit‘es in the United
States and in other countries (Ref. 53) ( to 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, includ-
ing the one in 1966 at the Enrico Fermi Atomic Power Plant Unit 1. This was a
sodium-cooled fast breeder demonstration re~actor designed to generate 61 Mwe.
The damages were repaired and the reacto: reached full power in four vears

‘ ing the accident. It operated successfully and completed its mission in

This accident did not release any radicactivity to the environment

A reactor accident in 1957 at Windscale, England, released a significant
quantity of radioiodine, approximately 20,00 uries, to the environment. This
reactor, which was not operated to tricity, used air rather than

C
onarate ol
generate ele

water to cool the uranium fuel During a special operation to heat the large
amount of graphite in this reactor, the fuel overheated and radioiodine and

noble gases were released directly to the atmosphere from a 123-m (405-ft)
stack Milk produced in a 520-km* (200-mi) area around the facility was
impounded for up to 44 days This kind of accident cannot occur in a water-
cooled reactor like Clinton, however

1.3 Mitigation of Accident Consequences

Pursuant to the Atomic Energy Act of 1954, the Nuclear Regulatory Commission
has conducted a safety evaluation of the application to operate Clinton Unit 1.

Although this evaluation contains more detailed information on plant design,
the principal design features are presented in the following section.

2.9.4.1.3.1 ODesign Features

Clintsn Unit 1 contains features designed to prevent 2ccidental release of
radiocactive 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
collectively referred to as engineered safety features (ESF). The possibilities
or probabilities of failure of these systems are incorporated into the assess-
ments discussed in Section 5.9.4.1.4.2




The containment system, one such ESF, is a pascive mitigating system designed
to minimize accidental radioactivity releases to the environment. The contain-
ment system 1s composed Of two part The primary containment encloses the
reactor vessel, the reactor coolant recirculation loops, and other reactor
coolant system components Ihe pcondary containment gas control boundary,
which includes the fuel building and parts of the auxiliary building, encloses
the primary containment, U sper 2] pool, and other auxiliary equipment.
An emergency core cooling system (ECCS) 1s designed to provide cooling water
to the reactor core during an a nt to prevent or minimize fuel damage. A
pressure suppression system is installed to prevent containment failure due to
overpressure following an accident,
The Standby Gas Treatment System (SGTS) is designed to establish and maintain
a negative pressure in the secondary containment following the signal for its
isolation in the event of release of radioactivity to this building in an
accident. Negative pressure, with respect to the outside atmosphere, would
prevent out-leakage of radioactivity from th ding to the environment
except along the release path controlled by the SGTS Radioactive iodine anc
particulate fission products would be substantially removed from the flow
stream by safety-grade activated charcoal and high-efficiency particulate air
filters

1S bul

The main steam isolation vaive leakage control s) is designed to control
the release of fission procicts through the main m isolation valves. This
system directs the leakage through these val 0 the area served by the
SGTS The spent fuel storage pool is | ‘ secondary containment
where potential radioactive leakage f th fuel can be directed
through the SGTS

The mechanical systems mentioned above are supplied with emergency power from
onsite diesel generators in the event that normal offsite station power 1s
interrupte

Much more extensive discussions of the safety features and characteristics of
Clinton Unit 1 may be found in the applicant's Final Safety Analysis Report
(Ref. 50 The staff evaluation of these features will be addressed in the
Safety Evaluation Report (Ref. 51). In addition, the implementation of the
lessons learned from the TMI-2 accident, in the form of improvements in design
and procedures, and operator training, will significantly reduce the likeli-
hood of a degraded core accident which could result in large releases of
fission products to the containment Specifically, the applicant will be
required to meet those TMI-related requirements specified in NUREG-0727. As
noted in Section 5.9.4.1.4.7, no credit has been taken for these actions and
improvements in discussing the radiological risk of accidents.

5.9.4.1.3.2 Site Features

UV

every power reactor have certain characteristics that tend to reduce the risk
and potential impact of accidents The discussion that follows briefly
describes the Clinton site characteristics and how they meet these requirements.

The NRC's reactor site criteria, 10 CFR Part 100, requires that the site for
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First, the site has an exclusion area, as required by 10 CFR Part 100. The
total site area is about 5739 ha (14,182 acres), of which about 36 ha (90 acres)
are not station property. The exclusion area, located within the site boundary,
is a circular area with a 975-m (3199-ft) radius centered on the normal gaseous
effluent release point (i.e., the station standby gas treatment vent). There
are no residents within the exclusion area. The applicant cwns all surface
and mingral rights in the exciusion area, and has the authority, required by
Part 100, to determine all activities in this area. No public highways, rail-
roads or waterways traverse the exclusion area except a right-of-way for the
township road which traverses the exclusion area. This road provides access

to privately owned property which lies outside the exclusion area. The appli-
cant together with the Tocal law enfurcement agency will control access along
this road in the event of an emergency. There are no other activities unrelated
to plant operation within the exclusion area.

Second, beyond and surroundinrg the exclusion area is a low population zone
(LPZ), also required by 10 CFR Part 100. The LPZ for Clinton is a circular
area with a 4-km (2.5-mi) radius, measured from the staiion standby gas treat-
ment vent. Within this zone, the applicant must ensure that there is a reason-
able probability that appropriate protective measures could be taken on behalf
of the residents in the event of serious accident. The applicant has estimated,
based on a house count, that 237 persons are projected to be living within
4.8 km (3 mi) of the site during mid plant operation (year 2000). The average
transient population, consisting of individuals using the nearby recreational
facilities associated with the cooling lake within the LPZ, is 729. while the
peak usage (occurriiig about 20 days per year) is estimated at 8,000 persons
(10,000 persons within 8 km (5 mi) of the station) 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 nuclear station. See
also the follewing section on Emergency Preparedness.

Third, 10 CFR Part 100 alsc requires that the distance from the reactor to the
nearest boyndary of ¢ densely populated area containing more than about 25,000
residents be at least one and one-third times the distance from the reactor to
the outer boundary of the LPZ. Since accidents of greater potential hazards
than those commonly postulated as representing an upper limit are conceivable,
although highly improbable, it was considered desirable to add the population
center ~istance requirement in Part 100 to provide for protection against
excessive expusure doses to people in large centers. The cities of Decatur,
I11inois with an estimated 1980 population of 93,513 (90,397 in 1970) located
36 km (22.4 mi) SSW and Bloomington, I11inois, with an estimated 1980 popula-

tion of 44,330 (39,992 in 1970) located 36.5 km (22.7 mi) NNW are the nearest
population centers.

The population center cdistance is at least one and one-third times the LPZ
outer radius. Current population density within 16 km (10 mi) of the site is

estimated to be 42 people/mi? (1970 census) and projected to reach 60 people/mi?
by the year 2020.

The safety evaluation of the Clinton site has also included a review of poten-
tial external hazards, i.e., activities offsite that might adversely affect
the operation of the station and cause an accident. The review encompassed
nearby industrial and military facilities that might create explosive. missile
toxic gas, or similar hazards. The risk to the Clinton facility from such

’
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hazards has been found to be negligibly small. The staff has not completed
its review of hazardous conditions from nearby transportation routes.

The applicant has been requested to provide additional information in this
area A more detailed discussion of the compliance with the Commission's
siting criteria and the consideration of external hazards will be reported in
the staff's Safety Evaluatinn Report.

5.9.4.1.3.3 Emergency Preparedness

Emergency preparedness plans including protective action measures for the
Clinton facility and environs are in ar advanced, but not yet fully completed,
stage. In accordance with the provisions of 10 CFR Section 50.47, effective
November 3, 1980, no operating license will be issued to the applicant unless
a finding is made by the NRC that the state of onsite and offsite emergency
preparedness provides reasonable assurance that adequate protective measures
can and will be taken in the event of a radiological emergency. Among the
standards that must be met by these plans are provisions for two Emergency
Planning Zones (EPZ). A plume exposure pathway EPZ of about 16 km (10 mi) in
radius and an ingestion exposure pathway EPZ of about 80 km (50 mi) in radius
yre required. Other standards include appropriate ranges of protective actions
each of these zones, provisinns for dissemination to the public of basic
emergency planning information, provisions for rapid notification of the
public during a serious reactor emergency, and methods, systems, and equipment
for assessing and monitoring actual or potential offsite consequences in the

EP7

:Pls of a radiological emergancy condition.

NRC findings will be based upon a review of the Federal Emergency Management
Agency (FEMA) findings and determinations as to whether State and local govern-
ment emergency plans are adequate and capable of being implemented, and on the
NRC assessment as to whether the appl'icant's onsite plans are adequate and
capable of being implemented. NRC staff findings are reported in the staff's
Safety Evaluation Report (Ref. 51). A supplement to this report will provide
the staff's overall conclusions on the state of emergency preparedness for
Clinton Power Station and related emergency planning zones. Although the
presence of adequate and tested emergency plans cannot prevent the occurrence
of an accident, it is the judgment of the staff that their implementation can

and will substantially mitigate the consequences to the public if an accident
should occur

5.9.4.1.4 Accident Risk and Impact Assessment
5.9.4.1.4.1 Design Basis Accidents

As a means of assuring that certain features of the Clinton Unit 1 station

meets acceptable design and performaice criteria, both the applicant and the
staff have analyzed the potential consequences of a number of postulated acci-
dents Some of these could lead to significant releases of radioactive mate-
rials to the environment, and calculations have been performed to estimate the
potential radiological consequences to persons offsite. For each postuiated
initiating event, the potential radiological consequences cover a considerable
range of values depending upon the particular course taken by the accident and

the conditions, including wind direction and weather, prevalent during the
accident.




In the safety analysis and evaluation of the Clinton Unit 1 station, three
categories of accidents have been considered by the applicant and the staff.
These categories are based upon their probability of occurrence and include
(a) incidents of moderate frequency, i.e., events that can reasonably be
expected to occur during any year of operation, (b) infrequent accidents,
i.e., events that might occur once during the lifetime of the plant, and (c)
limiting faults, i.e., a.cidents not expected to occur but that have the
potential for significant releases of radioactivity. The radiological
consequences of incidents in the first category, also called anticipated
operational occurrerces, are discussed in Section 5.9.3. Some of the initi-
ating events postulated in the second and third categories for Clinton Unit 1
are shown in Table 5.7. These events are designated design basis accidents in
that specific design and operating features as described above in Sec-

tion 5.9.4.1.3.1 are provided to limit their potential radiological consequences.
Approximate radiation doses that might be received by a person at the nearest
site boundary [975 m (3199 ft) fr.m the plant] are also shown in the table
along with a characterization of the time duration of the releases. The
results shown in the table reflect the expectation that engineered safety and
operating features designed to mitigate the consequences of the postulated
accidents would function as intended. An important implication of this expec-
tation is that the radiocactive releases considered are limited to noble gases
and radioiodines and that any other radioactive materials, e.g., in particulate
form, are not expected to be released. The results are also quasi-probabilistic
in nature in the sense that the meteorological dispersion conditions are taken
to be neither the best nor the worst for the site, but rather at an average
value determined by actual site measurements. In order to contrast the results
of these calculations with those using more pessimistic, or conservative,

ascumptions described Lelow, the doses shown in Table 5.7 are sometimes referred
to as "realistic" doses

The staff has also carried out calculations to estimate the potential upper
bounds for individual exposures from the same initiating accidents in Table 5.7
for the purpose of implementing the provisions of 10 CFR Part 100, "Reactor
Site Criteria." For these calculations, much more pessimistic (conservative
or worst case) assumptions are made as to the course taken by the accident and
the prevailing conditions. These assumptions include much larger amounts of
radicactive material released by the initiating events, additional single
failures in equipment, operation of ESF's in a degraded mode,* and very poor
meteorological dispersion conditions. The results of these calculations show
that, for these events, the limiting whole-body exposures are not expected to
exceed 10-* rem to any individual at the site boundary. They also show that
radioiodine releases have the potential for offsite exposures ranging up to
about 300 rem 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 ragioiadine
concentration in the plume has its highest value and inhale at a breathing
rate characteristic of a person jogging, for a period of two hours. The
health risk to an individual receiving such a thyroid exposure is the potential
appearance of benign or malignant thyroid nodules in about 1 out of 10 cases,
and the development of a fatal cancer in about 4 out of 1000 cases.

* The containment system, however, is assumed to prevent leakage in excess
of that which can be demonstrated by testing, as provided in 10 CFR
Part 100.11(a).




Table 5.7. Approximate Doses
Exposure at the Exclusit
Selected Design

Infrequent Accidents jon who ‘e Body
(Category 2) Dose (rem)

Off-gas system failure . 005

Release of waste gas storage
tank contents

Smali-break LOCA
Fuel handling accident

Limiting Faults
(Category 3)

Main steam 1ine break
Contro! rod drop

Large-break LOCA

*975 m (3199 ft)

*%< means "less than

None of the calculations of the impacts of design basis accidents described in
this section take into consideration possible reductions in individual or pop-
ulation exposures as a result of taking any protective actions

5.9.4.1.4.2 Probabilistic Assessment of Severe Accidents

In this and the following three sections, there is a discussion of the probabil-
ities and consequences of accidents of greater severity than the design basis
accidents identified in the previous section. As a class, they are considered
less likely to occur, but their consequences could be more severe, both for
the plant itself and for the environment. These severe accidents, heretofore
frequently called Class 9 accidents, can be distinguished from design basis
accidents in two primary respects: they involve substantial physical deteriora-
tion of the fuel in the reactor core, including overheating to the point of
melting, and they involve deterioration of the capability of the containment
system to perform its intended function of limiting the release of radioactive
materials to the environment.

The assessment methodology employed is that described in the Reactor Safety
Study (RSS) which was published in 1975 (Ref. 56).* However, the sets of acci-

*Because this report has been the subje
sion of the uncertainties surroundir

s provided in Section 5.9.4.

¢t of considerable controversy, a discus-
it i 1.4.7.
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dent sequences that were found in the RSS to be the dominant contributors to
the risk in the prototype BWR (Peach Bottom Unit 2) have recently been updated
(Ref. 57) ("rebaselined"). The rebaselining has been done largely to incor-
porate peer group comments (Ref. 58), and better data anq anglytical tecnniques
resulting from research and development after the publication of the RSS.
Entailed in the rebaselining effort was the evaluation of the individual domi-
nant accident sequences-as they are understood to evolve. The earlier technigue
of grouping a number of accident sequences into the encompassing Release
Categories as was done in the RSS has been largely eliminated.

Clinton Unit 1 is a General Electric designed BWR having similar design and
operating characteristics to the RSS prototype BWR. Therefore, the present
assessment for Clinton has used as its starting point the rebaselined accident
sequences and sequence groups referred to above, and more fully described in
Appendix E. Characteristics of the sequences (and seguence groups) used (all
of which involve partial to complete meiting of the reactor core) are shown in
Table 5.8. Sequences initiated by natural phenomena such as tornadoes, floods,
or seismic events and those that could be initiated by deliberate acts of
sabotage are not included in these event sequences. The radiological consequen-
ces of such events would not be different in kind from those which have been
treated. Moreover, there are design requirements in 10 CFR Part 50, Appendix A,
relating to the effects of natural phenomena, and safeguards requirements in

10 CFR Part 73, assuring that these poterncial initiators are in large measure
taken into account in the design and operation of the station. The data base
for assessing the probabilities of events more severe than the design bases
for natural phenomena or sabotage is small. Hence, inclusion of accident
sequences initiated by natural phenomena and sabotage events is beyond the
state-of-the-art of probabilistic risk assessment. In addition, the staff
judges that the additional risk from severe accidents initiated by natural
events or sabotage is within the uncertainty of risk presented for the sequences
considered here.

Calculated probability per reactor year associated with each accident sequence
(or sequence group) used is shown in the second column in Table 5.8. As in
the RSS there are substantial uncertainties in these prcbabilities. This is
due, in part, to difficulties associated with the quantification of human
error and to inadequacies in the data base on failure rates of individual
plant components that were used to calculate the probabilities (Ref. 58) (see
alsc Sec. 5.9.4.1.4.7 below). The probability of accident sequences from the
Peach Bottom plant were used to give a perspective of the societal risk at
Ciinton Unit 1 because, although the probabilities of particular accident
sequences may be substantially different or even improved for Clinton, the
overall effect of all sequences taken together is likely to be within the
uncertainties (see Sec. 5.9.4.1.4. 7 for discussion of uncertainties in risk
estimates).

The magnitudes (curies) of radiocactivity releases for each accident sequence
nr sequence group are obtained by multiplying the release fractions shown in
Table 5.8 by the amounts that would be present in the core at the time of the
hypothetical accident. These are shown in Table 5.9 for the Clinton 1 station
at the core thermal power level of 3039 megawatts, the power level used in the
Safety Evaluation.



Table 5.8 Summary of Atmospheric Releases in Hypothetical Accident Sequences
in a BWR (Rebaselined)

Accident

a)

uenc v
SRS S _ Fraction of Core Inventory release'’

Sequerbs Probability : -
Group™ °~ per reactor-year Xe-Kr 2l - Cs-Rb Te-5b Ba-5r

TCy' 2.0 x 10-% 1.0 ). 0.67 0.64 0.073 0.052

Ru' )

TwWy' 3.0 10-% 1.0 0.098 0.27 0.41 0.025 0.028

TQuVy'

AEy' "
S, Ey’ . 10
SoEy'

10-6

10-%

10-© 0: H 0.006

1 f

(a)Background on the isotope groups and release mechanisms 1s presented in Appendix VII of
WASH 1400

(h)ﬁee Appendix E for description of the accident sequences and sequence groups

(C)Inciudes Ru, Rh, Co, Mo, Tc

(d)lncludeﬁ Y, La, Zr, Nb, Ce, Pr, Nd, Np, Pu, Am, Cm

NOTE Please refer to Section 5.9.4.1.4.7 for a discussion of uncertainties in risk estimate




Table 5.9. Activity of Radionuclides in Clinton Reactor Core at 3039 MWt

Radioactive Inventory
Group/Radionuclide in Millions of Curies Half-Life (days)
A NOBLE GASES
Krypton-85 0.53
Krypton-85m 23 . 183
Krypton-87 45 .0528
Krypton-88 65 117
Xenon-133 160 .28
Xenon=135 32 . 384

I0DINES

Todine-131 81 .05
lodine-132 110 . 0958
lodine-133 160 .875
lodine-134 180 .0366
lodine-135 140 . 280

ALKALI METALS
Rubidium=86
Cesium-134
Cesium=-136
Cesium=137

TELLURIUM=-ANT IMONY
Tellurium=127
Tellurium=127m
ellurium-129
Tellurium=-129m
Tellurium=131m
Tellurium=-132
Antimony-127
Antimony-129

—
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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
Rhod1ium=-105




Table 5.9. (Continuer)

Radioactive Inveitory
Group/Radionuclide in Millions of Curies valf-Life (days)

G RARE EAKTHS, REFRACTORY

OXIGES AND YRANSURANICS

Yetrium-90

Yttrium-91

Zirconium-95

lirconium=-97

Niobium=-95

Lanthanum=-140

cerium=-14.

Cerium-143

Cerium-1.4

Praseodymium=-143

Neodymium=147

Neptunium-239

Plutonium=232 :. 054
Plutonium=239 . U0 ;
Plutonium-240 .020 . 106
Plutonium-241 3.2 5,350
Americium-241 .0016 1.5 x 108
Curium-242 .48 163
Curium=-244 .022 0,630

~4

Wwohnho~wNNnNoOoO O
~ [

o

NOTE: The above grouping of radionuclides corresponds to that in
Table 5.8.
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The potential radiological consequences of these releases have been calculated
by the consequence model used in the RSS (Ref. 59) and adapted to apply to a
specific site. The essential elements are shown in schematic form in Fig-
ure 5.4. Environmental parameters specific to the Clinton site have been used
ard include the following:

(1) Meteorological data for the site representing a full year c. consecutive
hourly measurements and seasonal variations.

(2) Projected population fer the year 2000 extending throughout regions of
80~ and 560-km (50- and 350-mi) radius from the site.

(3) The habitable land fraction within the 560-km (350-mi) radius, and

(4) Land-use statistics, on a state-wide basis, including farm land values,
farm product values including dairy productior, and growing season infor-
mation, for the State of I1linois and each surrounding state within the
560-km (350-mi) region.

To obtain a probability distribution of consequences, the calculations are
performed assuming the occurrence of each accident release sequence at each of
91 different “start” times throughout a one-year period. Each calculation
utilizes the site-specific hourly meteorological data and seasonal information
for the time period following each "start" time. The consequence model also
contains provisions for incorporating the consequence reduction benefits of
evacuation, relocation, and other protective actions. Early evacuation and
relocation of people would considerably reduce the exposure from the radio-
active cloud and the contaminated ground in the wake of the cloud passage.
The evacuation mode! used (see Appendix F) has been revised from that used in
the RSS for better site-specific application. The gquantitative character-
istics of the evacuation model used for the Clinton site are estimates made by
the staff and are partly based upon preliminary evacuation time estimates
prepared by the applicant. There normally would be special facilities near a
plant, such as schools or hospitals, where special equipment or personnel may
be required to effect evacuation. Several such facilities have been identi-
fied near the Clinton site, such as the John Warner Hospital (including several
nursing homes nearby), the Lake Clinton Recreation Center, and the Clinton
School District. Further, there may be people who either do no. eceive
notification to evacuate or who choose not to evacuate. Therefcre, actual
evacuation effectiveness could be greater or less than that characterized but
would not be expected to be very much less.

The other protective actions include: (a) either complete denial of use
(interdiction), or permitting use only at a sufficiently later time after
appropriate decontamination of food stuffs such as crops and milk, (b) decontami-
nation of severely contaminated environment (land and property) when it is
considered to be economically feasible to lower the levels of contamination to
protective action guide (PAG) levels, and (c) denial of use (interdiction) of
severely contaminated land and property for varying periods of time until the
contamination levels reduce to such values by radioactive decay and weathering
so that land and property can be economically decontaminated as in (b) above.
These ac*ions would reduce the radiological exposure to the people from imme-
diate and/or subsequent use of or living in the contaminated environment.
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Early evacuation within and early relocatio people from outside (see
Appendix F) the plume exposure pathway EPZ other protective actions as
mentioned above are considered as essential sequels to serious nuclear reactor
accidents involving significant release of radiocactivity to the atmosphere
Therefore, the results shown for the Clinton reactor includes 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 accident probabilities
(see Fig. 5.4)

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

5.9.4.1.4.3 Dose and Health Impacts of Atmospheric Releases

The results of the calculatic. . of dose and health impacts performed for the
Clinton facility and site are presented in the form of probability distribu-
tions in Figures 5.5 through 5.8 and are included in the Impact Summary
Table 5.10. A1l of the six accident sequences and sequence groups shown in
Table 5.8 contribute to the results, the consequences from each being weighted
by its associated probability

Figure 5.5 shows the probability distribution for the number of persans who
might receive whole-body doses equal to or greater than 200 rem and 25 rem,
and thyroid doses equal to or greater than 300 rem from early exposure.,* all
on a per-reactor-year basis The 200-rem whole-body dose figure corresponds
approximately to a threshold value for which hospitalization would be indicated
for the treatment of radiation injury. The 25-rem whole-body (which has been
identified earlier as the iower limit for a clinically observable physiological
effect in nearly all people) and 300-rem thyroid figures correspond to the
Commission's guideline values for reactor siting in 10 CFR Part 100.

The figure shows in the left-hand portion that there is less than twe chances
in 100,000 (i.e., 2 x 10-%) per reactor-year that one Or more persons may
receive doses equal to or greater than any of the doses specified. The fact
that each of the three curves approaches a horizontal line shows that if one
person were to receive such doses the chances are about the same that several
tens to hundreds would be so exposed. The chances of larger numbers of persons
being exposed at these levels are seen to be considerably smaller. For example,
the chances are less than 1 in 100,000,000 (10-%) that severa) thousand or
more people might receive whole body doses of 200 rem or greater. A majority
of the exposures reflected in this figure would be expected to occur to persons
within a 48.4-km (30-mi) radius of the plant. Virtually all would occur
within a 161.3-km (100-mi) radius

*Early exposure to an individual includes external doses from the radiocactive
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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0
0
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0
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Figure 5.6 shows the probability distribution for the total population exposure
in person-rem, i.e., the probability per year that the total population exposure
will equal or exceed the values given Most of the population exposure up to

1 million person-rem would occur within 80 km (50 mi), but the more severe
accident sequences or sequence groups such as the first three in Table 5.8

would result in exposure to persons beyond the 80-km (50-mi) 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 Clinton site due to
natural background radiation of 94 500 person-rem, and to the anticipated
annual population dose to the general public from normal station operation of
about 1 person-rem (excluding plant workers)--see Section 5.9 3

Figure 5.7 shows the probability dist) .outions for early fatalities, represent-
ing radiation injuries that would produce fatalities within about one yea~
after exposure. All of the early fatalities would be expected to occur within
a 24.2-km (15-mi) radius and the majority within a 3.2-km (2-mi) radius. The
results of the calculations shown in this figure and in Table 5.10 reflect the

effect of evacuation within the 16.1-km (10-mi) plume exposure pathway EPZ
only

For the very low probability accidents having the potential for causing radia-
tion exposures above the threshold for early fatality at distances beyond

16.1 km (10 mi), it would be realistic to expect that authorities would evacuate
persons at all distances at which such exposures might occur. Early fatality
consequences would therefore reasonably be expected to be very much less than
the numbers shown. [Figure F.1 of Appendix F illustrates the potential benefits
of evacuation within 24.2 km (15 mi).]

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 Ihe impacts on the total population and the population
within 80 km (50 mi) are shown separately Further, the fatal, latent cancers
have been subdivided into those attributable to exposures of the thyroid and

all other organs

5.9.4.1.4.4 Economic and Societal Impacts

As noted in Section 5.4.1.1, varicus measures for avoidance of adverse health
effects including those due to residual radioactive contamination in the envi-
ronment are possible consequential impacts of severe accidents. Calculations
of the probabilities and magnitudes of such impacts for the Clinton facility
and environs have also been made Unlike the radiation exposure and adverse
health effect impacts discussed above, impacts associated with adverse health
effects avoidance are more readily transformed into econcmic impacts.

The results are shown as the probability distribution for costs of offsite
mitigating actions in Figure 5.9 and are included in the Impact Summary
Table 5.10 The factors contributing to these estimated costs include the
following

Evacuation costs

Value of crops contaminated and condemned




Value of milk contaminated and condemned
Costs of decontamination of property where practical

Indirect costs due to loss of use of property and incomes derived there-
from

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

Figure 5.9 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, less than one chance in ten million per reactor-year.

Additional economic impacts that can be monetized include costs of decontam-
ination of the facility itself and the costs of replacement power. Probabil-
ity distributions for these impacts have not been calculated, but they are

included in the discussion of risk considerations in Section 5.9.4.1.4.6
below.

5.2.4.1.4.5 Releases to Groundwater

A pathway for public radiation exposure and environmenta)l contamination that
would be unique for severe nuclear reactor accidents was identified in Sec-
tion 5.9.4.1.1.2 above. Consideration has been given to the potential environ-
mental impacts of this pathway for the Clinton Power Station. The principal
contributors to the risk are the core-melt accidents. The penetration of the
basemat of the containment building can release molten core debris to the
strata beneath the plant. The soluble radionuclides in the debris can be
leached and transported with groundwater to downgradient domestic wells used
for drinking water or to surface water bodies used for drinking water, aquatic
food and recreation. Releases of radioactivity to the groundwater underlying
the site could also occur via depressurization of the containment atmosphere

or escape of radioactive ECCS and suppression pool water through the failed
containment

An analysis of the potential consequences of a liquid pathway release of
radioactivity for generic sites was presented in the "Liquid Pathway Generic
Study” (LPGS) (Ref. 60). The LPGS compares the risk of accidents involving
the ligquid pathway (drinking water, irrigation, aquatic food, swimming and
shoreline usage) for four conventional, generic land-based nuclear plants and
a floating nuclear plant, for which the nuclear reactor would be mounted on a
barge and moored in a water body. Parameters for each generic land-based site
were chosen to represent averages for a wide range of real sites and were thus
"typical” but they represented no real sites in particular. The study concluded
that the individual and population doses for the liauid pathway through ground-
water contamination range from small fractions to very small fractions of
those that can arise from the atmospheric pathways

The discussion in this section is a summary of an analysis performed to determine
whether or not the liquid pathway consequences of a postulated accident at the
Clinton site initiated by a release to groundwater beneath a reactor would be
unique when compared to the generic Small aniver land-based site considered in
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or denying use of the water In the event of significant surface water contami-
nation, alternative sources of water for drinking, irrigation and industrial
uses would be expected to be found, if necessary .ommercial and sports
fishing, as well as many other water-related activities might be restricted
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radiological In any event, the individual and popula doses for the
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to Lake Clinton. In the “"realistic" case, 47% of the Sr-90 and 0.003% of the
Cs-137 would be released to Lake Clinton. These figures compare to the 87%
Sr-90 release and the 31% Cs-137 release for the LPGS site.

Radioactivity entering Lake Clinton would mix in the lake and be transported
downstream, affecting Salt Creek, the Sangamon River, the I11inois River, and
the Mississippi River. The nearest drinking water users would be on the Mis-
sissippi River. Approximately 2.1 million drinking water users would be
exposed as compared to about 0.61 million in the Liquid Pathway Generic Study
small-river case. Values of populations, flow rates, and radionuclide releases
were used to calculate a relative drinking water population dose for the
Clinton site compared to the LPGS small-river site. The drinking water pop-
ulation dose for the Clinton site is 64% of that calculated in the LPGS for
the "conservative" retardation coefficients and 31% for the "realistic" retar-
dation coefficients.

Quantities of all recreational and sports fish catch were estimated to be

7 x 108 kg/yr (1.5 x 107 1b/yr) from affected waters between the Clinton site
and the Mississippi River delta. This compares to the approximately

1.2 x 10® kg/yr (2.6 x 10® 1b/yr) catch used in the LPGS. Most of the exposure
in the Clinton case would come from the estimated 35,000 to 90,000 kg/yr
(77,175 to 198,450 1b/yr) catch in Lake Clinton, immediately adjacent to the
site. Dilution in the lake is small because the annual average flow rate
through the lake is only about 5.6 m3/s (200 ft3/s). The greatest portion of
the fish catch in the Clinton case, though, would be in the Mississippi River,
where average flow rates are on the order of 14,160 m3/s (500,000 ft3/s).

Two cases of population dose caused by the ingestion of contaminated fish were
evaluated. The "conservative" case used the lower values of retardation
coefficients and the upper estimate for fish catch in Lake Clinton at
90,000 kg/yr (198,450 1b/yr). The population dose for this case was determined
to be a factor of about 23 times higher than the LPGS fish ingestion case.
About 95% of the exposure was due tc Lake Clinton and Salt Creek. If these
bodies of water were excluded from consideration, the fish ingestion contribu-
tion to population would have been only a factor of 1.1 times the LPGS case.

The second case of population dose caused by fish ingestion was evaluated
using "realistic" values of the retardation coefficients and the best estimate
of fish catch in Clinton Lake of 35,000 kg/yr (77,175 1b/yr). The population
dose contribution from ingestion of fish was determined to be a factor of 1.3
times the LPGS case. This factor would be reduced to about 18% of the LPGS
case if Lake Clinton and the Salt Creek fisheries were not included.

when population doses from the Clinton site drinking water and fish ingestion
pathways are combined, they range from about a factor of 250% to 40% of the
LPGS population doses. If the Clinton Lake and Salt Creek fisheries are not
included, the relative population doses compared to the LPGS site are about
70% to 31%. The staff believes that these estimates are conservative because
the presence of a viable groundwater pathway through a sand lens from the site
to the lake is not a certainty, and conservative estimates of transport along
this hypothetical pathway have been used.

The Clinton liquid pathway coaccibution to population dose, therefore, has
been demonstrated to be of the same =rder of magnitude as that predicted for
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an accident to Clinton during the initial year of its operation by the above
2.43 x 10-5 probability results in an economic risk of approximately $55,000
applicable to Clinton during its first year of operation. This is also approxi-
mately the economic risk during the second and each subsequent year of its
operation. Although nuclear units depreciate in value and may operate at
reduced capacity factors such that the economic consequences due to an accident
become less as the units become older, this is considered to be offset by

nigher costs of decontamination and restoration of the units in the later
years due to inflation.

5.9.4.1.4.7 Uncertainties

The foregoing probabilistic and risk assessment discussion has been based upon

the methodology nresented in the Reactor Safety Study (RSS) which was published
in 1975.

In July 1977, the NRC organized an Independent Risk Assessment Review Group to

(1) clarify the achievements and limitations of the Reactor Safety Study

Group, (2) assess the peer comments thereon and the responses to the comments,

(3) study the current state of such risk assessment methodology, and (4) recommenc
to the Commission how and whether such methodology can be used in the regulatory °
and licensing process. The results of this study were issued September 1978
(Ref. S8). This report, called the Lewis Report, contains several findings

and recommendations concerning the RSS. Some of the more significant findings
are summarized below.

(1) A number of sources of both conservatism and nonconservatism in the prob-
ability and consequence calculations in RSS were found, which were very
difficult to balance. The Review Group was unable to determine whether
the overall probability of a core melt given in the RSS was high or low,
but they did conclude that the error bands were understated.

(2) The methocology, which was an important advance over earlier methodologies
that had been applied to reactor risk, was sound.

(3) It is very difficult to follow the detailed thread of calculations through
the RSS. In particular, the Executive Summary is a poor description of
the contents of the report, should not be used as such, and has lent
itself to misuse in the discussion of reactor risk.

On January 19, 1979, the Commission issued a statement of policy concerning

the RSS and the Review Group Report. The Commission accepted the findings of
the Review Group.

The accident at Three Mile Island occurrea in March 1979 at a time when the
accumulated experience record was about 400 reactor years. It is of interest
to note that this was within the range of frequencies estimated by the RSS for
an accident of this severity (Ref. 65). It should also be noted that the
Three Mile Island accident has resulted in a very comprehensive evaluation of
reactor accidents like that one, by a significant number of investigative
groups both within NRC and outside of it. Actions to improve the safety of
nuclear power plants have come out of these investigations, including those
from the President's Commission on the Accident at Three Mile Island, and NRC
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staff investigations and task forces

Developed as a Result of the TMI-2 Acciden

collects the various recommendations

the subject areas of Cperatinnal a

paredness and Radiation Effects; Practices

Organization and Management The action plan preser
ome already taken, that will result in a gradually
afety as individual actions are completed The Clir
ind will receive the benefit f these actions on
NUREG-0660 The improvement in safety from these act
fied, however, and the radiological risk of accident:
does not reflect these improvements

Conclusions

The foregoing sections consider the potential environmental impacts frem acci-
dents at the Clinton facility. These have covered a broad spectrum of possible
accidental releases of radiocactive materials into the environment by atmospheric
and groundwater pathways Included in the considerations are postulated
design basis accidents and more severe accident sequences that lead to a
severely damaged reactor core or core melt

The environmental impacts that have been considered include potential radia-
tion exposures to individuals and to the population as a whole, the risk of
near- and long-term adverse health effects that such exposures could entail,
and the potential economic and societal consequences of accidental contamina-
tion of the environment These impacts could be severe, but the likelihood of
their occurrence is judged to be small. This conclusion is based on (a) the
fact that considerabie experience has been gained with the operation of similar
facilities without significant degradation of the environment:; (b) that. in
order to obtain a license to operate th2 Clinton facility, it must comply with
the applicable Commission regulations and requirements; and (c) a probabilistic
assessment of the risk based upon the methodology developed in the Reactor
Safety Study The overall assessment of environmental risk of accidents shows
that it is roughly comparable to the risk for normal operational releases
although accidents have a potential for early fatalities and economic costs
that cannot arise from normal operations. The risks of early fatality from
potential accidents at the site are small in comparison with the risks of
acute fatality from other human activities in a comparably sized population

we have concluded that there are no special or unique features about the
Clinton site and environs that would warrant special mitigation features for
the Clinton Unit 1 station.

5.10 THE URANIUM FUEL CYCLE

The Uranium-Fuel-Cycle Rule 10 CFR Part 51.20 (44 FR 45362) reflects the latest
information relative to the reprocessing of spent fuel nd to radioa-ztive-
waste management as discussed in NUREG-0116, "Environmental Survey of the
Reprocessing and Waste Management Portions of the LWR Fuel Cycle" (Ref. 66),
and NUREG-0216 (Ref. 67) which presents staff responses to comments on NUREG-
0116. The rule also considers other environmental factors of the uranium fuel
cycle, including aspects of mining and milling, isotopic enrichment, fuel
fabrication, and management of low- and high-level wastes. These are described
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The NRC is currently cond ing a generic rulemaking which will develop a more
explicit overall policy for decommissioning commercial nuclear facilities.
Specific licensing requirements are being considered that include the develop-
ment of decommissioning plans and financial arrangements for decommissioning
nuclear facilities

An estimate of the economic cost of decommissioning Clinton 1 is provided in
Table 6.1

5.12 EMERGcNCY PLANNING

Emergency preparedness plans, including protective action measures for the
Clinton facility and environs, are in an advanced, but not yet fully completed
stage. The staff believes the only noteworthy potential source of impacts to
the public from emergency planning would be assocfated with the testing of the
eariy notificaticn system The test requirements and noise levels will be
consistent with those used for existing alert systems; therefore, the staff
concludes that the noise impacts from the system will be infrequent and
insignificant
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IRONMENTAL EFFECTS
has reassessed the physical, social, and economic impacts that can
d to operation of Clinton 1. Such impacts, beneficial or adverse,
ed in Table 6.1 of this environmental statement. Inasmuch as the
is currently under construction, many of the expected adverse impacts
he construction phase are evident. The applicant is committed to an
ng program of restoration and redress of the station site, which will be
eted after the termination of the construction perioed.

te
iy
.~
c
C

foresees no impacts of a magnitude requiring mitigation. However:
';' g in additional construction or operational activities that
may *e<u.t in a significant adverse environmental impact that was not
evaluated or that is significantly greater than that evaluated in this
statement, the applicant shall provide written notification of such
activities to the Director of the Office of Nuclear Reactor Regulation

and shall receive written approval from that office before proceeding
with such activities

cafry out the environmental mon"oring programs as

nS5 of this statement and as modj f*ed and approved by

and imp| ewertec in the environmental protection plan that will
rporated in the operating license for Clinton 1

verse environmental effects or evidence of irrevarsible environ-
damage are detected during the operating life of the station, the
shall nrov ide the sta‘f with an analysis of the problem and a
course of action to alleviat: it.

6.2 RRE BLE AND IRRETRIEVABLE COMMITMENTS OF RESOQURCES

There has been no change in the staff's assessment of this impact since the
earlier review except that continuing escalation of costs has increased the
dollar values of the materials used for constructing and fueling the station.

6.3 RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENT AND
THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY

There have been no signficant changes in the staff's preconstruction evalua-
tion of the relationship between environmental effects of short-term uses
(construction and operation of the station) and long-term productivity (FES-CP,
Sec. 10.2). The conclusion that the dedication of resources for a nuclear
generating station at the Clinton site is consistent with the balancing of
short- and long-term objectives for use of the environment is still valid.
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Wescott
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Chief, Accident Evaluation
Branch

Senior Nuclear Engineer,
Effluent Treatment Systems
Branch

Meteoroiogist, Accident
Evaluation Branch

Engineer (co-op),
Accident Evaluation Branch

Emergency Preparedness
Licensing Branch

Nuclear Engineer, Accident
Evaluation Branch

Radiological Physicist,
Radiological Assessment
Branch

Nuclear Engineer,
Accident Evaluation Branch

Site Analyst, Siting
Analysis Branch

Acting Chief, Utility
Finance Branch

Hydrologist, Hydrologic
and Geotechnical
Engineering Branch
Nuclear Engineer,
Accident Evaluation
Branch

Accident Section

Radiocactive Waste
Treatment

Climatology,
Radiological
Impacts

Accident Section
Emergency Plans

Accident Section
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Exposures
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Accident Section
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The following personnel of Pacific Northwest Laboratory, Richland, WA, partici-
pated in the preparation of this final environmental

Contributor
Richard M. Ecker
Ron Shalla

Richard L. Skaggs

Title
Research Engineer
Research Engineer

Group Leader

statement

Section/Topic

Hydrology
Groundwater

Hydrology
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Contributor
James H. Opelka

Lee S. Busch

James E. Carson

Rosemarie L. Devine
John D. DePue

Vanessa A. Harris
Darwin D. Ness
Howard N. Ross
William B. Sutton
Steve Y.H. Tsai

William S. Vinikour

statement

Title
Mathematician

Chemical Engineer

Meteorologist

Scientific Associate
Technical Editor

Environmental Scientist
Ecologist

Biologist (urp)*
Physicist (urp)*

Civil Engineer

Environmental Scientist

*Undergraduate research program

Impact Studies of

the preparation of

Section/Topic

Project Leader

Need for Power,
Benefit-Cost
Analysis, Alterna-
tives

Air Quality, Cool-
ing Lake Effects

Terrestrial Ecology
Editor (ANL input)

Nonradioactive
wWaste Systems,
Water Quality

Terrestrial Ecology

Aquatic ecology,
editor (ANL input)

Cooling System,
thermal effects

Cooling System,
Thermal Effects

Aquatic Ecology




8. _i5T OF AGENCIES, ORGANIZATIONS, AND PERSONS TO
WHOM COPIFS OF THE ORAFT ENVIRONMENTAL
STATEMENT WERE SENT

Advisory Council on Historic Preservation

Council on Environmental Quality

Department of Agriculture, Soil Conservation Service
Agricultural Research Service

Department of Agriculture, Natural Resources & Economic Division
Department of Agriculture, Rural Electrification Administration
Department of the Army, Corps of Engineers

Department of Commerce

Department of Commerce, National Marine Fisheries Service
National Oceanographic Data Center

Department of Energy

Department of Health and Human Services

Food & Drug Administration

Department of Housing anc Jrban Development

Department of the Interior

Department of Transportation

Environmental Protection Agency

Federa)l Energy Regulatory Comn.ission

Office of the Attorney General, State of Il1linois

Dewitt County Board

I11inois Department of Public Health

I1linois Institute of Natural Resources

I11inois State Clearinghouse

Brookhaven National Laboratory

Atomic Industrial Forum
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Pursuant to 10 CFR Part 51, th

Statement Related to the
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r comments, to the agencies and organi ( ted in Section 7.

Operation of Clinton Power Static Uni . transmitted,
)

In addition, the NRC requested comments ¢ . ft environmental statement
from interested persons by a notice pub in the Federal Reg.ster on
January 8, 1982 (47 FR 1063)

In response this request,

U.S.

inois Environmental

inois Department of Conservation (IDOC)

\

linois Power Company (IPC)
Environmental Protection Agency (EPA)
The comment letters are reproduced in Appendix A.

The comments from DAESS, FERC, DOI, and EPA did not require a staff response

either because these agencies or individuals had no comments or because their
comments indicated agreement with the draft environmental statement. The

remaining comments did require a staff response.
these comments and its disposition of the

- Bl -y .

The staff's consideration of
issues involved are reflected in
part by revised text in the pertinent sections of this final environmental
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#2.

#3.

#4.

>3

Since I1linois Power Company is predominantly a coal-based utility, the
change in production-cost savings is not particularly sensitive to adjust-
ments in the rate of growth. Unless the rate of growth became much
larger than projected, nuclear-generated power would be replacing coal-
generated power, either from the applicant's own system or purchased,
rather than oil- and gas-produced power.

The staff agrees that the lower the capacity factor is, the less the
savings will be. Conversely, the higher the capacity factor is, the
greater the savings will be. An indication of the sensitivity of savings
to capacity factor is available in NUREG-0480.

The Commission has amended 10 CFR Part 51, “Licensing and Regulatory
Policy and Procedures for Environmental Protection," efrective April 26,
1982, to provide that need for power issues will not be considered in
ongoing and future operating license proceedings for nuclear power plants
unless a showing of “special circumstances” is made under 10 CFR Sec-
tion 2.758 or the Commission otherwise so requires (47 FR 12940, March 26,
1982). Pursuant to the amended regulations, need for power issues need
not be addressed by operating license applicants in environmental reporcs
to the NRC, nor by the staff in environmental impact statements prepared
in connection with operating license applications. See 10 CFR Sec-
tions 51.21, 51.23(e), and 51.53(c).

Responses to Comments of Dewitt County Regional Planning Commission

#1.
¥2.

#3.

#5.

#6

(DCRPC 2/17/82 A-8,9)
The comment has been noted. The staff has no further comment.

As noted in Sections 5.3.2 and 5.9.3.4.2, monitoring of groundwater and
surface water will continue during station operation.

The text on p. 4-22 has been changed to reflect the more recent 1980
census data.

. The text on p. 4-22 has been revised to clarify the basis of the year

2020 popuiation projection.

The staff does not agree with the Planning Commission's claim that the
fog and ice problem created by operation of the Clinton Power Station
will be much more severe than that discussed in Section 5.4.1. The
staff's conclusion is supported by recent studies at operating power
plants in Illinois (Refs. 8 through 17 of Sec. 5). As indicated in
Section 5.4.1 and in the I1linois Power Company comment 32 to the DES,
the applicant has made a commitment to the I11inois Department of Trans-
portation to monitor the frequency and severity of fog and ice over
nearby highways and to take mitigative measures to reduce hazards to

highway traffic if necessary. The staff considers this commitment adequate,

but further recommends that local (county) highway safety officials be
part of this program.

See resr- .e to DCRPC comment 5.
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The information presented in Chapter 4 with respect to the recreational
aspects of Lake Clinton was provided as an update of information to the
background description As it was pointed out, the licensee has leased
4150 ha (10,250 acres) to the Illinois Department of Conservation to
manage as a recreation/conservation area. The impacts associated with
recreational use of the lake were treated at the construction licensing
stage of the project.

Response to Comment of I1linois Department of Public Health

Responses to Comments of I11inois Department of Nuclear Safet

(IOPH 2/17/82 A-10,11)

T

The staff agrees with the Illinois lapartment of Public Health that a
statement relevant to Naegleria infection be included, particularly in
view of recent findings that encephalitic Naegleria fowleri have become
established in other artificially heated power-plant cooling lakes in
[11inois (R.L. Tyndall, E. Willaert, and A.R. Stevens. "Pathogenic Amoebae
in Power Plant Cooling Lakes," EPRI EA-1897, June 1981) Appropriate
material has been added to the text in Sections 4.3.2.1. 4.3.4.2.
and 5.8.2. Furthermore, it is the judgment of the staff that since Lake
Clinton is now open to water-contact recreation, such as water skiing,
and is being prepared for swimming (Sec. 4.2.3), monitoring for thermo-
phillic amoebic pathogens such as Naegleria should be instituted in
accordance with recommendations of the [11inois Department of Public
Health so that appropriate mitigation can be designed if such organisms
are found (Sec. 4.3.2.1)

A

#1l

(IDNS 2/18/82 A-12,13)

Since the applicant does not hold ASME Stamps (NA. NPT) he would be
required to contract out any work requiring ASME Stamps we are not
aware of commitments or contractural agreements for future work beyond
construction which would require code stamps Such agreements would
probably depend upon the specific work and the availability of contractors
The applicant does have an ASME Owners Certification Authorization for
Unit 1 (N1425).

As discussed in Section 5.3.2.Z, the results of thermal analysis estimate
vhat under 50-year drought conditions, Unit 1 would have to be orerated

at about 78% load factor for several days during the summer in order to
meet the thermal standards established by IPCB in its Order PCB 81-82
(May 28, 1981) The I1linois EPA will monitor I1linois Power Company's
adherence tc the standards [t should be noted that compliance with the
board order is dependent on discharge water temperature, not meteorological
conditions Thus, no meteorological monitoring instrumentation will be
required for compliance with the ICPB order

dose assessment for station workers was performed by the applicant
12.4 of Clinton's FSAR This dose assessment was based on

NRC criteria including 10 CFR Part 20, Regulatory Guide 8.19,

o

ionai Radiation Dose Ass ment in Light-Water Reactor Power
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response to the IDPH comment.

ection 4.3.4.2 to correct the misleading
be done on an annual basis.

text has been changed in S
plication that stocking ]

The occurrence of the river otter was noted ir the DES on p. 4-21, third

e
full paragraph. Since the presence of the ottler was detected on only a
single occasion during field surveys, the staf’ believes that the observed
otter tracks and slide were made by a transient individual. This opinion
is supported by published information in that no permanent population of
river otter is known to occur in the Lake Clinton area (Natural Land
Institute, "Endangered and Threatened Vertebrate Animals and Vascular
Plants of I11inois," Illinois Department of Conservation, 1981).
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A1l references to "I111-Mo Power Pool" have been deleted from this final
environmental statement.
[tem 4c in the Summary and Conclusions has been revised.
[tem 4f in the Summary and Conclusions has been revised.

The summary has been revised to include the new information contained in
the I11inois Power Company comments. (See response to IPC comment 31.)
This section of the environmental impact statement merely lists the
current significant surveillance needs that have been identified during
the entire environmental review process for Clinton Power S%ation. There
is no intent in this section to imply that the NRC will require, as a
part of its operating license, that station discharge temperatures be
monitored and reported, because it is recognizea that such surveillance
has been made a part of the state NPDES permit.

See response to PSP comment 4.
The amount of oil-fired capacity used is small compared to the applicant's

coal-fired baseload capacity. The assumption that all repiacement power
would be coal generated makes the cost-savings estimates conservative.

See response to IPC comment 2.

The text on p. 4-2 has been changed te reflect the substance of the
comment

The suggested additional wording has been made in Section 4.2.3.

Section 4.2.3 has been revised to include water used by the Lake Clinton
recreational areas.

Section 4.2.6.1 has been revised.

Section 4.2.6.1 has been revised.

Section 4.2.6.1 has been revised.

The text of Section 4.2.6.2 has been revised.
Section 4.2 6.3 has been revised.

The last sentence in Section 4.2.7 has been revised.
Table 4.4 has been revised.

The temperature values given in Section 4.3.3.1 have been revised.

The data period used by the applicant includes periods with no systematic
jpproach to tornadc identification. As a result of the use of a systematic
approach to tornado reporting since the early 1950s, use of the period
chosen by the staff, 1953-1971, would provide a more reasonable certainty
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of including most tornadoes without redundancy or omissions in the report
than does the longer period of record used by the applicant. Thus, an
average of 21 tornadoes per year in I1linois determined by the staff
reflects the likelihood o* tornadoes teing observed on the average in any

year in the state and is believed to characterize conditions statewide.

. The text of Section 4.3.3.2 has been changed to reflect this correction.
. The staff has made appropriate text changes in Section 4.3.4.2.

. The staff agrees that the use of the wo~d "annual" in describing the

fish-stocking program is misleading, and has made an appropriate text
change in Section 4.3.4.2.

Appropriate text changes have been made in Section 4.3.4.2.
The text of Section 4.3.7 has been changed to reflect these caorrections.

The text of Section 4.3.6 has been changed to reflect the suggested
wording.

See response to IPC comment 11.
Section 5.3.2.1 has been revised.
Table 5.1 has been revised.

The staff's assessment of potential groundwater contamination from leaching
of pollutants in the wastewater treatment pond is given in Section 5.3.2.1.
Because moderate to severe impacts on groundwater quality were considered
unlikely from the wastewater “reatment ponds, and because existing observa-
tion wells for monitoring lake water intrusion would show any contamination
from the wastewater treatment ponds, no additional observation wells are
required. Continuation of existing monitoring was considered adequate
mitigation. Thus, the discussion of groundwater quality and mitigation
has been properly placed in the FES. However, should monitoring indicate
the need for further mitigation measures, additional observation wells
and the installation of a liner beneath the wastewater treatment ponds
may be required.

The text of Section 5.3.2.2 has been revised.
The DES specifically addresses adverse effects during the 100-year flood,
whereas the summary of the consultant's report (as provided in the comment)

primarily addresses lower floods. The text has been revised, however, to

reflect the positive effects of the channel improvements as stated in the
comment.

See response *u NCRPC comment 5.
See response to IDOC comment 6.

The applicant's responsibilities in the event of a local waterfow!] dis-
ease episode are implicit within the scope of provisions identified in
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Section 6.1 (item c) of this document The stated requirements are con-
sistent with obligations of the NRC, a regulatory agency charged with
protecting the environment, which includes preserving the well-being of
the waterfow! resource. While IDOC participation relative to this matter
is welcomed, the staff does not consider that such participation relieves
the applicant of responsibilities delegated by the NRC Further, the
staff does not foresee events whereby concerns of the NRC would entail

" __additional or potentially conflicting requirements...”

See response to IDOC comment 8

The staff notes that fish stccking in order to offset some impingement
losses is only a potential, rather than an established, part of the sport

fishery management plan. Appropriate text changes have been made in
Section 5.2.2.1.

The staff acknowledges that the Il1linois EPA has jurisdiction over the
NPDES permit for the station. The sentence stating that the applicant
will be required to observe impingement and entrainment monitoring pro-
visions in the NPDES permit was put in the document more to indicate that
there would be assessment to ensure that impingement and entrainment
impacts would be minimal, rather than as a staff reguirement. To avoid
future misunderstanding, the sentence in question (last sentence in

Section 5.5.2.1. p. 5-12 of the DES) has been deleted from the text of
the FES.

Although the staff believes that the last sentence on p. 5-12 of the DES
is correct, the sentence has been deleted from the FES based on the
applicant's suggestion so as to eliminate potential confusion in case the
stocked experimental game species are not restocked

The staff has considered the suqggestion to replace the word “stocked"
with the word "native" in the last sentence of Section 5.5.2.3, based on
the present uncertainty as to whether the stocking of experimental game
species will be part of the future fishery management plan of the lake.
However. the staff has decided to substitute the term "thermally tolerant"
because this does not preclude the use of either native or stocked species
to replace less thermally tolerant native species

The staff has made an appropriate addition to the text in Section 5.5.2.3.

This comment is a suggested change to paragraph 2, p. 5-29. The paragraph
cited is part of a general introduction to the "Radiological Monitoring”
portion of the section on Radiological Impacts from Routine Opzrations and
is not intended to be site specific Therefore, the paragraph has not
been revised to make it apply specifically to the applicant.

However, although this paragraph was intended to reference documents that
discuss radiological monitoring generally, the staff does feel that a
reader might infer that the licensee 1s committed to establishing a
program that exactly follows these documents Accordingly, the FES-OL
has been revised to c'arify the language
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The text of the FES-OL has been revised to note that staff review of the
applicant's preoperational environmental monitoring plan finds that plan
to be acceptable.

The text of the FES-OL has been revised to include these points, except
that the number of air sampling locations has been changed to 40 at
request of the commenter

ep
th

e

The suggested change to Section 5.9.4.1.3.1 has been made

The formation of acids in the atmosphere from sulfur dioxide and nitrogen
dioxide acidifies rain and snow (see p. 559, "Energy in Transition,
1985-2010," National Academy of Sciences, Washington, D.C., 1979) The
ecological effects of acid precipitation are greatest in waters that
contain the least dissolved matter. Declining fish populations have been
observed in lake areas where waters have shown increased acidity associated
with acidified precipitation.

The staff agrees that conditions which force operation at reduced power
will occur infrequently, and for brief periods of time Therefore,
appropriate changes have been made to the text in Section 6.4.1.
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