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SUMMARY AND CONCLUSIONS

This Final Environmental Statement was prepared by the U. S. Atomic
Energy Commission, Directorate of Licensing (staff).

1.

2.

This action is administrative.

The proposed actions are the continuation of construction permit
CPPR-51 and the issuance of an operating license to the Florida
Power Corporation for the startup and operation of Crystal River
Unit No. 3, a nuclear power reactor located on a site already
occupied by two operating oil-fueled electrical generating
plants (Units 1 and 2). The site is on the Gulf of Mexico in
the State of Florida and near the town of Crystal River, Citrus
County, (Docket No. 50-302).

Unit No. 3 will employ a pressurized water reactor to produce
initially 2452 megawatts thermal (MWt) and a gross electrical
output of 855 megawatts electric (MWe). A design power

level of 2544 MWt (885 MWe) is anticipated at a future date and
is considered in the assessments contained in this statement.
The exhaust steam will be cooled by once-through flow of water
obtained from and discharged to the Gulf of Mexico.

Summary of the cumulative environmental impact and adverse effects
of Units 1, 2 and 3:

. Land areas disturbed during construction of the station,
but not to be occupied by buildings or facilities, are
to be allowed to revert to a natural condition.

. The annual loss of juvenile and small finfish and shellfish
on the intake screens (now estimated at 36,000 1b for
Units 1 and 2) will increase due to the increased volume
flow and velocity.

. Entrainment of passing drift organisms will increase and
1007 mortality of these organisms during their passage
through the condenser cooling system is assumed. Total
plankton populations in the area are not expected to be
appreciably affected.

. At full power, condenser. cooling water heated to 14.5°F
(8.1°C) above inlet temperature will be discharged at the
rate of 2940 cubic feet per second at the shoreline of the
Gulf of Mexico.
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The heated water will be mixed with the Gulf water such
that the zone within which temperatures may exceed 6°F
above ambient, while of greater extent than that for
Units 1 and 2 alone, is expected to be restricted to a
volume having a surface extent of about 930 acres; the
corresponding area within the 10°F isotherm would be
about 325 acres.

Studies of the environment with Units 1 and 2 operating
at historical load factors, indicate a minor impact upon
the benthic system due to thermal discharge. If Units 1
and 2 operated at full power, a major localized impact on
the biota, including grasses and benthic organisms, could
be expected in an area of about 280 acres due to the
thermal plume. With Unit 3, also in operation at full
power, and with the dischatrge system proposed by the
applicant, the area of major localized impact would be

‘expected to increase to about 930 acres. These estimates

are based on zones in which temperatures could exceed 95°F
in most years.

At times of high exit temperature, fish will probably
find the discharge area unacceptable and avoid it.

The impact of small amounts of chemicals upon living
forms in the ecosystem should be negligible, either

" alone or in synergistic combination with thermal increases.

The risk associated with accidental radiation exposure is
very low.

No significant environmental impacts are anticipated from
normal. operational releases of radioactive materials within
50 miles. The estimated dose to the population within 50
miles from operation of the plant is 0.16 man-rem per year,
less than normal flucuations in the 25,000 man-rem/yr
background dose this population would receive.

Principal alternatives considered:

Abandonment of the facility, including consideration of the
use of an alternative fuel as a power source rather than
nuclear fuel.

Extension of the discharge canal as a means for directing
the plume away from the nearshore area.
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. Dilution as an alternative heat dissipation scheme.
. Supplementary cooling as a heat dissipation method.
. Closed-cycle cooling systems as a heat dissipation'methbd.

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

Advisory Council on Historic Preservation
Department of Agriculture

Department of the Army, Corps of Engineers
Department of Commerce

Department of Health, Education, and Welfare
Department of Housing and Urban Development
Department of the Interior '
Department of Transportation

Environmental Protection Agency

Federal Power Commission

Florida Department of Pollution Control
Florida Department of Natural Resources
Florida Office of the Governor

Florida Public Service Commission

Board of County Commissioners, Citrus County, Florida
Mayor, Crystal River, Florida

Comments on the Draft Environmental Statement, issued in
September 1972 were received from the following Federal, State
and local agencies:

Advisory Council on Historic Preservation
Department of Agriculture

Department of the Army, Corps of Engineers
Department of Commerce

Department of Health, Education, and Welfare
Department of the Interior

Department of Transportation
Environmental Protection Agency

Federal Power Commission

Florida Department of Natural Resources
Florida Department of State

Florida State Agempcies

In addition, comments on the Draft Statement were received from
Mr. Chauncey C,., Hale,

The text of these comments are appended to this Final Environ-

‘mental Statement,
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This Final Environmental Statement was made available to the
public, to the Council on Environmental Quality, and to the
other spec1f1ed agencies in May 1973.

On the basis of the analysis and evaluation set forth in. this
statement, after weighing the environmental, economic, technical,
and other benefits of Crystal River Unit 3 against environmental
and other costs and considering available alternatives, it is
concluded that the actions called for under the National Environ-
mental Policy Act of 1969 and Appendix D to 10 CFR Part 50 are:

a. The continuation of construction permit CPPR-51, and

b. The issuance of an operating.license for.the facility subject
to the following conditions for protection of the environment:

(L) Initiate action to carry out the necessary environmental
assessment of alternatives to establish the most acceptable
alternative or alternatives to eliminate or reduce the
‘environmental impact associated with entrainment and
discharge of heated water to the Gulf of Mexico. This
effort should be carried out concurrently with the study
program specified in Condition (2) below. The applicant
should be prepared to immediately proceed with detailed
engineering -and implementation of the alternative system
should the need for such a modification be indicated by
the results of studies in Condition (2). (Section
12.2.4.2)

(2) Institute the study program, developed in conjunction
with the Atomi¢ Energy Commission, the Department of
Interior and the Environmental Protection Agency to
collect the necessary data by November 1974 to determine
the need for an alternative cooling system. (Sections
3.4.1, 5.3.2, 5.3.3, 12.2.4.2 and 12.2.5.2)

(3) Define environmental monitoring programs required for
inclusion in the Technical Specifications (for the plant
operation), which are acceptable to the staff for deter-
mining environmental effects which may occur as a result
of the operation of the plant.

(4) If other harmful effects or evidence of irreversible
damage are detected, the applicant will provide an
analysis of the problem and a proposed course of action
to alleviate the problem.
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FOREWORD

This final statement on environmental considerations associated with
the proposed issuance of an operating license for the Crystal River
Unit 3 was prepared by the U. S. Atomic Energy Commission,
Directorate of Licensing (staff) in accordance with the Commission's
regulation, 10 CFR Part 50, Appendix D, implementing the require-
ments of the National Environmental Policy Act of 1969 (NEPA).

The NEPA states, among other things, that it is the continuing
responsibility of the Federal Government to use all practicable means,
consistent with other essential considerations of national policy,

to improve and coordinate Federal plans, functions, programs,.and
resources to the end that the Nation may:

. Fulfill the responsibilities of each generation as trustee
of the environment for succeeding generations.

. Assure for all Americans safe, healthful, productive, and
esthetically and culturally pleasing surroundings.

. Attain the widest range of beneficial uses of the
environment without degradation, risk to health or safety,
or other undesirable and unintended consequences.

. Preserve important historic, cultural, and natural aspects
of our national heritage, and maintain, wherever possible,
an environment which supports diversity and variety of
individual choice. '

. Achieve a balance between population and resource use which
will permit high standards of living and a wide sharing of
life's amenities.

. Enhance the quality of renewable resources and approach the
maximum attainable recycling of depletable resources.

Further, with respect to major Federal actions significantly affecting
the quality of the human environment, Section 102 (2)(C) of the NEPA
calls for preparation of a detailed statement on:

(1) The environmental impact of the proposed action,

(ii) any adverse environmental effects which cannot be avoided
should the proposal be implemented.
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(iii) alternatives to the proposed action,

(iv) the relationship between local short-term uses of man's
environment and the maintenance and enhancement of long-
term productivity, and

(v) any irreversible and irretrievable commitments of resources
which would be involved in the proposed action should it be
implemented.

Pursuant to Appendix D of 10 CFR Part 50, the AEC Directorate of
Licensing prepares a detailed statement on the foregoing considera-
tions with respect to each application for a construction permit

or full-power operating license for a nuclear power reactor.

When application is made for a construction permit or a full-power
operating license, the applicant submits an environmental report
to the AEC. The staff evaluates this report and may seek further
information from the applicant, as well as other sources, in
making an independent assessment of the considerations specified
in Section 102(2)(C) of the NEPA and Appendix D of 10 CFR Part 50.
This evaluation leads to the publication of a draft environmental
statement, prepared by the Directorate of Licensing, which is

then circulated to Federal, State and local governmental -agencies
for comment. Interested persons are alsc invited to comment on
the draft statement.

" After receipt and consideration of comments on the draft statement,
the staff prepares a final environmental statement, which includes a
discussion of questions and objections raised by the comments and

- the disposition thereof; a final cost-benefit analysis which considers:
and balances the environmental effects of the facility and the
alternatives available for reducing or avoiding adverse environmental
effects, with the environmental, economic, technical and other
benefits of the facility; and a conclusion as to whether, after
weighing the environmental, economic, technical and other benefits
against environmental costs and considering available alternatives,
the action called for is the issuance or denial of the proposed
permit or license or its appropriate conditioning to protect
environmental values.

In addition, in a proceeding such as this which is subject to
Section C of Appendix D of 10 CFR Part 50, the final detailed
statement includes a conclusion as to whether, after weighing
the environmental economic, technical and other benefits against
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environmental costs and considering available alternatives, the

action called for as regards the previously issued construction .

permit is the continuation, modification or termination of the
permit or its appropriate conditioning to protect environmental
values. '

Single copies of this statement may be obtained by writing the
Deputy Director for Reactor Projects, Directorate of Licensing,
U. S. Atomic Energy Commission, Washingtom, D. C. 20545.

Mr. Donald E. Sells is the AEC Environmental Project Manager
(Area Code 301, 973-7242) for this statement.




1. INTRODUCTION

The Government of the State of Florida, under which the Florida
Power Corporation (FPC) operates as a public utility, requires

the Corporation to supply adequate electric power to fill the
residential, industrial and commercial demands of customers within
its service area (see Figures 1.1 and 1.2). Toward this end Florida
Power Corporation applied to the AEC for licenses to construct and
operate a nuclear power plant on a site near Crystal River in

Citrus County, Florida. The plant, to be known as the Crystal
River Unit 3, will occupy part of an established site where fossil-
fueled, oil-burning Units 1 and 2, of 387 and 510 MWe, respectively,
are already located.

The application was reviewed by the. Regulatory Staff of the AEC's
Division of Reactor Licensing and by the Commission's independent
Advisory Committee on Reactor Safeguards, ‘both of which concluded
that the proposed reactor could be constructed at the Crystal River
site with reasonable assurance that it could be operated without
undue risk to the health and safety of the public. Afteraa public
hearing had been conducted by the Atomic Safety and Licensing Board
at Crystal River, Florida, the AEC authorized construction of the
plant by permit No. CPPR-51 on September 25, 1968 in Docket 50-302.

The applicant submitted an Environmental Report on February 8, 1971

in response to the request of the AEC Division of Reactor Licensing

in its letter. dated July 15, 1970 and in compliance with the appli-
cant's responsibilities under the NEPA, The report provided a

summary description of the plant's environmental impact. As requested
by the AEC, the report discussed the environmental aspects of Crystal
River Unit No. 3, as set forth in Section 102(C) of the NEPA and
presented other pertinent information requested by the AEC in its
letter.

On September 9, 1971, the AEC published in the Federal Register a
revised Appendix D to 10 CFR Part 50 setting forth AEC's implementation
of the NEPA. Paragraph E(3) of revised Appendix D generally requires

a holder of a construction permit issued prior to January 1, 1970,

. for which an operating license has not been issued, to furnish to the
AEC within 40 days of September 9, 1971, a written statement of any
reasons, with supporting factual submission, why with reference to

the criteria in Paragraph E(2) of revised Appendix D the permit should
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not be suspended, in whole or in part, pending completion of the
NEPA environmental review specified in Appendix D.

On October 15, 1971, the applicant filed with the AEC the statement
required by Paragraph E(3) of Appendix D and, in response to
subsequent AEC questions, the applicant also supplied additional
supporting information on November 9, 1971 as Amendment No. 15 to
its Application for Licenses for Crystal River Unit 3.

In accordance with the requirements of Section E of Appendix D, the
Division of Reactor Licensing, USAEC announced on November 23, 1971
that the construction permit for the Crystal River Unit 3 Nuclear
Plant should not be suspended pending completion of the NEPA environ-
mental review specified in Appendix D.

On October 15, 1971, the applicant notified the AEC that it intended

to submit a new and revised environmental report to replace entirely

the report submitted on February 8, 1971. The new report would contain
the information called for under Section A, Paragraphs 1-5, of the
revised Appendix D, and would incorporate the substance of the original
Environmental Report as well as additions responding to the new require-
ments. The report referred to was issued in three volumes, Crystal
River Unit 3, Envirommental Report Operating License Stage on

January 4, 1972

This Statement takes all of these writings into account; it uses
information available in the applicant's Final Safety Analysis Report;
it includes data and information obtained from a site visit in

March 1972, as well as from other sources referenced in the text;
finally, it relies heavily on professional calculations and appraisals
made by the staff.

The applicant's reports and applications, the Safety Analysis Reports,
and the AEC's Safety Evaluation are filed in the AEC Public Document
Room, 1717 H Street, N.W., Washington, D. C. 20006 and in the Crystal
River Public Library, Crystal Rlver, Florida 32629,

This statement treats the projected environmental effects of Crystal
River Unit 3, and the alternatives available for this unit, together
with the cumulatlve potential effects with the two f05511 Unlts 1
and 2.

Crystal River Unit 3 will employ a -pressurized water reactor supplied’
by the Babcock & Wilcox Company and will have an initial gross elec-
trical capacity of 855 MW. Gilbert Associates, Inc., has been
retained as the Architect-Engineer.




The Nuclear Utilities Services (NUS) Corporation has been assisting
the Florida Power Corporation engineering staff in environmental
matters, The State of Florida Department of Natural Resources and
the Department of Health and Rehabilitative Services were supported
by Florida Power Corporation in the performance of special environ-
mental studies at Crystal River. The Universities of Florida and
South Florida were also retained under contract to perform other
environmental studies related to the site. No studies of the
Crystal River site area were conducted by the applicant prior to
the initiation of construction and operation of Units 1 and 2.

For this reason the results of completed and proposed studies may
not truly reflect the original natural conditions of the site and
its environs.

A number of approvals have been obtained as required by local,
State and Federal agencies with regard to such activities as water
use, waste discharge, dredging and environmental considerations.

In addition to the operating license from the AEC, the applicant
‘must also obtain a discharge permit under Sec. 401 of the FWPCA
and an operating license from the State of Florida. A public
hearing was held in connection with the application for a con-
struction permit and is discussed in Section 1.2, The status of
construction of the plant is described in .Section 3.1.

1.1 SITE SELECTION

The applicant states that investigations were made for possible
sites suitable for the construction of power plants both inland
and along the coast within the Florida Power Corporation's service
area. Various factors were considered during site selection, such
as air pollution, location of power generation with respect to
load, effect of the development of the area and addition of new
customer loads, effects of heavy shipping, residential and recre-
ational uses of the land, effect of transmission of bulk power and
suitability of the site for future equipment installations.

Siting studies made in 1966 specifically to determine a site for
nuclear development focused on three existing power plant sites
within the Florida Power Corporation system, These three locations
were the A.W. Higgins site, the Bartow site and the Crystal River
site. The Higgins site is located at Booth Point on the upper
reaches of old Tampa Bay approximately 16 miles north of the city
of St. Petersburg and 8 miles east of Clearwater (see Figure 1,2).
Factors leading to the rejection of this site were necessary land
reclamation operations, the closeness of the site to airports

and harbors, and the need for extensive facilities to minimize
thermal discharge recirculation effects in the marine environment.
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The Bartow site is located on Weedon Island along the shore of

Tampa Bay approximately 8 miles northeast of the city center of

St. Petersburg. Unfavorable factors making this site unattractive

were the proximity of a large military airbase, the limitations

of the property with regard to plant layout, intake and discharge
locations, the required transmission of power from station transformers
to substation, and the need for extensive facilities to minimize
thermal discharge and recirculation effects in the marine environment.
Both the A.W. Higgins and the Bartow sites were visited and inspected
by the staff.

Investigations of the Crystal River site indicated that it was

the best of the three mentioned for the location of the nuclear
unit from the standpoint of cooling water sources, meteorology,

and availability of land. At the time this conclusion was reached,
the Crystal River Unit 1, a 387 MWe fossil-fired unit, was nearing
completion and an additional 510 MWe unit, Crystal River Unit

2, was scheduled for construction., The Crystal River site also
presented an economic advantage to the Florida Power Corporation.
At the Higgins and the Bartow sites, additional costs, primarily
for piling to bedrock, double containment and augmented gaseous
waste holdup facilities made these two sites less attractive.

The transportation of heavy components by barge to Crystal River or
to Bartow appeared to present no difficult problems since existing
navigation channels and the intake canal could be utilized; however,
at the Higgins site a barge navigation channel would have to be
dredged due to shallow waters.

In 1966 a small site at the mouth of the Anclote River just west
of Tarpon Springs and about 20 miles north of St. Petersburg was
considered but also rejected. In this consideration, Crystal

River was chosen due to availability of a larger parcel of land.
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1.2 APPLICATIONS AND APPROVALS

A public hearing was held at Crystal River on July 16, 1968. The
hearing lasted two days.

The permits, licenses or other approvals for construction, operation
or environmental effects required for Crystal River Unit No. 3

are listed below. The list includes the applicable statutory

or regulatory reference and the dates of issuance.

. A Provisional Construction Permit No. CPPR-51 was issued
by the Director, Division of Reactor Licensing, USAEC,
on September 25, 1968 for Crystal River Unit 3 (Docket
No. 50-302).

. A permit to operate the Oceanographic Data Acquisition
monitoring system was granted by the Federal Communica-
tions Commission for the Mobile Tramsmitting units on
December 3, 1970 and for the fixed station transmitter
on February 3, 1971.

. A permit No. CG 2554 to install 15 buoys and 25 station
markers was granted by the United States Coast Guard
on February 5, 1971.

. A permit No. SAJSP (70-489) to install 15 buoys and
25 station markers in the Gulf of Mexico was granted by
the United States Corps of Engineers on February 4, 1971.

. Unit 3 Construction Permit No. IW-1113 was obtained from
the Florida State Board of Health (now the Florida Depart-
ment of Health and Rehabilitative Services) on September 26,
1968.

. The regulatory code for the Southwest Florida Water Manage-
ment District agency went into effect on October 1, 1969
and is applicable to the plant with respect to wells.

Well No. 3 was drilled during the period of August-Septem-

ber, 1966. During that time, no regulations were in effect
to govern the drilling of wells. Thus, Well No. 3 does

not and will not have a permit issued by the agency named.

. Necessary construction and building permits were obtained
from Citrus County Board of Commissioners.
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. The installation of temporary septic tanks during the
period of construction was approved by the Citrus County
Health Department.

. A dredging application to enlarge oil barge receiving dock ST
facilities and to make a minor inland extension of the existing
intake canal was approved by the Board of County Commissioners
on June 1, 1971.

In addition to the agencies from which formal permits were required,
as designated in the preceding section, a number of additional
agencies and individuals have been contacted. A list of these
agencies and organizations are as follows: '

. Florida Department of Natural Resources

. University of Florida, Department of Environmental
Engineering

. University of South Florida, Marine Science Institute
. United States Environmental Protection Agency

. United States Department of Interior' |

. FederallAviation Agenéy.

. Florida‘Trustees of the Internal Improvement Fund

. United States Coast Guard

. United States Public Health Service

. United States Department of Agriculture

. President's Water Pollution Control Advisory Board

. University of Miami, Rosentiel School of Marine and
Atmospheric Science

. Florida State University, Office of Environmental Affairs
. Florida State Marine Research Laboratory

. Parks and Recreation, Marine Resources, State Department
Of Natural Resources
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Florida Department of Transportation, State Road Depart-
ment

Florida State Museum, Gainesville, Florida
Florida State Museum, Crystal River

Florida State Department of Family Services, Inverness,
Florida

Inverness Hospital

. Hiller Medical Center, University of Florida, Gainesville,
Florida

City Manager, Crystal River
Board of County Commissioners of Citrus County, Florida

Coast Guard Auxiliary, Crystal River




2.0 THE SITE

2.1 GENERAL

The site for the plant to be known as Crystal River Unit 3 is

in Citrus County, Florida, facing the Gulf of Mexico and situated
about midway between the mouths of the Withlacoochee and Crystal
Rivers. The general location is shown in Figure 1.1, a map of
Florida, and in Figure 1.2, a map of the service area of Florida
Power Corporation. The property is wholly-owned and controlled
by Florida Power Corporation. It is in the northwestern portion
of Citrus County approximately 7 1/2 miles northwest of the town
of Crystal River and about 70 miles north of Tampa at latitude
28° 57' 24" N and longitude 82° 42' 2,4" W. It lies in the north-
west corner of Section 33, Township 178, Range 16E.

The region of the site is characterized by gradually rising
terrain from mangrove swamp and marshland at the coast to gently
rolling hills about 16 miles inland to the east. The plant site
itself was primarily hardwood hammock forest and marshland, see
figure 2.1 with a variety of vegetation ranging from swamp grass
to large trees. The entire area is one of very low relief (2 to
5 ft above mean sea level) within the Terraced Coastal Lowlands
of the coastal plain of west Florida.

Pine land constitutes the most significant part of the site area
acreage, representing almost 60% of the total., Pasture and range
constitute slightly less than 20% of the total surface but a major
part of the woodland is also used for grazing,

2.2 LOCATION OF THE PLANT

The site consists of 4,738 acres including the 1/4-mile access

. strip provided for railroad, road, and transmission line right-
of-way extending from the Plant to U.S. Highway 19. This strip

is crossed by old U.S. Highway 19, 951 ft west of U.S. 19 and
2,224 ft east of .the plant guard house and entrance. The general
location of the site is shown in Figure 1.2. The major part of
the property, superimposed on the previously existing shoreline,
is shown in Figure 2.1.

The only major road within the 5-mile radius is U.S. 19, a major

link in the St. Petersburg to Tallahassee system. A railroad
spur off the Seaboard Coast Line Railroad serves the site. There

2-1
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are no airports within the 5-mile radius. Boat landings are few,
small and scattered. The proposed Intercoastal Waterway passes
within 10 miles of the site in the Gulf of Mexico.

2.3 REGIONAL DEMOGRAPHY AND LAND USE

2.3.1 Farming

Scattered farms are located within the 5-mile radius area. Most
of the land is not suitable for agriculture because of its marshy
condition or high water table and pressure for land development
is expected to reduce the number of farms in the future.

Agriculture is a major industry within 50 miles in the area east
of Route 41, An agricultural belt extends south from Gainesville
to Dade City in which the activities include the growing of citrus
fruits, general farming and the raising of pigs, chickens, horses
and cattle. '

2.3.2 Human and Cultural Features

The year-round population within the 5-mile radius area is pres-
ently less than 100 persons but is expected! to be about 1,550 by
the year 2020 as the area becomes less rural.

The area within a 50-mile radius is largely open with very low
population densities, except for rural concentrations. The pres-
ent population of the 50-mile radius area is estimated to be
155,900 persons. The largest city is Ocala with a population of
22,583, Gainesville, located 55 miles from the site, has a popula-
tion of 63,818, while Tampa, about 70 miles south, has a population
of 277,767 persons. : '

The projected year 2020 population of the 50-mile radius area

is approximately 381,000 persons. This increase in population
can be expected as a result of northerly expansion of the Tampa-
St. Petersburg metropolitan area; growth of the Gainesville area,
the influence of Disney World (about 80 miles to the East, near
Orlando), and the improved employment conditions associated with
this population growth. :

Within 50 miles, urbanization occurs in two patterns. The first
is the strip of residential, business and tourist development
north along Route 19 from Clearwater to New Port Richey and the
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second is the urban concentration of small resort and residential
communities such as Crystal River, Inverness, Brooksville, Ocala,
and Homosassa Springs. The population distribution around the
Plant site is shown in Figure 2.2.

Continued development of the Route 19 strip is anticipated. Both
Citrus and Pasco Counties' master plans show expansion of Route

19 uses. 1Inland communities are expected to increase but not as
quickly as Gulf-oriented areas. '

2.3.3 Housing and Schools

The renter—occupied-housing.unifs in Citrus County represented
about 11% of the total housing units in 1970. The average house-
hold size was 2.9 people in 1960 and 2.6 in 1970.

The school enrollment figures for Citrus County (Table 2.1)
indicate an increase. of 100% during the years 1960-1970.

2.3.4 Economic Conditions

The employment in Citrus County is shown in Table 2.2 where major
employment categories are listed, giving the number of employees
for March 1960 and for ‘March 1969, with percentages and the per-
cent change from 1960 to 1969. The last-mentioned year saw a
2207% increase in the number employed in manufacturing, 140%
increase in transportation and communication, 116% increase in
government and 73% increase in construction. The only industry
group to remain at the same level was that of finance, insurance,
and real estate. Total agricultural employment decreased 6.7%
‘of which the self-employed included in agriculture decreased 52%
but hired labor increased 2207%.

Of the 4,060 workers employed in Citrus County in 1969, 1,100 or
27% were directly employed at the Florida Power Corporation
plants. A slow increase in residential construction is taking
place and there are large landholdings where the land is being
held for development. Effective buying income per household in
the county was $6,104 in 1969, an increase of over 13% in the
income per household in 1967.
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TABLE 2.1

SCHOOL ENROLLMENT, CITRUS COUNTY, FLORIDA

School Year Enrollment
1960-1961 | 2293
1961-1962 ' 2438
1962-1963 2650
1963-1964 2878
1964-1965 ' 3010
1965-1966 | 3219
1966-1967 3174
1967-1968 3454
1968-1969 | 3541
1969-1970 3999
1970-1971 4382
1971- | | 4291%

* Enrollment as of September 27, 1971




TABLE 2.2

EMPLOYMENT BY INDUSTRY, BY PLACE OF WORK
CITRUS COUNTY, FLORIDA

1960-19692
% of % of Percent
1960 Total 1960 1969 Total 1969 Change
(March)  Employment (March) Employment 1960-1969
Manufacturing 50 1.9 160 3.9 +220.0
Wholesale and Retail Trade 350 - 13.0 540 13.3 + 54.3
Construction 150 5.6 260 6.4 + 73.3
Transportation and
Communication 0 0.0 140 3.4 +140.0
Government 250 9.2 540 13.3 +116.0
Finance, Insurance,
Real Estate 100 3.7 100 2.5 0.0
Service and Other Wage and
Salary : 400 14.8 660 16.3 55.0
Total Wage and Salary Workers 1,300 48,2 2,400 59.1 + 84.6
All Other Non-agricultural 1,000 37.0 1,220 30.0 + 22.0
Total Non-agricultural
Employment 2,300 85.2 3,620 89.1 + 57.4
‘ .
Self-employed and
Domestic¥® 250 9.2 120 3.1 - 52.0
Wage and Salary Workers
(Hired Labor)* 50 1.9 - 160 3.9 +220.0
Total Agricultural Employment 300 11.1 - 280 7.0 - 6.7
Total Unemployment 100 3.7 160 3.9 + 50.0
Total Civilian Employment 2,700 100.0 » 4,060 100.0 - 50.4

* Agricultural Workers

L=
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2.3.5 Industry

The only major industrial operation within the 5-mile radius of
the power plant is the Florida Power Corporation's Units 1 and
2 of the Crystal River installation. .There is a small sand and
gravel operation and a cement plant within and adjacent to the
site.

The area is oriented toward tourism, recreation and agriculture.
However, the preliminary plan for Citrus County defines a large
area north of the Crystal River site, including a portion of
Yankeetown, as suitable for industrial development.

Despite the constructed portion of the now terminated Cross
Florida Barge Canal passing through the industrial area, major
industrial development is not anticipated unless the canal pro-
ject is reopened.

There are few industrial establishments in the 50-mile radius
area and they are generally small and scattered. The only
concentration of industry is around Ocala, approximately 45
miles from the site, and around Gainesville, somewhat more
than 50 miles from the site. Sand and gravel operations are
scattered throughout the area.

The basic rural character of the area is not expected to change

in the coming 40 years due to the large amount of wetland, lakes
and swamps, and the existence of major existing and contemplated
State preservation areas. In the foreseeable future, new industry
will probably be oriented north to Gainesville and south toward
Clearwater at the perimeter of the 50-mile radius rather than
within it.

2.3.6 Mariculture Laboratory

After a study of the practicability and benefits of mariculture
at marine sites related to power plants, Florida Power Corpora-
tion and the Ralston Purina Company in February 1971 signed a
5-year joint research agreement to determine the commercial
feasibility of culturing marine animals in the heated discharge
water of the Crystal River power plants.
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The facility for this project is located on filled land between
the intake and discharge water canals at the Crystal River site.
The facility presently occupies 10 acres and consists of a 75

ft by 160 ft laboratory and hatchery building and 9 raceways
each 50 ft by 400 ft. Over a 5-yr period it is envisioned that
the facility will occupy as many as 50 acres. The project is
focusing initially on culturing shrimp.

2.3.7 Land Transportation

The present daily traffic volume generated by Unit 3 construc-
tion is estimated to total 1,000 cars and 100 to 200 trucks.
This also includes short distance transportation of concrete,

. sand and- £i11l. The rail traffic is approximately 12 railroad
cars per week. The Florida Department of Transportation
District Office indicated that there have been no problems
created by the traffic to and from the plant site, The plant
officials have indicated slight congestion at the intersection
with Route 19 during peak hours.

2.3.8 Air Transportation

Tampa International Airport is located about 10 miles outside
the 50-mile radius. Airports within the 50-mile area are
located at Crystal River, Masaryktown, Ocala and Williston.

2.3.9 Recreational Features

The immediate 5-mile radius area has little land recreational
activity. A minor undeveloped State park is located along the
north bank of the Crystal River. On the other hand, water-based
recreation is extensive,

Water recreational activity centers largely upon sport-fishing
from small boats near or within a few miles of the shore. The
marshy terrain of the shoreline severely limits sport-fishing
from the banks, and the relatively shallow water and numerous
reefs restrict near-shore commercial fishing. Beach recreational
activities are restricted by the lack of sandy beaches, although
there is some skin diving and water skiing from small craft.
Sport~-fishing catches include over 25 species of finfish,
including redfish (Sciaenops oscellata), spotted seatrout




(Cynoscion nebulosus), silver perch (Bairdiella chrysura), spot or

jimmy (Leiostomus xanthurus), black drum (Pogonias cromis), Atlantic
croaker (Micropon undulatus), and sheepshead (Archosargus probatocephalus).
Desired shellfish include American oysters (Crassostrea virginica), blue
crab (Calinectes sapidus), and stone crab (Menippe mercenaria).

During the cooler winter months, extensive fishing now occurs

in the discharge canal of the existing Crystal River plants where

the warmed water attracts sport-fish. The recreational potential

for sport—fishing in the area should increase over the coming.

40 years.

The most important commercialized recreation centers in the area
are Homosassa Springs, Rainbow Springs and Weekiwachee. Other
tourist attractions include: Yulee Sugar Mill, Cedar Keys, Manatee
Springs, and Silver Springs. Several golf courses are scattered
throughout the area and although they have a significant local
impact, they are minor users of land. Disney World is located

30 miles beyond the 50-mile radius near Orlando.

2.3.10 Unique Natural Environments and Scenic Values

A small area of salt marsh and swamp combined with the opening
of the Crystal River to the Gulf of Mexico is the ecologically
sensitive area within the 5-mile radius area. A portion of this
area off Route 19 and along the Crystal River is subject to real
estate development, threatening the immediate surrounding
environment.

The 50-mile radius area includes a number of important natural
environments including salt marsh and swamps, fresh water swamps
and hammocks, a lake complex, the major river systems, and grass
flats,

2.3.11 Wildlife Preserves

Original acquisition of a plant area substantially in excess

of that required for structures or construction has resulted

in the preservation of a substantial buffer zone containing lands,
salt marshes and small tidal creeks which are protected against
encroachment from any other coastal development. Hunting is ‘
prohibited, thus providing a preserve for the wildlife existing
in the area.




2.3.12 Public Recreation Facilities

Due to its remote location, the character of the shoreline, and

the low population demsity, the site itself originally had only
marginal recreational value. Since the Crystal River Plant Units

1 and 2 have commenced operation, sport-fishing in the plant

canal waters, open to the public by sea, has been substantially
enhanced. The applicant anticipates that the addition of the nuclear
Unit 3 will not change this present accessibility to the public

for sport-fishing or other recreational uses of the area, unless

a supplemental cooling water alternative installation requires
restriction.

2.4 HISTORICAL SIGNIFICANCE

The area between the north bank of the Crystal River and the
south bank of the Withlacoochee has a well authenticated history.

There are numerous areas and sites of archeological and paleontological .
importance in the 50-mile radius area (see Figure 2.3). These

include fossils in the larger rivers, indications of earliest

man in association with remains of the last extinct animals,

and Indian mounds and artifacts.

The Crystal River Historical Memorial is located along the north
bank of the Crystal River. This area existed as a ceremonial
center for the local Indian population up to about 1400 A.D. More
than 450 burials have been found at that site since study and
excavations began in 1903. . Unique features of the site are the
two stone stelae found there. These are the only two known to

be in the United States.3

There are no historical landmarks immediately adjacent to the

- plant site listed in the National Register of Historic Places.
The only listed" historical landmarks in the vicinity of Crystal
River are the Crystal River Indian Mounds and the Yulee Sugar
Mill ruins at Homosassa Springs. Other sites of historical and
scientific significance in this part of the State are also shown
in Figure 2.3.
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Figure withheld per Section 304
- of the National Historic Preservation Act
of 16 U.S.C. 470, et. seq.

FIGURE 2.3 SITES OF SCIENTIFIC INTEREST IN THE GENERAL AREA



After the purchase of Florida from Spain in 1821, the fertile

area between the Withlacoochee and Crystal Rivers became settled.
Fruit groves were started and cattle ranches flourished after

" the land was cleared. At Port Inglis there was considerable

business and commerce. Captain Inglis' home is the only remaining

structure still to be found there. :

The construction and operation of the nuclear plant should not
result in alteration of any site of historical or scientific

value.

2.5 ENVIRONMENTAL FEATURES

2.5.1 Geology

The most significant rocks at the site are biogenic carbonates
(limestones and dolomites) of Tertiary age dipping gently in

a southwesterly direction. Two distinct Eocene formations were
identified during the test borings. The upper is the Inglis

member of the Moody's Branch Formation that overlies dense silts,
-sands, and organic clays of variable thickness. The lower

sequence of carbonates is the Avon Park Formation, a highly variable
sequence that had developed an irregular surface when exposed

and that served as the structural framework for the younger
sediments deposited upon it. ’

A seismic study indicated that the State of Florida is seismically
inactive and no earthquake is known to have occurred within 50
miles of the site. The two strongest earthquakes to have affected
the area were the Northern Florida earthquake (1879) listed as
Modified Mercalli VI (see Table 2.3) and the Charleston, South
Carolina earthquake of 1885 which had an intensity X, Modified
‘Mercalli. Based upon the relationship between earthquake
intensity and ground acceleration, the Charleston earthquake
would have resulted in a ground acceleration of approximately
0.025g at the site. The nearest faulting occurs at a distance

of 3 miles to the east of the site. Stratigraphic and seismic
refraction evidence indicates the nonexistence of subsurface
faults at the site.
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TABLE 2.3
A —————=

MODIFIED MERCALLI INTENSITY SCALE OF 1931
(Abridged)

Not felt except by a very few under especially favorable circumstances.

Felt by only a few persons at rest, especially on upper floors of buildings.
Delicately suspended objects may swing.

Felt quite noticeably indoors, especially on upper floors of buildings, but
many people do not recognize it as an earthquake. Standing motorcars may
rock slightly. Vibration like passing of truck.

During the day felt indoors by many, outdoors by few. At night some awakened.
Dishes, windows, doors disturbed; walls make creaking sound. Sensation like
heavy truck striking building. Standing motorcars rocked noticeably.

Felt by nearly everyone, many awakened. Some dishes, windows, etc., broken;
a few instances of cracked plaster; unstable objects overturned. Disturb-
ances of trees, poles, and other tall objects sometimes noticed. Pendulum
clocks may stop.

Felt by all, many frightened and run outdoors. Some heavy furniture moved;
a few instances of fallen plaster or damaged chimneys. Damage slight.

Everybody runs outdoors. Damage negligible in buildings of good design and
construction; slight to moderate in well-built ordinary structures; con-
siderable in poorly built or badly designed structures, some chimneys
broken. Noticed by persons driving motorcars.

Damage slight in specially designed structures; considerable in ordinary
substantial buildings with partial collapse; great in poorly built struc-
tures, Panel walls thrown out of frame structures. Fall of chimneys,
factory stacks, columns, monuments, walls. Heavy furniture overturned.
Sand and mud ejected in small amounts. Changes in well water. Persons
driving motorcars disturbed. '

Damage considerable in specially designed structures; well-designed frame
structures thrown out of plumb; great in substantial buildings, with
partial collapse. Buildings shifted off foundations. Ground cracked
conspicuously. Underground pipes broken.

Some well-built wooden structures destroyed; most masonry and frame
structures destroyed with foundations; ground badly cracked. Rails bent.
Landslides considerable from river banks and steep slopes. Shifted sand
and mud. Water splashed (slopped) over banks.

Few, if any, (masonry) structures remain standing. Bridges destroyed.
Broad fissures in ground. Underground pipelines completely out of service.
Earth slumps and land slips in soft ground. Rails bent greatly.

'Damage total. Waves seen on ground surface. Lines of sight and level

distorted. Objects thrown upward into the air.
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As part of the investigation of the site, geology bedrock dis-
solution studies were carried out to determine the rate at which
the carbonates dissolved and to establish the effect that such

a process would have on the foundations of the plant. The study
indicated that the volumes potentially dissolved from the bedrock
beneath the plant would not represent a significant amount of
deleterious action. Further, a grouting process used beneath
Units 2 and 3 reduced the permeability of the carbonate rocks

by a factor of more than 30 times, thus reduciug the exposure

of the limestone to potential solvent groundwater by the same
factor. On the basis of these considerations, dissolution of
limestone beneath the plant is not considered to be a significant
problem.

Bedrock at the site is approximately 20 ft beneath present ground
surface which is largely fill material. The surface fill is

of variable thickness and density and is comprised of coarse

silty sand and limestone fragments. The natural soil cover of

the remainder of the site consists of recent deposits of thinly
laminated organic sandy silts and clays, interspersed with a Pleistocene
marine deposit. These deposits blanket the site and have a variable
thickness averaging approximately 4 ft. Beneath these soils

is- the residual limey soil unit derived from the decomposition

of the underlying bedrock. The groundwater occurs at a depth

‘of approximately 10 ft below ground surface.

The mineral resources in the area include limestone, dolomite
and phosphate. Several quarries in the Citrus-Levy County area
have intermittently produced crushed limestone, mainly for road
construction. The closest to the site lies 4 miles southeast
of the town of Crystal River, 12 miles southeast of the power
plant site. The quarry is presently idle but still contains
mineable rock. Two active open-pit dolomite mines exist near
the plant site. One adjoins the power plant property on the
east, and the other is 12 miles northeast. The dolomite is
mined mainly as a fertilizer additive,. '

Most of the open pit phosphate mines in this area have been
abandoned; however, a small segment of the industry is presently
remining old spoil sites to recover "soft" rock phosphate. A
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north-northwest trending bank of "hard" rock phosphate passes through
the eastern parts of Citrus and Levy Counties.

It is significant to the radiocactivity background of the area

that the Florida phosphate deposits, certain of the terrace "black
sands," and the limestone which has produced a large fraction

of the usual soil, all contain greater amounts of naturally-
occurring radionuclides, contributing to a higher than expected
background radiation dose. These radioactive materials give.

rise to a small radiation dose from the particulate and gaseous
materials released by natural decay and weathering.

Other presently undeveloped mineral resources of the general
region include: construction sands, glass sands, and heavy
mineral concentrates from the "black sands." Aside from local
use in construction, the sands and associated.minerals are not
being exploited in the counties adjoining the plant.

Three petroleum exploration holes-have been drilled in Citrus
County, eight in Levy County, and two in the offshore area within
10 miles of the coast. None has yielded commercial quantities

of o0il or gas. i

2.5.2 Climatology and Meteorology

The climate of the region is subtropical, characterized by dry
winters and rainy summers, a high annual percentage of sunshine,
and high humidity. Rainfall averages about 55 in/yr, with more
than 50% of the total occurring during the months of June through
~September. Temperatures seldom exceed 90°F nor fall below 32°F.
Prevailing winds are easterly but the coastal region at the site
experiences local circulations caused by land-sea interactionmns,

Since 1871, 56 tropical storms or hurricane centers have passed
within 50 miles of the Crystal River site., After 1885, weather
records differentiated between tropical storms (winds <73 mph)
and hurricanes (winds >73 mph). Since 1886, there have been

44 passages of tropical storms, with a maximum of 13 hurricanes
experienced within 50 miles of the site., Relatively few storms
have moved inland on Florida's west coast between Cedar Keys and
Fort Meyer in the past 80 years.
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Of the 723 reported occurrences of waterspouts in Florida from
1948 through 1969, 355 were observed on Florida's west coast.
Waterspouts have occasionally caused considerable damage to
shipping, and have also become destructive tornadoes when
crossing from water to land.

In the period 1916-1969, 590 tornadoes were reported in the
State of Florida. About 66 of these were associated with the
passage of tropical storms.

The meteorology in the region of the site has been evaluated to
provide a basis for determination of annual average radioactive
waste gas release limits, estimates of exposure from normal
operations and potential accidents, and design criteria for
storm protection. The information is based on an observation
period of September 1968 through July 1970.

The on-site meteorological facility at the Crystal River site
initially consisted of a Bendix Aerovane wind transmitter
mounted on top of a 150-ft tower; this places the sensor at
approximately the same elevation as the top of the containment
structure, The tower is located approximately 1440 ft south
and 170 ft west of the Unit 3 reactor building. The transmitted
data are recorded on a Bendix chart recorder system and are
independently reduced to 15-minute averages of wind speed, wind
direction, and directional variance. In July 1970 an additional
wind sensor was installed at an elevation of approximately

30 ft.

Analysis of site meteorological data for the period from
September 1968 through July 1970 indicated that the average wind
speed is 11.4 mph and that calm conditions occur less than 1% of
the time annually. Winds blow offshore about 49% of the time
and thus would then transport any possible radioactive release
toward the Gulf of Mexico. Although stable conditions occur
about 60% of the time, average wind speeds associated with these
conditions exceed 12 mph and result in favorable diffusion. The
conditions referred to are based on observations at the 150-foot
level and may not be representative of conditions closer to the
ground, '

2.5.3 Hydrology

Of the rainfall at the site, the total evaporation is estimated
to amount to 38 in/yr, leaving an average of 17 in. for surface
runoff and aquifer recharge. Very high rainfall rates may
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accompany tropical storms in the area. The maximum 24-hr rainfall
accumulation measured near the site was 38.7 in. and occurred as
Hurricane Easy passed near the coast in 1950. 1In addition the site
is subject to hurricane surges.

The plant site is centered between the mouths of two rivers; the
Withlacoochee, 3.8 miles to the north, drains 1700 square miles and
is the larger of the two. The Crystal River is located 3.8 miles

to the south, and is fed primarily by artesian springs. The Withla-
coochee River has an annual average flow of 1170 cfs, with historical
extreme flows ranging from 8640 to 113 cfs. The Crystal River flow
has been 600 cfs on an annual average basis.

The Floridan aquifer is an artesian aquifer which underlies most
of the State and parts of Georgia, South Carolina, and Alabama.
This aquifer consists of limestone formations several thousand
feet thick, and is generally covered by more impermeable forma-
tions. In the vicinity of the plant, the Inglis limestone and
the Avon Park limestone occur near the surface and contain water
under water table conditions. The top of the water table lies
8 to 10 ft beneath grade surface and slopes (2 ft/mile) in a westerly
direction toward the Gulf of Mexico. The aquifer recharge rate is
estimated from rainfall and evaporation data to be approximately
12 million acre-ft/yr or 10.5 billion gal/day. The limestone
aquifer is highly porous, with a permeability of 10-3 cm/sec or
greater. Thus, surface waters located above the water table will
filter into the groundwater table very rapidly.

s

Salt water from the Gulf intrudes into the fresh water table

to an extent depending on the tidal fluctuations and groundwater
recharge rates. At the plant site, groundwater level varies

1.5 ft in response to tidal changes in sea level of 3.5 ft. Dur-
ing periods of low aquifer recharge rates, slight lowering of

the water table may cause salt water intrusions as far as one
mile east of the plant. Ten miles inland, a salt water-fresh
water interface occurs in groundwater at a depth of 300 ft. At
the plant site this interface occurs near the surface.

The Crystal River site is characterized by a low topographic
relief averaging less than 5 ft in elevation. The flat topo-
graphy, combined with the low energy coastline and tidal range,
“has led to development of salt marsh along the coast some 3/4
miles wide. The dominant physical forcing function is the tide
which creates dendritic tide channels dissecting the land masses
in the salt marsh.
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2.5.4 Oceanography

The oceanography of the site and immediate area, particularly the
mixing zone for the heated effluent, is described in detail in
Appendix D. Principal influences have been superimposed on this
area of the Gulf by the activities of man, specifically the
construction of the Cross Florida Barge Canal and the intake and .
the discharge canals. .

Acreages covered by the thermal plume with Units 1 and 2 operating

at 100% power were estimated from the information previously reported
by the applicant. These acreages will be used in Section 5 when
establishing the impact of Unit 3 operation. The specific area

with which the staff is most concerned is the area covered by the

6°F AT and greater isotherm. This is 200 acres, 360 acres and

510 acres for flood tide, ebb tide and full tidal cycle, respectively
(see Section 5.3.2.4.2 and 12.2.6.2).

Salinity in the area varies widely throughout the year, Fresh water
flowing into the estuary plays a major role in this flucuation. The
range in the vicinity of the plant discharge is 22 to 29 ppt compared
to 35 ppt 8-10 miles offshore.” This fresh water intrusion is also a
principal factor in causing the thermal plume to dive instead of float
on the Gulf waters.

Winds play a minor role compared to tidal fluctuations in determining
flow platterns near the site, except during hurricanes. ‘The "Maximum
Probable Hurricane'" is projected to be one which approaches the coast
from the south, with onshore winds having a maximum speed of 138.5 mph.

2.6 ECOLOGY OF SITE AND ENVIRONS

2.6.1 Terrestrial Ecology

The physiognomy of the site can be characterized by five vegetative
units consisting of four natural community types (swamp, pinelands,
hammocks, marshes) and ruderal areas.>>

The existing intake and outlet canals traverse salt marsh land.
Salt marshes are constantly influenced by tidal action and thus
dissected by scour channels, They are usually referred to as
semi-aquatic marine habitats.
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The characteristic terrestrial habitat next immediately inland
is termed hardwood hammock forest. The construction site and
existing facilities occupy such an area (see Figure 2.1). Ham-
mocks are somewhat raised and drier (mesic) than the surrounding
territory and often have an island-like appearance. Further
subdivision of hammock forest based on the vegetation and
moisture relations is possible. Hammocks have a varied and
complicated makeup with many kinds of trees, shrubs, vines,
birds, mammals, amphibians, reptiles, and invertebrates.

Farther inland, e.g., at the eastern end of the applicant's
transmission line corridor and along rights-of-way, the pre-
dominant community type is pineland. Pinelands often are savannah-
like in appearance, due to occasional fire which maintains the
openness, or they have a definite layered appearance with palmetto
palms forming a dense understory. The number of species of plants
and animals is considerably less than that of the hammocks: About
197% (425 acres) of the pineland along the transmission line rights-
of-way is used for agriculture (beef and dairy production, citrus
orchards, and forestry)

Wherever wet depressions occur, a swamp-type community exists.
There are some swampy areas at the construction site which are
very complicated in their makeup because of the occasional
influence of saltwater. Discontinuous flooding is the main
feature of the swamps.

Typical ruderal communities exist wherever construction disturb-
ance has -somewhat stabilized, such as roadway barrow pits and
drainage ditches, or where the vegetation is managed as beneath
transmission lines. These communities vary and depend in part

upon the original type, the degree of disturbancé, and the kind

of maintenance. They are obviously attractive to some wildlife

as food sources. Deer browse beneath transmission lines and

egrets feed along the discharge canal and roadside drainage ditches,
for examples. '

The applicant has not supplied a detailed analysis of the bio-

tic makeup of the main community types found at the site, but

has provided a general description. Table 2.4 lists some of

the plants and animals most likely to occur at the site. The

range of 17 rare or endangered species7 overlaps the site, but

only two, the American Osprey and the Southern Bald Eagle, are
considered to be potentially influenced by construction or operation
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TABLE 2.4

PLANTS, MAMMALS AND BIRDS CHARACTERISTIC OFYTHE
COMMUNITY-TYPES FOUND AT THE CRYSTAL RIVER SITE

Saltwater Marsh

Plants:

Mammals:

Birds:

Swamps

Plants:

Mammals :

Birds:

Smooth cordgrass (Spartina alternifolia)
Black rush (Juncus roemeérianus) ;

Central Florida rice rat (Oryzomys palustris)
Florida water rat (Neofiber alleni)
Florida mink (Mustela vison)

Great blue heron (Ardea herodias)

White ibis (Guara alba)

Mallard (Anas platyrhynchos)

Redwinged blackbird (Agelaius phoenlcus)

Pond cypress (Taxodium ascenduns)
Swamptupelo (Nyssa biflora)
Swamp ash (Fraxinus pauciflora)

Florida short-tailed shrew (Cryptotis parva)
Seminole bat (Lasiurus seminola)
Florida long-tailed weasel (Musela frenata)

White throated sparrow (Zonotrichia albicollis)

Hardwood Hammocks

Plants:

Mammals:

Birds:

Magnolia (Magnolia grandiflora)
Laurel oak (Quercus laurifolia)
Blue beech (Caprinus caroliniana)

Florida marsh rabbit (Sylvilagus palustrus)
Eastern gray squirrel (Scuirus carolinensis)
Bobcat (Lynx rufus)

Turkey vulture (Cathartes aura)
Cardinal (Richmondena cardinalis)
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TABLE 2.4 (Cont'd)

Pinelands

Plants: Slash pine (Pinus elliottii)
Loblolly pine (Pinus taeda) -
Palmetto (Serenoa repens)

Mammals: Oppossum (Didelphis marsupialis)
Florida deermouse (Peromyscus floridarus)
Florida striped skunk (Mephitis mephitis)

Birds: Florida bob-white (Colinus virginianus)
Prairie warblér (Dendroica discolor)

Ruderal Areas (including artificial canals)

Plants: Wiregrass (Aristida stricta)
Cattail (Typha latifolia)
Duckweed (Lemna spp.)

Mammals: Florida cottontail (Sylvilagus floridanus)
Cotton rat (Sigmoden hispidus)
White tail deer (Odocolleus virginianus)

Birds: American coot (Fulita americana)
Common egret (Casmerodius albus)
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of the facility.8 The applicant has sponsored a literature

study in conjunction with the radiological survey® which produced
a checklist (and dietary) of possible animals and plants which
may occur in the vicinity of the site. The report cites: 254.
species of woody plants, 47 species of mammals, 233 species and
subspecies of birds, 68 species of snakes and other reptiles,

28 species of amphibians and 48 species of insects and
invertebrates,

2.6.2 Agquatic Ecology

2.6.2.1 Shoreline Marshland Ecosystem

The marshland forms the transition zone between the terrestrial

and marine ecosystems and, at the site, consists of an extensive
development of salt marsh vegetation in a coastal band some 3/4

mile wide. This band is dissected by dendritic tide channels where
the deepest channels of maximum flow velocity and scouring action
occur seaward. The sediment of the salt marsh band is primarily
mud with small areas of exposed limestone and oyster shell banks.
This zone is characterized by fluctuating salinity due to the '
influx of freshwater and by a high primary productivity attributable
largely to the coastal marsh and to intermittent beds of sea grasses
and attached algae.lo_12 The salt marsh is the most important
energy source in the inshore system.

The marshland habitat at the site is typical of areas found along
the northwest Gulf coast of Florida. Marsh grasses, especially
Juncus and Spartina and other salt-tolerant plants, border an

array of shallow creeks and bayous (Figure 2.4). The marsh habitat
here and elsewhere along western Florida serves as a nursery area
for numerous species of finfishes, including mullet, spot, black
drum, redfish, croaker, mojarra, and silversides.

This habitat also supports considerable numbers of small oysters

and blue crabs. Although sensitive to temperature and salinity
changes at certain stages of development, in general these species
are tolerant of wide ranging temperature and salinity conditions
during their life-cycle. Marshland vegetation provides immense
quantities of organic detritus, which contributes to the food chains
of many commercial and sport species both within the marshland and
beyond.lzl,ls,“+
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The scouring action of water movement and the normally turbid and
dark coloration within the tide channels preclude colonization by
submerged aquatic macrophytes. The dominant organisms in the chan-
nels are sessile and burrowing invertebrates, accompanied by
fluctuating populations of small finfish. The mud banks delineated
by the channels and exposed at low tide are colonized by salt marsh
plants, predominantly smooth cordgrass (Spartina alterniflora) and
black rush (Juncus roemerianus). These two plants and the algae
combine to form the major producer components .of the marshland
trophic system (Figure 2.5). Small areas of mangroves and
Salicornia scattered throughout the salt marsh"contribute to pri-
mary productivity and nutrient cycling, as do algae in the surface
layers of the sediment,!®s16 '

Because of the large standing crop of producers, the rapid turnover,
and the role of the physical environment in transporting and mixing
nutrients, organisms and food resources, much of the energy assim-
ilated by producers in excess of that -consumed in respiration is
transferred along food chains. Thus, the salt marsh at Crystal
River is a dynamic producing system that supports an in-site fauna
and contributes, in terms of both energy and habitat, to the pro-
duction of fish, shellfish, waterfowl and some faunal components of
the contiguous terrestrial system.

2.6.2,2 Nearshore Marine Ecosystem

The nearshore marine ecosystem is the portion of the Gulf of Mexico
that comes under the influence of the intake and discharge of cool-
ing water used at the present Crystal River Units 1 and 2. It
includes such habitats as beds of submerged sea grasses, oyster
reefs, outcroppings of limestone rock, mud-flats adjacent to the
shoreline and coastal islands, and areas favorable to the produc-
tion of fishes, shellfishes and a variety of marine invertebrates.
This ecosystem is bordered to the south by the intake canal spoil
bank, to the west by oyster reefs, and to the north by the Cross
Florida Barge Canal spoil bank islands. Trophic pathways in the
nearshore marine ecosystem ?re illustrated in Figure 2.6. '

: i
2.6.2.3 Finfish and Shellfish Populations .

Finfish and shellfish near Crystal River which are either important
as sport and/or commercial species or involved in the food chain
of the important species are listed in Table 2.5. On-site studies
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TABLE 2.5

SPECIES OF MARINE FISH AND SHELLFISH IN THE

-CRYSTAL RIVER AREA

- Sport and/or Food
Commercial Chain
Species Common Name Species Species
Megalops atlantica tarpon X
Elops saurus ladyfish X
Brevoortia patronus Gulf menhaden X X
Harengula pensacolae. scaled sardine X X
Opisthonema oglinum thread herring X X
Anchoa hepsetus striped_aﬁchovy X
Anchoa mitchilli bay anchovy X
Bagre marinus gafftopsail catfish X
Hyporhamphus |
unifasciatus half beak. X
Centropristes striata black sea bass X
Diplectrum formosum sand perch X
Epinephelus itajara jeﬁfish X
Epinephelus morio red grouper X
Mycteroperca bonaci black grouper X
Mycteroperca
microlepis gag X
Pomatomus saltatrix bluefish X
Rachycentron canadum  cobia X
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TABLE 2.5 (Cont'd)

Sport and/or Food
Commercial  Chain
Species Common Name Species Species

Caranx hippos crevalle jack X
.Caranx chrysos blue runner X
Caranx ruber bar jack X
Chloroscrombrus

" chrysurus bumper X
Selene vomer lookdown X
Seriola dumerili greater amberjack X
Trachinotus carolinus  Florida pompano X
Trachindtus falcatus permit X
Lutjanﬁs apodus schoolmaster X
Lutjanus campechanus red snapper X
Lutjanus griseus gray snapper X
Lutjanus synagris lane snapper X
Lobotes surinamensis tripletail X
Eucinos tomous

argenteus - gpotfin mojarra X
Eucinostomous gula silver jenny X
Eucinostomous lefroyi mottled mojarra X
Haemulon aurolineatum  tomtate X
Haemulon plumeri white grunt X
Haemulon sciurus blue striped grunt X
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TABLE 2.5 (Cont'd) "

Sport and/or Food

Commercial  Chain
Species Common Name Species Species

Orthopristes :

chrysopterus pigfish X X
Archésargus |

probatocephalus sheepshead X
Calamus arctifrons grass porgy X
Diplodus holbrooki spottail pinfish X
Lagodon rhomboides pinfish X X
Bairdiella chrysura silver perch X
Cynoscion arenarius sand seatrout X
Cynoscion nebulosus spotted seatrout X
Larimus fasciatué ~banded drum X
.Leiostomous xanthurus spot or jimmy X
Menticirrhus

americanus southern kingfish X
Micropogon undulatus - Atlantic croaker X
Pogonias cromis black drum X
Sciaenops ocellata red drum, redfish X
Chaetodigterus faber spadefish X
Lachnolaimus maximus hogfish X
Mugil cephalus striped mulleﬁ X X
Mugil curema white mullet X X
Sphyraena barracuda barracuda X
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TABLE 2.5 (Cont'd)

Sport and/or Food

Commercial- Chain

Species Common Name Species Species
Trichiurus lepturus ' Atlantic éutlassfish' X
‘Scomberomorus cavallg king mackerel X
Scomberomorus

maculatus Spanish mackerel X
Peprilus alepidotus harvest fish X
Ancylopsetts

quadrocellata ocellated flounder X
Citharichthys macrops spotted whiff X
Etropus crossotus fringed flounder X
Etropus rimosus gray flounder X
Paralichthys albigutta gulf flounder X
Crassostrea virginica American oyster X X
Aequipecten irradians bay scallop | X
Calinectes sapidus blue crab X X
Menippe mercenaria stone crab X
Penaeus duorarum pink shrimp X X
Penaeus setiferus white shrimp X X
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supported by the applicant reveal an additional 41 fish species of
lesser abundance.!7518 The four most abundant species of finfish

captured during surveys in 1969 and 1970 were silver perch '

(Bairdiella chrysura), spot or jimmy (Leiostomus xanthurus), pig-

fish (Orthopristes chrysura), and pinfish (Lagodon rhomboides).

- Important shellfish are American oyster (Crassostrea virginica),
blue crabs (Callinectes sapidus), stone crabs (Menippe mercenaria),
and pink shrimp (Penaeus duorarum). No finfish or shellfish on the
endangered species list!? are known to inhabit the area.

Spawning times of fishes occurring near the Crystal River plant,
on the basis of data assembled from the west coast of Florida, are
given in Table 2.6.20 Data are available for 28 species. Of these,
11 spawn exclusively in the spring (ladyfish, gafftopsail catfish,
permit, pigfish, sheepshead, grass porgy, spottail pinfish, silver
.perch, sand seatrout, black drum and spadefish). Six species
initiate spawning in the spring and continue intermittent spawning
~activity through the summer or fall (southern kingfish, spotted
seatrout, oyster, blue crab, stone crab, and pink shrimp). Two
species begin spawning in the winter and continue until spring
(black seabass and spot). Two species spawn in the winter (Gulf
menhaden and striped mullet). Three species initiate spawning in
the fall and continue into winter (pinfish, Atlantic croaker and
Gulf flounder). Redfish spawn through the summer until fall.
Spawning data are not available for tarpon, crevalle jack and

grey snapper. With the exception of spotted seatrout, redfish

and oyster, the remainder of the listed species spawn offshore.

Juvenile fish arrive in inshore estuarine waters within one or two
months following the spawning of adults. For the juveniles of
species spawning during the winter, spring, or summer, the resi-
dence span in the nearshore marine ecosystem normally continues
until the following winter when lower temperatures induce the
juveniles to migrate into deeper and warmer water offshore. There
are three noteable exceptions. The oyster is sessile and undergoes
no migration. Juvenile mullet enter inshore waters during the
colder winter months and reside there throughout the year. Juve-
nile redfish appear inshore in the fall and overwinter there. The
relation between the natural temperature cycle and migration is
pronounced. Studies by the applicant showed that the abundance

of fishes at inshore stations is greatest during the spring and
early summer, but decreases as summer proceeds, and that the sta--
tions are nearly barren during the winter. 17
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TABLE 2.6

SPAWNING PERIOD OF IMPORTANT FINFISH AND SHELLFISH
- IN THE CRYSTAL RIVER AREA

(Compiled From Studies Conducted Along
The Entire Coast of Florida) 28

Scientific Name

Common Name

Spawning Periods

Megalops atlanticé/

Elops saurus

Brevoortia patronus

Bagre marinus

Centropristes
striata

Caranx hippos

Lutjanus griseus

Trachinotus falcatus

Orthopristis
chrysoptera

Archosargus
probatocephalus

Calamus arctifrons

Diplodus holbrooki

FINFISH
tarpon
ladyfish
Gulf menhaden

gafftopsail catfish
black sea bass

crevalle jack

grey snapper

permit
pigfish

sheepshead

grass porgy

spottail pinfish

April-May,

March-April, April-July
February-March, Winter
April-May, February

Late winter-early sprlng
May, February
March-April, November

August, October, June-
November, October

Spring, October, June,

August, Summer

March, May, April, June,
April-June
Spring, July, June

Early spring, June—July,
March

Spring, December-February,
April, March, June




Scientific Name

TABLE 2.6 (Cont'd)

Common Name

Spawniﬁg.Periods

Lagodon rhomboides

Bairdiella chrysura

Cynoscion arenarius

Cynoscion nebulosus

Leiostomus xanthurus

Menticirrhus
americanus

Micropogon undulatus

Pogonias cromis

Sciaenops ocellata

Chaetodipterus faber

Mugil_ceghalus

Paralichthys
albigutta

pinfish

silver perch
sand seatrout

spotted seatrout

spot

southern kingfish-

Atlantic croaker

black drum

redfish
spadefish

striped mullet

Gulf flounder

Fall, late fall, November-
January, late December,
December, February, April,
June

Spring, April,'May, August,
January

April, early spring,
September, June, May

Summer-fall, April, March-
October, June, May, Sum-
mer ‘

Winter, January-March,
December-March, January,
February

-

April-August, May-June,
September, July, July-
November

Fall-winter, April,
December-February

Spring, May

Late summer, September-
October

- Spring, Spring-Summer,

June, October

November-February,
October-May, October-
December, January-March,
January

Late fall-early winter,
early winter
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TABLE 2.6 (Cont'd)

Common Name

Spawning Periods

Crassostrea

virginica

Callinectes sapidus

Menippe mercenaria

Penaeus duorarum

SHELLFISH
American oyster

blue crab

stone crab

pink shrimp

May, late May-early
June, June-July

May-November

March-October, May-
September

April-November, May-
September-
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Data on feeding habits and growth rates of juvenile finfish and
shellfish at the site, where available,21 are given in Table 2.7.
Feeding habits are diverse, depending on age and inherent require-
ments of individual species. Growth rates of juveniles is generally
rapid due to the warm water and abundant food supply in the near-
shore habitat.

2.6.2.4 Benthic Invertebrates

Applicant surveys at the Crystal River site in 1969 revealed the
presence of 286 species of marine invertebrates.?? The common

and abundant invertebrates in the collections are listed in Table
2.8. Location and environmental parameters at Crystal River sug-
gest a typical Carolinian fauna, but few of the species have
distributional patterns that conform to the classical Carolinian
province, nor are many typically West Indian species found. Most
invertebrates. are those which have a wide geographical range.

Only 167 of the decapod crustaceans and 107 of the molluscs can
be considered endemic Carolinian species at the site. Conversely,
10% of the decapods and 16% of the molluscs occur only from
Florida and the Gulf of Mexico southward to the Caribbean Sea. ,
Most of the local species are widely distributed forms capable of
withstanding much variation in environmental conditions. Water
temperatures do not appear to affect local distribution, except in
the occurrence of certain opisthobranchs and as an impetus to
spawning in molluscs and crustaceans. 42

Five species of seagrass occur in the nearshore marine ecosystem

“at the site.?3 Intermittent beds of submerged shoal grass
(Halodule=Diplanthera wrightii) and widgeon grass (Ruppia maritima)
are the most dominant. Turtle grass (Thalassia testudinum) is

also abundant. Syringodium filiforme and Halophila englemanni are
also present. The seagrass beds frequently contain -dense assem-
blages of rooted green algae, primarily Caulerpa species (spp.),

and limestone outcroppings provide sites for attachment of rockweeds,
e.g. Sargassum spp. The local distribution of Thalassia, Halodule,
Caulerpa and Sargassum is illustrated in Figures 2.4 and 2.7.

Surveys conducted in 1969 and 1970 reveal the species and diversity
of benthic marine algae at the site.?3 Some 106 taxa were identified,
including 19 green algae (Chlorophyta), 24 brown algae (Phaeophyta)
and 63 red algae (Rhodophyta). Green algae represent about 10-207%

of the total benthic flora, while brown algae account for 10-307 -




TABLE 2.7

GROWTH RATES AND FEEDING HABITS OF JUVENILE FINFISH
AND SHELLFISH IN THE VICINITY OF CRYSTAL RIVER PLANT

Size
After X yr Major Dietary 7% Composition Amt (g) of Each
Species (g or cm) Items of Diet Item Consumed/yr#*
Year 1 Year 2
Callinectes
sapidus 1yr,45 g Detritus 26 117 665
(blue crab) 2 yr,300 g Micro- '
invertebrates 52 234 1330
Macro- :
invertebrates 14 63 358
Crassostrea
virginica 1 yr,8.9 cm Phytoplankton 100
(American
oyster)
Penaeus
duorarum 1l yr,24 g Vascular plants 20 48
(pink shrimp) _ Detritus 58 : 139
Micro-
invertebrates 17 41
- ,
Bairdiella
chrysura 1 yr,12 cm Zooplankton 24
(silver perch) 2 yr,21 cm Macro- _
invertebrates 29
Fish 24
Cynoscion
nebulosus 1yr,185 g Macro-
(spotted sea- invertebrates 13 240 364
trout) 2 yr,465 g Fish 79 1460 2210

*Assuming a conversion efficiency of 10%.
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TABLE 2.7 (Cont'd)

Size- .
After X yr Major Dietary 7% Composition Amt (g) of Each
Species (g or cm) Items of Diet Item Consumed/vyr
Year 1 Year 2
Fundulus
similus Detritus . 80
(killfish) Micro-
invertebrates 20
Lagodon _
rhomboides 1 yr,12.3 g Vascular plants 41 50 172
(pinfish) 2 yr,54.4 g Detritus 20 25 84
: Crustaceans ’ 27 33 . 114
Leiostomus
xanthurus 1 yr,10 cm Detritus ° 34
{(spot) 2 yr,22 em Crustaceans 36
Molluscs 18
Lutjanus griseus 6.2 cm/yr Shrimp 63
(gray snapper) Crabs 13
' Fish 23
Menidia beryllina 1 yr,8.5 cm Detritus - 14
(silversides) Zooplankton 7
Micro- _
invertebrates 69
Micropogon
undulatus 13.1 cm/yr Annelids 62
(croaker) Macro-
invertebrates 14

Fish 16

8E-¢



TABLE 2.7 (Cont'd)

Size
After X yr Major Dietary 7% Composition Amt (g) of Each
Species (g or cm) Ttems of Diet Item Consumed/yr
Year 1 Year 2
Mugil cephalus 1l yr,
(mullet) 17.5 cm Detritus 100
2 yr,
25.8 em  Periphyton 100 ()
Pogonias cromis 1 yr,18 cm Macro-
: invertebrates 99
(black drum) 2 yr,33 cm
Sciaenops
ocellata 1 yr,334 g Macro-
: ‘invertebrates 63 2100 © 7460
(redfish) 2 yr,1519 g Fish 17 570 2100
Menticirrhus
americanus 1 yr,11 ecm Juveniles (2.8-5.8cm)
(southern
kingfish) 2 yr,17 cm Mysids 85
' Fish 6

Sub-adults (7-13cm)

Shrimp and other
crustaceans 60
Polychaetes - 20
Fish 20

6£-¢



TABLE 2.7 (Cont'd)

Size .
After X yr Major Dietary ' % Composition Amt (g) of Each
Species (g or cm) Items’ of Diet Itém Consumed/vyr
Year 1 Year 2
Cynoscion
arenarius Not _
] Available Juveniles (40-99mm)
(sand seatrout) Have Zooplankton 32 NOT CALCULATED
Assumed Fish . _ 54 FOR JUVENILES
That Growth Detritus 9
Rate Simi- Adults (100-225 mm)
lar to C. Fish 87 1610 2440
nebulosus Detritus 8 148 224
for 1lst Crustaceans 5 98 140
2 years
1l yr,185 g

2 yr,465 g

ov-¢



TABLE 2.8

COMMON AND ABUNDANT SPECIES OF BENTHIC INVERTEBRATES
IN THE VICINITY OF THE CRYSTAL RIVER PLANT

(A =

Cnidaria
Anthozoa

Lophogorgia hebes

Leptogorgia virgulata

abundant, C = common)

Anachis ostreicola

Anachis semiplicata

Anachis similis

Pseudopterogorgia
acerosa

Mollusca
Gastropoda

Rissoina catesbyana

Caecum pulchellum

Meioceras nitidium

Cerithium muscarum

Bittium varium

Cerithiopsis greeni

Triphora nigrocincta

Crepidula plana

Urosalpinx tampaensis

Mitrella lunta

Cantharus cancellarius

Melogena corona

Nassarius vibex

Fasciolaria hunteria

Plunum apicinum

Haminoea -succinea

Ocostomia impressa

Pelecypoda

Glycymeris pectinata

Brachiodontes exustus

Polinices duplicatus

Anachis iontha

Musculus lateralis

Argopecten irradians

concentricus

Crassostrea virginica

Cardita floridana




Tagelus divisus

Chione cancellata

Cephalopoda

Lollingunculé brevis

2-42

TABLE 2.8

Annelida

Chaetopoda

Polychaeta (families)
Szllidae
Nereidae

Terebellidae

Eunicidae

Serpulidae
Polynoidae

Arthropoda

Pycnogonida

Anoplodactylus
insignis

(Contfd)
C . Crustacea
o] Isopoda
Cymodoce faxoni
C Paracerceis caudata
Erichsonella attenuata
Erichsonella filiformis
isabelensis
Deéapoda
A Natantia
A Penaeus duorarum
c Trachypenaeus
constrictus
C Palaemonetes
intermedius
c Palaemonetes vulgaris
C Periclimenes
americanus
Periclimenes
longicaudatus
Hippolyte pleuracantha
C Lysmata wurdemanni
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TABLE 2.8 (Cont'd)
Thor floridanus C Neopanope packardii
Tozeuma carolinense C Neopanope texana
texana
Alpheus heterochaelis c Pilamnus dasypodus
Alpheus normanni C Callinectes sapidus
Synalpheus ﬁpiocefos C Portunus gibbesii
Synalpheus brooksi A Ectoprota
Synalpheus fritzmulleri
elongatus C Gymnolaemata
Palaemon floridanus C Amathia convoluta
Synélpheus longicargus C Bﬁgula neritina
Reptantia Echinodermata
Upogebia affinis C Echinoidea
Pagurus bonairensis A Lytechinus variegatus
Petrolisthes armatus A Mellita
quinguiesperforata
Petrolisthes
galathinus c Asteroidea
Libinae dubia A Echinaster spinulolsus
Metoporhaphis
calcarata C Ophiuroidea
Podochela riisei C Ophiothrix angulata
Menippe mercenaria C Ophioderma brevispinum
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and red algae about 50-80% (Table 2.9). Brown algae reveal the
greatest annual fluctuations except for Sargassum filipeudula and

S. filipeudula var. montagnei, which are well established through-
out the year. Winter supports the least number of species, possibly
because of reduced water temperatures as indicated in other studies.
Algae species of wide distribution and yearly occurrence are v
generally eurythermal and euryhaline, whereas species of restricted
seasonal occurrence show lower ranges, some being stenothermal and/or
stenohaline.?3

The most common epiphytes on benthic algae are bryozoans, hydroids,
and chain-forming diatoms, e.g. Grammetophora marina, Melosira
moniliformis, Biddulphia aurita, Licmorpha marina and Synedro-
like species.

2.6.2.5 Planktonic Organisms

Planktonic organisms present in the nearshore marine ecosystem at
the plant site are imperfectly known. However, samples have been
taken from the intake and discharge canals of the existing plant
in April, June and July. > The general composition of nanno-
plankton in seawater from the canals is indicated in Table 2.10.
Numbers of species increased with warming temperatures during
late spring. Quantities in numbers per milliliter indicate a
reasonable amount of nannoplankton. Protozoa are few in species
and, from the paucity of ciliates and zooflagellates, bacterial
populations are low. Most of the organisms consist of algae cells
with diatoms predominating. Species accumulating on glass slides
suspended in the intake and discharge canals are given in

Table 2.11.

Plankton net catches in the intake and discharge canals in April
197125 reveal a substantial zooplankton population, Table 2.12,

For 5 groups (unidentified ciliates, chaetognaths, large Peridinium,
fish eggs and rotifers), the average occurrence was 1 in 8 liters

of seawater; for other major groups (lobsters, coelenterate medusae,
the ciliate Codonella, nematodes, chaetognaths, shrimp larvae and
harpactecoid copepods), the average occurrence was 1 in 4 liters.
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TABLE 2.9

LIST OF COMMON BENTHIC MARINE ALGAE OCCURRING IN. THE
VICINITY OF THE CRYSTAL RIVER PLANT

(Percent abundance in 1969 and 1970, respectively)

CHLOROPHYTA

ULVALES
Ulvaceae
Enteromorpha (5 spp.) Rare
SIPHONALES
Caulerpacéae
Caulerpa ashmeadii | (13%)
Caulerpa mexicana | (12%)
Caulerpa paspaloides - (34%)
Caulerpa prolifera (33-18%)
Codiacea

Codium isthmocladium subsp.

Clavatum (25-10%)
Codium (1 sp.) | | Rare
Halimeda (2 spp.) Rare
Udotea (1 sp.j Rafe
PHAEOPHYTA
ECTOCARPALES
Ectocarplaceae

Bachelotia (1 sp.)

Ectocarpus (3 spp.)

Giffordia (4 spp.) ' Rare
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TABLE 2.9 (Cont'd)

DICTYOTALES
Dictyotacea

Padina vickersiae

CHORDARIALES
Stilophoraceae

Stilophora rhizodes

SPOROCHNALES .

Sporochnus pedunculatus

FUCALES
Sargassaceae

Sargassum filipendula

Sargassum filipendula var.

montagnei

Sargassum (8 spp.)
RHODOPHYTA

NEMALIONALES

Acrochaetium (1 sp.)

Galaxaura (1 sp.)

Liagora "A" (1 sp.)

CRYPTOMENIALES
Corallinaceae

Fosliella (2 spp.)

Halymenia (2 spp.)

(7%)

(10%)

(117%)

(16%)

(16-20%)

Rare

Rare

Rare
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TABLE 2.9 (Cont'd)

GIGARTINALES
Gracilariaceae
Gracilaria (6 spp.) ' Rare
Gracilaria cervicornis (6%)
Gracilaria compressa (7—27%)
Gracilaria debilis (8%)
Gracilaria foliifera 97%)

Gracilaria foliifera var.

angustissima (25-19%)
Gracilaria sjoeétedtii (67%)
Gracilaria verrucosa (29—212)
Gracilaria "A" 77%)
Gracilaria "B" (127%)

Hypneaceae
Hypnea cervicornis 117
Hypnea spinella (21%)
Hypnea (2 spp.) _ | Rare
Solieraceae
Agardhiella ramosissima (7%)
égardhielia tenera (307%)
RHODYMENIALES
Champiaceae

Champia parvula _ (20%2)
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TABLE 2.9 (Cont'd)

Crysymenia (3 spp.) Rare
CERAMIALES
Ceramiaceae
Ceramium (5 spp.) Rare
Spyridia filamentosa (17%)
Dasyaceae
Dasya (2 spp.), Rare
Heterosiphonia (1 sp.) Rare
Dasya pedicellata (8%)
Rhodemelaceae
Chondria (6 spp.) Rare
Laurencia corallopsis (12-14%)
Laurencia intricata - (24-317%)
Laurencia obtusa (10-21%)
Laurencia poitei (24%)
Polysiphonia (2 spp.) Rare

Polysiphonia ramentacea (17%)
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TABLE 2.10

COMPOSITION OF NANNOPLANKTON IN INTAKE AND DISCHARGE CANALS
AT CRYSTAL RIVER SITE, APRIL - JULY, 1971

Organism Number of Speéies
Groups April June - July
Sulfur bacteria 1 -1 -
Blue-green algae - 4 -
Green algae 2 1 1
Volvocida ‘ 1 3 4
Euglenida - 1 , 1
Cryptophsida 3 1 ’ 2
Dinoflagellida 2 9 8
Bacillarieae 20 23 24
Rhizopdea ‘l - 1
Mastigophora : 3 3 3
Ciliphorea 4 4 | 7
- Chrysophsida 1 | - ' =

Total Species 38 : 50 ‘ 51




TABLE 2.11

ORGANISMS ACCUMULATING ON SUSPENDED GLASS SLIDES
AT TWO CRYSTAL RIVER LOCATIONS

(I=Intake, II=Discharge)

Stations Stations Stations Stations
I II I IT I II I IT
Organism 4-28-71  6~-04-71 Organism 4-30-71 6-10-71
Blue Green Algae Melosira monilata 39 12
Melosira sp. 4 2
Anabaenopsis sp. 1 Navicula sp. 16 40 10 38
Borzia trilocularis 4 Nitzchia sp.
Lynagbya limnetica 2 Nitzschia sp. 6
Oscillatoriae 4 1 2 Rhizosolenia sp. 1 1
Schizothrix 12 7 12 Synedra ulna 1
: Unidentified 4 79 54
Green Alpae Zoomastigophorea
Unidentified 32 124 Zoomastigophorea
Volvocida Monosiga ovata 2
‘Chamydomonas sp. 6 24 Ciliophorea
Pyramidomonas sp. 4 :
Acineta sp. 2 1 48
Euglenida Cyclidium sp. 2
‘ Dysteria monostya 6
Anisonema lineata 2 48 Folliculina sp. 1
Pleurotricha sp. 1
Diatoms Podophyra fixa 33
Vorticella sp. 6 59 28
Coscinodiscus sp. 1 1 Zoothamnium sp. 36
- Cyclotella sp. 48 4 Unidentified 1 2
Diploneis sp. 4
Frustulia sp. 7 204 46
Gyrosigma sp. 4
Licmophora sp. 1 1 26 28
Licmophora sp. 2 TOTALS 109 721 134 236

1Ss-¢




TABLE 2,12
ZOOPLANKTON POPULATION IN THE INTAKE AND DISCHARGE CANALS

Numbers per liter, April 28, 1972

STATION SERIES Ald)

STATION SERIES' B

STATION SERIES C

ORGANISM' 1 2 3 4 5

(a)
INTERVALS THEREFROM.

STATION AT INTAKE, 2-6 AT THE OUTFALL AND 1/2 MILE

6 | 1 2 3 4 5 6 1 2 3 4 5 6
CALANOID COPEPODS 37.3 302 207 27.0 547 87 |1130 700 62.0 320 1000 32.0 |110.0 634 450 638 500 359
HARPACTICOIDS 0.2 025 0.18 0.06 0.06 ' :
GASTROPODS 93 32 24 22 38 012 23 88 23 025 20 18 | 125 66 30 25 25 20
BIVALVES 46 32 012 006 0.12 025 20 075 025 0.5 15 10 012 038 012 063
BARNACLE LARVAE 56 360 37 57 7.0 35 | 100 38 54 33 180 15 | 56 28 29 44 45 24
SHRIMP 0.25
~ POLYCHAETES 0.75 09 0.24 07 09 | 38 10 13 025 18 | 45 19 19 19
CHAETOGNATHS 0.12 '
TUNICATES 05| 02 0.25 0.25 0.12 o
EGGS \ 21 29 06 12 16 09 | 30 15 13 15 15 075 | 37 66 19 08 076 29 >
UNID. LARVAE =~ 062 09 0I8 05 06 05 | 15 025 025 37 3.0 012 075 063 27 N
NEMATODES : 0.06 0.06 0.25 0.12
CILIATA - 0.06
CODONELLA oo 0.25
ROTIFERA 006 012 0.12 0.12
CRAB LARVAE 05 40 15 28 35 15 | 25 66 44 713 25 088
TORNARIA 10 L0 10 05 05 | 037 062 038 012 38 10
PERIDINIA 0.12
FISH EGG . 0.12
GAMMARID 0.5 0.5 0.2 0.1
MEDUSAE 0.5 0.12
LOBSTER (?) 0.25
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2.6.2.6 Commercial and Sport Fishing

No commercial fishery exists inshore near the site due to the shal-
low waters and numerous reefs. Because of its location, marshy
shoreline and low human density, the site has only limited value
for shoreline sport fishing. Sport fishing from small boats, how-
ever, is popular and the applicant has noted that fishing has
increased in the existing intake and discharge canal during the
winter. Most of the popular Florida sport fish are found in the
area and, consequently, sport catches encompass numerous species
(Table 2.5). Three species of shellfish - oysters, blue crab and
stone crab = are commonly taken. The entire area directly off

the plant site and to the north is designated an approved shell-
fish area by the Florida State Board of Health (1970).

Juvenile fish and shellfish at the Crystal River site contribute
to the offshore commercial fishery of Citrus County, Florida.
Recent commercial catches for Citrus County, in pounds, are as
follows:

Year Fish Shellfish
1965 1,226,711 3,819,529
1966 1,894,145 3,048,407
1967 1,311,742 2,320,802
1968 2,500,000% 1,613,806
1969 1,607,693 2,893,346
1970 1,487,000% 3,757,200

The species composition of landings from Citrus County in 1969,
(excluding Pasco County) is as follows (U.S. Fisheries and
Wildlife Service, 1970):

*Includes Pasco County, Florida
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Finfish
Species Pounds Species “Pounds
‘angelfish 22 pigfish 200
. barracuda 19 pompano 357
bluefish . ' . 3,107 sea bass 64,542
jack crevalle 20,681  spotted sea trout 82,322
black drum . 493  sheepshead 3,494
red drum ' 20,624 snapper - 7,913
flounders ‘ 459 Spanish mackerel 2,319
groupers 10,911 | spot 723
grunts 2,400 . ladyfish S 1,429
king mackerel . 1,384 unclassified, food 8,029
black mullet 1,339,929 unclassified, misc. 39,830
Total 1,607,693
____Species Pounds

blue crabs 2,845,000

stone crabs 37,665

oysters 3,900

- bay scallops 2,133

green turtles 3,748

Total 2,893,346

For comparison, commercial catches off the west coast of Florida
in 1968 (latest comprehensive data available) consisted of 72
million pounds of finfish valued at $8 million and 47 mllllon
pounds of shellfish valued at $19 mllllon 26

Observation by guides and fishing boat captains in the Crystal
River area indicates that mullet, catfish, sharks, blue crabs,
and occasionally tarpon are abundant in the discharge canal.
Juvenile fish such as silver perch, spottail pinfish, permit,
pigfish and anchovies were absent from a grass bed at the mouth
of the discharge canal during the summer; whereas, they were
common at that time on grass beds outside of the zone of thermal
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influence. Except for sharks, all fish seem more abundant in the
intake than in the discharge canal during the hottest summer months,
Moreover, game fish such as redfish, spotted weakfish, sheepshead,
drum, jack crevalle, and golden croaker are commonly caught in the
discharge canal at Crystal River during the cool winter months,
October through February. Increases in the sports catch of redfish,
in particular, have been sgpectacular.




3. THE PLANT

3.1 EXTERNAL APPEARANCE AND CURRENT STATUS

Prior to construction of the plants, the site was composed of marsh
and low-lying land covered with swamp grass and wooded patches, as

shown in Figure 2.1. Clearing, grading and filling with soil from

the excavations raised the general land level some 5 ft to an ele-

vation of about 8 ft above sea level.

The plant has four principal structures: the reactor containment
building, the primary auxiliary building, the control complex
building, and the turbine building. The containment building is
the most prominent of these structures and will consist of a
cylindrical steel vessel that houses the reactor vessel and the
equipment directly related to cooling and ventilating.

The other buildings, also of structural concrete, will be of more
conventional design. All will be harmoniously arranged and should
present a clean architectural ensemble, giving little interference
with the natural surroundings.

The status of construction at the site was as follows on January 1,
1972:

+ The reinforced concrete foundation and floor of the reactor
containment building were complete, as was the steel liner
plate cyvlindrical portion. Erection of the dome liner was
underway. Reinforced concrete outer walls and interior shield
walls were about 30% complete. Major vessels were in place.

* The reinforced concrete foundation, walls and intermediate
floors of the auxiliary building were about 857 complete, and
the structural steel was 70% complete.

+ The foundation, walls, and the intermediate floors of the
control complex building were complete.

+ The reinforced concrete foundation of the turbine building,
the berm-retaining walls, and the turbine-generator pedestal
were complete; structural steel erection was about 90%
complete. Work was underway -on floors and roof.
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Construction will continue on all buildings during the period of NEPA
review.

The extension inland by 600 ft of the intake and discharge canals
now servicing Units 1 and 2 will involve the excavation and stock-
piling of 175,000 cubic yards of material and leave two large
unfilled trenches. The disposition of this material is discussed
in Section 4.1.

3.2 TRANSMISSION LINES

The plant will be built at an established power plant site already
occupied by two fossil-fuel generating plants and located on the
transmission system of the State of Florida as illustrated in
Figure 3.1. Some additional transmission lines will, however, be
required as a result of the construction of Unit 3.

The new lines will extend from the Crystal River site about 53
miles to the Central Florida Substation near Leesburg and about 72
miles to the Lake Tarpon Substation near Tarpon Springs.

Both transmission lines (500 kV) will be built within the existing
power line easement already partly occupied by the 230 kV line.

The power lines leave the plant along the access road and railroad
spur on Florida Power Corporation property., The transmission line
corridors, somewhat less than 150 ft wide, run through mixed terrain
including forest, farm land, commercial, rural residential and
uninhabited areas. Use of transmission corridors by the local resi-
dents in the past has been encouraged by the applicant. Since each
“case is handled on an individual basis, no overall commitment has
been made by the applicant. The staff expects no change in past
company actions in this area.

3.3 REACTOR AND STEAM~-ELECTRIC SYSTEM

The Crystal River nuclear plant is the third unit of a three-unit
power generating complex; a plan of the site is shown in Figure
3.2, Units 1 and 2, 387 and 510 MWe, respectively, are oil fired
plants. Unit 3 is a pressurized water reactor built by the Babcock
and Wilcox Company. Westinghouse is the manufacturer of the steam
turbines. Initial power level is targeted at 855 MWe, with the
ultimate design power level being 885 MWe. Gilbert Associates, Inc.
is the Architect-Engineer for the nuclear plant.
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The reactor plant incorporates use of three separate loops to

convert nuclear heat energy to electrical power. Water in the
primary loop moderates the nuclear reaction in the core and transfers
heat from the nuclear fuel elements. The heated primary loop water
is pumped to a heat exchanger where steam is generated in the
secondary water loop. Steam generated in the secondary loop passes
through turbines where power is extracted and then to a surface
condenser where the spent steam is condensed to liquid. The secondary
loop condensate is pumped back to the primary heat exchanger again to
form steam to drive the turbines. Both the primary and secondary
cooling loops are separate, sealed, water loops, and as such do not
release heat or material to the environment. 1In the third loop,
water from the Gulf of Mexico is passed through the condenser heat
exchanger. Waste heat from the spent steam is transferred to the

sea water. This third loop is once-through, with warmed effluent
being discharged back to the Gulf of Mexico via the discharge canal.

Conversion of heat energy to electrical energy is accomplished with
an efficiency of 35%. At the design power level of 885 MWe, the
plant will reject 1660 MWt into the water of the Gulf of Mexico.

3.4 EFFLUENT SYSTEM

3.4.1 Heat Dissipation System

Cooling water used on a once-through basis, will be withdrawn from
the Gulf of Mexico. For Unit 3, 680,000 gpm (1520 cfs) will be
heated to 17.1°F (9.5°C) above the inlet temperature when the plant
is operated at design capacity. Discharge water will mix in the
discharge canal (see Figure 3.3) with once-through cooling water
being discharged by Units 1 and 2. Units 1 and 2 discharge 310,000
gpm (690 cfs) and 328,000 gpm (730 cfs), respectively, and operate
with temperature increases of 10.3°F (5.7°C) and 12.7°F (7.1°C)
respectively, The combined discharge volume for the three plants
will be 1,318,000 gpm (2940 cfs) with a net temperature rise above
inlet water of 14.5°F (8.1°C).

Intake water is delivered through an intake canal which is 150

ft wide, has a depth of 15 ft below mean low water, and extends

into the Gulf about 3 miles but is dredged for an additional 3.5
miles into the Gulf. A spoil bank extends into the Gulf for a
distance of 6.5 miles and is continuous for the first 4.5 miles
except for a gap 3 miles offshore. This spoil bank prevents recycling
of heated effluent. The layout of the intake and discharge canals

is shown in Figure 3.3.
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“With Unit 37ontiihe,.theivelocity in the intake canal will be 1.3

- 'ft/sec at ebb tide. .Although this velocity may be sufficiently low.

‘to prevent serious entrapment of fish, 29 the applicant will be
‘required to- monltor the flSh by number and spec1es, caught in:the

‘fplant 1ntake.

’ ﬁAt-the_plant[intake,.codling'water passes through a coarse trash
rack (4-in. wide vertical spacing) and then through a traveling
. “screen with openings of 3/8 in. The screens are automatically
-Cleaned by -high pressure water sprays, with accumulated debris
““being sluiced into a retention basket by means of a water jet.
The de51gn of the intake structure is' shown in Figure 3.4.

.Follow1ng the screens,  the water enters four ‘pumps (170 000 gpm
~each) .- Four 90-in. (inside diameter) concrete pipes transport

- the water to ‘rectangular flumes which are 6 ft 6 in, x 7 ft 6 in.
' The rectangular flumes dellver the water to .two, twin-shell

surface steam condensers. Tran51t time from the intake screen to
the condenser inlet w111 be about one minute. In the condenser,
.coollng water passes through horizontal Cu - Ni- tubes having an
"outside diameter of 0.75 in. and a length of 55 ft, Transit time
-through the condenser is 5 seconds, From the condenser the cooling
-water passes through duct1ng similar to that . described for the

-‘inlet, and then dinto a 600-ft long camal which leads to the discharge

‘“.canal, where the water from Unit 3 will mix with that from Units

1 and 2. Transit time of the heated water from the condenser outlet -

to the point of mixing with discharged water from Units 1 and 2
is approximately 6 minutes. - Mixing of water from Unit 3 with that

‘from ‘the 0il- flred unlts results 1n a-temperature drop of 2.5°F
;.(14c) .

The comblned flow from the three generatlng plants is transported

to the Gulf via the discharge canal which is about one and one-half
‘miles long, 125 ft wide and dredged to 10 ft below mean low water.
A spoil bank or dike extends a further mile from the shore into the
Gulf. Water velocity in the discharge canal will be 2.4 ft/sec.

. Transit time from the. .generating plants to the discharge point will
be approximately 1 hr. At the discharge point, the heated cooling
‘water mixes with water from the Gulf. -

Through diffusers located between the intake screens and the circu-
lating water pumps, hypochlorite concentrate will be added period-
ically to control growth of organisms within the cooling water p1p1ng
system.
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“3.4.2 Radioactive'Waste

“During the operation of a nuclear reactor, radioactive material will
be produced by fission and by neutron activation of metals and mate-
rial in the reactor coolant system. ' Small amounts of gaseous and
liquid radioactive wastes will enter the reactor effluent streams and
then be processed within the plant to minimize the radioactive nuclides
prior to release to the atmosphere and into the Gulf of Mexico under
controlled and monitored conditions. The levels of radioactivity that
may be released during operation of the plant will be in. accordance
‘with the Commission's regulations set forth 1n 10 CFR Part 20 and 10
CFR Part 50.

’ The waste treatment systems described in the following paragraphs are
designed ‘to.collect and process the gaseous, liquid, and solid waste

~ which may contain radioactive materials. ' ' '

-The waste handllng and treatment. systems for the plant are dlscussed
in detail in the Final Safety Analy51s Report, Amendments 17 and 18
to ‘the application, and the applicant's Environmental Report,

3.4.2.1r.Liquid Waste

 The liquid waste system is shown schematically in Figure 3.5. The
system has been designed such that the collection and processing of
1iquid wastes is divided into two separate processing. chains, the
makeup and purification chain and the miscellaneous waste proce531ng
‘chain. The wastes in these two chains will be collected and pro-
-}cessed through separate evaporators; the condensates from both
evaporators then will be passed through common demineralizers, and
.discharged batchwise to the c1rcu1at1ng water dlscharge canal .from
the evaporator condensate storage tanks.

-The makeup and purification chain will maintain the quality and boron
‘concentration of -the primary coolant. A stream will be continuously
"let down," cooled, passed through a mixed-bed demineralizer, fil-
tered and -fed to the -makeup tank from which it will be returned to
the reactor. The boron concentration will be maintained by diversion
of a side stream of the "letdown" flow to thé bleed tanks. Equip-
ment drains and miscellaneous high purity liquid wastes will also be
tollected in the bleed tanks. In the staff's evaluation, it was
aséumed that an average of 14 days will be required to accumulate
-wastes in each of the three bleed tanks., From these tanks the stream
-will be processed through cation demlneralizers into the reactor
,coolant evaporator.
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- The condensate from the evaporator will be processed through a mixed-
bed demineralizer, collected in storage tanks and either recyclea or
discharged. The staff used the applicant's -assumption that 85%

the bleed stream will be discharged. 1In addition, it was assumed
that 100% of the equipment drains and miscellaneous wastes will be -
discharged to the circulating water discharge canal.

" The miscellaneous waste processing chain will process demineralizer
- regenerated solutions and sluices, liquids from containment and
‘auxiliary building floor drains, laboratory and sampling wastes, and
miscellaneous leakage. These wastes will be accumulated in the mis-
cellaneous waste storage tank, processed through a cation demineral-
izer (when appropriate) and then through the miscellaneous waste’
evaporator. The staff assumed _that an average of 14 days will be
required to accumulate wastes in the miscellaneous waste storage.
tank. Condensate will be processed through a mixed-bed demineralizer
and-collected in the condensate storage tanks. After sampling and
analysis, the batch will either be recycled or discharged. It was
-assumed that 100% of this waste will be discharged. The applicant
- assumed 85% would be discharged. Regenerant solutions from the
turbine condensate demineralizers are calculated to constitute over
- 95% of the volume to be processed. through the mlscellaneous waste
.evaporator. :

The laundry and hot shower decontamination and washdown wastes will
be collected in the laundry waste tank. After sampling and analysis,
the waste will be discharged without processing if activity in the
'dlscharge canal is less than 1 x 10~ uCi/cc. If the analysis

- indicates that this concentration limit cannot be met, the contents
of the laundry waste tank will be pumped to the misCellaneous waste.
storage tank for processing by evaporation and demineralization.  The
staff analysis assumes that 100%Z of the 1aundry wastes will be dis-
charged without treatment.

The applicant estimated that about 0.0025 Ci/year of mixed isotopes
and 346 Ci/year of tritium will be released to the environment based
on 0.1%7 of the operating power fission product source term with about
857 fuel burnup. Based on the assumptions shown in Table 3.1, the
releases from the liquid waste system in our evaluation were calculated
"to be less than 1 Ci/year. To compensate for treatment equipment
_ downtime and expected operational occurrences, the values shown in
Table 3.2 have been normalized to 5 .curies per year. Based on
experience at operating PWR reactors, the staff estimates that about
1,000 Ci/year of tritium will be released to the environment in
liquid effluent.
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"TABLE 3.1

Principal Assumptions Used in Evaluating Crystal -River Unit 3

1. Reactor Power 2544 MWt
2. Failed Fuel 0.257%%
3. Steam Generator Leak Rate 20 gallons/day.
4. Rate of "Let Down" 45 gallons/min
5. Rate of Shim Bleed 0.21 gallons/min
6. Primary Coolant Degassed 2 times/year
7. Containment purge 12 times/year
8. Containment Leak Rate 40 gallons/day
9. Auxiliary Building Leak Rate 20 gallons/day
10. Plant Capacity factor - 80%
11. TIodine partition and femoval coefficients:
Steam generator internal 1
Condenser air-ejector _ 2000
Primary coolant leakage to .containment + charcoal adsorber 100
Primary coolant leakage to- auxiliary building + charcoal adsorber 2000
12. Decontamination factors:
Anion Cs, Rb Other Cations
Cation-bed ‘demineralizer - l2 A lO3 v 102
Horizontal evaporator o 10 "~ 10 102
Mixed-bed demineralizer (before evap.)1l0 2 10
Mixed-bed demineralizer (after evap.) lO3 2 ‘lO3
Mixed-bed demineralizer (condensate) 10~ . 10 .10
13. Removal factors:
Mo & Tc 100
Y 10

*This value is constant and corresponds to 0.25% of the operating power

fission product source term.
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Table 3.2

Calculated Annual Release of Radioactive Material in
Liquid Effluent from Crystal River Unit 3

» Release

Nuclide (Ci/yr)
Rb-86 0.0020
Rb-88 ' 0.044
Sr-89 v 0.000053
Y-90 _ 0.00031
Y-91M 0.00016
Y-91 0.081 ,
Y-92 v . '0.000025.
Y-93 ' 0.000043
Zr-95 . 0.000009
Nb-95 _ 0.000010
Mo-99 ' 0.14
Tc-99M - . 0.0081
Te-127M - : 0.000045 .
Te-127 ’ . 0.000045
Te-129M 0.00039
Te-129 ' 0.00025
Te-131M : 0.000023
Te-132" _ 0.00076
I-130 : -0.00069
I-131 : 2,0 -
I-132° 0.097
I-133 . 0.30
I-134 0.0010

. I-135 0.042
Cs-134 1.1
Cs-136 0.29
Cs-137 0.91
Cs=138 0.0015
Ba-137M 0.0038
Ba-140 : 0.000040
Cr-51 . - 0.00012
Mn-54 0.000049
Fe-55 .- - 0.00016
Fe-59 - 0.000033
Co-58 - - 0.0016
Co-60 0.00016

Vo5

Tritium ~ 1,000 Ci/yr.
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"3.4.2.2 Gaseous Waste

During operation of the plant, radioactive materials released to the
atmosphere in gaseous effluents will include low concentrations of
fission product noble gases (krypton and xenon), halogens (mostly
iodines), tritidm contained in water vapor, and particulate material,
including both fission products and activated corrosion products.

The systems for the processing of radioactive gaseous waste, and ven-
tilation paths are shown schematically in Fig. 3.6. :

The primary source of gaseous radioactive waste will be from the
degassing of the primary coolant during letdown of the cooling water
into .the various holding tanks. This is principally from the exhaust
of cover gas from waste holdup tanks, venting of the makeup and puri-
fication system, and from equipment vents. Additional sources of
gaseous waste activity include ventilation air released from the

" auxiliary building and the turbine building, venting of the condenser

air-ejector pump, and purging of the reactor containment building.

As indicated, most of the gas received by the gas processing system
will be from the degassing of the primary coolant during letdown of
the cooling water into the various holdup tanks. Gases collected in
the vent header will flow to one of two waste gas compressors and
from there will be pumped to one of three gas storage tanks. The"
control arrangement is such that one tank will be filled at a time.
Gas held in the decay tanks will be sampled shortly after completion
of filling of a waste tank. If the analysis of this sample indicates
the gas may be reused, recycle may be initiated at any convenient
time. If it is to be released to the environment, a minimum of 90
days holdup time will be provided prior to release to the atmosphere.
The gas released from the decay tanks will be combined with ventila-
tion air exhausted from the auxiliary building, filtered through
HEPA filters and charcoal adsorbers, and discharged to the atmosphere
through the plant vent located 157 feet above ground level.

The ventilation system for the auxiliary building has been designed
to provide air flow from areas of low potential to areas having a
greater potential for release of airborne radiocactivity. "The
auxiliary building exhaust system will draw air from the equipment
rooms and open areas of the building through high efficiency
particulate filters and charcoal adsorbers and discharge to the
atmosphere through the plant vent.

Off~gas from the condenser air ejectors will be vented-directly to
the atmosphere without treatment. There is no blowdown from the once-
through type steam: generators of this nuclear plant. Steam which may




[pressurizER RELIEF TANK VENT

IFEACTOR COOLANT SYSTEM VENTS

[sTEAM GENERATOR VENTS

[REACTOR COOLANT DRAIN TANK

EAKEUP AND PURIFICATION SYSTEM VENTS

[cooLant BLEED TANK VENTS

[wasTe sTomace TANK VENTS

[CONCENTRATED BORIC ACID TANKS VENTS

'FASYE PROCESSING TANK VENTS

TANK 3- GAS
(17 psis) STORAGE
TANKS
1500 11> EACH
(80 psig?

P- ROUGHING FILTER

A- HIGH-EFFICIENCY
C-CHARCOAL

m

1
OUTSIOE AR AUXILIARY BUILDING 36,680 ctm

PARTICULATE FILTER

VENTILATION DISCHARGE
157 ft ABOVE BUILDING
GRADE

STEAM
GENERATOR

10,000 TO 30,000 ctm

523,000 cfm

CONDENSER PUMP
DISCHARGE 92 ft ABOVE
GRADE; 7.5 cfm

]

STEAM

TURBINE
BUILDING

TURBINE HALL VENTILATION

CONTAINMENT BUILDING
VENTILATION SYSTEM

FIGURE 3.6 GASEOUS WASTE DISPOSAL SYSTEM

TURBINE BUILDING

GL-€




3-16 -

leak from the turbines and/or ancillary equipment will be released
directly to the atmosphere without treatment 92 feet above ground
level. ‘

Radioactive gases may be released inside the reactor containment
building when components of the primary system are opened to the
building atmosphere for operational reasons or when minor leaks
occur in the primary system. To permit personnel access, the
reactor containment atmosphere will be purged through roughing
filters, HEPA filters, charcoal adsorbers, and discharged to the
plant vent. The staff assumed that the reactor building will be
purged once per month. The full flow rate is 50,000 -cfm which is
equivalent to 1.5 air changes per hour.

The applicant estimated that about 340 curies of noble gases and
essentially no iodines will be released to the environment based on
gases liberated from 0.17%7 of the operating power fission product
source term collected continuously for 45 days and decayed for 90
additional days prior to release. :

Table 3.3 shows the calculated annual release of radioactive mate-
rials in gaseous effluent from Unit 3 in the staff evaluation.

The evaluation of the system considered operation of the reactor
with 0.25% of the operating power fission product source term and
a 20 gallon per day primary to secondary system leak rate.
Calculated noble gas releases from the waste gas processing system
were based on a holdup time of 90 days.

3.4.2.3 Solid Waste

Four types of solid wastes will be packaged for offsite disposal.

Dry wastes will be compacted in 55-gallon drums. Spent filter cart-
ridges will be packaged in shielded drums. -Evaporator wastes-will

be pumped directly from the concentrated waste storage or concentrated
boric acid tanks into the solidification mixture contained in drums.

A disposable liquid inlet flow pipe in the drum distributes the con-
centrate throughout the solidification mixture. Resins from the spent
‘resin tank will be discharged from the spent resin storage tank
dlrectly into a truck-mounted cask.,

All solid waste will be packaged and shipped to a licensed burial
site in accordance with AEC and DOT regulations. Based on plants
presently in operation, it is expected that approximately 470 drums
of spent resin filters, flotation wastes and evaporator bottoms will
be stored per year. The staff estimates that each drum will contain
about 21 curies after 180 days decay. In addition, it is expected
that 1,200 drums/yr of dry waste containing less than 5 Ci/yr will
also be transported offsite. :




‘Table 3.3

"Calculated Annual Release of Radioactive Nuclides
in Gaseous Effluent from Crystal River Unit 3

(Curies/yeér)
Condenser ‘
. Containment Auxiliary _ Air
Isotope Purge Building Gas Process'ing,Systema Ejector Total
Kr-83m - 1 - 1 2
Kr-85m - 5 - 5 10
Kr-85 24 12 650 12 700
Ke-87 . - 3 - 3 6
Kr-88 - - 9 18
Xe-131m 6 6 1 6 19
Xe-133m 2 10 - 10 22
Xe-133 440 900 o= 900 2240
Xe-135m - 1 - 1 2
Xe-135 1 15 | - 15 31
Xe-137 - - - - -
Xe-138 - 2 - 2 4
3,050
I-131 0.11 0.008 .- 0.009 0.123
I-133 0.014 0.008 - 0.01

.0.033

a907day holdup

LT-¢
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3.4.3 Chemical and Sanitary Wastes

3.4.3.1 Reactor Coolant Chemicals

Small quantities of borate are discharged from the radiocactive

liquid waste processing system via the circulating water discharge
canal, The average daily discharge with the condensate demineralizer
operating is estimated to be 1.14 x 10-2 1b/day which results in a
concentration of 0.022 mlcrogram/llter when diluted in the circu-~
lating water. The maximum daily discharge with the condensate
demineralizer not operating is estimated to be 0.686 1lb/day which
results in a concentration of 0.22 microgram/liter. These average
and maximum concentrations of boron are insignificant compared to the
concentration of boron normally present in seawater (4-6 mg/1).

Steam generator water will be transferred to a holding tank.so that
it can be recycled through a demineralizer for reuse. Therefore, no
discharge of water conditioning chemicals, such as phosphate and
hydrazine, will result from this source (see Figure 3.7).

Chemical wastes from acid cleaning of the secondary system will

be pumped to a tank where they can be neutralized prior to processing
by evaporation. Rinse water, used after acid cleaning, will be
diverted to settling basins where it w1ll be recycled for boiler and
air heater washings.

3.4.3.2 Water Treatment Wastes

Chemical wastes will consist primarily of material generated by
‘water treatment facilities which produce finished water for the
plant from raw water supplied by local wells. The water treatment
facilities include processes for cold lime softening, filtration,
and ion exchange demineralization. The bulk of the waste produced
is composed of spent demineralizer regenerant and precipitated
solids. The former consists largely of sodium sulfate dissolved
in water and the latter is mainly calcium carbonate and magnesium
hydroxide.

The applicant is planning to install a closed-cycle system to elim-
inate liquid chemical waste discharges from the water treatment
facilities and other sources including floor.and equipment drains,
acid cleaning of boiler internal. and secondary system, and boiler
blowdown. The conceptual design of this system is illustrated

in Figure 3.7. The system features a storage basin for recycle

and reuse of dilute waste solutions, such as backwashes and rinses,
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and an evaporator for treating concentrated waste solutions, such

as spent demineralizer regenerant. Condensate for the evaporator

is recycled to the demineralizers and solid wastes from the evaporator
are collected for disposal. Final disposition of solid wastes

is currently under investigation. The applicant is expected to
utilize two percolating ponds, each about 100 by 200 feet. These will
be similar to ponds used in the 1oca1 area and will require State
approvals for operation.

The maximum chemical concentrations in effluent water as limited
by Florida water quality standards®® are shown in Table 3.4. The

applicant will operate within these water quality standards.

3.4.3.3 Closed Cooling Water Loops

The staff recognizes that wastes such as those from closed cooling
water loops will contain corrosion inhibitors, e.g., dichromate.
These should be processed, where volume allows, .in the closed-
cycle system in order to minimize discharge of corrosion 1nh1b1tors
into the.environment. :

3.4.3.4 Condenser Cooling System Output

The control of marine growth in the condenser tubes will involve

the controlled intermittent addition of sodium hypochlorite solution
to the cooling water., The sodium hypochlorite will be supplied as a
0.05 -~ 0.1% solution from two electrolytic cells each rated at a 500
1b Cly/day capacity. The cell output is regulated automatically from
a residual chlorine.analyzer-controller. . It is anticipated that
hypochlorination will be accomplished in a manner similar to that
used in the fossil-fueled Units 1 and 2, In the latter cases, hypo-
chlorite is added to one of eight intake flumes for a 15-min period
to give a chlorine residual of 0.5 ppm in the effluent from a single
condenser unit. The discharge from the treated condenser unit is
mixed at the outfall with the discharges from the remaining seven,
with a resulting undetectable chlorine residual in the total flow,.
The chlorine residual in the effluent from the treated condenser

unit is largely consumed in meeting the chlorine demand (0.6 - 1.8 ppm)
of the untreated water from the other units.

This system is designed such that no onsite storage of large amounts
of chlorine would be required and the potential for accidental massive
injection of chlorine is minimized through the use of small diameter

" piping and low flows, '

3.4.3,5 Laboratory and Decontamination Solutions

Solutions from the chemistry laboratory and from the plant decontam-
ination area will be collected in the miscellaneous waste storage tank.
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TABLE 3.4

CHEMICAL DISCHARGE LIMITS FROM
STATE WATER QUALITY STANDARDS

Fluorides (non-public water supplies)

Chlorides (saline waters)

Dissolved solids

‘Specific conductance

Cyanide or cyanate
Copper
Zinc

Chromium

Phenolics

Lead

Iron

Arsenic

0ils and greases

pH

Detergents

Mercury

<1.0 mg/1 F

<10% increase above
‘background

<1000 mg/1 at any time
<500 mg/liter, monthly

average

<100% increase above
background -

none detectable

ﬁQ.S mg/1

- <1.0 mg/1

<0.5 mg/1 cr'
or 1.0 mg/l total
<0.05 mg/1 after mixing

+ <0.001 mg/l phenol

<0.05 mg/1

<0.30 mg/1

<0.05 mg/1

<15 mg/1l, no.visible oil

normal i_l.O,
>6.0, <8.5

<0.5 mg/1

none detectable




3-22

Treatment includes evaporation in the miscellaneous waste evaporator
and may include treatment by a cation exchange unit. The effluent
from this system is-essentially a pure water distillate which may
contain traces of radiocactive materials. The effluent may be
recycled for reuse or discharged via the circulating water system
if radiocactivity limits are not exceeded. '

3.4.3.6 Sanitary Wastes

Sanitary waste is to be processed through an extended aeration acti-
vated sludge sewage treatment plant. Retention in the aeration basin
will be not less than 24 hr and not less than 2 hr in the clarifier.
Biochemical Oxygen Demand (BOD) satisfaction is expected to be greater
than 907 and suspended solids reduction 98%; BOD. concentration in the
effluent is estimated to be 20 ppm. The effluent will be chlorinated
for disinfection utilizing a chlorine contact chamber having not less
than one hour detention time.

3.4.4 Other Wastes

Pollution from storm drainage will be minimized by landscaping,
grading, and '"'plant keeping'" to assure that the runoff will be
kept as natural as possible. Yard drains from the area of the
transformers are routed through specially-designed sumps to trap
oil that may leak from the transformers. Storm drainage is routed
to the discharge canal.




4.’ ENVIRONMENTAL IMPACT OF SITE PREPARATION
AND PLANT CONSTRUCTION

- 4,1 'SUMMARY OF PLANS AND SCHEDULES

The plant is being constructed on a site already occupied by two
oil-fired plants. Construction of access roads and fencing and
other site preparation activities are largely completed. The
same barge and water~intake and discharge canals will serve all
of the facilities, although each canal will require about 600 ft
of additional length. This excavation was postponed until the _
NEPA review was completed. When this activity is completed, some
175,000 cubic yards of soil will have to be removed. This will
be placed in two already cleared areas. One of the areas,
approximately 25 acres in size, is located north of the discharge
canal., The other area, approximately 15 acres in size, is located
east of the plant. Landscaping of these spoil areas should be
planned and carried out by the applicant.

The major work items remaining in the*construction-ofbthe plant
are as follows:

Installatlon of the underground circulating water and
nuclear services seawater piping system.

Construction of the plant berm began in April 1972,

Construction of the circulating water outfall structure
began in May 1972.

Construction of the machine shop and administrative office
buildings.

Excavation of the circulating water inlet canal extension.
Excavation of the circulating water outfall canal extension.

Other remaining construction activities do not involve a modifi-
cation of the environment. These require the construction of
and assembly of plant units in the interior of already-built
structures. They are as follows:

Installation of reactor vessel
Containment leak rate test

Hot functional test '

Fuel loading :
Commercial operatlon of the plant

a1 -
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4,2 IMPACTS ON LAND, WATER AND HUMAN RESOURCES

At the time when Units 1 and 2 were constructed land clearing at the -

site destroyed a portion of the existing ecosystem (see Figure 2.1).
No new cleared acreage was required for the construction of Unit 3.

The original dredging of the intake and discharge canals and the
establishment of an enclosed fly ash dumping area (not required now)
between the two canals has altered approximately 330 acres of
marshland and nearshore bottom land. These areas were originally
important in contributing to the primary productivity, in the
production of organic detritus, and as a nursery area for fish.

Construction of the dikes along the intake and discharge canals,
however, provided a new habitat., Carr, of the University of
Florida,3] states that the large aggregations of juveniles of the
spottail pinfish and permit are found along the edges of the dikes
of the intake canal, while the submerged rocks support growths of
algae and encrusting organisms which may be utilized as a food
source by higher life forms.
The marshland between the intake and discharge canals was
originally established to receive fly ash from coal-fired gener-
ating units. With the conversion of Units 1 and 2 to fuel oil,
the area is now utilized by Ralston-Purina in its mariculture
project.

The proposed inland extension of the discharge canal will be a
carefully controlled dredging operation so that it should avoid
any adverse effect on' the benthos north of the discharge canal.

4,3 CONTROLS TO REDUCE OR LIMIT IMPACTS

Controls are planned to limit turbidity produced during the intake
and discharge canal extensions and its discharge to the Gulf of
Mexico. These will take the form of excavating the inland portion
of the canal first and isolating the excavation from the present
nal by a berm, thus preventing loose sediment from being swept
out to the present discharge area. The berm will be removed behind
turbidity restraining structures after the eastern portion of
the canal has been constructed., The impact of these operations
should be minimal. ‘ '




5. ENVIRONMENTAL TIMPACT OF PLANT OPERATION

5.1 LAND USE

The largest permanent alteration of the land due to the presence
of Crystal River Unit 3 is the removal from the natural habitat
of about 30 additional acres, over and above those needed for
Crystal River Units 1 and 2. An additional 40 acres of land will
-be disturbed -as spoil areas for the material excavated for the
intake and discharge canal extensions.

Existing transmission line rights-of-way will be used and no new
land will be required for that purpose. There will be some addi-
tional disturbance of these lands due to erection of towers and
the stringing of ‘lines. This involves 2,140 acres of land.

5.2 WATER USE

Groundwater supplies about 707% of the water used for municipal,
industrial, agricultural, and domestic applications in the
State of Florida. Present usage of groundwater at the plants
amounts to approximately 500,000 gal/day. This water is with-
drawn from two shallow wells drilled into the Floridan aquifer.
Unit 3 will require an additional 100,000 gal/day for cooling
system makeup, and this will be supplied from a third well to

be drilled. Total withdrawal rate of water is thus anticipated
to be approximately 600,000 gal/day. The total aquifer recharge
rate is predicted to be about 10,500 million gal/day on a yearly
basis; withdrawal of 0.6 million gal/day will be a small part

of the available supply and will not have a deleterious impact.

How much larger a volume of fresh water could be withdrawn at

the site without detrimental effect on its use (stemming from
salt water intrusion) is not known at the present time. Detailed
engineering studies would be required before such use of the
Floridan aquifer could be planned.

5.3 BIOLOGICAL IMPACT

5.3.1 Terrestrial Ecology

Permanent impact due to plant coperation will be of minor con-
sequence compared to that from construction activity already
completed. The small number of acres (about 30) permanently
removed from natural habitats should have little or no effect
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on the area as a whole, because of large natural areas adjacent to it.
Moreover, the applicant has title to a large area at the site (4,738
acres) and plans to preserve as much ‘as possible of the land in its
natural state, thus minimizing impact. The property has been set
aside as an Eagle Sanctuary in a cooperative agreement with the
Florida Audubon Society.32

Due to the moist tropical climate, ruderal areas appear to recover
quite rapidly; or, when desirable, they are easily maintained. The
flat land and permeable soils minimize the importance of soil erosion
as an impact. Nonagricultural areas of the transmission line rights-
of-way may be beneficial to wild life such as by producing additional
deer browse.

5.3.2 Aquatic Ecology

A major localized impact covering an area of about 1500 acres is
expected to occur in the vicinity of the end of the discharge canal
as a result of the operation of all Units. This presupposes operation
of all Units at 100% power, and, therefore, is felt to be a conser-
‘vative estimate. The incremental impact associated with Unit 3 is
about 1000 acres of this total (see Section 12.2.6.2).
Applicant studies at Crystal River sitew(since opening_up the site
for Units 1 and 2) provide some basis for. predicting the subsequent
impact of Unit 3. . These studies, in some cases preliminary or par-
tial, include: ' . )

. Fish and invertebrate population analysis

. Plant screenwash sampling

. Discharge canal monitoring

. Analysis of trace metals in oysters

. Laboratory experiments with oysters

vQ Thermal plume dispersal studies

. Analysis of seawater composition

. Determination of diffusion and flushing rates in the
discharge basin and

. Effects on entrainment.
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The impact factors requiring evaluation for Unit 3 operation on the
aquatic environs are: '

. The intake étructure and impingement

. Discharge and entrainment of organisms

. Discharge canal.scouring

. Inshore mixing zone

. Thermal rheotaxis and effects on sport fishing
. Dissolved oxygen and toxic chemicals

. Eutrophication and .

. Radiation damage to marine organisms.

5.3.2.1 Effects of the Intake Structure

The effects of the intake structures on the biota arise from the
combined stress of the intake velocities, the impingement itself,
and the force of the high pressure jets. The affected finfish and
shellfish are those of sufficiently small size to pass through the
trash rake and sufficiently large to be blocked by the screens.

The applicant supported studies through 1969 to determine the
species and number of individuals of finfish and invertebrates
affected by the intake of Units 1 and 2. The data on the basis

of 24-hr samples taken monthly, are given in Table 5.1. Greatest
numbers of species and individuals occur during the early spring

and late fall, when low temperatures presumably cause lethargism
and make organisms more susceptible. Since numbers and individuals
captured in’the screenwash are biased toward small or weak swimmers,
disproportionate numbers of juveniles and small species are captured
by the screenwash mechanisms. On the basis of 30 days/month the
staff calculates that about 200,000 finfish and 50,000 shellfish are
now destroyed at the intakes annually; a doubling is to be expected
when Unit 3 goes on line.. The applicant calculates that 32,000 lbs
of fin-fish and 4,000 1bs of shellfish, with values of $4,800 and
$1,560, respectively, were killed in 1969 on the intake screens of
Units 1 and 2. '

Operation of Unit 3 will require an additional 680,000 gal/min of
seawater at an increased flow rate and four additional traveling




TABLE 5,1

SEASONAL ABUNDANCE OF FINFISH AND INVERTEBRATES IN SCREENWASH SAMPLES
AT CRYSTAL RIVER PLANT, UNITS 1 AND 2, 1969

FISHES JAN.  FEB. MAR. APRIL MAY JUNE JULY AUG.  SEPT. ocT. NOV, DEC.

Dasyatis sabina 3 2
Gymnura micrura 1 9
Elops saurus 1

Brevoortia patronus 5 1 4
Opisthonema oglinum

Anchoa hepsetus 6 18 15

Anchoa mitchiili 260 2
Synodus foetens ]
Bagre marinus 9
GiﬂéTéhthy§3§IEi<a) 4 1574
Gymnothorax nigromarginatus 1 ' 2
Ophichthus gomesi 1 8 3 '

Strongylura marina 2 , 5 5

Hemiramphus saltator 1 . 3
Hyporhamphus unifasciatus
Hippocampus sp.
Syngnathus sp.
Centropristis stricta
Mycteroperca bonaci
Pomatomus saltatrix :
Caranx hippos ) . 14
Chioroscombrus chrysurus ' 2

Oligoplites saurus 1

Selene vomer . i .5 3 9
Vomer setapinnis . o PRESENT
Eucinostomus argenteus : . 11 PRESENT 22
Eucinostomus gula . _ ' 1 107
Haemulon plumieri - :
Haemulon sciurus :

Orthopristis chrysopterus 1. 7 18 : 5

2
2
TOTAL FISHES 15 369 50 11 5 11 46 3 19 1738
TOTAL SPECIES 6 13 7 2 1 3 12 j I 9 11

—

N O W W

2 ' 1 1 2
PRESENT

—_— e N W~ W

(a)THESE SPECIES ACCOUNT FOR 69% OF THE ORGAN)SMS IMPINGED ON THE SCREENS
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TABLE 5.1 (Continued)

INVERTEBRATES JAN. FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT.  NOV. DEC.
Lolliguncula brevis@ 37 139 81 12 5 53 7 24 20
Squilla empusa 12 115 1 2 _ 1 2
Penaeus duorarum 2 1 119 2 5 11 115 20  PRESENT 4
Palaemonetes sp. 1 A 3
Alpheus sp, B 6
Synalpheus sp. 1
Petrolisthes armatus 1 2 6 3 11
Pagurus pollicaris 1 .

Callinectes sapidus 1 23 39 15 33 14 8 a1 PRESENT 7

-Portunus gibbesi 1 3 1 1 4 3 : 60  PRESENT 10

Menippe mercenaria 2 1 5 11 n 1 6 6

Neopanope texana 1 1 3 2 3 3

Panopeus herbstii 1 1 4 1 2 2

Uca sp. 1 . 1 1

Meloporhaphis calcarata 3 1 3 23 2 12

TOTAL INVERTEBRATES 5 410 320 33 260 37 63 29 234 90 41
6 10 10 11 7 10 6 9 5 4 4

TOTAL SPECIES 3

(a)THESE SPECIES ACCOUNT FOR 69% OF THE ORGANISMS IMPINGED ON THE SCREENS
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TABLE 5.1 (Continued)

FISHES JAN.  FEB. MAR. APRIL MAY JUNE JULY AUG. SEPT. OCT. NOv., DEC.

Bairdiella chrysura (@)(b) T 1 1 1 8 107+ 377

Cynoscion arenarius 1 '

Cynoscion nebulosus 4 17 3 1 B | 1

Sciaenops ocellata 1 1 '

Archosargus probatocephalus - 1 1 ,

Calamus arctifrons 1 PRESENT

Lagodon rhomboides 8 111 S 2 3 2 2 50

Chaclodipterus faber 3 6 1 6

Scomberomorus maculatus 1 :

Prionotus scitulus 1 8

Prionotus tribulus 14 36 4

Chasmodes saburrae 1

Hypsoblennius hentzi 8 19 4 3 1 PRESENT

Mugil cephalus , 3 PRESENT 1

Menidia berylina 1 2 1 4 3 6

Ancylopsetta quadrocellata .2 43 1

Etropus crossotus 4

Etropus rimosus : 1

Paraltchthys albigutts 3

Trinestes maculatus 3 -3

Symphurus plagiusa 1 3 :

Alutera schoepfi 4 4 2

Monacanthus sp. 2 3 . 2 1 1 3 1

Lactophrys quadricornis 5 7 1 PRESENT. 14
. Sphoeroides nephelus 4 8 1 1 . PRESENT 4.

Chilomycterus’ schoepfi 10 1 : 5 2 5

Opsanus beta 1 1 4 2 11

Porichthys porosissimus 2 '

Ogcocephalus nasutus @ 138 .~ 620 21 83 29 5 9 58 56 a2 21

TOTAL FISHES ' 204 973 54 110 37 14 14 73 70 603% 740

TOTAL SPECIES 18 18 - 15 4 5 4 5 - 8 6 13 o1

(a)THESE SPECIES ACCOUNT FOR 6%% OF THE ORGANISMS IMPINGED ON THE SCREENS

(b)OF SPORT FISHING VALUE. ABOUT 9% OF THE IMPINGED SPECIES BY COUNT
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screens. The velocity in the intake canal will increase to about

1.3 fps: the velocity at the screen will be about 1.0 fps. The
number of finfish and shellfish captured in the screenwash may
increase twofold. The biclogical and economic impact of impingement
resists accurate assessment since natural mortality is invariably

high and only a small proportion of juveniles usually survive to
become adults ard reproduce. Rational assessment must be based on

the division between organisms destroyed and those available in the
ecosystem, the numbers expected to survive to maturity and the impor-
tance of individual species in food chains and fisheries. These types
of data are mnot amenable to analysis using eéxisting techniques. It is -
the staff'’s opinion, however, that screenwash capture will represent a
small fraction of the total annual production of the inshore ecosystem.

Since the intake canal serves as a waterway for the delivery of fuel
0il and supplies for Units 1 and 2, its use will probably result in
occasional minor pollution and localized oil spills. The synergistic
effects of these with the warm water are not expected to cause a
noticeable impact resulting from the nuclear plant.

5.3.2.2 Discharge and Entrainment of Organisms

Entrainment of organisms in the cooling water and their passage
through the plant and discharge canal will affect both micro- and
macroplankton. Resultant effects will be site-specific and dependent
upon ambient temperatures, thermal increment, duration of exposure,
mechanical action and the presence of toxic materials such as chlorine.
Limited data’?® indicate that there is “a reasonable amount' of
nannoplankton and 'substantial zooplankton' present at the Crystal
River site. The zooplankton is dominated by calanoid copepods.
Quantities of eggs and larvae of valued finfish and shellfish are
very low since most species spawn offshore bevond the predicted
mixing zone, with the exception of seatrout, redfish and oysters.

The anplicant supports continuing studies on the effects of heat
and chlorine on entrained organisms at Crystal River Units 1 and
2.33_L+3 Methods have involved bacterial counts as well as analyses
of chlorophyll 2; primary productivity, and adenosine triphosphate
(ATP) from samples taken at the intake, outfall and progressive
‘stations down the discharge canal. Preliminary results indicate
that heat and chlorination both affect entrained organisms. In
terms of productivity, the amount of change in photosynthetic
activity due to thermal increments is correlated with intake water
temperatures. Measurement of productivity across the condenser
showed a decrease when the intake temperature was 81°F (27°C) or
greater. Productivity increased 8.27 in one test when the intake
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temperature was 76°F (24.3°C). Temperature had a variable effect
on chlorophylla; in 4 out of 5 tests, ATP values increased across
the condenser. The =xception revealed a slight decrease in ATP
when the intake temperature was 27,5°C. During chlorination,
primary productivity values decrease an average of 557% across

the condenser, and this is accompanied by an aver:=  drop of 40%
'in ATP values.

The extent of entrainment will be greater after Unit 3 begins
opavation because of the doubled flow. The effect of the
chlorination (essentially 100% kill) will remain as it is now
in- the operation of Units 1 and 2 but will, therefore, extend

to a great~: number of organisms. The thermal increment is

not expected to lower significantly the dissolved.oxygen (DO)

or to affect total or suspended solids, or permit chlorine
build-up in organisms and sediments. The total time through the
condensers and the discharge canal will be approximately 1 hr
under full load operation of all units. Since the flow velocity
in the discharge canal will be about 2.4 fns, compared to the
existing 1.1 fps, the total period of exposure to elevated
temperatures during entrainment will be substantially reduced. A
kill of 100% of the entrained organisms is nevertheless assumed.

Thermal shock: imparted to entrained organisms across the condenser
is dependent upon intake temperatures. Under full load conditions
of all three units at Crvstal River, intake temperatures above 80°F
(27°C) can be considered to be critical to entrained organisms. At
an ambient 27°C, the estimated 14.5°F (8.1°C) AT will bring the
discharge temperature to 95°F (35°C). This condition will exist
about 357 of the time annually, compared to about 187 at th2
present (see Figure D.4).

The applicant has evaluated the problem of plankton entrainmment

in terms of the total estuary involved. The Marine Science
Institute, University of South Florida, designated““ the size of
the influenced area.as a 'total grid"” for computer modeling program.
The available body of water was then compared with the water used
by the plant. If the extreme case of total planktonic kill is
assumed, about 18% of the organisms within a volume of water
equivalent to the total grid area will be influenced at maximum
flood tidal state under stress of Units 1, 2 and 3. Under normal
low-high tidal extremes, this figure mav average about 147% (based
on an ebb tide percentage of 9.7 and a flood tide percentage -of
18.3) over a period of 28 hr. Thus, if the plant were drawing on
an enclosed reservoir the size of the total grid area, it would
use 14.3% of the available water in 28 hr. The onen Gulf coastal
ecosystem adjacent to the Crystal River site communicates directly
with the deeper offshore water and allows free exchange of inshore
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planktonic popuiations with those offshore. There is no evidence
that the total plankton population is significantly depleted by
present Plant operations or will be with the addition of Unit 3.

Organic remains of planktonic organisms killed provide a source

of nutrition for pelagic and benthic .organisms inhabiting adjacent
estuarine waters. The shallow nature of the estuarine area at the
Crystal River site prcvides favorable conditions for recycling of
nutrients in the inshore marine ecosystem. However, if the thermal
increment proves to be detrimental to desirable organisms, the
increased availability of organic nutrients may be selective for
nuisance species, thereby causing an undesirable shift of flora
and fauna.

5.3.2.3 Discharge Canal Scouring

Some bottom scouring is now associated with the discharge canal,
although there is no evidence of delta building due to dropping

of the sediment during operation.37 Increasing the discharge
volume and flow with addition of Unit 3 will increase the scouring
effect until solid substrate is reached.

If canal turbidities should be doubled, they will approach
turbidities of the Withlacoochee River-~Barge Canal water moving
into the discharge area from the north. Since grain size of the
scoured canal sediment may be larger than that of the sediments
suspended in the slower Withlacoochee water, regions near the
discharge canal outlet may be affected. Much of the suspended
sediment will be deposited in the area 1-1/2 miles to the west
‘where canal and ocean currents converge. The impact upon benthic
marine invertebrates is not expected to be ecologically signi-
ficant, however, due to the relatively small amounts of suspended
particles (comparable to Withlacoochee River water) and low
deposition rates.

5.3.2.4 The Mixing Zone

5.3.2.4.1 Physical Phenomena

Water flow patterns within the mixing zone are governed primarily
by tide-induced flow and by water influx from the Withlacoochee
River-Cross Florida Barge Canal source. Mixing in the discharge
basin has been studied by Carder and his associates!067109-38 £yop
the University cf South Florida, and by Cornell Aeronautical
Laboratory, Inc.3? ‘A number of experimentally-derived temperature
contours (isotherms) have been obtained for thermal discharge from
Units 1 and 2. This information is provided in Appendix D.




5-10

Carder and co-workers!(® are developing a computerized mathematical
model of flow and diffusion in the mixing basin. This model will
aid in accurately predicting the temperature profiles for the
discharge conditions that will accompany operation of all three
generating plants. The applicant111 has made an initial estimate
of the area included in the 5°F (2.8°C) isotherm, and concluded
that 900 acres would, on the average, be covered by water heated

to a AT of 5°F (2.8°C) or more.

As noted earlier in this report (Heat Dissipation System) the
present flow rate of cooling water is 638,000 gpm (1420 cfs) and
at maximum power production, this water is heated 11.,5°F (6.4°C).
When Unit 3 starts operating, an additional flow of 680,000 gpm
(1515 cfs), at a maximum temperature rise of 17.1°F (9.5°C) will
be added. The resulting total flow of 1,318,000 gpm (2940 cfs)
will experience a maximum temperature rise of approximately 14.5°F
(8.1°C). Based on these flow rates and temperatures, it would

be possible to operate the generating complex in such a way that
the maximum temperature rise were 17.1°F (9.5°C). For instance,
if Units 1 and 2 were shut down (including the cooling water flow)
and the nuclear plant operated at full power, the discharge water
would be heated 17.1°F (9.5°C) above ambient. In the assessment
made in this statement, it has been assumed that the plants will
be operated to prevent the occurrence of a temperature rise of
more than 14.5°F (8.1°C) from intake to discharge canal, - The
applicant states that circumstances which would lead to higher
temperature rises would be classified as emergencies.

Ambient water temperatures attain maximum values during the summer
months. Seasonal temperature patterns were described in detail
earlier in this statement. The monthly means and percent frequency
with which various temperatures are reached during summer months™!
in the condenser intake are shown in Figures D.3 and D.4. According
to these data, 92°F (33.3°C) was the maximum temperature reached
during 1971. This maximum temperature agrees with the maximum
measured at Cedar Keys over a many-year period (Figure D.2).
Temperatures in the mixing zone may be estimated from the seasonal
ambient temperatures by adding the temperature increment caused

" by plant operation. :

The staff has made estimates of the mixing zone temperatures.

This was done by an application of existing data. (see preceding
description, Section 2.5.4, -and Appendix D Oceanography) to the
larger, warmer plume which will result from the startup of Unit 3.
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The température rise predicted for flood tide conditions is shown
in Figure 5.1. During the incoming tide phase, water is forced
to flow north along the coast line. The shallow areas along the
shore line will be exposed to temperatures from 6°F (3.3°C) to
10°F (5.6°C) higher than ambient. For the flood-tide portion .
of the cycle, acreages covered by specific isotherms are listed
in Table 5.2.

TABLE 5.2

ACREAGES COVERED BY HEATED WATER
DURING FLOOD TIDE

t

‘ Temperature Increase Acreage
Above Ambient Covered

1°F (0.5°C> 2860

2°F (1.1°C) ZlOQ

4°F (2.2°C) 1350

6°F (3.3°C) 730

8°F (4.4°C) 400

10°F (5.5°C) ' 220

For the ebb-tide portion of the tidal cycle, effluent water flows
westward along the discharge canal spoil bank causing a heated
tongue as shown in Figure 5.2. On the outgoing tide, the warmest
water follows the bank of the discharge canal dike, and extends
along a westerly line. The acreages covered by specific isotherms
for this condition are listed in Table 5. 3.

During a complete tidal cycle, the heated water will alternate

in position between that shown for ebb-tide and that for flood-
tide. As a result, the area located between the two positions
would likely experience periods of heating and cooling. The
entire area exposed to heated water was delineated by connecting
isotherms for ebb-tide and flood-tide flow regimes. The resulting
temperature distribution is shown in Figure 5.3. The isotherms
obviously encompass larger areas because they enclose the entire-
areas exposed to the stated temperaturés. The total acreages
covered by specific isotherms are listed in Table 5.4,
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TABLE 5.3

ACREAGES COVERED BY HEATED WATER
DURING EBB TIDE

TemperaturevIncrease Acreage
Above Ambient Covered
1°F (0.5°C) | 3770
‘2°F (1.1°C) 2760
4°F (2.2°C) 1750
6°F (3.3°C) 1130
8°F (4.4°C) 740
10°F (5.5°C) . 430

The maximum water temperatures do not occur at the surface, but
rather at 3 ft or more below the surface, as discussed in Appendix D,

Oceanography. The isotherms as shown in Figures 5.1-5.3 were

based

on data determined for the 3-ft depth level and therefore represent
the highest temperatures which would occur. Below 3 ft, the tempera-

ture gradient is small, therefore the bottom would be exposed
water having a temperature close to that experienced at the 3
depth level. It should be remembered that the mixing zone is
varying from 5 to 10 ft in depth. This shallowness precludes
cant temperature stratifications below the 3-ft depth.

TABLE 5.4

- ACREAGES COVERED BY HEATED WATER
DURING COMPLETE TIDAL CYCLE

Temperature Increase Acreage
Above Ambient Covered
1°F (0.5°C) . 4600
2°F (1.1°C) : 3500
4°F (2.2°C) ‘ 2300
6°F (3.3°C) _ 1500
8°F (4.4°C)- 950

10°F (5.5°C) 500

to
ft
shallow,
signifi-
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The impact of the operation of the nuclear plant can best be
measured by comparing the mixing zone temperature profiles with
those for the present operation of Units 1 and 2 (Figures D.9,
D.10 and D.11). An estimate of the impacted acreage may be made
on. the basis of areas predicted for a full tidal cycle. The added
impacted areas due to operation of Unit 3 alone were estimated

by subtracting the area covered by the present plume (Figures

D.9, D.10, and D.11) from that projected for the appropriate case
(see Figures 5.1-5.3). Results are shown in Table 5.5 where the
added areas are shown for specific isotherms. '

TABLE 5.5

INCREMENTAL AREAS COVERED BY THERMAL PLUME
CAUSED BY OPERATTION OF UNIT 3 FOR FULL TIDAL CYCLE

Acreage Covered

Temperature Unit 3
Increment  Units 1 & 2 Units 1, 2 & 3 Incremental Acreage*®
1°F (0.5°C) 2350 4600 ' 2250
2°F (1.1°C) 1700 3500 1800
4°F (2.2°C) 1050 2300 1250
6°F (3.3°C) 510 : 1500 990
8°F (4.4°C) 220 - 950 730

10°F (5.5°C) - 500 , 500

* Incremental Acreage= Area covered in addition to that pre~
dicted for operation of Units 1 and 2 at full power,

As noted earlier, the tidal sinusoid is the dominant forcing function
which determines flow and mixing in the heated water mixing zone.

Ebb tide and flood tide profiles represent limits. The precise

time interval over which a particular temperature profile persists
was not evaluated. Instead, the analysis was based on the assumption
that the area at risk is that covered by heated water for a complete
tidal cycle. :

Minor variations in temperature patterns may be expected as a result
of wind stress and variations in fresh water influx from the Withla-
coochee River-Cross Florida Barge Canal complex. Little information
is available concerning these minor influences. It is unlikely

that changes in mixing zone temperatures which might occur as

a result of these influences would appreciably influence the predicted
temperature profiles, -




Finally, it should be noted that any increased jetting effect due to
the increased velocity of the new plume has not been accounted

for in the predictions made by the staff, This will err on the

side to over-estimate any damage since the doubling in velocity,
which will occur with startup of Unit 3, will tend to carry the
warmest water away from the.nearshore marshlands,

Acreages covered by specific isotherms have also been predicted by

. . . . . L2
the applicant, using his numerical computer model. For full power
operation of Units 1, 2 and 3, predicted acreages covered are shown
in Table 5.6, '

Table 5.6. Applicant's Estimate of Thermal Plume Size

Temperature Acres

Increase High Water ) Low Water
Above Ambient (Flood Tide) (Ebb Tide)

1.0 ~ 2.0°F 150.5 265.5

2.0 - 3.0 140.5 196.2

3.0 ~ 4.0 136.9 417.9

4.0 ~ 5.0 | 87.6 149.6

5.0 - 6.0 15.5 98.5

6.0 ~ 7.0 12.8 ) 58.4

— > 7.0 34.6 9.1

Total > 4.0 150.5 315.6

The acreages shown in Table 5.6 are smaller than those estimated by
the staff. For example, the staff estimated the acreage covered by
temperature increments greater than 4°F to be 1750 acres at ebb tide
and 1350 acres at. flood tide. These estimates are about 5 times
‘those of the applicant shown in Table 5.6. The applicant's initial
-estimate of 900 acres for the 5°F isotherm is in agreement with the
estimates made by the staff and is also larger than the more recent
predictions of the applicant.

A small part of the discrepancy between the applicant's recent
estimates of plume size*? and those made by the staff may be explained
by noting that the predictions made by the staff are believed to be
conservative and may, therefore, overestimate the areas covered by
specific isotherms., The major part of the discrepancy, however, is




believed to result from inaccuracies in the applicant's predictions.
It is the opinion of the staff that the applicant's predictions are
inconsistent with experimental measurements of plume size. For
example, based on operation of Units 1 and 2 at approximately 75%
power, Carder's! 08 measurements of plume size (Figures D.5-D.8)
indicate that the 4°F isotherm above ambient would cover approximately
500 acres for the ebb tide conditions. It is doubtful that the area
covered by the 4°F isotherm would decrease to 316 acres with the
start-up of Unit No. 3, which would double the flow rate and increase
the discharge temperature. The calculational procedure used by the
applicant is considerably more sophisticated than that used by the
staff and would be expected to be capable of more accurate prediction
of plume size. However, it is the opinion of the staff that the
numerical model used by the applicant is still in a developmental
stage, and cannot be relied on at this time to give reliable predic-
tions. Very careful observatior of the distribution of the thermal
plume must be planned and carried out to determine exactly the extent
‘of the plume and initiate corrective action should the staff deem it
necessary.

5.3.2.4.2 Effects on Aquatic Life

Thermal rheotaxis is either positive or negative (attracting or
repelling) and is characteristic of fish, which can detect small
temperature changes in their medium.L*B’L*é’50 The natural effects

of ambient temperatures on seasonal movements of fish at the Crystal
River site have been noted.?’ Numbers of most fish in the discharFe
canal of the Turkey Point plant on Biscayne Bay, Florida decrease®
during the summer; grey snapper and tarpon showed no- avoidance,
lemon sharks were more abundant, and blue crabs were more abundant
except in July and August.m+

These observations indicate that positive and negative thermal
rheotaxis would be exhibited by marine finfish at Crystal River.
The response is expected to be more noticeable with the addition
of Unit 3. Seasonal changes of temperature in the discharge area

- will occur gradually. Fish living in the discharge canal are

expected to leave as temperature levels approach their upper zone
of thermal tolerance. Avoidance is also likely for the more mobile
fish residing in the affected discharge area.

It is possible that some juvenile fish living in the marshy inshore
area, or habitual benthic dwellers, will be subject to detrimental
temperatures arising. from changing discharge patterns at various
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tidal stages. Ecologically, sudden declines in water temperature
are more detrimental than increases to Florida fish.* %6 past
outage rates, resulting in lowering of discharge canal temperatures
at Crystal River, are given in Table 5.7. For Unit 3, the applicant
estimates that there will be a six-week outage the first year

and one four-week outage per year thereafter. A forced outage

rate of 12% is estimated to occur to the extent of 968 hr/yr the
first three years and of 484 hr/yr thereafter.

TABLE 5.7
PAST OUTAGE RATES FOR CRYSTAL RIVER UNITS 1 AND 2

FORCED RATE SCHEDULED RATE TOTAL
YFAR  UNIT 1 UNIT 2 UNIT 1 UNIT 2 UNIT 1 UNIT 2

1971 15% 2.3%  9.0% . 24.4% 24% 26.5%
1970 17.1%  5.7% . 23.6%  5.67 40.7%  11.3
1969  7.1%  0.04% - 7.2% 18.2% 14.3%  18.24%
1968  2.2% 20.6% 22.8%

1967  1.1% 10.9% 12%

1966 7.7% 6.5% 14.2%

If all units were operating at peak power output, outage of Unit

3 would cause a temperature decrease of 8.8°F at the discharge

‘point while outage of Units 1 and 2, separately, would cause temperature
decreases of 2.4°F (1.3°C) and 3.2°F, (1.7°C), respectively, at

that point. As before, this assumes that cooling water flow is
maintained in the downed plant.

Despite the occurrence of forced and scheduled outages at Crystal:
River, the possibility that all three units will be- shut dowm
simultaneously is remote. Should simultaneous unscheduled outage
occur during the winter, resulting in a temperature drop of 14.5°F
(8.1°C), cold shock would cause mortalities of fish attracted

to the discharge canal. : :

The applicant has supported studies dealing with the effect of
discharge temperatures on marine biota under past operating
conditions, Heated water discharged from the Crystal River Unit
1'in 1969 revealed little, if any, influence on the composition .

of invertebrate fauna but apparently stimulated spawning of molluscs
and crustaceans.’?
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Investigations of fish fauna by trawling were conducted in 1969

and 1970 (Units 1 and 2 operating) in areas affected and unaffected
by thermal d:'Lscharge._”’18 In 1969, only shallow inshore areas
near the discharge were thermally influenced. Abundance of fish

at all shallow areas was greatest during the spring and fall, but
decreased during the summer as temperatures peaked. All areas

were nearly barren in winter when temperatures were minimal. Abun-
dance was greatest at affected areas during late fall and early
winter, but there were no large differences during other seasons.

No significant differences were detected in annual growth increments .
of juvenile silver perch, pigfish, and pinfish collected at affected
and nonaffected areas. ’

In 1970, higher temperatures existed than in 1969 due to a natural
increase in ambient Gulf temperature and increased discharge levels
from the added Unit 2. The influénce of the discharge plume extended
into previously unaffected depths. Species abundance was higher in
1970 than in 1969 at intermediate areas, except during August, and
higher also at unaffected than at affected areas, except in December.
Species diversity was higher in shallow affected areas during

the winter of 1970, but higher in unaffected areas during that

summer suggesting thermal stress on the community. However, occur-
rence of the four most abundant species (pinfish, pigfish, silver
perch and spot) did not differ greatly between affected and unaffected
areas.

The above observations demonstrate that fish can detect small
temperature changes and select favorable thermal levels according

to seasons.*8=50 Temperatures of the discharge at the site, for

this reason, are not likely to be lethal to finfish but will influence
their local distribution as thermal conditions become more (winter) or
less (summer) favorable. Effects on spawning or on eggs and larvae
will be minimal since most fish species, except seatrout and redfish,
spawn offshore. Juveniles of some species can be expected to migrate
to shallow areas near the shore for protection and food, thus making
them susceptible to entrainment and habitat changes. Thermal effects
and tolerance limits of some finfish and shellfish occurring at the
Crystal River site, where known, are given in Table 5.8.

With the increases in discharge temperature and discharge velocity,
projected for Unit 3, sport fishing in the discharge canal will be
adversely affected. In particular, the summer period of undesirably
 high temperature will be lengthened and the canal avoided by the fish.




TABLE 5.8

SOME THERMAL EFFECTS AND UPPER TOLERANCE LIMITS
OF SOME CRYSTAL RIVER FINFISH AND SHELLFISH

References 59-74

Species Life Stage °C (°F) Remarks
Pomatomus saltatrix adult 29.8 (85.6) Swimming speeds increased
‘(bluefish) adult 30.4 (86.7) Feeding decreased after 6 days
Jjuvenile 31.1 (89) avoidance; acclimation 72°F,
salinity 4 parts per thousand
Bairdiella chrysura eggs 27.2-27.8 (81-82) Maximum hatching temperature
“(silver perch)
Brevoortia patronus adult 40.0 (104.0) Upper level of reported
(Gulf menhaden) occurrence
Cynoscion nebulosus adult 25.6-28.3 (78-83) Normal spawning temperatures,
(spotted seatrout) Florida
Lejostomus xanthurus juvenile 29.9-31.8 (85.8-89.3) Critical thermal maximum at:
(spot or jimmy) juvenile 33.4-35.6 (92.2-96.1) 10°C acclimation, 5-25% salinity
juveni]e 37.4-39.5 (99.4-103.1) 20°C acclimation, 5-25% salinity
adult 1.2-35.5 (34.2-95.9) 30°C acclimation, 5-25% salinity
adult 25.6 (78) Range of occurrence avoidance;

acclimation 68°F, salinity
4-5 parts per thousand

12-§




TABLE 5.8 (Continued)

Species Life State °C (°F)
Micropogon undulatus adult 0.4-35.5 (32.8-95.9)
(Atlantic crooker)
Pogonias cromis adult 29.4 (85)
(black drum)
adult 26.1 (79)
Lagodon rhomboides ? 40 (104) -
(pinfish) _
Lutjanus apodus ? "35-40" (95-104)
(schoolmaster) '
Mugil cephalus pr larvae and 32 (89.6)
(striped mullet) postiarvae
Anchoa hepsetus © eggs 19-21 (66.2-69.8)
(striped anchovy)
Callinectes sapidus juvenile 34.4 (94)
. (Blue crab)
adult and . _
'juveni1e 31.4-39.0 (88.5-102)

Remarks

Range of occurrence

Avoidance; acclimation 77°F,
salinity 4 parts per thousand
Avoidance, acclimation 65°F,
salinity 4.5 parts per thousand

Avoidance

Upper tolerance Timit

Uppgr toierance Timit
ngimum Hatcﬁing temperature

Avoidance; acclimation 79°F,
salinity 4 parts per thousand

48-hr TLM; less tolerant at Tow
salinities

2¢-§




TABLE 5.8

Species Life State °C (°F)
Callinectes sapidus
(B}g§n§§ﬁﬂgd) juveniles 37.1 (98.7)
' 38.6 (101.4)
39.4 (103.0)
immature
and mature 10-30 (50-86)
Crassostrea americana adult 42 (107.6)
(American oyster) adult 32 (89.6)
adult 35 (95.0)
adult 35 (95.0)
Penaeus duorarum adult 30 (86)

(pink shrimp)

Menippe mercenaria
(stone crab)

33-34 (91.4-93.2)

33-34 (91.4-93.2)

(Continued)

Remarks

1000 min TLM

20°C acclimation
25°C acclimation
30°C acclimation

No effect on osmoregulation

Feeding rate depressed
lethal, 35% salinity

induced spawning and various
pathological effects

Occurrence in Tampa Bay, Florida
lethal, prolonged exposure

Lethal, pfo]onged exposure

€2-§
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Sport fishing near the discharge canal dike may be affected but not
necessarily adversely; concentrations of fish will shift according
to individual preference.

Sessile marine organisms are unable to avoid unfavorable temperature
conditions. The increased area of the mixing zone (see preceding
Figures) will encompass more of the inner oyster reefs, as well as
beds of seagrasses (Halodule-Diplanthera wrightii, Thalassia
testudinum and Ruppia martima), marsh grasses (Juncus roemeriamus

and Spartina patens), and marine algae (Sargassum spp., Caulperia and
others). .

Studies conducted®’ to evaluate the effects of thermal discharges

at the Turkey Point plant, Biscayne Bay, southeast Florida, are
pertinent to predicting the effects of Crystal River Unit 3 because
ecological features in the discharge area are similar. Exclusion
and optimum temperatures for broad categories of animals in Biscayne
Bay are as follows: :

Taxa LET LET Max ¢/e Max Div. UET UET

75 50 50 75
Fish 15.6(8 211 25.9 26.6 31.8 37.
Molluscs 15.3 19.7 25.5 26.0 32.7 37.
bf)ustaceans 4.8  .19.6 25.8 26.0 333 38.
Porifera 0.2 9.1 24,9 24.3 31.4 35.
Coelenterates 13;0 18.2 17.2 26.0 29.9 32.
Echinoderms 15.4 20.5 26.2 27.3 31.8 35.
All species : 14.3 19.3 25.7 26.3 33.4 38.

(a) JAll temperatures in °C

In the preceding table, LET and LET are the lower exclusion
temperatures (due to low temperature) of 75% and 50% of the organisms,
respectively; Max. c/e is the optimum temperature for numbers

of individuals; Max. Div. is the optimum temperature for diversity

of species; and UET and UET are the upper exclusion temperatures
(due to high temperature) of EB/ and 75% of the organisms, respectively.
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These data show that the optimal temperature for diversity of
species and maximum number of individuals was 26-28°C (78.8-80.4°F).
The upper exclusion temperature for all organisms combined was
between 30 and 34°C (86.0 and 93.2°F) for 50% and between 35 and.
38°C (95.0 and 102.2°F) for 75%. In general, average temperature
elevation 3 to 4°C above ambient summer temperatures at Biscavne
Bay caused severe depletion of biota.®’ It was also noted that
areas with fluctuating temperatures were not as severely damaped

as areas constantly exposed to elevated temperatures.

The optimum temperature for growth of larval oysters is between

86 and 90°F (30 and 32.2°C) at salinities above 10 parts per thousand %8
The optimum temperature for external embryonic development is- 27.5°C
at salinites above 16°/oo. Although oysters live in water reaching
36°C (96.,8°F) in Florida, little is known about prolonged exposures
above 32 to 34°C (89.6 to 93.2°F).69 Experimental evidence indicates
that oysters exposed to temperatures of 35°C (95°F) in western

Florida undergo various physiological stresses which may cause
mortality.

The blue crab is generally tolerant of high temperatures and the
upper lethal level for both juveniles and adults ranges from 31.4
and 39.0°C (88.5 and 102°F), depending on acclimation level and
salinity.7 In another study, the 1000 min. TL values for juvenile
blue crabs acclimated to 20, 25 and 30°C were 37.1, 38.6 and 39.4°C,
respectively, while salinities of 2-21% had little effect on growth
and mortality. 2 Stone crabs were killed in the effluent canal

at Biscayne Bay by temperatures above 37°C.”3 The critical
temperatures for juvenile Penaeus shrimp appear61 to be 36.3-38°C
(97.3-100.4°F). '

At Biscayne Bay, thermal increments increasing the water temperature
an average 5°C (2.8°F) at the point of discharge severely reduced
the abundance of Thalassia and Diplanthera (=Halodule), and the
normal fauna of %reen, red and brown algae were replaced by a blue-
green algae mat. 4

On the basis of the above, a localized impact can be expected

to occur among sessile marine invertebrates, attached algae and

plants, some planktonic organisms, and possibly some fishes in the
discharge area at the Crystal River site. This is due to the

increase of temperatures in the discharge effluent from the present
6.4°C (11.5°F) to about 8.1°C (14.5°F) but primarily to the more

than doubling of the size of the mixing zone. Ecological impact will
occur during the season when any combination of ambient and incremental
temperatures exceeds 35°C (95°F), a condition which will exist about
53% of the time annually.
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Biological and ecological effects will be most severe near the
outlet of the discharge canal and will probably extend outward

to near the predicted 3.3°C (6°F) isotherm. This isotherm is
expected to cover 1500 acres over a complete tidal cycle when all
three units are operating at full power. About 1000 acres of this
area would result from Unit 3. Within this isotherm, the affected
area may not cover the entire 1500 acres since, at Biscayne Bay,
areas with fluctuating temperatures were not as severely damaged

as those areas constantly exposed to elevated temperatures.67
Nevertheless, the affected area will include major portions of the
inshore marsh ecosystem north of the discharge canal and of the
sensitive beds of seagrass within the discharge basin. In view of
this potential major localized effect, it is the staff's conclusion
that the applicant must initiate action to alleviate this problem
by extension of the discharge canal to deeper water and away from
the near shore area or other means which might result in lesser
environmental impact. The applicant should undertake immediately
the necessary engineering design and studies to determine the
environmental impact associated with such a modification. The
results of this effort must be available so that appropriate reviews
and implementation can be accomplished prior to full power operation
of Unit 3.

No significant reduction of dissolved oxygen (DO) between plant
intake and discharge is expected. The cooling water in the intake
at Crystal River is well supplied with oxygen.75 Monitoring

at Units 1 and 2 shows that dissolved oxygen values may be reduced
somewhat by condenser passage, but are not expected .to fall to
dangerously low levels (4 ppm).

Chemicals from the plant operation will also be released into

the condenser cooling water. The expected concentration of chemicals
in the discharge canal is expected to be held below levels causing
detrimental effects on aquatic life. This is due both to the

large amounts of cooling water required (1,318,000 gpm, Units

1, 2 and 3) and the applicant's intent to essentially eliminate
pollutant discharges to the Gulf to assure compliance with State
water quality standards. The direct impact of chemicals, or related
synergistic effects with temperature elevations, upon living organisms
in the discharge area should be negligible.

Under present operation of Units 1 and 2, chlorine is applied
in the form of sodium hypochlorite to destroy fouling organisms
in the condenser tubing. Chlorination is applied to only one
condenser unit at a time. Since the discharge from the treated
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unit mixes at the outfall with that from the other seven units,

the resulting chlorine residual occurs at low levels., Due to-

the chlorine demand of untreated seawater,76 the residual is largely
consumed by the time the effluent enters the sea. A much greater

- volume of cooling water will be used with the addition of Unit 3.

No deleterious effect should result to marine organisms from the
chlorination. Experimental studies elsewhere’ suggest that, if
ambient temperatures are 28°C (82.4°F) and the increment is 8-10°C
(4.4-5.5°F), resulting temperatures and 0.1 ppm of residual chlorine
entering the sea do not cause great damage to sensitive marine
phytoplankton.

Applicant-supported studies show that oysters from the discharge canal
under operation of Units 1 and 2 reveal substantial increases in
copper and zinc.!” These increases are believed to be related to
increased ionic concentrations in the discharge waters as well as

to increased temperatures that stimulate metabolism. This phenomenon
is apparently common at power plant sites,78 but is not necessarily
lethal. Research to date has not indicated the point .at which such
concentrations become detrimental to the oyster. ‘ '

5.3.2.5 Eutrophication

Eutrophication occurs when organic material in surplus of that utilized
by living organisms accumulates in water; if excess oxygen is
consumed, an oxygen deficiency can result, The addition of heat
and small amounts of chemicals to the Crystal River environment

is not expected to create eutrophic conditions, even though some
entrained planktonic organisms will be destroyed during the warmer
part of the year. This is due, largely, to the volumes of water
to be pumped through all Units under full load conditions, the
limited nutrient content of the water, the mixing and flushing
characteristics of the discharge basin and the ability of the
environment to assimilate and recycle biological and chemical
resources.

The greatest amount of organic matter contributing to eutrophication
will issue from natural resources, the flow of freshwater from the
Withlacoochee River—Cross Florida Barge Canal to the north and the
nearshore marsh ecosystem. Since the Crystal River plant is situated
on a 4,738-acre preserve owned by the Florida Power Corporation, no
future housing or commercial development will arise nearby to create
organic pollution problems. The possibility is extremely remote that
eutrophic conditions in the warmed discharge area will ever instigate
the development and bloom of '"red tide" organisms so detrimental to
marine fishes.
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5.3.2.6 Radiological Effects on Marine Organisms
As described in an earlier section, processed liquid waste will

be released from.the plant on a batch basis via the nuclear

services seawater system and discharge canal into the Gulf of Mexico.
Contents of each batch will be sampled before its release to deter-
mine activity levels. Based on activity analysis, the wastes will
either be released under strictly controlled and monitored conditions
or recycled for further processing. For liquid releases, the
"dilution available before discharge to the Gulf includes 10,800 gpm
of nuclear services seawater and 680,000 gpm from Unit 3 condenser
cooling flow. 1In addition, the release will mix with 638,000

gpm of condenser cooling water from Units 1 and 2. .The maximum
discharge rate from the evaporator condensate storage tanks is

30 gpm. Consequently, the resulting dilution is 38,000 to-l before
discharging into the Gulf and further mixing. Radionuclides added

to the sea are diluted by the corresponding stable elements normally
- present in seawater.

Radiation dose rates that may be received by marine organisms

in the near vicinity of the Crystal River plant can be predicted
on the basis of the estimated release rates of radionuclides into
the discharge canal, their subsequent dilution in the’ receiving
water and the bioaccumulation factors tabulated in Table 5.9.

At the postulated concentrations in the discharge canal, the
planktonic forms entrained in the cooling water would receive dose
rates of the order of 3 x 10 © mrem/hr but this rate would diminish
rapidly as the effluent is diluted in the mixing zone and is
transported away from the point of discharge,

The organisms most likely to accumulate the greatest doses are
shellfish (crabs, shrimp, oysters, mussels, barnacles) or marine
plants (algae, seagrasses) that reside near the -discharge canal
point for extended periods of time. The annual dose to a crab

or oyster might amount to about 30 mrem. Much of this would come
from cesium from bottom sediments near the outfall,

Annual doses on the order of those predicted for marine organisms
near the discharge canal (30 mrem/yr) are at least 1000 times
below the chronic dose levels that might produce demonstrable
radiation damage to aquatic populations. Field and laboratory
.studies concerned with relevant dose versus effect relationships
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TABLE 5.9

SALT WATER BIOACCUMULATION FACTORS

(pCi/kg Organism per pCi/liter Water)

Isotope Fish Crustacea Molluscs Algae
H-3 1 1 1 1
Cr-51 100 1,000 1,000 1,000
Mn-54 3,000 10,000 50,000 10,000
Fe-55 1,000 4,000 20,000 6,000
Fe-59 1,000 4,000 20,000 6,000
Co~-58 100 10,000 300 100
Co-60 100 10,000 300 100
Rb-86 30 50 10 10
Rb-88 30 50 10 10
Sr-89 1 1 1 20
Y-90 30 100 100 300
Y-91m 30 100 100 300
Y-91 30 100 100 300
Y-92 30 100 100 300
Y-93 30 100 100 300
Zr-95 30 100 100 1,000
Zr-95D 30 100 100 1,000
Nb-95 100 200 200 - 100
Mo-99 10 100 100 100
Mo-99D 10 100 100 100
Tc-99m 10 100 100 1,000
Te-127m 10 10 100 - 1,000
Te-127 10 10 100 1,000
Te-129m 10 10 100 . 1,000
Te-129 10 10 100 1,000
Te-131m 10 10 100 1,000
Te-132 10 10 100 1,000
Te-132D 10 10 100 1,000
I-130 20 100 100 10,000
I-131, 20 100 100 10,000
I-132 20 100 100 10,000
I-133 20 100 100 10,000
I-134 20 100 100 10,000
I-135 20 100 100 10,000
Cs-134 30 50 10 10
Cs-136 30 50 .10 10
Cs-137 30 50 10 10
Cs-138 30 50 10 10
Ba-140 3 3 3 100
Ba-140D 3 3 3 100
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are summarized in "Radioactivity in the Marine Environment”80 in

the Templeton chapter. 1 The irradiation of salmon eggs and larvae
at a rate of 500 mrem/day did not affect the numbers of adult
fish returning from the ocean or their abilitv to spawn.8

Blue crabs irradiated at the rate of 3.2 or 7.3 rads/hr(a) for

nver 70 days survived as well as the controls.®® Stocks of plaice
living in the vicinity of the outfall of the British nuclear facility
at Windscale have received chronic radiation at the rate of about

10 rem/yr without a discernible adverse effect.®® Chironomid

larvae (bloodworms) living in bottom sediments.near the Oak Ridge
plant, Tennessee have received irradiation at the rate of about

230 to 240 rem/yr for more than 130 generations and, while they
have a slightly greater than normal number of chromosome aberrations,
their abundance has not diminished.®® '

The numbers-of salmon spawning in the vicinity of the Hanford
reactors on the Columbia River have not been adversely affected

by dose rates in the range of 100 to 200 mrads/week.®® The fecundity
of a freshwater fish (Gambusia affinis) exposed to chronic radiation
of 10.9 rads/day at Oak Ridge was increased brood size, although
more dead embryos and abnormalities were observed in irradiated
populations than in controls. Increased fecundity is the means

by which natural populations with a short life cycle and producing
large numbers of progeny can adjust to increased stress caused

by radiation. '

The planned release of radionuclides from the Crystal River plant
will be a very small fraction of one percent of the releases that
have occurred in the past at several major nuclear facilities®®
where studies have detected no adverse effects on the aquatic
population. Moreover, the estimated dose rates to marine organisms
will be several orders of magnitude less than those expected to
cause radiation damage.89 Consequently, populations of marine
organisms near the discharge point are not expected to be adversely
affected by the low concentrations of radionuclides added by the
plant. :

5.3.3 Environmental Monitoring

In addition to the radiological monitoring system (to be described
in Section 5.4.6), a system of biological monitoring, including
its supporting chemical aspects, should be activated before start-
up and continued thereafter.

(a) For purposes of this discussion, 1 rad (or 1 mrad) may be
assumed equivalent to 1 rem (or 1 mrem),.
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The objectives of the monitoring are to continue the surveillance

of the area with respect to certain physical, chemical and biological
parameters and establish a biota baseline so that any off-

standard or gradually worsening condition may be promptly detected.

Among the parameters which should be given continuous attention
throughout the discharge area are: ‘

Water temperature Productivity
Salinity Plankton populations
pH ) Benthic organisms
Dissolved solids Coliform bacteria
Turbidity ‘ Fish eggs

BOD Fish

Total organic Insects

Heavy metals Vegetation

Records should be kept of dead organisms on the intake screens
and on the numbers and condition of dead organisms after passage
through the condensers. ' '

Inventories and measurements of the various animal species in
the terrestrial as well as the aquatic sectors should be made.

To determine the ecological significance of the data, any observed
changes must be related to previous population data, to the popula-
tion dynamics and to the regeneration times of the organisms concerned.

This separate treatment of the non-radiological from the radiological
monitoring is not meant to imply an absence of relationship between
the two phases. On the contrary, the physical, chemical and bio-
logical work must be continuously integrated with the meteoro-
logical and the radiological and each must be responsive to the
others in such a manner that a truly ecological analysis can be

made at all times.

5.4 RADIOLOGICAL IMPACT ON MAN

In the design and operation of any facility utilizing or generating
radiocactive materials, the consideration of primary importance

is the radiation dose which people in the plant environs might
receive. The release rates of radionuclides to the environment
must be in conformance with Federal regulations set forth in 10
CFR Part 20. 1In addition, the releases must meet the require-
ments specified in 10 CFR Part 50 as finalized.
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The estimated radiation doses that may be received by people from
the concentrations of radionuclides that are anticipated in the air,
the water, and on the ground as a result of the effluent releases
are summarized in Tables 3.2 and 3.3.

5.4.1 Impact of Liquid Releases

The liquid effluents from all three Crystal River plants are

released through a 1-1/2 mile long discharge canal into the Gulf

of Mexico. The radionuclides released from the nuclear plant

are diluted in the total cooling water from all 3 plants (2950

cfs). The staff has estimated the radiation doses from pathways
associated with the liquid effluent (Table 3.2) and the bioaccumulation
factor previously given in Table 5.9.

The individual likely to receive the highest radiation dose from

the effluents released from the Crystal River Plant would be a

fishing "guide" who spends considerable time (1000 hrs/yr) in a

boat in the effluent canal as close to the reactor as possible

(0.1 mile) and who eats seafood harvested from the canal. In addition,

it is assumed that this same individual swims 100 hr/yr in the

Gulf when the plant effluent had been diluted to 1/10 of the concentratlon
in the canal and that he is exposed for 100 hr/yr to the radionuclides
accumulated in the sediment along the shoreline of the canal.

This individual is assumed to eat 18 kg/yr of fish and 18 kg/yr
of crustacea (crabs) caught in the canal. No consumption of
molluscs is assumed since, according to the applicant, very few
molluscs (local oysters) are eaten in this region.

The results of the dose calculations based upon the above assump-
tions are summarized in Table 5.10., The total-body dose from
consumption of seafood was estimated ‘to be 0.09 mrem/yr, while

an additional 0.02 mrem/yr was estimated to be received from
exposure to the canal water and shoreline. The latter dose results
from 137Cs (80%) and !3%Cs (20%) accumulated in the silt.

5.4.2 Impact of Gaseous Releases

-

Release rates of radionuclides in the gaseous effluents were

listed in Table 3.3. These effluents are released from roof

vents, and, to be conservative, air submersion dose rates were
calculated assuming ground-level release, applicant's meteorological
data with wind speed adjusted to 10 meter height, and no building
wake correction.




TABLE 5.10

RADTATION DOSE IN MREM/YR TO AN INDIVIDUAL FROM THE EFFLUENTS RELFASED
AT THE CRYSTAL RIVER PLANT(2)

Extent of
. Exposure in
‘Pathway One Year Skin Total Body GI Tract Thyroid Bone
Air Submersion®) 1000 hr 0.84 0.25 0.25) (@) (0.25) (0.25)
ion(P)
Inhalation 200 hr L L . 0.40 L
‘Milk Consumption‘®) 365 liters — _— - 0.29 -
' Swimming 100 hr 2 x 10 2 x 107 (2 x 10"4) 2x107h @x 1074
, -3 -3 -3 ' -3 -3
Boating 1000 hr 2 x 10 1 x 10 (1 x107) (1 x107) (1 x10 ™)
Shoreline silt 100 hr 0.023 0.019 (0.019) (0.019) (0.019)
Fish Consumption 18 kg — 0.032 3 x 1073 0.51 0.025
"Crab Consumption 18 kg - 0.057 0.012 2.5 0.045
Total Dose (Adult) 0.86 0.36 0.28 4.0 - 0.34
Milk Consumption 365 liters - - - 2.4 -
(child)(c '

(a) Based on releases listed in Tableslé4a and 14b.

(b) TFor fisherman fishing at entrance to discharge canal 0,1 mile north of reactor.
(c) From cows pastured 4 miles ENE of Plant.

(d) () indicate internal dose from external exposure.

€e-¢
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The maximum exposure rate at the site bouandary occurs 0.9 mile
ENE of the reactor where the annual average atmospheric dilution
factor was calculated to be 1.7 x 107° sec/m3. At this location
the total-body dose was 0.05 mrem/yr, principally from 88kr ‘and
133%e. The skin dose is somewhat higher (0.20 mrem/yr) because
of the beta contribution from the radionuclides released with
the gaseous effluents.

The total-body dose from air submersion to the fishing guide

was 0.2 mrem/yr (based on an atmospheric dilution factor of 7.7

x 1072 sec/m3 and 1000 hr/yr exposure). The corresponding skin
dose was 0.8 mrem/yr. The thyroid dose to this individual from the
inhalation of !3!I and 1331 released from the plant would be 0.4
mrem/yr. :

According to the applicant there are two milk cows approximately

4 miles ENE of the plant. The annual average atmospheric dilution
factor at this location is 1.6 x 10~ sec/m3 and the air concentra-
tions of 1311 and 1331 are 6.5 x 10~"% pCi/m3 and 1.5 x 10~% pCi/m3,
respectively. Inhalation of such concentrations of radioiodine
would result in thyroid doses of 7 x 10~3 mrem/yr to an adult and

9 x 1073 for a 2 yr-old child, principally from 131y,

The estimated radiation dose to the child's thyroid from con-
sumption of one liter of milk per day from cows pastured all
year at this location would be 2 mrem/yr. The adult thyroid
dose would be about 0.3 mrem/yr.

The closest dairy herd to the plant is pastured near Inverness,
approximately 20 miles ESE of the Plant where the atmospheric
dilution factor is 1.9 x 1078 sec/ma. For the same assumptions
as above, a child's thyroid dose from milk produced by a cow
in this herd would be 0.3 mrem/yr.

5.4.3 Impact of Solid Waste

The level of radiation from the solid waste storage area is
expected to be negligible at the site boundary.-

5.4.4 Population Doses from All Sources

In addition to the doses to the individual, an integrated annual
dose (man-rem) has been estimated for the 210,000 people estimated-
(by linear interpolation between 1971 and 2020 estimates) to be
living within a 50-mile radius of the plant in 1980. Table

5.11 lists the cumulative population, cumulative dose and the average

annual dose to the total body from gaseous effluents (primarily
noble gases) at various radial distances from the plant. This
population dose was estimated to be 0.041 man-rem/yr.
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TABLE 5.11

CUMULATIVE POPU'LATION,‘ ANNUAL MAN-REM DOSE,
AND AVERAGE ANNUAL DOSE IN SELECTED CIRCULAR AREAS
AROUND THE CRYSTAL RIVER PLANT

Cumulative Cumulative Cumulative Aver‘age
Radius Population Dose Dose
(miles) (1980) (man-reni) (mrem)
1 0 0 ' 0
2 0 0 0
3 0 0 0
4 48 2.5 x 10% 5 x 107
5 ' 710 1.8 x10° 3x 107
-2 -3

10 7,500 1.1 x 10 1 x 10
-2 -4

20 21,000 1.8 x 10 9 x 10
30 42,000 2.3x107% 5% 107"
40 100, 000 3.1x10°% 3x10%

50 210,000 4.1 x 10~ 2 x 10
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The population doses received from pathways associated with the
liquid effluents were also estimated by the staff. The applicant
has estimated that 1,400,000 1b of fish and 3,000,000 1b of shell-
fish (mostly crabs) are harvested from the Gulf by Citrus County
fishermen. Radiation doses to the population from seafood consump-
tion were estimated by the staff, assuming that all the seafood was
consumed by persons residing within 50 miles of the plant; that

the edible weights of the fish and crabs were 50% and 13% of the
live weight, respectively, that 24 hr elapsed between release of
the radionuclides and the consumption of the fish, and that the
seafood was caught in waters of the Gulf containing effluent radio-
nuclides at a dilution of 10%. Based on these assumptions, the
resultant total-body dose to the population from seafood consumption
would be 0.11 man-rem/yr.

External exposure to the population from recreational activities
was estimated by assuming that the predominant water-related past-
time for the people in the area was fishing from a boat. Shoreline
activities such as hiking and picnicking are hindered by the
physical nature of the shore (swampy). Swimming and skin diving
are negligible sports in the area. Therefore, it is assumed that
the average person épends 2 hr/yr boating, 0.1 hr/yr swimming,

and 0.1 hr/yr near the shoreline (primarily fishing near spoil
banks from a boat). All these activities are assumed to be in
Gulf waters of 1:10 dilution after 3 hr decay. The total dose
from these recreational activities was estimated to be only

8 x 10™"% man-rem/yr.

5.4.5 Evaluation of Radiological Impact

The total population dose received from all effluent pathways by
the approximately 210,000 persons (1980) residing within 50 miles
of the site was calculated to be 0.16 man-rem/yr, from routine
operation of the Crystal River Plant. By comparison, natural back-
ground radiation at a rate of 0.12 rem/yr results in an integrated
dose of about 25,000 man-rem/yr to the same population.

Thus, routine operation of the plant is expected to contribute

a negligibly small incremental dose to that which area residents
already receive as a result of natural background, and this dose
will constitute no meaningful risk to be balanced against benefits
of the plant.
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5.4.6 Environmental Radiological Monitoring

There are two envirommental surveillance programs which have been
operating in and near the plant site. The State of Florida,
Department of Health and Rehabilitative Services, Division of
Health, funded by the applicant initiated a preoperational survey
in May 1969. The actual work within the Division of Healt!l:. is
beingz done by the Radiological and Occupational Health Section
and by the Radiological Laboratory of the Bureau of Laboratories,
This survey will be referred to here as the "0ff-Site Radiological
Surveillance Program.”90 A second program was begun in August
1970 by the University of Florida under a research contract with
Florida Power Corporation.

The latter program involves on-site stations and other research
activities; it is defined here as the "On-Site Radiological
Surveillance Program.'" The study is coordinated by the Department
of Environmental Engineering, College of Engineering, but includes
personnel from the Departments of Zoology and of Botany, the
Aquatic Sciences Center and the Departments of Radiology and of
Nuclear Engineering.

5.4.6.1 Off-Site Radiological Surveillance Program

The Florida Division of Health conducts radiological surveillance
in the vicinity of the sites of all announced nuclear facilities
in the stat., The Florida Division of Health uses the data to
evaluate the public health impact of the facility and as part of
- their statewide evaluation. .The off-site program concentrates on
the terrestrial area from the plant boundary to about 3C miles
from the plant. 1In the marine enviromment, samples are taken at
several shoreline stations both north and south of the plant.

The location?? of sampling stations is shown in Figure 5.4.

At the shoreline stations, oysters, crabs, food fish, marine algae,
seawater, and silt are collected quarterly., Soil is collected
quarterly at the terrestrial statiors and palmetto and/or cabbage
palm is collected monthly. Row crops are not grown commercially
in the area. Public water supplies, one private well water and
four surface waters are sampled quarterly. The closest dairy

herd, located at Inverness, is sampled on a quarterly basis. A
‘citrus grove about 8 miles northeast of the plant is sampled.
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FLORIDA POWER CORP. \
> ' LOCK & DAM :

FIGURE 5.4 THE OFF-SITE RADIOLOGICAL SURVEILLANCE PROGRAM




All water samples are analyzed for tritium utilizing liquid scintil-
lation techniques. Gross alpha and beta determinations are made on’
dissolved and undissolved solids in water. Milk samples are.gamma.
scanned for 137Cs, 1311, 140Ba and “OK' radiochemical differentia-
tion of 89Sr and °0Sr is made. Selected seafood samples are
analyzed for 905y ang 32p by liquid scintillation techniques. Cer-
tain samples will receive radiochemical separation for determina-
tion of levels of °8Co and S5Fe.

All media are measured by gamma spectroscopy for 14%Ce, 1311,
lOGRu 13L+CS 137CS SSSr SL*Mn 58C0 6°Co, 652\:1 lL*OBa and 40K,

Occasional samples enter the laboratory as blind duplicates; this is
done for quality control and statistical comparison. The laboratory
also periodically participates in inter laboratory quality control
programs.

The accumulated monthly ambient . external gamma radiation exposure
is monitored at five of the stations and five are operated for
airborne particulates. The micro membrane filters are analyzed
for gross beta activity and are submitted to gamma spectrometry.
Two off-site stations collect precipitation. A one-liter repre-
sentative sample is submitted to gross alpha, gross beta and gamma
spectrometry on a monthly schedule. Activated charcoal canisters
and caustic scrubbers are currently being evaluated for monitoring
airborne radioiodine.

5.4.6.2 On-Site Radiological Surveillance Program

The nature and scope of the contract with the University of Florida
is considerably broader than the objective of measuring the baseline
levels . of radiocactivity and the theme of the program is the applica-
tion of principles of ecology to the selection of samples.

The objectives of the University of Florida on-site surveillance
study are:

*+ To gather information on the preoperatlonal levels of radio-
active materials in the environment.

+ To obtain information on the critical nuclides, pathways and
biological groups associated with the introduction of radio-
active materials into the human food chain.
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*+ To estimate exposure levels from edible species,

+ To test and exercise the procedures to be used in later radio-
logical surveys.

* To gather baseline data to provide a comparison with future
levels of radiocactivity in the environment,

* To provide Florida Power Corporation with experience and
training in environmental monitoring,

A wide variety of materials is collected and some samples that are
collected for specific ecology research may receive radioassay.

All data are transmitted to Florida Power Corporation for incorpora-
tion in the computer stored records. Some stations in the on-site
program are more intimately associated with the plant, by distance
and direct transport pathways. The corresponding data may give
early warning and evaluation of the behavior of any radioactivity
released to the environment, Sampling in some cases overlaps the
off-site surveillance program. '

The ecological study areas are the nearshore marine egosystem, the
marshland ecosystem, the terrestrial ecosystem and the freshwater

ecosystem, The stations are shown in Figure 5.5,

.5.4.6.3 Sample Analysis

The primary method of analysis in the case of these various samples
is low-level gamma spectroscopy except for .gross alpha and gross
beta determinations on air particulate filters and tritium, and
gross alpha and beta measurements on water samples. The accumulated
monthly ambient external gamma radiation exposure is monitored at
nine stations inside and at six stations outside the plant boundary.
Thermoluminescent .dosimeter ribbons located at each station are.
read and changed monthly.

The on-site monitoring system operates one airborne particulate
sampler inside and one station outside the plant boundary, both
northeast of the plant to provide maximum exposure to any airborne
effluents from the site. The filters are submitted to gamma
spectroscopy and gross alpha and beta analysis, Fourteen water
sample stations are used in the on-site tritium network. Ten are
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within the plant boundaries and others are off-site. A deep well,
a salt water intrusion well, excavated lake, cooling water intake
and discharge, nearshore marine seawater, and marshland waters are
represented. Samples are counted in a liquid scintillation spec-
trometer after electrolytic enrichment.

The University of Florida-contract is expected to continue for at
least two .years after the plant goes into operation during which
Florida Power Corporation will have established in-house capability.

The staff considers that the preoperational environmental monitoring
program as sponsored by the applicant and described earlier is ade-
quate in the extent of its coverage. Desirably it would have com
menced at least one year earlier. '
The operational phase of the environmental radiological :surveillance
program will be an adaptation and extension and modification of the
two existing pre—operational programs developed in comsultation with
the staff. Sampling locations and frequencies, particularly in rela-
tion to the milk sampling program, will be changed as necessary. .
Details will be given in the Technical Specifications. The applicant
will be required to take a cow census semi-annually to determine if
additional cows have been introduced at locations that may be affected
by emissions from the Crystal River Plant. If such is the case, milk
from these cows will also be sampled and analyzed.

5.5 TRANSPORTATION OF NUCLEAR FUEL AND SOLID RADIOACTIVE WASTE

The nuclear fuel for Crystal River Unit 3 is slightly enriched
uranium in the form of sintered uranium oxide pellets encapsu-
lated in zircaloy cladded fuel rods. Each year in normal operation,
about 60 fuel element assemblies will be replaced.

5.5.1 Transport of New Fuel

The applicant has indicated that new fuel will be shipped in
AEC-DOT approved containers which hold two fuel elements per
container. About 5 truckloads of 6 containers each will be
required each year for replacement fuel and about 15 truckloads
for the initial loading. New fuel will be shipped initjally from
Lynchburg, Virginia by truck and then from New Haven, Connecticut.

5.5.2 Transport of Irfadiated Fuel

Irradiated fuel elements from the reactor will be unchanged in
appearance and will contain some of the original U-235 (which is
recoverable). As a result of the irradiation and fissjioning of
the uranium, all fuel elements will contain large amounts of fis-
sion products and some plutonium. As the radioactivity decays,
all fuel elements produce radiation and 'decay heat." The
amount of radiocactivity remaining in the fuel varies according to
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the. length of time after discharge from a reactor. After discharge
from a reactor, the fuel elements are placed under water in a stor-
age pool for cooling prior to being loaded into a cask for transport.

Although the specific cask design has not been identified, the appli-
cant states that the irradiated fuel elements will be shipped in
approved casks designed for transport by rail after a 120-150 day
cooling period: .the cask will weigh perhaps 70 to 100 tons. To
transport the irradiated fuel, the staff estimates 10 shipments per
year with 6 fuel elements per cask and 1 cask per carload. An equal
number of shipments will be required to return the empty casks. The
irradiated fuel shipments will be made by rail to Barnwell, South
Carolina, a distance estimated to be 350 miles.

5.5.3 Transport of Solid Radioactive Wastes

The applicant estimates that about 705 drums of solid radioactive
wastes will be generated by normal operation of Unit 3 per year.
Spent resins and waste evaporator bottoms will be solidified and
soft, solid wastes compacted in drums for shipment and disposal,

The staff, assuming 40 drums per shipment, estimates about 18 truck-
loads of waste each year. The applicant has not decided which of
the approved burial sites it will use. The staff has assumed
Moorehead, Kentucky, a shipping distance of about 850 miles.

5.5.4 Principles of Safety in Transport

The transportation of radioactive material is regulated by the
Department of Transportation and the Atomic Energy Comission. The
regulations provide protection of the public -and transport workers
from radiation. This protection is achieved by a combination of
standards and requirements applicable to packaging, limitations on
the contents of packages and radiation levels from packages, and
procedures to limit the exposure of persons under normal and acci-
dent conditions.

Primary reliance for safety in transport of radioactive material is
placed on the packaging. The packaging must meet regulatory stand-
ards®? established according to the type and form of material for
containment, shielding, nuclear criticality safety, and heat dis-
sipation. The standards provide that. the packaging shall prevent the
loss or dispersal of the radioactive contents, retain shielding
efficiency, assure nuclear criticality safety, and provide adequate
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heat dissipation under normal conditions of transport and under
specified accident damage test conditions. The contents of packages
not designed to withstand accidents are limited, thereby limiting
the risk from releases which might occur in an accident. The con-
tents of the package also must be limited so that the standards for
external radiation levels, temperature, pressure, and containment
are met.

Procedures applicable to the shipment of packages of radioactive
material require that the package be labelled with a unique radio-
active materials label. In transport the carrier is required to
exercise control over radiocactive material packages including loading
and storage in areas separated from persons and limitations on
aggregations of packages to limit the exposure of persons under
normal conditions. The procedures carriers must follow in.case of an
accident include segregation of damaged and leaking packages from
people and notification to the shipper and the Department of Trans-
portation. Radiological assistance teams are available through an
inter-Governmental program to provide equipment and trained per-
sonnel, if necessary, in such emergencies.

Within the regulatory standards, radiocactive materials are required

to be safely transported in routine commerce using conventional
transportation equipment with no special restrictions on speed of
vehicle, routing, or ambient transport conditions. According to the
Department of Transportation (DOT), the record of safety in the trans-
portation of radioactive materials exceeds that for any other type of
hazardous commodity. DOT estimates approximately 800,000 packages of
radiocactive materials are currently being shipped in the United States
each year. Thus far, based on the best available information, there
have been no known deaths or serious injuries to the public or to
transport workers due to radiation from a radicactive material shipment.

Safety in transportation is provided by the package design and
limitations on the contents and external radiation levels and does
not depend on controls over routing. Although the regulations
require all carriers of hazardous materials to avoid congested
areas® wherever practical to do so, in general, carriers choose
the most direct and fastest route. Routing restrictions which
require use of secondary highways or other than the most direct

" route may increase the overall envirommental impact of transporta-
tion as a result of increased accident frequency or severity. Any
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attempt to specify routing would involve continued analysis of
routes in view of the changing local conditions as well as changing
of sources of material and delivery points,

5.5.5 Exposures During Normal (No Accident) Conditions

5.5.5.1 New Fuel

Since the nuclear radiations and heat emitted by new fuel are small,
there will be essentially no effect on the enviromment during trans-~
port under normal conditions., Exposure of individual transport
workers is estimated to be less than 1 millirem (mrem) per shipment.
For the 5 shipments, with two drivers for each vehicle, the total
dose would be about 0.0l man-rem per year. The radiation level
associated with each truckload of cold fuel will be less than 0.1
mrem/hr at 6 feet from the truck. A member of the general public
who spends 3 minutes at an average distance of 3 feet from the
truck might receive a dose of about 0.005 mrem per shipment. The
dose to other persons along the shipping route would be extremely
small, :

5.5.5.2 1Irradiated Fuel

Based on actual radiation levels associated with shipments of
irradiated fuel elements, we estimate the radiation level at 3
feet from the rail car will be about 25 mrem/hr.

Train brakemen might spend a few minutes in the vicinity of the car
at an average distance of 3 feet, for an average exposure of about
0.5 millirem per shipment. With 10 different brakemen involved
along the route, the annual cumulative dose for 10 shipments during
the year is estimated to be about 0.05 man-rem.

A member of the general public who spends 3 minutes at an average
distance of 3  feet from the rail car, might receive a dose of as
much as 1.3 mrem. If 10 persons were so exposed per shipment, the
annual cumulative dose would be about 0.1 man-rem. Approximately
105,000 persons who reside along the 350-mile route over which the
irradiated fuel is transported might receive an annual cumulative
dose of about 0,06 man-rem. The regulatory radiation level limit of
10 mrem/hr at a distance of 6 feet from the vehicle was used to
calculate the integrated dose to persons in an area between 100 feet
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and 1/2 mile on both sides of the shipping route. It was assumed
that the shipment would travel 200 miles per day and the population
density would average 300 persons per square mile along the route.

The amount of heat released to the air from each cask will be about
250,000 Btu/hr. For comparison, 115,000 Btu/hr is about equal to
the heat output from the furnace in an average size home. Although
the temperature of the air which contacts the loaded cask may be
increased a few degrees, no appreciable thermal effects on the
enviromment will result, because the amount of heat is small and is
being released over the entire transportation route.

5.5.5.3 Solid Radioactive Wastes

Under normal conditions, the individual truck driver might receive
as much as 15 mrem per shipment, If the same driver were to drive
18 truckloads in a year, he could receive an estimated dose of
about 270 mrem during the year. The cumulative dose to all drivers
for the year, assuming 2 drivers per vehicle, might be about 0.5
man-rem.

A member of the general public who spends 3 minutes at an average
distance of 3 feet from the truck might receive a dogse of as much
as 1.3 mrem. If 10 persons were so exposed per shipment, the annual
cumulative dose would be about 0.2 man-rem. Approximately 255,000
persons who reside along the assumed 850-mile route over which the
solid radiocactive waste is transported might receive an annual
cumulative dose of about 0.3 man-rem. These doses were calculated-
for persons in an area between 100 feet and 1/2 mile on either side
of the shipping route, assuming 300 persons per square mile, 10
mrem/hr at 6 feet from the vehicle, and the shipment traveling 200
miles per day.




6., ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS

6.1 PLANT ACCIDENTS

A high degree of protection against the occurrence of postulated
accidents at the Crystal River Plant Unit 3 is provided through
correct design, manufacture, and operation and the quality assur-
ance program used to establish the necessary high integrity of the
reactor system, as considered in the Commission's Safety Evaluation
dated June 6, 1968. Deviations that may occur are handled by pro-
tective systems to place and hold the plant in a safe condition.
Notwithstanding this, the conservative postulate is made that serious
accidents might occur, in spite of the fact that they are extremely
unlikely; and engineered safety features are installed to mitigate
the consequences of these postulated events.

4
The probability of occurrence of accidents and the spectrum of their
consequences to be considered from an environmental effects stand-
point have been analyzed using best estimates of probabilities and
realistic fission product release and transport assumptions. For
site evaluation in the Commission's safety review, extremely con-
servative assumptions were used for the purpose of comparing
postulated doses resulting from a hypothetical release of fission
products from the fuel against the 10 CFR Part 100 siting guidelines.
The computed doses that would be received by the population and
environment from actual accidents would be significantly less than
those presented in the Safety Evaluation.

The Commission issued guidance to applicants on September 1, 1971,
requiring the consideration of a spectrum of accidents with assump-
tions as realistic as the state of knowledge permits. The appli-
cant's response was contained in the "Applicant's Environmental
Report,'" dated January &4, 1972.

The applicant's report has been evaluated, using the standard acci~
dent assumptions and guidance issued as a proposed amendment to
Appendix D of 10 CFR Part 50 by the Commission on December 1, 1971.
Nine classes of postulated accidents and occurrences ranging in
severity from trivial to very serious were identified by the Com-
mission. In general, accidents in the high potential consequence
end of the spectrum have a low occurrence rate, and those on the
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low potential consequence end have a higher occurrence rate., The
examples selected by the applicant for these cases are shown in
Table 6.1. The examples selected are reasonably homogeneous in
terms of probability within each class, although (1) a loss of
electrical load is more appropriately in Class 2, (2) the release
of the waste gas decay tank contents ig more appropriately in

Class 3, and (3) the steam generator tube rupture is more appro-
priately in Class 5. Certain assumptions made by the applicant

do not exactly agree with those in the proposed Annex to Appendix D,
but the use of alternative assumptions does not significantly affect
overall environmental risk.

Staff estimates of the dose which might be received by an assumed
individual standing at the site boundary in the downwind direction,
using the assumptions in the proposed Annex to Appendix D, are pre-
sented in Table 6.2, Staff estimates of the integrated exposure that
might be delivered to the population within 50 miles of the site are
also presented in Table 6.2. The man-rem estimate was based on the
projected population around the site for the year 2015, extrapolating
the 1967 population data.

To rigorously establish a realistic annual risk, the calculated

doses in Table 6.2 would have to be multiplied by estimated prob-
abilities. The events in Classes 1 and 2 represent occurrences

which are anticipated during plant operation and their consequences,
which are very small, are considered within the framework of routine
effluents from the plant. Except for a limited amount of fuel fail-
ures and some steam generator leakage, the events in Classes 3
through 5 are not anticipated during plant operation: but events of
this type could occur sometime during the 40 year plant lifetime.
Accidents in Classes 6 and 7 and small accidents in Class 8 are of
similar or lower probability than accidents in Classes 3 through 5 but
are still possible. The probability of occurrence of large Class 8
accidents is very small. Therefore, when the consequences indicated
in Table 6.2 are weighted by probabilities, the envirommental risk is
very low. The postulated occurrences in Class 9 involve sequences of
successive failures more severe than those required to be considered
in the design bases of protective systems and engineered safety
features. The consequences could be severe. However, the proba-
bility of their occurrence is so small that their environmental

risk is extremely low. Defense in depth (multiple physical barriers),
quality assurance for. design, manufacture and operation, continued
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.1.0

2.0

3.0

4.0

5.0
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7.0

8.0
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TABLE 6-1

AEC Description

Trivial Incidents

Small releases outside
containment

Radwaste system failures

Fission products to
primary system (BWR)

Fission products to
primary and secondary
systems (PWR)

Refueling accident

Spent fuel handling
accident

Accident initiation events
considered in design basis
evaluation in the SAR

Hypothetical sequence of
failures more severe than
Class 8

CLASSIFICATION OF POSTULATED ACCIDENTS AND OCCURRENCES

Applicant's Example(s)

Not considered

Small reactor coolant
spill

Release of 15% of the
activity in a waste gas
decay tank

Primary system leakage
to containment

Normal operation with
fuel failures and steam
generator leakage

Mechanical damage to
fuel element during
refueling inside con-
tainment

Mechanical damage to
fuel element outside
containment

Uncompensated operating
reactivity charges,
startup accidents, rod
withdrawal accidents,
moderator dilution,

cold water addition, loss
of electrical load, steam
line failure, steam line
leakage, steam generator
tube failure, rod ejection
accident, waste gas decay
tank rupture, loss-of-
coolant

Not considered




Class

1.0

2.0

3.0

3.1
3.2
3.3

4.0

"0

5.1

5.2

5.3

6.0
6.1

6.2

TABLE 6-2

©  SUMMARY ‘OF RADIOLOGICAL CONSEQUENCES
‘ OF POSTULATED ACCLDENTS

Event
Trivial Incidents

Small releases outside
containment

Radwaste System failures

Equipment leakage or
malfunction

Release of waste gas
storage tank contents

Release of liquid waste
storage contents

Fission products to primary
system (BWR)

Fission products to primary
and secondary systems (PWR)

Fuel cladding defects and
steam generator leaks

Off-design transients that

induce fuel failure above
‘those expected and steam
generator leak

Steam ‘generator tube
rupture

Refueling accidents
Fuel bundle drop

Heavy object drop onto
fuel in core

Estimated Fraction
of 10 CFR Part 20
limit atﬁite ’

Estimated Dose
to population in
50 mile radius,

boundary— man-~rem
2/ 2/
2/ 2/
0.020 0.7
0.078 2.9
0.022 0.1
N.A. N. A,
2/ 2/
<0.001 <0.1
0.026 1.0
0.004 0.2
0.072 2.6
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TABLE 6~2 (cont'd)

Estimated Fraction Estimated Dose
of 10 CFR Part 20 to population in
limit at. site 50 mile radius,

Class - Event boundary~ man-rem
7.0 Spent fuel handling accident
7.1 Fuel assembly drop 0.003 0.1
in fuel rack ) '
7.2 Heavy object drop 0.010 0.4
onto fuel rack
7.3 Fuel cask drop N.A. N.A.
8.0 Accident initiation events
considered in design basis
evaluation in the SAR
8.1 Loss-of-Coolant Accidents
Small Break 0.044 2.9
Large Break 0.308 69

8.1(a) Break in instrument line N. A. N.A.
from primary system that
penetrates the containment
8.2(a) Rod ejection accident (PWR) 0.030 6.9
8.2(b) Rod drop accident (BWR) N.A. N.A.

8.3(a) Steamline breaks (PWR's
outside containment)

Small Break <0.001 <0.1
Large Break <0.001 <0.1

8.3(b) Steamline break (BWR) N.A. ' N.A.

1/

= Represents the calculated fraction of a whole body dose of 500 mrem,
or the equivalent dose to an organ.

2/

—~'These releases are expected to be in accord with proposed Appendix I
for routine effluents (i.e., 5 mrem per year to an individual from
either gaseous or liquid effluents).
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surveillance and testing, and conservative design are all applied .. .
to provide and maintain the required high degree of assurance that
potential accidents in this class are, and will remain, sufficiently
small in probability that the environmental risk is extremely low.

Table 6.2 indicates that the realistically estimated radiological
consequences of the postulated. accidents would result in exposures
of an assumed individual at the site boundary to concentrations of
radioactive materials within the Maximum Permissible Concentrations
(MPC) of Appendix B, Table II, 10 CFR Part 20. Table 6.2 also shows
that the estimated integrated exposure of the population within 50
miles of the plant from each postulated accident would be orders of
magnitude smaller than that from naturally occurring radiocactivity.
The exposure from naturally occurring radiocactivity corresponds to
approximately 110 man-rem per year within a 5 mile radius and
approximately 45,000 man-rem per year within a 50 mile radius (based
on a natural background of 120 mrem/yr.) When considered with the
probability of occurrence, the annual potential radiation exposure
of the population from all the postulated accidents is an even
smaller fraction of the exposure from natural background radiation
and, in fact, is well within naturally occurring variations in the

- natural background. It is concluded from the results of the
realistic analysis that the environmental risks due to postulated
radiological accidents are exceedingly small.

Radioactive 1liquid wastes in the Crystal River plant are contained
within Class I structures. Failure of equipment within these struc-
tures would not lead to a release of radioactive liquid to the envi-
ronment. The quantity of low-level liquid radiocactive materials out-
side Class I structures is very small and release of this material
would not affect substantially the environmental impact determined
for routine operation of the plant.

The doses calculated as consequences of the postulated accidents are
based on airborne transport of radiocactive materials resulting in

both a direct and an inhalation dose. The staff's evaluation of the
accident doses assumes that the applicant's environmental monitoring
program and appropriate additional monitoring (which could be initiated
subsequent to an incident detected by in-plant monitoring) would detect
the presence of radioactivity in the environment in a timely manner such
that remedial action could be taken if necessary to limit exposure from
other potential pathways to man.

6.2 EXPOSURES RESULTING FROM TRANSPORTATION ACCIDENTS

Based on recent accident statistics,9u a shipment of fuel or waste
may be expected to be involved in an accident about once in a total
of 750,000 shipment-miles. The staff has estimated that only about
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1 in 10 of those accidents which involve Type A packages or 1 in
100 of those involving Type B packages might result in any'leakage
of radioactive material. 1In case of an accident, procedures which
carriers are required®’ to follow will reduce the consequences of
an accident in many cases. The procedures include segregation of
damaged and leaking packages from people, and notification of the
shipper and the Department of Transportation. Radiological
assistance teams are available through an inter-Governmental program
to provide equipped and trained personnel. These teams, dispatched
in response to calls for'emergenby assistance, can mitigate the
consequences of an accident.

6.2.1 New Fuel

Under accident conditions other than accidental criticality, the
pelletized form of the nuclear fuel, its encapsulation, and the low
specific activity of the fuel, limit the radlologlcal impact on the
environment to negligible levels.

The packaging is designed to prevent criticality under normal and
severe accident conditions. To release a number of fuel assemblies
under conditions that could lead to accidental criticality would
require severe damage or destruction of more than one package, which
is unlikely to happen in other than an extremely severe accident.

The probability that an accident would occur under conditions that
could result in accidental criticality is extremely remote. If
criticality were to occur in transport, persons within a radius of
about 100 feet from the accident might receive 'a serious exposure
but beyond that distance, no detectable radiation effects would be
likely. Persons within a few feet of the accident could receive
fatal or near-fatal exposures unless shielded by intervening mater-—
ial. - Although there would be no nuclear explosion, heat generated
in the reaction would probably separate the fuel elements so that the
reaction would stop. The reaction would not be expected to continue
for more than a few seconds and normally would not recur. Residual
radiation levels due to induced radioactivity in the fuel elements
might reach a few roentgens per hour at 3 feet. There would be very
little dispersion of radioactive material.

6.2.2 Irradiated Fuel

Effects on the environment from accidental releases of radioactive
materials during shipment of irradiated fuel have been estimated for
the situation where contaminated coolant is released and the situation
where gases and coolant are released.
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6.2.2.1 Leakage of Contaminated Coolant

Leakage of contaminated coolant resulting from improper closing of the
cask.is possible as a result of human error, even though the shipper
is required to follow specific procedures which include tests and
examination of the closed container prior to each shipment. Such an
~accident is highly unlikely during the 40-year life of the plant.

Leakage of liquid at a rate of 0.001 cc per second or about 80 drops/
hour ‘is about the smallest amount of leakage that can be detected

by visual observation of a large container. If undetected leakage of
contaminated liquid coolant were to occur, the amount would be so
small that the individual exposure would not exceed a few mrem and
only a very few people would receive such exposures.

6.2.2.2 Release of Gases and Coolant

Release of gases and coolant is an extremely remote possibility. In
the improbable event that a cask is involved in an extremely severe
accident, such that the cask containment is breached and the cladding
of the fuel assemblies penetrated, some of the coolant and some of
the noble gases might be released from the cask.

In such an accident, the amount of radioactive material released
would be limited to the available fraction of the noble gases in
the void spaces in the fuel pins and some fraction of the low level
contamination in the coolant. Persons would not be expected to
remain near the accident due to the severe conditions which would
be involved, including a major fire. If releases occurred, they
would be expected to take place in a short period of time. Only

a limited area would be affected. Persons in the downwind region
and within 100 feet or so of the accident might receive doses as
high as a few hundred millirem. Under average weather conditions,
a few hundred square feet might be contaminated to the extent that
it would require decontamination (that is, Range I contamination
levels) according to the standards96 of the Environmental Protection -
Agency.

6.2.3 Solid Radioactive Wastes

It is highly unlikely that a shipment of solid radiocactive waste
will be involved in a severe accident during the 40-year life of
the plant. TIf a shipment of low-level waste (in drums) becomes
involved in a severe accident, some release of waste might occur,
but the specific activity of the waste will be so low that the
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“5in"eithergcase, spread of the contaminatipn»béyond_the immediate

. area is unlikely and, although local.clean—up'might be required,
no significant exposure to the general public would be expected to
result. ' B

6.2.4 Severity of Postulated Transportation Accidents

The events postulated in this analysis are unlikely but possible.
More severe accidents than those analyzed can be postulated and
their consequences could be severe. Quality assurance for design,
manufacture, and use of the packages, continued surveillance and
testing of packages and transport conditions, and comservative
design of packages ensure that the probability of accidents of
this later potential is sufficiently small that the environmental
risk is extremely low. For those reasons, more severe accidents
have not been included in the analysis.




7._ ADVERSE EFFECTS WHICH CANNOT BE AVOIDED

The Crystal River Unit 3 occupies about 30 acres of the 4,738-acre
site. This area, the corresponding area occupied by the fossil-fueled
plants, the switchyard areas and other smaller areas are already
cleared and are no longer in the natural state. The impact of
altering the marshland has already been made.

Soils excavated from the reactor and associated locations were used
elsewhere on the site as fill and cover and this may be expected to
~add materially to the aesthetics of the area.

‘The plant will require about 100,000 gal/day of fresh water; this
will be drawn from shallow wells about 4 miles east of the buildings.
Considering the magnitude of the recharge of the aquifer, this is

a minor withdrawal of water and the impact on the groundwater resource
is negligible.

The temperature increase in the cooling water and that, of lesser
degree, in the discharge area due to the mixing . that occurs there
will increase the evaporative losses both in the canal and in the
Gulf. This will amount to less than 50 acre-ft/day; this is a small
loss and should have a negligible effect on the long-range climate
in the area.

Water temperatures of more than 4°F above ambient in the discharge
zone are expected to occur in about 2300 acres. If the sessile
flora and fauna are contacted by such waters, there is a potential
for damage. TForms passing through such zones are expected to
avoid exposures of duration sufficient to result in harm.

Chemicals and radioactive materials added to the effluent water
should be of such small concentrations and activities that no
toxic or long-term accumulative effects are to be expected.

Phytoplankton, zooplankton and larval forms drawn into the intakes
will be killed in passing through the condensers and canal. This
loss will have negligible effect on the overall productivity of
the inshore marine ecosystem.

Releases of radioactive materials in the gaseous effluents will
conform to requirements that they be as low-as-practicable so
that the resulting dose to people in the environs will be within
an acceptable range and the overall effect on the environment
will be insignificant.
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There will be some visual impact of the plant but the high point
(the 190 ft high reactor containment building) is lower than the
boiler houses of the fossil plants and particularly their 499
ft stacks. The overall effect of the plant should be aesthet-
ically pleasing; the architect's concept is shown in Figure 7.1

The transmission corridors and-the steel towers were planned, by
choice of route and materials, to be as unobtrusive as possible.
The former avoided points of interest and scenic locations. The
towers are to be constructed of stronger materials so as to have

fewer and less massive members and hence a less noticeable silhou-
ette than existing towers., The aluminum conductors use an inverse

structure with harder strands on the surface to reduce damage

during mounting and resulting in decreased radio and TV inter-~
ference from high voltage corona. Phase spacing and hardware

design contribute to the same end. : :

Routine traffic volume will increase on nearby highways but this
would be to about the same extent elsewhere, regardless of the
location of the new power source.




FIGURE 7.1 ARCHITECT'S CONCEPT OF THE CRYSTAL RIVER PLANT COMPLEX
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8. SHORT-TERM USES VERSUS LONG-TERM PRODUCTIVITY

8.1 SHORT-TERM USES

During the approximately 40-year life of Crystal River Unit 3,

the environment will be used in various ways. The Gulf of Mexico
will be used to supply water for cooling and to receive it again
and disperse it as heated condenser cooling water. The Gulf of
Mexico will also be used to receive and disperse small quantities
of radioactive liquid wastes mixed into the condenser cooling
water. The atmosphere will be used to receive and disperse small
quantities of radioactive gaseous wastes. The plant itself will
use a part of a site already cleared and occupied by two producing'
power plants. The plant will use various materials of construction,
such as steel and concrete and approximately 70,300 1b of uranium—
235 (1.2 x 108 1b U308)'over its lifetime as fissionable material
in the fuel. '

'Some of the site land is being used for parking for the labor force
and for storage of equipment and materials during the construction
of Unit 3 plant facilities. Most of this land will not be required
for such purposes after startup and will be allowed to revert to
natural vegetation at t