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ABSTRACT

This Final Environmental Statement contains the second assessment of the environ-
mental impact associated with the operation of Braidwood Station, Units 1 and 2,
pursuant to the National Environmental Policy Act of 1969 (NEPA) and Title 10 of
the Code of Federal Regulations, Part 51, as amended, of the Nuclear Regulatory
Commission regulations. This statement examines the environment, environmental
consequences and mitigating actions, and environmental and economic benefits and
costs. Land use and terrestrial and aquatic ecological impacts will be small.
OPerational impacts to historic and archeologic sites will be moderate. The
effects of routine operations, energy transmission, and periodic maintenance of
rights of way and transmission facilities should not jeopardize any populations
of endangered or threatened species. No significant impacts are anticipated
from normal operational releases of radioactivity. The risk of radiation expo-
sure associated with accidental release of radioactivity is very low. The'net
socioeconomic effects of the project will be beneficial. On the basis of the
analysis and evaluation set forth in this environmental statement, it is con-
cluded that the action called for under NEPA and 10 CFR 51 is the issuance of
operating licenses for Braidwood Station, Units 1 and 2.
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SUMMARY AND. CONCLUSIONS

This Final Environmental Statement, operating-,license stage (FES-OL), was pre-
pared by the U. S. Nuclear Regulatory Commission, Office of Nuclear Reactor
Regulation (the staff).

(1) This action is administrative,

(2) The proposed action is the issuance of an operating license to the Common-
wealth Edison Company (CECo) for the startup and operation of Units 1 and 2
.of Braidwood Station (Docket Nos. STN 50-456, STN 50-457), located near the
Kankakee River in Reed Township, Will County, Illinois, 2.3 km (1.4 mi)*
south of Braidwood ind 32 km (20 mi) south-southwest of Joliet, Illinois.

The plant will employ two pressurized water reactors to. produce up to
6850 megawatts thermal (MWt). Two steam turbine-generators will use this
heat to provide 2240 MW (net) of electrical power caRacity. The maximum
design thermal output of the units is 7130 MWt, with a corresponding
.maximum calculated electrical output of 2330 MWe.. The exhaust steam will
be condensed by cooling water circulated from a cooling pond. Makeup and
blowdown water (i.e., water to.replace that lost by evaporation and water
to control the buildup of dissolved solids, respectively) will be taken
from, and discharged to, the Kankakee River.

(3) The information in this environmental statement represents the second
assessment of the environmental impact associated with the Braidwood
Station pursuant to the Commission's regulations as set forth in Title 10
of the Code of Federal Regulations Part 51 (10 CFR 51), which implements
the requirements of the National Environmental Policy Act of 1969 (NEPA).
After receiving an application in September 1973 to construct Units 1 and
2 of the Braidwood Station, the staff carried out a review of the environ-
mental impact that would occur during construction and operation. This
evaluation was issued in July 1974 as a Final Environmental Statement -
construction-permit phase (FES-CP). After this environmental review, a
safety review, an evaluation by the Advisory Committee on.Reactor Safe-
guards, and public hearings in Rockford, Illinois, and Bethesda, Maryland,
the U.S. Atomic Energy Commission (now U.S. Nuclear Regulatory Commission)
issued permit Nos. CPPR-132 and CPPR-133 on December 31, 1975, for con-
struction of Units 1 and 2 of the Braidwood Station. As of June 1, 1984,
the construction of Unit 1 was about 73% complete and Unit 2 was about
54% complete. The applicant has applied.for a license to operate Units 1

*Throughout the text of this document, values:are presented in both metric and
English units. For the most part, measurements and calculations were origi-
nally made in English units and subsequently converted to metric. The number
of significant figures given in a metric conversion is not meant to imply
greater or lesser accuracy than that implied in the original English value•
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and 2 and has submitted, in November 1978, the required safety and environ-
mental reports in support of the application. The applicant estimates
fuel-loading dates of August 1985 for Unit 1 and August 1986 for Unit 2.

(4) The staff has reviewed the activities associated with the proposed opera-
tion of the station and the potential impacts, both beneficial and adverse.
The staff's conclusions are summarized as follows:

(a). Alteration of about 1803 ha (4454 acres) of land for the plant has
been necessary. This is not a significant detrimental environmental
impact (Section 4.2.2).

(b) Surface water quality impacts for the Kankakee River caused by the
blowdown discharge from the Braidwood cooling pond are predicted to
be small based on the staff's assessment of pollutant loading of the
cooling pond blowdown to the river and on the small blowdown flow
rate compared to the river flow rate (Sections 5.3.2 and 5.5.2).

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

Md) Periodic operation of the diesel generators (the predominant contrib-
utors to air pollutant discharges) and auxiliary boilers should not
have a significant impact on air quality (Section 5.4.2).

(e) The staff has found no evidence to date indicating that the operation
of the Braidwood transmission system will have an adverse effect on
the health of humans or that its operation will adversely affect
plant or animal life (Section 5.5.1.2).

Mf) The staff has evaluated the biological conditions anticipated with
operation of the pond and concludes that the aquatic resources of
the cooling pond will be typical of a generally stressed system char-
acterized by possibly large numbers of a few heat-tolerant species.
However, since the state has not identified the pond as a fishery
resource and the applicant indicates that it will only be used for
cooling purposes (ER-OL Section 5.1), the conditions in the cooling
pond are not in conflict with any planned use of the water body
(Section '5.5.2.1).

(g) Adverse effects on the biota of the cooling pond are not expected at
the projected level of residual chlorine discharged to the cooling
pond (Section 5.5.2.1).

(h) New estimates of blowdown flow rate and temperature increase to the
Kankakee River are lower than previously described in the FES-CP.
Therefore, effects of the blowdown on river biota are less than pre-
viously predicted. Adverse impacts to the allowed mixing zone will
be minimal and localized (Section 5.5.2.2).

(i) Impacts from entrainment of biota in makeup water drawn from the

Kankakee River are expected to be minimal. During extreme low-flow
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conditions in the river, the State of Illinois requires that water
withdrawal be stopped so that impacts at low flow will be minimized
(Sectipn 5.5.2.2).

(j) Some fish may be impinged at the makeup water intake screens. Based
on experience gained during filling of the cooling pond, impingement
losses should have minimal effects on the fish fauna of the Kankakee
River (Section 5.5.2.2).

(k) Operation of the Braidwood Station will not impact any terrestrial
or aquatic species identified as threatened or endangered on the
Federal or state lists. The pallid shiner, Notropis amnis, which
has been proposed for the state's list of threatened species, has
been collected downstream of the blowdown discharge location on the
Kankakee River. Impacts to the pallid shiner from the blowdown
discharge should be minimal (Section 5.6).

(1) The operation and maintenance of the Braidwood Station will have no
significant impact on the archeological resources or historic sites
with one provision. The NRC is in the process of having a determina-
tion of eligibility completed for archeological site 11Ka179 for
possible inclusion in the National Register of Historic Places. The
NRC will take the action required on this outstanding item dependent
on the finding of the Keeper of the Register (Section 5.7).

Wm) The staff concludes that the primary socioeconomic impacts of plant
operation are tax benefits and employment. Other socioeconomic
impacts are expected to be small (Section 5.8).

(n) The risk to public health and safety from exposure to radioactive
effluents and the transportation of fuel and wastes from normal
operations will be very small (Section 5.9.3).

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

(p) There are no special or unique circumstances about the Braidwood site
and environs that would warrant consideration of alternatives for acci-
dent mitigation purposes (Section 5.9.4.6).

(q) The environmental impact of the Braidwood Station as a result of the
uranium fuel cycle is very small when compared with the impact of na-
tural background radiation (Section 5.10).

(r) Noise levels off site during station and river pumphouse operation
are predicted by the staff to be somewhat above ambient levels.
Examination of the predicted broadband noise and the potential for
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annoyance and activity.interference as a result of audibility of
tones indicates that adverse community reaction would not be expected
from the noise of operation of the station (Section 5.12).

(s) The Braidwood Station will provide approximately 11 billion kWh of
electrical energy annually (assuming that both units will operate
at an annual average capacity factor of 55%). The addition of the I
station will. add 2240 MW of operating capacity to the Commonwealth
Edison Company system, resulting in increased system and regional
reliability (Section 6). I

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

(6) The .Draft Environmental Statement was made available for comment to the
public, to the Environmental Protection Agency, and to other agencies, as
specified in Section 8.1 Comments received are addressed in Section 9 and I
the comment letters are reprinted in Appendix A..

(7) The personnel who participated in the preparation of this statement and
their areas of responsibility are identified in Section 7.

(8) On the basis of the analyses and evaluations set forth in this.statement,
after weighing the environmental, econ6mic, technical, and other benefits
against environmental and economic costs at the operating-license stage,
the staff concludes that the action called for under NEPA and 10 CFR 51
is the issuance of operating licenses for Braidwood Units 1 and 2, subject I
to the following conditions for the protection of the environment (Sec-
tion 6.1):

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

(b) The applicant will carry out the environmental monitoring programs
outlined in Section 5 of this statement, as modified and approved by
the staff, and implemented in the Environmental Protection Plan and
Technical Specifications that will be incorporated in the operating
licenses for Braidwood Units 1 and 2. Monitoring of the aquatic
environment.shall be as specified in the National Pollutant Discharge I
Elimination System (NPDES) permit..

(c) If an adverse environmental effect or evidence of irreversible envi-
ronmental damage is-detected during the operating life of the plant, I
the applicant will provide the staff with an analysis of the problem
and a proposed course of action to alleviate it.
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.FOREWORD

This Final 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 regulations set forth in Title 10 of the Code of
Federal Regulations, Part 51 (10 CFR 51), which implements the requirements of
the National Environmental Policy Act of 1969 (NEPA).

This environmental review deals with the impacts of operation of Braidwood
Station, Units 1 and 2. Assessments relating to operation that are presented
in this statement augment and update those described in the Final Environmental
Statement - construction phase (FES-CP) that was issued in July 1974 in support
of issuance of construction permits for Braidwood Units 1 and 2.

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

(1) evaluating changes in facility design and operation that will result in
environmental effects of operation (including those that would enhance
as well as degrade the environment) different from those projected during
the preconstruction review

(2) reporting the results of relevant new information that has become avail-
able gince the issuance of the FES-CP

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

(4) identifying unresolved environmental issues or surveillance needs that
are to be resolved by license conditions.

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

Copies of this statement, the DES-OL (1983), and the FES-CP (1974) are available
for inspection at the Commission's Public Document Room, 1717 H Street N.W.,
Washington, D.C., and at the Wilmington Township Public Library, Wilmington,
Illinois. The documents may be reproduced for a fee at either location. Copies
of this statement may be obtained by writing to sources indicated on the in-
side front cover.

Ms. Janice A. Stevens is the NRC Project Manager for the environmental review
of this project. Should there be any questions regarding the content of this
statement, Ms. Stevens may be contacted by telephone at (301)492-7144 or by
writing to the following address:

Ms. Janice A. Stevens
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, DC 20555
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I INTRODUCTION

The proposed action is the issuance of an operating license to Commonwealth
Edison Company (CECo) of Chicago, Illinois, for startup and operation of the
Braidwood Station, Units 1 and 2, on an 1803-ha (4454-acre) site in Will County
32 km (20 mi) south-southwest of Joliet, Illinois, and 5 km (3 mi) southwest of
the Kankakee River. Each of the two generating units consists of a pressurized-
water reactor, four steam generators, one steam turbine-generator, a heat-
dissipation system, and associated auxiliary and engineered safeguards. Waste
heat will be dissipated to the atmosphere from a cooling pond. Makeup water
will come from the Kankakee River; blowdown (i.e., water released to control
the buildup of dissolved solids) will go into the Kankakee River downstream
from the intake. The two units are designed to operate at a nominal/design-
maximum thermal level of 6850/7130 MWt and to produce a nominal/design-maximum
net electrical output of 2240/2330 MWe (ER-OL Section 3.2, FES-CP Section 1.1*).
The plant is being constructed for CECo (the-applicant) who prepared the ER-OL
and will operate the plant.

1.1 Administrative History

On September 20, 1973 CECo filed an application with the Atomic Energy
Commission, now Nuclear Regulatory Commission (NRC), for permits to construct
the Braidwood Station, Units 1 and 2. Construction permits Nos. CPPR-132 and
CPPR-133 were issued on December 31, 1975, following reviews by the Nuclear
Regulatory Commission's staff (the staff) and its Advisory Committee on Reactor
Safeguards, as well as public hearings before an Atomic Safety and Licensing
Board in Rockford, Illinois, and Bethesda, Maryland, between September 4, 1974,
and November 18, 1975. The conclusions resulting from the staff's environmental
review were issued as a final environmental statement for construction permits
in July 1974.

As of June 1, 1984, construction of Braidwood Unit 1 was about 73% complete
and Unit 2 was about 54% complete. CECo estimates that Unit 1 will be ready
for fuel loading in August 1985 and commercial operation in April 1986; Unit 2
is estimated to be ready for fuel loading in August 1986 and commercial opera-
tion in April 1987.

*"lBraidwood Station Environmental Report, Operating-License Stage," Vols 1 and
2, Commonwealth Edison Company, November 30, 1978. Hereinafter this document
is cited in the body of the text as ER-OL, followed by a specific section or
page, figure, or table number. Similar citation is made to ER-OL, Amendment 1
(February 1983), Amendment 2 (July 1983), Amendment 3 (September 1983), Amend-
ment 4 (October 1983), Amendment 5 (December 1983), and Amendment 6 (June 1984).
Likewise, "Braidwood Station Environmental Report, Construction-Permit Phase,"
Vols 1 and 2, Commonwealth Edison Company, September 13, 1973, is cited as
ER-CP. The "Final Environmental Statement Related to the Proposed Braidwood
Station, Units 1 and 2," July 1974, was prepared in connection with the con-
struction-permit application and is referred to as FES-CP.
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I
On June 27, 1978, CECo submitted an application including a Final Safety Analy-
sis Report (FSAR) and Environmental Report (ER-OL) requesting issuance of oper-
ating licenses for Braidwood Station, Units 1 and 2. The FSAR and ER-OL were
docketed on November 30, 1978, and operational safety and environmental reviews
were then initiated.

1.2 Permits and Licenses

The applicant has provided in Section 12 of the ER-OL a status listing of
environmentally related permits, approvals, and licenses required from Federal
and state agencies in connection with the proposed project. The staff has
reviewed the listing and other information and is not aware of any potential
non-NRC licensing difficulties that would significantly delay or preclude the
proposed operation of the plant. Pursuant to Section 401 of the Clean Water
Act of 1977, the issuance of a water quality certification, or waiver therefrom,
by the Illinois Environmental Protection Agency, Division of Water Pollution
Control, is a necessary prerequisite to the issuance of an operating license
by the NRC. This certification, covering the operational discharge into the
Kankakee River, was granted on August 18, 1975 (ER-OL Table 12.0-1). The
National Pollutant Discharge Elimination System (NPDES) permit, issued pursuant
to Section 402 of the Clean Water Act, was granted by the U.S. Environmental
Protection Agency on May 19, 1976. A modified NPDES permit was issued to the
applicant by the Illionis Environmental Protection Agency on September 30,
1980. This permit expired on April 1, 1981, but has been administratively
extended by the state. The applicant submitted a request for renewal of the
NPDES permit on March 26, 1981, for the remainder of the construction phase
and for the operational phase of Braidwood Station. The NPDES permit, as
modified on September 30, 1980, is reproduced in Appendix G of this environ-
mental statement.

I
I
I
I
I
I
I
I
I

I

I
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2 PURPOSE AND NEED FOR THE'ACTION

The Commission has. amended 10 CFR 51, "Licensing and Regulatory Policy and Pro-
cedures for Environmental Protection," effective April 26, 1982, to provide
that need for power issues will not be considered in ongoing and future operat-
ing license proceedings for nuclear power plants unless a showing of special
circumstances is made under 10 CFR 2.758 or the Commission otherwise so re-
quires (47 FR 12940, March 26, 1982). Need for power issues need not be ad-
dressed by operating license applicants in environmental reports to the NRC,
nor by the NRC staff in environmental impact statements prepared in connection
with operating license applications (10 CFR 51.53, 51.95, and 51.106(c)).

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

Substantial information exists that supports an argument that nuclear plants
are lower in operating costs than conventional fossil plants. If conservation
or other factors lower anticipated demand, utilities remove generating facili-
ties from service according to their costs of operation, with the most expen-
sive facilities removed first. Thus, a completed nuclear plant would serve to
substitute for less economical generating capacity (46 FR 39440, August 3, 1981,
and 47 FR 12940, March 26, 1982).

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

2.1 References

U.S. Nuclear Regulatory Commission, "Need for Power and Alternative Energy Issues
in Operating License Proceedings," proposed rule, Federal Register, 46 FR 39440,
August 3, 1981.

--- , "Need for Power and Alternative Energy Issues in Operating License Proceed-
ings," final rule, Federal Register, 47 FR 12940, March 26, 1982.

"K
/
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3 ALTERNATIVES TO THE PROPOSED ACTION

The Commission has amended its regulations in 10 CFR 51 effective April 26,
1982, to provide that issues related to alternative energy sources will not be
considered in operating license proceedings for nuclear power plants unless a
showing of special circumstances is made under 10 CFR 2.758 or the Commission
otherwise so requires (47 FR 12940, March 26, 1982). In addition, these issues
need not be addressed by operating license applicants in environmental reports
to the NRC, nor by the NRC staff in environmental impact statements prepared in
connection with operating license applications (see 10 CFR 51.53, 51.95,
51.106(c), and 51.106(d))..

The Commission has concluded that alternative energy source issues are resolved
at the construction-permit (CP) stage, and the CP is granted only after a find-
ing that, on balance, no superior alternative to the proposed nuclear facility
exists. In addition, this conclusion is unlikely to change even if an alter-
native is shown to be marginally environmentally superior in comparison with
operation of the nuclear facility because of the economic advantage that opera-
tion of the nuclear plant would have over available alternative sources (46 FR
39440, August 3, 1981, and 47.FR 12940, March 26, 1982). By earlier amendment
(46 FR 28630, May 28, 1981), the Commission also stated that alternative sites
will-not be considered at the operating-license stage, except-under special
circumstances, in accordance with 10 CFR 2.758. Accordingly, this statement
does not consider alternative energy sources or alternative sites.

3.1 References

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

--- , "Need for Power and Alternative Energy Issues in Operating License Proceed-
ings," proposed rule, Federal Register, 46 FR 39440, August 3, 1981.

- - "Need for Power and Alternative Energy Issues in Operating Liceose Proceed-
ings," final rule, Federal Register, 46 FR 12940, March 26, 1982.
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4 PROJECT DESCRIPTION AND AFFECTED ENVIRONMENT

4.1 Rdsum6

This rdsumg highlights changes in the plant operating characteristics and design
as well as new information in the local environment obtained since the FES-CP
was issued in July 1974.

The changes to the general description of the plant layout are (1) the turbine
building was enlarged to accommodate the technical support center; (2) the per-
manent gatehouse and permanent parking area are being expanded; (3) the river
screen house was modified to be lower in profile; and (4) the screen. house was
extensively landscaped (see Section 4.2.1). The only changes to the descrip-
tion of regional land use are that approximately 65 ha (160 acres) of strip-
mined land were added to the site and two smaller tracts were removed. The
final survey indicated that the site boundary encompassed 1803 ha (4454 acres),
which is 54 ha (134 acres) larger than stated in the FES-CP (see Section 4.2.2):
Water use and treatment are discussed in Section 4.2.3. In general, the amount
of water projected to be used by the plant cooling water system has increased;
however, the overall amount of water projected to be withdrawn from the Kanka-
kee River has been decreased. The changes made in the cooling system are dis-
cussed in Section 4.2.4.. The radioactive waste management system and effluent
control measures are addressed in Section 4.2.5. The changes in the volume and
character of nonradioactive effluents since the FES-CP was issued are addressed
in Section 4.2.6. There also have been changes in the power transmission sys-
tem. The originally planned connection to the Joliet Generating Station has
been eliminated and the only new right-of-way from the plant is to the Crete
substation (see Section 4.2.7).

New and updated information on surface water hydrology is provided in Sec-
tion 4.3.1; updated water quality data are given in Section 4.3.2. New informa-
tion on site atmospheric dispersion characteristics is provided in Section 4.3.3,
and revised descriptions of terrestrial and aquatic resources are in Sec-
tion 4.3.4. Section 4.3.5 addresses the state and federally recognized threat-
ened and endangered species in the site area. Updated information'on community
characteristics and on historic and archaeologic sites is given in Sections 4.3.6
and 4.3.7, respectively.

4.2 Facility Description

4.2.1 External Appearance and Plant Layout

A description of the external appearance and plant layout is contained in FES-
CP Section 3.1. The significant differences from that description follow. The
turbine building was enlarged to accommodate the technical support center. The
permanent gatehouse and the permanent parking area are both being expanded.
The river screen house was modified to be lower in profile because the overhead
crane penthouse was eliminated and the screen house area was extensively land-
scaped (ER-OL, response to staff question 310.1). A site layout map (Fig-
ure 4.1) shows the location of the significant structures.

Braidwood FES 4-1
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4.2.2 Land Use

A description of regional land use is given in FES-CP Section 2.2 and ER-OL
Section 2.1.3. Since the FES-CP was issued, approximately 65 ha_(160 acres)
of strip-mined land were added to the southeast corner of the site and two
smaller tracts were removed on the eastern edge. The final survey indicates
that the station property line encompasses 1803 ha (4454 acres) and is identi-
cal with the site boundary. This is 54 ha (134 acres) larger than stated in
the FES-CP (ER-OL, Amendment 3, response to staff question E290.7). The pipe-
line corridor and river screen house use 56 ha (139 acres) rather than the
40 ha (100 acres) given in the FES-CP.

For convenience of description the site can be divided into (1) the plant area,
consisting of 225 ha (556 acres), and (2) the pond area consisting of 1578 ha
(3898 acres) for a total site area of 1803 ha (4454 acres) (Figure 4.2). At
the time of the most recent staff visit (September 1983), the plant area con-
sisted of 87 ha (215 acres) of undisturbed agricultural land, 34 ha (85 acres)
of undisturbed woodland, 51 ha (125 acres) of permanent plant facilities such
as the main buildings, switchyard, roads, and parking areas, and 53 ha
(131 acres) of disturbed land temporarily being used as laydown areas (ER-OL,
Amendment 3, response to staff question E290.5). Once construction is completed
and these laydown areas are no longer needed, they will be revegetated.

Of the 1578 ha (3898 acres) pond area, 1027 ha (2537 acres) are covered with
water when the pond is filled to capacity, at an elevation of 181 m (595 ft)
above mean sea level (MSL). The remaining 551 ha (1361 acres) consist of
islands of strip-mine spoil and 26 km (16 mi) of internal and external dikes.
Use of land at the site before construction was as stated in FES-CP. Section 4.1.

The distances from the gaseous vent stack to the exclusion area boundary for 16
sectors are given in ER-OL Figure 2.1-5 and range from 495 m (1625 ft) to 747 m
(2450 ft).

Before construction the site contained approximately 322 ha (796 acres) clas-
sified as prime agricultural land by the U.S. Soil Conservation Service (SCS).
Of this total, 242 ha (598 acres) were located in the pond area and 80 ha
(198 acres) in the plant area. Forty-four ha (108 acres) of prime agricultural
land in the plant area remain undisturbed, another 15 ha.(36 acres) are tempora-
rily disturbed and 21 ha (54 acres) are permanently disturbed. All 242 ha
(598 acres) of prime agricultural land in the pond area are permanently disturbed.
The soil mapping units involved were primarily Maumee fine sandy loam, with one
or two small areas (e.g., 1-2 ha (2.5-5 acres)) of Pittwood fine sandy loam and
Canisteo loam. Sizeable areas of Watseka loamy fine sand, located principally
in the western third of the cooling pond area, had been considered additional
farmland of statewide importance (SCS, 1980).

4.2.3 Water Use and.Treatment

4.2.3.1 General

Water for operation of the Braidwood plant is obtained from the Kankakee River.
The primary water use associated with-the plant will be for condenser cooling.
The Braidwood plant will use a closed-cycle cooling water system that will
reject heat to a cooling pond for evaporation and transfer of heat. With both
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units operating, the cooling water system will circulate 92 m3 /sec (3250 cfs)
through the system and discharge it to the cooling pond (FES-CP and ER-OL Sec-
tion 3.3). At full load the temperature increase will be 12C1 (22F 0 ) (ER-OL).
This is an increase of 0.6C0 (1.1F0 ) in the projected temperature rise over
that predicted in the FES-CP.-

Figure 4.3 details the location and predicted quantitative water use by
the plant. In general, the amount of water projected to be used by the plant
Cooling water system has been increased since preparation of the FES-CP; how-
ever, the overall amount of water projected to be withdrawn from the Kankakee
River has been decreased by 0.07 m3/sec (2.5 cfs) (ER-OL Section 3.3). The
applicant stated at the time the FES-CP was issued that the net water with-
drawal from the Kankakee River would not exceed a maximum of .10% of the river
flow. Since the FES-CP was issued, the applicant has entered into an agree-
ment with the Illinois Department of Conservation to limit withdrawal of water
from the Kankakee River for makeup to the station cooling pond (ER-OL Sec-
tion 3.3.1; response to staff question E240.4). The maximum withdrawal rate
from the river will be further limited to rates that would not cause the flow
of the river to drop below 12.52 m3 /sec (442 cfs). The applicant has determined
that this cutoff river flow rate would be 14.03 m3 /sec (495.5 cfs) (i.e., the
limiting river flow rate plus the capacity of one makeup pump). Continued
station operation when river flow drops below this value would require a draw-
down of the cooling pond. The station can operate while drawing the cooling
pond down from the normal operating level of 180.7 m (592.8 ft) MSL to 180.6 m
(592.5 ft) MSL. Using the historic river flow records, assuming maximum station
evaporation and no rainfall, the applicant estimates that the Braidwood Station
would have to operate at a reduced load for only a single continuous 42-day
period or be shut down for a single 8-day period because of excessive drawdown
of the cooling pond (response to staff question E240.4). The mean monthly flow
of the Kankakee River has been above the cutoff river flow rate 98% of the time
over the period of record (1915-1982). The 7-day, 10-year recurrence low flow
of the river at the intake point is 12.5 m3 /sec (442 cfs) as cited in the
FES-CP.

4.2.3.2 Surface Water Use

A summary of water use by the cooling water system, which is-discussed in Sec-
tion 3.3 of the ER-OL, follows.

Cooling System

The makeup water for cooling water use by the station is expected to vary sea-
sonally. Makeup water use for the station at full load will range from 2.1 m3/
sec (76.6 cfs) to 2.9 m3/sec (105.2 cfs) with an average makeup intake of
2.6 m3/sec (90.8 cfs) from the Kankakee River (compared with an annual mean flow
of 111.9 m3/sec (3952 cfs) for the Kankakee River). The expected seasonal
variations in the parameters of the hydrologic balance for the cooling pond
system are shown in ER-OL Table 3.3-1.

The evaporation rate from the cooling pond, which is expected to vary with
weather conditions and the plant load factor, ranges seasonally between 0.9
and 2.0 m3 /sec (31.8 and 71.1 cfs) with the-average being 1.5 m3/sec (51.8 cfs)
at full load.. Water loss as the result of seepage from the cooling pond is
pro jected to be 0,1 m3 /sec (5 cfs). Water loss from evaporation and seepage
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will be compensated, in part, by rainfall input. On the basis of an average
annual rainfall of 91 cm (36 in.) and a cooling pond area of 1026 ha (2537 acres),
the staff determined that the applicant's calculation of an average rainfall
input rate of 0.3 mS/sec (9.3 cfs) was reasonable. A blowdown averaging 1.2 m3/
sec (43.2 cfs) would maintain an average total dissolved-solids level of 900 mg/l
in the cooling pond, about 2.1 times that in the makeup water. The net makeup
withdrawal from the river by the station is expected to be 1.35 m3/sec
(47.6 cfs).

Service Water Systems

The nonessential service water system provides cooling water for equipment that
is not safety related or essential for safe shutdown of the reactor. Water
from the circulating water system is used by this system at a rate of 4.4 m3/sec
(156 cfs), then released to the cooling pond along with the condenser cooling
water (see Figure 4.3).

The essential service water cools safety-related equipment, which includes the
reactor containment fan coolers, diesel generator fan coolers, the component
cooling heat exchangers, and other equipment necessary for safe shutdown of the
reactor. The total required circulation rate for this system is approximately
1.5 m3/sec (54 cfs) per unit. Water from the pond screen house is supplied to
this system. After passage through the system, the heated water is discharged
through a separate structure located in the essential cooling pond.

Potable Water

The FES-CP (Section 3.3) reported that potable water and makeup water for the
steam system would be obtained from two deep wells at the plant site. Poor
ground water quality caused the applicant to change the source for this water.
According to Section 3.3.3 of the ER-OL (Amendment 2), potable water from the
Kankakee River will be supplied for the plant via the freshwater holding pond
portion of the cooling pond. Approximately 57 m3 /day (15,000 gpd) will be re-
quired for normal operation.

4.2.3.3 Ground Water Use

Ground water will not be used for sanitary and demineralizer systems, as proposed
at the time the FES-CP was issued, because of the poor quality of ground water
for this purpose (ER-OL Section 3.3).

4.2.3.4 Water Treatment

Biological growth and slime, and scale buildup in the station main condensers
will be controlled by mechanical cleaning. Sponge-rubber balls, sized to the
inside diameter of the condenser tubes will be continuously injected into the
system at the inlet to the condenser. The balls will clean the tubes as they
pass through the system and will be collected by a series of baffles and
screens at the outlet of the condenser and returned to the condenser inlet.
The balls will be periodically removed, sorted, replaced, and reinjected at the
condenser inlet.
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Algal growth in the remainder of the circulating water system and in the station I
main condensers in excess of that controlled by the mechanical cleaning system
will be controlled by intermittent injection of sodium hypochlorite solution
sequentially into the four water boxes of both the Unit I and Unit 2 condensers.
Chlorination is anticipated to be used all year round with two injections per
day for 5- to 30-min duration each (response to staff question E291.12). The
target free available chlorine (FAC) concentration at the condenser outlet water
box being treated is 0.5 mg/l. The concentration will be reduced when the
treated water is mixed with the remaining flow from the other untreated conden-
ser sections downstream of the condenser outlet water boxes. The reduction will
be by a factor of 4 when one unit is operating and by a factor of 8 when both
units are operating. The diluted concentration downstream of thecondenser
would therefore be about0.1 mg/l FAC for single unit operation. The FAC con-
centration will be further reduced by the chlorine demand of the untreated cir- I
culating water. The applicant anticipates that there will be no detectable
chlorine residual in the station discharge to the cooling pond, based on the
dilution provided by the flow from the untreated condenser sections.

Scale buildup in the remainder of the circulating water system and in the con-
densers in excess of that controlled by the mechanical cleaning will be con-
trolled by the addition of carbon dioxide to the circulating water at an average
rate of 1600 kg (3500 lb) per hour. Use of carbon dioxide or polymers is pro-
posed in the ER-OL rather than use of sulfuric acid as discussed in the FES-CP
(Section 3.6). Carbon dioxide injected into the plant intake water will form I
carbonic acid (H2 CO3 ) before it is drawn through the circulating and service
water pumps (ER-OL Section 3.6.1.1).

The servicb water systems will be treated two times daily for half-hour periods
with a 15% solution of hypochlorite to prevent biological growth. An average
of 830 kg (1840 lb) will be added to the nonessential service water and 575 kg
(1275 Ib) will be added to the essential service systems daily (ER-OL Sec- I
tion 3.6.1). The water from the service water system that will contain residual
chlorine after chlorination will be released to the cooling pond along with
the circulating water. The resultant chlorine concentration of the service
water discharges to the cooling pond is expected to be negligible (response to
staff question E291.12).

Water from the freshwater holding pond at the inlet of the cooling pond will be I
used to supply the makeup water required for the steam cycle. The water passes
through two parallel lime softeners and a chlorine retention tank, clarifiers,
and a clear well before passing through three parallel sand filters. Each of I
the filters operates at 2.0 1/sec/m2 (3.0 gpm/ft 2 ) during normal operation and
at a maximum of 3.1 1/sec/m2 (4.5 gpm/ft 2 ) when one filter is out of operation.
After each use, each filter is backwashed for 5 to 10 min, using 63 1/sec
(1000 gpm) of filtered water per filter. The filtered water produced is stored
in a 5.7 x 105 1 (150,000-gal) tank. This water is supplied to the demineral-
izer train for treatment before use in the steam cycle. There are two identical
demineralizer trains that are each capable of producing the total daily require- I
ment of demineralized water (9.5 I/sec (150 gpm)). The demineralizer train
passes-the water through a strong-acid cation exchange unit, a strong-base anion
unit, and a mixed-bed unit. The treated water is then stored in the condensate I
storage tank or primary storage tank. Waste management associated with thissystem is discussed in Section 4.2.6.
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4.2.4 Cooling System

4.2.4.1 Intake

Makeup water for the cooling pond is withdrawn from the Kankakee River at the
average rate of 2.6 m3/sec (90.8 cfs) to replace water losses from the pond
resulting from evaporation, seepage, and blowdown (see Section 4.2.3). The
intake structure is located approximately 600 m (2000 ft) downstream of the
confluence of Horse Creek with the Kankakee River. Water will enter the intake
structure at a velocity of 0.1 to 0.15 m/sec (0.32 to 0.48 fps) with both
units operating. The intake structure along the margin of the Kankakee River
is equipped with bar grills and vertical traveling screens to remove debris
from the water. As is the case with material collected from the pond intake
screens, all debris removed from the screens is disposed of off site by an
independent contractor.

4.2.4.2 Cooling Pond

Cooling water for the Braidwood Station will be taken from the cooling pond,
circulated through the various cooling systems, and returned to the cooling
pond (Figure 4.4). When operating at full power, the plant will produce
1.6 x 1010 Btu/hr of waste heat, which will be transferred to the cooling water
circulating at a rate of 90 m3 /sec (3250 cfs) through the condensers. The
temperature of the water will be raised about 12C° (22F°) as it passes through
the condenser. The closed-cycle cooling pond will serve as a heat sink to
dissipate most of this heat to the atmosphere by evaporation.

The cooling pond, which consists of abandoned strip mining pits and excavated
areas, has a total surface area of 1030 ha (2537 acres), an average depth of
2.7 m (9.0 ft), and a maximum depth of 14 m (45 ft). A detailed description of
the pond can be found in Section 3.4 of the ER-OL. A brief summary for under-
standing cooling water discharge, circulation, and blowdown discharge follows.
Interior dikes were built in the pond to prevent excessive channeling or short-
circuiting of the heated water through the pond, thereby ensuring maximum
utilization of the pond cooling area. The applicant has determined that some
channeling of the heated water does occur in deep or side areas of the pond.
Stratification of temperatures and velocities is expected to-occur only in those
areas that are deeper than the 3-m (10-ft) depth of the discharge. These areas
were eliminated in determining the effective area and volume of the pond to be
used in evaluating its thermal performance. On the basis of the availability
of approximately 80% of the pond's volume for heat exchange, the applicant
estimates that the residence time for heated water in the pond, flowing from
the point of discharge to the cooling pond to the point of intake from the pond,
is 2.9 days.

A smaller cooling pond (36.7 ha (99 acres) at elevation 590 ft MSL) within the
main cooling pond was formed by excavating to a depth of 1.8 m (6 ft) below the
existing grade or approximately 3.0 m (11 ft) total depth at a normal pond sur-
face elevation of 595 ft MSL. This pond is designed to maintain a 30-day supply
of water for the essential cooling system in the event that the larger pond
fails. It is estimated that the water loss caused by seepage and evaporation
in the pond would amount to 220,180 m3 (178.5 acre-ft) for such a 30-day period.
The pond storage volume is about 703,095 M3 (520 acre-ft).

Braidwood FES 4-9



C1*WII*T. COOL PC 1M 40.00
.30 o0 

I.0 ~ 0 0 0L L0.00 A60. &
S0040,00 60DIKE EL. 

I

_ 600'- 0",..o

o o o •i 4 0 .0 
I

*0*O

"" • I

I
I

Figure 4.4 Braidwood Station cooling pondI
Source: ER-OL Figure QE 290.7-1

Braidwood FES 4-10



Water is drawn from the cooling pond into the condenser cooling water system
through the pond screen house by three vertical dry-pit circulating water
pumps per unit. Water is drawn into the screen house through bar grills and
vertical traveling screens. Debris removed from the screens is disposed of
off site by an independent contractor. Water is drawn through two 4.9-m
(16-ft)-diameter pipelines to the condensers, then through two other 4.9-m
(16-ft)-diameter pipelines to the discharge outfall structure and back into the
pond at a continuous flow of 92 m3 /sec (3250 cfs) for the two units.

4.2.4.3 Blowdown

The blowdown from the cooling pond is discharged to the Kankakee River about
150 m (500 ft) downstream of the intake structure. Blowdown is discharged from
the blowdown outfall structure via a 80-m (275-ft) riprapped channel to the
river. The blowdown outfall structure consists of a box that is wider at the
discharge end and is equipped with concrete block energy dissipators to reduce
the discharge velocity and minimize erosion. Flow control is provided on the
blowdown line so that flow may be terminated when both units are shut down or
being refueled (ER-OL Section 3.4). Discharge orientation is perpendicular to
the river, ard the maximum velocity of the discharge is 1.3 m/sec (4.3 fps)..
The predicted temperatures of the blowdown range from 9.4 0 C (49*F) in January
to 31*C (88*F) in July. Table 4.1 provides a monthly summary of characteristics
of the cooling pond blowdown, outlet discharge, and ambient river temperatures.
The average temperature excess of the blowdown above the ambient river temper-
ature is 7C0 (12.6F'); the extremes are 3.6 0 C.(6.5*F) in August and 10.1 0 C
(18.1*F) in February. Depending on the temperature of the blowdown and the
velocity of the river, the area covered by the 2.8*C (5*F) excess thermal plume
produced by the discharge is predicted by the applicant to encompass an area
from 400 to 1800 m2 (0.10 to 0.45 acre) with a maximum area that could be en-
compassed in May of 3400 m2 (0.85 acre) (FES-CP Section 3.4.2) (ER-OL
Section 5.1).

4.2.5 Radioactive Waste Management System

Under requirements set by 10 CFR 50.34a, an application for a permit to con-
struct a nuclear power reactor must include a preliminary design for equipment
to keep levels of radioactive materials in effluents to unrestricted areas as
low as is reasonably achievable (ALARA). The term ALARA takes into account the
state of technology and the economics of improvements in relation to benefits
to the public health and safety and other societal and socioeconomic considera-
tions and in relation to the utilization of atomic energy in the public interest.
Appendix I to 10 CFR 50 provides numerical guidance on radiation dose design
objectives for light-water-cooled nuclear power reactors (LWRs) to meet the
requirement that radioactive materials in effluents released to unrestricted
areas be kept ALARA.

To comply with the requirements of 10 CFR 50.34a, the applicant provided final
designs of radwaste systems and effluent control measures for keeping levels
of radioactive materials in effluents ALARA within the requirements of Appen-
dix I to 10 CFR 50. In addition, the applicant provided an estimate of the
quantity of each principal radionuclide.expected to be released annually to
unrestricted areas in liquid and gaseous effluents produced during normal
reactor operations, including anticipated operational occurrences.
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Table 4.1 Updated summary of temperature characteristics of the Braidwood cooling pond
and the Kankakee River blowdown

(two nuclear units, 100% load factor)

Braidwood pond Kankakee River

Current estimates Previous estimates

Plant inlet Plant inlet Fully
and pond and pond mixed

Outlet blowdown Outlet blowdown Average Average temperature
temperature temperature temperature temperature temperature flow rate excess

Month (OF) (OF) (OF) (*F) (OF) (cfs) (FO)

January 69 49 74 55 36.5 3840 0.005
February 72 52 75 56 33.9 5368 0.004
March 77 57 80 60 42.1 5869 0.003
April 86 66 88 68 54.1 7375 0.002
May 97 77 97 78 62.1 6288 0.003
June 105 85 106 86 70.9 3196 0.005
July 108 88 111 91 77.2 2444 0.006
August 107 86 111 91 79.5 1409 0.008
September 100 80 104 85 69.1 1531 0.010
October 91 71 96 75 60.1 1823 0.008
November 79 59 85 65 50.5 2121 0.007
December 71 51 77 57 33.5 3889 0.006

Source: ER-OL Table 5.1-4
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The staff's detailed evaluation of the radwaste systems and the capability of
these systems to meet the requirements of Appendix I was presented in Section 11
of the staff's Safety Evaluation Report (NUREG-1002), which was issued in
November 1983. The quantities of radioactive material that the staff calculates
will be released from the plant during normal operations, including anticipated
operational occurrences, are presented in Appendix D of this statement, along
with examples of the calculated doses to individual members of the public and
to the general population resulting from these effluent quantities.

The staff's detailed evaluation of the solid radwaste system and its capability
to-accommodate the solid wastes expected during normal operations, including
anticipated operational occurrences, is presented in Chapter 11 of the SER.

As part of the operating license for this facility, the NRC will require Tech-
nical Specifications limiting release rates for radioactive material in liquid
and gaseous effluents and requiring routine monitoring and measurement of all
principal release points to ensure that the facility operates in conformance
with the radiation-dose-design objectives of Appendix I.

4.2.6 Nonradioactive Waste Management Systems

4.2.6.1 Demineralizer System Wastes

Regeneration of the ion exchange resin used in the makeup water demineralizer
system will produce approximately 2.6 x 10s 1 (70,095 gal) of waste during each
regeneration. Depending on the amount of makeup water used, the regeneration
of the spent resins could occur once daily. Each regeneration lasts about
4 hours and requires 1000 kg (2240 lb) of 93% sulfuric acid (H2 SO4 ) and 360 kg
(792 lb) of 100% sodium hydroxide (NaOH) for regeneration and neutralization.
The waste produced during regeneration will be discharged to the cooling pond
with the main circulating water system discharge.

4.2.6.2 Filter Backwash Effluent

Sand and carbon filters for the makeup water treatment system are backwashed
once daily with filtered water from the storage tank. The backwash water
contains dissolved and suspended solids that are collected during the filter-
ing process. The sand filters are backwashed for 10 min at a rate of 0.05 mi/
sec (1.9 cfs), and the carbon filters are backwashed at a rate of 0.02 m3 /sec
(0.76 cfs) for 10 min. Discharge from the backwashing operation, which produces
approximately 120 ms/day (30,000 gpd) is routed to the waste treatment facility.

4.2.6.3 Liquid Waste Treatment

The waste treatment system consists of an oil separator, an agitated equaliza-
tion basin, chemical addition, a separator, and filtration. The clean water
effluent is routed to the circulating water system.

Oil removed by the oil separator skimmers flows to a waste oil-holding tank.
The oil is disposed of, as necessary, by a licensed contractor. Sludge removed
from the system is pumped to sludge drying beds. Underflow from the beds is
pumped to the equalization tank. The dried sludge is scraped off and removed
by a licensed contractor for disposal in an approved landfill site.

Braidwood FES 4-13



4.2.6.4 Sanitary Wastes

Sanitary wastes collected by means of a sewer system during plant operation
will be discharged to an extended aeration.system that is designed to handle l
57,000 I/day (15,000 gpd). The effluent from the unit will receive tertiary
treatment (filtration and recirculation in a packaged unit) and will be
chlorinated before discharge.. The treated effluent will be combined with the I
cooling pond blowdown and discharged to the Kankakee River. The effluent con-
tains a maximum of. 1 mg/l free chlorine. Approximately 5 x 104 1 (14,000 gal)
of treated effluent will be discharged daily based on approximately 550 operat-
ing personnel using approximately 95 1 (25 gal) each per day.

4.2.7 Power Transmission System

The transmission lines from the Braidwood station are shown in Figure 4.5. The
originally planned 48-km (30-mi) connection to the Joliet Generating Station
(FES-CP Figure 3.12) has been eliminated because connecting Braidwood with the
two existing 345-kV lines between LaSalle County Generating Station and the
East Frankfort substation made it unnecessary (ER-OL response to staff question
E290.6). The only new right-of-way for the plant, therefore, is for a new
345-kV line from the plant to the Crete substation, where the line will inter-
connect with existing lines to the Bloom and Burnham substations. The route
traverses approximately 88 km (55 mi), most of which is nearly flat, previously
cleared agricultural land. Width of the right-of-way varies from 139 m (455 ft) I
to 116 m (380 ft). About 12.5 km (7.8 mi) of the new right-of-way could accom-
modate a future 138/345-kV line (ER-OL Section 3.9.1, Amendment 1).'Other seg-
ments, totalling 49 km (30 mi) in length, could accommodate a possible future
765-kV line. Structures on the line will bM single shaft for tangent and slight
angles and lattice steel towers for angles over 130. No more than 4 towers per
km (6 structures.per mile) will be used on any segment of the line.

4.3 Project-Related Environmental Descriptions

4.3.1 Hydrology

4.3.1.1 Surface Water

The site for Braidwood Station, Units. 1 and 2, is about 32 km (20 mi) south-
southwest of the town of Joliet. It is a. strip-mined region characterized by
many water-filled trenches and ponds. Cooling water for the station is supplied
by a cooling pond that covers one of the strip-mined areas. The pond has a nor- I
mal pool elevation of 595 ft above mean sea level (MSL) with a surface area of
10.27 km2 (2537 acres or 3.96 mi2 ). The water surface area constitutes 75% of
the pond's total drainage area of 13.7 km2 .(5.3 mi2 ). The pond is contained by
dikes with a top elevation of 600 ft MSL except for a small segment of the dike
just south ofthe station, which has a top elevation of 602.5 ft MSL. The main
plant area is drained by a storm drain system or weir flow over peripheral roads .
and railroads to a system of drainage ditches.

4.3.1.1.1 Granary Creek and Crane Creek

Granary Creek joins the Mazon River 1.6 km (I mi).southwest of the site, and
about 6.4 km (4 mi) south of the station facilities at the north end of the
pond. Crane Creek is a tributary of Granary Creek. Both creeks have an inter-
mittent water flow and a combined drainage area of about 135 km2 (52 mi2 ). The
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average annual flow is estimated to be about 1.1 m3 /sec (38 cfs) for both creeks
at the Kankakee-Grundy County line. The estimated 100-year peak discharge is
90.6 m3/sec (3200 cfs) at the same location. Figure 4.6 shows the site in re-
lation to the surface hydrologic features.

4.3.1.1.2 Horse Creek

Horse Creek lies 4 km (2.5 mi) east of the site at its closest point. It has a
drainage area of 383 km2 (148 mi2 ) at its point of discharge to the Kankakee
River at Custer Park. The creek's average annual flow is about 3.1 m3/sec
(110 cfs) and its 100-year flood peak is approximately 260 m3/sec (9200 cfs) at
its mouth.

4.3.1.1.3 Mazon River

The Mazon River lies 8 km (5 mi) west of the north end of the site. A tributary
of the Illinois River, the Mazon River has a drainage area of about 570 km2

(220 mi2 ) at Mazon, 3.2 km (2 mi) west of the site. The average annual flow is
about 3.8 m3 /sec (134 cfs). The estimated 100-year flood peak is 385 m3 /sec
(13,600 cfs).

4.3.1.1.4 Kankakee Ri.ver

The Kankakee River joins the Des Plaines River about 16 km (10 mi) directly
north of the site to form the Illinois River at river mile 273. The Kankakee
River Basin is 209 km (130 mi) long and 113 km (70 mi) wide at its widest point.
The Kankakee River drains 13,675 km2 (5280 mi2 ). Low ridges of glacial origin
define moit of the drainage divide. Within Illinois, the Kankakee River is 95 km
(59 mi) long and has widths ranging from 61 to 244 m (200 to 800 ft) and depths
ranging from 0.3 to 4.6 m (1 to 15 ft). The total fall from the state line to
the river mouth is 39 m (127 ft). Channel slopes vary from less than 0.095 m/km
(0.5 ft/mi) to over 0.76 m/km (4 ft/mi). The channel slope in the site area i~s
approximately 0.38 m/km (2 ft/mi). Most of the riverbed in Illinois is on or
near bedrock. Relatively thin layers of sand and gravel overlie the bedrock
with some small areas of silt.

There are two dams on the Kankakee River. One dam is at Wilmington, about
6.4 km (4 mi) downstream from the intake point; the other dam is at Kankakee,
about 24.1 km (15 mi) upstream of the intake point. The Wilmington Dam is 3.4 m
(11 ft) high and forms a pool 3.2 km (2 mi) long. The Kankakee Dam is 3.7 m
(12 ft) high and forms a pool 9.7 km (6 mi) long. Both dams are constructed of
solid concrete on bedrock. Neither dam is currently used for power production,

although both dams were used for power generation at one time. There are no
other control structures on the streams in the Braidwood Station vicinity.

The Kankakee River flow is gauged near Wilmington, 14.1 km (8.8 mi) downstream
from Braidwood Station's withdrawal point and 8.8 km (5.5 mi) upstream of the
river mouth. The drainage area at the gauge is 13,333 km2 (5150 mi2 ). The
average annual flow rate for the Kankakee River at the intake is 112 m3 /sec
(3952 cfs). The corresponding river stage is 538 ft MSL and the average
velocity is 0.6 m/sec (2.1 ft/sec).
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4.3.1.1.5 Effects of Cooling Pond Dike Failure

The cooling pond dikes are.designed to be extremely stable structures, with
more conservative design criteria than those recommended in the National Dam
Safety Program. Most of the exterior dike, except a portion on the west side,
is either very low or the general ground level is at or above the top of the
dike elevation. The cooling pond has a spillway designed to safely pass all I

.floods up to and including the probable maximum flood (PMF). Sufficient free-
board is provided to contain wind waves on top of the PMF pool level. The
upstream face of the dikes is.protected with riprap. The dikes are also pro-
vided with a slurry trench cutoff. Therefore, it is highly unlikely that the
dikes will fail due to heavy precipitation or due to any other natural causes.

The town of Godley is located about 1800 feet north of an east-west cooling pond I
dike and the town of Braceville is located about 4000 ft west of a north-south
cooling pond dike as shown on Figure 4.6A. In order to quantify potential
impacts as a result of a dike. failure, the staff postulated. 20-,.100-, and I
200-ft dike breaches at each of the locations shown in Figure 4.6A. Table 4.1A
shows the resulting discharge, depth and velocity at the approximate center of
the potential flood area at Godley and Braceville.

The characteristics of the dikes make it virtually impossible for an instanta-
neous breach to occur. The staff therefore assumed that the postulated breach
would start as a crack and gradually erode to the postulated breach width.
Moreover, if a dike breachshould occur, it is likely'that it would erode to the
200-ft width postulated or wider because of the large volume of water available.
However, wider breach widths (wider than 200 ft) would not result in higher
discharges, depths, and velocities because the time required to erode the wider
sections would allow the pond level to lower so that there would be insuffi-
cient head to generate higher discharges.

The areas downstream of the dike failure sections are mostly farmland and slope
in a westerly direction toward the Mazon River. Flows from the postulated
breach sections would collect along the embankments for Routes 53 and 129 and
the Illinois Central Gulf Railroad and then proceed in a southwesterly direction.
to the. Mazon River.

A discussion of the cross-sections, flow capacity, and discharge rating curves
for the Mazon River between its junction with Granary Creek and the old Route
66 bridge, is given in Section 2.4 of the Braidwood FSAR. It can be seen from
the rating curve (FSAR Figure 2.4-23) for the Mazon River that it can carry the
maximum outflow of 24,500 cfs at an elevation of 575.0 ft MSL which is lower
than the ground elevation in the towns of Godley and Braceville.

The community of Godley lies north of the east-west dike that was postulated
to fail. The community has about 114 homes and a population of about 373.
Most of these homes would be flooded by thedike breach. This community would
probably not be affected by the postulated failure of the north-south coolingI
pond dike..

The community of Braceville lies west of the cooling-pond; however., most of the
town is northwest of the highway and railroad embankments which will protect'it
from direct flow from a breached cooling pond-dike. There is asmall portion.,
of Braceville, consisting of approximately 31 homes and 11 farmsteads with homes
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Table 4.1A Postulated discharge, depth, and velocity of dike breaches
at approximate center of potential flood area at Godley and
Braceville

Velocity
Discharge Depth

Assumed failure section (cfs) (ft) (ft/sec) (mph)

Dike south of Godley

20' breach 2.,050 0.2 4.9 3.3
100' breach 8.,400 0.8 7.1 4.8
200' breach 16,800 1.2 9.5 6.5

Dike east of Braceville
(south of dike spillway)

20' breach 2,870 0.3 3.0 2.0
100' breach 12,300 0.8 4.9 3.3
200' breach 24,500 1.3 6.3 4.3

and a total population of about 119, located southeast of the railroad tracks,
that would be in the flood area from the postulated dike breach in the north-
south cooling pond dike. These properties would also probably be affected.by
the postulated breach in the east-west cooling pond dike, since the flow would
follow the railroad embankment to the Mazon River.

.Because of the large volume of water that would be released from the cooling
pond, in the event of a dike failure, there is a good possibility that the water

.would pile up against the road and railroad embankments creating a backwater
effect that would slightly increase the depths and decrease the velocities
shown in Table 4.1A.

4.3.1.2 Floods

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

4.3.1.2.1 Flood History

..The peak discharge, corresponding gauge height, and maximum gauge height (if
higher) for each water year (October through September) of record on the
Kankakee River near Wilmington are entered in Table 4.2. The gauge is located
about 14.1 km (8.8 mi) downstream of the river intake for.Braidwood Station.
The intercepted drainage area is 13,333 km2 (5150 mi2 ). The gauge datum, or
zero point, of the waterstage recorder at Wilmington is at an elevation of
510.86 ft. MSL. Peak discharges shown for the water years 1915 through 1933
were derived from gauging records at Custer Park, 0.4 km (0.25 mi) upstream of
Horse Creek. This gauge intercepted a drainage area of approximately 12,613 km2

- (4870 mi2 ). The flow rates listed in the table were adjusted for the Wilmington
site by multiplying the Custer Park discharge by the ratio of the square roots
of the drainage areas.
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Table 4.2 Floods on the Kankakee River near Wilmington

Peak flood
Maximum gauge'

Water Discharge Stage' height
year (m3 /sec) (cfs) (meters) (ft) (meters) (ft)

1981 1161 41,000 1.97 6.45 Same 2

1980 679 24,800 1.79 5.88 Same
1979 1358 48,000 3.68 12.07
1978 863 30,500 2.04 6.68 2.86 9.40
1977 458 16,200 1.38 4.54 Same
1976 923 32,600 2.12 6.95 Same
1975- 767 27,100 1.90 6.24 Same
1974 1390 49,100 2.59 8.49 3.90 12.78
1973 940 33,200 2.14 7.03 Same
1972 447 15,800 1.36 4.47 Same
1971 357 12,600 1.24 4.07 Same
1970 1542 54,500 2.87 9.40 Same
1969 841 29,700 2.01 6.59 Same
1968 993 35,100 2.21 7.26 4.23 13.88
1967 549 19,400 1.58 5.18 3.07 10.08
1966 662 23,400 1.75 5.75 2.13 6.99
1965 552 19,500 1.58 5.20 Same
1964 305 10,800 1.13 3.70 Same
1963 623 22,000 2.96 9.72
1962 674 23,800 1.74 5.70 2.04 6.68
1961 481 17,000 1.48 4.86 Same
1960 552 19,500 1.60 5.25 2.78 9.13
1959 849 30,000 2.90 9.52
1958 865 30,600 2.05 6.72 3.02 9.92
1957 2148 75,900 3.47 11.40 Same
1956 458 16,200 1.43 4.70 Same
1955 408 14,400 1.34 4.38 2.17 7.13
1954 425 15,000 1.38 4.53 Same
1953 552 19,500 1.58 5.17 Same
1952 821 29,000 1.97 6.46 2.87 9.43
1951 849 30,000 3.30 10.83
1950 1070 37,800 2.32 7.61 3.47 11.39
1949 473 16,700 1.46 4.80 3.53 11.57
1948 651 23,000 1.73 5.67 1.83 6.00
1947 611 21,600 1.65 5.40 Same
1946 552 19,500 1.58 5.20
1945 611- '21,600 1.65 5.40
1944 957 33,800 2.16 7.10
1943 1358 48,000 2.70 8.87 3.07 10.06
1942 1319 46,600 2.65 8.70
1941 234 8,290 1.00 3.30
1940 314 11,100 1.20 3.95

See footnotes at end of table
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Table 4.2 (Continued)

Peak flood
Maximum gauge1

Water Discharge Stage1  height
year (m3/sec) (cfs) (meters) (ft) (meters) (ft)

1939 696 24,600 1.83 6.00
1938 554 19,600 1.62 5.30
1937 427 15,100 1.42 4.65
1936 495 17,500 1.52 5.00
1935 495 17,500 1.52 5.00
1934 198 7,000
1933 999 35,300
1932 300 10,600
1931 184 6,510
1930 487 17,200
1929 702 24,800
1928 679 24,000
1927 924 29,100
1926 591 20,900
1925 399 14,100
1924 535 18,900
1923 464 16,400
1922 971 34,300
1921 206 7,270
1920 741 26,200
1919 645 22,800
1918 758 26,600
1917 441 15,600
1916 410 14,500
1915 634 22,400

1887 5.10 16.73
1883 5.10 16.73

1Water surface elevation is obtained by adding stage (ft) to the gauge zero
of 510.86 ft MSL.

2 Same = maximum gauge height issame as peak flood stage gauge height.
Note: Blank spaces indicate that dota are not available.

The maximum known .discharge near Wilmington was 2149 m3/sec (75,900 cfs) on
July 13, 1957.. The corresponding gauge height was 3.5 m (11.4 ft) above datum.
The maximum stage of 4.23 m (13.88 ft) during the period of record was caused
by ice jams. Ice jam floods in 1883 and 1887 reached a stage of 5.1 m (16.73 ft),
but the corresponding discharge rates are unknown. All of the maximum stages
that were greater than those caused-by floods were caused by ice jams.

I
I
I
I
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4.3.1.2.2 Ice Flooding

Ice flooding is common on the Kankakee River, but only the river screen house
could be affected by ice flooding. In 17 of the last 34 years of record at
the Wilmington gauging station, the highest annual water levels were caused by
ice jams. The 1866 ice jam generated a stage of about el 553 ft MSL near Horse
Creek. The 1883 ice jam destroyed the railroad bridge at Custer Park. It also
completely destroyed the upper dam at Wilmington. Just before the Wilmington
Dam failure, the jam was reportedly 20 ft higher than the crest elevation of
545.0 ft MSL (the present crest is at 530.5 ft MSL). The maximum elevation
upstream of Custer Park, 554.5 ft MSL on February 15, 1959, was caused by an
ice jam. Electrical equipment in the river screen house is above the historic
ice flooding level; therefore, ice flooding is not expected to interfere with
normal plant operation.

4.3.1.3 Low Flows

4.3.1.3.1 Historical Low Flow

Monthly average flow rates for the Kankakee River at the intake for the period
1941 to 1976 are given in Table 4.3. The lowest annual flow occurred during
the 1964 water year and was 39.8 m3 /sec (1407 cfs). This table also lists the
monthly mean flows for 1964. The historical daily low flow at the intake was
estimated at 5.6 m3/sec (198 cfs).

Table 4.3 Kankakee River flow
at the intake

characteristics

Average flow Monthly mean flow

(1941-1976) (1964)

Month m3 /sec) (cfs) (m3 /sec) (cfs)

October 52.0 1836 14.2 500
November 72.1 2547 18.1 638
December 95.7 3379 17.5 618
January 129.9 4586 22.3 787
February 158.0 5579 25..1 885
March 187.6 6625 45..6 1610
April 211.4 7463 123.4 4357
May 187.1 6608 67.1 2371
June 137.3 4847 56.6 1997
July 87.6 3094 45.6 1609
August 45.7 1613 16.2 572
September 38.3 1353 13.7 483
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Low flow elevations in the Kankakee River at the Braidwood Station site are
controlled by a rock ledge that lies across the river between the Resthaven and
Lakewood shores, 2347 m (7700. ft) upstream of the Wilmington Dam. The ledge
acts as a dam, creating a pool of water that reaches upstream to Custer Park,
approximately 1.6 km (1 mi) upstream. of the intake. Under low flow conditions,
the rock ledge, which is at el 534 ft MSL, maintains a minimum water elevation
of 534 ft MSL.

Low flow rates and their corresponding frequencies for the Kankakee River at
the intake (see Table 4.4) were derived from the Wilmington gauge statistical
summary based on the record from 1916 to 1976. The estimated 7-day, 10-year
low flow at the intake is 12.5 m3/sec (442 cfs).

Table 4.4 Low flow rates and frequencies for
the Kankakee River at the intake

Mean discharge in m3 /sec for flow frequency of*

Duration 10-year 20-year 50-year 100-year

1-day 10.7 (378) 9.4 (332) 8.2 (288) 7.4 (262)
3-day 11.8 (415) 10.4 (369) 9.1 (323) 8.4 (296)
7-day 12.5 (440) 11.1 (393) 9.9 (348) 9.1 (321)
14-day 13.0 (460) 11.7 (412) 10.4 (366) 9.6 (339)
30-day 14.0 (494) 12.7 (449) 11.6 (408) 10.9 (385)
60-day 15.6 (552) 14.2 (503) 13.0 (460) 12.3 (436)
90-day 17.2 (609) 15.3 (541) 13.5 (478) 12.5 (443)
120-day 18.9 (667) 16.5 (582) 14.3 (504) 13.0 (460)

*Values in parentheses are cfs.
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4.3.1.4 Ground Water

Ground water will not be used at the Braidwood Station during station operation.
All station water requirements will be met by the Kankakee River. The use of
ground water previously had been planned to fulfill potable water requirements,
but the Kankakee River was chosen when poor quality water was withdrawn from a
deep well drilled to supply construction water. Ground water from this well
was used for construction purposes only.

The site area
and aquitards
Figure 4.7.

is underlain by six hydrogeologic units consisting of aquifers
(confining beds). Characteristics of the units are listed in

In the vicinity of the site, Quaternary-age Eolian sand, Lacustrine sand, and
till overlie the bedrock. The Eolian and Lacustrine sands are predominantly
fine to medium grained and form a water-table sand aquifer. Many domestic
water supplies in the area are obtained from the sand aquifer with well points
(shallow-driven wells). The underlying glacial drift ranges from clay to sand
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GROUP OR HYDROGEOLDGIC
SYSTEM SERIES FORMATION UNIT DESCRIPTION HYDROGEOLOGIC CHARACTERISTICS

Parkland ollan sand Silty fine sand
Sand

Ground water dccurs in the sand formationsFine to medium sand underwater tableconditions, perched on
Equality acustrine with trace to little the underlying till. Ground water also
Formation and silt occurs in the outwash layers within the

Pleistocene till. The small thickness of the uppersand and the discontinuous nature of the
Silty clay, clayey silt, outwash preclude extensive development of
and sandy silt with the sand aquifer or the aquifer within

Wedron ill interspersed sand and the till.gravel, some discon-
Formation tlnuous layers of

gravelly sand or sandygravel.

ePrincipally slltstone, Ground water occurs primarily in thin
Carbondale Pthsreincipaly teodded sandstone beds and occasionally in joints
Formation with som interbedded in thin limestone beds. Ground wateru shale, underclay,

U ennsylvaniar sandstone, limestone, occurs under leaky artesian conditions.
Desmoinesan Itstone dolThe high proportion of siltstone makes theand coal Pennsylvanian strata generally unfavorable

Spoon as an oquifer. Yields are low and areFormation suitable only for domestic and farm purposes

ndfern ilran •Dlomite with thinAlexandrian Undifferen- ;llurian shale partings, and Ground water occurs primarily in joints in
:ttated dolomitesl• olomitic siltstone the dolomites and limestones under leakyd artesian conditions. The shales areS- S- tgenerally not water yielding and act asT iltydolomitic shale confining beds between the shallow andMaquoketa _ t top, silty to pure deep aquifers.

Cincinnatian Shale Maquoketa limestone, slltstone
Group shale z ad shale at base

GalenaGroup Dolomite and limestone,Galena- locally cherty, sandy
Platteville at base, shale partings

Platteville dolomites
GroupS Champlainian

ChamplinianGround 
water occurs under leaky artesianAnce11 Glenwood- Sandstone, shale at conditions in the sandstones and *in joints

Group St. Peter top, little dolomite, in the dolomites. Yields are variable andGroup sandstone locally cherty at base depend upon which units are open to the well.

;PrairieCanadian du Chien
Group
Eminence Prairie du -X Sandy dolomite, In terms of the total yield of a well
Formation Chn, dolomitic sandstone, penetrating the entire thickness of the

Eminence, cherty at top, inter- Cambrlan-Ordoviclan Aquifer, the Glenwood-Potosi and bedded shale in St. Peter sandstone supplies about 15Potosi Franconia lower part percent, the Prairie du Chien, Eminence,
Dolomite dolomites L Potosi and Franconia dolomites collectively

supply about 35 percent, and the Ironton-
Franconia Galesville sandstone supplies about 50
Formation percent.

Ironton Ironton-
Sandstone Galesville Sandstone, upper part

sandstone dolomite
Galesville

Croinun Sandstone

Insignificant amounts of ground water my
Eau Claire occur in joints. These beds act as a

Eau Claire shale (upper Shales, dolomites and confining layer between the Cambrian-
Formation and middle shaly dolomitic Ordovician Aquifer and the Mt. Simon

beds) sandstone Aquifer.

Ground water occurs under leaky artesian
conditions. Ground water in this aquifer

and Mt. <r Sandstone is too highly mineralized for most pur-
S nd - poses. Adequate supplies for municipalSandstone utones and industrial use are more easily obtained

Sandstone s s from shallower aqaifers.

Figure 4.7 Stratigraphic units and their hydrogeologic characteristics
Source: ER-OL Figure 2.4-11
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and gravel, but is predominantly clayey till. In certain places, particularly
in the northern part of the. area, a discontinuous outwash deposit consisting
mainly of. silty sand and gravel serves as an aquifer within the glacial drift.

The sand aquifer and the aquifer in.the-glacial drift are thin or absent in the
southern part of the area and have a combined average thickness of less than
:6.1 m (20 ft) in the northern part. Analysis of boreholes on the site indicates
that the thickness of the.Quaternary deposits ranges from 7.92 to 18.9 m (26 to
62 ft), averaging approximately 12.8 m (42 ft). The saturated thickness of the
sand aquifer at the site ranges from 0 to about 9.14 m (0 to 30 ft) and averages
about 4.27 m (14 ft). The saturated thickness of the aquifer within the glacial
drift ranges from 0 to 10.67 m (0 to 35 ft) and averages only about 1.52 m
(5 ft) where it is present.

Ground water in the sand aquifer and the aquifer within the glacial drift occurs
Under water table conditions. These aquifers are recharged by precipitation.
Ground water is discharged from these aquifers to surface streams and strip-mine
pits, to the underlying bedrock, and to pumping wells. Reported well yields are
suitable only for domestic or farm purposes, ranging from 7.57 to 18.93 1/min(2 to 5 gpm).

The Quaternary deposits are underlain by Pennsylvanian bedrock composed of silt-
stone, shale, sandstone, clay, limestone, and coal. Strip mining has removed
the overlying units to the bottom of a eal horizon in the mined-out areas.
The Pennsylvanian strata may locally yield up to 76 l/min (20 gpm) from inter-
bedded sandstones, but they are essentially aquitards, as are the underlying
Maquoketa shales. Silurian dolomite, which lies below the Pennsylvanian strata
and forms a shallow dolomite aquifer northeast and east of the site, was encoun-
tered in only two site borings.

The most important aquifer in the region is the Cambrian-Ordovician Aquifer,
made up of all bedrock between the shales of the Maquoketa Shale Group and
the Eau Claire Formation. The Cambrian-Ordovician Aquifer is composed of the
following strata, in descending order: the Ordovician-aged Galena, Platteville,
Ancell (Glenwood - St.-Peter Sandstone), and Prairie du Chien Groups, and the
Cambrian-aged Eminence Formation, Potosi Dolomite, Franconia Formation,
Ironton Sandstone, and Galesville Sandstone.•

The shales of the Maquoketa Shale Group act as a confining bed between the
overlying shallow dolomite aquifer, where present,. and the underlying Cambrian-
Ordovician Aquifer. Ground water in the Cambrian-Ordovician Aquifer occurs
under artesian pressure. Available data Indicate. that, on a regional basis.,
the entire sequence of strata, from the top of the Galena-Platteville dolomites
to the top of the Eau Claire shale beds, behaves hydraulically as one aquifer.
In places, however, pressure heads between the water-bearing units differ, and
the hydraulic Connection is imperfect. The Cambrian-Ordovician Aquifer is
recharged in northern Illinois. ..

The Eau Claire shales separate the Cambrian-Ordovician"Aquifer from the Mt. Simon
Aquifer. The Mt..Simon Aquifer includes sandstones in the lower portion.of the
Eau Claire Formation and the Mt. Simon Sandstone. Based on available well logs,
the Mt. Simon Sandstone is anticipated at a depth of about 731.5 m (2400 ft)
below the surface at the plant site. Few wells in the regional area extend to
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the Mt. Simon Aquiferj because adequate ground water.supplies are more easily
obtained from shallower aquifers, and the ground water may be too highly mineral-
ized for most purposes.

Permeability values for.the various hydrogeologic units at the site were deter-
mined from laboratory tests on soil samples, water pressure tests in the bed-
rock, and field permeability tests conducted in the essential service cooling
pond area.

Laboratory permeability test results show that the permeability of the sand de-
posits range from 3.66 x 10-4 cm/sec to 7.32 x 10-2 cm/sec. The average perme-
ability of the till was found tb be 2.6 x 10-* cm/sec.. For discontinuous, well-;:
graded gravel and silts within the glacial drift at a depth of 10.8 to 12.4 m
(35.5 to 40.5 ft), the permeability was found to average 8.4 x 10-4 cm/sec.

Water pressure tests were performed in the Pennsylvanian-age Carbondale and
Spoon Formations and in the underlying Brainard Shale and Fort Atkinson
Limestone of the Ordovician-age Maquoketa Shale Group. No water losses (indi-
cating no or low permeability) were recorded in 20%'and 50% of the tested in-
tervals in the Carbondale and Spoon Formations, respectively, or in 40% of the
tested intervals in the Maquoketa Shale Group. In those intervals in which
water losses were recorded, permeabilities ranged from 1.93 x 10-6 to 4.92 x
10-4 cm/sec in the Carbondale Formation, 1.76 x 10-6 to 6.20 x 10-4 cm/sec in
the Spoon Formation, and 2.33 x 10Is to 4.58 x 10-5 cm/sec in the Maquoketa.
Shale Group. These permeability values probably reflect secondary permeability
along infrequent joints and.fractures within these formations rather than inter-
granular, primary permeability of the rock mass. In addition, the upper tested
intervals of the boreholes.generally had higher permeabilities than those at
greater depths, probably reflecting the effects .of weathering on the strata.
Ground water levels at the time the borings were drilled in the plant area
(January 1973 to April.1973) were at approximately el 595 ft MSL.

Seepage from the sand aquifer into the power block excavation was limited by
a slurry trench installed from approximately el 595 ft MSL to 0.6 m (2 ft) into
the till underlying the sand aquifer. The combined quantities of seepage and
precipitation were controlled using a sump pump. Eight observation wells were
installed in the glacial drift around the power block excavation and outside
the slurry trench in late 1975 to monitor ground water levels during construc-
tion. These observation wells were installed in pairs at varying distances
away from the slurry trench. During the 3-year period 1976 through 1978, ground
water levels in individual-wells fluctuated from 3.1 to 6.4 m (10 to 21 ft) with
upper and lower maximums of 595.5 and 572 ft MSL, respectively. For approxi-
mately 77% of the measurements, ground water levels were higher in the outer
observation well of each pair, indicating some decline of ground water levels
immediately adjacent to the slurry trench as a result of seepage into the exca-
vation. The average difference in ground water levels between pairs of obser-
vation wells was 21.3 cm (0.7 ft). The slight decline in ground water levels
and the small volume of seepage into the'excavation indicate that ground water
levels in the sand aquifer were affected only in the immediate proximity of the
power block excavation.
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4.3.1.5 Water Use

4.3.1.5.1 Surface Water

The average net .loss of water from the Kankakee River resulting from operation
of the Braidwood Station is estimated by the applicant to be 1.35 m3 /sec
(47.6 cfs). This water loss is about 1% of the average flow and about 11% of
the 7-day, 10-year recurrence low flow of the river at the station's intake.

Future uses of Kankakee River water are not expected to significantly lower
minimum flows. It is predicted that the urban Kankakee area will gradually I
increase its withdrawal rate for public and industrial water supply, but that
most of the supply will return to the river as wastewater. The City of Joliet.
may use the Kankakee River to supplement its water supply in the future. How-
ever, the withdrawal point would probably be downstream from the plant intake.
Historical data indicate that low flow levels have increased irregularly since
the lowest recorded flow at the Wilmington gauge occurred 47 years ago. The
low flow frequency and duration information for the Kankakee River at the river
screen house is shown in Table 4.4. For low-flow conditions in the Kankakee
River, plant withdrawals will result in only negligible changes in water sur-
face levels at the intake. For a river flow of 15.9 m3 /sec (532.8 cfs) (the.
minimum withdrawal flow plus average makeup), the change in water level at the
intake would be less than 3 cm (0.1 ft). Table 4.5 shows the percentage of
Kankakee River low flows required to arrive at an average net use of 1.35 m3 /sec I
(47.6 cfs) under several low flow conditions.

Table 4.5 Percent of Kankakee I
River flow required
for an average net
use of 1.35 m3 /sec I
(47.6 cfs)

Flow duration frequency Percent

1-day 10-year low 12.5
3-day 10-year low 11.4
7-day 10-year low 10.8

30-day 10-year low 9.6
Average annual flow 1.2

4.3.1.5.2 Ground Water

Ground water will not be used at the Braidwood Station during station operation.
All station water requirements will be met by the Kankakee River.

Seepage from the cooling pond should have little effect on ground water levels
around the site. Seepage to the Cambrian-Ordoviclan Aquifer is limited by the
relatively impermeable Pennsylvanian-age shales of the Carbondale and Spoon
Formations and the Ordovician-age shales of the Maquoketa Shale Group.. Seepage
to the sand aquifer is limited by a slurry trench cutoff that extends all the
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way through the cooling pond dike to 0.6 m (2 ft) into the glacial till or to
the Pennsylvanian-age bedrock where till is missing. The slurry trench serves
as a continuous seepage cutoff around the entire pond perimeter.

During design evaluation for the slurry trench cutoff, a prototype slurry-trench
test section was constructed in the cooling pond area. The test consisted of
several pumping tests to determine the average permeability of the inplace
soil-bentonite and cement-bentonite backfill materials. Test results were used
in designing the slurry trench cutoff and the cooling pond. The maximum per-
meability values determined for the inplace slurry-trench test section were as
follows:

Soil-bentonite (using natural, onsite soil) 6 x 10-7 cm/sec
Cement-bentonite 4.4 x 10-6 cm/sec

On the basis of these permeability values, the amount of seepage through the
entire length of the cooling pond's exterior dike was estimated to be less than
0.14 m3 /sec (5 cfs). Considering the approximately 16-km (10-mi) perimeter of
the cooling pond, the effect on local ground water levels will be negligible
and will be restricted to the immediate perimeter of the cooling pond.

4.3.2 Water Quality

The water quality of the Kankakee River has been rated "excellent" by the
Illinois Natural History Survey Board (FES-CP). Larimore and Skelly (1981)
found the water quality of the river to be good; however, cadmium and manganese
were found to exceed U.S. Environmental Protection Agency (EPA) (1976) standards
as did dieldrin and PCBs. Analysis of FES-CP Table 2.2 and ER-OL Tables 2.2-5
through 2.2-17 shows that overall chemical and trace element levels in the river
are within water criteria levels for protection of aquatic life (EPA) and state
water quality standards (see ER-OL Table 2.2-14).

Comparison of ER-OL Tables 2.4-9 and 2.4-10, which present both water quality
data for the Kankakee River for the period of record and corresponding state
standards, shows that ammonia exceeded state standards during the period
reported in 1971 and iron exceeded standards during the period of record in
ER-OL Table 2.4-10 (1957 through 1961) and in 1976 (U.S. Geological Survey,
1976). The high levels of ammonia are probably from upstream agricultural
runoff (ER-OL) and should have no adverse effects on water quality'or aquatic
biota. The high levels of iron (probably resulting, in part, from coal mining
in the area) in the presence of dissolved oxygen can form hydroxide deposits,
which can interfere with bottom-dwelling organisms (EPA, 1976). High levels of
iron (above 0.3 mg/1) affect water taste and cause staining of plumbing fixtures
and clothes during washing (EPA, 1976). The average total dissolved solids
concentration is 362 mg/1 and the maximum of record is 530 mg/i; the stream
water quality standard is 1000 mg/l. The concentration of total dissolved
solids in the blowdown discharge will average 967 mg/l (ER-OL Section 3.3.1).
See Section 5.3 for further discussion of river water quality.

Suspended solids carried in makeup water from the Kankakee River will result in
loss of some storage capacity of both the cooling pond and essential cooling
pond. The limited area for runoff into the pond will result in negligible
amounts of sediment from this source. The estimated rate of sediment deposition
from the makeup water intake is estimated to be 470 m3 (0.38 acre-ft) per year.
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Over a 40-year station lifespan,.this would amount to 18,800 m3 (15.3 acre-ft) U
or 2.7% of the capacity of the essential cooling pond (0.08% of the estimated
effective volume of the entire cooling pond) (ER-OL Section 2.4.1.4.2). Only.
part of the sediment deposition is expected to occur in the essential cooling
pond. The applicant will conduct periodic surveys to determine sediment depo-
sition and any changes in the pond bottom elevation (ER-OL Section 2.4.1.4.2). I
Studies were conducted by the applicant to determinethe potential chemical
loading of the cooling pond from leaching of surPface and subsurface soils.
Comparison of ER-OL Tables 2.4-6 and 2.4-7 with ER-OL Table 3.6-1 shows that
levels of the leached soil constituents are less than those occurring in the
Kankakee River water and should have an insignificant effect on the water
quality of the cooling pond..ý

The predicted concentrations of phosphorous (1.03 mg/l) and nitrogen (8.08 mg/1)
in the cooling pond indicate a potential for development of nuisance algal
conditions (see Section 5.5.2.1).

4.3.3 Meteorology

The discussion of the general climatology of the site and vicinity in the FES- I
CP remains unchanged, except for the following:

After the FES-CP was issued, the applicant installed an onsite meteorological
measurement system. This system has been in continuous operation since it was
installed in November 1973. For the 4-year period, 1979 through 1982, data
fromthe 34-ft measurement indicated prevailing winds from the south and south-
southwest, which occurred approximately 12 and 8% of the time, respectively.,
with winds from the west, west-northwest, and northwest occurring approximately
7%of the time in each of these sectors.

4.3.4 Terrestrial and Aquatic Resources

4.3.4.1 Terrestrial Ecology I
FES-CP Sections 2.7.1.1 and 2.7.1.2 contain the results of terrestrial ecology
studies conducted in the fall of 1972 and winter and'spring of 1973 only. The:
ER-OL provides the results of the terrestrial ecology studies conducted in the
summer of 1973 and from March 1974 through January 1975. The general descrip-
tion of the terrestrial ecology of the Braidwood site presented in the FES-CP
remain valid. The additional terrestrial ecology studies mentioned above - I
increased the number of species in all major groups (e.g., plants, birds, and
mammals) found to inhabit the Braidwood site. Lists of these species and
detailed descriptions of the additional surveys are given in ER-OL Section 2.2.2.

At the time of the most recent staff site visit (September 1983), terrestrial
habitat on the site consisted of the partially revegetated dikes, mine spoil
banks and islands in various stages of revegetation, fallow and formerly cul"-
tivated agricultural fields, and woodlands. About 87% (77 km, 48 mi) of the
habitats along the 88-km (55-mi) transmission line right-of-way consist of
cleared farmland. About 52 ha (129 acres)' of the remaining area are open I
woodland and hedgerows, and 42 ha (105 acres).are riparian woodlands. About
3 ha (7.5 acres) of riparian habitat are located at theKankakee River crossing
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located about 11 km (7 mi) north of Kankakee, Illinois (ER-OL Section 3.9);,
another 16 ha (40 acres) consist of small, discontinuous marshlands that are
spanned by the transmission lines (ER-OL'Section 3.9.8).

4.3.4.2 Aquatic Resources

The aquatic biota of the Kankakee River and Horse Creek in the site vicinity
were sampled during 1974-1975, 1977-1979, and 1981-1982 as part of the baseline
and/or construction phase aquatic monitoring program to supplement observations
made during the 1972 through 1973 monitoring program. The sampling transects
in the Kankakee River and Horse Creek-were located in areas potentially influ-
enced by the intake and discharge of the Braidwood Station (see Figure 4.8).
The results of the 1974-1975 and 1977-1981 monitoring programs are discussed in
detail in Sections 2.2.1 and 4.1, respectively, of the ER-OL. A brief discus-
sion of the baseline monitoring program and the results of the 1981 and 1982
monitoring programs, as an update to the FES-CP, are presented in this section.

A total of five phytoplankton phyla were collected during the 1974-1975 program
and representatives-of three phyla were collected during construction monitoring.
Over 200 species were identified, with most of the species belonging to two
phyla: Chlorophyta (green algae) and Bacillariophyta (diatoms). Diatoms were
the most numerous of the algal groups for both the Kankakee River and Horse
Creek. The periphyton community was dominated by over 400 species of diatoms.'
Forty-five zooplankton species belonging to nine phyla were identified. Espe-
cially common were species of the family Cyclopidae and the, order Cladocera.
Station 5L showed the highest productivity and Station 4R showed the least on
the basis of accumulated biomass (Larimore and Skelly, 1981), The most produc-
tive years for phytoplankton during the monitoring study were 1977 and 1978
(Larimore and Skelly, 1981).

Benthic macroinvertebrates collected from the Kankakee River and Horse Creek
were dominated by oligochaete worms and by dipterans belonging to the family
Chironomidae. Benthic macroinvertebrates collected from both streams by dredg-
ing and artificial substrates indicated the presence of a dieverse benthic com-
mufnity, which exhibited seasonal and local fluctuations in composition and
abundance. Changes-in community structure and species abundance during the
monitoring study were the result of natural causes .particularly erosion
(Larimore and Skelly, 1981).

Fifteen speciesof freshwater mussels andthe Asiatic clam, Corbicula fluminea,
were. collected from the Kankakee River in' the vicinity of. the Braidwood Station
in,:.1981.. The predominant species of mussel in the study.area was the musket,
Acti.non&ias.carimata. Greatest densities of mussels occurred in the riffle
.section of the study area, which was shallow (0.6-1.2 m (2-4 ft) in depth) and
had a fast. current, velocity (Ecological Analysts, Inc., 1982). One, live. Asiatic
clam was collected in 1981,.and numerous fresh dead.shells were observed
(Ecological Analysts, .Inc., 1982)i In 1975, the upstream range of this species
in the Illinois River was reported near Morris, Illinois (Thompson and Sparks,
1977).

Sparse to moderate macrophyte development was observed in the near-shore areas;
12 macrophyte species were collected from the Kankakee River. Water dock
(Rumex verticillatus) was the dominant component of the community in May, and
water willow (Justila .americana)was the dominant pl]ant In.the river in August.
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Seven major macrophyte beds were identified in the Kankakee River: four were
water willow, one was water dock, and two were combinations of water dock, love
grass, and arrowhead.

A total of 2221 fish representing 46 species was collected from the Kankakee
River and Horse Creek during the 1974-1975 program. Thirty-eight species Were
collected from the Kankakee River. The majority of the fish belonged to the
families Cyprinidae (minnows, shiners, and carp), Centrarchidae (sunfish), and
Catostomidae (suckers). These families, respectively, represented 33%, 24%,
and 14% of the total number of species collected. Other families represented
were Aphredoderidae (pirate perch), Atherinidae (silversides), Clupeidae
(herring), Esocidae (pike), Ictaluridae (catfish), Lepisosteidae (gar), Percidae
(perch), and Salmonidae (trout). The numerically more abundant species (account-
ing for 5% or more of the total collection) in the Kankakee River were bluegill,
rock bass, mimic shiner, spotfin shiner, shorthead redhorse, white crappie, and
spottail shiner. Table 4.6 presents a summary of numbers, percent composition,
biomass, and percent biomass of the fish species collected in the Kankakee River
and Horse Creek in the vicinity of the plant during 1982. Collection of the
central mudminnow (Umbra limi) in 1982 represented a new addition to the list
of species collected from the monitoring area (Larimore and Skelly, 1982b).
Results of the 1982 survey showed a reduction in both numbers and biomass com-
pared with those in previous years, probably as the result of low-flow condi-
tions during 1982.

Table 4.6 Total catch for each species collected from the
Kankakee River and Horse Creek during August 1982

Total

Species No. %No. Wt(g) %Wt

Longnose gar
Bowfin
Gizzard shad.
Central mudminnow
Grass pickerel
Northern pike
Stonerol1er
Carp
Silverjaw minnow
Golden shiner
Pallid shiner
Striped shiner
Rosyface shiner
Spotfin shiner
Sand shiner
Redfin shiner
Mimic shiner
Suckermouth minnow.
Unidentified minnows
Bluntnose minnow

2
2

66
1
1

10
1

49
1
6
2

83
70
41
21
8
4

12
2

47

0.2
0.2
6.2
0.1
0.1
0.9
0.1
4.6
0.1
0.6
0.2
7.7
6.5
3.8
2.0
0.7
0.4
1.1
0.2
4.4

6.82
1,510.00
5,605.28

4.44
2.00

6,987.00
0.96

59,589.00
1.44

20.20
0.62

65.93
30.70

147.35
13.31
8.22
4.35
7.61
0.10

55.80

0.0
0.7
2.5
0.0
0.0
3.2
0.0

26.9
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
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I
ITable 4.6 (Continued)

Total

Species No, %No. Wt(g) %Wt

Bullhead minnow 14 1.3 16.87 0.0
Creek chub 1 0.1 0.54 0.0
Quiliback 43 4.0 20,665.00 9.3
White sucker 8 0.7 3,119.59 .1.4
Northern hogsucker 18 1.7 6,793.94 3.1
Bigmouth buffalo 2 0.2 1,070.00 0.5
Silver redhorse 46 4.3 39,062.63 17.6
River redhorse 10 0.9 9,143.00 4.1
Black redhorse 3 0.3 755.00 0.3
Golden redhorse 83 7.7 26,005.00 11.7
Shorthead redhorse 22 2.1 10,325.00 4.7
Unidentified redhorse 2 0.2 .1.90 0.0
Yellow bullhead .1 0.1 60.00 0.0
Channel catfish 1 0.1 450.00 0.2
Stonecat 1 0.1 20.00 0.0
Blackstripe topminnow 1 0.1 1.36 0.0
Rock bass 43 4.0 3,446.00 1.6
Green sunfish 75 7.0 1,377.50 0.6
Orangespotted sunfish 19 1.8 114.12 0.1
Bluegill .10 0.9 199.00 0.1
Longear sunfish 50 4.7 1,029.54 0.5
Green sunfish and bluegill 3 0.3 79.00 0.0
Unidentified hybrid sunfish 1 0.1 5.31 0.0
Unidentified sunfish 13 1.2 2.58 0.0
Smallmouth bass 100 9.3 22,228.32 10.0
Largemouth bass 26 2.4 280.66 0.1
White crappie 11 1.0 994.95 0.4
Black crappie 10 0.9 32.96 0.0
Johnny darter 20 1.9 7.79 0.0
Blackside darter 5 0.5 3.63 0.0
Walleye 1 0.1 - 5.47 0.0

All species 1,072 221,357.79

Source: Modified from Table 1, Larimore and Skelly, 1982b

Sampling for fish eggs and larvae was performed as part of the 1974-1975
monitoring program. Horse Creek and some areas 'of the Kankakee River provide
'nursery grounds for fish. No eggs were obtained from transects 2 and 5
(Figure 4.8) during the entire sampling period (ER-OL Section 2.2.1).

Results of the 1982 study to determine changes in the aquatic communities of
the Braidwood cooling pond 1 year after the pond was filled showed that the
planktonic and benthic communities inhabiting theportions of the pond that

I
I
I
I
I
I
I
I
I
I

I
I
I
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were previously included in the strip-mining pit had not changed. The com-
munities in the recently inundated areas had changed during the previous year.
The phytoplankton, Cryptophyta, was consistently most abundant where nutrient
levels were highest.

Following a decline in total biomass of zooplankton after the pond was filled,
the standing stock of zooplankton in the second year was as great as or greater
than in the first year after the pond was filled (Waite, 1982). The zooplankton
community of the cooling pond is an immature fauna; however, changes in the
faunal composition corresponds with the growing maturity of the pond system
(Larimore and Skelly, 1982a).

The benthic community of the cooling pond is of two types: one associated with
the deeper areas of the former stripmining pits and the other a littoral com-
munity in the more shallow, recently inundated area. Significant increases in

mean total macroinvertebrate numbers and mean number of taxa per sampling site
occurred in both areas from 1981 to 1982. The benthic community of the former
stripmining pits will probably remain fairly constant with time (see Sec-
tion 5.5.2.1). In contrast, the community characteristic of the newly inundated
area will probably fluctuate with time as the pond matures and depositional
layers are developed on the bottom (Warren et al., 1982).

Twenty-three species and two hybrids, representing ten families of fish were
collected in 1982. The cooling pond was stocked with threadfin shad, channel
catfish, tiger muskellunge, and walleye by the State-of Illinois. Based on the
percent of total biomass of fish collected by electrofishing, seine, and gill
net, the catch from the cooling, pond was dominated by gizzard shad, largemouth
bass, and carp. Numerically, bluegill, gizzard shad, brook silverside, sand
shiner, largemouth bass, and carp were the important fish. Total fish biomass
in the pond increased from 1981 to 1982. The carp biomass decreased and the
gizzard shad biomass increased from 1981 to 1982.

The total dissolved solids of the cooling pond averaged 832 mg/l in May 1982;
the greatest component of this was sulfate (508 mg/1) (Commonwealth Edison
Company, 1982). In sulfate-dominated waters the total standing crops of fish
have been shown to be substantially reduced compared with those of waters char-
acterized by carbonate-bicarbonate ionic dominance (Jenkins, 1968). In the
cooling pond the greatest standing crop loss was clupeids and to a lesser extent
sport fishes. At present the clupeid fauna of the cooling pond is much less
abundant than is characteristic of midwestern lakes. This may be the result,
in part, of the young age of the pond as well as the higher sulfate concentra-
tion. The introduction of water with low total dissolved solids and sulfate
from the Kankakee River may help moderate levels of total dissolved solids and
sulfate in the pond, but discharge of sulfates from resin regeneration will
increase sulfate levels. The inflow, however, may have little effect on the
amount of sulfates released from within the pond. It is probable that sulfate
levels in the cooling pond will remain at levels that are not beneficial for
production of an optimum fish fauna.

There were substantial ithcreases in the biomass of gizzard shad, largemouth
bass, and walleye in the cooling pond during the second year (Skelly and
Epifanio, 1982). The ilargemouth bass'is developing rapidly in the pond.
Numerically, bluegill (29.7%), gizzard shad (21%), brook silversides (13.8%),
sand shiners (11.5%) largemouth bass (7.0%); and carp (5.7%) were the important
fish (Skelly and:Epifanto, 1982).
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4.3.5 Endangered and Threatened Species

4.3.5.1 Terrestrial

No federally listed endangered or threatened species have been observed on the
site (ER-OL Section 2.2.2.5.1). The site is within the range of and includes
habitat for the bald eagle (Haliaeetus leucocephalus) and the Indiana bat
(Myotis sodalis), both federally listed as endangered (U.S. Department of the
Interior, 1983). Bald eagles migrate through the area and may be transitory
visitors to the site, feeding on fish and other animals in the cooling pond.
The Indiana bat roosts and raises young in hollow trees in'the summer, primarily
in riparian woods (Humphrey et al., 1977), and hence may feed or roost near the
river or, possibly, on site. In the winter, the bat hibernates in caves; there
are none on the site or in the area. No Federal or State of Illinois endangered
or threatened plants are known to occur on the site or along the transmissionline right-of-way (ER-OL Section 2.2.2.5.1).

In addition to the above, several terrestrial animal species classified by the
state as endangered or threatened in Illinois are known from Will County or
adjacent counties and could occur on site (personal communication from V. R.
Tolbert, Oak Ridge National Laboratory, to M. Sweet, Illinois Department of
Conservation, September 29, 1983). State-endangered species are the American
bittern (Botaurus lentiginosus), marsh hawk (Circus cyaneus), upland sandpiper
(Bartramia longicauda), short-eared owl (Asi6fio _eus__ , red-shouldered hawk
(Buteo lineatus) black rail (Laterallus amaiicensis), yellow rail (Coturnicops
noveboracensis), and Wilson's phalarope (Steganopus tricolor). State threatened
species are the bobcat (Lynx rufus) and Henslow's sparrow (Ammodramus henslowii).

Of the above, the marsh hawk, red-shouldered hawk, and American bittern have
been observed on the site at least once since 1972 (ER-OL Section 2.2.2). The
upland sandpiper, short-eared owl, and Henslow's sparrow are prairie or grass-
land species less likely to be present on the site. The black rail has been
seen in the state only once in the last 10 years (personal communication from
V. R. Tolbert, Oak. Ridge National Laboratory, to M. Sweet, Illinois Department
of Conservation, September 29, 1983), but the remaining species might possibly
occur on site. Additionally, the bobcat might occur along the Kankakee River
in the vicinity of the intake and discharge structures or where the transmission
line crosses the Kankakee River (personal communication from V. R. Tolbert, Oak
Ridge National Laboratory, to M. Sweet, Illinois Department of Conservation,
September 29, 1983).

4.3.5.2 Aquatic.

There are no federally listed threatened or endangered aquatic species in the
vicinity of the Braidwood plant (U.S. Department of the Interior, 1980).

.The State of Illinois lists two threatened species (Notropis heterolepis,
black-nose shiner, and Notropis anogenus, pug-nose shiner) and two endangered
species (Hybopsis amblops, big-eyed chub, and Etheostoma camurum, bluebreast
darter) as potentially occurring in the Kankakee River in the vicinity of
Braidwood Station (M.. Sweet, Illinois Department of Conservation,.phone conver-
sation, September 29, 1983). The research team from the Illinois Natural
History Survey that has sampled in the Braidwood vicinity for the past 6 years
has.not found individuals of these four species (T. Skelly, phone conversation,
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October 4, 1983). However, the Illinois Natural History Survey team has found
the pallid shiner (Notropis amnis), which was thought to have been extirpated
from Illinois. ,he species has been proposed for the state's list of threatened
species (T. Skelly, phone conversation, October 6, 1983). Eighteen individuals
have been collected in the state, one from the Mississippi River and the re-
maining seventeen from the Kankakee River. All but one of these individuals
were taken at transect 5 of the aquatic monitoring stations for Braidwood Sta-
tion (see Figure 4.8). This area is characterized by a silt sand substrate and
zero flow during most of the year. The other individual was collected at tran-
sect 3 before construction of the plant intake facility (T. Skelly, phone con-
versation, October 6, 1983).

4.3.6 Community Characteristics

.The socioeconomic description of the area, including demography, land use, and
community characteristics in general, are in FES-CP Sections 2, 4, 5, and 10.
The Braidwood site is located in the southwest corner of Will County bordering
on both Kankakee and Grundy Counties. It is about 80 km (50 mi) southwest of
Chicago and 32 km (20 mi) south-southwest of Joliet (1980 population 3,005,072
and 77,956, respectively). The surrounding area is predominantly agricultural
and shows evidence of the coal strip-mining that had occurred in the area. Thd
applicant estimates a 1980 population of 27,482 within 16 km (10 mi) of the plant
and projects it to be 35,411 in the year 2020. The FES-CP lists the 1970 popu-
lation to have been 22,116. The 1980 census lists five towns within 16 km con-
taining a population greater than 1000: Braidwood (3429), Wilmington (4424),
Gardner (1322), Coal City (3028), and Diamond (1170). The applicant estimates
the 0- to 80-km (0- to 50-mi) population to have been 4,580,641 in 1980 with
the major portion of the figure including some residents of Chicago and its
suburbs. The staff has reviewed the applicant's demography data by comparing
the estimates with independent data sources, maps, and aerial photographs and
found the applicant's estimates to be reasonable.

There are 10 firms located within 16 km of the plant that employ a total of
less than 900 persons. Over one-third of the total are employed by the Personal
Products Co. Division of Johnson & Johnson in Wilmington, about 10 km (6 mi)
northeast of the station. The majority of the transient population within
16 km of the plant are visitors to the several state and privately owned recrea-
tional facilities in the area. These visitors are predominantly from outside
the 16-km area and account for a peak daily attendance of about 50,500 persons.

4.3.7 Historic and Archeologic Sites

FES-CP Section 2.3 describes historic and archeologic sites and natural land-
marks. Since the FES-CP was issued, the archeological surveys of most of the
transmission line corridors have been completed. The survey reports'indicated
that one site, 11Ka179, was evaluated as being potentially eligible for nomi-
nation to the National Register of Historic Places. Under 36 CFR 800, the NRC
is required to initiate a determination of eligibility for such sites; that effort
has begun. Two parcels, however, on the Davis Creek-to- Crete right-of-way,.
remained unsurveyed because the landowner refused access. Access has since been
granted for one parcel which was subsequently surveyed In May 1984. No sites
were identified as being eligible for listing in the Register along that parcel.
The landowner still refuses fulliaccess to conduct the survey for the other
parcel. The staff determined on further review that this survey will not be
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required because neither construction nor maintenance activities will be conducted I
on the property.

The plant site and areas near it remain prime fossil hunting territory. The
applicant has an agreement with the Field Museum of Natural History so that
limitedlaccess to the site can be granted through the museum to serious collec-
tors. The applicant intends to review its policy at the time of fuel delivery
and fuel loading (ER-OL, response to staff question E310.6).
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5 ENVIRONMENTAL CONSEQUENCES AND MITIGATING ACTIONS

5.1 R~sum6

This section evaluates changes in predicted environmental impacts since the
FES-CP was issued in July 1974. Updated information concerning the use of
water from the Kankakee River is provided in Section 5.3.1. Section 5.3.2
describes the changes in predicted impacts resulting from the volumes and con-
centrations of waste in the station effluents as a result of updated environ-
mental data. Flood plain aspects are discussed in Section 5.3.3. Section 5.5
addresses terrestrial and aquatic impacts of operation, including impacts asso-
ciated with operation of the transmission system. Section 5.8 provides the
changes in the socioeconomic impacts.

Information in Section 5.9 on radiological impacts has been revised to reflect
knowledge gained since the FES-CP was issued. The staff's analysis of the en-
vironmental impacts of postulated plant accidents is provided in Section 5.9.4.
Information on the environmental effects of the uranium fuel cycle, decommis-
sioning, noise, and operational monitoring programs is provided in Sections 5.10,
5.11, 5.12, and 5.14, respectively.

5.2 Land Use

5.2.1 Plant Site and Vicinity

The staff impact analysis of station operation on land use in FES-CP Sec-
tion 5.1.1 remains valid. Briefly, the primary impact on land use will be to
convert to industrial use (1) 404 ha (998 acres) of agricultural land, (2) 62
ha (152 acres) of woodland, and (3) 1,216 ha (3004 acres) of strip-mined land.
Of the 404 ha (998 acres) of agricultural land, 90 ha (221 acres) are located
in the plant area and 315 ha (777 acres) are in the pond area. Of the 62 ha
(152 acres) of woodland, 14 ha (35 acres) are in the plant area and 47 ha (117
acres) are in the pond area. All 1216 ha (3004 acres) of strip-mined land are
in the pond area. The U.S. Soil Conservation Service (SCS, 1980) classified
264 ha (652 acres) of this converted area to be prime agricultural land (22 ha
(54 acres) in the plant area and 242 ha (598 acres) in the pond area). The
total loss of agricultural land represents less than 1% of the agricultural
productivity in Will County (FES-CP Section 4.1, ER-OL response to staff ques-
tion E290.8). Nevertheless, the staff considers the essentially irreversible
loss of prime farmland to be an adverse effect of the construction and opera-
tion of the plant. Reference to the proposed rules for evaluating prime farm-
land losses (SCS, 1983) suggests that the severity of the impact is increased
because current land use in the area and adjacent to the site is agricultural.
This impact is diminished somewhat because the plant will not prevent agri-
culture on adjacent land and because it would have been difficult to. site the
plant on land with a lower proportion of prime.farmland.
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I
5.2.2 Transmission Lines m

Land use along transmission lines is not expected to change as a result of
operation. Agriculturaluses can continue under and along the lines; only the
small areas under the tower bases are unavailable for farming. The potential
impacts of transmission line operation on terrestrial biota and man are dis-
cussed in Section 5.5 of this report.

5.3 Water

5.3.1 Water Use

Section 5.2.1 of the FES-CP states that, based on the applicant's estimate,
the average net loss of water from the Kankakee River would be 1.34 m3/sec
(47.3 cfs). Since the FES-PP was issued, the applicant has increased the
water use estimate to 1.35 m3 /sec (47.6 cfs). At an average flow of 112 m3/sec
(3952 cfs), this average water use is 1% of the normal river flow and 11% of I
the 7-day, 10-year recurrence low flow (12.5 m3/sec (442 cfs)) of the river at
the plant intake. The applicant stated in the ER-OL (Section 3.3.1) that water
withdrawal levels would be determined in consultation with the Illinois Depart-.
ment of Conservation. The applicant had committed to the net withdrawal from
the Kankakee River being limited to a maximum of 10% of the river flow (FES-CP)
as a design objective.

This would require some drawdown of the cooling pond if the river flow drops
below 14 m3 /sec (495 cfs). The water withdrawal for the Braidwood Station is
established by the Illinois Department of Conservation water withdrawal permit.
According to R. Lutz of the Illinois Department of Conservation (in a telephone
conversation on October 3, 1983), the applicant is limited by its water with-
drawal permit to (1) withdrawing a maximum of 4.5 m3/sec (160 cfs), (2) ceasing
river water withdrawal when river flow is less than 12.5 m3/sec (442 cfs) I
(7-day, 10-year low flow), and (3) withdrawing no more than is consistent with
maintaining river water flow at 12.5 m3 /sec (442 cfs).

Depending on the rates of any future water withdrawals from the Kankakee River
and the maxi'mum withdrawal by the Braidwood Station, some impact on water
availability downstream could occur. On an individual basis, however, with-
drawal of 1% of the river flow at the Braidwood intake at normal flow should
not have a significant effect on downstream water use. Because of changes in
upstream water uses, water use and effects of water withdrawal by the Braidwood
plant will probably change over the life of the plant. At present there are no I
downstream users of water from the Kankakee River. The Joliet Arsenal can
withdraw 1.1 m3 /sec (38 cfs) but is presently in a standby status (CECo,
March 12, 1984).

Metcalf and Eddy, Inc./Engineers recently completed the first phase of a three-
phase Will County Public Water Supply Study. The Phase I report coyers popula-
tion and water usage projections. Will County currently uses groundwater sup-
plies to fulfill municipal and industrial demands. The report states that con-
tinued use of the groundwater source is dependent on the ultimate effect of the
current mining of this resource as reflected by declining water levels and
quality. The report indicates that the 1980 maximum demand was 291 million
liters/day (77 mgd or 119 cfs) and it projects a 2020 maximum demand of 428
million liters/day (113 mgd or 175 cfs). The difference between the 1980 and
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2020 demands is 136 million liters/day (36 mgd or 56 cfs). This represents the
water supply that would be required from the Kankakee River, assuming that Will
County would retain its existing groundwater capability. Commonwealth Edison
Company has an agreement with the State of Illinois that it will not withdraw
water for the Braidwood Station to the extent that it would reduce Kankakee
River flow below 12.5 m3 /sec (442 cfs), which is the 7-day, 10-year low flow.
If a future Will County municipal intake were located downstream of the
Braidwood Station intake, there should be sufficient water to meet the Will
County incremental demand (56 cfs) during most low flow conditions.

If Will County were to withdraw water from the Kankakee River, it is likely
that the intake would be located upstream of the Braidwood Station on land that
Commonwealth Edison Company donated to Will County. Should this site prevail,
then the Braidwood Station would probably not impact on the Will County intake,
but, conversely, the Will County intake would probably impact on the Braidwood
Station.

If the Will County intake is located upstream and the State of Illinois does not
restrict withdrawal through its river permit system, then with the incremental
withdrawal rate of 136 million liters/day (56 cfs), the applicant's commitment
to the State that it would not reduce flows below 442 cfs in effect becomes a
commitment at 498 cfs (442 + 56). The 498 cfs is about a 7-day, 5-year low
flow. Under the above assumed conditions the required plant shutdown time or
reduced power time would be altered upwards from the values discussed in FES
Section 4.2.3.1.

During normal Kankakee River flows, there should be insfignificant imparts,

regardless of the location of the future WiTl County intake.

5.3.2 Water Quality

The water quality standards for the Kankakee River as determined by the State
of Illinois (Illinois Water Pollution Control Board, 1979). require that the
standards be met at every point outside the mixing zone and that no mixing zone
exceed the area of a circle with a radius of 180 m (600 ft). Part 203 of the
general standards also requires that temperature-related standards, designed to
protect surface waters in Illinois for aquatic life,' agricultural use, primary
and secondary contact use, most industrial uses, and aesthetic quality, be met
(Illinois Water Pollution Control Board, 1979). The water quality standards
also require that the discharge structure must be designed to ensure that the
mixing zone allows a reasonable zone of passage for aquatic life and must not
encompass more than 25% of the cross-sectional.area or volume of flow, except
in those instances where the dilution ratio is less than 3:1 (ER-OL Section 5.1.).
See Section 5.5..2 for further discussion.

The major source of chemical and biocide discharges into the Kankakee River
from the Braidwood Station is blowdown from the cooling pond. With the excep-.
tion of biocides, the blowdown will contain the same chemical constituents as
the river but at higher concentrations because of the evaporative water losses.
The expected chemical composition of the cooling pond blowdown and the appli-
cable state standards are shown in Table 5.1. The addition of carbon dioxide
to prevent scale formation in the heat exchange equipment will increase the
total dissolved solids concentrations in the blowdown above that which would be
.expected as the result of evaporation alone. The average total dissolved solids
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Table 5.1 Chemical discharges .of the Braidwood Station, including leaching effects
(All values except pH in mg/liter.)
Source: ER-OL Table 5.3-1

Applicable
Illinois standards

Average Average
Ambient pond discharge Water

Chemical discharge rivera blowdown to river Effluent quality

Alkalinity
(as CaCO3 )

Calcium

Chlorides

Magnesium

Nittates

pH

Silica

Sodium

Sulfates

Total dissolved
solids

170

77.6

22.0

23.5

2.3

7.0-9.0

3.2

13.0

65.6

120

100

44

50

5

Within
limits

6

26

273

120

100

44

50

5

Within
standards

6

26

273

None

None

None

None

None

5-10

None

None

None

None

None

500

None

None

6.5-9.0

None

None

None

388 900 900 3 5 0 0 b 1000

aFrom Table 3.6-1 (ER-OL).

bApplicable limit for recycling or other pollution abatement practices.
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concentration in the cooling pond and blowdown discharge to the river is calcu-
lated to be 900 mg/i (Table 5.1), and the maximum anticipated is 980 mg/l
(Table 5.2). Both discharge levels are within limits established by the State
of Illinois for the effluent and water quality standards (Table 5.1). The pH
of the blowdown discharge to the river will be monitored and treated as neces-
sary to meet applicable standards. Of all the chemicals in the discharge,
sulfate concentrations will be increased by the greatest percentage above am-
bient (Table 5.1). The sulfate levels are, however, within limits for effluent
and water quality standards. Using the same formula to calculate chemical
dilution as thermal dilution, sulfate concentrations will approach that of the
maximum river water concentration at the 2°F isotherm. Concentrations at this
isopleth are well below state standards and, in addition, should have no adverse
effect on water quality. At the 20F isotherm boundary, chloride levels are
approximate-ly the same as the maximum:ambient level and should have no adverse
effect on water quality. The 2°F isotherm covers a maximum area of 2.2 x 1O4 M2

(5.4 acres) and is well within the maximum area of the mixing zone required by
the State of Illinois (1.05 x 105 M2 (26 acres)). On the basis of information
presented in Section 4.3.2 and in ER-OL Section 2.4.1.4.2, there should be only
minor changes in the water quality of the cooling pond and of water discharged
to the river as the result of leaching of surface and subsurface soils. If the
estimates of normal and maximum effluent and blowdown constituents determined
by the applicant are proved accurate by operational monitoring, there should be
no significant adverse impacts of plant operation on water quality of the
Kankakee River.

Sanitary wastes will receive tertiary treatment to remove nutrients, followed
by chlorination to control fecal coliform bacteria numbers. The effluent chlo-
rine'level is 1 mg/l. The average discharge rate is less than 0.003 m3/sec
(0.1 cfs) into the pond blowdown. The dilution afforded by the pond blowdown
flow should minimize the residual chlorine Concentration discharged to the
river and is expected to reduce nutrient levels to less than that of the river.

5.3.3 Flood Plain Aspects

The flood hazard areas, resulting from the 1%-chance flood in the Kankakee and
Mazon Rivers and their tributaries, in the vicinity of the Braidwood site are
shown in Figure 5.1. These flood hazard areas were delineated by the Federal
Emergency Management Agency (1978, 1982).

The plant area, cooling pond, river screen house, and blowdown structure, which
are located in or near the flood plains of the Kankakee and Mazon Rivers, are
also shown in Figure 5.1. It can be seen from Figure 5.1 that the plant and
cooling pond areas do not alter the flood plain of the adjacent rivers or their
tributaries so as to affect the flood-prone areas.

The river screen house and blowdown structure are located on the Kankakee River
approximately 4 mi upstream of the dam at Wilmington, Illinois. The river screen
house and blowdown structure encroach onto the Kankakee River flood plain. The
encroachment of the river screen house is shown in Figure 5.2. The 100-year
discharge in the Kankakee River near the river screen house is about 1416 m3 /sec
(50,000 cfs) and the corresponding flood level in the Kankakee River at the
screen house for prestation construction is at el 547.5 ft MSL (U.S. Depart-
ment of Housing and Urban Development, 1979).
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Table 5.2 Estimated maximum concentrations of chemicals discharged to the
Kankakee River (All values in mg/liters.)
Source: ER-OL, Table 5.3.2 I

MAXIMUM I
MAXIMUM AT 50 AT 20 AMBIENT

DISCHARGE ISOTHERMa ISOTHERMO RIVER

.Alkalinity
(as CaCO3 ) 160 203 222 235

Calcium 120 119 118 118

Chlorides 46 34. 29 25

Magnesium 70 48 38 31

Nitrates 9 7 7 6.2 I
Silica 8 6 6 5.3

Sodiu•n 33 29 27 25.6

Sulfates 360 248 198 164

Total Dissolved
Solids 980 699 573 489

_ Auutiohr re .6arsI

aEstimated August isotherm area = 0.16 acres.
bEstimated August isotherm area = 1.42 acres.I

I
I
I
I
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Figure 5.2 shows the river cross section at the screen house with and without
the screen house. At el 547..5 ft, the cross-sectional area under natural condi-
tions is 7900 ft 2 , and the area of cross section with the screen house in place
is 7000 ft 2 . Thus, the river screen house encroachment during a 1%-chance flood
in the Kankakee River is 11.4% of the river cross section. This reduction in
area will only increase the 100-year flood stage upstream of the screen house
about 6 cm (0.2 ft).

It is clear from the above discussion that Braidwood Station, particularly the
river screen house, does not appreciably alter either flood flows or flood
levels upstream and downstream of the screen house.

5.4 Air Quality

Air quality in the area is reasonably good, as indicated by the statistics that
showed less than 10 forecast days of high air pollution potential in a 5-year
period (Holzworth, 1972). The nearby Chicago SMSA (Standard Metropolitan Sta-
tistical Area) shows.general improvement of levels of various air pollutants
(Council on Environmental Quality (CEQ), 1983). The plant emissions resulting
from infrequent operation of the auxiliary diesel generators will be described
in Section 5.4.2.

5.4.1 Fog and Ice

The material presented in FES-CP Section 5.4.1.2 is still appropriate.

5.4.2 Other Emissions

Gaseous effluents other than normal, routine operational radioactive releases
will result from the combustion products emitted by four diesel auxiliary gen-
erators and four other diesel generators used infrequently during equipment
testing.

Similarly, two oil-fired steam boilers are infrequently used during plant
startup or when the plant is shut down. The boiler emissions of SO2 and partic-
ulates are within the State of Illinois guidelines for S02 and particulates.
Normally, one boiler is expected to operate about 2 weeks per year.

The staff concludes, on thebasis of the information provided by the applicant
and the staff's experience with evaluations of other facilities, that the opera-
tion of the auxiliary boilers and the diesel generators should not have a sig-
nificant impact on the air quality in the vicinity of the plant.

5.5 Ecology

5.5.1 Terrestrial Ecology

5.5.1.1 Plant Site and Vicinity

The immediate effects of constructing and filling the cooling pond on terres-
trial ecology were described in FES-CP Section 4.3.1. The effects on terres-
trial biota that will occur as vegetation (e.g., trees, grasses, and semi-
aquatic plants) developed on the dikes and islands were described in FES-CP
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Section 5.4.1.1. The staff has reviewed these analyses and considers them still
valid. Briefly,.,about 1027 ha (2537 acres) of former terrestrial habitats
(cultivated and fallow fields, woodlands, and strip-mined soil) have been con-
verted to aquatic habitat. About 551 ha (1361 acres) occupied by the dikes and
islands will become increasingly suitable terrestrial habitat as revegetation
progresses. Terrestrial organisms adapted to open water or shoreline habitats,
such as waterfowl, muskrats, and frogs, will be favored. None of the terres- I
trial habitats destroyed is unique'or uncommon in Illinois.

About 174 ha.(431 acres) of the plant area will not be needed for operation of
the nuclear plant. Of this area, 121 ha (300 acres) are undisturbed and 53 ha
(131 acres). will be revegetated when construction is completed. The applicant
is working with the county soil conservationist to revegetate about 15 ha (36
acres) in the northeast portion of the site, part as native prairie and part
as wildlife habitat (ER-OL, response to NRC staff question E290.4). The conser-
vationist's recommendations for fertilizer, seeding mixtures, and maintenance
of ground.covers also have been followed for land on the site, on the makeup- I
blowdown corridor, and at the river screen house (ER-OL, response to staff
question E290.4). Of the 1803-ha (4454-acre) site, about 725 ha (1792 acres)
are available for terrestrial wildlife habitat (ER-OL, response to staff ques-
tion E290.8).

5.5.1.2 Transmission System

Impacts that could be associated with operation of the transmission system
include corona effects, induced electric and magnetic fields, bird collisions,
and effects resulting from maintenance of the corridors.

Corona is noticeable primarily on 500-kV and higher voltage lines, especially
during wet weather, but also occurs at lower voltages. Corona may result in
audible noise, radio and television reception interference, light, and produc-
tion of ozone and oxides of nitrogen (NOx). The concentration of corona-

produced ozone is usually less than the daily natural variation in ozone con-
centration (Lee et al., 1982) and adverse impacts are consequently unlikely.
Production of oxides of nitrogen is similarly insignificant. The applicant
designed the station-related portion of the transmission system to meet or ex-
ceed all requirements of the Illinois Commerce Commission General Order 160,
which is identical to the National Electric Safety Code for the construction
of transmission lines, to ensure the safeguarding of persons from hazards
resulting from operation of overhead lines (ER-OL Section 3.9.2). The appli-
cant has used modern tower designs for the plant transmission system, which
minimize audible noise and interferences (Lee et al., 1982). The applicant
investigates all complaints about such corona effects and corrects problems to
the extent practical (ER-OL Section 3.9.6, Amendment 1).

Equipment, such as tractors, operated or parked under the lines can develop a
static charge that may cause a slight sensation or shock at a person's touch.
Ungrounded fences and gates can develop charges that will deliver a painful
shock to a grounded individual touching them (Lee et al., 1982). Hence, un-
grounded fences and gates on or adjacent to the right-of-way are routinely
grounded and electric fences are equipped with drain coils at appropriate inter-
vals (ER-OL Section 3.9.6, Amendment 1). These measures will reduce potential
shock hazards"to levels well below 4.5 mA, which is considered the maximum
safe level fo•rchildren (Lee et al., 1982).
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Electric fields measured on 500-kV lines at a height of 1 m averaged 2.4 kV/m
(maximum 6.9 kV/m) on the centerline and 1.3 kV/m (maximum 6.0 kV/m) at the edge
of a 30-m right-of-way (Sendaula et al., 1983). Fields on a 345-kV line would
be no higher; the applicant has calculated that fields associated with parallel
345-kV and 765-kV lines would be, at worst, only slightly higher than for a 345-kV
line alone (ER-OL Section 3.9.6). Experience has shown that calculated values
are almost always higher than actual field measurements (Sendaula et al., 1983).

Research on effects of electric fields on humans and other organisms has pro-
duced variable results (Lee et al., 1982). For the most part, adverse effects
have been demonstrated only for higher fields (e.g., greater than 15 kV/m) or
longer exposure times than would occur for people residing near or working under
transmission lines. Also, some of the studies-purporting to demonstrate adverse
effects used poor experimental design or inadequate statistical treatment of
results (Lee et al., 1982). Results of research studies on electric field
effects on growth and development of plants and animals indicate that neither
serious injuries nor abnormalities were apparent from exposure to a 50-kV/m
field (Bankoski et al., 1976). Minor physical damage to corn, bluegrass, and
alfalfa leaf tips occurred from exposures to field strengths of 25 kV/m and
above. The same series of studies, investigating electric field effects on
small animals, indicated no apparent adverse abnormalities in behavior or
external appearance from exposures to electric fields of 50 kV/m.

Bird collisions with power lines are most evident where lines pass through areas
with large concentrations of birds, such as reservoirs and certain agricultural
fields. Studies on mortality of waterfowl under such conditions suggest that
less than 0.07% of total nonhunting waterfowl mortality is caused by power lines
(Stout and Cornwell, 1976). Because concentrations of waterfowl may occur on
the Braidwood cooling pond, some potential exists for bird collisions with the
power lines associated with the plant. Because lines enter the switchyard well
north of the cooling pond, this possibility is small. Waterfowl use of the
Kankakee River in the area crossed by the Braidwood transmission line is limited
because of the swift current and gravelly bottom (telephone conversation, C. L.
McDonough (Commonwealth Edison Company) and G. LaRoche (NRC), November 11, 1983).
Therefore, the impact on waterfowl populations is expected to be negligible.

Because the transmission line traverses mostly active, cleared agricultural
land, there will be limited need for right-of-way maintenance. No construction
of new permanent access roads will be necessary (ER-OL Section 5.5.1). In
wooded areas, periodic pruning and cutting of trees and brush, and possibly
very limited selective herbicide application, will be necessary. Typically,
herbicides are applied to stumps to prevent sprouting and as a basal spray on
standing brush and trees. All herbicides used in the control programs will be
transported, handled, and applied inaccordance with the restrictions stated on
the registered container labels (ER-OL, response to staff question E290.2).
Fallow fields in the right-of-way may have to be cleared every few years. These
maintenance activities will produce very little change in existing terrestrial
habitat on the right-of-way and consequently no significant adverse impacts.
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5.5.2 Aquatic Resources Impacts U
5.5.2.1 Cooling Pond n

On the basis of the existence of stripmining lakes before construction of the
cooling pond and intake of makeup water from the Kankakee River, the cooling
pond should initially have a relatively diverse aquatic community. In addition I
the State of Illinois has stocked the pond with threadfin shad, channel catfish,
tiger muskellunge, and walleye. Information presented in Larimore and Skelly
(1982) and in Section 4.3.4.2 showed that the aquatic resources of the cooling
pond appear to be developing in a manner that is consistent with the maturation
of new ponds.

Information provided by Commonwealth Edison Company (1982) showed that existing
levels of sulfate in the cooling pond were high (508 mg/l of the 832 mg/l total
dissolved solids). Levels of sulfate in excess of 390 mg/l have been shown to
have adverse effects on the standing stocks of fish in reservoirs (Jenkins and I
Morais, 1971). The standing stock of clupeids, particularly gizzard shad, was
found to be reduced in the cooling pond from 1981 to 1982 although the species
did exhibit a wide range of size classes.

The applicant reported in the ER-OL that mixing within the cooling pond should
be relatively uniform except in the deeper areas [>3 m (10 ft)], which are
associated with the previous stripmining pits and are deeper than the discharge I
level. These areas may be used by fish during the summer months, when the over-
all temperature of the pond is at its highest, as a means of escaping elevated
temperatures. If dissolved oxygen levels in these deeper areas are low, as is
probable, fish species may be precluded from using these areas. Consequently,
the only areas that may be available to fish during periods of high temperatures
will be the area adjacent to the makeup water inflow from the Kankakee River and
possibly isolated coves in the cooling pond that are poorly mixed. Overall, the
effects of operation of the cooling pond will have an adverse effect on aquatic
organisms during periods when the temperature in the cooling pond exceeds 30*C
(86*F) (Langford, 1983). It is possible that fish can avoid these high tempera- I
tures by taking refuge in deeper, cooler areas of the cooling pond. The cooling
pond has the potential to support a diverse fish fauna during all but the hottest
parts of the year (June through August) since it will receive plankton and
benthic organisms, as well as small fish, larvae, and eggs in the makeup water
from the Kankakee River. Because of the high temperatures and high nutrient
availability in the cooling pond, algal blooms will probably occur during periods
of warm weather and adequate solar radiation. In addition there will be periods I
when potentially extensive algal masses may die off, reducing dissolved oxygen
levels and adversely affecting water quality. Algal blooms and die-offs will
probably occur only in the more shallow areas; fish and other mobile species
should be able to avoid these areas.

The applicant expects that the overall low target level of chlorination to be
used and the intermittent and sequential treatment of cooling systems and
components, thereby affording dilution of chlorine-containing flows with un-
chlorinated flows, will result in no detectable residual chlorine in the station
disch .arges. The practicable field detection limit for total residual chlorine
(TRC) in power plant cooling waters has been variously reported to be in the
range of 0.03 mg/l (U.S. EPA, 1980) to 0.085 mg/l (NUS, 1980). The residual

I
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chlorine in power plant discharges normally consists of combined available chlo-
rine, with free available chlorine concentration being below detectable limits.
Dickson et al. (1974) and Brooks and Seegert (1978) examined the effects of
intermittent exposures of warm water fish to residual chlorine. Their studies
concluded that exposures to not greater than 0.2 mg/l TRC intermittently for a
total time of up to 2 hours per day would "probably be adequate to protect more
resistant warm water fish such as the'bluegill" (Dickson et al., 1974) and that
intermittent exposures to combined available chlorine totaling 160 min would
not produce mortality to the most sensitive of 10 warm water fish tested at con-
centrations at or below 0.21 mg/l, respectively. The most sensitive species
in the latter study was the emerald shiner. The other species tested were the
common shiner, spotfin shiner, bluegil.l', carp, white sucker, channel catfish,
white bass, sauger, and freshwater drum. On the basis of the applicant's pro-
jected discharge of residual chlorine from the Braidwood Station, adverse ef-
fects on the biota of the cooling pond would not be expected.

The staff has evaluated the biological conditions anticipated with operation of
the pond and concludes that the aquatic resources of the cooling pond will be
typical of a generally stressed system characterized by possibly large numbers
of a few heat-tolerant species. However, since the state has not identified
the pond as a fishery resource and the applicant indicates that it will only be
used for cooling purposes (ER-OL Section 5.1), the conditions in the cooling
pond are not in conflict with any planned use of the water body.

5.5.2.2 Kankakee River

This section discusses the predicted thermal impact of the blowdown discharge
to the Kankakee River, the impact of removing riverine organisms in the makeup
water, and the impact of the water intake structure on fish species.

The size of the thermal plume is regulated by the requirements of the State of
Illinois Water Pollution Control Board (IWPCB, 1979). The mixing zone is re-
stricted to an area that covers no more than a circle whose radius is 183 m
(600 ft). The calculated area is (10.5 ha (26 acres). According to requirements
of the IWPCB (1979), the maximum temperature rise above natural temperatures
shall not exceed 2.7 0 C (5°F). This maximum temperature rise would correspond to
a (5°F) isotherm area of 0.2 ha (0.45 acres) (ER-OL Section 5.1.1). At no time
shall the temperature exceed the maximum temperature of 16%C (60 0 F) from Decem-
ber through March or 32 0 C (90 0 F) from April through November outside the 10.5-ha
(26-acre) mixing zone more than 1% of any continuous 12-month period (IWPCB,
1979).

According to ER-OL Table 5.1-1 the highest river-water temperature occurs in
August [26°C (79.5*F)]; the temperature of the discharge to the river is 330 C
(91 0 F). At a temperature increase of 7C° (11.5F°) the-temperature excess out-
side the mixing zone would be 0.004C° (0.008F°). The area occupied by the 5.6°C
(100F) isotherm is 0.004 ha (0.01 acre); consequently, the area in which the 7C0
(11.5F0 ) temperature rise occurs is sufficiently small so that only a small area
of the river should be affected by a temperature in excess of 32%C (90°F).

New estimates of blowdown flow rate and temperature increase are lower than
those described in the FES-CP. Therefore effects of the discharge should be
less than previously predicted. Table 5.3 provides a numerical summary of the
thermal plume areas having temperatures above ambient temperatures of the river.
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Table 5.3 Estimated isotherm areas resulting from a discharge into the Kankakee River

(All values in acres.)
Source: ER-OL, Table 5.1-2

0

M MOUTH EXCESS ISOTHERMS (OF)

200 150 100 50 40 30 20

January 0.01 0.05 0.30 0.47 0.95 2.60

February 0.02 0.07 0.29 0.43 0.78 1.94

March 0.01 0.04 0.18 0.28 0.48 1.05

April 0.01 0.10 0.15 0.26 0.52

May 0.02 0.13 0.20 0.35 0.74

June 0.03 0.21 0.35 0.65 0.92
July 0.02 0.20 0.34 0.75 2.4

August 0.01 0.16 0.29 0.59 1.42

September 0.05 0.38 0.64 1.38 3 * 95

October 0.05 0.37 0.71 1.64 5.4

November 0.03 0.26 0.48 1. 03 3.12

December 0.01 0.03 0.10 0.45 0.72 1.52 4.58

---- m - - - ----- m -- i ----- m



The maximum area that is associated with the 2.7*C (5*F) isotherm (0.45 acre)
occurs in December. The maximum area of the mixing zone permitted by the State
is 10.5 ha (26 acre) (IWPCB, 1979). The thermal plume is projected to cover a
surface area'of 18% of the river width in August, 21% in September, and 13% in
December (ER-OL Section 5.1.2). Therefore, the thermal plume should not act as
a barrier to up or downstream movement by mobile aquatic biota.

Under conditions of low flow and high blowdown temperature, plankton carried
by the river current past the discharge point would be exposed to a 2.7C* (5F0 )
temperature increase for approximately 10 min and higher temperatures for shorter
periods. Impacts to the phytoplankton community should be minor and of minimal
duration because: the 2.70C (50 F)-thermal plume only covers an area of 0.2 ha
(0.45 acre); the residence time within the plume is short; and the regeneration
time of phytoplankton is rapid.

Benthic organisms should not be significantly affected by blowdown discharge
from the Braidwood Station, except perhaps in the immediate vicinity of the
discharge outfall. Mobility of juvenile and adult fish will enable them to
avoid the heated water during periods of maximum temperature discharge (i.e.,
August). Individuals of some species may actively move into the heated plume
during the winter months in an attempt to maintain their preferred temperature
levels. Cold water shock should not cause a significant problem because blow-
down to the river is from a large cooling pond that would cool slowly upon
station shutdown. The temperature in the vicinity of the discharge would be
cooled at a rate of approximately 1C0 (2F*) per hour. This rate of cooling
would allow acclimation by fish in the discharge vicinity and minimize adverse
impacts.

Because most spawning in the vicinity of the plant occurs upstream, impacts of
the discharge on spawning should be minimal. Those larval fish found in the
river could be stressed on passage through the thermal plume. Depending upon
the river and streambed configuration and the flow of the river, flow in the
river in the vicinity of the intake and discharge can be toward the far bank
(Ill. Nat. History Survey, 1981). Flow of the river and creek discharge toward
the far bank would minimize discharge effects on larval and juvenile fish.
Because of variable flow direction in the river, the residence time in the
plume being short, and natural mortality of larval fish that do not remain in
spawning areas until they can withstand river flow reaching more than 99%, the
overall impacts on adult fish populations in the river from larval mortality
associated with the thermal plume should not be significant.

The greatest mussel-bed densities occur upstream in the-riffle areas adjacent
to Horse Creek (Ecological Analysts, Inc., 1982). Because mussel beds are
sporadic in distribution and low in density in the vicinity of the intake and
discharge, there should be minimal impacts to the mussel fauna from operation
of the plant.

In FES-CP Section 5.4.2.2.1, the staff discussed the effects of entrainment
associated with intake of water from the Kankakee River. The staff concluded
that, with an average intake withdrawal of 2.6 m3/sec (93 cfs), approximately
2.4% of the river phytoplankton would be entrained. Because of the small re-
moval rate and the rapid regeneration time of both phytoplankton and zooplank-
ton, the staff concluded that impacts from this entrainment would be minor.
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m
The projected amount of makeup water needed by the plant is slightly less than m
previously projected (FES-CP Section 3.3) so that the number of plankton
entrained will be slightly less.

During the spring spawning period, eggs, fry, and small juvenile fish may be
entrained. These organisms will be entrained in proportion to the number found
in the water column. Because during some years the flow from Horse Creek does m
not mix with that in the Kankakee River but rather hugs the right bank of the
river (intake side), there will be a larger proportion of larvae from Horse
Creek entrained when this occurs than from the Kankakee River (Ill. Nat. History
Survey, 1978, 1979, 1980). These studies concluded, however, that the densities
of larvae in the river and creek were very similar; therefore, there should be
no significant effect of entrainment on the larvae in the plant vicinity. When
the flow in the river is toward the far side (Ill. Nat. History Survey, 1981),
the impact from entrainment will be further reduced. The predominant larvae in
Horse Creek were species of Percidae, Catostomidae, Ambloplites rupertris
(rock bass), and Cyprinidae (Ill. Nat. History Survey, 1979). Most sport fish I
species found in the Kankakee River produce demersal or attached embryos which
generally develop in shallow backwater, near-shore areas and are not present in
the mainstream of the river until they achieve the ability to swim in prevailing
river currents; therefore, most species should be able to avoid entrainment in
the intake (Commonwealth Edison Co., 1977). Unless physically'damaged during
passage through the intake system, these organisms will be released (discharged)
into the freshwater holding pond associated with the cooling pond and will I
serve as an incidental source of fish for the cooling pond. Most eggs, fry, or
juvenile fish entrained in the cooling water that is drawn from the cooling
pond will probably be killed during passage through the plant. Most spawning
in the Kankakee River in the vicinity of the Braidwood Station occurs in the
shallow water areas and the riffle at the mouth of Horse Creek (according to
T. Skelly in a telephone conversation on October 6, 1983), rather than the
vicinity of the makeup water intake.

At normal water intake rates during a.7-day, 10-year low flow of the Kankakee
River at the station site, approximately 21% of the plankton could be removed I
from the river. In addition to low flow and low nutrient input, this removal
rate could stress the aquatic community in the station vicinity. The State of
Illinois requires that water withdrawal by the Braidwood Station be stopped
under these low-flow conditions (see Section 5.3.1) so that impacts at low flow
will be minimized. Assuming a low flow of 14 m3/sec (500 cfs), approximately
17% of the plankton could be removed from the river flow passing the station
makeup intake. Under low-flow conditions, impacts from entrainment of fish I
eggs, fry, and small juveniles are expected to be minimal. Lower flows would
occur in late summer, after spring spawning and the period of highest ichthyo-
plankton densities had passed.

On the basis of calculations of 1 to 3% of the river flow being withdrawn by
the Braidwood plant during the spawning peak, April-July, the staff expects
the number of fry and small juveniles entrained to be small in relation to the
populations in the river. Consequently, the impact of fish entrainment during
the period of spawning should be small.

The applicant anticipates the average annual intake flow from the Kankakee River
to be 2.6 m3/sec (90.8 cfs). The approach velocities for the station intake
will range from 0.10 to 0.15 m/sec (0.3 to 0.5 ft/sec) depending on the water m
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level of the river. The velocity of the water passing through the traveling
screens will range from 0.3 to 0.5 m/sec (1.0 -to 1.5 ft/sec) depending on the
water level of the river. At the above approach velocities most adult riverine
fish should be able to swim away from and avoid the intake. Because of slower
swimming speeds of smaller fish, some may be impinged. An impingement study
was conducted by the applicant during filling of the cooling pond from December
1980 through February 1981 (Commonwealth Edison Co., 1981). Results of the
2½-month study showed that eight species of fish constituted 75% of the total
number of fish impinged. In decreasing order of abundance, these species were
rock bass, rosyface shiner, channel catfish, bluegill, smallmouth bass, bull-
head minnow, white crappie, and orangespotted sunfish. The majority of the
impinged fish were young-of-the-year; the average weights of all but 4 of the
32 taxa in the catch were less than 28 gm (I oz). The total estimated impinge-
ment for the time period December through February (Table 5.4) was 1201 indi-
viduals weighing approximately 16 kg (36 lb) and representing 32 species
(Commonwealth Edison Company Co., 1981). The numbers in Table 5.4 can be com-
pared with the total number of the various fish species collected in the plant
vicinity during the aquatic monitoring program from 1974 through 1975 (ER-OL
Table 2.2-45). The number of rock bass impinged was in proportion to the num-
ber found in the population, a situation that was generally true for all
impinged species.

The highest number of fish impinged typically occurs during the winter months
when water temperatures are low and fish swimming speeds are reduced. Impinged
fish are washed from the screens and removed from the site to an approved dis-
posal area by a licensed contractor. Consequently, any fish impinged by the
intake structure are removed from the population. On the basis of the low num-
bers of individuals of the various species impinged during the December through
February study (Table 5.4) and the generally high natural mortality rates of
young-of-the-year fish, the staff concludes'that operation of the Braidwood
intake structure on the Kankakee River should have minimal effects on the fish
fauna of the river.

The cooling pond blowdown will contain the same chemical constituents as the
river although at higher concentrations because of evaporative water losses (see
Table 5.1). The total dissolved solids concentrations will be higher because of
the carbon dioxide added (Section 5.3.2) to prevent scale formation in the heat
exchange equipment. The expected chemical concentrations of the blowdown from
the cooling pond to the Kankakee River and the State effluent and water quality
standards are shown in Table 5.1.

The total amount of dissolved solids discharged to the river is less than the
maximum allowed limits. The maximum expected concentrations of both chlorides
and total dissolved solids are within water quality standards without dilution.
After dilution within the mixing zone (a maximum area of 10.5 ha (26 acres)),
the effluent sulfate concentration will be well below the 500 mg/l standard.
Sulfate discharged at 588 mg/l would meet the water quality standard during low
river flow in August within an area corresponding to the 1°C (2°F) isotherm.

The station sewage plant effluent chlorine level is about 1 ppm. This concen-
tration is discharged at an average rate of less than 0.1 cfs into the cooling
pond blowdown, which is maintained at an average flow of about 43.2 cfs. Dilu-
tion by this means should be more than adequate to reduce the nutrient and're-
sidual chlorine levels to values below that of the river. Blowdown to the river
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Table 5.4 Estimated total number, percent occurrence of
fish impinged, Braidwood Station, December 1,
1980 - February 21, 1981
Source: Commonwealth Edison Co., 1981, Table 2

December January February Total

Species Number % Number % Number % Number %

Rock bass 98.1 15.5 62.6 19.5 54.0 21.7 214.7 17.8
Rosyface shiner 86.4 13.6 41.1 12.9 11.7 4.7 139.2 11.6
Channel catfish 39.7 6.3 42.7 13.4 51.4 20.7 133.8 11.1
Bluegill 84.0 13.2 14.7 4.6 2.3 0.9 101.0 8.4
Smallmouth bass 72.4 11.4 14.7 4.6 11.7 4.4 98.8 8.2
Bullhead minnow 44.4 7.0 17.8 5.6 14.0 5.6 76.2 6.3
White crappie\ 49.1 7.7 14.7 4.6 10.0 4.0 73.8 6.1
Orangespotted

sunfish 28.0 4.4 7.6 2.4 35.3 14.2 70.9 5.9
Green sunfish 16.3 2.6 27.7 8.7 7.0 2.8 51.0 4.2
Black crappie 14.0 2.2 31.5 9.9 4.7 1.9 50.2 4.2
Spotfin shiner 30.3 4.8 2.3 0.7 7.0 2.8 39.6 3.3
Sand shiner 11.7 1.8 5.3 1.7 18.6 7.5 35.6 3.0
Stonecat 6.9 1.1 6.9 2.2 7.0 2.8 20.8 1.7
Pumpkinseed 4.7 0.7 7.0 2.2 4.7 1.9 16.4 2.4
Notropis, spp 6.9 1.1 6.1 1.9 2.3 0.9 15.3 1.3
Redear sunfish 2.3 0.4 5.3 1.7 -- -- 7.6 0.6
Golden shiner 4.7 0.7 -- -- 2.3 0.9 7.0 0.6
Bluntnose minnow 4.7 0.7 -- -- 2.3 0.9 7.0 0.6
Gizzard shad -- 2.3 0.7 2.3 0.9 4.6 0.4
Suckermouth minnow 4.6 0.7 -.. -- 4.6 0.4
Spotted sunfish 4.6 0.7 -- --... . 4.6 0.4
Yellow bullhead 2.3 0.4 2.3 0.7 .. .. 4.6 0.4
Banded darter -- -- 3.0 0.9 .. .. 3.0 0.2
Longnose gar 2.3 0.4 -- -- 2.3 0.2
Grass pickeral 2.3 0.4 .. .. .. .. 2.3 0.2
Fathead minnow 2.3 0.4 .. .. .. .. 2.3 0.2
Quillback -- -- 2.3 0.7 .. .. 2.3 0.2
Black bullhead 2.3 0.4 -- -- 2.3 0.2
Pirate perch 2.3 0.4 .. .. .. .. 2.3 0.2
Brook silverside 2.3 0.4 .. .. .. .. 2.3 0.2
Largemouth bass 2.3 0.4 .. .. .. . - 2.3 0.2
Yellow perch 2.3 0.4 .. .. .. .. 2.3 0.2

Total 634.5 100.2 317.9 99.6 248.6 99.5 1201 100.9

I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
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is not expected to contain residual chlorine from station cooling water biofoul-
ing treatment because of the long path (16 km (10 mi)) and long time (approxi-
mately 3 days) before the plant effluent reaches the discharge.

5.6 Threatened and Endangered Species

5.6.1 Terrestrial

Two federally listed endangered terrestrial species, the bald eagle and the
Indiana bat, may visit the site (Section 4.3.5.1). No serious impacts are ex-
pected to either species resulting from operation of the station. The greatest
threat to survival of the Indiana bat is that a large proportion of the known
population hibernates in only a few caves, where the bats are subject to de-
struction or disturbance (Harvey, 1975). Because there are no caves in the
area, the operation of a nuclear power plant is unlikely to adversely affect the
species.

Bald eagles may infrequently feed on the cooling pond, resulting in a slight
potential for collisions with power lines. Eagles are known to collide with
power lines occasionally; for example, Kroodsma (1978) estimated from the
literature that as much as 10% of bald eagle mortality might be the result of
such collisions. However, because no lines cross the pond or its borders and
eagles are not common in the area (Ackerman, 1975), the staff considers the
potential for eagle mortality extremely remote.

Several state-listed endangered or threatened species have been observed or may
occur onsite as described in Section 4.3.5.1. Creation of terrestrial habitats
on dikes and islands of the cooling pond, revegetation of remaining mine spoils,
and seeding of an area to prairie plant species will have minimal adverse impacts
on, and may actually benefit, any'state-listed species occurring on the site.

5.6.2 Aquatic

No federally or state-listed threatened or endangered species were identified
during preoperational monitoring in the vicinity of the site. The pallid shiner,
Notropis amnis, was collected during monitoring. This is a rare species in
Illinois and has been proposed for the state threatened-species list (according
to T. Skelly in a telephone conversation on October 6, 1983). This species
occurs over the sand/silt substrate, along both banks of the river at transect
5. Transect 5 is downstream of the blowdown discharge point and potentially
could be affected by the discharge from the plant. However, this transect is
located downstream of the projected thermal plume limits and is considered by
the applicant to represent a potential recovery area from any impacts that may
be associated with the discharge (ER-OL Section 6.1.1). Transect 5 is located
in an area where widening of the river occurs after a narrow segment past the
discharge point so that flow along the banks at transect 5 is reduced (see
Figure 4.7). Because of the habitat preference of this species, impacts to
this species from the station blowdown discharge to the river should be minimal.

5.7 Historic and Archeologic Impacts

The staff concludes, with one provision, that the operation and maintenance
of the Braidwood Station will have no significant impacts on sites listed or
eligible for listing in the National Register of Historic Places. The NRC
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is in the process of having a determination of eligibility completed for arch- I
eological site 11Ka179 for possible inclusion in the National Register. The
NRC will take the action required on this issue dependent on the finding of
the Keeper of the Register. The NRC has been in consultation with the State I
Historic Preservation Officer (SHPO) on its findings and has requested the
SHPO's comments on these findings.

5.8 Socioeconomic Impacts

The socioeconomic impacts of station operation are analyzed in Sections 5.5
and 10.4 of the FES-CP. Several changes have occurred since that report was
issued. The estimated operating work force has been increased to 553 permanent
jobs with a payroll of $14.6 million (1982 dollars). The staff does not expect
either the operating workers or their families to have any significant impact i
on public or private facilities in the area. The annual tax payments received
by local taxing Units for Braidwood Station are estimated to be about $9.2
million (1982 dollars) when the plant is scheduled to begin operation. The
largest recipients are estimated to be local school district U-225 and Will
County. Tax payments, however, are considered as indirect benefits of the sta-
tion's operation because they are transfer payments. The staff anticipates no
other significant socioeconomic impacts from the operation of Braidwood Station.

5.9 Radiological Impacts

5.9.1 Regulatory Requirements

Nuclear power reactors in the United States must comply with certain regulatory
requirements in order to operate. The permissible levels of radiation in un-
restricted areas and of radioactivity in effluents to unrestricted areas are
recorded in 10 CFR 20, "Standards for Protection Against Radiation." These
regulations specify limits on levels of radiation and limits on concentrations I
of radionuclides in the facility'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 shall receive
a radiation dose, as a result of facility operation, of more than 0.5 rem in 1
calendar year, or if an individual were continuously present in an area, 2 mrems
in any 1 hour or 100 mrems in any 7 consecutive days to the total body. These I
radiation-dose limits are established to be consistent with considerations of i
the health and safety of the public.

In addition to the radiation protection standards of 10 CFR 20, there are re-
corded in 10 CFR 50.36a license requirements that are to be imposed on licen-
sees 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, ALARA. Appendix I
of 10 CFR 50 provides numerical guidance on dose-design objectives for LWRs to
meet this ALARA requirement. Applicants for permits to construct and for li-
censes to operate an LWR shall provide reasonable assurance that the follow- I
ing calculated dose-design objectives willbe met for all unrestricted areas:
3 mrems/year to the total body or 10 mrems/year to any organ from all pathways
of exposure from liquid effluents; 10 mrads/year gamma radiation or 20 mrads/
year beta radiation air dose from gaseous effluents near ground level--and/or
5 mrems/year to the total body or 15 mrems/year to the skin from gaseous
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effluents; and 15 mrems/yr to any organ from all pathways of exposure from
airborne effluents that include the radioiodines, carbon-14, tritium, and the
particulates.

Experience with the design, construction, and operation of nuclear power reac-
tors indicates that compliance with these design objectives will keep average
annual releases of radioactive material in effluents at small percentages of
the limits specified in 10 CFR 20 and, in fact, will result in doses generally
below the dose-design objective values of Appendix I. At the same time, the
licensee is permitted the flexibility of operation, compatible with considera-
tions of health and safety, to ensure that the public is provided a dependable
source of power, even under unusual operating conditions that may temporarily
result in releases higher than such small percentages but still well within
the limits specified in 10 CFR 20.

In addition to the impact created by facility radioactive effluents as dis-
cussed above, within the NRC policy and procedures for environmental protection
described in 10 CFR 51 there are generic treatments of environmental effects of
all aspects of the uranium fuel cycle. These environmental data have been sum-
marized in Table S-3 of 10 CFR 51.51 and are discussed in this report in Sec-
tion 5.10. In the same manner the environmental impact of transportation of
fuel and waste to and from an LWR is summarized in Table S-4 of 10 CFR 51.52
and presented in Section 5.9.3 of this report.

An additional operational requirement for uranium-fuel-cycle facilities, includ-
ing nuclear power plants, was established by the Environmental Protection Agency
in 40 CFR 190. This regulation limits annual doses (excluding radon and daugh-
ters) for members of the public to 25 mrems total body, 75 mrems thyroid, and
25 mrems other organs from all fuel-cycle facility contributions that may impact
a specific individual in the-public.

5.9.2 Operational Overview

During normal operations of the Braidwood Station, Units 1 and 2, small quanti-
ties of radioactivity (fission, corrosion, and activation products) will be
released to the environment. As required by the National Environmental Policy
Act (NEPA), the staff has determined the estimated dose to members of the pub-
lic outside of the plant boundaries as a result of the radiation from these
radioisotope releases and relative to natural-background-radiation dose levels.

These facility-generated environmental dose levels are estimated to be very
small because of both the plant design and the development of a program that
will be implemented at the facility to contain and control all radioactive emis-
sions and effluents. Radioactive-waste management systems are incorporated
into the plant and are designed to remove most of the fission-product radio-
activity that is assumed to leak from the fuel, as well as most of the activa-
tion and corrosion-product radioactivity produced by neutrons in the reactor-
core vicinity. The effectiveness of these systems will be measured by process
and effluent radiological monitoring systems that permanently record the amounts
of radioactive constituents remaining in the various airborne and waterborne
process and effluent streams. The amounts of radioactivity released through
vents and discharge points to areas outside the plant boundaries are to be re-
corded and published semiannually in the Radioactive-Effluent-Release Reports
for the facility.
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Airborne effluents will diffuse in the atmosphere in a fashion determined by
the meteorological conditions existing at the time of release and are generally
dispersed and diluted by the time they reach unrestricted areas that are open
to the public. 'Similarly, waterborne effluents will be diluted with plant waste
water and then further diluted as they mix with the Kankakee River beyond the
station boundaries. m

Radioisotopes in the facility's effluents that enter unrestricted areas will
produce doses through their radiations to members of the general public in a
manner similar to the way doses are produced from background radiations (that I
is, cosmic, terrestrial, and internal radiations), which also include radiation
from nuclear-weapons fallout. These radiation doses can be calculated for the
many potential radiological-exposure pathways specific to the environment around
the facility, such as direct-radiation doses from the gaseous plume or liquid
effluent stream outside of the plant boundaries, or internal-radiation-dose
commitments from radioactive contaminants that might have been deposited on
vegetation, or in meat and fish products eaten by people, or that might be pres- m
ent in drinking water outside the plant or incorporated into milk from cows at
nearby farms.

These doses, calculated for the "maximally exposed" individual (that is, the m
hypothetical individual potentially subject to maximum exposure), form the
basis of the staff's evaluation, of impacts. Actually, these estimates are for
a fictitious person because assumptions are made that tend to overestimate the
dose that would accrue to members of the public outside the plant boundaries.
For example, if this "maximally exposed" individual were to receive the total
body dose calculated at the plant boundary as a result of external exposure to i
the gaseous plume, he/she is assumed to be physically exposed to gamma radia-
tion at that boundary for 70% of the year, an unlikely occurrence.

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

An annual land census will identify changes in the use of unrestricted areas
to permit modifications in the programs for evaluating doses to individuals from
principal pathways of exposure. This census specification will be incorporated
into the radiological Technical Specifications and satisfies the requirements
of Section IV.B.3 of Appendix I to 10 CFR 50. As use of the land surrounding
the site boundary changes, revised calculations will be made to ensure that the
dose estimate for gaseous effluents always represents the highest dose that I
might possibly occur for any individual member of the public for each appli-
cable foodchain pathway. The estimate considers, for example, where people
live, where vegetable gardens are located, and where cows are pastured.

An extensive radiological environmental monitoring program, designed-specifi-
cally for the environs of the Braidwood Station, provides measurements of radia-
tion and radioactive contamination levels that exist outside of the facility
boundaries both before and after operations begin. In this program, offsite
radiation levels are continuously monitored with thermoluminescent detectors
(TLDs). In addition, measurements are made on a number of types of samples
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from the surrounding area to determine the possible presence of radioactive
contaminants that, for example, might be deposited on vegetation, be present in
drinking water outside the plant, or be incorporated into cow's milk from near-
by farms. The results for all radiological environmental samples measured
during a calendar year of operation are recorded and published in the Annual
Radiological Environmental Operating Report for the facility. The specifics of
the final operational-monitoring program and the requirement for annual publica-
tion of the monitoring results will be incorporated into the operating license
radiologicalTechnical Specifications for the Braidwood facility.

5.9.3 Radiological Impacts From Routine Operations

5.9.3.1 Radiation Exposure Pathways: Dose Commitments

The potential environmental pathways through which persons may be exposed to
radiation originating in a nuclear power reactor are shown schematically in
Figure 5.3. When an individual is exposed through one of these pathways, the
dose is determined in part by the amount of time he/she is in the vicinity of
the source, or the amount of time the radioactivity inhaled or ingested is
retained in his/her body. The actual effect of the radiation or radioactivity
is determined by calculating the dose commitment. The annual dose commitment
is calculated to be the total dose that would be received over a 50-year period,
following the intake of radioactivity for 1 year under the conditions existing
20 years after the station begins operation. (Calculation for the 20th year,
or midpoint of station operation, represents an average exposure over the life
of the plant.) However, with few exceptions, most of the internal dose Com-
mitment for each nuclide is given during the first few years after exposure
because of the turnover of the nuclide by physiological processes and radio-
active decay.

There are a number of possible exposure pathways to humans that are appropriate
to be studied to determine the impact of routine releases from the Braidwood
facility on members of the general public living and working outside of the
site boundaries, and whether the releases projected at this point in the licens-
ing process will in fact meet regulatory requirements. A detailed listing of
these exposure pathways would include external radiation exposure from the
gaseous effluents, inhalation of iodines and particulate contaminants in the
air, drinking milk from a cow or eating meat from an animal that feeds on open
pasture near the site on which iodines or particulates may have deposited, eat-
ing vegetables from a garden near the site that may be contaminated by similar
deposits, and drinking water or eating fish caught near the point of discharge
of liquid effluents.

Other less important pathways include: external irradiation from radionuclides
deposited on the ground surface, eating animals and food crops raised near the
site using irrigation water that may contain liquid effluents, shoreline, boat-
ing and swimming activities near lakes or streams that may be contaminated by
effluents, drinking potentially contaminated water, and direct radiation from
within the plant itself. Note that for the Braidwood site there is no drinking
water pathway of concern since the first drinking water intake is 194 km (121 mi)
downstream of the plant and dilution of the plant effluent makes any effect of
liquid released radioactivity completely negligible.

Calculations of the effects for most pathways are limited to a radius-of 80 km
(50 mi). This limitation is based on several facts. Experience, as demonstrated
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Figure 5.3 Potentially meaningful exposure pathways to individualsI

by calculations, has shown that all individual dose commitments (>0.1 mrem/year)

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

The staff has made a detailed study of all of the above important pathways and
has evaluated the radiation-dose commitments both to the plant workers and the.
general public for these pathways resulting from routine operation of the fa- I
cility. A discussion of these~evaluations follows. I
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5.9.3.1.1 Occupatio~nal Radiation Exposure for Pressurized Water Reactors

Most of the dose to nuclear plant workers results from external exposure to
radiation coming from radioactive materials outside of the body rather than
from internal exposure from inhaled or ingested radioactive materials. Experi-
ence shows that the dose to nuclear plant workers varies from reactor to reac-
tor and from year to year. For environmental impact purposes, it can be pro-
jected by using the experience to date with modern pressurized water reactors
(PWRs). Recently licensed 1000-MWe PWRs are operated in accordance with the
post-1975 regulatory requirements and guidance that place increased emphasis
on maintaining occupational exposure at nuclear power plants ALARA. These
requirements and guidance are outlined primarily in 10 CFR 20, SRP Section 12
(NUREG-0800), and RG 8.8, "Information Relevant to Ensuring That Occupational
Radiation Exposures at Nuclear Power Stations Will Be as Low as Is Reasonably
Achievable."

The applicant's proposed implementation of these requirements and guidelines
is reviewed by the staff during the licensing process, and the results of that
review are reported in the staff's Safety Evaluation Report. The license is
granted only after the review indicates that an ALARA program can be imple-
mented. In addition, regular reviews of operating plants are performed to
determine whether the ALARA requirements are being met.

Average collective occupational dose information for 270 PWR years of operation
is available for those plants operating between 1974 and 1981. (The year 1974
was chosen as a starting date because the dose data for years before 1974 are
primarily from reactors with average rated capacities below 500 MWe.) These
data indicate that the average reactor annual collective dose at PWRs has been
about 500 person-rems, although some plants have experienced annual collective
doses averaging as high as about 1400 person-rems/year over their operating
lifetime (NUREG-0713, Vol 3). These dose averages are based on widely varying
yearly doses at PWRs. For example, for the period mentioned above, annual col-
lective doses for PWRs have ranged from 18 to 3223 person-rems per reactor.
However, the average annual dose per nuclear plant worker of about 0.8 rem
(NUREG-0713, Vol 3) has not varied significantly during this period. The worker
dose limit, established by 10 CFR 20, is 3 rems/quarter, if the average dose
over the worker lifetime is being controlled to 5 rems/year, or 1.25 rems/
quarter if it is not.

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

In recognition of the factors mentioned above, staff occupational dose estimates
for environmental impact purposes for Braidwood Station, Units 1 and 2, are based
on the assumption that the facility will experience the annual average occupa-
tional dose for PWRsto date. Thus the staff has projected that the collective
occupational doses for each unit at the Braidwood site will be 500 person-rems,
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I
but annual collective doses could average as much as three times this value I
over the life of the plant.

In addition to the occupational radiation exposures discussed above, during the
period between the initial power operation of Unit 1 and the similar startup of
Unit 2, construction personnel working on Unit 2 will potentially be exposed to
sources of radiation from the operation of Unit 1. The applicant has estimated
that the integrated dose to construction personnel, over a period of 2 years,
will be about 80 person-rems. This radiation exposure will result predominantly
from Unit I radioactive components and gaseous effluents from Unit 1. Based on
experience with other PWRs, the staff finds that the applicant's estimate is I
reasonable. A detailed breakdown of the integrated dose to the construction
workers by the location of their work and its duration is given in ER-OL
Table 4.4-1.

The average annual dose of about 0.8 rem per nuclear plant worker at operating
BWRs and PWRs has been well within the limits of 10 CFR 20. However, for impact
evaluation, the staff has estimated the risk to nuclear power plant workers and
compared it in Table 5.5 to published risks for other occupations. Based on
these comparisons, the staff concludes that the risk to nuclear plant workers
from plant operation is comparable to the risks associated with other occupations. I
In estimating the health effects resulting from both offsite (see Sec-
tion 5.9.3.2) and occupational radiation exposures as a result of normal opera-
tion of this facility, the staff used somatic (cancer) and genetic risk estima-
tors that are based on widely accepted scientific information. Specifically,
the staff's estimates are based on information compiled by the National Academy
of Sciences Advisory Committee on the Biological Effects of Ionizing Radiation I
(BEIR I). The estimates of the risks to workers and the general public are
based on conservative assumptions (that is, the estimates are probably higher
than the actual number). The following-risk estimators were used to estimate
health effects: 135 potential deaths from cancer per million person-rems and
258 potential cases of all forms of genetic disorders per million person-rems.
The cancer-mortality risk estimates are based on the "absolute risk" model
described in BEIR I. Higher estimates can be developed by use of the "relative
risk" model along with the assumption that risk prevails for the duration of
life. Use of the "relative risk" model would produce risk values up to about
four times greater than those used in this report. The staff regards the use I
of the "relative risk" model values as a reasonable upper limit of-the range of
uncertainty. The lower limit of the range would be zero because there may be
biological mechanisms that can repair damage caused by radiation at low doses
and/or dose rates. The number of potential nonfatal cancers would be approxi-
mately one and a half to two times the number of potential fatal cancers,
according to the 1980 report of the National Academy of Sciences Advisory Com-
mittee on the Biological Effects of Ionizing Radiation (BEIR III).

Values for genetic risk estimators range from 60 to 1500 potential cases of all
forms of genetic disorders per million person-rems (BEIR I). The value of 258 I
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
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Table 5.5 Incidence of job-related mortalities

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

Underground metal miners* ".1300
Uranium miners* 420
Smelter workers* 190
Mining** 61
Agriculture, forestry, and fisheries** 35
Contract construction** 33
Transportation and public utilities** 24
Nuclear-plant worker*** 23
Manufacturing" 7
Wholesale and retail trade** 6
Finance, insurance,, and real estate** 3
Services** 3
Total private sector** 10

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

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

***The nuclear'plant workers' risk is equal to the sum of the radiation-related
risk and the nonradiation-related risk. ...The estimated occupational risk
associated with the industry-wide average radiation dose of 0.8 rem is about
11 potential premature deaths per 105 person-years due to cancer, based on
the risk estimators described in the following text. The average non-
radiation-related risk for seven U.S. electrical utilities over the period
1970-1979 is about 12 actual premature deaths per 105 person-years as shown
in Figure 5 of the paper by R. Wilson and E. S.-Koehl, "Occupational Risks
of Ontario Hydro's Atomic Radiation Workers in Perspective," presented at
Nuclear Radiation Risks, A Utility-Medical Dialog, sponsored by the Inter-
national Institute of Safety and Health in Washington,.D.C., September 22-23,
1980. (Note that the estimate of 11 radiation-related premature cancer
deaths describes a potential risk rather than.an observed statistic.)

International Commission on Radiological Protection (ICRP, 1977), the National
Council on Radiation Protection (NCRP, 1975), the National Academy of Sciences
(BEIR III), and the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR, 1982).

The risk of potential fatal cancers in the exposed work-force population at the
Braidwood facility is estimated as follows: multiplying the annual plant-worker-
population dose (about 1000 person-rems) by the somatic risk estimator, the
staff estimates that about 0.14 cancer death may occur in the total exposed
population. The value of 0.14 cancer death means that the probability of one
cancer death over the lifetime of the entire work force as a result of 1 year
of facility operation is about 14 chances in 100. The risk of potential genetic
disorders attributable to exposure of the work force is a risk borne by the
progeny of the entire population and is thus properly considered as part of the
risk to the general public.
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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 51.52. The contribution of the environmental effects of such trans-
portation to the environmental costs of licensing the nuclear power reactor is
set forth in Summary Table S-4 from 10 CFR 51.52, reproduced herein as Table 5.6.
The cumulative dose to the exposed population as summarized in Table 5.6 is very
small when compared to the annual collective dose of about 60,000 person-rems
to this same population or 26,000,0.00 person-rems to the U.S. population from
background radiation.

Table 5.6 Environmental impact of transportation of fuel and waste
to and from one light-water-cooled nuclear power reactor1

(Summary Table S-4)

NORMAL CONDrTONS OF TRANSPORT

Environmental impact

Heat (per irradiated fuel cask in transit) ................................................. 250,000 Btu/hr.
Weight (governed by Federal or State restrictions) .... ......... 73,000 lbs. par truck; 100 tons per cask per rail car.
Traffic density:

Truck ................................................................................................... Less than I per day.
Rail ...................................................................................................... Less than 3 per m onth.

Estimated Cumulative dose to
Exposed population number of Range of doses to exposed eCposed population (pro

persons individuals 3 (per reactor year) reactor year) (
exposed

Transportation workers .................................................. 200 0.01 to 300 millirem ......................... 4 man-rem.
General public:

Onlookers .............................. 1.................... I ............ 1.100 0.003 to 1.3 millirem ........................ 3 man-rem.
Along Route ............................................................ 600.000 0.0001 to 0.06 millirem ...................

ACCIDENTS IN TRANSPORT

m .I Environmental risk

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

!I

Radiological effects ......................... ..... Small E
Common (nonradiological) causes ............... . .. 1 fatal injuryyin 100 reactor years; 1 nonfatal injury in 10

reactor years; $475 property damage per reactor year.

Data supporting this table are given in the Commission's "Environmental Survey of Transportation of Radioactive'Materials
to and from Nuclear Power Plants," WASH-1238. December 1972, and Supp. I, NUREG-75/038 April 1975. Both documents
are available for Inspection and copying at the Commission's Public Document Room, 1717 H St. NW., Washington, D.C.. and.
may be obtained from National Technical Information Service, Springfield. Va. 22161. WASH-1238 Is available from NTIS at a
well of $5.45 (mic'ofiche. $2.25) and NUREG-75/038 is available at a cost of $3.25 (microfiche, $2.25).

'The Feder" Radation Council has recommended that the radiation doses from all sources of radiation other than natural
becmigrnord and muica exposures should be limited to 5,000 millirem per year for individuals as a result of occupationatl
exposure and should be kntifed to SO0 rnjmilln per year for individuals in the general population. The dose to individuals due
to averagenasaal bedhgm,.nd sdicaei a bout 130 millirem per year.

'Aw.im is an expresimo for the eunmmttlon of whole body doses to indviduals in a grout. Thus. If each member of a
piangrouiLmlp_ .f1,000 people were to re@ave a dmae of 0,001 rem (I millrm), or if 2 people were to receive a doee of
0.5 em Iso0 miram) ,eek. Ot toWl men-rem doee in eatch ,,e os-d be 1 meniem.

Althoug .the *nomenta r of rm igl e111Ct ate9rtNml from tepolatlon acdt ta icurrentlytle oCobe~~~~ng~ INerca~ qurtltd -111 r91IIen01e mof whether N is bein epped to a igereactor or a
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Direct Radiation for PWRs

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

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

Radioactive-Effluent Releases: Air and Water

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

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

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

Another group of airborne radioactive effluents--the fission product radio-
iodines, as well as carbon-14 and tritium--are also gaseous but these tend to
be deposited on the ground and/or inhaled into the body during breathing. For
this class of effluents, estimates of direct external-radiation doses from
deposits on the ground, and of internal radiation doses to total body, thyroid,
bone,.and other organs from inhalation and from vegetable, milk, and meat con-
sumption are made. Concentrations of iodine in the thyroid and of carbon-14 in
bone are of particular interest.

A third group of airborne effluents, consisting of particulates that remain
after filtration of airborne effluents in the plant before release, includes
fission products such as cesium and strontium and activated corrosion products
such as cobalt and chromium. The calculational model determines the direct ex-
ternal radiation dose and the internal radiation doses for these contaminants
through the same pathways as described above for the radioiodines, carbon-14,
and tritium. Doses from the particulates are combined with those of the radio-
iodines, carbon-14, and tritium for comparison to one of the design objectives
of Appendix I to 10 CFR 50.
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The waterborne-radioactive-effluent constituents could include fission products
such as nuclides. of strontium and iodine; activation and corrosion products,
such as nuclidesiof sodium, iron, and cobalt; and tritium as tritiated water.
Calculations estimate the internal doses (if any) from fish consumption, from
water ingestion (as drinking water), and from eating of meat or vegetables
raised near the site on irrigation water, as well as any direct external radia-
tion from recreational use of the water near the point of discharge.

The release rates for each group of effluents, along with site-specific meteor-
ological and hydrological data, serve as input to computerized radiation-dose
models that estimate the maximum radiation dose that would be received outside
the facility via a number of pathways for individual members of the public,
and for the general public as a whole. These models and the radiation-dose
calculations are discussed in RG 1.109 (October 1977).

Examples of site-specific dose assessment calculations and discussions of param-
eters involved are given in Appendix D. Doses from all airborne effluents
except the noble gases are calculated for individuals at the location (for exam-
ple, the site boundary, garden, residence, milk cow, and meat animal) where the
highest radiation dose to a member of the public has been established from all
applicable pathways (such as ground deposition, inhalation, vegetable consump-
tion, cow milk consumption, or meat consumption.) -Only those pathways asso-
ciated with airborne effluents that are known to exist at a single location
are combined to calculate the total maximum exposure to an exposed individual.
Pathway doses associated with liquid effluents are combined without regard to
any single location, but they are assumed to be associated with maximum expo-
sure of an individual through other than gaseous-effluent pathways.

5.9.3.2 Radiological Impact on Humans

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

Operation of the Braidwood facility will be governed by operating license Tech-
nical Specifications that will be based on the dose-design objectives of Appen-
dix I to 10 CFR 50. Because these design-objective values were chosen to permit
flexibility of operation while still ensuring that plant operations are ALARA,
the actual radiological impact of plant operation may result in doses close to
the dose-design objectives. Even if this situation exists, the individual doses
for the member of the public subject to maximum exposure will still be very
small when compared to natural background doses (',100 mrems/year) or the dose
limits (500 mrems/year - total body) specified in 10 CFR 20 as consistent with
considerations of the health and safety of the public. As a result, the staff
concludes that there will be no measurable radiological impact on any member of
the public from routine operation of the Braidwood facility..

Operating standards of 40 CFR 190, "The Environmental Protection Agency's Envi-
ronmental Radiation Protection Standards for Nuclear Power Operations," specify
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that the annual dose equivalent must not exceed 25 mrems to the whole body,
75 mrems to the thyroid, and 25 mrems to any other organ of any member of the
public as the result of exposures to planned discharges of radioactive materials
(radon and its daughters excepted) to the general environment from all uranium-
fuel-cycle operations and radiation from these operations that can be expected
to affect a given individual. The staff concludes that under normal operations
the Braidwood facility 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 radio- i
active contaminants can be made with very high sensitivity so that much smaller
amounts of radioisotopes can be recorded than can be associated with any possible
observable ill effects. Furthermore, the effects of radiation on living systems
have for decades been subject to intensive investigation and consideration by
individual scientists as well as by select committees that have occasionally
been constituted to objectively and independently assess radiation dose effects.
Although, as in the case of chemical contaminants, there i's debate about the
exact extent of the effects of very low levels of radiation that result from
nuclear power plant effluents, upper bound limits of deleterious effects are
well established and amenable to standard methods of risk analysis. Thus the
risks to the maximally exposed member of the public outside of the site bound-
aries or to the total population outside of the boundaries can be readily cal-
culated and .recorded. These risk estimates for the Braidwood facility are pre-
sented below.

The risk to the maximally exposed individual is estimated by multiplying the
risk estimators presented in Section 5.9.3.1.1 by the annual dose-design object-
ives for total-body radiation in 10 CFR 50,Appendix I. This calculation re-
sults in a risk of potential premature death from cancer to that individual
from exposure to radioactive effluents (gaseous or liquid) from 1 year'of reac-
tor operations of less than one chance in one million.* The risk of potential
premature death from cancer to the average individual within 80 km (50 miles)
of the reactors from exposure to radioactive effluents from the reactors is
much less than the risk to the maximally exposed individual. These risks are
very small in comparison to natural cancer incidence from causes unrelated to
the operation of the Braidwood facility.

Multiplying the annual U.S. general public population dose from exposure to
radioactive effluents and transportation of fuel and waste from the operation
of this facility (that is, 74 person-rems) by the preceding somatic risk esti-
mator, the staff estimates that about 0.01 cancer death may occur in the exposed
population. The significance of this risk can be determined by comparing it to
the natural incidence of cancer death in the U.S. population. Multiplying the
estimated U.S. population for the year 2000 (".260 million persons) bythe cur-
rent incidence of actual cancer fatalities (".20%), about 52 million cancer
deaths are expected (American Cancer Society, 1981).

For purposes of evaluating the potential genetic risks, the progeny of workers
are considered members of the general public. Multiplying the sum of the U.S.

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

operation of the plant (that is, 74 person-rems), and the estimated dose from
occupational exposure (that is, 1000 person-rems) by the preceding genetic risk
estimators, the staff estimates that about 0.28 potential genetic disorder may
occur in all future generations of the exposed population. Because BEIR III
indicates that the mean persistence of the two major types of genetic disorders
is about 5 generations and 10 generations, in the following analysis the risk
of potential genetic disorders from the normal annual operation of the plant is
conservatively compared with the risk of actual genetic ill health in the first
5 generations, rather than the first 10 generations. Multiplying the estimated
population within 80 km of the plant (ý"4,830,000 persons in the year 2000) by
the current incidence of actual genetic ill health in each generation (-.11%),
about 2,660,000 genetic abnormalities are expected in the first 5 generations
of the 80-km population (BEIR III).

The risks to the general public from exposure to radioactive effluents and
transportation of fuel and wastes from the annual operation of the facility are
very small fractions of the estimated normal incidence of cancer fatalities and

genetic abnormalities. On the basis of the preceding comparison, the staff con-
cludes that the risk to the public health and safety from exposure to radio-
activity associated with the normal operation of the facility will be very
small.

5.9.3.3 Radiological Impacts on Biota Other Than Humans

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

Although the existence of extremely radiosensitive biota is possible and in-
creased radiosensitivity in organisms may result from environmental interactions
with other stresses (for example, heat or biocides), no biota have yet been

discovered that show a sensitivity (in terms of increased morbidity or mortal-
ity) to radiation exposures as low as those expected in the area surrounding
the facility. Furthermore, at all nuclear plants for which radiation exposure
to biota other than humans has been analyzed (Blaylock and Witherspoon, 1976),
there have been no cases of exposure that can be considered significant in
terms of harm to the species, or that approach the limits for exposure to mem-
bers of the public that are permitted by 10 CFR 20. Inasmuch as the 1972 BEIR
Report (BEIR I) concluded that evidence to date indicated that no other living
organisms are very much more radiosensitive than humans, no measurable radio-
logical impact on populations of biota is expected as a result of the routine
operation of this facility.

5.9.3.4 Radiological Monitoring

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

These programs are discussed generically in greater detail in RG 4.1, Revision 1,
and in the Radiological Assessment Branch Technical Position, Revision 1, Novem-
ber 1979, "An Acceptable Radiological Environmental Monitoring Program."*

5.9.3.4.1 Preoperational

The preoperational phase of the monitoring program should provide for the meas-
urement of background levels of radioactivity and radiation and their variations
along the anticipated important pathways in the areas surrounding the facility,
the training of personnel, and the evaluation of procedures, equipment, and tech-
niques. The applicant proposed a radiological environmental-monitoring program
to meet these objectives in the ER-CP, and it was discussed in the FES-CP. This
early program has been updated and expanded; it is presented in Section 6.1.5
of the applicant's ER-OL and is summarized here in Table 5.7.

The applicant states that the preoperational program will have been implemented
at least 2 years before initial criticality of Unit 1 to document background
levels of direct radiation and concentrations of radionuclides that exist in
the environment. The preoperational program will continue up to initial criti-
cality of Unit 1 at which time the operational radiological monitoring program
will commence.

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

5.9M3.4.2 Operational

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

The applicant states that the operational program will in essence be a continua-
tion of the preoperational program described above, with some periodic adjust-
ment of sampling frequencies in expected critical exposure pathways. The final
operational monitoring program proposed by the applicant will be reviewed in
detail by the staff before plant operation, and the specifics of the required
monitoring program will be incorporated into the operating license radiological
Technical Specifications.

*Available from the Radiological Assessment Branch, Office' of Nuclear Reactor
Regulation, U.S. Nuclear Regulatory Commission, Washington, D.C. 20555.
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Table 5.7 Preoperational radiological environmental monitoring program summary
Source: ER-OL Table 6.1-10
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5.9.4 Environmental Impacts of Postulated Accidents

5.9.4.1 Plant Accidents

The staff has considered the potential radiological impacts on the environment
of possible accidents at the Braidwood plant site, in accordance with the
June 13, 1980, Statement of Interim Policy issued by the NRC. The discussion
below reflects the staff's considerations and conclusions.

Section 5.9.4.2 deals with general characteristics of nuclear power plant ac-
cidents, including a brief summary of safety measures to minimize the probabil-
ity of their occurrence and to mitigate the consequences should accidents occur.
Also described are the important properties of radioactive materials and the
pathways by which they could be transported to become environmental hazards.
Potential adverse health effects and societal impacts associated with actions
to avoid such health effects as a result of air, water, and ground contamina-
tion from accidents also are identified.

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

The results of calculations of the potential consequences of accidents that
have been postulated within the design basis are then given. Also described
are the results of calculations for the Braidwood site using probabilistic
methods to estimate the possible impacts and the risks associated with severe
accident sequences of exceedingly low probability of occurrence.

5.9.4.2 General Characteristics of Accidents

The term "accident," as used in this section, refers to any unintentional event
not addressed in Section 5.9.3 that results in a release of radioactive mate-.
rials into the environment. The predominant focus, therefore, is on events that
can lead to releases substantially in excess of permissible limits for normal
operation. Normal release limits are specified in the Commission's regulations
in 10 CFR 20,and 10 CFR 50, Appendix I.

There are several features that combine to reduce the risk associated with acci-
dents at nuclear power plants. Safety features in design, construction, and op-
eration, comprising the first line of defense, are to a very large extent devoted
to the prevention of the release of these radioactive materials from their normal
places of confinement within the plant. There are also a number of additional
lines of defense that are designed to mitigate the consequences of failures in
the first line. Descriptions of these features for the Braidwood plant are in
the applicant's FSAR. The most important mitigative features are described in
Section 5.9.4.4(1).

These safety features are designed taking into consideration the specific loca-
tions of radioactive materials within the plant; their amounts; their nuclear,
physical, and chemical properties; and their relative tendency to be transported
into and for creating biological hazards in the environment.
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I
(1) Fission Product Characteristics I
By far the largest inventory of radioactive material in a nuclear power plant is
produced as a byproduct of the fission process and is located in the uranium oxide l
fuel pellets in the reactor core in the form of fission products. During peri-
odic refueling shutdowns,. the.assemblies containing these fuel pellets are trans-
ferred to a spent-fuel storage pool so that the second largest inventory of
radioactive material is located in this storage area. Much smaller inventories
of radioactive materials are also normally present in the water that circulates
in the reactor coolant system and in the systems used to process gaseous and
.liquid radioactive wastes in the plant. Table 5.8 lists the inventories of radio-
nuclides that could be expected in a Braidwood reactor core.

Table 5.8 Activity of radionuclides in a Braidwood Station
reactor core at 3565 MWt

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

A. NOBLE GASES

Krypton-85 0.62 3950
Krypton-85m 27 0.183
Krypton-87 52 0.0528
Krypton-88 76 0.117
Xenon-133 190 5.28
Xenon-135 38 0.384

B. IODINES

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

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

0. TELLURIUM-ANTIMONY

Tellurium-127 6.6 0.391
Tellurium-127m 1.2 109
Tellurium-129 35 0.048
Tellurium-129m 5.9 34.0
Tellurium-131m 14 1.25
Tellurium-132 130 3.25
Antimony-127 6.8 3.88
Antimony-129 37 0.179

I
I
I
I
I
I
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Table 5.8 (Continued)

Radioactive inventory

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

E. ALKALINE EARTHS

Strontium-89
Strontium-90
Strontium-91
Barium-140

F. COBALT AND NOBLE METALS

100
4.1
120
180

Cobalt-58
Cobal t-60
Molybdenum-99
Technetium-99m
Ruthenium-103
Ruthenium-105
Ruthenium-106
Rhodium-105

G. RARE EARTHS, REFRACTORY
OXIDES AND TRANSURANICS

Yttrium-90
Yttrium-91
Zirconium-95
Zirconium-97
Niobium-95
Lanthanum-140
Cerium-141
Cerium-143
Cerium-144
Praseodymium-143
Neodymium-147
Neptunium-239
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Americium-241
Curium-242
Curium-244

0.87
0.32
180
160
120
80
28
55

52.1
11,030
0.403
12.8

71.0
1,920
2.8
0.25
39.5
0.185
366
1.50

4.3
130
170
170
170
180
170
140
95
140
67
1800
0.063
0.023
0.023
3.8
0.0019
0.56
0.026

2.67
59.0
65.2
0.71
35.0
1.67
32.3
1.38
284
13.7
11.1
2.35
32,500
8.9 x 106
2.4 x 106
5,350
1.5 x 105
163
6,630

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

These radioactive materials exist in a variety of physical and chemical forms.
Their potential for dispersion into the environment depends not only on mechan-
ical forces that might physically transport them, but also on their inherent
properties, particularly their volatility. The 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 charac-
teristics have a significant bearing on the assessment of the environmental radio-
logical impact of accidents.
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I
The gaseous materials include radioactive forms of the chemically inert noble l
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 low-frequency but
credible events (see Section 5.9.4.3). It is for this reason that the safety
analysis of each nuclear power plant incorporates a hypothetical design-basis I
accident that postulates the release of the entire contained inventory of radio-
active noble gases from the fuel into the containment structure. If these gases
were further released to the environment as a possible result of failure of
safety features, the hazard to individuals from these noble gases would'arise
predominantly through the external gamma radiation from the airborne plume. The
reactor containment structure is designed to minimize this type of release.

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

The chemical forms in which the fission product radioiodines are found are gen-
erally solid materials at room temperatures, so they have a strong tendency to
condense (or "plate out") on cooler surfaces. In addition, most of the iodine
compounds are quite soluble in, or chemically reactive with, water. Although
these properties do not inhibit the release of radioiodines from degraded fuel,
they do act-to mitigate the release from containment structures that have 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 radioiodines will
show a strong tendency to be absorbed by the moisture.

Other radioactive materials formed during the operation of a nuclear power plant
have lower volatilities and, therefore, by comparison with the noble gases and
iodines, have 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 they are transported to a lower temperature region and/
or dissolve in water when it is present. The former mechanism can result in
production 'ofsome solid particles of sufficiently small size to be carried
some distance by a moving stream of gas or air. If such particulate materials
are dispersed into the atmosphere as a result of failure of the containment
barrier, they will tend to be carried downwind and deposit on surface features
by gravitational settling (fallout) or by precipitation (washout or rainout),
where they will become contamination hazards in the environment.

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

The radiation exposure (hazard) to individuals is determined by their proximity.
to the radioactive materials, the duration of exposure, and factors that act to
shield the individual from the radiation. Pathways for radiation and the trans-
port of radioactive materials that lead to radiation exposure hazards to humans
are generally the same for accidental as for "normal" releases. These arede-
picted in 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 radioactivity initially carried in
the air. The second would be unique to an accident that results in temperatures
inside the reactor core sufficiently high to cause melting and subsequent pene-
tration of the basemat underlying the reactor by the molten core debris. This
creates the potential for the release of radioactive material into the hydro-
sphere via ground water. These pathways may lead to external exposure to radia-
tion and to internal exposure if radioactive material is contacted, inhaled, or
ingested from contaminated food or water.

It is characteristic of these pathways that during the transport of radioactive
material by wind or by water the material tends to spread and disperse, like a
plume of smoke from a smokestack, becoming less concentrated in larger volumes
of air or water. The result of these natural processes is to lessen the inten-
sity of~exposure to individuals downwind or downstream of the point of release,
but they also tend to increase the number who may be exposed. For a release
into the atmosphere, the degree to which dispersion reduces the concentration
in the.plume at any downwind point is governed by the turbulence characteristics
of the atmosphere, which vary considerably with time and from place to place.
This fact, taken in conjunction with the variability of wind direction and the
presence or absence of precipitation, means that accident consequences are very
much dependent upon the weather conditions existing at the time.

(3) Health Effects

The cause-and-effect relationships between radiation exposure and adverse health
effects are quite complex (CONAES, 1979; Land, 1980), but these relationships
have been more exhaustively studied than for any other environmental contaminant.

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

Lower levels of exposures may also constitute a health risk, but the ability to
define a direct cause-and-effect relationship between any given health effect
and a known exposure to radiation is difficult given the backdrop of the many
other possible reasons why a particular effect is observed in a specific indi-
vidual. For this reason, it is necessary to assess such effects on a statis-
tical basis. Such effects include randomly occurring cancer in the exposed
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population and genetic changes in future generations after exposure of a pro-
spective parent. Occurrences of cancer in the exposed population may begin to
develop only after a lapse of 2 to 15 years (latent period) from the time of
exposure and then continue over a period of about 30 years (plateau period).
However, in the case of exposure of fetuses (in utero), occurrences of cancer
may begin to develop at birth (no latent period) and end at age 10 (i.e., the
plateau period is 10 years). The occurrence of cancer itself is not necessarily
indicative of fatality. The health consequences model currently being used is
based on the 1972 BEIR Report of the National Academy of Sciences (NAS) (BEIR I).
Most authorities agree that a reasonable--and probably conservative--estimate
of the randomly occurring number of health effects of low levels of radiation
exposure to a large number of people is within the range of about 10 to 500
potential cancer deaths (although zero is not excluded by the data) per million
person-rems. The range comes from the NAS BEIR III Report (1980), which also
indicates a probable value of about 150. This value is virtually identical to
the value of about 140 used in the current NRC health-effects models. In addi-
tion, approximately 220 genetic changes per million person-rems would be pro-
jected by BEIR III over succeeding generations. That also compares well with
the value of about 260 per million person-rems currently used by the staff.

(4) Health-Effects Avoidance

Radiation hazards in the environment tend to disappear by the natural process of
radioactive decay. Where the decay process is a slow one, however, and where
the material becomes relatively fixed in its location as an environmental con-
taminant (such as in soil), the hazard can continue to exist for a relatively
long period of time--months, years, or even decades. Thus, a possible environ-
mental societal impact of severe accidents is the avoidance of the health hazard
rather than the health hazard itself, by restrictions on the use of the contami-
nated property or contaminated foodstuffs, milk, and drinking water. The poten-
tial economic impacts that this can cause are discussed below.

5.9.4.3 Accident Experience and Observed Impacts

The evidence of accident frequency and impacts in the past is a useful indicator
of future probabilities and impacts. As of early 1983, there were 76 commercial
nuclear power reactor units licensed for operation in the United States at 52
sites with power-generating capacities ranging from 50 to 1180 MWe. The Braid-
wood units are designed for an electric power output of 1175 MWe (stretch power).
The combined experience with these operating units represents approximately 650
reactor-years of operation over an elapsed time of about 22 years. Accidents
have occurred at several of these facilities (Bertini, 1980; NUREG-0651; Thompson
and Beckerley, 1964). Some of these accidents have resulted in releases of ra-
dioactive material to the environment, ranging from very small fractions of a
curie to a few million curies. None is known to have caused any radiation
injury or fatality to any member of the public, nor any significant individual
or collective public radiation exposure, nor any significant contamination of
the environment. This experience does not provide a large enough base for a
reliable statistical inference. It does, however, suggest that significant en-
vironmental impacts caused by accidents are,.very unlikely to occur over time
periods of a few decades.

Melting or severe degradation of reactor fuel has occurredin only one of these
units, during the accident at Three Mile Island Unit 2 (TMI-2) on March 28, 1979.
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In addition to the release of a few million curies of xenon (mostly xenon-133),
it has been estimated that approximately 15 curies of radioiodine.were also re-
leased to the environment at TMI-2 (Rogovin, 1980). This amount represents a
minute fraction of the total radioiodine inventory present in the reactor at the
time of the accident. No other radioactive fission products were released in
measurable quantity. It has been estimated that the maximum cumulative offsite
radiation dose to an individual wasi:less than 100 millirems (Rogovin, 1980;
President's Commission, 1979). The total populationexposure has been estimated
to be in the range from about 1000 to 5000 person-rems (this range is discussed
on page 2 of NUREG-0558). This exposure could produce between zero and one addi-
tional fatal cancer over the lifetime of the population. The same population
receives each year from natural background radiation about 240.,000 person-rems,
and approximately a half-million cancers are expected to develop in this group
over its lifetime (Rogovin, 1980; President's Commission, 1979), primarily from
causes other than radiation. Trace quantities (barely above the limit of detect-
ability) of radioiodine were found in a few samples of milk produced in the area.
No other food or water supplies were affected.

Accidents at nuclear power plants have also caused occupational injuries and a
few fatalities, but none attributed to radiation exposure. Individual worker
exposures have ranged up to about 4 reins as a direct consequence of reactor
accidents (although there have been higher exposures to individual workers as
a result of other unusual occurrences)! However, the collective worker exposure
levels (person-rems) are a small fraction of the exposures experienced during
normal routine operations; these exposures average about 440 to 1300 person-rems

.I

in a PWR and 740 to 1650 person-reins in~ a BWR per reactor-year.

Accidents have also occurred, at other nuclear reactor facilities in the United
States and in other countries (Bertini! 1980; Thompson and Beckerley, 1964).
Because of inherent differences in design, construction, operation, and purpose
of most of these other facilities, their accident record has only indirect rele-
vance to current nuclear power plants., Melting of reactor fuel occurred in at
least seven of these accidents, including the one in 1966 at Enrico Fermi Atomic
Power Plant Unit 1. Fermi Unit 1 was a sodium-cooled fast breeder demonstration
reactor designed to generate 61 MWe. The damages were repaired and the reactor
reached full power 4 years after the accident. It operated successfully and
completed its mission in 1973. The Fermi accident did not release any radio-
activity to the environment.

A reactor accident in 1957 at Windscale, England, released a significant quan-
tity of radioiodine, approximately 20,000 Ci, to the environment (United Kingdom
Atomic Energy Office, "Accident at Windscale," 1957). This reactor, which was
not operated to generate electricity, used air rather than water to cool the
uranium fuel. During a special operation to heat the large amount of graphite
in this reactor (characteristic of a graphite-moderated reactor), the fuel over-
heated and radioiodine and noble gases were released directly to the atmosphere
from a 123-m (405-ft) stack. Milk produced in a 518-km2 (200-mi 2 ) area around
the facility was impounded for up to 44 days. The United Kingdom National Radio-
logical Protection Board (Crick and Linsley, 1982) estimated that the releases
may have caused as many as 260 cases of thyroid cancer, about 13 of them fatal,
and as many as 7 deaths from other cancers or hereditary diseases. This kind
of accident cannot occur in a water-moderated-and-cooled reactor like Braidwood,
however.
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5.9.4.4 Mitigation of Accident Consequences

Pursuant to the ,Atomic Energy Act of 1954, as amended, the NRC has conducted a
safety evaluation (NUREG-1002, 1983) of the application to operate the Braidwood
Station, Units 1 and 2. Although this safety evaluation contains more detailed
information on plant design, the principal design features are presented in the
following section.

(1) Design Features

The Braidwood Station contains features designed to prevent accidental release
of radioactive fission products from the fuel and to lessen the consequences
should such a release occur. Many of the 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 (ESFs). The possibili-
ties or probabilities of failure of these systems are incorporated in the
assessments discussed in Section 5.9.4.5.

The steel-lined concrete containment building is a passive mitigating system,
which is designed to minimize accidental radioactivity releases to the environ- I
ment. Safety injection systems are incorporated to provide cooling water to the

reactor core during an accident to prevent or minimize fuel damage. Cooling
fans provide heat removal capability inside the containment following steam re-

.lease in accidents and help to prevent containment failure resulting from over-
pressure. Similarly, the containment spray system is designed to spray cool
water into the containment atmosphere. The spray water also contains an addi-
tive (sodium hydroxide) which will chemically react with any airborne radio-
iodine to remove it from the containment atmosphere and prevent its release to.
the environment.

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

The fuel-handling building also has accident-mitigating systems. The safety-
grade ventilation system contains both charcoal and high-efficiency particulate
filters. This ventilation system is also designed to keep the area around the i
spent-fuel pool below the prevailing barometric pressure during fuel-handling
operations so thai outleakage will not occur through building openings. If ra-
dioactivity were to be released into the building, it would be drawn throughthe
ventilation system and-any radioactive iodine and particulate fission products
would be removed from the flow stream before exhausting to the outdoor atmosphere.

There.are features of the plant that are necessary for its power-generation !
function that can also play a role in mitigating certain accident consequences.
For example, the main condenser, although not classified as an ESF,.can act to
mitigate the consequences of accidents involving leakage from the primary to the
secondary side of the steam generators (such as steam generator tube ruptures).
If normal offsite power is maintained, the ability of the plant to send contami-
nated steam to the condenser instead of releasing it through the safety valves
or atmospheric dump valves can significantly reduce the amount of water-soluble
:radionuclides released to the environment.
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Much more extensive discussions of the safety features and characteristics of
the Braidwood Station may be found in the FSAR. The staff evaluation of these
features is in the Braidwood SER (NUREG-1002, 1983). In addition, the implemen-
tation of the lessons learned from the TMI-2 accident--in the form of improve-
ments in design, procedures, and operator training--will significantly reduce
the likelihood 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-2 related requirements specified in NUREG-0737.

(2) Site Features

The NRC's reactor site criteria, 10 CFR100, require that the site for every
power reactor have certain characteristics that tend to reduce the risk and
potential impact of accidents. The discussion that follows briefly describes
the Braidwood site characteristics and how they meet these requirements.

First, the site has an exclusion area, as required by 10 CFR 100. The total
site area is about 1803 ha (4454 acres). The exclusion area, located within the
site boundary, is a rectangular area with a minimum distance of 485 m (1591 ft)
from the outer edge of the containmentiwall to the exclusion area boundary. There
are no residents within the exclusion area. The applicant owns all surface and
mineral rights in the exclusion area, and has the authority, required by 10 CFR
100, to determine all activities in this area.: No public highways, railroads,
or waterways traverse the exclusion area. There are no other activities un-
related to plant operation within the exclusion area.

Second, beyond and surrounding the exclusion area is a low population zone
(LPZ), also required by 10 CFR 100. TIe LPZ for Braidwood is a circular area
with a 1810-m (1-1/8-mi) radius. Within this zone, the applicant must ensure
that there is a reasonable probability that appropriate protective measures
could be taken on behalf of the residents in the event of a serious accident.
The applicant has indicated that 705 persons lived within a 1810-m radius in
1980 and projects that the population will increase to 911 in the year 2000.
The cumulative population for 0-1810 m,1 including transients at local recrea-
tional areas in 1980, was stated to be 1205 persons. In case of a radiological
emergency, the applicant has made arrangements to carry out protective actions,
including evacuation of personnel in the vicinity of the nuclear plant. (See
also the following section on emergency preparedness.)

Third, 10 CFR 100 also requires that the distance from the reactor to the
nearest boundary of a densely populated area containing more than about 25,000
residents be at least one and one-third times the distance from the reactor to
the outer boundary of the LPZ. Because accidents 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 distante requirement in 10 CFR 1O0 to provide for protection against ex-
cessive doses to people in large centers. The city of Joliet, Illinois, with a
1980 population of 77,950 located 32 kni (20 mi) north-northeast of.the site, is
the nearest population center. The population center distance is at least one.
and one-third times the LPZ distance. The population density within a 16-km
(10-mi) radius of the site was 87 people/mi 2 *in 1980 and is projected to in-
crease to 113 people/mi 2 by the year 2020.

The safety evaluation of the Braidwood site has also included a review of poteh
tial external hazards, that is, activities off site that might adversely affect
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the operation of the nuclear plant and cause an accident. The review encom-
passed nearby industrial and transportation facilities that might create explo-
sive, fire, missile or toxic gas hazards. m

The risk to the Braidwood facility from such hazards has been found to be
negligible. A more detailed discussion of the compliance with the Commission's
siting criteria and the consideration of external hazards was reported in the I
staff's SER (NUREG-1002).

(3) Emergency Preparedness

Emergency preparedness plans including protective action measures for the Braid-
wood Station and environs are in an advanced, but not yet fully completed stage.
In accordance with the provisions of 10 CFR 50.47, effective November 3, 1980, .
no operating licenses 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 I
the event of.a radiological emergency. Among the standards that must be met by
these plans are provisions for two emergency planning zones (EPZs). A plume
exposure pathway EPZ of about 16 km (10 mi) in radius and an ingestion exposure
pathway EPZ of about 80 km (50 mi) in radius are required. Other standards
include appropriate ranges of protective actions for each of these zones; pro-
visions for dissemination to the public of basic emergency planning information;
provisions for rapid notification of the public during a serious reactor emer- I
gency; and methods, systems, and equipment for assessing and monitoring actual
or potential offsite consequences in the EPZs of a radiological emergency.

NRC findings will be based on 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 applicant's onsite plans are adequate and
capable of being implemented. NRC staff findings are included in the SER. The
staff's overall conclusions on the state of emergency preparedness for Braidwood
Station and its associated emergency planning zones will be reported in an SER.
supplement. Although the presence of adequate and tested emergency plans cannot.
prevent the occurrence of an accident, it is the judgment of the staff that such
plans can and will substantially mitigate the consequences to the public if one
should occur.

5.9.4.5 Accident Risk and Impact Assessment

(1) Design-Basis Accidents

As a means of ensuring that certain features of the Braidwood Station meet
acceptable design and performance criteria, both the applicant and the staff
have analyzed the potential consequences of a number of postulated accidents.
Some of these could lead to significant releases of radioactive materials to
the environment, and calculations have been performed to estimate the potentialI
radiological consequences to persons off site. For each postulated initiating
event, the potential radiological consequences cover a considerable range of
values depending on the particular course taken by the accident and the con- I
ditions, including wind direction and weather, prevalent during the accident.

Three categories of accidents have been considered based on thei.r probability
of occurrence: (1) incidents of moderate frequency (events that can reasonably
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be expected to occur during any year of operation), (2) infrequent accident's
(events that might occur once during the lifetime of the plant), and (3) limit-
ing faults-(accidents not expected to occur but that have the potential for
significant releases of radioactivity). The radiological consequences of inci-
dents in the first category, also called anticipated operational occurrences,
are similar to the consequences from normal operation thatare discussed in Sec-
tion 5.9.3. Some of the initiating events postulated in the second and third
categories for the Braidwood plant are shown in Table 5.9. These events are
designated design-basis accidents in that specific design and operating features
such as described in Section 5.9.4.4(1) are provided to limit their potential
radiological consequences. Approximate radiation doses that might be received
by a person at the nearest boundary of the plant exclusion area, which is about
485 m (0.30 mi) distant from the reactor, during the first 2 hours of the acci-
dent are also shown in the table. The results shown in the table reflect the
expectation that engineered safety and operating features designed to mitigate
the consequences of the postulated accidents would function as intended. An
important implication of this expectation is that the 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 quasiprobabilistic in nature in the sense that the meteorological disper-
sion conditions are taken to be neither the best nor the worst for the site,
but rather a median value determined by actual site measurements. To contrast
the results of these calculations with those using more pessimistic, or conser-
vative, assumptions described below, the doses shown in Table 5.9 are sometimes
referred to as "realistic" doses. i

Table 5.9 Approximate 2-hour
basis accidents at

radiation
exclusion

doses from design-
area boundary

Dose (rems) at 533 mi

Accident Whole body

Infrequent accident:

Steam generator tube rupture2  0.075
Fuel-handling accident 0.0075

Limiting faults:

Main steam line break 0.001
Control rod ejection 0.125
Large-break loss-of-coolant accident 1.25

'Plant exclusion area boundary i
2 See NUREG-0651 for descriptioni
rupture accidents that have oci

The staff has also carried out calcula'
bounds for individual exposures from t
forthe purpose of implementing the pr
lations, much more pessimistic.(conser
as to the course taken by the accident

Iistance.
; of three steam generator tube
:urred in the United States.

tions to estimate the potential upper
le same initiating accidents in Table 5.9
)visions of 10 CFR 100. For these calcu-
vative or worst-case) assumptions are made
and the prevailing conditions. These
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astsumptions include much larger amounts of radioactive material released by the '
initiating events, additional single failures in equipment, operation of ESFs
in a degraded mqde,* and poor meteorological dispersion conditions. The results
of these calculations taken from the Braidwood SER (NUREG-1002) show that for I
these events the limiting whole-body exposures are not expected to exceed.4 rems
and most would not exceed 1 rem to any individual at the exclusion area boundary.
They also show that radioiodine releases have the potential for offsite exposures
ranging up to about 143 rems to the thyroid. For such an exposure to occur, an
individual would have to be located at a point on the site boundary where the
radioiodine concentration in the plume has its highest value and inhale at a
breathing rate characteristic of a person jogging for a period of 2 hours. The m
health risk to an individual receiving such an exposure to the thyroid is the
potential appearance of benign or malignant thyroid nodules in about 5 out of
100 cases, and the development of a fatal thyroid cancer in about 2 out of
1000 cases.

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

(2) Probabilistic Assessment of Severe Accidents m
In this and the following three sections, a discussion of the probabilities and
consequences of accidents of greater severity than the design-basis accidents
discussed in the previous section is provided. 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 fre-
quently called Class 9 accidents, can be distinguished from design-basis acci- I
dents in two primary respects: (1) they involve substantial physical deteriora-
tion of the fuel in the reactor core, including overheating to the point of
melting, (2) and they involve deterioration of the capability of the contain- I
ment structure to perform its intended function of limiting the release of
radioactive materials to the environment.

The assessment methodology employed is that described in the Reactor Safety I
Study (RSS), which was published in 1975 (WASH-1400, now designated
NUREG-75/014). A less comprehensive but more up-to-date treatment is given in
NUREG/CR-2300, "PRA Procedures Handbook." Because WASH-1400 has been subject I
to considerable controversy, a discussion of the uncertainties surrounding it
is provided in Section 5.9.4.5(7). However, the staff has selected a set of
updated accident sequences, their associated probabilities, and the resultant
releases that are appropriate to Braidwood. The earlier technique of grouping
a number of accident sequences into release categories has been refined. Also,
the "smoothing technique" used in the RSS for adjusting probabilities, which
was criticized in the Lewis Report (NUREG/CR-0400), was not used in this study.

The Braidwood units are Westinghouse-designed PWRs. The present assessment for
Braidwood used plant- and site-specific information along with more general in- I
formation generated from in-depth analyses of other PWRs. In particular, the
Zion and the Indian Point 2 and 3 probabilistic risk assessments (PRAs) and the

*The containment structure, however, is assumed to prevent leakage In excess
of that which can be demonstrated by testing, as provided in 10 CFR 100.11(a).
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staff reviews thereof provided the framework for selecting the accident se-
quences, containment failure modes, and release categories used for Braidwood.
The release categories and their associated probabilities are used directly to
calculate the consequences and risks of potential accidents. Each release cate-
gory is specific to a certain type and timing of core damage and containment
failure, but different accident sequences can lead to the same release category.
The release categories are described in Appendix E. Characteristics of the
release categories used (all of which involve partial to complete melting of
the reactor core) are shown in Table 5.10. Sequences initiated by external phe-
nomena such as tornadoes, floods, or seismic events, and those that could be
initiated by man, including deliberate acts of sabotage, are not included in the
event sequences corresponding to the listed release categories. The only plants
for which external events have been assessed in detail in a probabilistic sense
are Zion (NUREG/CR-3300, draft), Indian Point (NUREG/CR-2934), and Limerick
.(NUREG-0974). In these cases, no estimates of risk from sabotage were made, and
these estimates are considered beyond the state of the art. The staff notes,
however, that the consequences of large releases caused by sabotage should not
be different in kind from the releases estimated for severe internally initiated
accidents. For both Zion and Limerick, the licensees submitted probabilistic
risk assessments that indicate external events can be significant contributors
to risk. For Indian Point, staff evaluations also indicate significant ri'sks
as a result of external events other than sabotage. By "significant," the staff
means that the best estimates of the additional risk from external events other
than sabotage were calculated to be as-much as a factor of 30 higher compared
with the best-estimate risks from internal events at Indian Point, but about
2 to 10 times the best-estimate risk from internal events at Zion.

Although the staff made no numerical assessfient of externally initiated accident
risks for Braidwood, it did draw:on information from the Zion, Limerick, and
Indian Point studies. That is, the staff concludes the actual risks from inter-
nal and external causes (exclusive of s botage) could be higher than those pre-
sented here, but are unlikely to exceed those determined from risk multipliers
computed for Zion, Limerick, and Indian Point. These multipliers would not
result in risks at Braidwood outside an uncertainty range of a factor of
100 times the risks from internal events, as discussed in Section 5.9.4.5(7).

The calculated probability per reactor-year associated with each release cate-
gory used is shown in the first row in Table 5.10. As in the RSS, there are
substantial uncertainties in these probabilities. This is due, in part, to dif-
ficulties 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 (see Section 5.9.4.5(7)).

The magnitudes (curies) of radioactivity release for each release category are
obtained by multiplying the release fractions shown in Table 5.10 by the amounts
that would be present in the core at the time of the hypothetical accident.
These are shown in Table 5.8 for a Braidwood unit at a core thermal power level
of 3565 MWt, the power level used in the safety evaluation. Of the hundreds of
radionuclides present in the core, the 54 listed in the table were selected as
significant contributors to the health and the economic risks of severe acci-

.dents. The core radionuclides were selected on the basis of (1) half-life, (2)!
approximate relative offsite dose contribution, and (3) health effects of the
radionuclides and their daughter products.
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Table 5.10 Summary of atmospheric releases, defined by release
categories, for Braidwood

Release category*

Parameter B C' F H I

Probability per
reactor-year-

Release
time (hr)

Release
duration (hr)

Release energy
(106 Btu/hr)**

Warning time
(hr)

Radionuclide
group
(fractions of
total core
inventory)t

Xe-Kr
I-Br
Cs-Rb
Te
Ba-Sr
Rutt
La#

1.1 x 10-ý 4.7 x 10-6 2.8 x 10-6 9.1 x 10-6 8.3 x 10-5

1 13

0.5

0.5

0.5

3.0

0.5

180

1

72.0

8.0

0

67

2

8.0

U
I
I
I
I
I
I
I
I
I
I
I

98 0

11 8

1.0
7.0
5.0
1.0
6.0
2.0
2.0

x
x
x
x
x
x

10-1
10-1
10-1
10-2
10-2
i0-3

9.6
9.8
3.4
3.8
3.7
2.9
4.9

x
x
x
x
x
x
x

10-1
10-2

10-1
10-2
10-2
10-3

8.5
7.8
6.2
4.9
7.1
4.3
6.6

x
x
x
x
x
x
x

10-1
10-2
10-2
10-2
10-3
10-3
10-4

7.0 x
4.0 x
1.0 x
1.0 x
1.0 x
7.0 x
1.0 x

10-1.

,10-4

10-5

5.0
5.0
1.0
1.0
1.0
1.0
2.0

x
x
x
x
x
x
x

iLO-4
10- rI.,
10-5
10-5
10 -6
10-6
10-7

*Release categories are a description of the type of releases expected from
various types of core damage and containment failure. See Appendix E for
further discussion.

**cal/sec = 14.29 Btu/hr.

tBackground on the isotope groups and release mechanisms is presented in

WASH-1400, Appendix VII, and in NUREG/CR-2300.

ttlncludes Ru, Rh, Co,.Mo, and Te.

#Includes Y, La, Zr, Nb, Ce, Pr, Nd, Np, Pu, Am, and Cm.

I
I

I
I
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The potential radiological consequences of these releases have been calculated
by the consequence model used in the RSS (NUREG/CR-2300), adapted and modified
as described below to apply to a specific site. The essential elements are
shown in schematic form in Figure 5.4.1 Environmental parameters specific to
the Braidwood site have been used and include the following:

(a) meteorological data for the site representing a full year of consecutive
hourly measurements and seasonal variations

(b) projected population for the year 2000 extending throughout regions of
80-km (50-mi) and 563-km (350-mi) radii from the site

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

(d) land-use statistics, on a statewide basis, including farm land values,
farm product values including dairy production, and growing season infor-
mation, for the State of Illinois and each surrounding state within the
563-km (350-mi) region (land-use statistics for Canada were assumed to be
the same as for adjacent states).

Weather Data•

ReFige A ictmospheric
f ategories Diaeeahion

V Health

F1thesitesecifi Shoe m eteoroleical dathwa, (cthopsulo pojects

To obtain a probability distribution of cneunetecluain r pr
.formed assuming the releases, as define, by the release categories, at each of
9 .1 different "start".times throughout a l-year period. Each calculation used
(1) the site-specific hourly meteorologilcal data, (2) the population..projections

for the year 2000 out to a distance of 563 km (350 mi). around the Braidwood
site, and (3) seasonal information for the time period following each "start"
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m
time. The consequence model also contains provisions for incorporating the I
consequence-reduction benefits of evacuation, relocation, and other protective
actions. Early evacuation and relocation of people would considerably reduce
the exposure from the radioactive cloud and the contaminated ground in the wake I
of the cloud passage from severe releases. The evacuation model used (see
Appendix F) has been revised from that used in the RSS for better site-specific
application. The quantitative characteristics of the evacuation model used for
the Braidwood site are estimates made by the staff. There normally would be
some facilities near a plant, such as schools or hospitals, where special equip-
ment or personnel may be required to effect evacuation, and some people near a
site who may choose not to evacuate. Such facilities (including Braidwood
Elementary and Middle School, Reed Custer High School, and Braceville Elementary
School) have been identified near the Braidwood site. Therefore, actual evacua-
tion effectiveness could be greater or less than that characterized, but it I
would not be expected to be very much less, because special consideration will
be given in emergency planning for the Braidwood plant to any unique aspects of
dealing with special facilities.

The other protective actions include (1) either complete denial of use (inter-
diction) or permitting use only at a sufficiently later time after appropriate
decontamination of foodstuffs such as crops and milk, (2) decontamination of
severely contaminated environment (land and property) when it is considered to
be economically feasible to lower the levels of contamination to protective
action guide (PAG) levels, and (3) denial of use (interdiction) of severely con- I
taminated land and property for varying periods of time until the contamination
levels are.reduced to such values by radioactive decay and weathering that land
and property can be economically decontaminated as in (2) above. These actions
would reduce the radiological exposure to the people from immediate and/or sub-
sequentuse of, or living in, the contaminated environment.

Early evacuation within and early relocation of people from outside the plume I
exposure pathway zone (see Appendix F) and other protective actions as mentioned
above are considered as essential sequels to serious nuclear reactor accidents
involving significant release of radioactivity to the atmosphere. Therefore,
the results shown for Braidwood include the benefits of these protective actions.

There are also uncertainties in each facet of the estimates of consequences
and the error bounds may be as large as they are for the probabilities (seeFigure 5.4).

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

The results of the atmospheric pathway calculations of dose and health impacts I
performed for the Braidwood facility and site are presented in the form of

I
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probability distributions in Figures 5.5 through 5.8* and are included in the
impact summary table, Table 5.11. All of the release categories shown in
Table 5.10 contribute to the results, the consequences of each being weighted
by its associated probability.

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

Figure 5.5 shows in the left-hand portion that there are approximately 8 chances
in 1,000,000 (8 x 10-s) per reactor-year that one or more persons may receive
doses equal to or greater than any of the doses specified. The fact that the
three curves initially run almost parallel in horizontal lines shows that if one
person were to receive such doses, the chances are about the same that ten to
hundreds would be so exposed. The chances of larger numbers of persons being
exposed at those levels are seen to be considerably smaller. For example, the
chances are about 1 in 100,000,000 (1x 10-8) that 10,000 or more people might
receive doses of 200 rems or greater. Virtually all of the exposures reflected
in this figure would occur within a 97-I6 (60-mi) radius.

Figure 5.6 shows the probability distribution for the total population exposure
in person-rems; that is, the probability per reactor-year that the total popu-
lation exposure will equal or exceed the values given. Most of the population
exposure up to 1,000,000 person-rems wouIld be expected to occur within 80 km
(50 mi), but the more severe releases (as in the first two release categories in
Table 5.10) could result in exposure to persons beyond the 80-km range as shown.

*Figures 5.5 through 5.9 and Figure F.1 (Appendix F) are called complementary
cumulative distribution functions. They are intended to show the relationship
between the probability of a particular type of consequence being equalled or
exceeded and the magnitude of the consequence. Probability per reactor-year
(r-y) is the chance that a given event will occur in 1 year for one reactor.
Because the different accident releases, atmospheric dispersion conditions,
and chances of a health effect (e.g., early fatalities.) result in a wide range
of calculated consequences, they are presented on a logarithmic plot in which
numbers varying over a very large range can be conveniently illustrated by a
grid indicated by powers of 10. For instance, 106 means one million or
1,000,000 (i followed by 6 zeroes). The cumulative probabilities of equalling
or exceeding a given consequence are also calculated to vary over a large
range (because of the varying probabilities of accidents and atmospheric
dispersion conditions), so the probabilities are also plotted logarithmically.
For instance, 10-6 means one millionth or 0.000001.

**Early exposure to an individual includes external doses from the radioactive

cloud and the contaminated ground, and the dose from internally deposited
radionuclides from inhalation of contaminated air during the cloud passage.
Other pathways of exposure are. excluded.
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I
For perspective, population doses shown in Figure 5.6 may be compared with the I
annual average dose to the population within 80 km of the Braidwood site result-
ing from background radiation of 520,000 person-rems and to the anticipated
annual population dose to the general public (total U.S.) from normal plant
operation (both units) of 72 person-rems (excluding plant workers) (Appendix D,.
Tables D-7 and D-9).

Figure 5.7 shows the probability distributions for early fatalities, represent-
ing radiation injuries that would produce fatalities within about 1 year after
exposure. All of the early fatalities would be expected to occur within a 28-km
(18-mi) radius and the majority within a 5-km (3-mi) radius. The results of the @
calculations shown in this figure and in Table 5.11 reflect the effect of evacua-
tion within the 16-km (10-mile) plume exposure pathway zone. Figure F.1 in
Appendix F shows the sensitivity of the early fatalities to the emergency I
response variations including (1) no evacuation and relocation after 1 day and
(2) no evacuation and relocation after 12 hours.

Figure 5.8'represents the statistical relationship between population exposure i
and the induction of fatal cancers that might appear over a period of many years
following exposure. The impacts on the total population and the population
within 80 km are shown separately. Further, the fatal latent cancers have been I
subdivided into those attributable to exposures of the thyroid and all other
organs. These estimates may be compared to the cancer fatality risk per indi-
vidual per year from all causes of 1.9 x I0-3 (American Cancer Society, 1981).

(4) Economic and Societal Impacts-

As noted in Section 5.9.4.2, the various measures for avoidance of adverse I
health effects, including those resulting from residual radioactive contamina-
tion in the environment, are possible consequential impacts of severe accidents.
Calculations of the probabilities and magnitudes of such impacts for the Braid- I
wood facility and environs have also been made. Unlike the radiation exposure
and health-effect impacts discussed above, impacts associated with adverse
health-effects avoidance are more readily transformed into economic impacts.

The results are shown as the probability distribution for costs of offsite miti-
gating actions in Figure 5.9 and are included in Table 5.11. The factors con-
tributing to these estimated costs include the following:

(a) evacuation costs
(b) value of crops contaminated and condemned
(c) Value of milk contaminated and condemned
(d) costs of decontamination of property where practical
(e) indirect costs attributable to loss of use of property and-incomes derived

therefrom

The last-named costs would derive from the, necessity for interdiction to prevent
the use of property until it is either free of contamination or can be economi- i
cally 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 (about 1 chance in 1 million per reactor-year).
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Table 5.11 Sunmary of environmental impacts and probabilities

0
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Probability
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5 x 10-5:

10-6
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Related
figure

Persons
exposed
over 200 rems

0

0

0

480

3,200

10,100

Persons
exposed
over 25 rems

0

0

3,400

87,000

730,000

730,000

Early
fatalities

0

0

0

3

1,000

1,500

Population
exposure,
millions of person-
rems, 80-Ic (50-mi)/
total

0/<0.003

0.35/0.81

1.3/12

19/51

47/88

67/88

Latent*
cancers,
80-km (50-mi)/
total

0/0

71/220

220/730

1,400/3,100

3,600/6,400

8,100/9,000

Cost of
offsite
mitigating
actions,
$ millions

<5

7

470

2,600

7,100

16,000

5.9 5.9 5.11 5.10 5.12 5.13

*Includes cancers of all organs. Genetic effects would be

NOTE: Please refer to Section 5.9.4.5(7) for a discussion

approximately twice the number of latent cancers.

of uncertainties in risk estimates.
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Additional economic impacts that can be monetized by the RSS consequence model
include costs of decontamination of the facility itself. Another cost of impact
is the replacement power. Probability distributions for these impacts have not
been calculated, but they are included in the discussion of risk considerations
in Section 5.9.4.5(6).

(5) Possible Releases to Ground Water

A ground water pathway for public radiation exposure and environmental contami-
nation that would be associated with severe reactor accidents was identified in
Section 5.9.3.1. Consideration has been given to the potential environmental
impact of this pathway for the Braidwood plant. The principal contributors to
the risk are the core melt accidents associated with the evaluated accident
sequences and release categories. The penetration of the basemat of the con-
tainment buildings can release molten core debris to the strata beneath the
station. Radionuclides in this debris can be leached and transported with
ground water to downgradient domestic wells used for drinking or to surface
water bodies used for drinking, aquatic food, and recreation. In pressurized
water reactors, such as the Braidwood units, there is an additional opportunity
for ground water contamination resulting from the release of contaminated sump
water to the ground through a breach in the containment.

An analysis of the potential consequences of a liquid pathway release of radio-
activity for generic sites was presented in the "Liquid Pathway Generic Study"
(LPGS) (NUREG-0440). The LPGS compared the risk of accidents involving the
liquid pathway (drinking water, irrigation, aquatic food, swimming and shoreline
usage) for five conventional, generic types of land-based nuclear plant sites,
and for a floating nuclear plant for which the nuclear reactors would be mounted
on a barge and moored in a water body. Parameters for the land-based sites
were chosen to represent averages for a wide range of real sites and are thus
"typical," but represented no real site in particular.

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

Beneath the Braidwood site the hydrogeologic units (ER-OL; FSAR) in descending
order are Eolian sand; Lacustrine sand; till; Pennsylvanian siltstone; Silurian
dolomites; Maquoketa shale; Galena-Platteville dolomites; Glenwood-St. Peter
sandstone; Prairie du Chien, Eminence, Potosi and Franconia dolomites; Ironton-
Galesville sandstone; and Eau Claire shale. The Quaternary-age Eolian sand,
lacustrine sand, and till overlie the bedrock. The Eolian and lacustrine sand
form a water-table sand aquifer. The underlying glacial drift ranges from clay
to sand and gravel but is predominantly clayey till. In places, particularly
in the northern part of the area, a discontinuous outwash deposit consisting
mainly of silty sand and gravel serves as a water-table aquifer within the
glacial drift. These aquifers are recharged by precipitation. Ground water is.
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I
discharged from these aquifers to surface streams and strip mine pits, to the
underlying bedrock, and to pumping wells. Reported well yields are suitable
only for domestic or farm purposes, ranging from 2 to 5 gpm.

The Quaternary deposits are underlain by Pennsylvanian bedrock composed of silt-
stone, shale, sandstone, clay, limestone, and coal. The Pennsylvanian strata
can yield up to 20 gpm from interbedded sandstones locally; however, the
Pennsylvanian and underlying Maquoketa shales generally function as aquitards.

The most important aquifer in the region, the Cambrian-Ordovician Aquifer, is
composed of.bedrock and lies between the shales of the Maquoketa Shale Group I
and the Eau Claire Formation. Ground water in the Cambrian-Ordovician Aquifer
occurs under artesian pressure.

At the site the top of bedrock is about el 560 ft mean sea level (MSL) and
ground elevation is about 600 ft MSL. The containment basemat, at about
el 539.0 ft, is in the Pennsylvanian strata. The Cambrian-Ordovician Aquifer
is about 1500 ft thick and lies between el 328 ft MSL and -1192 ft MSL.

In the event of a core-melt accident, there could be a release of radioactivity
to the bedrock (Pennsylvanian siltstone, shale, sandstone, coal) beneath the I
reactor. However, in order for the confined Cambrian-Ordovician Aquifer to be-
come contaminated, radioactive water would have to travel through 64 m (211 ft)
of bedrock, which in this area is an aquitard. It is extremely unlikely that a
core-soil mass would penetrate to this depth. Using boundary heat transfer
calculations, the Reactor Safety Study (WASH-1400) estimated that the core-soil
mass would form a cylinder about 15 m (50 ft) high with a diameter of about
21 m (70 ft). The core-soil mass would thus be expected to remain at least I
49 m (161 ft) above the confined aquifer. In addition, the confined aquifer
is under artesian pressure so any penetration of the overlying confining layer
would induce outward flow from the aquifer.

The surface water body that is closest to the containment building is the on-
site cooling pond. The lowest elevation in the cooling pond is about 520 ft
MSL. There is a slurry trench between the plant and the pond that would limit
possible radionuclide migrations from the plant. However, the pond is not a
sink for local ground water, but rather a recharge area. The normal pond water
level is el 595 ft MSL, which is greater than any ground water levels in the I
surrounding area. Thus, ground water gradients are away from the pond, and the
pond is not a potential surface water receiving body for radioactive releases
from a core-melt accident.

The next closest surface water body to the containment area is the Mazon River
which is located about 5950 m (19,500 ft) to the southwest. The thalweg (lowest
point in channel) of the Mazon River at this location is el 556 ft MSL, which is I
5 m (17 ft) above the containment basemat elevation. It is not likely that a
core-melt release would disperse vertically to intersect the Mazon River. How-
ever, the staff has conservatively assumed that this-is thenearest surface I
water release point. The ground water travel time for the 5950-m (19,500-ft)
distance to the Mazon River is estimated to be 1990 years. This travel time is
based on an average permeability of 0.283 ft per day, a gradient of 0.0019, and
an effective porosity of 2% (Lawrence Livermore Laboratory, 1976)ý.

It was demonstrated in the LPGS that, for travel times on the order of years,
virtually all of the population dose from the liquid pathway in an assumed core- 1
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melt accident would result from Sr-90 and Cs-137. Based on their half-lives,
the staff has calculated the fraction of Sr-90 and Cs-137 that could reach the
Mazon River after the 1990-year travel time to be 2.4 x 10-22 and 1.1 x 10-20,
respectively. This calculation, using a 1990-year travel time, assumes that
the Sr-90 and Cs-137 are moving with the ground water. These chemically active
nuclides would, however, travel through the ground water pathway at a much
slower rate because of the process of sorption onto the soil and rock media.
This would further reduce the fraction of these nuclides that could eventually
reach the Mazon River to virtually zero.

In contrast, the fractions of Sr-90 and Cs-137 estimated to reach the nearest
surface water body in the LPGS small river case were 0.87 and 0.31, respectively.
Without further analysis of actual drinking water populations, aquatic food
consumption and shoreline usage, the staff can conclude that the liquid pathway
consequences of an assumed core-melt accident at the Braidwood Station would be
considerably less than that calculated in-the LPGS. The staff, therefore, con-
cludes that the Braidwood Station is not unusual in its liquid pathway contri-
bution to risk when compared to other land-based sites in the LPGS.

Finally, there are measures that could be taken to further minimize the impact
of the liquid pathway. The staff has conservatively estimated that the minimum
ground water travel time from the containment building to the nearest site
boundary would be about 38 years. This would allow ample time for engineered
measures to be taken, such as slurry walls and well point dewatering, to isolate
the radioactive contamination near the source and to establish a ground water
monitoring program that would ensure early detection if any contaminants should
escape the immediate plant area.

(6) Risk Considerations

Environmental Risks

The foregoing discussions have dealt with both the frequency (or likelihood of
occurrence) of accidents and their impacts (or consequences). Because the
ranges of both factors are quite broad, it is also useful to combine them to
obtain average measures of environmental risk. Such averages provide a useful
perspective and can be particularly instructive as an aid to the comparison of
radiological risks associated with accident releases and with normal operational
releases.

A common way in which this combination of factors is used to estimate risk is
to multiply the probabilities by the consequences. The resultant risk is then
expressed as a number of consequences expected per unit of time. Such a .quanti-
fication of risk does not at all mean that there is universal agreement that
.people's attitudes about risks, or what constitutes an acceptable risk, can or
should be governed solely by such a measure. At best, it can be a contributing
factor to a risk judgment, but not necessarily a decisive factor.

Table 5.12 shows average values of risk associated with population dose, early
fatalities, latent fatalities, and costs for evacuation and other protective
actions. These average values are obtained by summing the probabilities multi-
plied by the consequences over the entire range of the distributions. Because
the probabilities are on a per-reactor-year basis, the averages shown are also
on a per-reactor-year basis..
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Table 5.12 Average values of environmental
risks due to accidents per
reactor-year

Environmental risk Average value

Population exposure
Person-rems within 80 km 60
Total person-rems 180

Early fatalities
Evacuation to 16 km and

relocation outside 16 km
based on projected dose 0.00038

Latent cancer, fatalities
All organs excluding thyroid 0.011
Thyroid only 0.0028

Cost of protective actions
and decontamination, 1980
dollars $14,000

Note: See Section 5.9.4.5(7) for discussions
of uncertainties in risk estimates.

The population exposures and latent cancer fatality risks may be compared with
those for normal operation shown in Appendix D. The comparison (excluding ex-
posure to the plant personnel) shows that the accident dose risks (expressed in
person-rems) to the total population are similar to the dose from normal opera-
tion, but the accident dose risks within 80 km (50 mi) are about 10 times higher
than the normal operation dose within 80 km.

The latent cancer fatality risks from potential accidents can also be compared
to the cancer risk from all other sources. For accidents, this risk, averaged
over those within 80 km (50 mi) of the Braidwood plant, is 1.2 x 10-0 per year
per person, compared with the cancer fatality risk from all other sources of
1.9 x 10-3 per year.

There are no early fatality or economic risks associated with protective actions
and decontamination for normal releases; therefore, these risks are unique for
accidents. For perspective and understanding of the meaning of the early fatal-
ity risk of 3.8 x 10-4 per reactor-year, however, the staff notes that to a good
approximation the population at risk is that within about-16 km (10,mi) of the
plant, about 33,500 persons in the year 2000. Accidental fatalities per year
for a population of this size, based on overall averages for the United States,
are approximately 7.4 from motor vehicle accidents, 2.6 from falls, 1.0 from
drowning, 0.97 from burns, and 0.40 from firearms. The average early fatality
risk from reactor accidents is thus an extremely small fraction of the total
risk embodied in the above combined accident modes.

Figure 5.10 shows the calculated risk expressed as whole-body dose to an indi-
vidual from early exposure as a function of the downwind distance from the plant
within the plume exposure .pathway Zone. The values are on a per-reactor-year
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I
basis and all accident sequences and release categories in Table 5.10 contributed
to the dose, weighted by their associated probabilities.

Evacuation and other protective actions can reduce the risk to an individual of
early fatality or of latent cancer fatality. Figure 5.11 shows lines of con-
stant risk per reactor-year to an individual living within the emergency plan-
ning zone of the Braidwood site, of early fatality as functions of distance
resulting from potential accidents in the reactor. Figure 5.12 shows curves of
constant risk of latent cancer fatality. Directional variation of these plots
reflects the variation in the average fraction of the year the wind would be
blowing in different directions from the plant. For comparison the following
risks of fatality per year to an individual living in the United States may be
noted (CONAES, p 577): automobile accident, 2.2 x 10-4; falls, 7.7 x 10-s;
drowning, 3.1 x lO-5; burning, 2.9 x 10-5; and firearms, 1.2 x 10-5.

I
I
I
I
I
I
I
I
I
I
I
I

I
I
I

IFigure 5.11

Braidwood FES

Isopleths of risk of early fatality per reactor-year to an
individual (To convert mi to km, multiply by 1.6093.)

5-64



JOLIET

STATE PARK STATE PARK WILMINGTON

r I WILMINGTON

2~ 10- 5. 10-6 1-111.5 DAMP"

WE. KANKAKEE COUNTY

0 1 2 3 4 5 MILES

SCALE

Km~.Ii IAIDWOO NCLEAR GENERATING S TATIONI
II UNITSI 12

Figure 5.12 Isopleths of risk of latent cancer fatality per reactor-year
to an individual (To convert mi to km, multiply by 1.6093.)

The relative consequences and risks from contamination of Lake Michigan as a
result of atmospheric fallout from severe accidents in a Braidwood Station
reactor would be similar to those determined for contamination of Lake Erie and
the other Great Lakes via the severe accident atmospheric fallout route for the
Perry Nuclear Power Plant (NUREG-0884) reactor which was, in turn, based on
calculations performed for the Fermi 2 plant (NUREG-0769). Braidwood Station
is, however, more than 75 km from Lake Michigan, whereas Perry is on the Lake
Erie shore. Thus, the atmospheric concentrations of airborne radionuclides over
Lake Michigan as the result of a severe accident at Braidwood would be substan-
tially less than similar concentrations over Lake Erie as a result of a severe
accident at Perry.

The consequences and risks to society and an individual of delayed cancer fatal-
ities from unrestricted (without any decontamination or interdiction of exposure
pathways) use of Lake Michigan and the. other Great Lakes contaminated by fallout
from atmospheric releases from each Braidwood reactor would be of similar orders

Braidwood FES 5-6S



I
of magnitude as those resulting from the exposure pathways from air and ground U
contamination following these releases, as shown in Tables 5.11 and 5.12. These
consequences ano risks were calculated only after exposure pathways interdiction
or decontamination was assumed. If similar interdiction or decontamination in
exposure pathways arising from Lake Michigan and the other Great Lakes were
assumed, then the consequences and risks from fallout on the Great Lakes would
be small compared to those from air and ground contamination, and would not I
alter conclusions with respect to accident risks compared to risks of normal
operation, or with respect to Braidwood accident risks compared to other acci-
dent risks to which the general population is exposed.

The economic risk associated with evacuation and other protective actions could
be compared with property damage costs associated with alternative energy gen-
eration technologies. The use of fossil fuels--coal or oil, for example--would I
cause substantial quantities of sulfur dioxide and nitrogen oxides to be emitted
into the atmosphere and, among other things, lead to environmental and ecolog-
ical damage through the phenomenon of acid rain (CONAES, 1979, pp. 559-560).
This effect has not, however, been sufficiently quantified for a useful com-
parison to be drawn at this time.

Other Economic Risks I
There are other impacts and risks that can be expressed in monetary terms, but
are not included in the cost calculations discussed in the section on economic I
and societal impacts. These impacts, which would result from an accident at the
facility, produce added costs to the public (i.e., ratepayers, taxpayers, and/or
shareholders). These costs would accrue from decontamination and repair or re-
placement of the facility and from replacement power provided during restoration
of the facility. Experience with such costs is being accumulated as a result
of the accident at the Three Mile Island facility.

If an accident occurs during the first year of operation of Braidwood Unit 1
(1986), the economic penalty to which the public would be exposed would be ap-
proximately $1680 million (1986 dollars) for decontamination and restoration
including replacement of the damaged nuclear fuel. This estimate is based on
a conservative (high) 10% annual escalation of the 1980 economic penalty deter-
mined for the Three Mile Island facility (Comptroller General, 1981). Although
insurance would cover $300 million or more of the $1680 million accident cost,
the insurance is not credited against this cost because the arithmetic product
of the insurance payment and the risk probability would theoretically balance
the insurance premium. I
In addition, the staff estimates that system fuel costs would increase by ap-
proximately $74 million (1986 dollars) for replacement power during each year
Braidwood Unit 1 is out of service. This estimate assumes that the unit will
operate at an. average 60% capacity factor-and that replacement energy will be
provided primarily from coal-fired generation. Assuming the unit does not
operate for 8 years, the replacement power cost would amount to $592 million I
(1986 dollars).

The probability of a core melt or severe reactor damage is assumed to be as high I
as 10-4 per reactor-year (this accident.probability is intended to account for
all severe core-damage accidents leading to large economic consequences for the

F
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owner and not just those leading to significant offsite consequences.) Multiply-
ing the previously estimated cost of $2272 million for an accident to Braidwood
Unit 1 during the initial year of its operation by the above 10-4 probability
results in an economic risk of approximately $227,200 (1986 dollars) applicable
in Braidwood Unit 1 during its first year of operation. This is also the ap-
proximate economic risk (1986 dollars) to Braidwood Unit I during the second
year and each subsequent year of operation. Although nuclear units depreciate
in value and may operate at reduced capacity factors so that the economic conse-
.quences resulting from an accident become less as the unit becomes older, this
is conservatively (high cost) considered to be offset by an escalation rate that
is slightly higher than the discount rate.

The economic risk to Braidwood Unit 2 is also approximately $227,200 (1986.
dollars) during its first year and each subsequent year of operation resulting
from the balancing effect of escalation and the present worth discount factor.
The $227,200 annual risk for each unit (1986 dollars) is equivalent to an annual
risk of approximately $171,000 (1983 dollars) assuming a 10% discount rate..

Regional Industrial Impacts

A severe accident that requires the interdiction and/or decontamination of land
areas could force numerous businesses to temporarily or permanently close.
These closures would have additional economic effects beyond the.contaminated
-areas through the disruption of regional markets and Sources-of supplies. This
section provides estimates of these impacts, which were made using (1) the RSS
consequence model discussed elsewhere in this section and (2) the Regional
Input-Output Modeling System (RIMS II) developed by the Bureau of Economic
Analysis (BEA) (NUREG/CR-2591).

Theindustrial impact model developed by BEA takes into account contamination
levels of a physically affected area defined by the-RSS consequence model-.
Contamination levels define an interdicted area immediately surrounding the
plant, followed by an area of decontamination, an area of crop interdiction,
and finally an area of milk interdiction. (The industry-specific impacts are
estimated for the five levels of accident severity listed in Table.5.10.)

Assumptions used in the analysis include:

(1) In the interdicted area all industries would lose total production for
-more than a year.

(2) In the decontamination zone there wouldibe a 3-month loss in nonagricul-
tural output; a 1-year loss in all crop output, except no loss in green-
house, nursery, and forestry output; a 3-month loss in dairy output; and
a 6-month loss in livestock and poultry output.

(3) In thecrop interdicted area there would be no loss in nonagricultural
output; a 1-year loss in agricultural output, except no-loss in greenhouse,
nursery, and forestry output; no loss in livestock and poultry output; and
a 2-month loss of dairy output.

(4) In the milk interdiction zone there would be only a 2-month loss in dairy
output.
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The estimates of industrial impacts are made for an economic study area that
consists of a physically affected area and a physically unaffected area. An
accident that causes an adverse impact in the physically affected area (e.g.,
the loss of agricultural output) could also adversely affect output in the
physically unaffected area (e.g., food processing). In addition to the direct
impacts in the physically affected area, the following additional impacts could
occur in the physically unaffected area:

.(a) decreased demand (in the physically affected area) for output produced in
the physically unaffected area

(b) decreased availability of production inputs purchased from the physically
affected area

Only the impacts occurring during the first year following an accident are con-
sidered. The longer term consequences are not considered because they will varywidely depending on the level and nature of efforts to mitigate the accident
consequences and to decontaminate the physically affected areas.

The estimates assume no compensating effects, such as the use of unused capacity
in the physically unaffected area to offset the initial lost production in the
physically affected area, or income payments to individuals displaced from their
jobs that.would enable them to maintain their spending habits. These compensa-
ting effects would reduce the industrial impacts. Realistically, these, compen-
sating effects would occur over a lengthy period. The estimates using no com-
pensating effects are the bestmeasures of first-year economic impacts.

Table 5.13 presents the regional economic output and employment impacts and
corresponding expected risks associated with the five different release catego-
ries. The estimated overall risk value using output losses as the measure of
accident consequences, expressed in a per-reactor-year basis, is $61,237. This
number is composed of direct impacts of $44,597 in the nonagricultural sector
and $9,933 in the agricultural sector, and indirect impacts of $6,707 from de-
creased exports and supply constraints. The corresponding expected employment
loss per reactor-year is about three and a quarter jobs.

It should be noted that over 70% of the expected losses, or $43,152, result from
releases occurring toward the north-northeast. The H release category contrib-
utes $21,861 of that amount. On an absolute basis, an H category release to
the north-northeast would result in a loss of over $17 billion and 944,000 jobs.
Releases to the northeast contribute only $215 to the total expected annual loss.
For each release category, for all directions, the minimal expected losses are
from $0 to $100. No offsite regional economic impacts are included for release
category I, which has no containment failure.

The staff has also considered the health care costs resulting from hypothetical
accidents in a generic model developed by the. Pacific Northwest Laboratory
(Nieves, 1983). On the basis of this generic model, the staff concludes that
such costs may be a fraction of the offsite costs evaluated herein, but that
the model is not sufficiently constituted.for application to a specific reactor
site.
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Table 5.13 Regional economic impacts of output and employment

Economic impact, millions of 1980$
Loss in

Direct employ- Expected
ment, loss in

Wind Non- Direct annual- output/
Release direc- agri- agri- ized reactor-
category tion cultural cultural Indirect Total jobs yr, 1980$

Maximum losses

B NNE 15091 69 1865 17025 944000 2643
C NNE 15091 69 1865 17025 944000 11880
F NNE 14348 59 1772 16179 898000 6769
H NNE 14348 59 1772 16179 898000 21861.
I --1 0 0 0 0 0 0

Minimum losses

B NE 54 101 19 174 8000 22
C NE 54 101 19 174 8000 100
.F NE 54 7 8 69 4000 22
H NE 54 7 8 69 4000 70
I --- 0 0 0 0 0 0

Expected losses per reactor-year

B All *
direc-
tions 2997 778 464 4239 < 1

C " 13473 3495 2087 19055 1
F " 6650 1338 983 8971 < 1
H 21477 4322 3173 28972 < 2
I 0 0 0 0 0

All All 44597 9933 6707 61237 3.3
release direc-
cate- tions
gories

*Not applicable, as the expected loss is already expressed in the "Total"
column for this portion of the table.

Source- Bureau of Economic Analysis, U.S. Department of Commerce with
assumptions supplied by the NRC staff.

(7) Uncertainties

The probabilistic risk assessment discussed above has been based mostly on the
methodology presented in the Reactor Safety Study (RSS), which was published
.in 1975 (NUREG-75/014). Although substantial improvements have been made in
various facets of the RSS methodology after its publication, there are still
large uncertainties in the results of the analysis presented in the preceding
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I
sections, including uncertainties associated with the likelihoods of the acci- -
dent sequences and containment failure modes leading to the release categories,
the source terms for the release categories, and the estimates of environmental
consequences. The relatively more important contributors to uncertainties in
the results presented in this environmental statement are as follows:

,(a) Probability of occurrence of accident: If the probability of a release
category would change by a certain factor, the probabilities of various
types of consequences from that release category would also change exactly-
by the same factor. Thus, an order of magnitude uncertainty in the proba-
bility of a release category would result in an order of magnitude uncer-
tainty in both societal and individual risks stemming from the release
category. As in the RSS, there are substantial uncertainties in the prob-
abilities of the release categories. This is due, in part, to difficul- I
ties associated with the quantification of human error and to inadequacies
in the data base on failure rates of individual plant components, and in
the data base on external events and their effects on plant systems and I
components that are used to calculate the probabilities.

Another related area of uncertainty is risks from externally caused acci-
dents (such as earthquakes, floods, and man-caused events--including sabo-
tage). No evaluations of such risks have been made for Braidwood. Some of
these types of risks have been evaluated for the Indian Point reactors in
New York State, the Limerick reactors in Pennsylvania, and for the Zion I
reactors in Illinois; such risks were found within a factor of less than
100 times greater than risks from internally initiated accidents at the
corresponding plants. Such experiences in plant-specific probabilistic
risk assessments cannot be extended directly to Braidwood because of site
and plant design characteristics. However, the staff judges such risks to
be within the uncertainty bounds discussed below.

(b) Quantity and chemical form of radioactivity released: This relates to the
quantity of each radionuclide species that would be released, and its
chemical form, from a reactor unit during a particular accident sequence. I
Such releases would originate in the fuel, and would be attenuated by phy-
sical and chemical processes in route to being released to the environment.
Depending on the accident sequence, attenuation in the'reactor vessel, the
primary cooling system, the containment, and adjacent-buildings would in-
fluence both the magnitude and chemical form of radioactive releases. The
source terms used in the staff analysis were determined using the RSS
methodology applied to a PWR with a large dry containment. Information I
available in NUREG-0772 and from the latest research activities sponsored
by the Commission and the industry indicate that the best-estimate source
terms cannot be much worse than the larger source terms used in this analy-
sis (release categories B and C of Table 5.10), but they could be substan-.
tially lower then the release categories used here for the same types of
initiating accident sequences. The impact of smaller source terms wouldbe substantially lower estimates of health effects, particularly earlyfatalities and injuries.

(c) Atmospheric dispersion modeling for the radioactive plume transportm
including the physical and chemical behavior of radionuclides in particu-
late form in the atmosphere: This uncertainty relates to the differences
in modeling the atmospheric transport of radioactivity in gaseous and I
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particulate states and the actual transport, diffusion and deposition or
fallout that would occur during an accident (including the effects of con-
densation and precipitation). The phenomenon of plume rise resulting from
heat associated with the atmospheric release, effects of precipitation on
the plume., and fallout of particulate matter from the plume all have con-
siderable impact on the magnitudes of early health consequences, and the
distance from the reactor out to which these consequences would occur.
The staff judgment is that these factors can result.in substantial over-
estimates or underestimates of both early and later effects (health and
.economic).

Other areas that have substantial but relatively less effect on uncertainty
than the preceding items are

(a) Duration and energy of release, warning time, and in-plant radionuclide
decay time: This relates to the differences between assumed release dura-
tion, energy of release, and the warning and the in-plant radioactivity
decay times compared with those that would actually occur during a real
accident..

For a relatively long duration (more than 1/2 hour) of an atmospheric
release, the actual cross-wind spread (i.e., the width) of the radioactive
plume that would develop would likely be larger than the width calculated
by the dispersion model in the staff code (CRAC). However, the effective
width of the plume is calculated in the code using a plume expansion factor
that is determined by the release duration. For a given quantity of radio-
nuclides in a release, the plume and, therefore, the area that would come
under its cover would become wider if the release duration were made longer.
In effect, this would result in lower air and ground concentrations of
radioactivity, but a greater area of contamination.

The thermal energy associated with the release affects the plume rise phe-
nomenon which results in relatively lower air and ground concentrations in
.the closer regions, and relatively higher concentrations as a.result of
fallout in the regions that are more distant. Therefore, if a large
thermal energy were associated with a release containing large fractions
of core inventory of radionuclides, it could increase the distance from
the reactor over which early health effects may occur. If, on the other
hand, the release behavior were. dominated by the presence of large amounts
of condensing steam, very much the reverse could occur because of the-
close deposition of radionuclides induced by the falling water condensed
from the steam.

Warning time before evacuation has considerable impact on the effective-
ness of offsite emergency response. Longer warning times would improve
the effectiveness of the response.

The time from reactor shutdown until the beginning of the release to the
environment (atmosphere), known as the time of release, is used to calcu-
late the depletion of radionuclides by radioactive decay within theplant
before release. The depletion factor for each radionuclide (determined.by
the radioactive decay constant and the time of release) multiplied by the
release fraction of the radionuclide and its core inventory determines the
.actual quantity of the radionuclide released to the. environment. Later
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releases would result in the release of fewer curies to the environment
for given values of release fractions.

The first three of the above parameters can have significant impacts on
:accident consequences, particularly early consequences. The staff judg-
ment is that the early consequences and risks calculated for this review
could be substantial underestimates or substantial overestimates, because
of uncertainties in the first three parameters.

(b) Meteorological sampling scheme used: This relates to the possibility that
the meteorological sequences used with the selected 91 start times (sam-
pling) in the CRAC code may not adequately represent all meteorological
variations during the year, or that the year of meteorological data may
not represent all possible conditions. This factor is judged to produce
greater uncertainties for early effects and less for latent effects.

(c) Emergency response effectiveness: This relates to the differences between
modeling assumptions regarding the emergency response of the people resid- I
ing near the Braidwood site compared to what would happen during an actual
severe reactor accident. Included in these considerations are such sub.-
jects as evacuation effectiveness under different circumstances, possible
sheltering and its effectiveness, and the effectiveness of population
relocation. The staff judgment is that the uncertainties associated with
emergency response effectiveness could cause large uncertainties in early
health consequences. The uncertainties in latent health consequences and
costs are considered smaller than those for early health consequences. A
limited sensitivity analysis in this area is presented in Appendix F. |I

Md) Dose conversion factors and dose response relationships for early health
consequences, including benefits of medical treatment: This relates to the
uncertainties associated with estimates of dose and early health effects
on individuals exposed to high levels of radiation. Included are the I
uncertainties associated with the conversion of contamination levels to
doses, relationships of doses to health effects, and considerations of the
availability of what was described in the RSS as supportive medical treat- I
ment (a specialized medical treatment program of limited availability that
would minimize the early health effect consequences of high levels of
radiation exposure following a severe reactor accident). Previous staff
analysis indicates that uncertainty from this last source is less than a
factor of three.

(e) Dose-conversion factors and dose-response relationships for latent health m
consequences: This relates to the uncertainties associated with dose
estimates and latent (delayed and long-term) health effects on individuals
exposed to lower levels of radiation and on their succeeding generations.
Included are the uncertainties associated with conversion of contamination
levels to doses and doses to health effects. The staff judgment is that
this category has a large uncertainty.. The uncertainty could result in
relatively small underestimates of consequences, but also in substantial.
overestimates of consequences. (Note: radiobiological evidence on this
subject does not rule out the possibility that low lllevel radiation could
produce zero consequences.) I
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(f) Chronic exposure pathways, including environmental decontamination and
the fate of deposited radionuclides: This relates to uncertainties asso-
ciated with chronic exposure pathways to man from long-term use of the
contaminated environment. Uncertainty arises from the possibility of dif-
ferent protective action guide levels that may actually be used for inter-
diction or decontamination of the exposure pathways from those assumed in
the staff analysis. Further, uncertainty arises because of lack of pre-
cise knowledge about the fate of the radionuclides in the environment as
influenced by natural processes such as runoff and weathering. The staff's
qualitative judgment is that the uncertainty from these considerations is
substantial.

(g) Economic data and modeling: This relates to uncertainties in the economic
parameters and economic modeling, such as costs of evacuation, relocation,
medical treatment, cost of decontamination of properties, and other costs
of property damage. Uncertainty in this area could be substantial.

Thestate of the art for quantitative evaluation of the uncertainties in the
probabilistic risk analysis such as the type presented here is not well devel-
oped.. Therefore, although the staff has made a reasonable analysis of the risks
presented herein consistent with current data and methodology, there are large
uncertainties associated with the results shown. It is the qualitative judgment
of the staff that the uncertainty bounds could be well over a factor of 10, but
not as large as a factor of 100. Within these uncertainty bounds, however, the
uncertainties associated with the probability-integrated values of consequences
(i.e., the risks) are likely to be less (although still large) than uncertain-
ties in the curves in the figures showing probability distribution of conse-
quences, as a result of partial cancellation of uncertainties by integration.

The accident at Three Mile Island occurred in March 1979 at a time when the
accumulated experience record was about 400 reactor-years. It is of interest
to note that this was within the range of frequencies estimated by the RSS for
an accident of this severity.(CONAES, 1979, p 553). It should also be noted
that the Three Mile Island accident has resulted in a very comprehensive evalu- -
ation of reactor accidents by a significant number of investigative groups.
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 staff investigations and task forces. A comprehen-
sive "NRC Action Plan Developed as a Result of the TMI-2 Accident" (NUREG-0660,.
Vol 1) collected the various recommendations of these groups and describes them
under the subject areas of Operational Safety; Siting and Design; Emergency
Preparedness and Radiation Effects; Practices and Procedures; and NRC Policy,
Organization, and .Management. The action plan presents a sequence of actions,
.some already taken, that results in a gradually increasing improvement in safety
:as individual actions are completed. The Braidwood units are receiving and
will receive the benefit of.these actions.

.(8) Comparison of Braidwood Risks With Other Plants

Figures 5.13 to.5.17 il.lustrate selected risks as computed for other nuclear
power plants that are either operating or are receiving staff consideration .for
issuance of a license to operate. These figures are included to supply some
context in which to view the computed Braidwood societal risks, although direct
comparison among plants is subject to some of the uncertainties discussed above.
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Notes for Figures 5.13 through 5.17

* Except for Indian Point and Limerick, risk analyses for other plants in
these figures are based on WASH-1400 generic source terms and probabil-
ities for severe accidents and do not include external event analyses.

* 1-01 = 1 x 10-1 and so forth.

* Please see Section 5.9.4.5(7) for discussion of uncertainties.

1tWith evacuation within 10 miles and relocation from 10-25 miles.

aExcluding severe earthquakes and hurricanes.

In light of these uncertainties, these figures can only serve to indicate that
the Braidwood plant and site pose computed measures of societal risk that are
neither the highest nor the lowest of those computed for other plants and sites.

5.9.4.6 Conclusions

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

The environmental impacts that have been considered include potential releases
of radioactivity to the environment with resulting radiation exposures to indi-
viduals and to the population as a whole, the risk of near- and long-term ad-
verse health effects that such exposures could entail, and the potential eco-
nomic and societal consequences of accidental contamination of the environment.
These impacts could be severe, but the likelihood of their occurrence is judged
to be small. This conclusion is based on (1) the fact that considerable experi-
ence has been gained with the operation of similar facilities without signifi-
cant degradation of the environment, (2) that, in order to obtain a license to
operate the Braidwood facility, the applicant must comply with the applicable
Commission regulations and requirements, and (3) a probabilistic assessment of
the risk based on the methodology developed in the Reactor Safety Study. The
overall assessment of environmental risk of accidents, assuming protective
actions, shows that it is on the same order as the risks from normal operation,
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 risks of accidental deaths
from other human activities in a comparably sized population.

On the basis of the above considerations, the staff concluded that there are
no special or unique circumstances about the Braidwood site and environs that
would warrant consideration of alternatives for the Braidwood units.
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I
5.10 Impacts from the Uranium Fuel Cycle

The uranium fuel cycle rule, 10 CFR 51.20 (44 FR 45362), reflects the latest
information relative to the reprocessing'of spent fuel and to radioactive waste
management as discussed in NUREG-0116, "Environmental Survey of the Reprocessing
and Waste Management Portions of the LWR Fuel Cycle," and NUREG-0216, which pre-
sents staff responses to comments on NUREG-0116. The rule also considers other
environmental factors of the uranium fuel cycle, including aspects of mining and
milling, isotopic enrichment, fuel fabrication, and management of low- and high-
level wastes. These are described in the U.S. Atomic Energy Commission (AEC) I
report WASH-1248, "Environmental Survey of the Uranium Fuel Cycle." The NRC
staff was also directed to develop an explanatory narrative that would convey in
understandable terms the significance of releases in the table. The narrative
was also to address such important fuel cycle impacts as environmental dose com-
mitments and health effects, socioeconomic impacts and cumulative impacts, where
these are appropriate for generic treatment. A proposed explanatory narrative
was published in the Federal Register on March 4, 1981 (46 FR 15154-15175).
Appendix C to this report contains a number of sections that-address those im-
pacts of the LWR-supporting fuel cycle that reasonably appear to have signifi-
cance for individual reactor licensing sufficient to warrant attention for NEPA I
purposes. Specific categories of natural resource use included in the table
relate to land use, water consumption and thermal effluents, radioactive
releases, burial of transuranic and high- and low-level wastes, and radiation
doses from transportation and occupational exposures. The contributions in the
table for reprocessing, waste management, and transportation of wastes are maxi-
mized for either of the two fuel cycles (uranium only and no recycle); that is,
the cycle that results in the greater impact is used.

Table S-3 of the final rule is reproduced in its entirety as Table 5.14 herein.*

Appendix C to this report contains a description of the environmental impact
assessment of the uranium fuel cycle as related to the operation of the Braid-
wood facility. The environmental impacts are based on the values given in
Table 5-14, and on an analysis of the radiological impact from radon-222 and
technetium-99 releases. The staff has determined that the environmental impact
of this facility on the U.S. population from radioactive gaseous and liquid
releases (including radon and technetium) resulting from the uranium fuel cycle I
is very small when compared with the impact of natural background radiation.
In addition, the nonradiological impacts of the uranium fuel cycle have been
found to be acceptable.

5.11 Decommissioning

The purposes of decommissioning are (1) to safely remove nuclear facilities from I
service and (2) to remove or-isolate the associated radioactivity from the en-
vironment so that part of the facility site that is not permanently committed
can be released for other uses. Alternative methods of accomplishing these pur- I
poses and the environmental impacts of each method are discussed in NUREG-0586.

*The U.S. Supreme Court has upheld. the validity of the S-3 rule in Baltimore

Gas & Electric Co., et al. v. Natural Resources Defense Council, Inc.,
No. 82-524, issued June 6, 1983, 51 U.S. Law Week, 4678.
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Table 5.14 Table of uranium fuel cycle environmental data'
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Since 1960, 68 nuclear reactors--including 5 licensed reactors-that had been
used for the generation of electricity--have been or are in the process of being
decommissioned. ;Although, to date, no large commercial reactor has undergone
decommissioning, the broad base of experience gained from smaller facilities is
generally relevant to the decommissioning of any type of nuclear facility.

Radiation doses to the public as a result of end-of-life decommissioning activi-
ties should be small; they will come primarily from the transportation of waste i
to appropriate repositories. Radiation doses to decommissioning workers should
be well within the occupational exposure limits imposed by regulatory requirements. .

The NRC is currently conducting generic rulemaking that 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.

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

5.12 Noise I
The staff examined three sources of potential noise impact to the community in
the vicinity of the Braidwood site. These sources are (1) the transformers at
the station site itself, (2) the compressors and pump motors inside the pump
house adjacent to the Kankakee River, and (3) the transformer at the west side
of the river pumphouse building. The staff examined both the increase in broad-
band noise and/or the creation of tonal noise (i.e., noise energy concentrated
at a particular frequency or in a relatively narrow band of frequencies) in the
community at residences close to the station site or the river pumphouse. The
locations of these nearest residences.to the station site and river pumphouse I
are shown on Figures 5.18 and 5.19, respectively.

Calculations of operational noise level predictions were based on the applicant's
responses to staff questions E290.9 through E290.16, manufacturer's noise data,
and the University of Illinois/Argonne National Laboratory noise model (Dunn,
et al., 1982). The model accounts for hemispherical spreading, atmospheric
attenuation, and barrier effects in computing broadband and tonal impacts from I
stationary noise sources. For the calculations used in the Braidwood analysis,
the noise level for the transformers and associated fans were obtained from the
applicant (response to staff questions E290.11 and E290.20) and the sound power U
levels of the transformer tones were obtained from measurements on similar
transformers (Gordon et al. 1980).

The broadband noise from the operation of the transformers and aisociated fans
(main transformers only) was evaluated in terms of a computed inkrease in
ambient at each of the 13 receptor locations shown in Figure 5.18\ The ambient
measured by the applicant at the town of Godley was taken as the mo6t appro- I
priate background level because of its close proximity to the site. 'Selected
results of the computer calculations are presented in Table 5.15. A small
increment to ambient results from the presence of the operating fans at the
transformers. The effects of the auxiliary transformers were not included in
these calculations because of their expected negligible influence (those trans-
farmers 're surrounded by elevated walls and a significantly lower noise level
compared to the main transformers).
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Table 5.15 Noise levels near the
predicted operational

Braidwood site: Measured ambient and
levels due to station main transformers

Frequency (Hz) Over-
all

Levels 31 63 125 250 500 1000 2000 4000 8000 (dBA)

Ambient sound pressure 51 50 46 43 41 36 21 14 15 41.5
level from Godley, dB

Sound power levels 106 112 114 109 109 103 98 93 86
for main transformers
fans, dB

Predicted sound pres-
sure levels at selected
receptors during
operation of main
transformers and fans,
dB

Receptors

R 7 52 52 51 46 45 38 25 15 15 44.9
R 8 51 52 50 46 44 37 24 14 15 44.1
R12 51 52 50 46 44 37 24 14 15 44.1
R13 51 51 49 45 43 37 22 14 15 43.3

The effect of the tones emitted by the main transformers also was computed.
It was found that none of the tones (120, 240, 360, 480 Hz) would be audible
at any of the 13 receptors. The presence of buildings just behind and to the
sides of the main transformers blocked the noise for receptors R1 through R6,
preventing audibility there. An audible tone would have been present at
receptor R7 except that the transformer fans increased the broadband noise
level, providing additional masking for the 120 Hz tone.

Located within the river pumphouse are three 24,000-gpm circulating water
makeup pumps driven by three 2250-hp induction motors. In addition, there are
two booster pumps with a design pressure of 275 psig, driven by 25-hp motors.
The pumphouse also contains a reciprocating air compressor. The octave band
power levels for these sources were determined by using Edison Electric Insti-
tute Noise Guide. An additional noise source considered in the analysis is
the HVAC air intake system. Located within the pumphouse are two 150,000-cfm
vaneaxial intake fans. The sound power levels used in the analysis were pro-
vided by Joy Manufacturing Co. with a 5-dB tone correction added to the blade
passage frequency (125 Hz). Equipment sound power levels used and the conver-
sion to pumphouse interior sound pressure levels are shown in Table 5.16.

Location P4 was selected in the vicinity of the pumphouse to determine the pres-
ence of any operational noise impacts because that location represents the near-
est residence to the pumphouse. It is located 195 m (640 ft) east-northeast.of
the pumphouse across .the river. This residence received noise contributions
from both the north- and south-wall HVAC louvers. Any contribution from the
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I
Table 5.16 Calculation of pumphouse noise at receptor P4

Over-
Octave bands (Hz) all

SPL
Steps 63 125 250 500 1000 2000 4000 8000 (dBA)

Total sound power of 110 112 105 104 104 103 98 91
interior sources, dB

Interior sound pres- 90 93 86 84 83 82 75 68
sure level, dB

Exterior sound pres- 79 84 77 76 73 71 62 55
sure level, dB

Total sound pressure 95 99 92 92 89 87 78 71
level after consider-
ing louvers, dB

Subtract distance -52 -53 54 54 55 58 58 61
attenuation and air
absorption to P4, dB

Sound pressure level 42 46 39 38 38 32 21 10
at P4, dB

A-weighted sound pres-
sure level at P4, dBA 40

Estimated nighttime
residual sound level
at P4, dBA 30

large door located on the east wall is shielded by the corrugated-metal wall
installed in front of the pumphouse trash racks.

The sound power emitted outside the pumphouse by the doors and louvers was esti-
mated by consideration of the area of the doors and louvers and their sound
transmission loss. Calculation of door sound power emissions showed that they
would be insignificant.

These outside-source sound power levels were used in the calculation of recep-
tion sound pressure levels and the attenuation of each source/receptor path.
The A-weighted values of these results were compared with the A-weighted value
of the estimated baseline ambient sound pressure level (pumphouse not operating)
to evaluate the potential for environmental impact.

The results show that the greatest potential for annoyance (identified as recep-
tor P4) Is the residence located approximately 195 m (640 ft) east-northeast of
the pumphouse across the river. At this location, relative to an estimated
nighttime residual sound level of 30 dBA, the impacts were estimated to be on

I
I
I
I
I
I
I
I
1

I
I
I
I
I
I
I
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.the order of 10 dBA resulting primarily from the compressors, HVAC fans, and
circulating water pump motors. At location P1, the residence located approx-
imately 223 m (730 ft) northeast of the pumphouse across the river, the impact
is estimated to be about 6 dBA, relative to the same estimated residual of
30 dBA, as a result of the compressors, HVAC fans, and circulating water pump
motors. Arithmetically, impacts could be larger or smaller, depending on the
actual ambient noise levels at locations P4 and P1. It is concluded that at
these locations, the pumphouse noise is effectively masked by the intake water
noise, reported as the main source of noise by the residents along the river.

Sound power levels at each of the 120, 240, 360, 480 Hz tones are computed
using the measurements from the Ritzveille 1 transformer (Stevens et al., 1955).
This transformer is most similar to the one at the site and has sound power
levels measured for it. Accounting for atmospheric attenuation and attenuation
as a result of distance, noise level 4 dB above masking level is estimated for
receptor locations P1 through P4. Receptors P5 and P6 are blocked by the pump-
house structure from direct line of sight and thereby will not be affected by
the transformer tonal noise. A value of 4 dB above masking level is judged to
cause little likelihood of complaints by area residents. Attenuation as a
result of the presence of trees will further lower noise levels during most of
seasons of the year. The value of ambient for the residences, for the purpose
computing tonal noise impacts was taken to be the onsite measurements made by
Commonwealth Edison during operation of the pumphouse. Broadband noise from
the pumphouse will tend to add additional masking, reducing the effect of the
tones emitted by the transformers.

All operational phase noise levels predicted for the community locations con-
sidered in this analysis are within Illinois Rule 203 limiting octave band
sound pressure levels from stationary noise sources.

5.13 Emergency Planning Impacts

In connection with the promulgation of the Commission's upgraded emergency
planning requirements, the NRC staff issued NUREG-0658, "Environmental Assess-
ment for Effective Changes to 10 CFR Part 50 and Appendix E to 10 CFR Part 50;
Emergency Planning Requirements for Nuclear Power Plants." .The staff believes
the only noteworthy potential source of impacts to the public from-emergency
planning would be associated with the testing of the early notification system.
The test requirements and noise levels will be consistent with those used for
existing alert systems; therefore, the NRC staff concludes that the noise
impacts from the system will be infrequent and insignificant.

The emergency operations facility for the Dresden, La Salle County, and Braid-
wood Stations is located in Mazon,.Illinois. Because this is an existing
facility, no additional environmental impacts are expected.

5.14 Environmental Monitoring

5.14.1 Terrestrial Monitoring

No operational terrestrial monitoring programs were required as a condition of.
the construction permit (FES-CP Summary and Conclusions). The applicant con-
ducted extensive terrestrial baseline and construction surveys through:1975 and
has taken false-color infrared aerial photographs of the site and vicinity since

Braidwood FES 5-87



m
1979 (ER-OL Section 6.1.4.3). The applicant has not detected any offsite I
effects resulting from filling the cooling pond, and no offsite effects have
been observed that could be attributed either to the filling of the pond or to
the presence of the pond. Therefore, the applicant has terminated this survey.

5.14.2 Aquatic Monitoring

The certifications and permits required under the Clean Water Act provide the
mechanisms for protecting water quality and aquatic biota. Operational mon-
itoring of effluents will be required by the NPDES permit. A copy of the NPDES
permit is included as Appendix G.

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

The EPP will be included as Appendix B to the Braidwood Station operating m
license. This plan will include requirements for prompt reporting by the appli-
cant of important events that potentially could result in significant environ-
mental impact causally related to plant operation. Examples of reportable
important events include fish kills, occurrence and/or mortality of species
protected by the Endangered Species Act, occurrence of nuisance organisms or
conditions, and unanticipated or emergency discharge of waste water or chemical
substances.

5.14.3. Atmospheric Monitoring

Meteorological data have been collected on a 98-m (320-ft) tower situated about I
573 m (0.4 mi) northeast of the Unit 1 reactor building since November 1973.
The measurements, following the guidance of RG 1.23 for equipment accuracies
and sensitivities, include the parameters as follows:

Meteorological Parameter Level of Measurement

Wind speed and wind direction at 34 ft (".10 m) and 203 ft (",62 m)
Temperature difference between 30 ft (^,10 m) and 199 ft (-.61 m)
Dewpoint temperature at 30 ft ("%10 m) and 199 ft (-.61 m)
Ambient air temperature at 30 ft (".9.1 m)

Precipitation is measured at ground level near the tower.

All measurement signals except for precipitation are transmitted to the control
room.

Data collected from January 1979 through December 1982 yielded over 97% joint I
frequency data recovery, exceeding the 90% recovery rate suggested in RG 1.23.
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The operational phase of the onsite meteorological-measurement program will be
identical to that described above for the preoperational phase.
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6 EVALUATION OF THE PROPOSED-ACTION

6.1 Unavoidable Adverse.Impacts

The staff has reassessed the physical, social, biological, and economic impacts
that can be attributed to the operation of Braidwood Station. These impacts
are summarized in Table 6.1.

The:applicant is required to adhere to the following conditions for the pro-
tection of the environment:

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

(2) The applicant will carry out the environmental monitoring programs out-
lined in Section 5 of this statement, as modified and approved by the
staff and implemented in the Enyironmental Protection Plan and Technical
Specifications that will be incorporated in the operating licenses.

(3) If an adverse environmental effect or evidence of irreversible environ-
mental damage is detected during the operating life of the plant, the
applicant will provide the staff with an analysis of theproblem and a
proposed course of action to alleviate it.

6.2 Irreversible and Irretrievable Commitments of'Resources

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

6.3 Relationship Between Short-Term Use and Long-Term Productivity

There have been no significant changes in the staff's evaluation for Braidwood
Station since the construction permit stage environmental review.

6.4 Bgnefit-Cost Summary

6.4.1 Summary

Sections below describe the economic, environmental, and socioeconomic benefits
and costs that are associated with the operation of Braidwood Station, Units 1
and 2.
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Table 6.1 Benefit-cost summary for Braidwood Station

Primary impact and effect Quantity

on population or resources (Section) Impacts*

BENEFITS

Capacity

Additional generating capacity 2240 MWe Large

Economic

Reduction in existing
system production costs

11 billion kWh/yr
@ 26.7 mills/kWh or
$294 million/yr**

Moderate

COSTS

I
I
I
I
I
I
I
I
I

I

Economic

Fuel
Operation and maintenance

Total
Decommissioning

Environmental

Damages suffered by other water
users

10.8 mills/kWh**
7.0 mills/kWh**

$196 million/yr**
$48-77 million***

Small
Moderate
Moderate
Small-
moderate

Surface
Surface
Ground
Ground

water
water

water
wiater

consumption
contamination

consumption
contamination

(Sec.
(Sec.
(Sec.
(Sec.

5.3.1)
5.3.2)
4.3.1)
4.3.1)

Small
Small
None
None

Damage to aquatic resources

Impingement and entrainment
Thermal effects
Chemical discharges
Cooling pond drawdown

Damage to terrestrial resources

Station operations
Transmission line maintenance

See footnotes at end of table.

(Sec.
(Sec.
(Sec.
(Sec.

5.5.2)
5.3.2)
5.3.2)
5.5.2)

Small
Small
Small
Small

Small
Small

(Sec. 5.5.1.1)
(Sec. 5.5.1.2)

I

I
I
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Table 6.1 (Continued)

Primary impact and effect Quantity

on population or resources (Section) Impacts*

Adverse socioeconomic effects

Loss of historic or archeological
resources (Sec. 5.7) Moderate

Increased demands on public
facilities and services (Sec. 5.8) Small

Increased demands on private
facilities and services (Sec. 5.8) Small

Noise (Sec. 5.12) Moderate-
small

Adverse nonradiological health
effects

Water quality changes (Sec. 5.3.2) None
Air quality changes (Sec. 5.4.) None

Adverse radiological health effects

Routine operation (Sec. 5.9.3) Small
Postulated accidents (Sec. 5.9.4) Small
Uranium fuel cycle (Sec. 5.10) Small

*Subjective measure of costs and benefits is assigned by reviewers, where
quantification is not possible: "Small" = impacts that in the reviewers,
judgments, are of such minor nature, based on currently available informa-
tion, that they do not warrant detailed investigations or considerations
of mitigative actions; "Moderate" = impacts that in the reviewers'
judgments are likely to be clearly evident (mitigation alternatives are
usually considered for moderate impacts); "Large"= impacts that in the
reviewers' judgments, represent either'a severe penalty or a major benefit.
Acceptance requires that large negative impacts should be more than offset
by other overriding project considerations.

**•1986 dollars. The reduced generating cost is the difference between
$294 million/yr and $196 million/yr, which is $98 million/yr for both units.
This-is equivalent to $49 million/yr per unit as reflected in the DES.

***19 83 dnllars

6.4.2 Benefits

A major benefit to be derived from the operation of the Braidwood Station is the
lower production cost for approximately 11 billion kWh of baseload electrical
energy that will be produced annually (this projection assumes that both units
will operate at an annual average capacity factor of 55%). The addition of the
plant will also improve the applicant's ability to supply system load require-
ments by contributing.2240 MW of generating capacity to the Commonwealth Edison
Company system (1120 MW from Unit I in 1986 and 1120 MW from Unit 2 in 1987).
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The staff estimates that production costs incurred by the existing fossil units
will be reduced py approximately 26.7 mills per kWh, resulting in a total
reduction per year on the existing generation of $294 million (1986).

6.4.3 Economic Costs

The economic costs associated with station operation include fuel costs and
operating and maintenance costs, which are expected to average approximately
10.8 mills per kWh and 7.0 mills per kWh, respectively (ER-OL Table 8.1.1, 1986
dollars, adjusted for a 55% average capacity factor, rather than applicant's
estimate of a 60% average capacity factor). Total production costs for the l
$11 billion kWh per year produced by the nuclear units would be $196 million
per year (1986 dollars).

The applicant's estimate of decommissioning costs for each Braidwood unit ranges
from $48 million to $77 million in 1983 dollars (ER-OL Table 5.8.1-1).

6.4.4 Socioeconomic Costs

No significant socioeconomic costs are expected from either the operation of
Braidwood Station or from the number of station personnel and their families
living in the area. The socioeconomic impacts of a severe accident could belarge; however, the probability of such an accident is small.

6.5 Conclusion U
As a result of its analysis and review of potential environmental, technical,
and social impacts, the NRC staff has prepared an updated forecast of the
effects of operation of Braidwood Station. The NRC staff has determined that
Braidwood Station can be operated with minimal environmental impact. To date,
no new information has been obtained that alters the overall favorable balanc-
ing of the benefits of station operation versus the environmental costs that
resulted from evaluations made at the construction permit stage.

6.6 Reference I
U.S. Nuclear Regulatory Commission, NUREG-0586, "Draft Generic Environmental
Impact Statement on Decommissioning Nuclear Facilities," January 1981.

II
I
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mental Statement:.
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B.S. (Chemical Engineering) 1975; Nuclear Engineering.,
6 years' experience
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8 LIST OF AGENCIES AND ORGANIZATIONS REQUESTED TO COMMENT ON THE DRAFT
ENVIRONMENTAL STATEMENT

The following Federal, state, and local agencies were asked to comment on the
Draft Environmental Statement:

Advisory Council on Historic Preservation
Department of Conservation

Brookhaven National Laboratory
Federal Emergency Management Administration
Federal Energy Regulatory Commission
Illinois Department of Nuclear Safety
Illinois Institute of Natural Resources
Illinois State Attorney General
Illinois State Clearinghouse
U.S. Army Corps of Engineers
U.S. Coast Guard
U.S. Department of Agriculture

Forestry Service
Natural Resources and Economics Division
Rural Electrification Administration
Soil Conservation Service

U.S. Department of Commerce
Office of Ecology and Conservation

U.S. Department of Energy
U.S. Department of Health and Human Services

Food and Drug Administration
U.S. Department of Housing and Urban Development
U.S. Department of the Interior
U.S. Department of Transportation
U.S. Environmental Protection Agency.

Eastern Environmental Radiation Facility, Montgomery, Alabama
EIS Review Coordinator, Region V, Chicago, Illinois
Office of Radiation Programs, Las Vegas, Nevada
Office of Radiation Programs, Washington, D.C.

U.S. House of Representatives
The Honorable Tom Corcoran

Will County Board of Supervisors

Braidwood FES 8-1



I
I
I



9 STAFF RESPONSES TO COMMENTS ON THE DRAFT ENVIRONMENTAL STATEMENT

Pursuant to 10 CFR 50, the "Draft Environmental Statement Related to the Opera-
tion of Braidwood Station, Units 1 and 2" (DES) was transmitted, with a request
for comments, to the agencies and organizations listed in Section 8. In addi-
tion, the NRC requested comments on the DES from interested persons by a notice
published in the Federal Register on January 20, 1984.

The agencies, organizations, and individuals who responded to the requests for
comments are listed below in alphabetical order by abbreviated form. The
comment letters are reproduced in the same order in Appendix A. The page in
Appendix A on which the comment letter begins is given.

CECo Commonwealth Edison Company ............................. A-1
DA/ERS U.S. Department of Agriculture, Economic Research Service. A-14
DA/SCS U.S. Department of Agriculture, Soil Conservation Service. A-15
EPA U.S. Environmental Protection Agency, Region V ............ A-16
IDC Illinois Department of Conservation ........................ A-19
IDNS Illinois Department of Nuclear Safety ................... A-23
JFD John F. Doherty ....... ................... ........... A-26
NIPC Northeastern Illinois Planning Commission ................. A-28
WCDD Will County Development Department........................ A-32

The letters from DA/ERS and DA/SCS did not require a staff response since they
had no comments at this time. The remaining comment letters did require staff
responses.

The staff's consideration of these comments and the disposition of the issues
involved are reflected, in part, by text revisions in the pertinent sections
of this FES and, in part, by the discussion in the subsections below.

The section numbers assigned here generally correspond to the section numbers in
the FES and DES except that each is preceded by the digit "9." Comments on the
appendices are addressed in Section 9.10. References appear in Section 9.11.
Individual comments are designated by the commentor's initials (given above)
and designated numbers indicated in the letter margins in Appendix A.

9,1 Introduction

CECo 1: CECo stated that the construction schedule for Braidwood Station has

been revised.

Staff Response: The text has been revised as suggested by the applicant.
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9.4 Project Description and Affected Environment

9.4.1 Resum.

CECo 2: CECo stated that the only new right-of-way from the plant is to the
Crete substation.

Staff Response:
applicant.

The text, in Section 4.1, has been revised as suggested by the

9.4.2 Facility Description

9.4.2.1 External Appearance and Plant Layout

CECo 3: CECo stated that Figure 4.1 has been revised.

Staff Response: The revised figure has been included in the FES (Figure 4.1).

9.4.2.3 Water Use and Treatment

CECo 4: CECo stated that the period of record for the historic river flows
on the Kankakee River was from 1915 through 1982 rather than from 1946 through
1976.

Staff Response:
the applicant.

The text, in Section 4.2.3.1, has been revised as suggested by

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CECo 5: CECo stated that either carbon dioxide or polymers would be used to
control scale buildup in the condenser cooling system beyond that controlled
by the mechanical cleaning system.

Staff Response: The text, in Section 4.2.3.4, has been revised to indicate
the proposed use of carbon dioxide or polymers for control of scale in the
circulating water system or in the condensers for buildup beyond that controlled
by the mechanical cleaning system.

CECo 6: CECo stated that sponge-rubber balls would be continuously injected
into the condensers for mechanical cleaning purposes.

Staff Reponse: The text, in Section 4.2.3.4, has been revised to indicate that
the applicant plans to operate the mechanical cleaning system continuously.

CECo 7: CECo stated that the target free available chlorine concentration at
the condenser outlet water box being treated is 0.5 mg/l rather than 0.1 mg/l.

Staff Response: The text, in Section 4.2.3.4, has been revised to more clearly
indicate the treatment of the condenser cooling water with chlorine and the
expected concentration in the condenser outlet water boxes and downstreamcirculating water system.

CECo 8: CECo stated that
system will be treated is

Braidwood FES
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Staff Response: The text has been revised as suggested by the applicant to
describe the treatment frequency.

CECo 9: CECo provided additional information concerning the treatment of
water from the freshwater holding pond.

Staff Response: The text has been revised as suggested by the applicant to
correct descriptive material and typographical errors.

CECo 10: CECo provided additional information concerning the treatment of
water in the demineralizer train.

Staff Response: The text has been revised as suggested by the applicant to
reflect changes which will be documented in Amendment 6 to the applicant's
environmental report.

9.4.2.4 Cooling System

NIPC 1: NIPC stated that the DES did not address the environmental impacts of
The pipeline to the Kankakee River.

Staff Response: There are no operational impacts from the make-up and blow-down

pipelines to the Kankakee River. Hence no change is needed in the text.

CECo 11: CECo suggested a revision to the maximum cooling pond depth value.

Staff Response: The basis for the staff's reference to a 30-m maximum depth
is a discussion between the staff and applicant personnel during the environ-
mental site visit in May 1983. Applicant's response to staff question E291.8
did not substantiate this value, however. This response included a map entitled
"Braidwood Lake Topographic Map-Index Braidwood Station Units 1 and 2, Common-
wealth Edison Co., Chicago, Illinois" (Sargent and Lundy Engineers drawing No.
S-450-BR Rev A). This map showed standing water in severalareas of the cool-
ing pond. Depth measurements were taken at five transects in the vicinity of
dike stations 450+00 - 480+00, as shown on FES Figure 4.4. These transects
indicate depths as great as about 14 m (45 ft). The maximum depth value in
Section 4.2.4.2 has been changed to indicate this deepest verified value.

The areas of greater depth indicated to the staff during the site visit are
located in the region of the cooling pond traversed by a line drawn between
perimeter dike station 130+00 and interior dike station 150+00,. as shown
on FES Figure 4.4.

CECo 12: CECo stated that the surface area of the ultimate heat sink was
9 -acres at elevation 590 ft MSL rather than 93.5 acres.

Staff Response: The text has been revised to clarify the size of the ultimate
heatsink by including an elevation reference for the area cited.

CECo 13: CECo stated that cooling pond water is drawn through two pipelines
to the condensers, then through two other pipelines to the discharge outfall
structure, and back into the pond for the two units.

Braidwood FES 9ý-3



I
Staff Response: The text has been revised as suggested bythe applicant to
Clarify the system description.

CECo 14: CECo provided clarifying information concerning the average tempera- I
ture excess of the blowdown above the ambient river temperature.

Staff Response: Section 4.2.4.3 has been clarified to reflect the reference to
the difference between the blowdown and the ambient river temperature. The
reference to the size of the 50F isotherm has also been clarified.

CECo 15: CECo corrected the value in Table 4.1 for the Kankakee River average
flow rate.

Staff Response: The value in Table 4.1 has been corrected as suggested by the .
applicant.

9.4.2.5 Radioactive Waste Management System m

IONS 6: IONS questioned whether Braidwood Station has the capability -to handle
radioactive chemical decontamination waste.

Staff Response: The Braidwood Station does not have the capability to handle
a major radioactive chemical decontamination. It does have the capability to
handle the small quantities of chemical decontaminants typically used during
normal operations at a nuclear power plant. No text revision is required.

EPA 1: EPA stated that the Braidwood SEI Section 11, Radioactive Waste
Management, has not been completed.

Staff Response: The Environmental Impact Statement references the Braidwood SER I
Section 11, adioactive Waste.Management. As noted in the SER, this section
is the same as in the Byron SER. Since Braidwood Station is a duplicate of
Byron Station, considerable reference to the Byron SER was made in the I
Braidwood SER. No text revision is required.

EPA 2: EPA stated-thatfthe DES failed to address the manner in which the
pp-• cant would ensure that radiation levels from all sources at the plant, I

including storage of high level waste, will.be maintained within the EPA
Radiation Standards (40 CFR 190). I
Staff-Response: Paragraph 3 of Section 5.9.3.2 of the DES discussed the impact
of the operation of the Braidwood plant on the general environment with regard
to its position in the uranium fuel cycle. Within this context all sources of
radiation at the plant,,including the contribution from high level waste, were
considered. The staffihas concluded that, insofar as normal operations are
concerned, the Braidwood facility is capable of operating within the EPA stand-
ards. No text-revision.is .required.

9.4.2.7 Power Transmission System l
CECo 16: CECo stated that there are no plans for a 765-kVyline.in the fore-
seeable future and the necessary right-of-way for such a line is not continuous.
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Staff Resp onse The spelling of "Burnham" and the width of the right-of-way
have been revise•i in Section 4.2.7. The last part of the comment provides
additional information about the 765-kVyline but does not require revision of
the text..

CECo 17: CECo noted that the legend symbol for the new 345-kV lines was
incorrect in Figure 4.5.

Staff Response: Figure 4.5 has been revised as suggested by the applicant.

9.4.3 Project-Related Environmental Descriptions

9.4.3.2 Water Quality

CECo 18: CECo corrected a typographical error.

Staff Response: The text has been revised as suggested by the applicant.

9.4.3.3 Meteorology

CECo 19: CECo corrected a typographical error.

Staff Response: The text has been revised as suggested by the applicant.

9.4.3.4 Terrestrial and.Aquatic Resources

CECo 20: CECo stated that the acreage of small discontinuous marshlands is 40.

Staff Response: The text, in Section 4.3.4.1, has been revised as suggested by
the applicant.

CECo 21: CECo corrected the time period during which aquatic biota of the
Kiakiaee eRiver and Horse Creek in the site vicinity were sampled.

Staff Response: The text has been revised to correct the description of the
aquaticmoniitoring program.

CECo 22: CECo corrected the time period during which the monitoring programs
were conducted.

Staff Response: The text has been revised as suggested by the applicant.
Reference'tOSection 4.7 of the ER-OL, as suggested by the applicant, is
erroneous. The correct reference is to Section 4.1of the ER-OL.

CECo 23: CECo corrected the time period during which phytoplankton phyla

were collected.

Staff ReSponse: The text has been revised as suggested by the applicant.

CECo 24:.-CECo corrected thO timeperiod during which fish were collected from
the Kankakee River and Horse Creek..
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Staff Response: The text has been revised as suggested by the applicant. m
CECo .25: CECo corrected the time.period during which fish eggs and larvae
were sampled. I
Staff Response:. The text has been revised as suggested by the applicant.

9.4.3.7 Historic and Archeologic Sites

NIPC 4: NIPC stated that site development activities, including future activ-
TeT-T should be done with the consultation of the State Historic Preservation
Officer, the Illinois Archeological Survey, and the Illinois Natural-History
Survey.

Staff Response: NRC is fulfilling its legal responsibilities with regard to
these areas as described in Sections 4.3.7, 5.7, and Appendix H of the Environ-
mental Impact Statement. No text revision is required.

9.5 Environmental Consequences and Mitigating Actions

9.5.3 Water

9.5.3.1 Water Use m
WCDD 3: WCDD stated that the Will County Public Water Supply System was not
inc•uded as a potential downstream water use-.. m
Staff Response: Section 5.3.1 of the FES includes a discussion of potential
impacts resulting from a possible future Will County municipal intake on the I
Kankakee River. During the May 1984 environmental site visit$ the staff visited
the Will County Development Department. At that time, no mention was made of a
possible future municipal intake on the Kankakee River. Subsequent to the Will
County DES comments, the staff requested and received a copy of the Will County
Public Water Supply Study, Phase I Report, dated January 1984. This is a
reconnaissance-type report on-population and water use projections which post-
dates the December 1983 issuance date of the Braidwood DES.

To the best of our knowledge the site of a future Will County municipal intake
has not been selected. However, it is our understanding that the most likely
site forthe future intake will be upstream of the Braidwood Station intake and
discharge facilities, on land that was donated to Will County by Commonwealth
Edison Company. Should this site prevail, the Braidwood Station would not
impact the Will County intake unless the State of Illinois ,applies limitations
(through its permit system) on the Kankakee River. Conversely, the Will County
intake would more likely impact the Braidwood Station. The FES discusses poten-
tial impacts assuming both upstream and downstream locations for the possible I
future Will County intake.

WCDD 5: WCDD stated that the DES did not address the Increased costs to the
-proped Will County Publi.c .Water Supply System because of mitigating measures

that may be required as a result of the effects of the Braidwood Station
upstream.
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Staff Response: There is insufficient information available about the possible
future Will County municipal water supply system to determine if mitigating
measures would be necessary or to estimate costs thereof. No text revision is
required.

CECo 26:. CECo clarified-the water withdrawal agreement with the Illinois
Department of Conservation.

Staff Response: The text, in Section 5.3.1, paragraph 1, has been revised to
provide more background on establishment of the requirements of the water
withdrawal permit.

CECo 27: CECo corrected a typographical error.

Staff Response: The text has been revised as suggested by the applicant.

CECo 28: CECo clarified the water withdrawal agreement with the Illinois
Department of Conservation.

Staff Response: The text has been revised as suggested by the applicant to
clarify the requirements of the water withdrawal permit.

CECo 29: CECo stated that at present there are no downstream uses of water
from the Kankakee River.

Staff Response: The text has been revised as suggested by the applicant to
reflect the current status of dpwnstream water use.

9.5..3.2 Water Quality.

WCDD 1: WCDD stated its concern with the impact on the proposed Will County
P-uF-T- Water Supply System as as result of degradation of water quality from
discharge of cooling water to the river.

Staff Response: In Section 5.3.2 the staff indicated that the blowdown dis-
charge will contain the same chemical constituents as the river but they will
at higher concentrations because of evaporation. It is further stated in Sec-
tion 5.3.2 that discharge levels are within limits established by the State of
Illinois for the effluent and water quality standards. At the normal and maxi-
mum discharge levels calculated, plant operation should cause no significant
adverse impacts on the water quality of the Kankakee River. No text revisions
are required.

CECo 30: CECo corrected the acreage of the 2*F isotherm.

Staff Response: The text has-been corrected as suggested by the applicant.

CECo 31: CECo corrected the value for "Ambient river - Chlorides."

Staff Response: Table 5.1 has been corrected to reflect the change reported
by the applicant.
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I
9.5.5 Ecology I
9.5.5.1 Terrestrial Ecology

NIPC 2: NIPC urged that final landscaping and ongoing operations be conducted
in a manner that minimizes adverse offsite esthetic impacts.

Staff Response: Landscaping impacts are considered at the CP stage. Hence no
fchange is needed in the text.

CECo.32: CECo stated that about 15 ha would be revegetated. part as native I
prairie and part as wildlife habitat.

Staff Response: The text in Section 5.5.1.1 has been revised as suggested by
the applicant.

EPA 3: EPA stated that CECo needs to better maintain the soil erosion program. I
Staff Response: The'erosion control program is an ongoing process; steps are
taken to correct and repair rills and gulleys when they occur in areas that
would constitute an operational or safety problem. With regard to the spoilI
islands in the cooling pond, no action has been taken at this point to revege-
tate the slopes because of the commitment to continue the fossil-hunting pro-
gram. Plans are being made to seed areas of the slopes which are less desirable I
from a fossil-hunting standpoint, if water quality dictates. The effect of this
would be stabilization ofthe slopes and reduced leachate. At this time no
cooling system deficiencies due to water quality are anticipated. No change in
the text is required.

9.5.5.2 Aquatic Resources Impacts I
IDC 1: IDC noted that general statements relative to impacts were given in the
DIT-without a thorough presentation of data or references to support these
statements.

Staff Response: The staff has reviewed the applicant's monitoring reports and I
considered the data presented in those documents in the staff's independent
analysis of potential- impacts attributable to operation of the Braidwood Station.
The text in Section 5.5.2 has been revised to more fully document, by reference
citings, the bases for the staff's conclusions.I

IDC 2: IDC stated that the DES contained two conflicting statements concerning
the thermal plume in the Kankakee River..

Staff Response: The statement in Section 5.3.2 (page. 5-2 of the DES) refers
to the cross-sectional area of the river. The statement in Section 5.5.2.2
(page 5-13 of the DES) refers to the surface area covered by the plume at its I
maximum width. The plume does not extend from the surface to the bottom of the
river across the entire width of the-.plume. The applicant indicates that the
ER-OL will be amended to show the following values for the 50 thermal plume I
cross-sectional areas,-when the depth of the plume'and river cross-sections-are
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considered: 18% in August, 21% in September,.and 13% in December. These pre-
dicted cross-sectional areas meet the Illinois water quality standards. The
text on page 5-1 P (DES) has been revised to clarify the meaning of the thermal
plume projection.

IDC 3: IDC suggested that the FES assessment of impacts on eggs and larval
fish-include a discussion of studies CECo has conducted to determine distri-
bution of larval drift through river cross-sections.

Staff Response: As described in the staff response to IDC 2 (above), the ther-
ma] plume should not be a barrier to movement of mobile aquatic organisms. On
the basis of studies done for the applicant by the Illinois Natural History
Survey, it appears that the distribution of larval drift varies with the flow
of the river and the size of a sandbar upstream of the intake structure. The
distribution of some species may depend on habitat preferences, e.g., preferences
for near-shore versus mid-channel areas. To seek out preferred habitat, the
organism would have to be capable of directed movement rather than passive
(planktonic) transport. This suggests that the same organism to some .degree
should be capable of moving away from unpreferred habitat under some flows. A
greater potential effect would be expected for those larval organisms preferring
the near-shore area and for planktonic larvae versus demersal larvae because
the thermal plume will primarily be on the surface and near shore at the blow-
down discharge to the Kankakee River. Larvae discharged from Horse Creek would
be subjected to intake and discharge effects when flow from the creek "hugs"
the river bank. This effect will vary from year to year because of the differ-
ences in creek and river flows during spawning time and, also, in the direction
of flow of the creek into the river because of sandbar deposition at the mouth
of the creek. The applicant's studies have shown the density and species com-
position to be very similar between Horse Creek and Kankakee River samples. A
demonstration of no significant impact from operation of the intake and dis-
charge should show that the densities and species-composition at upstream and
downstream sample locations remain similar to preoperational values.

The monitoring study conducted in 1980 by the Illinois Natural History Survey
indicated that the productivity of the monitoring stations along the left bank
(far side) of the Kankakee River was greater than at the intake monitoring
sites. This resulted from the sandbar at the mouth of Horse'Creek that chan-
neled flow toward the far bank. Studies of egg and larval distribution con-
ducted by the Illinois Natural History Survey (1978, 1979, 1980) monitored both
bottom-attached and planktonic eggs and larvae along cross-sectional transects.
Results of the 1980.study showed that drift densities were greatest in Horse
Creek and that the drift rate was highest at the upstream sampling station on
the Kankakee River.. The 1981 study found that of 131 fish eggs collected in
Horse Creek and the Kankakee River, 91 eggs (or 69%) were viable. LarVal col-
lections showed that catostomids had higher densities at shoreline areas;
Ictalurus punctatus larvae were most dense at the mid-channel sites, and un-
identified cyprinid and percid larvae were most dense along the plant-side
shoreline. Studies in 1978 and 1979 showed that most of the larval drift
occurred at dusk and dawn.

When Unit 1 begins normal commercial operation, the applicant is committed to
conduct an entrainment study during the spawning season. In addition to fish
and egg and larval samples at the intake structure, samples will also be taken
in the river. Samples will be taken over a 24-hour period once a week. These
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I
studies will provide further data to evaluate the effects of plant operation on I
the fish populations in the river. Requirements for this type of operational
program are included as part of the NPDES permit issued by the Illinois Environ-
mental Protection Agency (a copy is provided in Appendix G).

The text has been revised in Section 5.5.2.2 to more fully reflect the results
of the applicant's study and the use of those results in the staff's analyses.

IDC 4: IDC suggested that the FES fully address CECo's commitment to conduct
12--month impingement entrainment studies after plant startup.

Staff Response: The estimated total number of fish impinged (Table 5.4, p. 5-16,
DES) was based on impingement analyses conducted during filling of the Braidwood U
cooling pond; these numbers are based on a limited, mid-winter sample. The
applicant is committed to conducting a 12-month impingement study at the intake
structure on the Kankakee River. The study will begin when Braidwood Unit 1
begins normal commercial operation. It is expected that the study will be I
conducted in the same manner as was the study performed during the filling of
the cooling pond. Therefore, impingement samples will be collected on three
consecutive 24-hour periods each week. n

Requirements for this type of operational program are included as part of the
NPDES permit issued by the Illinois Environmental Protection Agency (a copy
is provided in Appendix G). Therefore, no text revision is required.

CECo 33: CECo corrected a typographical error.

Staff Response: The. text has been revised als suggested by the applicant.

CECo 34: CECo corrected the reference to the normal intake flow from the
Kankakee River.

Staff Response: The text has been revised to reflect that the value used
represents the average annual intake flow. =
NIPC 3: NIPC encouraged the safe use of the cooling pond for wildlife manage-
mentand related recreational activities.

Staff Response: No commitments have been made with regard to use of the cooling
pond or wildlife management and related recreational activities. CommonwealthEdison Company has committed to cooperating with the Illinois Department ofConservation on such matters. No text revision is required.

9.5.6 Threatened and Endangered Species m

9.5.6.2 Aquatic

IDC 5: IDC indicated that the FES should address CECo's specific plans for
river monitoring and study of the pallid shiner before and after plant startup.

Staff Response: The Illinois Natural History Survey studies (1981, 1982) found
the pallid shiner to occur at station 5., a slack-water area downstream of the
discharge. This station is downstream of the projected thermal plume and should
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be, therefore, beyond the influence of the plant. The applicant has indicated
the intent to pay particular attention to this species and will continue to
monitor station 5 for the pallid shiner and for thermal effects of the discharge
as part of the operational monitoring survey. No text revision is required.

9.5.9 Radiological Impacts

9.5.9.3 Radiological.Impacts From Routine Operations

IDNS 2: IDNS questioned what has been done at Braidwood Station to preclude
unmonitored and/or unplanned radioactive releases, both gaseous and liquid.

Staff Response: TheTechnical Specifications for Braidwood Station will include
a limiting condition for operation which will require that liquid and gaseous
effluent monitoring instrumentation be operable. If this instrumentation is
inoperable, the technical specifications call for various plant actions to
ensure that releases are within the limits of 10 CFR Part 20. Some of these
actions involve taking periodic grab samples, performing additional sampling
and analysis, and verifying release calculations. However., experience has shown
that even with these specifications, unmonitored releases do occur from time to
time, but on an infrequent basis. No text revision is required.

IDNS 3: IDNS asked if the range of annual man-rems anticipated for the
occupational radiation exposure includes the radiation exposure received for
special repair and maintenance considerations.

Staff Response: The 500 person-rem occupational dose projected for Braidwood
Units 1 and 2 discussed in Section 5.9.3.1.1 of the DES assumes that the same
average amount of special and routine maintenance experienced at currently
operating PWRs will be required at Braidwood. No text revision is required.

IONS 4: IONS asked if the staff took into account the proposed revision of
WM Part 20 in developing Section 5.9.3.1.1 of the DES.

Staff Response: The staff did not consider any changes to Part 20 because the
current proposal is a draft internal staff document that is subject to change
before being issued as an effective rule. No text revision is required.

JFD 2: JFD questioned the use of zero as the lower limit in the range of risk
istimators used in Section 5.9.3.1.1 of the DES.

Staff Response: The BEIR III report in its summary and conclusions states that
it could not conclude if dose rates of 100 mrad/yr are detrimental to man
because any somatic effects at this level would be masked by environmental or
other factors that produce health effects (BEIR III, 1980). In addition, there
may be biological mechanisms that repair damage caused by radiation at low doses
and/or dose rates. Since the dose rates considered in the DES are limited by
Appendix I of 10 CFR Part 50 to about 1/6 of this value, a lower limit of zero
cannot be excluded. No text revision is required.
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WCDD 2: WCDD requested that the staff consider the long-term human effects
and risks associated with effluents containing low levels of radioactive
discharge.entering the river.

Staff Response: Section.5.9.3.2 of the DES discussed the radiological impacts I
on humans from routine operations of the Braidwood plant. This discussion
considered both the effects of low-level radioactive liquid effluent entering
the river and low-level gaseous.effluent entering the atmosphere. In addition, I
Appendix Dtabulated projected quantities of radioactive materials for the
routine releases-of radioactive effluents and the resulting calculated doses
to individuals living near the plant and the general population within 50 miles
of the plant. This information is also presented in the FES; no text revision
is required. On the basis of this information the staff has concluded that the
risk to the. public health and safety from exposure to radioactivity associated
with normal operation of the Braidwood plant will be very small.

9.5.9.4 Environmental Impacts of Postulated Accidents

CECo 35: CECo corrected the minimum distance from the outer-edge of the
containment wall to the exclusion area boundary.

Staff Response: The staff concurs with this change; however, the applicant's
conversion from meters to feet is incorrect (485 meters x 3.28 = 1591 ft, not
1478 ft). The text has been revised accordingly.

CECo 36: CECo stated that based on S. Levine's uncertainty analysis testimony
for the Byron ASLB hearing, the approach and the resulting numerical value I
for the probabilistic assessment of severe accidents is too conservative.

Staff Response: The staff reiterates the support of its approach and the
resu ting numerical values. We note that a known non-conservatism is the
exclusion of externally initiated accidents, except those involving loss of
offsite power, and sabotage-initiated events. No text revision is required.

CECo 37: CECo stated that under release category B, the value should be no
greater than 2 x 10-7 for Braidwood, based on the risk studies done for Byron.

Staff Response: The staff has acknowledged, that the Braidwood design reflects
the concerns about event V, and that this design represents an improvement over
older plants. However., in the absence. of a full-scale probabilistic risk
assessment, and as stated in Appendix E of the DES, the probability for releaseI
category B was conservatively taken to'be the upper end of the range for plants
with systems similar to Braidwood. NoI.text revision is required.

CECo 38: CECo stated that under release category F, the value should be
essentially zero based on the risk studies done for Byron.

Staff Response: As stated in the response to CECo 37, the staff's estimate of
probability'is based on assessments of plants with similar designs, not on a
Braidwood-specific PRA (probabilistic'risk assessment). Although some proba-
bilities may appear conservative, this only reflects. the staff's concern for I
the uncertainty in its'estimation of. these numbers and does not present an
unduly pessimistic view. of the risk from severe accidents. No text revision is
required.
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CECo 39: CECo stated that under release category B, the 1-hour value is overly
conservative.

Staff Response: As described in Appendix E, release category B consists of
event V binned with some other early failures. The assumed sequence for event V
is check valve failure followed by rupture of the low-pressure ECCS piping.
This results in a LOCA outside containment with no ECCS available and a rapid
progression to core melt and fission product release. No text revision is
required.

CECo 40: CECO stated that under release category F, using the NRC's conserva-
tive H2 burn secenario, it would seem very unlikely that enough core-concrete
attack could occur by 3 hours to boost H2 inventory high enough to have a
containment failure. Core melt and vessel failure would likely take 2 to 4
hours.

Staff Response: As stated in Appendix E, containment failure in release
category F is caused by early hydrogen burn. This burn takes place about the
time of vessel failure which, as CECo states, would likely take 2 to 4 hours.
No text revision is required.

CECo 41: CECo stated that under release category B, there is no driving force
for such a rapid release time of 0.5 hour. A duration time of 2 to 3 hours
would be more realistic.

Staff Response: The release duration of 0.5 hour is consistent with the descrip-
tio-nof the accident as outlined in the response to CECo 39 and-WASH-1400
(NUREG-75/014). No text revision is required.

CECo 42: CECo stated that a footnote should be added to Table 5.10 to show
that the current work on source terms indicates that the values herein are
likely to be conservative.

Staff Response: It is thestaff's belief that, although the source terms
presented in the DES are considered conservative, the source term work now
under way by the Office of Nuclear Regulatory Research has not advanced to the
point where it can be accepted for use in this document. No text revision is
required.

CECo 43: CECo stated that Figures 5.7 and 5.8 indicate complementary cumulative
distribution functions which are more severe than those contained in WASH-1400.
CECo believes that these. tables overstate the risks associated with Braidwood
since it is not a high population site; removal of some of the WASH-1400 con-
servatisms should yield lower effects.

Staff Response: The significance of the comparison with WASH-1400 is not
necessarily highly meaningful. New release categories were used, for instance,
for Braidwood. The estimated latent cancer fatality risk (Figure 5.14) for
Braidwood is less than for an average WASH-1400 plant. Calculational uncer-
tainties also make comparison difficult. No text revision is required.

CECo 44: CECo stated that even if an accident affected .out to 10 miles, there
would not be numerous businesses affected since there are only 10 industries
within the radius.
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• I
Staff Response: The staff analyzed low probability accidents which have impacts
beyond i0 miles. However, the referenced sentence has been revised to read:
"A severe accident that requires the interdiction and/or decontamination of
land areas could forcenumerous businesses to temporarily or permanently close."

IONS 1: IDNS questioned how Braidwood's radioactive waste gas decay tank system
design differs from Zion's design, which experienced an unplanned accidental
release of noble gases on May 26, 1980.

Staff Response: Staff records (IE Region III Report Nos. 50-295/80-12 and
50-304/80-12) indicate that on May 6, 1980, at Zion Station, the licensee I
started draining hold-up tank "0" to the hold-up tank (HUT) room floor, which
drains to the auxiliary building sump "A." The drainage was performed to remove
high silica water from the system. This high silica water was produced by the
use of boric acid evaporators in another plant system. According to the "B"
operator and the radwaste log book, about 2 hours later, the operator, sus-
pecting a problem, went to the hold-up tank room and heard gas escaping from the
HUT "0" drain line. Almost 3 hours later, the inspector noted that HUT "0"11
indicated 6% full. The released gas swept from the HUT room through the normal
ventilation pathway in the auxiliary building and was discharged mainly from
the Unit 1 stack. The apparent substantive cause of the event was erroneous
HUT "0" level indication, which read 6% full when the tank was empty. This was
caused by an out-of-calibration level at Zion and was a one-time occurrence.

The Braidwood Station design, in contrast, uses a thermal regeneration system,
rather than the boric acid evaporators used at Zion. This Braidwood system
uses a 4% solution of boric acid, rather than the 12% boric acid solution used
in the Zion system. Since the source of silica is impurities in the boric acid,
and the applicants do not expect to drain the hold-up tanks in order to reduce
silica formation at Braidwood, no similar noble gas release is expected to
occur at Braidwood Station. No text revision is required.

IONS 5: IDNS indicated that sequences initiated by natural phenomena, such as
seismic events, were not evaluated. The staff indicated in the DES that these
sequences would not contribute significantly to risk. IDNS requested justifi-
cation as to why design analysis for these sequences was not provided.

Staff Response: The site and plant design characteristics needed for an exten- I
sive probabilistic risk assessment including severe accidents triggered by seis-
mic events and other externally generated accident-triggering events are not
available for Braidwood. If this information (related to natural phenomena/m

sabotage) is provided by an applicant, it is normally provided as part of al
plant-specific probabilistic risk assessment submitted to the staff. No such
documentation was required, nor was it submitted, for Braidwood. No text
revision is required.

IDNS 7: IONS noted that the analyses in Section 5.9.4.5 relied heavily upon
the Reactor Safety Study (WASH-1400).and the Zion and Indian Point probabilistic
risk assessment studies. In light of the high degree of uncertainty associated
with the probability values in WASH-1400, IDNS questioned whether a more
realistic study should be performed for Braidwood Station.
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Staff Response: A plant-specific probabilistic risk assessment (PRA) is not
required for Braidwood; hence the applicant did not provide one. If a plant-
specific (PRA) had been performed for Braidwood Station, a more plant-specific
staff study would have been performed. Release categories for Braidwood were
based on those generated for Indian Point 2 and 3 Hearing Testimony. The
staff's best judgment of the present level of uncertainty in computed risks is
a factor of between 10 and 100 foPBraidwood. No text revision is required.

IDNS 9: The DES stated that it was the qualitative judgment of the staff that
the uncertainty bounds could be well over a factor of 10, but not as large as
a factor of 100. IDNS requested the basis for the staff's qualitative judgment.

Staff Response: The basis for the staff's qualitative judgment is the staff's
collegial distillation of its cumulative experience in calculating a wide range
of complementary cumulative distribution functions (CCDFs) and risks in per-
forming probabilistic risk analyses for nuclear power plants.

JFD 3: JFD questioned whether any credit was given in the accident evaluation
ana ysis for applicant compliance with any TMI-related requirements of
NUREG-0737, "Clarification of TMI Action Plan Requirements."

Staff Response: The improvements in safety obtained from compliance with the
NUREG-0737 requirements have not been quantified. Thus, accident risks computed
in Chapter 5 of the Draft Environmental Statement do not reflect the reductions.
obtainable by means of implementation of these improvements.

WCDD 4: WCDD stated its concern with the impact on the proposed Will County
Public Water Supply System due to possible contamination of the water supply
in the case of power plant malfunction and emergency.

Staff Response: FES Section 5.9.4.5(5) contains a discussion of the liquid
pathway from a postulated core-melt release into the Pennsylvanian strata
beneath the plant. On the basis of the conservative parameters used in that
analysis, it can be shown that strontium-90, the most critical radionuclide
relative to potential groundwater contamination, would travel only 1000 feet
through the groundwater in 970 years. The concentration after that time and
that distance would be less than the 10 CFR Part 20, Appendix B requirements
for radioactive effluents in an unrestricted area. Since the Kankakee River
is more than 20,000 feet from the plant, concentrations in the river would be
only a small fraction of 10 CFR Part 20 limits. This FES section also explains
that the main regional aquifer (Cambrian-Ordovician) is protected from contamina-
tion by an overlying aquitard and the fact that it is under artesian pressure.
Thus, there is no potential for widespread radioactive contamination from
accidental releases into the Pennsylvanian strata.

The surficial Quaternary-age Eolian and Lacustrine sand, which are recharged
by precipitation, could receive contamination from some form of pipe leak or
surface spill. The power block area for the Braidwood Station is surrounded
by a slurry trench, that extends to the'Pennsylvanian strata. The trench was
installed by the applicant during construction and would act to inhibit the
migration of any radioactive material accidentally released within the power
block area. In order to evaluate the potential for contamination of the sand
aquifer, the staff conservatively assumed the entire contents of a radwaste

Braidwood FES 9-15



mI

storage tank was instantaneously released to the sand aquifer. Using conserva-
tive parameters for the aquifer material and ignoring the affects of the slurry
trench, the staff determined that concentrations at the nearest downgradient
well (1850 feet) would be lower than the 10 CFR Part 20 limits. At the Kankakee
River or any other surface stream, the concentrations would be virtually zero.

In addition, there are engineering measures available to further mitigate the m
affects of an accidental release of radioactive material at the Braidwood
Station. No text revision is required.

9.5.12 Noise

CECo 45: CECo noted that the noise levels of the power unit auxiliary, and
system auxiliary transformers include the noise of both transformers and
associated fans.

Staff Response: The text of Section 5.12 has been revised to clarify the
components of the transformers' noise sources. A reference to the responses
to staff questions E290.11 and E290.20 has also been added to the text.

CECo 46: CECo noted that the term."transformer fans" in reference to noise
levels means the noise produced by the transformers and their associated fans
at full load.

Staff Response: The text of Section .5.12 has been revised to clarify the noise
source components as suggested by the applicant.

CECo 47: CECo stated that the title of Table 5.15 should be changed.

Staff Response: The title of Table 5.15 has been changed to make it more I
descriptive of its contents.

CECo 48: CECo stated that the sound power levels for main transformer fans at m
2000 Hz should be 98 rather than 90.

Staff Response: This typographical error has been corrected. I
CECO 49: CECo stated that sound levels at the receptors R7, R8, R12, and R13
are defined as "sound power levels." I
Staff. Response: The "sound power levels" citation for the receptor locations
was incorrect. The values shown were sound pressure levels. The citation in
Table-5.15 has been corrected.

CECo 50: CECo stated that the A-weighted and estimated nighttime residual
sound levels presented at receptor P4in Table 5.16 are integrated overall
values, rather than values at 1000 Hz as could be interpreted from the column
heading.

Staff Response: These overall sound levels have been moved to a new, appro-
priately designated column in Table 5.16.
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CECo 51: CECo noted that the impacts of 10 dBA and 6 dBA, respectively, apply
to an ambient noise level of 30 dBA. The impacts would be less for higher
ambient noise leiels and greater for lower ambient noise levels.

Staff Response: The text has been clarified with additional reference to the
estimated residual noise levels at locations P1 and P4.

CECo 52: CECo corrected a typographical error in the statement concerning
sound power level computations.

Staff Response: This typographical error has been corrected.

9.5.14 Environmental Monitoring

9.5.14.1 Terrestrial Monitoring

CECo 53: CECo stated that a proposal for termination of the aerial infrared
photographic program was made in the ER-OL Amendment 5.

Staff Response: The staff has consulted with the applicant and concluded
that termination of the aerial survey is appropriate. The text has been
revised accordingly.

9.5.14.3 Atmospheric Monitoring

CECo 54: CECo corrected a typographical error- concerningthe location of the

98-mftower used for collecting meteorological data.

Staff Response: The text has been revised as suggested by the applicant.

CECo 55: CECo corrected the levels of measurement for the meteorological
parameters.

Staff Response: The text has been revised as suggested by the applicant.

.9.6 Evaluation of the Proposed Action

9.6.1 Unavoidable Adverse Impacts

CECo 56: CECo stated that a proposal for termination of the aerial infrared
photographic program was made in the ER-OL Amendment 5.

Staff Response: The staff has consulted with the applicant and concluded that
termnation fo the aerial survey is appropriate. No text revision is required.
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m
9.6.4 Benefit-Cost Summary m
9.6.4.1 Summary

CECo 57: CECo noted that under "Benefits" in Table 6.1, the quantity of elec-
trical energy is shown as 11 billion kWh/yr, which is based on an average annual
capacity factor of 55% with reduced generating costs of $49 million/unit/yr
(1986 dollars). This estimate is low.

Staff Response: In performing the analysis at issue, it was the staff's intent
to determine what potential impact the operation of the Braidwood facility would
have on the applicant's annual production (operating) costs. The analysis in-
dicates that substantial savings (costs avoided) will accrue as a result of the
plant's operation. These savings were derived even though the staff employed
considerable conservatism in its assumptions regarding capacity factor and
sources of replacement energy.

Although the staff agrees that the estimate provided in.the DES may be low, the I
staff feels that the applicant's calculation of savings is optimistically high.
It appears that the applicant's analysis excludes the total operating and main-
tenance (O&M) cost as part of the operating cost for the Braidwood.units.

Recent information indicated that the O&M cost for a nuclear facility is largely
fixed, i.e., this cost will be incurred regardless of the amount of energy
generated. However, these fixed costs will only be incurred after an operating
license has been granted. If the unit is not licensed (the issue under con-
sideration), no O&M cost will result. To exclude O&M cost in performing a
comparative analysis of this type develops biased results. This is particularly
true when considering that O&M costs are projected to account for a substantial
portion of operating cost (ER-OL Table 8.1.1). No text revision is required.'

CECo 58: CECo noted that under "Costs" in Table 6.1, the values shown for
fuel costs and operation and maintenance costs were derived from ER-OL
Table 8.1-1. These values represent estimated total generating costs for
Braidwood Unit 1 during the first 12 months of commercial operation, rather
than 10-year levelized cost as noted in Table 6.1.

Staff Response: Staff agrees that the reference to "levelized costs" is
inappropriate. Section 6.4.3 has been revised to read: "The economic costs
associated with station operation include fuel costs and operating and mainte-
nance costs, which are expected to average 10.8 mills per kWh and 7.0 mills
per kWh, respectively" (ER-OL Table 8.1.1, 1986 dollars, adjusted for a 55%
average capacity factor, rather than applicant's estimate of a 60% average
capacity factor).

CECo 59: CECo noted that under "Adverse socioeconomic effects" in Table 6.1,
the loss of historic or archeological resources impacts is judged to be moder-
ate. Since no impacted historic resources have been identified and since there I
have been only a small number of archeological sites identified, a rating of"none" or "small" would seem more appropriate. I

I
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Staff Response: The footnotes to Table 6.1 described the impacts as being
"Subjective measure of costs and benefits... assigned by reviewers." The foot-
notes also note that moderate impacts are clearly evident (mitigation alterna-
tives are usually considered for moderate impact). "Because of the mitigative
efforts involved for site 11Ka179, which was deemed worthy of protection from
impacts before further evaluations are .made" (Appendix H), no inconsistency
exists according to the table's definitions and the staff's measurement.

CECo 60: CECo noted that under "Adverse nonradiological health effects" in
Table 6.1, no impact quantification is shown for "air quality changes." In
view of the circumstances, a rating of "none" would be appropriate.

Staff Response:. The text has been revised as suggested by the applicant.

9.6.4.2 Benefits

CECo 61: CECo noted that decreased costs are shown as $49 million (1986 dollars)
per unit per year. This estimate is low.

Staff Response: See response to CECo 57.

9.6.4.3 Economic Costs

CECo 62: CECo noted that under "Costs" in Table 6.1, the values shown for fuel
costs and operation and maintenance costs were derived from ER-OL Table 8.1-1.
These values represent estimated total generating costs for Braidwood Unit 1
during the first 12 months of commercial operation, rather than 10-year level-
ized cost as noted in Table 6.1.

Staff Response: See response to CECo 58.

9.10 Appendices

9.10.C Impacts of the Uranium Fuel Cycle

JFD 1: JFD stated that the staff had not considered the range and number of
non-fatal cancers and birth defects induced by radon-222 released during the
fuel cycle.

Staff Response: This comment refers to the population dose commitments
from the release of radon-222 from stabilized-tailings piles at uranium mills
for each year of operation of the model 1000-MWe light water reactor (LWR).
With regard to birth defects, the staff has revised Appendix C of the DES to
incorporate this comment and to clarify this issue in the FES. With regard-to
the number of non-fatal cancers, the staff considered and discussed the number
of potential non-fatal cancers in paragraphs 8, 9, and 10 of Section 5.9.3.1.1
of the DES. The last sentence of paragraph 8 gave the range of the total.
number of potential non-fatal cancers relative to the number of potential fatal
cancers as follows:
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The number of potential non-fatal cancers.would be approximately I
1.5 to 2times the number of potentially fatal cancers, according
to the 1980 report of the National Academy of Sciences Advisory
Committee on the Biological Effects of Ionizing Radiation I
(BEIR III, 1980).

9.10.D Examples of Site-Specific Dose Assessment Calculations I
CECo 63: CECo stated that the values for 1-131 and 1133 in Table D-1 should
be revised since no credit was given for the charcoal filter systempresent in m
the steam jet air-ejector exhaust stream.

Staff Response: The staff did not credit the Braidwood Station with the use of
the charcoal filtration unit in the steam jet air ejector exhaust stream because
the applicant did not commit to use this system either on a continuous basis or
when radioactivity from this exhaust was detected. Therefore, there were no
assurances that the system would be utilized. No text revision is required.

IDNS 8: IDNS requested an explanation as to why there are differences in the
liquia and gaseous release type data given in the FES-CP and DES-OL.

,Staff Response: There is a difference between the liquid and gaseous effluents
calculated at the Braidwood DES-OL stage and the FES-CP stage because the equip-
ment, which was assumed to be utilized to treat liquid and gaseous radwatte,
was changed between the CP and OL stages of licensing. A discussion of these
differences was presented in Section 11 of the Byron SER. This discussion is
equally applicable to Braidwood. No text revision is required.

IDNS 10: IDNS requested an explanation as to why the gaseous release rates
given in Table D-1 are lower than those given in Regulatory Guide 1.BB.

Staff Response: Draft Regulatory Guide I.BB has not been utilized since March
1976 when Regulatory Guide 1.109, "Calculation of Annual Doses to Man From
Routine Releases of Reactor Effluents for the Purpose of Evaluating Compliance
With 10 CFR Part 50, Appendix I," was issued. The latter guide references
NUREG-0017, "Calculation of Releases of Radioactive Materials in Gaseous and
Liquid Effluents From Pressurized Water Reactors,"-as the method for estimating I
releases from PWRs. As noted in Section 11 of the Byron SER, which is appli-
cable to Braidwood, the staff utilized NUREG-0017 to calculate effluent re-
leases. The releases calculated for Braidwood are consistent with this report.
As explained in NUREG-0017, releases are a function of the type of radwaste
treatment and the air cleaning systems incorporated in the plant design. No
text revision is required.

9.10.E Release Categories and Probabilities for Braidwood

CECo 64: CECo noted that because of design differences between Braidwood and
Indian Point 2, early containment failure is much less likely for Braidwood.

Staff Response: The likelihood of early containment failure from external
events (discounting station blackout) at Braidwood may have been less than that
for Indian Point.2, had this possibility been included. No text revision is
required.
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CECo 65: CECo noted that the reference to the shutdown cooling system should
be changed to residual heat removal system. Also, the reference to a closed
motor-operated valve should be changed, since this valve is not normally closed.

Staff Response: The text has been revised as suggested by the applicant.

CECo 66: CECo stated that the sequence discussed in paragraph 2 is not valid
since the assumed steam spike, if it were to happen, would not be of sufficient
magnitude to cause containment failure due to overpressure.

Staff Response: Although a steam spike following vessel failure is unlikely,
having been assumed to occur only about 0.5% of the time that core melt occurs
following loss of ac power, it is not impossible. This leads to the concomitant
assumption of loss of containment integrity, with small, but present likelihood,
No text revision is required.

CECo 67: CECo stated that it is not possible to generate enough Hz, given that
sprays are still available, to result in containment failure from burning H2.
Even a 100% Zr/H2 0 reaction would not give enough H2 to cause containment
failure. The sprays and fan coolers would keep the debris cooled and minimize
H2 formation from core/concrete interaction.

Staff Response: In the response to CECo 40 the staff explained that the hydro-
gen burn represented by release category F is the early burning of hydrogen
from the reaction of cladding and water. Although explosive detonation of this
hydrogen is considered unlikely, it is assumed to occur in a small fraction of
the cases. This release category also includes the possibility of a hydrogen
burn failing containment penetrations. Regarding the effect of sprays and fan
coolers, containment sprays may be capable of supplying water to a coolable
debris bed if such a formation is possible. This is not a certainty. Fan
coolers have no direct heat removal effect on the core debris. No text revi-
sion is required.

CECo 68: CECo stated that the assumption that 10% of all core-melt acccident
sequences not accounted for by release categories B, C, and F are assumed to
result in release category H is overestimated. Only TMLB or sequences without
sprays and fan coolers could result in base mat penetration after a core-melt
accident.

Staff Response: The availability of sprays or fan coolers, as the staff has
previousyinoted, does not guarantee that base mat penetration will not occur.
Even with a constant supply of water, there is a large .uncertainty associated
with the formation of a coolable debris bed. In all cases where a source of
water and containment heat removal are not available, or where a coolable
geometry for the core debris is not formed, core-concrete interaction and sub-
sequent base mat.penetration will take place. No text revision is required.

CECo 69: The DES stated that the range of probabilities for core-melt accidents
resulting from internal events for reactors was 10-3 to 10-s per reactor-year.
CECo noted that for the newer plants, however, the range is 10-4 to 10-5 per
reactor-year. Therefore the 1O-4 value considered for Braidwood is conservative.
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Staff Response: The accepted range of probabilites for core-melt accidents m
resulting from internal events for reactors is 10-3 to I0-s per reactor-year,
as stated in the DES. Additional information must be provided before the
narrower range of 10-4 to .10-, as proposed by the applicant., could be qualified. I
9.10. F Consequence. Modeling Considerations

CECo 70: CECo noted that on the basis of the most recent evacuation time
estimates study for the area around Braidwood Station, CECo has calculated
an effective evacuation speed of 2.83 m per second (6.32 mph) which would be m
more appropriate than the value of 1.1 mph developed by the NRC staff.

Staff Response: The evacuation speed of 1.1 mph developed by the staff was I
ase on the data available at the time of the review. The staff does not

intend to reevaluate the evacuation speed based on the improved evacuation
time estimates study.
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CECo

"b Commonwealth Edison
72 West Adams Street. Chicago, Illinois

Address Reply to: Post Office Box 767
Chicago. Illinois 60690

March .12, 1984

"Director

Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: Braidwood Station Units 1 and 2
Docket Nos. STN 50-456 and STN 50-457

Dear Sir:

Enclosed are Commonwealth Edison Company's comments pertaining to
the Braidwood Station Units 1 and 2 Draft Environmental Statement
(NUREG-1026). These comments are being submitted for consideration by the
Commission in accordance with 10 CFR Part 51.

Sincerely,

C. L. McDonough
Director of Environmental

Assessment

4342E
BBB:CLM:ds
Enclosures
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Commonwealth Edison Company's Comments
Pertaining to the Braidwood Station Units 1 and 2

Draft Environmental Statement

CECo

Page/Section

vi/Summary
Item (3)

Comments

1'1/1.1
(Par. 2) I

4-1/4.1

a
4-2/Figure 4.1

3 I

Due to revision of the construction schedule for Braid-
wood Station the last sentence in Item 3 should be
revised to read: "The applicant estimates
fuel-loading dates of August, 1985 for Unit 1 and
August, 1986 for Unit 2."

For the reason stated in the preceding comment the last
sentence in Paragraph 2 should be revised to read:
"CECo. estimates that Unit 1 will be ready for fuel
loading in August, 1985 and commercial operation in
April, 1986; Unit 2 is estimated to be ready for fuel
loading in August, 1986 and commercial operation in
April, 1987."

The last sentence of the second paragraph should be
changed to read as follows: "The originally planned
connection to the Joliet Generating Station has been
eliminated and the only new right-of-way from the
plant is to the Crete Substation."

Figure 2.1-4 will be revised in Amendment 6 to the
Braidwood Station ER-OLS. An advance copy of the
revised figure is attached to these comments for
inclusion in the FES.

The fourth from the last sentence in the Section
should read be revised to read: " . . . 180.7 m
(592.8 ft.) MSL." The third from the last sentence in
the Section refers to historic river flows on the
Kankakee River and the possible restrictions on
station operation. The period of record for the
response to Question E240.4 was 66 years, 1915 through
1982 rather than from 1946 though 1976. Based on that
historic flow record (1915 though 1982) there was only
one occurrence, 1936, when the stations power
production would have had to be curtailed because of
low Kankakee River flow below 495.5 cfs.

Paragraph one should be revised to read: "Scale
buildup in the condenser cooling system will be
controlled by a combination of chlorination and
mechanical cleaning (Amertap). If scale cannot be
controlled with chlorination and mechanical cleaning
then either carbon dioxide or polymers will be used.
Carbon dioxide would be added at the rate of 1600 kg
(3500 ib) per hour."

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

4-5/4.2.3.1

4

4-7/4.2.3.4
(Par. 1)

5
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C Co
Page/Section Comments

4-7/4.2.3.4
(Par. 2)

(Cont.)

16

The second, third and fourth sentences should be
revised to read: "Sponge rubber balls, sized to the
inside diameter of the condenser tubes will be
continuously injected into the system at the inlet to
the condenser. The balls will clean the tubes as they
pass though the system and will be collected by a
series of baffles and screens at the outlet of the
condenser and returned to the inlet. The balls will
be removed and sorted periodically."

I In the third sentence - the value for chlorine
concentration should be changed from 0.1 mg/i to 0.5
mg/i.

4-8/4.2.3.4
(Par. 3) 7
(Par. 4)

(Par. 5)

9

I0

I n the first sentence.- the number of times per day

that the service water system will be treated should
be changed from three times daily to twice daily.

The second sentence should be revised to read: "The
water passes through a chlorine retention tank,
clarifiers and a clear well before passing through two
parallel lime softeners and three parallel sand
filters. In the fifth sentence - the size of the
filtered water storage tank is 150,000 gallons. In
the sixth sentence - "cycler" should be changed to
"cycle."

The eighth sentence should be revised to read: "The

demineralizer train-passes the water through a
strong-acid cation exchange unit, a strong-base anion
unit, and a mixed bed unit." (Note: the above
changes, relating to water treatment, will be included
in revisions to'ER-OLS sections: 3.6.1.1, 3.6.1.2 and
3.6.2 in Amendment 6 to the ER-OLS).

I The first sentence should be revised to read:
3.0 m (9.0 ft), and a maximum depth of 5 m (15

ft.)."

4-9/4.2.4.2
(Par. 2)

(Par. 3)

(Par. 4)

II

The first sentence should be revised to read:

l smaller (3.8 x 105 m2 (99 acre)) cooling
IZ- pond . . . ".

"A

13

The fourth sentence should be revised to read: 'Water
is drawn through two 4.9-rn (16-ft.) - diameter
pipelines to the condensers, then through two other
4.9-mn (16 ft.) - diameter pipelines to the discharge
outfall structure and back into the pond at a
continuous flow of 92 =3 /sec (3250 cfs) for the two'
units."
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CECO
Page/Section

4-11/4.2.4.3

Comment s

14

In sentence seven reference is made to Table 4.1 and
in sentence eight values for average temperature above
the ambient are given from Table 4.1. The values
shown are the differences between the outlet
temperature from the station to the cooling pond
rather than the plant inlet and pond blowdown
temperature. If the intention is to illustrate the
difference between blowdown and river ambient
temperatures, then the sentence should read: "The
average temperature excess above ambient is 70C
(12.6 0 F); the extremes are 3.6 0 C (6.5 0 F) in
August and l0.10C (18.1 0 F) in February". If the
intention is as stated (outlet discharge minus ambient
river temperature) than the maximum extreme should
read: ". . . in August and 21.2 0 C (38.1 0 F) in
February." In the ninth sentence the excess 50F
isotherm ranges between 0.10 and 0.45 acres not 0.45
to 0.85 acres.

The average flow rate for May should be 6288 -cfs.

I
i
I
I
I
I
I
I
I
I
i
I
I
I
I

4-12/Table 4.1 151
4-14/4.2.7 In the third sentence - "Burham" - should be changed

to "Burnham". In the fifth sentence - the maximum
width of the right-of-way is "139 m (455 ft)." (See

i 6 ER-OL Figure 3.9-2). In the seventh sentence -16 .reference is made to a "possible future 765 kV line".
It should be pointed out that there are no plans for
the 765 kV line in the forseeable future and the
necessary right-of-way for such a line is not
continuous.

I IThe Legend symbol for new 345 kV lines appears to be
I solid rather than dashed.

4-15/Figure 4.5

4-26/4.3.2
(Par. 3)

4-27/4.3.3

4-27/4.3.4.1
(Par. 2)

4-27/4.3.4.2
(Par. 1)

8 I In the fourth and sixth sentences - the ER-OL sectionIis 2.4.1.4.2.

I | IThe third sentence should be revised to read:
19 1the 4 year period, 1979 through 1982, . . .

"For

In the. third sentence - delete "marshlands and".
In the fourth sentence - the acreage of small
discontinous marshlands is 40.

21
The first sentence should be revised to read: "The
aquatic biota of the Kankakee River and Horse Creek in
the site vicinity were sampled during 1974-75, 1977-79
and 1981-82, as part of the baseline and/or
construction phase aquatic monitoring . . .

i
i
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Page/Section

4-28/4.3.4.2
(Par. i)

(Par. 2)

Comments C~wCo

2ZI
The third sentence should be revised to read:
"The results of the 1974-75 and 1977-1981 monitoring
programs are discussed in detail in Section 2.2.1 and
Section 4.7 respectively of the ER-OL."

First sentence should be revised to read: "A total of
five phytoplankton phyla were collected during the
1974-75 program." In the fifth sentence - change
"fifty five" to "forty five".

(Par. 6) The first sentence
'24 total of 2221 fish
i. Icollected from the

during the 1974-75

should be revised to read: "A
representing 46 species was
Kankakee River and Horse Creek
program."

4-31/4.3.4.2
(Par.7)

5-2/5.3.1
(Par. 1)

2 The first sentence should be revised to read:
"Sampling for fish eggs and larvae was performed as
part of the 1974-75 monitoring program."

In the fifth sentence, the committment to limit
the maximum withdrawal of water to 10% of the river
flow (FES-CP) was a design objective. This objective
was superceded by the water withdrawal agreement26 summated in the last sentence in the paragraph (also
see response to Question E240.4, .Amendment 3,
Braidwood ER-OLS). This agreement was formulated in
response to the Illinois Department of Conservations
concerns of potential effects on the river during low
flow conditions.

(Par. 2)

27I In the sixth sentence-"518 cfs" should be changedto "495 cfs".

In the first sentence - the 10% maximum withdrawal
criterion has been superceded by the agreement with
the Illinois Department of Conservation described in
the preceding paragraph.

5-3/5.3.2
(Par. 2)

5-4/Table 5.1

30

31

The last sentence in the paragraph should be revised
to read: "At present there are no downstream uses of
water from the Kankakee River. The Joliet Arsenal has
the capacity to withdraw 38 cfs but is presently in a
standby status."

In the thirteenth sentence - the acreage of the 20 F
isotherm should be changed from 1.46 acres to 5.4
acres. In the fourteenth sentence - ER-OL section
should be changed from 2.4.2.4.2 to 2.4.1.4.2.

The value for "Ambient River-Chlorides" should be
changed from 27 to 22. ER-OL'Table 5.3-1 will be
revised in ER-OL Amendment 6.
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CECo
Page/Section

5-9/5.5. 1. 1
(Par. 2)

5-12/5.5.2.2
(Par. 2)

5-15/5.5.2.2
(Par. 4)

5-42/5.9.4.4
(Par. 2)

5-46/5.9.4.5
(Par. 1)

5-47/5.9.4.5
(Table 5.10)

Comments

32
The third sentence should be revised to read:
"The applicant is working with the county soil
conservationist to revegetate about 15 ha (36 acres)
in the northeast portion of the site, part as native
prairie and part as wildlife habitat (ER-OL, response
to NRC staff question 290.4)."

iThe first sentence should be revised to read:

33 1 " . . . August [260 C (79.5 0 F)] . . .

In the first sentence - a value of 2.6 m3 /sec
S(90.8 cfs) is shown for "normal intake flow from the

Kankakee River." That value is for the "average
annual intake flow." The correct value for "normal
intake flow" is 3.0 m3 /sec (107 cfs).

I
I
I
I
I
I
I
I
I
I
I
I
I

35
The third sentence should be revised to read:
"The exclusion area, located within the site boundary,
is a rectangular area with a minimum distance of 485 m
(1478 ft.) from the outer edge of the containment wall
to the exclusion area boundary."

Based on S. Levine's uncertainty analysis testimony
submitted on Byron Station during the ASLB hearing and
the similarities between Byron and Braidwood plants,
this approach and the resulting numerical value is too
conservative.

Parameter: Probabiffty per reactor year
Under release category B, the value should be no
greater than 2 x 10-7 for Braidwood based on the
risk studies done for Byron, which has similar design
features.

37

Under release category F, the value should be essen-
381tially zero, again based on these studies done on

Byron.

Parameter: Release time (hr)
Under release category B, the 1 hour59 conservative. Since the 4 high-head
continue to supply water to the core
hour, a release time of 2 to 3 hours
realistic.

value is overly
ECCS pumps will
for just about 1
would be more

I
I
I
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Page/Section

5-47/5.9.4.5
(Table 5.10)

(Cont.)

Comments CECO

40

4Z
5-52/5.9.4.5
(Par. 3 & 4)

43

Under release category F, using the NRC's conservative
H2 burn scenario, it would seem very unlikely that
enough core-concrete attack could occur by 3 hours to
boost H2 inventory high enough to have a containment
failure. Core melt and vessel failure would likely
take 2 to 4 hours.

Parameter: Release Duration (hr)
Under release category B, there is no driving force
for such a rapid release time of 0.5 hour. A duration
time of 2 to 3 hours would be more realistic.

Footnotes
An additional footnote should be added to this table
to indicate that the current work on source terms
indicate that the values herein are likely to be
conservative.

Figures 5.7 and 5.8, referred to in these paragraphs,
indicate complementary cumulative distribution
functions which are more severe than those contained
in WASH-1400. We believe these tables overstate the
risks associated with Braidwood. Braidwood is not a
high population site. Removal of some of the
WASH-1400 conservatisms should yield lower effects.

Under Regional Industrial Impacts, the first sentence
should be revised to read: "A severe accident that
requires the interdiction and/or decontamination of
land areas will force a few industries to temporarily
or permanently close." As shown on the ER-OLS Table
2.1-7 there are only 10 industries within a radius of
10 miles, therefore, even if an accident affected out
to 10 miles there would not be "numerous businesses"
affected.

The last sentence should take into consideration that
the noise levels of the power, unit auxiliary and
system auxiliary transformers that were provided as
responses to staff questions E 290.11 and E290.20,
Amendment 4 to ER-OLS, include noise of both
transformers and associated fans.

The first sentence should take into consideration that
the term "transformer fans" with reference to noise
levels means the noise produced by the transformers
and its associated fans at full load. This comnent is
applicable to each instance in which the term
"transformer fans" is used in this section.

5-66/5.9.4.5
(Par i)

44

5-84/5.12
(Par. 1)

45

(Par. 2)
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Page/Section

5-84/Table 5.15

Comment s MO
The title to this table should make reference to the

7 purpose of the table which is the calculated sound
levels at nearest residences utilizing ambient noise
levels and noise from the "main transformer fans".

• I The sound power levels for main transformer fans' at
2000 Hz should be 98 rather than 90.

5-85/(Table 5/1i

5-86/5.12
(Par. 4)

(Par. 5)

5-87/5.14.1
(Par. 1)

49J
6)

501

The sound levels at the receptors R7, R8, R12 and R13
are defined as "sound power levels". Noise at
receptors are generally cited as "sound pressure
levels" as are utilized in Table 5.16 for receptor P4.

The A-weighted and estimated nighttime residual sound
levels presented at receptor P4, are integrated
overall values, not only at 1000 Hz as could be
interpreted from the column heading.

In sentences two and three - a note should be added to
this paragraph to indicate that the impacts of 10 dBA5I and 6 dBA, respectively, apply only to an ambient
noise level of 30 dBA. The impacts would be less for
higher ambient noise levels and greater for lower
ambient noise levels.

52.1 In sentence one - "140" should be "240".

With regard to the committment to continue the aerial
infrared photographiq program until 2 years after Unit
2 begins operation, a proposal for termination of this
program was made in the ER-OLS Amendment 5 to Section
6.2.2. The reasons given there are that the program
was designed to detect any off-site effects resulting
from filling the cooling pond and, that no off-site
effects have been observed that'ýcould be attributable
either to the filling of the pond or to the presence
of the pond.

I
I
I
I
I
I
I
I
I
I
I
I
I

5-88/5.14.3
(Par. 1)

I The first sentence should be revised to read:

5 "573' m (0.4 mi) northeast -of the Unit 1 reactor
building since November 1973."

5 5 I Under the column heading -. "Level of Measurement," the
following should be revised to read:

Meteorological Parameter

Wind speed and wind direction
Temperature difference between

Dewpoint temperature
Ambient air temperature

Braidwood FES

Level of Measurement

34 (O. 10 m) and 203.. ft. (%62 m)
30 (,%.9.1 m) and 199 ft. (60.6 m)

30 (L.9.1 m) and 199 ft. (60.6 m)
30 ft. (%9-.i m)

A-8
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CECO

Page/Section

6-1/6.1
(Par. 2)

6-2/Table 6.1

Comments

561 See comment regarding 5-87/5.14.1 (Par. 1) above.

Under "Benefits": The quantity of electrical energy
is shown as 11 billion KWh/yr, which is based on an
average annual capacity factor of 55%, with reduced
generating costs of $49 million/unit/yr (1986
dollars). This estimate is low. Recent studies based
on an average annual capacity factor ranging from 55
to 58% for the years 1988 (first year with both units
in service for the full year) through 1992 show
increased production costs without Braidwood as shown
below:

57
Year

-1986

1987
1988**
1989
1990
1991
"1992

Increased Production Cost
without Braidwood Units - $million*

83
196
224
262
294
307
335

58

*Costs are in late"1983 dollars
**First year with both units in service full year

Under "Costs": The values.shown for fuel costs and
-.operation and maintenance costs were derived from
ER-OLS Table 8.1-1 and are discussed in DES Section
6.4.3 where the Table is said to present "10 year
levelized cost". The title of ER-OLS Table 8.1.1 is
"Estimated Total Generating Costs for Braidwood Unit 1
for First 12 months of Commercial Operation."
Estimates have been made for each Braidwood Unit for
total generating costs for the first ten years
levelized and are presented below:

',

Braidwood FES A-9



Estimated Total Generating Cost for Braidwood Station
Unit 1 for First Ten Years Levelized

eCIo

Cost Component

Fuel

Operating and
Maintenance

Carrying Charges

Other

Total Generating Cost

Dollarsa
(thousands)

$ 78,838

48,619

394,297

38.690

$560,444

Mills pera
kilowatt hour

14.61

9.01

73.07

7.17

103.86

Note: Values are based on commercial operation starting

aCosts are in 1986 dollars and are based on 55% capacity

(generating 5,396,160 MWH per year)

October, 1985.

factor

Estimated Total Generating Cost for Braidwoed Station
Unit 2 for First Ten Years Levelized

Cost Component

Fuel

Dollarsa
(thousands)

$ 83,964

Mills pera
kilowatt hour

15.56

Operating and
Maintenance

Carrying Charges

Other

Total Generating Cost

51,803

279,251

32,647

$447,665

9.60

51.75

6.05

82.96

Note: Values are based on congnercial operation starting October, 1986.

aCosts are in 1987 dollars and are based on 552 capacity factor

(generating 5,396,160 MIWH per year)

Braidwood FES A-10



Page/Section

6-3/Table 6.1
(Continued)

Comments Go

6-4/6.4.2
(Par. 2)

6-4/6.4.3
(Par. 1)

601

61

62j
D-2/Appendix D

Table D-1

Under "Adverse socioeconomic effects" the loss of
historic or archaeological resources" impacts is
judged to be "moderate". Since no impacted historic
resources have been identified and since there have
been only a small number of archeological sites
identified (none of which were impacted by
construction) a rating of "none" or at most "small"
would seem more appropriate.

Under "Adverse nonradiological health effects", no
impact quantification is shown for "air quality
changes". In view of the circumstances a rating of
"none" would be appropriate.

Decreased costs are shown as $49 million (1986
dollars) per unit per year. See above comments on
Table 6.1.

The discussion of generating costs on the basis of
10-year levelized costs was commented on, see above
comments on Table 6.1.

In the column headed "Air-Ejector Exhaust - Continuous"
the value for 1-131 should be revised to 0.0028 and
1-133 should be revised to 0.0041. The "Total" column
should reflect these changes, 1-131 = 0.0868 and I-133

0.0721. The reason for these revisions is that
apparently no credit was given for the charcoal filter
system present in the'steam jet air-ejector exhaust
stream of the Byron/Braidwood design.

It should be pointed out that Indian Point 2 has some
unique design features that, given specific external
events, led to a significant probability of early
containment failure. These design features do not
exist at Braidwood. Braidwood is much like Zion in
this regard and early containment failure is unlikely
for either station.

Line 8 - "shutdown cooling system (SCS)": should be
changed.to "residual heat removal system" (RHR).
Change "SCS to RHR". Line 10 - Change SCS to RHR.
Line 11 - delete "and a closed motor-operated valve".
This valve is not normally closed.

The sequence discussed in this paragraph is not valid
in that the assumed steam spike, if it were to happen,
could not be of sufficient magnitude to have
containment failure due to over pressure.

63

E-2/Appendix E
(Par. 3)

61~

E-4/Appendix E
(Par. 1)

(Par. 2)

65

66

Braidwood FES A-11
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Page/Section

E-4/Appendix.,E
(Cont.)
(Par. 5)

,Comments

67

Given. that sprays are still available, it is not
possible to generate enough H2 to result in
containment failure from burning H2. Even 100%

'Zr/H 2 0 reaction would not give enough H2 to cause
containment failure. The sprays and fan coolers would
keep the debris cooled and minimize H2 formation
from core/concrete interaction.

:co
I
i
I

E-5/Appendix E
(Par. 3)

E-5/Appendix E
(Par. 5)

69

The assumption that 10% of all core-melt-accident
sequences not accounted for by release catagories B,
C, and F are assumed to result in release catagory H
is over estimated. Only THLB or sequences without
sprays.and fan coolers could'result in base mat
penetration after a core-melt-accident.

It is stated that the range of probabilities for
core melt accidents resulting from internal events for
reactors for which probabilistic risk assessments were
performed to be in the range of 10-3 to 10-5 per
reactor-year. For the newer plants, however, the
range is 10-4 to 10-5 per reactor-year. Therefore
the 10-4 considered for Braidwood is at the high end
of the newer plants and is therefore conservative.

Based upon the most recent evacuation time estimates
study (ETES) for the area around Braidwood Station,
applicant has determined that an effective evacuation
speed of 2.83 m per second [6.32 mph] would be more
appropriate than the,•alue of 1.1 mph developed by the
NRC staff. The Braidwood ETES (currently scheduled to
be submitted April, 1984) indicates that the average
evacuation travel time to clear the Braidwood EPZ is
95 minues or less for most of the scenarios evaluated
by the ETES.

F-3/Appendix F
(Par. 2&3)

70

I
I
I
I
I
1
I
I
I
I
I
I
I
I

4170OE
BBB: pp

Braidwood FES 'A-12 I



-- - - ------- --- -- - --

.0

0

-m
(A

S48 AI w1 ol

4***4~mm .Ira w . -
ci.

.v"4 %we

ii
II'

~IIC~%~

I
I¶~~L~.u /

S.-.

A liarO'd6

*E i WNr

All. I4.W

SU -kK-iSl No-tJ~

.i l . ... . ....Ill 11 AI

UNITS I1A2
ENVIRONMENTAL REPORT - OPERATING LICENSE STAGE

i-k

i4.

41 o.Pam""

E

oa.~c Sc..

FIGURE 2.1-4

LOCATION AND ORIENTATION
OF PRINCIPAL PLANT STRUCTURES

n



I
Washington, D.C. DA/•R• I20250__ United States

Department of
Agriculture

Economic.
Research
Service

January 27, 198.4

Mr. B. J. Youngblood
Chief, Licensing Branch No. 1
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Youngblood:

Thank. you for forwarding the Draft Environmental Statement
concerning the issuance of an operating license to the
Commonwealth Edison Company for the startup and operations
of Units 1 and 2 of Braidwood Station located south-
southwest of Joliet, Illinois.

We have reviewed Docket Nos. STN 50-456 and STN
have no comments.

50-457 and

Sincerely,

I
I
I
I
I
I
I
I
I
I
I
I

I
I

Aci•ing Director

7tural Resource Economics Division

Braidwood FES A-14



PDA/SCS
United States

. Department of
.Agriculture

Soil
Conservation
Service

Springer Federal Building
301 N. Randolph Street
Champaign, IL 61820

February 6, 1984

B. J. Youngblood, Chief
Licensing Branch No. 1
Division qf Licensing
U.S. Nuclear Regulatory Comm.
Washington, D.C. 20555

Dear Mr. Youngblood:

Members of our staff have reviewed the data for the draft environmental
impact statement related to the operation of Braidwood Station Units
1 and 2, Docket Nos. STN 50-456 and STN 50-457 in Will County, Illinois,
and have no comments to add to those made in an earlier review.

Sincerely,

C44"
L;6hn J. Tckes
State Conservationist

cc: Pecer C. Myers, Chief, SCS, USDA, Washington, D.C.
Roger Rowe, AISWCD, Marseilles, IL
Steve Chard, IDOA, Springfield, IL
Don Manecke, Orion, IL
B. Smith, AC, A-2
A. May, DC, A-2

O The Soi Conservation Service
Is an agency of the
Department of Agriculture

Braidwood FES A-15



osr,4 , UNITED STATES

ENVIRONMENTAL PROTECTION AGENCY
REGION V I

230 SOUTH DEARBORN ST.

CHICAGO. ILLINOIS 60604 I
REPLY TO ATnTENTION OF.-

NEPA-DE-NRC-F06018-IL

MAR 1 2 1984 (84005)

Mr. B. J. Youngblood, Chief I
Licensing Branch No. 1
Division of Licensing
United States NuclearRegulatory Commission
Washington, D.C 20555

Dear Mr. Youngblood: I
We have completed our review of the Draft Environmental Impact Statement rjelated
to the Operation of Braidwood Station Units 1 and 2 in Will County, Illinois.
This nuclear power plant will employ two pressurized water reactors to produce
up to 6850 megawatts of thermal energy. Two steam turbine-generators will use
this heat to provide 2240 megawatts of electrical power. Exhaust steam will
be condensed by cooling water circulated from a cooling pond. Makeup and
blowdown will be taken from a discharged to the Kankakee River.

Based upon our review of the Draft EIS. and reference documents, we do not have
any major objections to the operation of the Braidwood Station however, addi-
tional information should be provided in the.Final EIS regarding the radioactive
waste treatment systems and maintenance of the soil erosion control programs I
implemented at the time of construction. We have rated our detailed comments
on the Draft EIS, which are attached, as LO-2. Specifically this means that
we have no objections to the proposed operation of the nuclear power station
and that additional information is necessary-regarding the topics cited above.

We appreciate your providing us the opportunity to review this Draft EIS. If
you have any questions regarding our comments please contact Mr. Bill Franz at
886-7500 (FTS) or 312-886-7500 (Commercial).

sincere yours,

Larry G. R 2Deputy Director
Planning atWManagement Division

Enclosure

Braidwood FES 'A-16



U.S. Environmental P.rotection Agency Region V's
Comments on the Draft Environmental Impact Statement

Related to the Operation of the Braidwood Station Units 1 and 2

The proposed action is the issuance ofýan operating license to. the Commonwealth
Edison Company (CECo) for the startup and operation of Units 1 and 2 of Braid-
wood Station, located near the Kankakee. River in Reed Township, Will County,
Illinois,.2.3 km (1.4 mi) south of Braidwood and 32 km south-southwest of Joliet,
Illinois.

The plant will employ two pressurized water reactors to produce up to 6850 mega-
watts of thermal energy (MWt). Two-steam turbine-generators will use this heat
to provide 2240 MW (net) of electrical power capacity. The maximum design ther-
mal output of the units is 7130 MWt, with a corresponding maximum calculated
electrical output of 2330 MWe. The exhaust steam will be condensed by cooling
water circulated from a cooling pond. Makeup and blowdown water (i.e., water to
replace that lost by evaporation and water to control the buildup of dissolved
solids, respectively) will be taken from, and discharged to, the Kankakee-
River.

Radiological Impacts

The Draft Environmental Impact Statement (EIS) description of the radioactive
waste treatment system and the Nuclear Regulatory Commission staff's evaluation
was insufficient for a detailed analysis. The Draft EIS referenced the Safety
Evaluation Report .(SER) which has not been completed. We recommend that the
.Safety Evaluation Report be completed prior to the issuance of the Final EIS
in order to permit thorough evaluation of the radioactive waste treatment system.

In view of the concern for development of nuclear waste dispos al sites for solid
waste, the section of the report on "Radioactive Waste Management" in the SER
needs to be completed. The Draft EIS refers to Section 11 of the SER for the
presentation of the staff's detailed evaluati'on of the solid radioactive waste
system and its capability to accommodate the solid wastes expected during
normal operations as well. as emergency situations. However, Section 11 of the
SER has not been completed.

Based upon our review of the available information it appears that the radio-
active waste treatmnent systems are capable of controlling emissions to levels
such ihat, when the direct radiation is considered, operations will still be
within the EPA Environmental Radiation Standards, 40 CFR 190.

The Draft EIS does not address the problem of storing the high level waste.
The impact of "away from reactor" and/or "at the reactor" storage needs to be
controlling emissions to levels such that when the direct radiation is consid-
ered, operations will still be within the EPA Environmental Radiation Standards
(40 CFR 190).

Braidwood FES -.A-17
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In view of the concern for development of nuclear waste disposal sites for I
solid waste, the section of the report on "Radioactive Waste Management" in the
SER needs to be completed. The presentation of the staff's detailed evaluation
expected during no.rmal.operations, including anticipated operational occurances I
needs to be made.*

Water Quality Impacts I
During construction of the Braidwood station erosion control programs were
developed and implemented by the Commonwealth Edison Company. As part of the
scoping process for this Draft EIS, we participated in a site visit to the
Braidwood Station. While on this site visit, we noticed several areas where
the measures to control soil erosion had failed and rill and gulleys were the
result. Islands in the cooling pond were also void of vegetation and were I
eroding. Commonwealth Edison needs to better maintain the soil erosion program.
Minimization of suspended solids in the cooling pond should also improve the
efficiency of the power plant's cooling system.

Braidwood FES A-18.
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life and land together

LINCOLN TOWER PLAZA • 524 SOUTH SECOND STREET * SPRINGFIELD 62706
CHICAGO OFFICE - ROOM 100, 160 NO. LASALLE 60601
David Kenney, Director a James C. Helfrich, Assistant Director

March 8, 1984

U. S. Nuclear Regulatory Commission

Washington, D.C. 20555

Attn: Director, Division of Licensing

Dear Director:

The Department has reviewed the Draft Environmental Statement
(DES) related to the operation of Braidwood Station Units I and 2.

Generally, we are pleased to note that major environmental
concerns we had identified during the early 1970s, and appropriate
mitigating actions to alleviate these concerns, are adequately
reflected in this DES. During our review of the DES, however, we did
note the tendency to present general statements relative to impacts
without a thorough presentation of data or references to support these
statements. It is our opinion much more data relative to aquatic imp-
acts has been collected than is presented or referenced in this DES.

Specific comments on the DES follow:

Section 5.5.2.2 Kankakee River

On page 5-2, last paragraph, it is stated, "The
water qual i ty standards also require that the
discharge structure must be designed to ensure
that the mixing zone allows a reasonable zone of
passage for aquatic life and must not encompass
more than 25% of the cross-sectional area or
volume of flow, except in those instances where
the dilution ratio is less than 3:1 (ER-OL Section
5.1)>"

On page 5-13, first paragraph, it is stated, "The
thermal plume is projected to extend to 28% of the
river width in August, 33% in September, and 22%
in December---."

Braidwood FES .A- 19
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U. S. Nuclear Regul-atory Commission -2- March 8, 1984

These two statements appear to be in conflict;
therefore, further clarification should be I
presented in the Final Environmental Statement
(FES).

According to the DES (page 5-13, first paragraph),
'.the thermal plume should not act as a barrier to
up or downstream movement by mobile aquatic
biota." The DES further states (page 5-13, fourth
paragraph) "Larval- fish could be stressed on
passage through the thermal plume; however,
--- larval mortality associated with the thermal I
plume should not be significant." The DES
rationalizes these conclusions on the basis of
short residence time in the plume and the
statement "natural mortality of larval fish can
reach more than 99%." (page 5-13, paragraph 4).

It seems appropriate here to point out that I
because year class strength is determined by the
success in survival of eggs and larval fish and
natural factors alone can account for 99% I
mortality, additional stress on the remaining 1%
from removal by entrainment or mortality from a
thermal plume should not be so easily dismissed.
Here, also, the size and shape of the thermal
plume may come into play. If. egg and/or larval
drift is not evenly or randomly -d-istributed
throughout the cross section of the river, then I
there -is a possibility that a disproportionate
amount of drift is passing along the shore of the
station and subject to ent?'ainment or thermal I
stress. There may be particular species of fish
more affected than others, i.e. species whose
entire drift would be concentrated into the river
area where it will be entrained or pass through
the thermal plume.

For these reasons, we suggest the FES assessment I
of impacts on eggs and larval fish include a
discussion of studies Commonwealth Edison has
conducted to determine distribution of larval
drift across the cross-section of the riier. We
are most interested in learning if an analysis by

3 species and percent of drift already dead was
conducted so a meaningful comparison can be made
by species prior to entering the intake and/or
heated water area and after, passing through these
hazards. If these studies have not been conducted
at this site then the FES should include a
definite statement relative to the need. for such
studies after plant start-up.

Braidwood FES A-20



U. S. Nluclear Regulator>' Commission -3- March 8, 1984

Based on t.he information presented in table 5.4
(page 5-16), and contrary to impingement losses at
plants. on: other rivers .where numbers of. gizzard
shad are.commonly 50-80%.of the loss, sport fish
comprised 'the large share of impinged fish - 17.8%
of the-total number were rock bass, 11.17. channel
catfish, 8.4X bluegill, 8.2% smallmouth bass, 6.1.
'wh i te crappie, 4.2% black crappie, and 2.4%
pumpkins.eed for close to 60% of the total number
impinged. Gizzard shad numbers-were only .4% of
the total

We are aware that impingement mortality of large
numbers of forage fish, such as gizzard shad, are
dismissed each year without much concern because
of their- •great reproductive potential; however,
predator fish do not have that same potential.
Gizzard shad females average 375,000 eggs per fish
as compared to an average 5,000 per female rock
bass. Thus a loss of tens of thousands of shad
each year from impingement is of much less concern
than the loss of thousands of predator/sport fish
such as rock bass. The assumption of highesst.
mortality in winter (.page 5-17, first paragraph),
again ignores differences between species or
families of fish. During closed cycle operation
of the Quad-Cities Station in. 1976, -3% of the
shad impinged .(shad were 86% of total impingement)
were lost in December, January, and February.
However, only 14% of the annual loss of crappie
occurred in the. December-February period. It
seems logical to expect that impingement at
Braidwood may actually be much higher outside the
winter period sinde it includes such a small
proportion 6f shad and large proportions of
centrarchids such as crappies.

For the above reasons, we suggest the FES fully
discuss Commonwealth Edison's commitment to
conduct 12 month impingement entrainment studies
after plant start-up. We look to this study to
provide answers to the aforementioned concerns.

Section 5.6.2 Aquatic

The DES (page &-18) discusses the pallid shiner.
The •document correctly points'out that this fish
is "a rare species in Illinois" (pa'ge 5-18). In
fact, according to Smith in The Fishes of
Illinois, i.t "is one of the rarest and least-known
American fi-shes." For thi.s reason, the discovery
of more than 17 individuals of this species.at- one
of the Braidwo.od monitoring stations is noteworthy
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March 8, 1984U. S. Nuclear Regulatorx Commissioon -4-

and deserves further attention and stud>'. The FES
shou 1 dl address Commonrwceal th Ed i son " s spec i f i c
pl ans for river mon i tori ng and stud>' of this
species prior to and following plant start-up.

The Department appreciates the opportunity to comment on the DES.

Sincerely,

David Kenney

DK:RWL:al c

cc: Commonwealth Edison Co.
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Illinois Department of Nuclear Safety
1035 Outer Park Drive Springfield, Illinois 62704 (217) 546-8100.

Don Etchison Terry Lash
Director Deputy Director

February 22, 1984

Director, Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

RE: Braidwood Station Units 1 & 2
Docket Nos. STN50-456, STN50-457
Draft Environmental Statement
(NUREG-1026) Operating License
Stage

Dear Director:

kfter a review of the Braidwood Environmental Statement, the
following questions and comments are directed to your attention:

A. 5.9.4.4.(1) - Environmental Impacts of Postulated
Accidents -. Design Features.

1. How does the Braidwood Stacion's radioactive waste gas
decay tank system design differ from the Zion Station
design which experienced an unplanned accidental release
of noble gases on May 26, 1980?

Please provide information as to how Braidwood Station's
waste gas decay tank desig'w would prevent such an
accidental radioactive gas release.

2. 5.9.3. - Radiological Impacts from Routine Operations

What has been done at Braidwood Station to preclude
unmonitored and/or unplanned radioactive releases,
both gaseous and liquid? An example of such is the
past unmonitored liquid tritium release at Zion Station.

3. 5.9.3.1.1. - Occupational Radiation Exposure for Pressurized
Water Reactors

5 Does the range of annual man-rems anticipated for the occupationalI radiation exposure include the radiation exposure received for

Discover The Magnificent Milesof
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.Director, Division of-Licensing =DNS
February 22, 1984
Page2

.3. spetial considerations such as steam generator tube repair and

I maintenance on the reactor coolant pump seals?

4. IBID (3)I Did the staff take into account the proposed revision of
1OCFR20 in developing this section on occupational radiation4 exposure?

5. 5.9.4.5 - Accident Risk & Impact Assessement (7) Uncertainties
.. (Page 5-69)

This section indicates that sequences initiated by natural phenomena,
such as seismic events, are not included in the sequences beingS evaluated. The staff also indicates this, as. well as other natural
phenomena effects, would not contribute significantly to risk. Please
provide justification as to why, at least for the seismic event, design
analysis was not provided for the Braidwood Station.

B. General Comments

1.1 Does Braidwood Station have the capability to handle radioactive

chemical decontamination waste?

2. The staff relied heavily upon the Reactor Safety Study (Wash. 1400),
andthe Zion and Indian Point probabilistic risk assessment studies
in Section 5.9.4.5, "Accident Risk and Impact Assessment", in its
analyses.

In light of the high degrees of uncertainty associated with the
probability values in Wash. 1400, shouid not a more realistic study
be performed for Braidwood Station in order to be able to place a
higher degree of confidence in the risk assessment results?

3. Please provide an explanation as to why there are differences in the
following tables:.

T-pe of Document

Release Type FES-CLS DES-OLS

Liquid Table 3.5 Table D-4
Gaseous Table 3.6 Table D-1

4.. "It is the qualitative judgement of the staff that the uncertainty bounds
€ could be well over a factor of 10, but not as large as'a factor of 100".

(Page 5-72).

What is the basis for the staMffs qualitative judgement?
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Director, Division of Licensing
February 22, 1984
Page 3

5. Some of the isotopic values given in Table D-l hre lower by a factor
of 10-100 than the corresponding release rates per reactor as given
in the Table on Page B23 of Regulatory Guide 1.BB, which are used in

1 the NRC PWR/GALE computer code to determine the off-site gaseous doses
for normal operations.

Please provide an explanation for the reduction of the gaseous release
rates.

Thank you for the opportunity to review the Braidwood Station's Draft
Environmental Statement - operating permit stage. Your consideration of the
above comments is appreciated.

Very truly yours,

Don Etch"son
Director'

DE:RRM:jt
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March 7, 1984

COM~IENTS OF JOKW F. DOHERTY TO BRAIDiOOD STATION DES (DECEMBER 1983)

Ms. Janice A. Stevens
Division of Licensing
U. S. Nuclear Regulatory Commission
W'ashington D. C. 20555

John F. Doherty, of 318 Summit Ave., Brighton, Mass. 02135,
comments as below on the DES (NUREG-1026) for the Braidwood
Station, Units 1 & 2, Docket Nos. STN 50-456,457

COMMENT DOHERTY I

In Appendix C, at page C-6, the following statement is made

"To illustrate: A single model 1OOO-MWe'LWR operating at
at an 80% capacity factor for 30 years would be predicted
to induce between 3.3 and 5.7 cancer fatalities in 100
years, 5.7 and 17 in 500 years, and 36 and 60 in 1000
years as a result of releases of radon-222."

My concern is that the DES has not completely described
the fuel cycle impact in Appendix C. The concern is not
impact of the operation of the plant to the general public.
Snecifically, the DES should contain a statement of:

a) The range of number of non-fatal cancer injuries induced
by fuel cycle radon-222 for nroviding fuel for the
Braidwood Station Units I & 2, for its projected cap-
acity factor (80,3 and licensing-period (40 years). -

b) The range of number of non-fatal birth 1efects induced
by fuel cycle radon-222 for providing fuel for the
Braidwood Station Units I & 2, for its projected cap-
acity factor (8096 and licensing period (40 years).

COM:MENT DOHERTY 2

On Page 5-26 of the Statement, it says, "The lower
limit of the range would be zero because there may be
biolon~cal mechanisms-that can repair damage caused by
raiiation at low dose and/or dose rates." (The discussion
is of risk of deaths from cancer due to exposure to
nlant radioactive materials, etc.) This statement is
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.•O•.•I'S OF JOHN F. DOHERTY TO 3BAIDý'.OOD ST.TION DES (DECEMBER 1983)

unsunnorted by reference, or*documentation, and this Commentorknws. ttement should be •altered
to but one item doing this. The Stat.

what backs this Dosition.

COIENT DOHERTY 3

The Statement'needs to clarify if in the analysis of
environmental impacts) of postulated accidents any credit was3 iven for Applicant compliance with any of the TMI-related
requirements of NUREG-737 "Clarification of TMI Action Plan
Reouirements".

Thank you for the opportunity to comment.

John F. Doherty
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northeastern illinois planning commission
400 West Madison Street Chicago, Illinois 60606 (312)454-04C

February 22, 1984
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Ms. Janice A. Stevens
Division of Licensing '.
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUBJECT: NIPC Project No. 84-022 U.S. Nuclear
Regulatory Commission/Commonwealth
Edison Company - Draft environmental
statement for the operation of the
Braidwood Station, Units 1 and 2.

Dear Ms. Stevens:.

Your application referenced above has been reviewed under
provisions of the federal Office of Management and Budget
Circular No. A-95. (Revised) and the Commission's present
areawide clearinghouse and bi-state procedures.

The application was considered by the Commission at a
meeting held today of its Governmental Services Committee.
The finding of' the Commission is detailed under the
heading "A-95 Summary Recoinmendations* in the enclosed
statement.

Copies of any comments on this project we have received
from local agencies, governments, or individuals.are also
enclosed. This letter, any comments, and our review
statement are to be included with your final application
to the funding agency, along with your statement that you
have considered the comments and recommendations before
submitting the application. You must also include comments
you may receive separately from the Illinois State
Clearinghouse.

Please direct any questions relating to Commission review
activities to our Project Review Section.

Sincerely,

Deborah L. Washington
Project Review Officer

I
I
I
I
I
I
I
I

cc:, F. L. McDonough, Commonwealth Edison-
Barbara Mabie, Illinois State Clearinghouse
Elizabeth Hollander, Chicago DP
Robert Clark, Illinois EPA

/' I
(S3)

I
I
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NIPC

NIPC PROJECT NO. 84-022

A-95 SUMMARY RECOMMENDATIONS

NORTHEASTERN ILLINOIS PLANNING COMMISSION

APPLICANT: U.S. Nuclear Regulatory Commission/Commonwealth Edison

Company

SUBJECT: Draft Environmental Statement for:-:the operation of the

Braidwood Station,' Units1 and 2.. .

STAFF RECOMMENDATION: Transmittal of following review statement:.

REVIEW STATEMENT

The Commission reviewed the Braidwood Plant proposal in 1973 and

expressed. concerns related to several aspects of construction and

operation, The draft statement which is the object of this

review is oriented toward plant operations., :Perhaps as a result'

of this orientation the draft statement does not address the

environmental impacts of the pipline to the Kankakee River, even

though the impacts of the plant, cooling pond and intake and

discharge facilities on the Kankakee River are discussed in

detail. There is no discussion of esthetic impacts-except for

re-vegetation plans for the site and the expected impacts related

I to noise and air quality. Given that the facility is already

- constructed theCommissionurges that final landscaping and

ongoing operations be conducted in.a manner whic. minimize

adverse ..off-site esthetzic- impacts..
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The Regional 04pen Space and Recreation Policy Plan encourages

increased availability of open space in northeastern Illinois.

Since cooling ponds become major aquatic and waterfowl habitat

areas, the Commission encourages their safe use for wildlife

management and related recreational activities. The Commission

encourages Commonwealth Edison's cooperation with the Illinois

Department of Conservation on this matter. NIPCx0olicies

encourage the preservation of historic resources and, therefore,

the protection of archeological resources on the site which may

be found to be eligible for inclusion in the National Register.

Site development activity, including future activities, should be

done with the consultation of the State Historic Preservation

officer, the Illinois Archeological Survey and the Illinois

Natural History Survey. The arrangement with the Field Museum

regarding fossil collecting seems appropriate. The accessibility

provided by this arrangement should be continued and fossil

resouces on the site protected during the operation of the

facility.

"PI

I
I
I
I

I

I

I
The Commission urges that all appropriate safeguards be used to

ensure safe operation of this facility. Its failure to operate

in such a manner could have serious adverse economic impacts, as

well as, life threatening impacts, on the metropolitan area. The

Commission is concerned for the well-being of the region's samall

communities, several of which are near the facility, as well as

its large population concentrations.

Braiidwod FES A-30



A&(A

The Commission notes that it develops the official population,

household and employment forecasts for the region, in conjunction

with the Illinois Bureau of the Budget. The Commission

recommends that such forecasts be used in the planning and design

of regiQnal transportation, water supply, wastewater treatment

and energy facilities. If decisions remain concerning operation

of the facility as it relates to forecasted growth, the

Commission encourages CommonwealthmEdison-to consult with:NIPC

and the Illinois Bureau of the Budget regarding the use of their

official forecasts.

The future of the region is dependent upon the protection of the

region's ground and surface water resources. Responsible

agencies should evaluate with extreme care the plant's impact on

these resources during normal, as well as emergency, conditions.
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WILL COUNTY DEVELOPMENT DEPARTMENT

501 Ella Avenue WVCD
Joliet,.lllinois 60433
(815) 727-8767

March 2, 1984 I

U.S. Nuclear Regulatory Commission
Washingtbn, D.C. 20555
Attn: Director, Division of Licensing

Dear Sir:

Will County is concerned with the impact the water withdrawal from, and
discharge of cooling water into the Kankakee River from the Braidwood
Station will have, on the proposed Will County Public Water Supply
System planned to be located downstream of the Braidwood Station. The
Will County Development Department is currently conducting the Will
County Public Water Supply Study. The study considers the Kankakee
River a prime source for possible water supply and the costs to construct
and operate a system from the river will be identified in the study.

The impacts of most concern on the proposed water supply system discussed
in the December 1983 draft Environmental Statement (NUREG-1026) are as
follows:

1. Degradation of water-quality from cooling water discharge
to the river.

2. Long-term human health effects and risks associated with effluents
entering the river containing low levels of radioactive discharge.

3. Inadequate volume of river flow downstream to support the water
supply system. Specifically, page 5-2, item 5.3.1 of the statement does3 not include the Will CoUnty Public Water Supply System as a potential
downstream water user.

4. Risk of possible contamination of the water supply in the case of
Tpower plant malfunction and emergency.

5. Increased costs to the proposed water system due to mitigating
measures that may be required to address the effects of the Braidwood
Station upstream.

Please consider and incorporate where appropriate these comments in prepara-
tion of the final Environmental Statement.

Sincerely

JRG/AR/pI
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APPENDIX B

NEPA .POPULATION-DOSE ASSESSMENT

Population-dose commitments are calculated for all individuals living within
80 km (50 miles) of the Braidwood facility, employing the same dose calculation
models used for individual doses (see RG 1.109, Revision 1), for the purpose of
meeting the "as low as reasonably achievable" (ALARA) requirements of 10 CFR 50,
Appendix I. In addition, dose commitments to the population residing beyond
the 80-km region, associated with the export of food crops produced within the
80-km region and with the atmospheric and hydrospheric transport of the more
mobile effluent species, such as noble gases, tritium, and carbon-14, are taken
into consideration for the purpose of meeting the requirements of the National
Environmental Policy Act, 1969 (NEPA). This appendix describes the methods used
to make these NEPA-population dose estimates.

1. Iodines and Particulates Released to the Atmosphere

Effluent nuclides in this category deposit onto the ground as the effluent moves
downwind; thus the concentration of these nuclides remaining in the plume is
continuously being reduced. Within 80 km of the facility, the deposition model
in RG 1.111, Revision 1, is used in conjunction with the dose models in RG 1.109,
Revision 1. Site-specific data concerning production and consumption of foods
within 80 km of the reactor are used. For estimates of population doses beyond
80 km, it is assumed that excess food not consumed within the 80-km area would
be consumed by the population beyond 80 km. It is further assumed that none,
or very few, of the particulates released from the facility will be transported
beyond the 80-km distance; thus, they will make no significant contribution to
*the population dose outside the 80-km region, except by export of food crops.
This assumption was tested and found to be reasonable for the Braidwood Station.

2. Noble Gases. Carbon-14, and Tritium Released to the Atmosphere

For locations within 80 km of the reactor facility, exposures to these effluents
are calculated with a constant mean wind-direction model according to the guid-
ance provided in RG 1.111, Revision 1, and the dose models described in RG 1.109,
Revision 1. For estimating the dose commitment from these radionuclides to the
U.S. population residing beyond the 80-km region, two dispersion regimes are
considered. These are referred to as the first-pass-dispersion regime and the
world-wide-dispersion regime. The model for the first-pass-dispersion regime
estimates the dose commitment to the population from the radioactive plume as
it leaves the facility and drifts across the continental U.S. toward the north-
eastern corner of the U.S. The model for the world-wide-dispersion regime
estimates the dose commitment to the U.S. population after the released radio-
nuclides mix uniformly in the world's atmosphere or oceans.

(a) First-Pass Dispersion

For estimating the dose commitment to the U.S. population residing beyond the
80-km region as a result of the first pass of radioactive pollutants, it is
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I
assumed that the pollutants disperse in the lateral and vertical directions I
along the plume path. The direction of movement of the plume fs assumed to
be from the facility toward the northeast corner of the U.S. The extent of
vertical dispersion is assumed to be limited by the ground plane and the stable
atmospheric layer aloft, the height of which determines the mixing depth. The
shape of such a plume geometry can be visualized as a right cylindrical wedge
whose height is equal to the mixing depth. Under the assumption of constant
population density, the population'dose associated with such a plume geometry
is independent of the extent of lateral dispersion, and is only dependent upon
the mixing depth and other nongeometrical related factors (NUREG-0597). The
mixing depth is estimated to be 1000 m, and a uniform population density of
62 persons/kM2 is assumed along the plume path, with an average plume-transport
velocity of 2 m/s.

The total-body population-dose commitment from the first pass of radioactive
effluents is due principally to external exposure from gamma-emitting noble
gases, and to internal exposure from inhalation of air containing tritium and
from ingestion of food containing carbon-14 and tritium..

(b) World-Wide Dispersion

For estimating the dose commitment tothe U.S. population after the first-pass,
world-wide dispersion is assumed. Nondepositing radionuclides with half-lives
greater than 1 year are considered. Noble gases and carbon-14 are assumed to
mix uniformly in.the-world's atmosphere (3.8 x 1018 mi3), and radioactive decay
is taken into consideration. The world-wide-dispersion model estimates the
activity of each nuclide at the end of a 20-year release period (midpoint of
reactor life) and estimates. the annual population-dose.commitment at that time,
taking into consideration radioactive decay and physical removal mechanisms.
(for example., carbon-14 is gradually removed to the world"s oceans). The
total-body population-dose commitment from the noble gases is due mainly to
external exposure from gamma-emitting nuclides, whereas from carbon-14 it is
due mainly to internal exposure from ingestion offood containing carbon-14.

The population-dose commitment as.a result of tritium releases is estimated
in a manner similar to that for carbon-14, except that after the first pass,
all the tritium is assumed to be immediately distributed in the world's ci.rcu-
lating water volume (2.7 x 1018 M3 ) including the top 75 m of-the seas. and.
oceans, as well as the rivers and atmospheric moisture. The concentration of
tritium in the world's circulating water is estimated at the time after 20 years
of.releases have occurred, taking into consideration radioactive decay; the.
population-dose commitment estimates are based on the incremental concentration
at that time. The total-body population-dose commitment from tritium is due
mainly to .internal exposure from the consumption of food.

3. Liquid Effluents'

Population-dose commitments due to effluents in the receiVing water within 80 km
of the facility are calculated as described in RG 1.109, Revision 1. It is
assumed that no depletion by sedimentation of the nuclides present in the receiv-
ing water occurs within 80 1m. It also is assumed that aquatic biota concen-
trate radioactivity in the same, manner as was assumed for the ALARA evaluation
for the maximally exposed indivlidual. However, food-consumption values appro-
priate for the average, rather than the maximum, individual are used. It is
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further assumed that all the sport and commercial fish and shellfish caught
within the 80-km area are eaten by the U.S. population.

Beyond 80 km, it is assumed that all the liquid-effluent:nuclides except tritium
have deposited on the sediments so that they make no further contribution to
population exposures. The tritium is assumed to mix uniformly in the world's
circulating water volume and to result in an exposure to the U.S. population
in the same manner as discussed for tritium in gaseous effluents.

4. References

U.S. Nuclear Regulatory Commission, NUREG-0597, K. F. Eckerman, et al., "User's
Guide to GASPAR Code," June 1980.

--- , RG 1.109, "Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix I," Revision 1, October 1977.

--- , RG 1.111, "Methods for Estimating Atmospheric.Transport and Dispersion of
Gaseous Effluents in Routine Releases from Light-Water-Reactors," Revision 1.,
July 1977.
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APPENDIX C

IMPACTS OF THE URANIUM FUEL CYCLE

The following assessment of the environmental impacts of the LWR-supporting
fuel cycle as related to the operation of the proposed project is based on
the values given in Table S-3 of Title 10 of the Code of Federal Regulations,
Part 51(10 CFR 51).(see Table 5.14 in the main body of this report) and
the NRC staff's estimates of radon-222 and technetium-99 releases. For the
sake of consistency, the analysis of fuel-cycle impacts has been cast in terms
of a model 1000-MWe light-water-cooled reactor,(LWR) operating at an annual
capacity factor of 80%. In the following review and evaluation of the environ-
mental impacts of the fuel cycle, the staff's analysis and conclusions would
not be altered if the analysis were to be based on the net electrical power
output of the Braidwood Nuclear Station.

1. Land Use

The total annual land requirement for the fuel cycle supporting a model 1O00-MWe
LWR is about 460,000 m2 (113 acres). Approximately 53,000 m2 (13 acres) per
year are permanently committed land, and 405,000 m3 (100 acres) per year are
temporarily committed. (A "temporary" land commitment is a commitment for the
life of the specific fuel-cycle plant, such as a mill, enrichment plant, or
succeeding plants. On abandonment or decommissioning, such land can be used
for any purpose. "Permanent" commitments represent land that may not be -re-
leased for use after plant shutdown and/or decommissioning.) Of the 405,000 M2

per year of temporarily committed land, 320,000 m2 are undisturbed and 90,000 m2

are disturbed. Considering common classes of land use in the United States,*
fuel-cycle land-use requirements to support the model 1000-MWe LWR do not
represent a significant impact.

2. Water Use

The principal water-use requirement for the fuel cycle supporting a model
1000-MWe LWR is that required to remove waste heat from the power 9tations
supplying electrical energy to the enrichment step of this cycle. Of the
total annual requirement of 43 x 108 ms (11.4 x 109 gal), about 42.x 106 ms
are required for this purpose, assuming that these plants-use once-through
cooling. Other water uses involve the discharge to air (for example, evap-
oration losses in process cooling) of about 0.6 x 106 ms (16 x 107 gal) per
year and water discharged to the ground (for example, mine drainage) of about
0.5 x 10i mS per year.

.On a thermal effluent basis, annual discharges from the nuclear fuel cycle are
about 4% of those from the model 1000•MWe LWR using once-through cooling. The
consumptive water use of 0.6 x 10s ms per year is about!2% of that from the

*A'coal-ftrtd plant of 1OOO-MWe capacity using strip-mined coal requires the
disturbance of about 810o00 op 2 (200 acres) per year for fuel alone.
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m
model 1O00-MWe LWR using cooling towers. The maximum consumptive water use I
(assuming that all plants supplying electrical energy to the nuclear fuel cycle
used cooling towers) would be about 6% of the model 1000-MWe LWR using cooling
towers. Under this condition, thermal effluents would be negligible. The staff.
finds that these combinations of thermal loadings and water consumption are
acceptable relative to the water use and thermal discharges of the proposed
project.

3. Fossil Fuel Consumption

Electrical energy and-process heat are required during various phases of the
fuel-cycle process. The electrical energy is usually produced by the combus-
tion of fossil fuel at conventional power plants. Electrical energy associated
with the fuel cycle represents about 5% of the annual electrical power produc-
tion of the model 1O00"MWe LWR. Process heat is primarily generated by the
combustion of natural gas. This-gas consumption, if used to generate electric-
ity, would be less than 0.3% of the electrical output from the model plant.
The staff finds that the direct and indirect consumptions of electrical energy
for fuel-cycle operations are small and acceptable relative to the net power
production of the proposed project.

4.- Chemical Effluents

The quantities of chemical, gaseous, and particulate effluents associated with I
fuel-cycle processes are given in Table S-3. The principal species are sulfur
oxides, nitrogen oxides, and particulates. On the basis of data in a Council
on Environmental Quality report (CEQ, 1976), the staff finds that these emis-
sions constitute an extremely small additional atmospheric loading in compar-
ison with the same emissions from the stationary fuel-combustion and transpor-
tation sectors in the U.S.; that is, about 0.02% of the annual national releases
for each of these species. The staff believes that such small increases in
releases of these pollutants are acceptable.

Liquid chemical effluents produced in fuel cycle processes are related to fuel-
enrichment, -fabrication, and -reprocessing operations and may be released to
receiving waters. These effluents are usually present in dilute concentrations
such that only small amounts of dilution water are required to reach levels of
concentration that are within established standards. The flow of dilution water
required for specific constituents is specified in Table S-3. Additionally, all
liquid discharges into the navigable waters of the U.S. from plants associated
with the fuel-cycle operations will be subject to requirements and limitations
set forth in the NPDES permit.

Tailings solutions and solids are generated during the milling process. These
solutions and solids are not released in quantities sufficient to have a sign-
ificant impact on the environment..

5. Radioactive Effluents

Radioactive effluents estimated to be released to the environment from repro-
cessing and waste-management activities and certain other •phases of the fuel-
cycle process are set forth in Table S-3. Using these data, the staff has
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calculated for 1 year of operation of the model 1000-MWe LWR, the 100-year
environmental dose commitment*.to the U.S. population from the LWR-supporting
fuel cycle. Dose commitments are-provided in this section for exposure to
four categories of radioactive releases: (1) airborne effluents that are
quantified in Table S-3 (that is, all radionuclides except radon-222 and
technetium-99), (2) liquid effluents that are quantified in Table S-3 (that
is, all radionuclides except technetium-99); (3) the staff's estimates of.
radon-222 releases; and (4) the staff's estimate of technetium-99 releases.
Dose commitments from the first two categories are also described in a pro-.
posed explanatory narrative for Table S-3, which was published in the
Federal Register on March 4, 1981 (46 FR 15154-15175).

Airborne Effluents

Population dose estimates for exposure to airborne effluents are based on the
annual releases listed in Table S-3, using an environmental dose commitment
(EDC) time of 100 years.* The computational code used for these estimates
is the RABGAD code originally developed for use in the "Generic Environmental
Impact Statement on the Use of Mixed Oxide Fuel in Light-Water-Cooled Nuclear
Power Plants," GESMO (NUREG-0002, Chapter IV, Section J, Appendix A). Two
generic sites are postulated for the points of release of the airborne efflu-
ents: (1) a site in the midwestern United States for releases from a fuel
reprocessing plant and other facilities, and (2) a site in the western United
States for releases from milling and a geological repository.

The following environmental pathways were considered in estimating doses:
(1) inhalation and submersion in the plume during its initial passage;
(2) ingestion of food; (3) external exposure from radionuclides deposited on
soil; and (4) atmospheric resuspension of radionuclides deposited on soil.
Radionuclides released to the atmosphere from the midwestern site are assumed
to be transported with a mean wind speed of 2 m/sec over a 2413-km (1500-mile)"
pathway from the midwestern United States to the northeast corner of the United
States, and deposited on vegetation (deposition velocity of 1.0 cm/sec) with
subsequent uptake by milk- and meat-producing animals. No removal mechanisms
are assumed during the first 100 years, except normal weathering from crops
to soil (weathering half-life of 13 days). Doses from exposure to carbon-14
were estimated using the GESMO model to estimate the dose to U.S. population
from the initial passage of carbon-14 before it mixed in the world's carbon
pool. The model developed by Killough (1977) was used to estimate doses from
exposure to carbon-14 after it mixed in the world's carbon pool.

In a similar manner, radionuclides released from the western site were assumed
to be transported over a 3218-km (2000-mile) pathway to the northeast corner
of the United States. The agricultural characteristics that were used in com-
puting doses from exposure to airborne effluents from the two generic sites
are described in GESMO (NUREG-0002, page IV J(A)-19). To allow for an increase

*The 100-year environmental dose commitment is the integrated population dose
for 100 years; that is, it represents the sum of the annual population doses
for a total of 100 years.

**Here and elsewhere in this narrative, insignificant digits are retained for
purposes of internal consistency in the model.
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in population, the population densities used in this analysis were 50% greater
than the values used in GESMO (NUREG-0002, page IV J(A)-19).

Liquid Effluents

Population dose estimates for exposure to liquid effluents are based on the
annual releases listed in Table S-3 and the hydrological model described in
GESMO (NUREG-0002,.pages IV J(A)-20, -21, and -22). The following environ-
mental pathways were considered in estimating doses: (1) ingestion of water
and fish; (2) ingestion of food (vegetation, milk, and beef) that .had been
produced through irrigation; and (3) exposure from shoreline, swimming, and .
boating activities.

It is estimated.from these calculations that the overall total-body dose com-
mitment to the U.S. population from exposure to gaseous releases from the fuel
cycle (excluding reactor releases and the dose commitment due to radon-222 and
technetium-99) would be approximately 450 person-rems to the total body for
each year of operation of the model 1000-MWe LWR (reference reactor year, or m
RRY). Based on Table S-3 values, the additional total-body dose commitments to
the U.S. population from radioactive liquid effluents (excluding technetium-99)
as a result of all fuel-cycle operations other than reactor operation would be I
about 100 person-rems per year of operation. Thus, the.estimated 100-year
environmental dose commitment to the U.S. population from radioactive gaseous
and liquid releases due to these portions of the fuel cycle is about
550 person-rems to the.total body (whole body) per RRY.

Because there are higher dose commitments to certain organs (for example, lung,
bone, and thyroid) than to the total body, the total risk of radiogenic cancer I
is .not addressed by the total body dose commitment alone. Using risk estimators
of 135, 6.9, 22, and 13.4 cancer deaths per-million person-rems for total-body,
bone, lung., and thyroid exposures, respectively, it is.possible to estimate the I
total body risk equivalent dose for certain organs (NUREG-0002, Chapter IV, Sec-
tion J, Appendix B). The sum of the total body risk equivalent dose from those
organs was estimated to be about 100 person-rems. When added to the above value,
the total 100-year environmental dose commitment would be about 650 person-rems
(total body risk equivalent dose) per RRY (Section 5.9.3.1.1 describes the
health effects models in more detail). I
Radon-222

At this time the quantitites of radon-222 and technetium-99 releases are not
listed in Table S-3. Principal radon releases occur during mining and milling
operations and as emissions from mill tailings, whereas principal technetium-99
releases occur from gaseous diffusion enrichment facilities. The staff has
determined that radon-222 releases per RRY from these operations are as given I
in Table C-i. The staff has calculated population-dose commitments for these
sources of radon-222 using the RABGAD computer code described in Volume 3 of
NUREG-0002 (Chapter IV, Section J, Appendix A). The results of these calcula-
tions for mining and milling activities prior to tailings stabilization are
listed in Table C-2.
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Table C-1 Radon releases from mining and milling operations and
mill tailings for each year of operation of the model
lO00-MWe LWR*

Radon source Quantity released

Mining" 4060 Ci

Mi.lling and tailings*** (during active mining) 780 Ci

Inactive tailings*** (before stabilization) 350 Ci

Stabilized tailings*** (several hundred years) 1 to 10 Ci/year

Stabilized tailings*** (after several hundred years) 110 Ci/year

*After 3 days of hearings before the Atomic Safety and Licensing
Appeal Board (ASLAB) using the Perkins record in a "lead case"
.approach, the ASLAB issued a decision on May 13, 1981 (ALAB-640) on
the radon-222 release source term for the uranium fuel cycle. The
decision, among other matters, produced new source term numbers based
on the record developed at the hearings. These new numbers did not
differ significantly from those in the Perkins record, which are the
values set forth in this table. Any health effects relative to
radon-222 are still under consideration before the ASLAB. Because
the source term numbers in ALAB-640 do not differ significantly from
those in the Perkins record, the staff continues to conclude that
both the dose commitments and health effects of the uranium fuel

.cycle are insignificant when compared to dose commitments and poten-
tial health effects to the U.S. population resulting from all.natural
background sources. Subsequent to ALAB-640, a second ASLAB decision
(ALAB-654, issued September 11, 1981) permits intervenors a 60-day
period to challenge thejPerkins record on the potential health
effects of. radon-222 emissions

**R. Wilde, NRC transcript of direct testimony Oiven "In the Matter of
Duke Power Company (Perkins Nuclear Station),' Docket-No. 50-488,
April 17, 1978.

***P. Magno, NRC transcript of direct testimony given "In the Matter of
Duke Power Company (Perkins Nuclear Station)," Docket No. 50-488,
April 17, 1978.

The staff has considered the health effects associated.with the releases of
radon-222, including both the short-term effects of mining and milling and
active tailings, and the potential long-term effects from unreclaimed open-pit
mines and stabilized tailings, The staff has assumed that after completion of
active mining, underground mines will be sealed, returning releases of radon-222
to background levels. For purposes of providing an upper bound impact assess-
ment, the staff has assumed that open-pit mines will be unreclaimed and has
calculated that if all ore were produced from open-pit mines, releases from
them would be 110Ci per RRY. However, because the distribution of uranium-
ore reserves available by conventional mining methods is 66% underground and
34% open pit (U.S. Department of Energy, 1978), the staff has further assumed
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Table C-2 Estimated 100-year environmental dose commitment
per year of operation of the model 1000-MWe LWR

Environmental dose commitments
(person rems)

Total body
Lung risk

Radon-222 Total (bronchial equivalent
Radon source releases (Ci) body Bone epithelium) dose

Mining 4100 110 2800 2300 630

Milling and
active
tailings 1100 29 750 620 170

Total 5200 140 3600 2900 800

that uranium to fuel LWRs will be produced by conventional mining methods in
these proportions. This means that long-term releases from unreclaimed open-
pit mines will be 0.34 x 110 or 37 Ci per year per RRY.

Based on a value of 37 Ci per year per RRY for long-term releases from unre-
claimed open-pit mines, the radon released from unreclaimed open-pit mines
over 100- and 1000-year periods would be about 3700 Ci and 37,000 Ci per RRY,
respectively. The environmental dose commitments for a 100- to 1000-year
period would be as shown in Table C-3.

These commitments represent a worst-case situation in that no mitigating circum-
stances are assumed. However, state and Federal laws currently require reclama-
tion of strip and open-pit coal mines, and it is very probable that similar
reclamation will be required for open-pit uranium mines. If so, long-term
releases from such mines should approach background levels.

I
I
I
I
I
I
I
I
I
I

I
Table C-3 Estimated 100-year environmental dose commitments from

unreclaimed open-pit mines for each year of operation
of the model 1000-MWe LWR

I
Environmental dose commitments

(person rems)
Total body

Lung risk
Time span Radon-222 Total (bronchial equivalent
(years) releases (Ci) body Bone epithelium) dose

100 3,700 96 2,500 2,000 550
500 19,000 480 13,000 11,000 3,000

1,000 37,000 960 25,000 20,000 5,500

I
I
I
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For long-term radon releases from stabilized tailings piles, the staff has
assumed that these tailings would emit, per RRY, 1 Ci per year for 100 years,
10 Ci per year for the next 400 years, and 100 Ci per year for periods beyond
500 years. With these assumptions, the cumulative radon-222 release from
stabilized-tailings piles per RRY would be 100 Ci in 100 years, 4090 Ci in
500 years, and 53,800 Ci in 1000 years (Gotchy, 1978). The total-body, bone,
and bronchial epithelium dose commitments for these periods are as shown in
Table C-4.

Table C-4 Estimated 100-year environmental dose commitments from
stabilized-tailings piles for each year of operation
of the model 1000-MWe LWR

Environmental dose commitments
(person rems) Total body

risk
Lung equivalent

Time span Radon-222 Total (bronchial dose (person
(year) releases (Ci) body Bone epithelium rems)

100 100 2.6 68 56 15
500 4,090 110 2,800 2,300 630

1,000 53,800 1,400 37,000 30,000 8,200

Using risk estimators of 135, 6.9, and 22 cancer deaths per million person-rems
for total-body, bone, and lung exposures, respectively, the estimated risk of
cancer mortality resulting from mining, milling, and active-tailings emissions
of radon-222 (that is, Table C-2) is about 0.11 cancer fatality per RRY. When
the risks from radon-222 emissions from stabilized tailings and from reclaimed
and unreclaimed open-pit mines are added to the value of 0.11 cancer fatality,
the overall risks of radon-induced cancer fatalities per RRY are as follows:

0.19 fatality for a 100-year period
2.0 fatalities for a 1000-year period

These doses and predicted health effects have been compared with those that can
be expected from natural-background emissions of radon-222. Using data from
the National Council on Radiation Protection (NCRP, 1975), the staff calculates
the-average radon-222 concentration in air in the contiguous United States to
be about 150 pCi/m 3 , which the NCRP estimates will result in an annual dose to
the bronchial epithelium of 450 millirems. For a stabilized future U.S; popula-
tion of 300 million, this represents a total lung-dose commitment of 135 million
person-rems per year. Using the same risk estimator of 22 lung-cancer fatal-
ities per million person-lung-rems used to predict cancer fatalities for the
model 1000-MWe LWR, the staff estimates that lung-cancer, fatalities alone from
background radon-222 in the air can be calculated to be about 3000 per year,
or 300,000 to 3,000,000 lung-cancer deaths over periodc of 100 to 1000 years,
respectively.
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Current .NRC regulations (10 CFR 40, Appendix A) require that an earth cover not
less than 3 meters in depth be placed over tailings to reduce the Rn-222 emana-
tion from the disposed tailings to less than 2 pCi/m 2 -sec, on a calculated basis
above background. In October 1983, the U.S. Environmental Protection Agency
(EPA) published environmentalVstandards for the disposal of uranium and thorium
mill tailings at licensed commercial processing sites (EPA 1983). The EPA re-
gulations (40 CFR 192) require that disposal be designed to limit Rn-222 emana-
tion.to less than.20 pCi/m 2 -sec, averaged over the surface of the disposed tail-
ings. The NRC Office of Nuclear Material Safety and Safeguards is reviewing
its regulations for tailings disposal to ensure that they conform with the EPA
regulations. Although a few of the dose estimates in this appendix would change I
if NRC adopts EPA's higher Rn-222 flux limit for disposal of tailings, the basic
conclusion of this appendix should still be valid. That conclusion is: "The
staff concludes that both the dose commitments.and health effects of the LWR-
.supporting uranium fuel cycleare very small when compared with dose-commitments
.and potential health effects to the U.S. population.resulting from all natural-
background sources:." I
Technetium-99

The staff has calculated the potential 100-year e'vironmental dose commitment
to the U.S. population from the release of technet ium-99. These calculations
are based.on the gaseous and the hydrological patiway model systems described
in Volume 3 of NUREG-0002 (Chapter IV, Section J., Appendix A) and are described
in more detail in the staff's testimony at the operating license hearing for
the Susquehanna Station (Branagan and Struckmeyer, 1981). The gastrointestinal
tract and the kidney are the body organs that receive the highest doses from
exposure to technetium-99. The total body dose is estimated at less than 1 I
person-rem per RRY and the total body risk equivalent dose is estimated at less
than 10 person-rems per RRY.

Summary of Impacts

The potential radiological impacts of the supporting fuel cycle are summarized
in Table C-5 for an environmental dose commitment time of 100 years. For an
environmental dose commitment time of 100 years, the total body dose to the
U.S. population is about 790 person-rems per RRY, and the corresponding total
body risk equivalent dose is about 2000 person-rems per RRY. In a similar I
manner, the total body dose to the U.S. population is about 3000 person-rems
per RRY, and the corresponding total body risk equivalent dose is about 15,000
person-rems per RRY using a 1000-year environmental dose commitment time.

Multiplying the total body risk equivalent dose of 2000 person-rems per RRY by
the preceding risk estimator of 135 potential cancer deaths per million person-
rems, the staff estimates that about 0.27 cancer death per RRY may occur in
the U.S. population as a result of exposure to effluents from the fuel cycle.
Multiplying the total body dose of 790 person-rems per RRY by the genetic risk
estimator of 258 potential cases of all forms of genetic disorders per million
person-rems, the staff estimates that about 0.20 potential genetic disorder
per RRY may occur in all future generations of the population exposed during
the 100-year environmental dose commitment time. In a similar manner, the
staff estimates that about 2 potential, cancer deaths per RRY and about 0.8
potential genetic disorder per RRY may occur using a 1000-year environmental
.dose commitment time..
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Table C-5 Summary of 100-year environmental dose commitments per year
Qf operation of the model 1O00-tMWe light-water reactor

Total body
risk

Total body equivalent
Source (person-reis) (person-rems)

All nuclides in Table S-3 except radon-222
and technetium-99 550 650

Radon-222
Mining, milling, and active tailings,
5200 Ci 140 800

Unreclaimed open-pit mines, 3700 Ci 96 550

Stabilized tailings, 100 Ci 3 15

Technetium-99, 1.3 CI* <1 <10

Total 790 2000

*Dose commitments are based on the "prompt" release of 1.3 Ci/RRY. Additional
releases of technetium-99 are estimated to occur at a rate of 0.0039 Ci/yr/RRY
after 2000 years of placing wastes in a high-level-waste repository.

Some perspective can be gained by comparing the preceding estimates with those
from naturally occurring terrestrial and cosmic-ray sources. These average
about 100 millirems. Therefore, for a stable future population bf 300 million
persons, the whole-body dose commitment would be about 30 million person-rems
per year, or 3 billion person-rems and 30 billion person-rems for periods of
100 and 1000 years, respectively. These natural-background dose commitments
could produce about 400,000 and 4,000,000 cancer deaths and about 770,000 and
7,700,000 genetic disorders, during the same time periods. From the above
analysis, the staff concludes that both the dose commitments and health effects
of the LWR-supportlng uranium fuel cycle are very small when compared with
dose commitments and potential health effects to the U.S. population resulting
from all natural-background sources.

6. Radioactive Wastes

The quantities of burled radioactive waste material (low-level, high-level,
and transuranic wastes) associated with the uranium fuel cycle are specified
in Table S'3. For low-level waste disposal at land-burial facilities, the
Commission notes in Table S-3 that there will be no significant radioactive
releases to the environment. The Commission notes that high-level and trans-
uranic wastes are to be buried at a Federal repository and that no release to
the environment is associated with such disposal. NUREG-0116, which provides
background and context for the high-level and transuranic waste values in
Table S-3 established by the Commission, indicates that these high-level and
transuranic wastes will be buried and will not be released to the biosphere.
No radiological environmental impact is anticipated from such disposal.
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7. Occupational Dose

The annual occupational dose attributable to all phases of the fuel cycle for
the model 1000-MWe LWR is about 200 person-rems. The staff concludes that this
occupational dose will have a small environmental impact.

8. Transportation

The transportation dose to wcrkers and the public is specified in Table S-3.
This dose is small in comparison with the natural-background dose.

9. Fuel Cycle

The staff's analysis of the uranium fuel cycle did not depend on the selected I
*fuel cycle (no recycle or uranium-only recycle), because the data provided in
Table S-3 include maximum recycle-option impact for each element of the fuel
cycle. Thus the staff's conclusions as to acceptability of the environmental
impacts of the fuel cycle are not affected by the specific fuel cycle selected.
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APPENDIX D

EXAMPLES OF SITE-SPECIFIC.DOSE ASSESSMENT CALCULATIONS

1. Calculational Approach

As mentioned in the main body of this report, the quantities of radioactive
material that may'be released annually from the Braidwood facility are esti-
mated on the basis of the description of the design and operation of the rad-
waste systems as contained in the applicant's FSAR and by using the calculative
models and parameters described in NUREG-0017. These estimated effluent release
values for normal operation, including anticipated operational occurrences,
along with the applicant's site and environmental data in the ER and in subse-
quent answers to staff questions, are used in the calculation of radiation doses
and dose commitments.

The models and considerations for environmental pathways that lead to estimates
of radiation doses and dose commitments to individual members of the public
near the plant and of cumulative doses and dose commitments to the entire pop-
ulation within an 80-km (50-mi) radius of the plant as a result of plant opera-
tions are discussed in detail in RG 1.109, Revision 1. Use of these models
with additional assumptions for environmental pathways that lead to exposure
to the general population outside the 80-km radius is described in Appendix B
of this statement.

The calculations performed by the staff for the releases to the atmosphere and
hydrosphere provide total integrated dose commitments to the entire population
within 80 km of this facility based on the projected population distribution
in the year 2000. The dose commitments represent the total dose that would be
received over a 50-year period, following the intake of radioactivity for 1 year
under the conditions existing 20 years after the station begins operation (that
is, the mid-point of station operation). For younger persons, changes in organ
mass and metabolic parameters with age after the initial intake of radioactivity
are accounted for.

.2. Dose Commitments from Radioactive Effluent Releases

The staff's estimates of the expected gaseous and particulate releases,.con-
tinuous and periodic (listed in Table D-1), along with the site meteorological
considerations (summarized in Table D-2) were used to estimate radiation doses
and dose commitments for airborne effluents. Individual receptor locations and
pathway locations considered for the maximally exposed individual in these
calculations are listed in Table D-3.

Three years of meteorological data were used in the calculation of concentra-
tions of effluents. The calculation followed guidance given in RG.1.111,
Revision 1. Onsite meteorological data collected from January 1979 through
December 1982, with wind speed and direction measured at an elevation of 62 m
and vertical temperature gradient measured between 9.1 and 61 m, were used as
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Table 0-1 Calculated releases of radioactive materials in gaseous effluents from

the Braidwood Station Units 1 and 2 (Cl/yr/reactor)

Building ventilation
Gas stripping Air-ejector

Reactor Auxiliary Turbine exhaust
Nuclide Periodic Continuous (periodic) (continuous) (continuous) (continuous) Total

Ar-41 a a 25 a a a 25
Kr-83m a a a a a a a
Kr-85m a a a 3 a 2 5
Kr-85 45 280 65 2 a a 390
Kr-87 a a a 2 a a 2
Kr-88 a a a 5 a 3 8
Kr-89 a a a a a a a
Xe-131m 6 15 23 2 a 2 48
Xe-133m a a. 11 5 a 3 19
Xe-133 71 94 1900 420 a 260 2700
.Xe-135m a a a a a .a a
Xe-135 a a 3 9 a 6 18
Xe-137 a a a a a a a
Xe-138 a a a 1 a a 1

Total
noble gases 3200.

Mn-54 b 0.0045 b 0.00018 b b 0.0047
Fe-59 b 0.0015 b 0.00006 b b 0.0016
Co-58 b 0.015 b 0.00060 b b 0.016
Co-60 b 0.007 b 0.00027 b b 0.0073
Sr-89 b 0.00033 b 0.000013 b b 0.00034
Sr-90 b 0.00006 b 0.0000024 b b 0.00006
Cs-134 b 0.0045 b 0.00018 b b 0.0047
Cs-137 b 0.0075 b 0.00030 b b 0.0078

Total
particulates 0.043

1-131 c c 0.002 0081 0.001 0.028 0.112
1-133 c c 0.001 0.066 0.001 0.041 0.110
C-14 a 7 1 a a a 8
H-3 - 140 790 - 930

aLess than 1 Cl/yr for noble gases and carbon-14.

bless than 1% of total for nuclide.

CLess than 0.001 Cl/yr.

I
I
I
I
I
I
I

I
Ia measure of atmospheric stability. A straight line Gaussian dispersion model,

corrected for effluent recirculation, was utilized for the routine gaseous
.release dispersion calculation.

The NRC staff estimates of the expected liquid releases (listed in Table D-4),
along with the site hydrological considerations (summarized in Table D-5), were
used to estimate radiation doses and dose commitments from liquid releases.

(a) Radiation Dose Commitments to Individual Members of the Public

As explained in the text, calculations are made for a hypothetical individual
member of the public (that is, the maximally exposed individual) who would be

.expected to receive the highest radiation dose from all pathways that contribute.

I
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Table D-2 Summary of atmospheric dispersion factors (X/Q) and relative
deposition values for maximum site boundary and receptor
locations near the Braidwood nuclear facility*

Relative
Location** Source*** x/Q (sec/m 3 ) deposition (m-2 )

Nearest effluent- A 1.2 x 10-6 3.3 x 10-8
control boundary B 7.1 X 10-7 1.9 x 10-8
(0.61 km N of
Unit 1)

Nearest residence A 9.6 x 10-7 2.6 x 10-8
and garden (0.81 km B 5.2 x 10-7 1.4 x 10-8
N of Units 1 and
2)

Nearest milk cow A 2.0 x 1O-7 2.2x 10x 9
(3.7 km ESE of B 6.9 x 10-8 7.7 x 10-10
Units 1 and 2)

Nearest meat animal A 2.4 x I0-7 2.1x x0-9
(3.9 km N of Units 1 B 9.8 x 10-8 8.7 x 10-10
and 2)

*The values presented in this table are corrected for radioactive decay and

cloud depletion.from deposition, where appropriate, in accordance with
Regulatory Guide 1.111, Rev. 1, "Methods for Estimating Atmospheric Trans-
port and Dispersion of Gaseous Effluents in Routine Releases from Light
Water Reactors," July 1977.

**"Nearest" refers to that type of location where the highest radiation dose
is expected to occur from all appropriate pathways.

***Sources:

A - Reactor-building stack, Unit 1 or 2, and gas stripping exhaust, Unit 1
or 2, intermittent release, 20 releases per year, eight hours each
release.

B - Auxiliary-building exhaust stack, Unit 1 or 2, turbine-building-
ventilation exhaust, Unit 1 or 2, gas stripping exhaust, Unit 1 or 2,
and main-condenser air-ejector exhaust, Unit 1 or 2, continuous release.

This method tends to overestimate the doses because assumptions are made that
would be difficult for a real individual to fulfill.

The estimated dose commitments to the individual who is subject to maximum
exposure at selected offsite locations from airborne releases of radioiodine
and particulates, and waterborne releases are listed in Tables D-6, D-7, and
D-8. The maximum annual total body and skin dose to a hypothetical individual
and the maximum beta and gamma air dose at the site boundary are presented in
Tables D-6, D-7, and 0-8.

The maximally exposed individual is assumed to consume well above average
quantities of the potentially affected foods and to spend more time at poten-
tially affected locations than the average person as indicated in Tables E-4
and E-5 of Revision 1 of RG 1.109.
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Table D-3 Nearest pathway locations used for maximally exposed
individual dose commitments for the Braidwood nuclear
facility

Location Sector Distance (km)

Nearest effluent-control N 0.61
boundary*

Residence and garden** N 0.81

Milk cow ESE 3.7

Meat animal. N 3.9

*Beta and gamma air doses, total body doses, and skin doses from noble gases
are determined at the effluent-control boundaries in the sector where the
maximum potential value is likely to occur.

**Dose pathways including inhalation of atmospheric radioactivity, exposure

to deposited radionuclides, and submersion in gaseous radioactivity are
evaluated at residences. This particular location includes doses from

-vegetable consumption as well.

(b) Cumulative Dose Commitments to the General Population

Annual radiation dose commitments from airborne and waterborne'radioactive
releases from the Braidwood facility are estimated for two populations in the
year 2000: (1) all members of the general public within 80 km (50 mi) of the
station (Table D-7) and (2) the entire U.S. population (Table D-9). Dose
commitments beyond 80 km are based on the assumptions discussed in Appendix B.
For perspective, annual background radiation doses are given in the tables for
both populations.
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Appendix I," Revision 1, October 1977.

RG 1.111, "Methods for Estimating Atmospheric Transport and Dispersion of
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Table D-4 Calculated release of radioactive materials in
liquid effluents from Braidwood nuclear facility,
Units I and 2

Nuclide Ci/yr/reactor Nuclide Ci/yr/reactor

Fission Products

Br-93
Rb-86
Rb-88
Sr-89
Sr-91

Y-91m
Mo-99
Tc-99m
Ru-103
Ru-106

Ag-110m
Te-127
Te-129m
Te-129
1-130

Te-131m
Te-131
1-131
Te-132
1-132

1-133
1-134
Cs-134
1-135
Cs-136

Cs-137
Ba-137m
Ce-144

0.00054
0.00021
0.034
0.00011
0.00011

0.00012
0.023
0.065
0.00015
0.0024

0.00044
0.00035
0.00035
0.0022
0.00069

0.00053
0.0021
0.1522
0.0061
0.039

0.15
0.0022
0.073
0.045
0.027

0.064
0.038
0.0052

Corrosion and Activation

Cr-51
Mn-54
Fe-55
Fe-59
Co-58

Co-60
Zr-95
Nb-95
Np-239

All Others*

Total (except tritium)

Tritium

Products
.0.00047
0.00110
0.00040
0.00028
0.008

0.0092
0.0014
0.002
0.00025

0.00059

0.73

710

*Nuclides with
ually listed,

release rates less than 10 pCi/yr/reactor
but are included in this category.

are not individ-

--- , RG 1.113, "Estimating Aquatic Dispersion of Effluents from Accidental and
Routine Reactor Releases for the Purpose of Implementing Appendix I," April
1977.
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Table.D-5 Summary'of hydrologic transport and
dispersion for liquid releases from
the Braidwood facility*

Transit time Dilution
Location (hours) factor

Nearest drinking-water intake 80 250
(Peoria, Illinois)

Nearest sport-fishing location 0 90
(discharge area)**

Nearest shoreline 0 5.
(bank of Kankakee River
near discharge area)

*See Regulatory Guide 1.113, "Estimating Aquatic
Dispersion of Effluents from Accidental and-Routine
Reactor Releases for the Purpose of Implementing
Appendix I," April 1977.

**Assumed for purposes of an upper-limit estimate;

detailed information not available.

I
I
I
I
I
I

I
I
I
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Table D-6 Annual dose commitments to a maximally exposed
individual near the Braidwood nuclear station

Location Pathway Doses (mrems/yr per unit, except as noted)

Noble gases in gaseous effluents

Total Gamma air dose Beta air dose
body Skin (mrads/yr/unit) (mrads/yr/unit)

Nearest* site Direct radiation a a <0.10 0.12
boundary (0.61 km from plume
N)

Iodine and particulates in gaseous effluents**

Total body Organ

Nearest*** site Ground deposition 0.17 (T) 0.17 (C) (thyroid)
boundary (0.61 km Inhalation a (T) a (C) (thyroid)
N)
Nearest residence Ground deposition 0.13 (C) 0.13 (C) (thyroid)
and garden (0.81 km Inhalation a (C) a (C) (thyroid)
N) Vegetable consumption 0.20 (C) 0.72 (C) (thyroid)

Nearest milk cow Ground deposition a (I) a (I) (thyroid)
(3.7 km ESE) Inhalation a (I) a (I) (thyroid)

Vegetable consumption a (I) a (I) (thyroid)
Cow milk consumption a (I) 0.84 (I) (thyroid)

Nearest meat animal Meat consumption a (C) a (C) (bone)
(3.9 km N)

Liquid effluents**

Total body Organ

Nearest fish at Fish consumption 0.2 (A) 0.2 (A) (liver)
plant-discharge
area

Nearest shore access Shoreline recreation a (A) a (A) (liver)
near plant-discharge
area

*"Nearest" refers to that site boundary location where the highest radiation doses as a
result of gaseous effluents have been estimated to occur.

**Doses are for the age group and organ that results in the highest cumulative dose for the
location: A7adult, T=teen, C=child, I=lnfant. Calculations were made for these age groups
and for the following organs: gastrointestinal tract, bone, liver, kidney, thyroid, lung,
and skin.

***IlNearest" refers to the location where the highest radiation dose to an individual from
all applicable pathways has been estimated.

aLess than 0:1 mrem/year.
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Table D-7 Calculated Appendix I dose commitments to a maximally
exposed individual and to the population from operation
of the Braidwood nuclear facility I

Annual dose per reactor unit

Individual

Appendix I Calculated
Category design objectives* doses**

Li quid. effluents
- Dose to total body from all pathways .3 mrems 0.2 mrem

Dose to any organ from all pathways 10 mrems 0.2 mrem
(liver)

Noble-gas effluents (at site boundary)
Gamma dose in air 10 mrads a
Beta dose in air 20 mrads 0.1 mrad
Dose to total body of an individual 5 mrems b
Dose to.skin of an individual 15 mrems b

Radioiodines and particulates***
.Dose to any organ from all pathways 15 mrems 0.9 mrem

(thyroid)

Population dose within
80 km (person-rems)

Total body Thyroid

Natural-background radiationt 520,000
Liquid effluents 5.2 2.4
Noble-gas effluents 0.58 0.58
Radi.oiodine and particulates 28 31

*Design objectives from Sections II.A, II.B, II.C, and II.D of Appendix I, 10 CFR
Part 50 consider doses to maximally exposed individual and to population per
reactor unit.

"Numerical values in this column were obtained by summing appropriate values in
.Table D-6. Locations resulting in maximum doses are represented here.

***Carbon-14 and tritium have-been added to this category.

t"Natural Radiation Exposure in the United States," U.S. Environmental Protection
Agency, ORP-SID-72-1, June 1972; using the average background dose for Illinois
of 107 mrems/yr, and year 2000 projected population of 4,830,000.
a Less than 0.1 mrad/year.

bLess than 0.1 mrem/year.

I
I

I
I
I
I1
I
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Table 0-8 Calculated RM-50-2 dose commitments to a maximally exposed
individual from operation of the Braidwood nuclear.facility*

Annual dose per site

RM-50-2 design Calculated
Category objectives"* doses

Liquid effluents

Dose to total body or any organ from
all pathways 5 mrems 0.5 mrem

Activity-release estimate, excluding
tritium 10 Ci 1.5 Ci

Noble-gas effluents (at site boundary)

Gamma dose in air 10 mrads 0.1 mrad
Beta dose in air 20 mrads 0.2 mrad
Dose to total body of an individual 5 mrems a
Dose to skin of an individual 15 mrems 0.2 mrem

Radioiodines and particulates***

Dose to any organ from all pathways 15 mrems 1.7 mrems
(thyroid)

I-131.activity release 2 Ci <0.10 Ci

*An optional method of demonstrating compliance with the
Section (II.D) of Appendix I to 10 CFR Part 50.

**Annex to Appendix I to 10 CFR Part 50.

***Carbon-14 and tritium have been added to this category.
aLess than 0.1 mrem/year.

cost-benefit
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Table D-9 Annual total-body population dose commitments,
year 2000 (both units)

U.S. population
dose commitment
(Derson- reins/vr'Cateaorv

Natural background radiation* 26,000,000*

Braidwood Nuclear Station Units 1 and 2
(combined) operation

Plant workers 1000

General public:

Liquid effluents"* 10
Gaseous effluents 56
Transportation of fuel and waste 6

III

I

*Using the average U.S. background dose (100 mrems/yr) and year
2000 projected U.S. population from "Population Estimates and
Projections," Series II, U.S. Department of Commerce, Bureau
of the Census, Series P-25, No. 704, July 1977.

**80-km (50-mi) population dose
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APPENDIX E

RELEASE CATEGORIES AND PROBABILITIES FOR BRAIDWOOD

The NRC staff, licensees, applicants, and contractors have used the methodology
of the Reactor Safety Study (RSS) (NUREG-75/014, formerly WASH-1400) to study
potential severe accidents for several different reactors. For the current
study, the staff examined the features of Braidwood most salient in severe
accidents, together with results developed during the Zion and Indian Point
studies (NUREG-0850), to derive release sequence descriptions and probabilities
.specific to the Braidwood units and site.

The new information and results available for this study reflect the use of
advanced modeling of the processes involved in meltdown accidents., i.e., the
MARCH computer code modeling for transient- and loss-of-coolant-accident (LOCA)-
initiated sequences tnd the CORRAL code. used for calculating magnitudes of
releases accompanying various accident sequences. These codes* have led to a
capability to predict the transient- and small-LOCA-i.nitiated sequences that
was greater than that in WASH-1400 (NUREG-75/014). The improved accident
process models (MARCH and CORRAL) produced some changes in staff estimates of
the release magnitudes (expressed as a fraction of the total core inventory for
various groups of elements) from various accident sequences in NUREG-75/014.
In general, a decrease in iodine and bromine radioisotopes was predicted for
many of the dominant accident sequences; there were some predicted increases in
the release magnitudes for cesium and tellurium isotopes.

The staff recently identified nine release categories that would encompass the
range of expected releases from accidents in large, dry containments (U.S.
pressurized water reactors (PWRs) without ice containments, of which Braidwood
is one). For Braidwood, dominant accident sequences and containment failure
modes were identified that would lead to five of these release categories. The
staff believes that these categories are more valid than the synthetic release
categories defined in WASH-1400 because of the more mechanistic treatment of
the fission product behavior and release. The present study also eliminates
the "smoothing technique" that the Risk Assessment Review Group criticized in
the Lewis Report (NUREG/CR-0400).

Since WASH-1400, the staff has reduced its estimate of the likelihood of an
accident sequence leading to the occurrence of a steam explosion a in the reac-
tor vessel to reflect both experimental and calculative indications that such
explosions are unlikely in those sequences involving small LOCAs and transients.
Furthermore, if such an explosion occurred, there are indications that it would
be unlikely to produce as much energy and the massive missile-caused breach of

*The MARCH code was used in a number of scenarios involving the recovery efforts
and the investigations for the Three Mile Island 2 (TMI-2) accident, as well
as more recent studies of Zion, Indian Point, and other reactors.
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containment as was postulated in WASH-1400. Also, the staff has considerably
reduced its estimate of the likelihood of an accident sequence leading to
containment failture by steam-spike overpressurization--which happens (if it
happens at all) shortly after vessel failure.

For this study, site- and plant-specific accident sequence probabilities were
determined by a review of the Braidwood plant features that affect the probabi-
lity of a core melt, and by incorporating the loss-of-offsite-power frequency
observed for the Braidwood region (Thadani, 1983). The conditional probability
of various containment failure modes, given a certain accident sequence, was
estimated by comparing the Braidwood containment design to designs for which I
the staff and contractors performed extensive analyses (Sheron, 1983). The
containment failure mode and the amount of radionuclides available for release
during and after: containment failure determine the release category, which is
simply a definition of the release time, release duration, amount of energy
released with the material, the warning time, and the release fractions for
each of seven groups of elements (each element of interest will have one or
more radioactive isotopes). The grouping .of the elements is shown in Table 5.8.
Each group consists of elements whose physical and chemical properties as they
relate to release from the core and containment are similar. The staff deter-
mined that the release categories.could be represented by five of the release
categories described in the testimony supporting the Indian Point 2 and 3 study
(Section III.B of Indian Point 2 and 3 Hearing Testimony, by J. Meyer and
W. T. Pratt).. The staff did not identify new release categories explicitly for
Braidwood because an in-depth probabilistic risk assessment (PRA) would be
necessary and a PRA is not required for licensing of the plant. Further, the
staff concluded that the basic containment and reactor design is sufficiently
similar tojthat of Indian Point 2 and 3 that the use of the same release
categories is valid. The phenomena controlling fission product release and
transport in the two designs are predicted to be similar, so the methodology
for the treatment of one should be valid for the other.

Four of the release categories defined in the Indian Point Study were not used
because either they represented a very small fraction of the total risk or the
accident sequence leading to them was not analyzed. For instance, the probabi-
lity for Braidwood that a hydrogen burn would occur without the sprays being
available was determined to be so small (because pumps in two different systems
would have to fail) that the two release categories resulting from that sequence
would contribute very little to the risk and could be dropped from'-further
analysis. On the other hand, no accident-initiating external events were con-
sidered for Braidwood, except a loss of offsite power that could lead to a core
melt. Had external events like earthquakes been considered, another release
category involving early containment collapse might have been added.

The five release categories presented in Table 5.10 and used in the calculations
for this study are designated. B, C, F,.H, and I. They are each described below.
The release category nomenclature is that of the Indian Point Study (Testimony
Section III.B); the PWR accident sequence symbols (see Table E.1) are the same
as those in WASH-1400. The numerical description of the release categories is
presented in Table 5.10.
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Table E.1 Key to PWR accident sequence symbols

Symbol Accident sequence

A Intermediate to large loss-of-coolant accident (LOCA)

D Failure of the emergency core cooling injection system

H Failure of the emergency core cooling recirculation system (not the
same as release category H described in text)

K Failure of the reactor protection system

L Failure of the secondary system steam relief valves and the auxiliary
feedwater system

M Failure of the secondary system steam relief valves and the power
conversion system

Q Failure of the primary system safety relief valves to reclose after
opening

$ A .small LOCA with an equivalent diameter of about 2 to 6 in.

S2 A small LOCA with an equivalent diameter of about h to 2 in.

T Transient event

V Low-pressure injection system check valve failure

Containment rupture resulting from a reactor vessel steam explosion

Containment failure resulting from inadequate isolation of contain-
ment openings and penetrations

• ¥Containment failure resulting from hydrogen burning

6 Containment failure resulting from overpressure

6 Containment vessel melt-through

Release Category B

During the Reactor Safety Study (WASH-1400), a potentially large risk contribu-
tor was identified by examining the configuration of the multiple check valves
used to separate the high-pressure reactor coolant system from the low-pressure.

portions of the emergency core cooling system (ECCS) (i.e., the low-pressure

injection system (LPIS)). If these valves were to fail in various modes (such
as a leak in one and rupture of the other,.or rupture of both).and suddenly
expose the LPIS to high pressure ard dynamic loads, the authors of WASH-1400
concluded that an LPIS rupture would be highly probable. Because most of the
LPIS is located outside the containment, an LPIS rupture likely would provide a.
pathway for the leaking reactor coolant to bypass containment and the mitigating
.features inside containment, like containment spray. This scenario is called
Event V in WASH-1400, and all accident sequences starting with Event V are pre-
dicted to lead to release category B. The authors of WASH-1400 assumed that if
the LPIS rupture did not entirely fail the LPIS makeup function (which would ulti-
mately be needed to prevent core damage), the flooding and steam caused by the
LOCA would. Past release magnitude and consequence calculations for Event V
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have indicated that this sequence represents one of the largest'risk contribu-
tors-for PWRs. The NRC has recognized this finding and has taken steps to
reduce the probability of Event V scenarios in both existing and future LWR
designs by requiring periodic surveillance testing of the interfacing check
valves to ensure that they are properly functioning as pressure boundary isola-
tion barriers during plaht operations. The Braidwood design reflects the con-
cerns about Event V. At Braidwood, the low-pressure system is called the =
residual heat removal system (RHR). The RHR suction valves are two motor-
operated valves per line, designed for full reactor coolant pressure and
equipped with independent interlocks preventing their opening at high pressure.
The RHR discharge lines each have two check valves. The check valve design
permits leak testing, which is judged to reduce the probability of Event V
below that originally predicted. The probability of Event V, as it contributes
to release category B for this study, was conservatively taken to be the upper
end of the range of probabilities calculated for plants with systems similar to
those at Braidwood. m
Another sequence assigned to release category B is a core melt caused by loss
of ac power, followed by a steam spike shortly after vessel failure, which fails
containment. The staff assumes a steam spike could occur about 0.5% of the time
that the core melts after loss of ac power.

Release Category C

For Braidwood, the only containment failure mode in category C is overpressureof containment from steam and noncondensible gas buildup..The accident sequence

leading to. this is the loss of offsite power(which scrams the reactor and
initiates the accident), failure of onsite diesel generators,.failure of the
ac-power-independent auxiliary feedwater pump, and failure to restore offsite
power in time to provide core.and containment cooling and prevent containment
overpressure.

Associated with this could be a reactor coolant pump seal LOCA, since pump seal
cooling would be lost as a result of the loss of component cooling water (which
requires ac power). Assuming that a seal failure occurs within 30 min of loss
of. seal flow, this small LOCA would cause a core melt beginning about 2 hours
after loss~of ac power. Regional data were used to estimate the probability of
loss and nonrestoration of offsite power for Braidwood; the unavailability of.
onsite electric power was taken to be 2 x 10-3 per demand (specific to a plant
with two diesel generators, from NUREG/CR-2497). For this release category,
the probability consistent with nonrestoration.of ac power for 8 hours was used.

Release Category F

Category F includes those containment failures resulting from an early hydrogen
burn with containment sprays still available. About 3% of a variety of core-
melt scenarios for which sprays are still available and for which containment
is not already breached or bypassed are estimated to result, in an early hydrogen
burn of enough energy to fail containment. The probability of the Braidwood
sprays being available is high because they are in a separate system from.the
core cooling system postulated to fail and lead to the core melt. (Thesprimary
possibility for common-cause failure of the two systems, loss of ac power,.is
accounted-for.in release category C.) The containment sprays will reduce the
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amount of airborne fission products available for release when the burn occurs,
so the radionuclide release fractions are less than for release categories B
and C.

Release Category H

Category H includes those accident sequences that lead to basemat melt-through.
A variety of core-melt accidents may lead to containment penetration through
basemat failure: for example, S2 D-8, SD-8, S2H-e, SH-s, AD-&, AH-e, TML-e,
and TKQ-e. Except for the last two, all the listed sequences involve the
potential failure of the ECCS following a LOCA with the containment engineered
safety features continuing to operate as designed until the basemat is pene-
trated. Containment sprays would reduce the containment temperature and pres-
sure as well as the amount of airborne radioactivity. The only containment
penetration would be the basemat melt-through, which would release radionuclides
into the ground with some leakage to the atmosphere occurring upward through the
ground. Release is postulated to occur after about 3 days. The combination of
removal by containment spray and retention in the soil greatly reduces the
released fraction of all types of radionuclides except noble gases. Decay
before release would further lessen the effects of short-lived radionuclides.

About 10% of all core-melt-accident sequences not accounted for by release
categories B, C, and F are assumed to result in release category H.

Release Category I

All core-melt sequences that result in no containment failure are assigned to
category I. The containment is assumed to leak at 1% per day. Containment
sprays are assumed available to reduce the airborne concentration of all
nuclides except noble gases. The probability was taken to be the probability
of all core melts less those accounted for in release categories B, C, F, and H.

For Braidwood, no specific calculation of the probability of all core melts
was made. The design and construction of Braidwood benefitted from considera-
tions of severe accidents and from the information generated from the TMI-2
accident investigations. The probability of all core melts for Braidwood was
assumed to be in the lower end of the range of probabilities determined for
internal events in reactors for which.probabilistic risk assessments were per-
formed. This range is 10-3 to i0-5 per reactor-year; a value of 10-4 per
reactor-year was used for the Braidwood consequence calculations.
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APPENDIX F

CONSEQUENCE MODELING CONSIDERATIONS

F.1 Evacuation Model

"Evacuation," used in the context of offsite emergency response in the event of
substantial amount of radioactivity release to. the atmosphere in a reactor acci-
dent, denotes an early and expeditious movement of people to avoid exposure to
the passing radioactive cloud and/or to acute ground contamination in the wake
of the cloud passage. It should be distinguished from "relocation," which.
denotes a postaccident response to reduce exposure from long-term ground con-
tamination after plume passage. The Reactor Safety Study (RSS) (NUREG-75/014,
formerly WASH-1400) consequence model contains provisions for incorporating
radiological consequence-reduction benefits of public evacuation. The benefits
of a properly planned and expeditiously executed public evacuation would be
manifested in a reduction of early health effects.associated.with early expo-
sure; namely, in the number of cases of early fatality (see Section F.2) and
acute radiation sickness that would require. hospitalization. The evacuation
model originally used in the RSS consequence model is described in WASH-1400 as
well as in NUREG-0340 and NUREG/CR-2300. The evacuation model that has been
used herein is a modified version of the RSS model (Sandia,.1978) and is, to
a :certain extent, site emergency planning oriented. The modified version is
briefly outlined below.

The model uses a circular area with a specified radius (the 16-km (10-mi) plume
exposure pathway emergency planning zone (EPZ)), with the reactor at the center
It is assumed that people living within portions.of this area would evacuate if
an accident should occur involving imminent or actual release of significant
quantities of radioactivity to the atmosphere.

Significant atmospheric releases of radioactivity would in general be preceded
by one or more hours of warning time (postulated as the time interval between
the awareness of impending core melt and-the beginning of the release of
radioactivity from the containment building). For the purpose of calculation
of radiological exposure, the model assumes that all people who live in a fan-
shaped area (fanning out from the reactor) within the circular zone.with the
downwind direction as its median--that is, those people who would potentially
be under the radioactive cloud that would develop following-the release--would
leave their residences after lapse of a specified amount of delay time* and
then evacuate. The delay time is calculated from the beginning .of the warning
time and is recognized as the sum of the time required by the reactor operators
to notify the responsible authorities; the time required by..the authorities to
interpret the data, decide to evacuate, and direct the people to evacuate; and
the time required for the people to mobilize and get under way.

.*Assumed to be a constant value, 1 hour, that would be the same for all evacuees.
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The model assumes that each evacuee would move radially outward* away from the m
reactor with an average effective speed** (obtained by dividing the zone radius
by the average time taken to clear the zone after the delay time) over a fixed
distance from the evacuee's starting point. This distance is selected to be I
24 km (15 mi) (which is 8 km or 5 mi more than the 16-km (10-mi) plume exposure
pathway EPZ radius). After reaching the end of the travel distance, the evacuee
is assumed to receive no further radiation exposure.

The model incorporates a finite length of the radioactive cloud in the downwind
direction that would be determined by the product of the duration over which
the atmospheric release would take place and the average wind speed during the I
release. It is assumed that the front and the back of the cloud would move with
an equal speed which would be the same as the.prevailing wind speed;.therefore,
its length.would remain constant at its initial value. At any time after the I
release, the concentration of radioactivity is assumed to be uniform over the
length of the cloud. If the delay time were less than the warning time, then
all evacuees would have a head start; that is, the cloud would be trailing
behind the evacuees initially. On the other hand, if the delay time were more
than the warning time, then, depending on initial locations of the evacuees,
.it is possible, that (1) an evacuee would still have a head'start, or (2) the
cloud would be already overhead when an evacuee starts to leave, or (3) an I
evacuee would be initially trailing behind the cloud. However, this initial
picture of cloud/people disposition would change as the evacuees travel, depend-
ing on the relative speed and positions between the cloud and people. The cloud I
and an evacuee might overtake one another one or more times before the evacuee
would reach his/her destination. In the model, the radial position of an
evacuating person, either stationary.or in transit, is compared tothe front
and the back of the cloud as a function of time to determine a realistic period
of exposure to airborne radionuclides. The model calculates the time periods
during which people are exposed to radionuclides on the ground while they are
stationary and while they are evacuating. Because radionuclides would be depos- I
ited continually from the cloud as it passed a given location, a person under
the cloud would be exposed to ground contamination less concentrated than if
the cloud had completely passed. To. account for this, at least in part, the
revised model assumes that persons are (1) exposed to the total ground contam-
ination concentration that is calculated to exist after complete passage of
the cloud, after they are completely passed by the. cloud; (2) exposed to one-
half the calculated concentration when anywhere under the cloud; and (3) not I
exposed when they are in front of the cloud. Different values of the shielding
protection factors for exposures from airborne radioactivity and ground contam-
ination have been used.

Results shown in Section 5.9.4.5 of the main body of this report for accidents.
involving significant release of radioactivity to .the atmosphere were based on-
the assumption that all people within the 16-km (10-mi) plume exposure path-
way EPZ would evacuate according to the evacuation scenario described above.

*In the RSS consequence model, the radioactive cloud is assumed to travel.
radially outward only, spreading out as it moves away.

• *Assumed to be a constant value, 1.1 mi (1.8.km) per hour, that would be the
same for all evacuees.

Braidwood FES F-2



Because sheltering can be a mitigative feature, it is not expected that detailed
inclusion of any. facility (see Section 5.9.4.5(2)) near a specific plant site,
where not all pe'rsons would be quickly evacuated, would significantly alter the
conclusions. For the delay time before evacuation, a value of 1 hour was used.
The staff believes that such a value appropriately reflects the Commission's
emergency planning requirements. The applicant has provided estimates of the
time required to clear the 16-km (10-mi) zone.

From these estimates, the staff has conservatively estimated the effective
evacuation speed to be 0.5 m per second (1.1 mph). It is realistic to expect
that the authorities would aid and encourage evacuation at distances from the
site where exposures above the threshold for causing early fatalities could be
reached regardless of the EPZ distance. As an additional emergency measure
for the Braidwood site, it was also assumed that all people beyond the evacua-
tion distance who would be exposed to the contaminated ground would be relocated
12 hours after passage of the plume.

A modification of the RSS consequence model was used, which incorporates, the
assumption that if the calculated ground dose to the total marrow over a 7-day
period were to exceed 200 rems, then this high dose rate would be detected by
actual field measurements following plume passage, and people from these regions
would be relocated immediately. For this situation the model limits the period
of ground dose calculation to 24 hours; otherwise, the period of ground exposure
is limited to 7 days for calculation of early dose.

Figure F.1 shows the early fatalities for (1) a pessimistic case for which no
early evacuation is assumed and all persons are assumed to be exposed for the
first 24 hours following plume passage and are then conditionally relocated on
the basis of projected dose as described above and (2).a less pessimistic case,
the same as (1) except relocation occurs 12 hours after plume passage.

The model has the same provision for calculation of the economic cost associated
with implementation ofevacuation as the original RSS model. For this purpose,
the. model assumes that for atmospheric releases of durations 3 hours or less,
all people living within a circular area of 8-km (5-mi) radius centered at the
reactor plus all people within a 450 angular sector within the plume exposure
pathway EPZ and centered on the downwind direction will be evacuated and tempo-
rarily relocated. However, if the duration of release would exceed.3 hours, the
cost of evacuation is based on the assumption that all people within the entire
plume exposure pathway EPZ would be evacuated and temporarily relocated. For
either of these situations, the cost of evacuation and relocation is assumed to
be $225 (1980 dollars) per person, whichkincludes cost of food and temporary
sheltering for a period of 1 week.

F.2. Early Health. Effects Model

The medical advisors to the Reactor Safety Study (WASH-1400, Appendix IV,
Section 9.2.2, and Appendix F) proposed three alternative dose-mortality rela-
tionships that can be used to estimate the number of early fatalities in an
exposed population. These alternatives.characterize different degrees, of
postexposure medical treatment, from "'minimal" to ' "supportive" to "heroic";
they are more fully.described in NUREG-0340. There is uncertainty associated
with the mortality.relationships <NUREG/CR-3185).and the .availability and
effectiveness of different classes Ofmedical treatment (Andrulis, 1982).
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The calculated estimates of the early fatality risks presented in Sec-
tion 5.9.4.5(3) of the main body of this report and in Section F.1lof this
appendix used the dose-mortality relationship that is based on the supportive
treatment alternative. This implies the availability of medical care facilities
and services that are designed for radiation victims exposed in excess of 170
rems, the approximate level above which the medical advisors to the Reactor
Safety Study recommended more than minimum medical care to reduce early fatality
risks. At the extreme low-probability end of the spectrum (i.e., at the 3
chances in 100 million per reactor-year level), the number of persons involved
might exceed the capacity of facilities that provide the best such services, in
which case the number of early fatalities might have been underestimated. How-
ever, this number may not have been greatly underestimated, because the hospitals
now in the United States are likely to be able to supply considerably better
care to radiation victims than the medical care that the sometimes assumed
minimal medical treatment relationship is based on. Further, a major reactor
accident at Braidwood would certainly cause a mobilization of the best available
medical services with a high national priority to save the lives of radiation
victims. Therefore, the staff expects that the mortality risks would be less
than those indicated by the RSS description of minimal treatment (and much
less, of course, for those who will be given the type of treatment defined as
"supportive"). For these reasons, the staff has concluded that the early fatal-
ity risk estimates are bounded by the range of uncertainties discussed in Sec-
tion 5.9.4.5(7.).
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NPDES Permit No. IL0048321

Illinois Environmental Protection Agency

Division of.Water Pollution Control

2200 Churchill Road

Springfield, Illinois 62706

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

Modified (NPDES) Permit

Expiration Date: April 1, 1981 Issue Date: December 30, 1976
Modification Issue Date: September 30, 1980 EffeCtive Date: December 30, 197(
Modification Effective Date: Oct. 30, 1980

Permittee: Conmnonwealth Edison Company

Facility Name and Address: Connonwealth Edison Company, Braidwood
Nuclear Generating Station, Godley, Illinois,
Will County

Receiving Waters: Unnamed ditch tributary to the Mazon River
and the Kankakee River

In compliance with the provisions of the Illinois Environmental
Protection Act, the Chapter 3 Rules and Regulations of the Illinois
Pollution Control Board, and the FWPCA, the above-named permittee is
hereby authorized to discharge at the above location to the above-named
receiving stream in accordance with the standard conditions and
attachments herein.

Permittee is not authorized to discharge after the above expiration
date. In order to receive authorization to discharge beyond the
expiration date, the permittee shall submit the proper application as
required by the Illinois Environmental Protection Agency (IEPA) not later
than 180 days prior to the expiration date.

hmsG McSwi ggi n, P
MXanager, Permit Section
Division of Water Pollution Control

TGM:DLR:bld/1052b/sp
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Permit No. IL0048321
AS MODIFIED SEP 30 1980

PART I
bld/sp1052b

A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

1. During the period beginning on the effective date of this permit and lasting until April 1, 1981, the
permittee is authorized to discharge from outfall(s) serial number(s) 001(a) - South Construction Area
Runoff.

Such discharges shall be limited and monitored by the permittee as specified below:

EFFLUENT CHARACTERISTIC DISCHARGE LIMITATIONS MONITORING REQUIREMENTS*
kg/day (lbs/day) Other Units (Specify)

I Daily Avg Daily Max Daily Avg Dai ly Max

Flow-M3/Day (MGD)

Suspended Solids
Oil & Grease
*During Period of Discharge

Measurement
Frequency

Weekly

Weekly
Monthly

Sample
Type

Total Flow
Estimate
Grab
Grab

50 mg/l
15 mg/l

The pH shall not be less than 6.0 nor greater than 9.0 and shall be monitored weekly on a grab.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following
location(s): At a point representative of the discharge from the treatment system.

_-- -. m - - - - - m- - - - - - - m
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rn PART I
Ln 

bld/spl052b

A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

1. During the period beginning on the effective date of this permit and lasting until April 1, 1981, the
permittee is authorized to discharge from outfall(s) serial number(s) 001(b) - Sanitary Waste Discharge.

Such discharges shall be limited and monitored by the permittee as specified below:

EFFLUENT CHARACTERISTIC DISCHARGE LIMITATIONS MONITORING REQUIREMENTS
kg/day (-Ibs/day) Other Units (Specify)

Measurement Sample
Daily Avg Daily Max Daily Avg Daily Max Frequency Type

Flow-M3 /Day (MGD) - - - Weekly Daily Aver.WFlow 
Esti.

BODS' - 10 mg/l 25 mg/l Monthly Grab
Suspended Solids - 12 mg/l 30 mg/l Monthly Grab
Fecal Coliform - 200 counts/100 ml 400 counts/lO0 ml Monthly Grab

The pH shall not be less than 6.0 nor greater than 9.0 and shall be monitored weekly on a grab.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following
location(s): At a point representative of the discharge from the treatment plant.

Beginning on the effective date of this permit and continuing for a period of two (2) years, a residual chlorine test
may be used in lieu of the fecal coliform laboratory analysis. A chlorine residual of a minimum of 0.2 mg/l and
maximum of 0.75 mg/l is to be maintained at all times.
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Permit No. IL0048321
AS MODIFIED *SEP 30 1980

PART I
bld/spl052b

A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS.

1. During the period beginning on the effective date of this permit and lasting until April 1, 1981, the
permittee is authorized to discharge from outfall(s) serial number(s) 002 - North Construction Area
Runoff.

Such discharges shall be limited and monitored by the permittee as specified below:

EFFLUENT CHARACTERISTIC DISCHARGE LIMITATIONS MONITORING REQUIREMENTS*
kg/day (.Ibs/day} Other Units (Specify)

Flow-M3/Day (MGD)

Suspended Solids
Oil & Grease
*During Period of Discharge

Daily Avg Daily Max Daily Avg Daily Max
Measurement

Frequency

Weekly

Weekly
Monthly

Sample
Type

Total Flow
Estimate
Grab
Grab

50 mg/l
15 mg/l

The pH shall not be less than 6.0 nor greater than 9.0 and shall be monitored weekly on a grab.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following
location(s): At a point representative of the discharge from the treatment system;

• - - - - - - - - --m - -
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PIONTCRNG ANiD nrIcRTIG ~MODIFIED DATE: SEP 'SSGI2B
1, Represenattive SannLjnS - Sanples and measure:ettas tlen as required herein shall be representative of

the volume ans~ur.: of the monitored discharge.

2. Rerorcin- The pernitcee %hall record nonit,,ring r-ýults on Discharge Monitoring ReF.rt f'rns, using
one SUCn torn for ezah .ls€zr;e each month.T~, ct leted nonthly forns shall be reraloed by pernittee
for a period of three nont.s beginninq with each calendar quarter, and the forms iron those three nonths
shall be nailed to USEPA no later than the 23th day of the following nontcl; i.e. (a) Jairuary, February.
)larch (sul=It April 23); (b) April, lXay, June "(sub It July :3): (c) July, August, September (submit
October U); October, November, December (suhnit January' 28).

The pernittee shall retain a copy of all reports sLbnltted. All reports shall be submitted to:

U. S. Environmental Protection Agency
Attention; Chief. Comp lance Unit
2130 South Dearborn Street
Chicago, Illinois 60604

7he pernittee shall submit these nonitoring reports each month to the appropriate District Office of
the Illinois Environnent=l Protection Agency by the ISth day of the following month unless otherwise
directed by the Illinois Environmentsl Protection k.ency.

3. Noncenliance Kotificnt5,n - If, for any reason, the permittee does not comely with or will be unableto €onpiy watt any aail}- rasin- effluent lItitatlon specified in this permit, the pern.ttee shall
provide the legeonal Administrator and the State with the following information. in writing, within
five (5) days of beconing aware of such condition: (a) a description of the discharge; (b) cause
of noncompliance; ýc) tLe pericd of roncc=;li2nc. including exact dates and times, (d) If not corrected,
the anticipA;..tline the noncorpliance is expec:rd we continue. and (a) steps being taken.to red-ace.
eliminate and provn.t recurrence of the n.nzon;ly1n; discharge..

4. Definitiocs

a. "Daily Averate" Discharge
1. Neinq ssis - The ".aily''vcrzgc" diszharge :eas the total discharge by welgýat during a cal-
endar a ctavaded by the nunber of. days in the ncnth tsat the production or cc=:-rcil facility
was operating. here less th.: daily sarpling •s requircf by this pernit the daily averale dis-
charge shall be deteernined by the su.naticz of the =easured JAily Jischarges by weight divided by
rho n-i•er nf ldl.. durine the calendar mnhth when the measurements were cade.

2. Concentrat!en Bas!s - The "daily average" cetnentration reons the arirzhetic average (ueighted
by fco. --a.aj o: aL the daily determinations of c€ncn-:rstan* =%de during a calendar nsnth.
Daily determination oa concentration rade using a composite sample shall be the concentration of
the coneolte sarple. lnen grab sanpls are usrd, th. daily daternlration of concentration shall
be the iit-hzetic average (weighted by Sfle valce) of a1 the sanples collected during the calender
day..

b. "Daily Diascuz" Distharge
1. Weizht Basis - The "daily rixirun" discharle eRoAn the naxl=un total discharge by weight
pernattct uurtna any calendar day.

2. Concentration Basis - The "daily noxniun" concentration =cans the maximum value In terms of
conccn:ra:aon pernact7c in the discharge during say calendar day.

5. Test Procedures - Test procedures for the analysis of rollutants shall conforn to regulations published
pursuant &• • -• tion 304(g) of the Act, umdar which sout pricedures nay be required.

6. Recording of Results - For each neasurement or s3nple taken pursuant to the renuirezents of this permit
e pernitee s~ttia record the follo-inq inn:r=aticn: (a) the exact place. daie, and tine of sa=pling;(b) the daten the analyses neoe pericr;ed; (cI the person(s) who perornred the analyses; (d) the

analytical techniques or =ethods used; and (c) týhe results of ail required analyses.

7. Additionsl Menitorini b? Pernittee - If the pernittee monitors any pollutant at the location(s) designated
herean rare :re;uet:iy -Han required by this permit, unIng approved ansIvtacal methods as specified above.
the results of such nonitoring shall be included in the caltulation und reporting of the values required.
in the Discharge monitoring report Forn (EPA No. ;310-I). .Sucn increased. frequency shall also be Indicated.

3. Records Petention - All records and information resulting frin the nonitorins activities required by this
pernit anciuii. all records of anal'ses ;erferzed and ealibr3zion and raintensnce.of instrunentation
and recordings iron continuous nonitoring instraenta-son shall he retained for a nininau of three (3)
years. or lorger If requested by the Regional Adninistrator or the State later Pollution Control Agency.

PART ItI - A. MANAGEMENT REQUIR•IENTS

2. ChanSe in Disctnrre - ALl dischirses authori:ed herein shall be consistent with the teres and conditions
oc tnas pcr=it. ina discharge of any pnilut.ant identified in this pernit more frequently than or at a
level in excess-of that autharired shall constitute a viotatson of the pTrTTt. Aft anticipated
facility expansions. prolti.:tion inzresses. or process modifications .Nich wilt result in new, different.
or increased discharges of polluutti rust be r,.portcd by suhnission of a new NPDES application or, if
such chantens wil rot violate the jffluent lirit-t ions specified an this permit. by notice to. the
per-nit issuing aut'sority of such chsnges. Following suech notIce, the perit nay be nodified to specify
and linit any pollutants not previously lamited.

Braidwood FES G-5
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BEP 3 0 1980
2. Faciliti' .o....tr:!'.,..'-I-IrDoDt i- der. and operate

so r7t7t.;ieal" a' irrlh all ee.lt:rr't or fontroL fcitlicis or isyota snstallcd or used by the

pernittee to achieve cOmpliance 'ith the terMs and conditions of this peroit.

3. AJverse 
t
,,ct - The pernitle: shell take atl r,.:..o.:able ole;,i to ninini-e any adverse inpoct to

•lTt4 ,-r-•r;rs resittr ::-'- neneezpiiencc ith any efluent lirieatio specified in this
prcrut. Irtludint suc. e:rlerat,-J -r additlasal tonLitorine As necessary to deteroine the nature

and JnpAct of the nontotmnlying discharge.

4. Byvassinc - Any diversion iron or bypass of facilities necessary to -nsintain compliance with the
terns non candittons of this per-it Is prohibieed. extent (I) %'here unavoidable to prevent loss o;f
life or severe property d c.a•e, or (II) u shere recesive storm dr .inrge or runoff would danage any
facilities necessry fcr complinre with the eifcen lirinions and prohibitions of this pernit.
The per nittee shall pro eptl" na:ify the R efi tmal Ad nini ntra: sr and the State in writing of each
such d!Lvcrs.--r or bypass.

S. Removed S••%Slar.ces - Solids. sludces. filter bock-cash, or other pollutants removed from or resulting
iron creAtnent ur control oef ,atttw3trs shall be disp.sed of In a manner such as to prevent Vy

pollutant (re: such materials firo enterin; nraigable waters.

6. Power Pailures - In order to maintain compliante with the efluent limitations and prohibitions of

this permVt. the permictee shall cit-her: |al r. accardance with the Schedule of Coopliance con-
tained in 'or: 1, provide an alternatIve power snurce sufficient to operate the wastewater control
facilities; or, if'no date ieo!ementa3tion appears in Part 1. (b) halt, reduce or otherwise control
production and/or all discharnes upon the reidition, loss, or failure of one or more of the primary
sources of power to the wastewater control fazilities.

3. RES.ONSISILITISI

1. RI ht of Entyv - The pernittee shill llow the hend of the Scete Watcr Pollution Control Agency.
ine degWol T•iniscm1emr, and/or týeir sut-hri:cd! remresen:acivcs. upan the presentative of
credentiats: (al tc enter ,lyon the perr.tttet's premises where'en effluent source is located or
in which any reraras are reouirs.azo be kept unor C:e terms an d conditions of this per.lit; and
(b) at reason.ble times to have access to and co," sty records required to be kept urder the tens
and conditionss of this per=!-; :c inorect any ronicorni . equipoent or nanitoring A cchod required- I
An this permit; and to sa=ple an:: discharge of peilutants.

Z. Transfer of Ownershin or Control - In the. event of any changes in control or ownership of facilities
arcot w ;Acmcva.-:- ~ 4lsc;' -.e;- emanate, thie per-mitnee sh3'l notufy the succeeding own~er or
controller of thi emis:ecne ef this ;ermit by lettc.r a copy of which shall be forwarded to the
Regioncl Ad\niistrator and the State Water Pollution Control Agency.

3. Availabiliyv of tenores - Except for data dete:rined to be confidential under Section 303 of the
Act, ali re;mrts ercYared in accordnnce with the terns of this pernit shall be available for
public inspAction at the offices nf the. State ater Po!ltiinon Com:rol V.ency and the Re;tor.S1
Adninistrstor. As ren-ired 1, the Act. efflutnt data shall not be considered confidential.
Know-ig nakinm; any false state7-ct or an" such rerort -av result in the impositlon of criminal
penalties as provided for in Section 330 of the Act.

4. Pernit ?-odific:!ion - After notice and opportunity for a hearing, this permit oay be nodified.
suspeF7 , e- r'. -a.rd in uhole or in par:....r its tern for cause ireludin;, but not limited to,
the followmnz: (a) violation of ny te.-=:s or emed!itions of this pernit; (b) obtaining this permit
by nisrepresentation or failure to discluse fully all relevant facts; or 0 c) a change in any
condition that requires either a temporary or per=nnent reduction cr elimination of the authorized
discharge.

S. Toxic Pollvrn!ts - Yotvithstandinq Part I1.. --4 above, if n tcxiq effluent standard or prohibition
* (anciussne any sncbe-le of compliance specifieJ in such efflucnt standard or prohibition) is
estabIished under Section $-. Sf-i uf the Act " or a toxic pllutant which is present in the discha-ge
and such standarmi or -r&hibitinn is mere otrintent: than any' Ititazlnn for such pollutant in this
permit, this pwrnit snail be revised or nodif•cd In mccordance with the toxic effluent standard or

prohibition and the pernittee %n notified.

'6. Civil and Criminal iilits- - Except as provideZ in permit condItLons on "Bypassing' (Part II. I
' 'SKX acr ,s.ur" ,,-rt It. A-f). nothing in thin permit shall be construed to relieve
the permittte fron civil or crimina7 penaltirs for nccompliance.

-7. Oil and I!ez:rdutss Su'sa.anco .ihil ti - Nohln: in this permit shalt be construed to preclude the
TEnflcucion ut any asfal ic:tvet o: clicre the permiutc -fron any responsibilities, liabilities,
or penalties to ihich the pernittze is or cay he suLject under Section ZIt of the'Act.

8. State Law - ?ochinc in this Iernit -ha11 be conacrLuCJ to preclude the institution of any legal
a cton or relieve the pern1t'cee-rm xnor responnsbilities, liahillties, or -rtalties estah'ished
pursuant to any applicable State law or regulatint; uniter aut:iority-prcservod by Section S10 of
the Act.

9. Proera v iuehct - The issuance of this pernit does nrc conve'y an propcrty rikhts in either real
or pFc .3ra. prcp , r or 'an'aluaie'7 rivale S, nmr -;,..s it alichnl: i).any injury to private
property or Iny invaeonn of personal ri,:hts. nor any infr!nte:ent of lederal. State or local
laws or reeulseIoni.

IV. Severability . The provisions of this per-it are severnhie. a3n if any provision of this permit.
or toe a;p.acatiin of any pravision of thic re-i t n ane c€rr'zsta:vce. i.. h-ld Invalid. Cha

popi i; 2n , :a; '-:- :r. t-, of ;h.a permit, s;all
Aot be .iffec:cJ t::er. "p.
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Permit No. IL0048321
As Modified SEP 30 1980

PART III

A. OTHER REQUIREMENTS

1. Additional Reporting of Monitoring to Illinois Environmental
Protection Agency

Monitoring results obtained during the previous one month shall
be summarized and reported on a Discharge Monitoring Report Form
(EPA No. 3320-1) and mailed no later than'the 15th day of the
month following the completed reporting period. The first
monthly report is due on June 15, 1976. The signed reports
required herein, shall b6 submitted monthly to the State at the
following address:

Environmental Protection Agency
State of Illinois
Division of Water Pollution Control
2200 Churchill Road
Springfield, Illinois 62706-

Attention: Compliance Assurance Unit

2. This Permit incorporates all applicable provisions of the
Illinois Environmental Protection Act and of the Rules and
Regulations of the Illinois Pollution Control Board, as if they
were set forth herein. All such provisions shall become
conditions of this Federal NPDES permit granted to you as
provided by Section 401(d) of the Federal Water Pollution
Control Act Amendments of 1972.

3. This permit is specifically for the listed pollutants to be
discharged from the designated outfalls only. Discharge of
pollutants added in other than trace amounts or discharged from
an undesignated outfall is not permitted.

B. Rainfall Runoff

1. Rainfall runoff from construction activity at the generating
facility site and from material storage areas shall be
controlled to meet all effluent restrictions specified in Part I
A(3) of this permit.

2. Any untreated overflow from facilities designed, constructed and
operated to treat the volume of material storage runoff and
construction runoff which is associated with a 10 year, 24 hour
rainfall event shall not be subject to the limitations for
Suspended Solids 'and pH specified in Part I A(3) of this permit.

Braidwood FES G-7



I
Part III

Page 9of 1-I

Permit No. ILOn4a3g 1
As Modified SEP 1980

C. Erosion Control m

The permittee shall utilize EPA Publication No. 430/9-73-007
"Process, Procedures, and Methods to Control Pollution Resulting from
Construction Activity," October 1973, in developing and implementing
procedures and methods for controlling erosion and sediment
deposition.

As a minimum, the following practices shall be instituted: m

1. Minimization of the duration of excavation and grading
activities.

2. Control of the speed and volume of stormwater runoff, as
necessary, by:'

a. Proper sizing of drainage ditches;
b. Use of energy dissipative devices such as check dams and

pooling area.

3. Construction of sediment traps and settling areas as necessary
to prevent sediment from-leaving the site.

4. Soil stabilization by minimizing slopes, revegetating spoil
banks and cleared surfaces by seeding or sodding and through the
proper and timely surfacing of parking.lots, roads and laydown I
areas with crushed rock or gravel.

5. Taking all necessary precautions to minimize erosion through
proper timing and installation of necessary erosion control
devices, by avoiding land clearing in fall (insofar as feasible)
and prior to installation of sediment traps, runoff drainage
system or any-necessary impoundments for sedirment control.

D. Control of Other Construction - Related Activity m

1. The company will dike and berm such areas as necessary to
prevent accidental spills and leakage of fuel and oil.

2. Proper receptables will be provided for collection of oil-soaked
rags and papers to prevent contact with area runoff.

Braidwood FES G-8
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Permit No. ILO04832-.
As Modified SEP 3 0 1980

3. In the event that drainage from equipment maintenance area
results in discharges of oil to the receiving waters, such
discharges will meet the following effluent quality and will be
monitored during periods of discharge at a representative point
prior to discharge into receiving waters:

Limits Sample
Parameter Monthly Average Daily--M-aximum Frequency . =ype

Flow Monthly Daily Maximum
Flow Estimate

Oil and Grease 15 mg/l 20 mg/l Monthly. Grab

E. Intake Structure Requirements

Within 180 days of the issuance of this permit, the permittee shall
submit to the Regional Administrator and the Illinois Environmental
Protection Agency a demonstration detailing the ability of the intake
system to meet the requirements of Section 316(b) of the Act. The
report shall be based on presently available information regarding
receiving water hydrology, intake siting and design, proposed intake
operation and the biological population.. Development of the report
shall be guided by the "Development Document for Minimizing Adverse
Environmental Impact for Cooling Water Intake Structures," as
proposed by the U.S. EPA, and any other publications relating to
intake impacts.

This report will be evaluated with regard to Section 316(b) of the
Act. As a result of this evaluation, the Regiornal Administrator may-
modify the permit in accordance with Part II 8.4 to establish an
implementation schedule to insure compliance with Section 316(b).

F. "This permit may be modified or revised, or, alternatively revoked
and reissued, to comply with an applicable effluent limitation issued
purusant to the order of the United States District Court for the
District of Columbia issued on June 8, 1976, in Natural Resources
Defense Council, Inc. et. al. v..Russell E. Train, 8 LRC 2120 (D.D.C.
19/b), in the ettlIuent limitation so issuea:

1. is different in conditions or more stringent than any effluent
limitation in the permit; .or

Braidwood FES G- 9
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2. controls any pollutant not limited in the permit." l

This permit may be revised, following notice by the Agency that
applicable effluent limitations covered by the Natural Resources
Defense Council, Inc. et. al. v. Train, 8 E.R.C. 2120 (D.D.C. 1976)
will not be promulgated, to incorporate any applicable effluent
limitaftions determined under Section 402(a)(1) of the Federal Water
Pollution Control Act. (FWPCA) Amendments of 1972 as necessary to
carry out the provisions of Section 301(b)(2)(a) of the FWPCA, if the
effluent limitations so determined;

a. Is more stringent than any effluent limitation in the permit; or

b. Controls any pollutant not limited in the permit.

I
~I

I
I
I
I
I
I

'Braidwood FES G-10



Part IV

Page// of/

Permit No. IL0048321
As Modified SEP 3 0 1980

PART IV

Proposed Conditions for Future Discharges

The following are proposed conditions for a permit to be issued to the
Company upon the expiration of this permit on April 1, 1981. These
proposed conditions reflect the present assessment of U.S. EPA and the
Illinois EPA and are for informational purposes only. The limitations
apply to discharges or waste sources not in existence during the
construction phase of the Braidwood Generating Station.

Braidwood FES G-11
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Permit No. 1L008321
AS MODIFIED "•., •

PART IV
bld/sp1052b

A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

1. During the period beginning April 2, 1981 and lasting until: April 2, 1986, the permittee is authorized
to:discharge from outfall(s) serial number(s) Boiler Blowdown, Demineralizer Wastes, Radiation Waste
Treatment System, Filter Backwash.

Suchdischarges shall be limited and monitored by the permittee as specified below:

EFFLUENT CHARACTERISTIC DISCHARGE LIMITATIONS
kg/day (Qbs/day) Other Units (Specify)

MONITORING REQUIREMENTS

I-

Flow-. 3/bay (MOD)

.Suspended Solids
Total Copper
Total Iron

Daily Avg.Daily Max Daily Avg Daily Max

-5 mg/l
1.0 mg/l

.1.0 mg/1

Measurement
Frequency.

Weekly

Weekly
Weekly
Weekly

Sample
Type

Daily Average -
Flow Estimate
8-hr composite
8-hr composite
8-hr composite

There shall be no discharge of floating solids or visible foam in other than trace

Sap.Vles taken. in compliance with the monitoring requirements specified above shall
Tocation(s): At a point representative of the treatment system discharge prior to
waer.

amounts.

be taken at the following
dilution with condenser cooling

-_-__-m-m--m
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• PART IV
bld/splO52b

A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

1. During the period beginning on April 2, 1981 and lasting Until April 2, 1986, the permittee is
authorized to discharge from outfall(s) serial number(s) Intake Screen Backwash.

Such discharges shall be limited and monitored by the permitteeas specified below:

EFFLUENT CHARACTERISTIC DISCHARGE LIMITATIONS MONITORING REQUIREMENTS
kg/day (lbs/day) Other Units (Specify)

Daily Avg Daily Max Daily Avg Daily-Max
Measurement

Frequency

MonthlyI-

Sample

Daily Average
Flow Estimate

Flow-M3/Day (MGD)

There shall be no discharge of floating solids or visible foam in other than trace munts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following
location(s): N/A
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PART IV

bld/sp1O52b

A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

1. During the period beginning on April 2, 1981 and lasting until Apr.1 2, 1986, the permittee is
authorized to discharge from outfall(s) serial number(s) Cooling System Blowdown.

Such discharges shall be limited and monitored by the permittee as specified below:

EFFLUENT CHARACTERISTIC DISCHARGE LIMITATIONS
kg/day (lbs/day) Other.Units (Soecify)

.MONITORING REQUIREMENTS

Daily Avg Daily Max

I- Flow-M3 /Day (MGD)
Total Chlorine Residual (1)*
Discharge Temperature (1)
Intake Temperature
Plant Load Factor

Measurement Sample
Daily Avg Daily Max Frequency Type

- Continuous Continuous
0.2 mg/l* Continuous During Chlorination
- Continuous Continuous

Continuous Continuous
Monthly Average

The pH shall not be less than 6.0 nor greater than 9.0 and shall be monitored on a continuous basis at the
discharge to the discharge canal.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following
location(s): (1) measured at a point representative of the discharge to the Kankakee River.

_m- -- - - - - - m M m m
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A.4. THERMAL EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

Discharge of wastewater from this facility must not alone or in
combination with other sources cause the receiving stream to violate
the following thermal limitatiohs:

a. Maximum temperature rise above natural temperature must not
exceed 5oF.

b. Water temperature at representative locations in the main river
shall not exceed the maximum limits in the following table
during more than one (1) percent of the hours in the 12-month
period ending with any month. Moreover, at no time shall the
water temperature at such locations exceed the maximum limits
in the following table by more than 3oF. (Main river
temperatures are temperatures of those portions of the river
essentially similar to and following the same thermal as the
temperatures of the main flow of the river.)

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

OF 60 60 60 90 90 90 90 90 90 90 90 60

oC 15.6 15.6 15.6 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 15.6

c. The mixing zone shall not extend over more than.25% of the
cross-sectional area of the river.

d. In addition, the permittee shall perform the following thermal
monitoring:

The permittee shall determine the 2 .8oC(5oF) contour, the
contour of the applicable monthly maximum and the areas within
these contours at three (3) month intervals for a period of one
year after the effective date of this permit. After the initial
year of measurements, the permittee shall continue to determine
these areas and Contours every three months but may use
estimating procedures based on the first years data. The
results of these determinations shall be reported to the

.Regional Administrator and the Illinois EPA on a quarterly basis.
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0
STAT E OF ILLINOIS iX ~Ii

DEPARTMENT OF CONSERVATION /..'R LULi V
_..._ SPRINGFIELD 62706 - FEB15 35

necket Nos.: STh 50-454, STN 50-455
Sr.; 50-456,, STN 50-457
S-1 50-461, STN 50-462

M•r. Daniel R. M-ulle r
*Ass!stan: Director for Environmental Projects
Directorate of Licensing
U. S. Atomic Energy Cosission
Washington, D. C. 20545

Dear Mr. Muller:.

The environmental reports prepared by Com-onwealth Edison on Braidwood
Station (Units 1 and 2, Will County) and Byron Station (Units 1 and 2,
Ogle County),and iilinois Power Company's environmental report on the
.Clinton Power Station (Units 1 and 2, De Witt: County) have been reviewed.
This review was made to determine wnat effect, if any, undertaking the
Byron, Braidwood, or Clinton projects would have on cultural and histori-
c:al sites of significance within or adjacent to project work boundaries.

Archseological. studies co'ducted on the project sites by members of the
Illinois Archaeclogical Survey for Illinois Power and Commonwealth
Edison Indicate the existence of archaeological sites within the boundaries
of each of the three projects. Results of the archaeological surveys for
each site should be included In the final environmental statements. The
final statements should also indicate Commonwealth Edison's and Illinois
Pover's plans for archaeological salvage of the located sites and their
plans for recording and salvage of archaeological sites which may be
discovered during 'project construction.

It has been eeter-ined that, with the exception of the aforementioned
archaeological sites, no cultural or historical sites of significance
are located within the projects' boundaries. No" National Register of

ItCYCL UD PA 7MR :2.6A-l
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Mr. Daniel R. Muller -2- February

listoric Places sites are found within the project boundaries of the
Braidwood, Byron, or Clinton Power Stations

Anthony T. Dean.
Director
State Historic Preservation

Officer

ATD:Sgj

cc. Mr. George Montet, Building 11A, Environmental Statement Projects,
Argonne National Laboratory,.9700 South Cass Avenue, Argonne, II11inois.60439

Mr. Charles Baries, Illinois Archaeological Survey, 109 Davenport
Ball, University of Illinois, Urbana, Illinois 61801

Mrs. Ann Webster Smith, Director, Office of Compliance, Advisory
Council on Historic Preservation, Washington, D. C. 20240

I.. I

.2.6K- 2
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ILLINOIS ARCHAEOLOGICAL SURVEY
av) l-'%YLN1%RT IIMi. UN)VI-tm5UIN s4inu SUN URINAA. Ri.MOMSIaMa

U•;- 1,1'"r el ..•mo
SIi..••.t..•-. April lb, *1974

Mr. Daniel R. Muller
Assistant Director for Environmental Projects
United States Atomic rshergy Commission
W.shjngton, D.C. 20545

Dur Mr. Muller:

Thank you for a Draft Lnvironmentdl StatCment of.tljc Braidwwd Station,
Vill County. llliz,ois, of the Coaununwealth Edison Company. An archaeologicAll
assessment for ihiv station was prepared by the Illinois State Museum, one
of our affiliates,. and your suammary on Page 2-1 of tlo!ir findi'ngc is adequate.

We appreciate your concern with preserving our archaeological enviromiat.

C Cordially yoursp

Charles J. SameJ

Seeszetary-Treasurer

CJl:dg
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~ ommonwealth Edison
72 West Acsms Steet: C.,:t Illinois

•AoOress Reply io ' POs! 0!lce Box 757
ChiCgO. Illinois 6W590

June 24, 1983

Ys. Margaret K. 3rown

1d1inois Department of Conserv-aion
405 East Washington Street
Springfield, Illinois 62706.

Dear Ms. Brown:

The Illinois Seat' Museum conducted archaeological investigations
along Comonwealth Edison's transmission line right-of-way between the
Braidwood Generating Station and the Crete Transmission Substation.. The

investigations were begun in 1/978 and continued into 1980. An interia
report covering this work was issued in 1981. The investigations were
completed in 1983 and a final su-srizing report has been prepared. Copies I
of both reports are enclosed for your review and comments.

The initial phase of the investigations was a survey of the
right-of-way between Braidwood Station and the proposed Davis Creek
Transmission Substation (there were four parcels that were contested and
access was not available for survey). Three sites were located on this
right-of--way and, since none of these sites needed to be impacted by
construction, in 1980 Museum personnel resurveyed and flagged Ohe sites so
that they could be avoided by construction crews. However, only one of
these sites, 11-Ka 179, was evaluated as being potentia-lly eligible for
nomination to the National Register of Historic Places and deemed worthy of
protection from irpact before further evaluations are made. Five sites were
located on the substation site and since all of them could be..impacted, I
resurvey testing was done prior to the beginning of substation construction
activities in 1979. Each site was subjected to intensive surficial
examination and collection. Three of the cites, plus an additional site
that was identified during the resurvey, were also subjected to subsurface
testing by shovel probes and soil cores. -No additional cultural features
were found by surficial examination or subsequent subsurface testing on any
of these sites.

investigations of the Davis Creek to Crete portion of the
right-of-way began in 1979 and continued in 1980 at which time all but four
contested land parcels had been surveyed. Five prehistoric and one historic
site were located on this segment of the right-of-way. One of the
prehistoric sites which was located under an existing line on the
right-of-way and the historic site were no recommended for further
investigation. Re'survey testing on the other four prehistoric sites in 1983
revealed no subsurface cultural features at any of the sites. Survey work
was also done in 1983 on the four parcels which were previously unavailable
because of owner objections. At two locations landowners still refused full
access to conduct the survey. In one case the small area of land will not
be affected by construction and on the other, survey work will be conducted
iln 1984 when construction of the transuiasion line is scheduled to begi• a•d.
if any cultural resources are found, the site(s) will be avoided or retested.
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The archaeological investigations were also conducted on the four
rreviously contested parcels on the Braidvood to Davis Creek portion of the
righ.-cf-way in 1983. Only one ney site was located but was not recommended
for protection fro= future impact. This site was not impacted by the
construction of the transmission line in 1o80.

All of the recomended resurvey work has been completed. The
final recommendations of the investigators are for unrestricted clearance on
the corridor and substation except for two unsurveyed parcels. on the Davis
Creek to Crete R/W, and one site, llKal79. 7his site will be recorded on
our engineering drawings so that proper notification can be made if any
future construction is planned that would impact on it.

We hereby request your concurrence that we have adequately
addressed the archaeological resources on the Braidwood-Davis Creek-Crete
rigbt-of-way Associated with the Braidwood Station.

If there are any questions regarding this matter or the original
report, please contact me at 312/294-4431 or Ben Barickman 312/294-4437.

Sincerely,•C
C. L. McDonough7)

Director of Environmental (s9esament

2555E
En:Cos:pp
Enclosure
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