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UNITED STATES NUCLEAR REGULATORY COMi SSION

DOCKET NOS. 50-390 AND 50-391

T_ýENNESSEE VALLEY AUTHORITY.

NOTICE OF AVAILABILITY OF DRAFT ENVIRONMENTAL STATEMENT FOR

WATTS BAR NUCLEAR LNT NIT N7S. T D

Pursuant to the National Environmental Policy Act of 1969 and the

United States Nuclear Regulatory Commission's regulations In 10 CFR Part

51, notice is hereby given that a Draft Environmental Statement (NUREG-o352)

prepared by the Commission's Office of Nuclear Reactor Regulation

related to the proposed operation of the Watts Bar Nuclear Plant, Unit

Nos. 1 and 2, in Rhea County, Tennessee, is available for inspection by

the public in the Commission's Public Document Room at 1717 H Street, N. W.,

Washington, D. C. and in the Chattanooga-Hamilton County Bicentennial

Library, 1001 Broad Street, Chattanooga, Tennessee. The Draft Statement

is also being made available at the State Planning Office, Grants Review

Section, 660 Capitol Hill Building, Nashville, Tennessee, and at the

Southeast Tennessee Development District, 423 James Building, 731 Broad

Street, Chattanooga, Tennessee. Requests for single copies of the

Draft Environmental Statement should be addressed to the U. S. Nuclear

Regulatory Commission, Washington, D. C., Attention: Director, Division

of Document Control.

The Tennessee Valley Authority submitted an update of the TVA

Environmental Statement (November 9, 1972) (ES), construction permit

stage which was independently reviewed by the Atomic Energy Commission
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(now the Nuclear Regulatory Commission) as part of the construction

permit licensing process. The updated environmental report of

November 18, 1976, entitled "Environmental Information," was submitted

pursuant to lO CFR Part 51, and -is available for public inspection at

.the above-designated locations. The TVA Environmental Information,

Supplement No. 1, "Responses To NRC Questions for Operating License

Stage Environmental Review," Watts Bar Nuclear Plant, Unit Nos. 1 and

2, is also available for public inspection at the above-designated

locations.

Pursuant to 10 CFR Part 51, Interested persons may submit comments

on the Draft Environmental Statement for the Commission's consideration.

Federal and State agencies are being provided with copies of the Draft

Environmental Statement (local agencies may obtain these documents upon

request). Comments are due by July 17, 1978 . Comments by Federal,

State, and local officials, or other persons received by the Commission

will be made available for public inspection at the Commission's Public

Document Room in Washington, D.t C. and the ChattanoogaHamilton County

Bicentennial Library, 1001 Broad Street, Chattanooga, Tennessee. Upon

consideration of comments submitted with respect to the Draft Environ-

mental Statement, the Commission's staff will prepare a Final Environ-

mental Statement, the availability of which will be published in the

FEDERAL REGISTER.

Comments on the Draft Environmental Statement from interested persons

nf the nhlic. hotuldI ba addresseid to the U[ S. Nuclear Rpanlatnrv
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Comisslon, Washington, 0. C. 20555, Attention: Director, Division of

Site Safety and Environmental Analysis.

Dated at Bethesda, Maryland, this 1st day of June. 1978.

FOR THE NUCLEAR REGULATORY COMIMISSION

ski~led by
., Rogan, jA.

Wm. H. Regan, Jr., Chief
Environmental Projects Branch 2
Division of Site Safety and

Environmental Analysis
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UNITED STATES NUCLEAR REGULATORY COMMISSION

DOCKET NOS. 50-390 AND 50-391
F l

TENNESSEE VALLEY AUTHORITY

NOTICE OF AVAILABILITY OF DRAFT ENVIRONMENTAL STATEMENT FOR -•
WATTS BAR NUCLEAR PLANT, UNITS l AND 2

Pursuant to the National Environmental Policy Act of 1969 and the United

States Nuclear Regulatory Commission's regulations in 10 CFR Part 51,

notice is hereby given that a Draft Environmental Statement (NUREG-

prepared by the Commission's Office of Nuclear Reactor Regulation

related to the proposed operation of the Watts Bar Nuclear Plant, Unit

Nos. 1 and 2, in Rhea County, Tennessee, is available for inspection by

the public in the Commission's Public Document Room at 1717 H Street, N. W., z

Washington, D. C. and in the Chattanooga-Hamilton County Bicentennial

Library, 1001 Broad Street, Chattanooga, Tennessee. The Draft Statement I

is also being made available at the State Planning Office, Grants Review _

Section, 660 Capitol Hill Building, Nashville, Tennessee, and at the -7

Southeast Tennessee Development District, 423 James Building, 731 Broad

Street, Chattanooga, Tennessee.. Requests for single copies of the

Draft Environmental Statement should be addressed to the U. S. Nuclear

Regulatory Commission, Washington, D. C., Attention: Director, Division

T of Document Control.

z The Tennessee Valley Authority i" t - "& !. n °
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Pursuant to 10 CFR Part 51, interested persons may submit comments on

the Draft Environmental Statement for the Commission's consideration.

Federal and Stago agencies are being provided with copies of the Draft

Environmental Statement (local agencies may obtain these documents upon

request). Comments are due by . Comments by Federal,

State, and local officials, or other persons received by the Commission

will be made available for public inspection at the Commission's Public

Document Room in Washington, D. C. and the Chattanooga-Hamilton County

Bicentennial Library, 1001 Broad Street, Chattanooga, Tennessee. Upon

consideration of comments submitted with respect to the Draft Environ-

mental Statement1 , the Commission's staff will prepare a Final Environ-

mental Statement, the availiability of which will be published in the

FEDERAL REGISTER.

Comments on the Draft Environmental Statement from interested persons

of the public should be addressed to the U. S. Nuclear Regulatory

Commission, Washington, D. C. 20555, Attention: Director, Division of

Site Safety and Environmental Analysis.

Dated at Bethesda, Maryland, this day of

FOR THE NUCLEAR REGULATORY COMMISSION

Wm. H. Regan, Jr., Chief
Environmental Projects Branch 2
Division of Site Safety and

Environmental Analysis • .,
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SUMMARY AND CONCLUSIONS

This Environmental Statement was prepared by the U. S. Nuclear Regulatory Commission, Office

of Nuclear Reactor Regulation (the staff).

1. The action is administrative.

2. The proposed action is the issuance of operating licenses to the Tennessee Valley Author-

ity (TVA) for the startup and operation of the Watts Bar Nuclear Plant, Units 1 and 2

(the plant) located on the west shore of Chickamauga Reservoir in Rhea County, 8 miles

southeast of Spring City, Tennessee. (Docket Nos. 50-390 and 50-391.)

Each unit will employ a pressurized water reactor to produce up to 3411 MWt for a total

of 6822 thermal megawatts. This heat will be used to produce steam to drive steam

turbines, providing 2340 MW net (2540 MW nameplate) of electrical power capacity.

The units will be cooled by cooling towers drawing makeup water from Chickamauga

Reservoir.

3. The information in this Statement represents the second assessment of the environmental

impact associated with the Watts Bar plant pursuant to the guidelines of the National

Environmental Policy Act of 1969 (NEPA) and 10 CFR Part 51 of the Commission's Regula-

tions. After receipt of an application, in 1971, to construct this plant, the staff

carried out a review of impact that would occur during the construction and operation of

this plant. This evaluation was issued as comments to the TVA issued Final Environmental

Statement in November 1972. As the result of this environmental review, a safety review,

an evaluation by the Advisory Committee on Reactor Safeguards, and a public hearing in

Dayton, Tennessee, the AEC (now NRC) issued permits, in January 1973, for construction

of Units 1 and 2 of the Watts Bar plant. As of April 1, 1978 the construction of Unit 1

was 79% complete and Unit 2 was 60% complete. With a proposed fuel-loading date of June

1979 for Unit 1 and March 1980 for Unit 2, the applicant has applied for licenses to

operate both units and has submitted (November 1976) the required safety report and

environmental information to substantiate this application. The staff has reviewed the

activities associated with the proposed operation of this plant and the potential impacts,

.with both beneficial and adverse effects, are summarized as follows:

a. Two units, each with a net electrical capacity of 1170 MWe will be added to the

electrical energy producing capability of the Tennessee Valley Authority. This

will have a favorable effect on reserve margins and provide a cost savings of $145

to $225 million in production costs in 1981 if the units come on line as scheduled,

and additional cost savings in subsequent years. (Sect. 9.3)

b. The 967 acres of rural, partially wooded land owned by the applicant will be unavail-
able for other uses during the 40-year life of the plant. (Sect. 4.2)

c. Approximately 2,008 acres of additional land will be utilized for transmission line

corridors and/or switchyard and maintained under controlled conditions. Land-use

patterns will necessarily conform to the needs of the applicant but will not be

changed significantly from present usage. (Sect. 3.2.5)

d. At full power, cooling tower blowdown water could be heated to as high as 95*F and

will be discharged at a rate of up to 85 cfs. The maximum expected mixed tempera-

ture rise at the edge of the diffuser mixing zone is 2.3 0 F above ambient. The

heated water will mix with the cooler water of Chickamauga Reservoir, where the

heat will ultimately be dissipated to the atmosphere. Approximately 64 cfs of

water will be lost to the atmosphere as a result of the cooling\towers. (Sect. 3.2.2)

The maximum blowdown is estimated as 4.8 cubic meters/sec (170 cfs), for both units

operating and the holding pond discharging 2.4 cubic meters/sec (85 cfs). The area

of the diffuser-induced mixing is 1.32 acres. (Sect. 5.3.1)

e. Loss of fish due to impingement on the water intake screens will occur. However,

such losses are expected to be minimized due to the low intake velocity and limited

make-up water volume required by the closed cycle cooling system. (Sect. 5.4.2)
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f. Small amounts of chemicals will'be in the liquid effluents discharged to the
Chickamauga Reservoir. With the controls in the NPDES Permit, chemical discharges
are not expected to create a significant effect. (Appendix E)

g. Some organisms will be entrained in the cooling water and destroyed. Reservoir
plankton populations will not be adversely affected. Emerging fish larva, fry and
small young of the year may also experience entrainment, but such losses should not
affect the reservoir populations. (Sect. 5.4.2)

h. The three mile reach from Watts Bar Dam downstream to Tennessee River Mile 526.9
has been designated by the State of Tennessee as a mussel sanctuary. No mussel
concentrations have been located on the right side of the river in the vicinity of
plant diffuser discharge. No significant adverse'effects on mussels are anticipated.

i. No detectable impacts are anticipated from releases of radioactive materials as a
consequence of normal operation. (Sect. 5)

4. The following Federal, State, and local agencies have been requested to comment on the
Draft Environmental Statement:

Department of Agriculture
Department of the Army,. Corps of Engineers
Department of Commerce
Department of Energy
Department of Health, Edcuation & Welfare'
Department of the Interior
Department of Transportation
Environmental Protection Agency
Federal Power Commission
Department of Housing and Urban Development
State of Tennessee Department of Conservation
State of Tennessee Department of Public Health
State of Tennessee Department of Highways
State of Tennessee'State Planning Office
State of Tennessee Historical Commission
State of Tennessee Game and Fish Commission
Office of Planning and Budget, Atlanta, Georgia,
Office of Urban and Federal Affairs, State of Tennessee
Office of Intergovernmental Relations, Raleigh, North Carolina
Southeast Tennessee Development District
Rhea County, Judge
Meigs County, County Chairman

5. This Draft Environmental Statement was made available to the public, to the Environmental
Protection Agency, and to other specified agencies in June 1978.

6. On the basis of the analysis and evaluation set forth in this statement, and after
weighing the environmental, economic, technical and other benefits against environmental
costs and after considering available alternatives at the construction stage, it is
concluded that the action called for under NEPA and 10 CFR Part 51 is the issuance of
operating licenses for Units 1 and 2 for the Watts Bar Nuclear Plant subject to the
following conditions for the protection of the environment:-

(A) License Conditions

Before engaging in additional construction or operational activities which may
result in a significant adverse environmental impact that was not evaluated or that
is significantly greater than that evaluated in this Environmental Statement, the
applicant shall provide written notification to the Director, Division of Site
Safety and Environmental Analysis.

(B) Significant Technical Specification Requirements

(1) The applicant will carry out the environmental (thermal, chemical, radiological,
ecological) monitoring program outlined in this Statement and in the EPA NPDES
Permit and in the Final Environmental Statement for the Construction Permit.
(Sects. 6.2 and 6.3)

ii



(2) The applicant shall notify the'Director, Division of Site Safety and Environ-

mental Analysis, of all cases where the discharge limits included in the NPDES

permit are exceeded, or if the limits are revised.

(3) A limited term bird monitoring program, designed to detect and report serious
episodes of bird collisions with the cooling towers, is required. (Section

6.3.6.2)

(4) The applicant is required to submit an annual report on its program for chemical

control of vegetation on transmission line rights-of-way. (Section 6.3.6.3)

(5) If during the operating life of the plant effects or evidence of irreversible
damage are detected, the applicant will provide to the staff an analysis of
the problem and a proposed coursE of action to alleviate the problem.

iii
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FOREWORD

This environmental statement was preparedby the U.S. Nuclear Regulatory Commission, Office

of Nuclear Reactor Regulation (the staff) in cooperation with the U.S. Environmental Protection

Agency (EPA)in accordance with the Commission's regulation, 10 CFR 51, which implements the

requirements 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 andculturally

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:

(i) the environmental impact Qf the proposed action;

(ii) any adverse environmental effects which cannot be avoided should the proposal be

implemented;

(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 proposedaction should it be implemented.

Environmental information accompanies each application for a construction permit or a full-

power operating license. A public announcement of the availability of this information is

made. Any comments by interested persons on this information are considered by the staff. In

conducting the required NEPA review, the staff meets with the applicant to discuss items of

information provided to seek new information from the applicant that might be needed for an

adequate assessment, and generally to ensure that the staff has a thorough understanding of the

proposed project. In addition, the staff seeks information from other sources that will assist

in the evaluation and visits and inspects the project site and surrounding vicinity. Members of

the staff may meet the State and local officials who are charged with protecting State and local

interests. On the basis of all the foregoing and other such activities or inquiries as are

deemed useful and appropriate, the staff makes an independent assessment.of the considerations

of the NEPA and 10 CFR Part 51.

This evaluation leads to the publication of a draft environmental statement, prepared by

the Office of Nuclear Reactor Regulation, which is then circulated to Federal, State and local

-I -



governmental agencies for comment. A summary notice is published in the Federal Register of the
availability of the applicant's environmental report and the draft environmental statement.
Interested persons are also invited to comment on the proposed action and the draft statement.
Comments should be addressed to the Director, Division of Site Safety and Environmental Analysis,
at the address shown below.

In response to a Memorandum of Understanding, which governs certain interactions of the
U. S. Nuclear Regulatory Commission with the U. S. Environmental Protection Agency, the staff
has collaborated with the EPA in developing interim staff conclusions and positions on environ-
mental matters of mutual interest. 1 , 2  In particular, the staff has conducted detailed
discussions on the proposed draft NPDES permit, developed by the applicant and EPA, which is
provided in this statement as Appendix E.

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 benefit-cost 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 the environmental, economic,
technical, and other benefits are weighed against environmental costs and after available
alternatives have been considered, the action called for, with respect to environmental issues,
is the issuance or denial of the proposed permit or license or its issuance with appropriate
conditions to protect environmental values. The final environmental statement and the safety
evaluation report prepared by the staff are submitted to the Atomic Safety and Licensing Board
for its consideration in reaching a decision on the application.

This environmental review deals with the impact of operation of Watts Bar Units I and 2.
Assessments that are found in this statement supplement those described in the Final Environ-
mental Statement (FES-CP) that was issued in November 1972 in support of issuance of construction
permits for the units. The information to be found in the various-sections of this Statement
updates the FES-CP in four ways: (1) by identifying differences between environmental effects
of operation (including those which would enhance as well as degrade the.environment) currently
projected and the impacts that were described in the preconstruction review; (2) by reporting
the results of studies that had not been completed at the time of issuance of the FES-CP; (3) by
evaluating the applicant's preoperational monitoring program; and factoring the results of this
program into the design of an operational surveillance program and into the development of
environmental technical specifications; and (4) by identifying studies being performed by the
applicant that will yield additional information relevant to the environmental impacts of
operating the Watts Bar Nuclear Plant.

A copy of the FES3-CP will accompany this draft Statement as Appendix F. In addition,
introductory r6sum6s in appropriate sections of this Statement will summarize both the extent of"updating" and the degree to which the staff considers the subject to be adequately reviewed.

Single copies of this statement may be obtained by writing the:

Director of the Division of Site Safety
and Environmental Analysis

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Mr. Oliver D. T. Lynch, Jr. is the Environmental Project Manager for this project.
Mr. Lynch may be contacted at the above address or at (301) 492-8438.

1. "Second Memorandum of Understanding Regarding Implementation of Certain NRC Positions and

Responsibilities," January 30, 1976.

2. 40 FR 251, December 31, 1975, pp. 60118-60121.
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I. INTRODUCTION

1.1 HISTORY

On May 14, 1971, the Tennessee Valley Authority (TVA) (applicant) filed an application with
the Atomic Energy Commission (now Nuclear Regulatory Commission) for a permit to construct the

Watts Bar Nuclear Plant, Unit Nos. 1 and 2. Construction Permits Nos. CPPR-91 and CPPR-92
were issued accordingly on January 23, 1973 following reviews by the AEC Regulatory staff and
its Advisory Committee on Reactor Safeguards, as well as a public hearing before an Atomic

Safety and Licensing Board in Dayton, Tennessee, on November 20, 1972. The conclusions obtained
in the staff's environmental review were included as comments in the applicant's Construction
Permit stage Final Environmental Statement (FES-CP) in November 1972.

As of April 1, 1978, construction of Unit 1 was approximately 79% complete and the reactor
is expected to be ready for fuel loading in June 1979. Unit 2 is approximately 60% complete

and has a tentative fuel-loading date of March 1980. Each unit has a pressurized-water
reactor which will produce up to 3411 MWt and a net electrical output of 1170 MWe.

In October - November 1976 the Tennessee Valley Authority submitted an application including a

Final Safety Analysis Report (ESAR) and Environmental Information (El) requesting the issuance
of operating licenses for Unit Nos. 1 and 2. These documents were docketed on October 4, 1976
(FSAR) and November 23, 1976 (El), respectively, and the operational safety and environmental

reviews initiated at that time.

1.2 ENVIRONMENTAL APPROVALS AND CONSULTATIONS

The applicant has furnished a discussion of environmental approvals and consultations that
will be required for the operation of the Watts Bar Nuclear Plant. This information is presented
in Chapter 1, Section 1.3 of the FES-CP. The 1977 amendments to the Federal Water Pollution
Control Act (FWPCA) have, removed previous constraints on the states to issue Section 401
certifications for National Pollution Discharge Elimination System (NPDES) permits by the
Environmental Protection Agency (EPA) and Operating Licenses by the Nuclear Regulatory Com-
mission for federal facilities. As of this date, NRC has not received a Section 401 certifi-
cation from the State of Tennessee for the Watts Bar Nuclear Plant. One will be obtained
prior to issuance of the Operating License.
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2. THE SITE

2.1 RESUME

The staff revisited the Watts Bar site in August 1976 and again in February 1977 to determine
what changes had occurred at the site and in the surrounding environs since the preconstruction
environmental review in 1972. Of interest were changes in regional demography predictions and
reduced land use revealhd by available new information and construction of the plant facilities
respectively. Population distribution projections have been expanded and updated to indicate
estimations to the year 2020. Modifications to the proposed transmission system have resulted
in a reduction of rights of way easements from 3,165 acres (FES-CP) to 2,008 acres. Changes
in the local economy due to construction are also discussed. The staff's assessments of these
recent findings are presented in Section 2.2.

Downstream industrial water utilization estimations now indicate a threefold increase in such
use over the FES-CP projections. The temporary settling pond intended to be constructed in
Twin Fork Slough was relocated nearer to the facility, effecting economies in costs and reduced
environmental impact. These changes in water use are discussed in Section 2.3.

Updated meteorology data have also been provided and discussed in Section 2.4.

Nlew aquatic ecological data have been evaluated by the staff. This information is discussed
in Section 2.5 and Appendix C.

2.2 REGIONAL DEMOGRAPHY

2.2.1 Population Changes

The principal population centers within 50 miles of the Watts Bar Plant were indicated by the
applicant in the FES-CP. Population distributions and projections, based on the census of
population, Were included for the area within 0-10 and 0-50 miles of the plant for the years
1970, 1980 and 2000. This information has been updated and expanded to provide population
distributions and projections within 0-10 and 0-50 miles of the site for the years 1978,
1980 and 2000. These data are provided in Tables 2.1 through 2.6, which tabulate the
distributions within angular sectors of 22 1/20 centered on the plant.)

Projected population data are based on county projections prepared by the Bureau of Economic
Analysis, in cooperation with the Southern Economic Review Groups -- Georgia, North Carolina
and Tennessee.

2

In 1970 approximately 11,000 people lived within 10 miles of the Watts Bar plant, with 80
percent of the population located between 5 and 10 miles of the *site. The remairn, of the
area within 1Omiles is sparsely populated. The population within 10 miles c -,i01 is
projected to grow to a little over 14,000 by the year 2020. Between 10 and 50 .. e, of The

site, the population is presently about 644,000 and is expected to increase by over 38 percent
to approximately 891,000 by the year 2020. Over 50 percent of this total growth is expected
to take place in the area between 40 and 50 miles from the site. 3

2.2.2 Changes in Regional Socioeconomic Characteristics

Data were collected on the present socioeconomic characteristics and probable area impacts
related to the construction of Watts Bar 1 & 2 from a number of sources. These include inter-
views with representatives of Tennessee State Planning Office, Tennessee Department of Education
and Tennessee Energy Office; planning documents from local, county and regional governments;
TVA documents; and statistics from Bureau of the Census.

The area receiving the preponderance of socioeconomic impact from plant construction was
identified with the aid of TVA construction employee surveys taken in 1973, 1974 and 1976.4

Approximately 31% of the labor force, 765 employees, relocated residence to work on this project.

Over half the movers, 67%, or 513 employees, relocated to within a twenty mile radius of the
site with Rhea and Meigs Counties absorbing most of the relocating workers. The remaining

movers were scattered over a number of counties beyond Rhea and Meigs, from Chattanooga to
Canton.
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TABIE 2.1

WA9113 lkiA
1978 Population Distribution
Within 10 Miles of the Site

Mil- fro- Sih t

NEE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

NW

Total

Total

465

190

74o

500

420

545

530

630

1,595

54o

395

970

550

345

1,960

1.605

11,980

0-1 1-2

5

-10

5 5

10

5

10

10

5

5

40

15

5

20

10

35

15

165

10

30

90

25

10

10

20

10

30

10

10

6o

10

20

4o

385

10

80

60

35

45

35

35

20

:,5

20

ho

35

65

80

65

670

4.5••-5

20

30

65

30

75

35

20

105

30

4o

65

125

25

685

1455

130

535

340

345

4o5

4140

56~0

1,4OO0

440

355

'816

415

155

1,700

-1,515

10,030

TABLE 2.2
WATTS BAR

1980 Population Distribirhion
______Within 10 Miles of' the Site

Miles fromi Site

ENE

F,

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

MTW

Total

Total

48o

195

745

500

4+20

56o

565

675

1,690

565

395

960

555

36o

2,020

12,335

0-1

5

10

1-2 2-3

- 10

5 5

55

- ,40

30

90

25

10

10

20

'10

35

10

10

60

10

20

40

390

10 20

80 30

60 65

35 30

45 80

40 4o

40 25

20 110

45 20

20 -

40 30

35 4o

70 70

85 130

70 _25

695 715

5-10

470

135

540

340

345

415

465

595

1,485

465

355

800

450

16o

1,750

10555

10,325

10

5

10

10

5

15

5

20

10

35

15

1.65
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TABLE 2.3
WATTS BAR

2000 population D)istribution
Within 10 Mliles of--the Site

Miles from Site

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

NW

Total

Total

520

205

750

500

435

630

680

820

2,070

675

415

975

575

390

2,175

13,595

0-1 1-2 ?:

o - 10

30

'5 90

- 10 .25

- - 10

25

30

65

35

100

45

30

135

25

5 10 45

25 5o

20 4o

4o 25

10 4510

10

10

10

5

50

4o

15

10

20

10

35

15

170

5-10

510

14o

545

340

350

465

725

1,830

570

365

805

46o

175

1,885

1.680

11,405

10

65

10

20

45

420

20

40

4o

80

95

_12

745

35

45

75

135

8O5

TAbltr 2.4
WATTS BAR

1978 Populatio,.i Distribution
Withjn_50Miles of the Site _______ ___

Miles from Site

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

MRWTWo

NEW•

Total.

Total

7,145

32,565

69,800

116,065

27,235

14,350

36,055

16,740

64,o0o

113,800

146,295

22,215

7,215

19,790

13,230

2_2•,4

729,005

0-10

465

190

740

500

420

545

530

630

1,595

54 0

395

970

550

345

1,960

11,690

11,980

10-20

1,725

7,015

1,630

1,4h4o

7,450

2,605

19,860

2,505

1,060

1,225

2,615

9,525

570

620

545

670

61,060

20-30

310

16,855

10,480

8,685

5,300

8,o65

10,140

3,805

16,875

6,360

4,740

955

3,855

2,520

1,705

113,685

30-40

1,320

7,520

15,560

18,655

5,175

3,015

1,795

3,185

39,255

8,535

19,935

5,515

1,155

2,660

3,740

10,3T20

3,325

985

41,390

86,785

8,890

120

3,730

6,615

5,305

97,140

118,610

5,250

1,055

13,645

5,280

4l01,960
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TABLE 2.5
B~'• AR

1980 Population Distribution
Within 50 Miles of the Site

Miles fran Site

Total 0-10. 10-20 2o-30 30-40 40-50

N 7,135 480 1,725 305 1,320 3,305

INE 33,340 195 7,040 17,385 7,785 935

NE 70,710 745 1,640 10,620 15,865 41,84o

ENE 120,895 500 1,460 8,740 19,145 91,050

E 27,530 420 7,695 5,330 5,185 8,900

ESE 14,690 560 2,600 8,415 3,000 115

SE 37,545 565 21,220 10,225 1,800 3,735

SSE 17,105 675 2,585 3,875 3,310 6,660

S 67,675 1,690 1,085 18,035 41,380 5,485

SSW 117,065 565 1,240 6,770 9,075 99,415

SW 148,265 395 2,650 4,835 20,355 120,030

WSW 23,035 960 10,060 955 5,765 5,295

W 7,325 555 565 3,920 1,185 1,100

WNW 20,375 360 635 2,585 2,715 14,080

NW 13,400 2,020 560 1,745 3,780 5,295

NNW 2335 16o13,920 3.310 3,800

Total 749,455 12,335 63,445 117,660 144,975 411,040

TABLE 2.6
WATTS BAR

2000 PopulAtion Distribution
Within 50 Miles of the Site

Miles from Site

Total 0-10 10-20 20-30 3o-40 40-50

N 7,000 520 1,635 275 1,315 3,255

NNE 35,915 205 7,135 19,725 8,030 820.

NE 79,010 750 1,690 11,140 17,650 47,780

ENE 146,850 500 1,560 9,270 21,685 113,835

E 28,875 435 8,835 5,350 5,285 8,970

ESE 16,585 630 2,665 10,470 2,720 100

SE 42,765 680 25,670 11,015 1,690 3,710

SSE 17,965 820 3,15U 3,940 3,420 6,670

S 87,705 2,070 1,295 23,565 54,925 5,6;0

SSW 130,300 675 1,240 6,96o 9,340 12,085

SW 161,360 415 2,800 5,355 22,785 130,005

WSW 28,150 975 1-1,590 950 8,455 6,180

W 7,605 575 545 4,360 1,290 835

WNW 21,650 390 675 2,855 2,820 14,910

NW 14,585 2,175 610 1,900 4,235 5,665

NNW 267255 11780 ,1 1 3470 3,590

Total 852,675 13,595 71,775 133,930 169,115 . 4564,260
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Rhea and Meigs Counties rated second and third in rate of population increase among counties in

the Southeastern Tennessee Development District from 1970-75. Population changes for these

counties and cities and the State of Tennessee from 1970-75 are presented in Table 2.7. The

growth is a result if increasing industrialism in the area. Ihe Tennessee State Planning Office

stated, in a 1974 report, that industrial expansion along U. S. 27 in R hea County is likely in

the near future.5 Watts Bar and Sequoyah Nuclear Power Plants are considered among these

developments.

Table 2.7

1970-1975 Population Changes

(CARCOG/SETDDt Population)

,nnual Rate

Population Of Increase,

1970 1973 1975 70-73 73-75 70-75

Meigs Co.

Decatur*

3est of Co.

Rhea Co.

Dayton**

'Iraysville

Spring City

Rest of Co.

CARCOG/SETDD

Total

Municipal Total

Rest of County
Total

Tennessee

5,219

598

4,521

17,202

4,361

951

1 ,756

5,596

746

4,850

19,220

4,463

1 ,155

1 ,358

6,117, 2.2

307 2.1

4.7

4.1

3.3

3.0

5,310

20,236

4,278

1 ,220

1 ,902

12,336

2.2 4.1 3.3

3.6 2.5 3.4

0.7 -2.1 -3.4

10,134 11,744

6.3
1.3

4.9

1.8

2.8 5.4

1.2 1.6

4.5 5.1

0.3 1 .1509,369 538,/20 548,389

310,597 318,966 320,391

198,772 219,758 227,)98

3,926,018 4,386,391 4,174,100

0.3 0.3 0.3

3.2 1 .9 2.3

1.1 1 1 1 .1

t Chattanooga Area Regional
Oistrict.

Council of Governments/Southeast Tennessee Development

* City is in two counties.

** City annexed area between 1970 and 1975 that was not included in the estimate.

Source: Current Population Reports, Series P-25, #658 and #690. U.S. Dureau of the census.

The local economy of the region was stimulated by the creation of new jobs and the influx of

construction workers associated with the project.
6 Thea County experienced growth in the housing

industry, partially Jue to the project. 7 Meigs County incurred increased mobile home park

development directly along State Route,.68. The mobile home developments are expected to be in

evidence until 1980 when construction is complete and operation has reached full scale. 8 In

1976, 41% of the rovers lived in houses, 37% in mobile homes, 16% in apartments and 6% in

sleeping rooms. 9 The houses, both purchased and rented by in-moving construction workers, are

occupied primarily by the longer term supervisory staff (60% of the "annual"workers choosing

this type of residence as opposed to 33% of the "hourly" workers in 1976). The hourly wage

earners were more likely to own or rent mobile homes (46% of tihe "hourly" employees occupied

mobile homes as opposed to 22% of the "annual" employees).

Approximately 39% of the movers surveyed in 1976 brought Pa'ilies. Accompanying these movers were

341 school age children - an average of 0.7 children per Family. 'n order to iitigate the

impact of construction on education, TVA provided, to 2hea County, two classrooms beginning in

the 1973-74 school year and one school bus n 1976-77. In addition, $75,300, the equivalent of
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three classrooms and one bus, was provided to Meigs county for use beginning in the 1976-77
school year. These'mitigation measures were apparently successful as no overcrowding hasoccurred. 10

Construction activity peaked in June 1977 when 3275 Workers wereNat the site. Wages paid during
construction are estimated to total $301,100,000. Approximately '$22,500,000 is expected to bepaid for goods and services in the State of Tennessee during plapt construction. Of thattotal, an estimated $16,500,000 will be spent in the region from Chattanooga to Knoxville,
primarily in and around the metropolitan centers. 1 1 Little impact resulting from theseexpenditures will be experienced in the host communities.

2.3 WATER USE

2.3.1 Regional Water Use

The public and industrial water supplies within a 32-kilometer (20-mile) radius of the plant are
shown in Table 4.1-1 of Reference 12, Section 2. The estimated population served, averagedaily use and approximate distance from the site are given in this table for each water supply.

It was estimated at the construction permit stage that the major industrial water users down-stream of the plant would withdraw 200,000 cubic meters (53 million gallons) of process waterfrom the Chickamauga Reservoir each day. This estimate has been revised and is now 621,000
cubic meters (164 million gallons) each day.' 2

Table 2-8 lists surface water travel times and dilution factors for downstream surface water
users within an 80.5-kilometer (50-mile) radius of the plant. These values are based upon astreamflow velocity of 0..26 meters per second (0.84 feet per second) [average annual flow rateof 790 cubic meters per second (27,800 cubic feet per second) adjusted for the size of thedrainage, area] and the normal plant discharge rate of 1.8 cubic meters per second (62 cubic feetper second).

The Watts Bar Steam Plant is located about 1 kilometer (0.6 mile) downstream of the Watts Bar Damand about 2 kilometers (1.3 miles) upstream of the Watts Bar Nuclear Plant. When the steam
plant is operating at its rated capacity, it requires 626 cubic feet per second of circulatingcooling water. 1 3 The impact of the discharge from the steam plant has been evaluated.' 3 Some
of the results are presented here. It was determined that the discharge'would affect the riverwater in the vicinity of. the nuclear plant intake and discharge. Field studies indicated thatthe water temperatures would be increased by 0-0.6 °C (0-1 IF) during periods of releases from
the Watts Bar Hydro Plant, and by 1.7-2.8 'C (3-5 OF) during and immediately following periodsof no release (for the maximum expected duration of 12 hours) for the Hydro Plant. TVA has
committed to take action to ensure that the thermal standards of the State of Tennessee are notexceeded as a result of the operation of the Watts Bar Nuclear Plant.'' The action they plan totake is to temporarily discharge the blowdown to a holding pond until the accumulated steamplant discharge plume passes the nuclear plant diffuser.1 We concur that they have the abilityto do *this if the holding pond is kept at a minimum level.

Table 2-8

DILUTION FACTORS *AND TRAVEL TIMES FOR

DOWNSTREAM WATER USERS WITHIN AN 80.5-KILOMETER (50-MILE) RADIUS

Water User Travel Time (days) Dilution Factor

Dayton 1.8 204
Atlas Chemical Industries 4.0' 307
Farmers Chemical Corp. 4.0 307

E.I. Dupont 4.2 *
Chattanooga 4.5 *

South Pittsburg . 8.0

Bridgeport 8.3 ' *

*River is assumed to be fully mixed. downstream of the Chickamauga Dam; dilution Factor equals 448.
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2.3.2 Surface Water Hydrology

This section outlines effects of changes in the plant design that have been made since publica-

tion of the FES-CP.

Two temporary chemical cleaning holdup ponds have been constructed within the main yard holding

pond area. These ponds are to be used for the containment and treatment of chemicals and waste

water that will be used during preoperational cleaning and testing. The small pond has a volume

of approximately 2650 cubic meters (699,380 gallons) and the larger pond has a volume of

approximately 26,200 cubic meters (6,919,000 gallons). The embankments of the ponds are built-

up dikes that will be leveled and graded to blend with the surrounding terrain upon retirement

of the ponds. Therefore, the staff concludes that they will not have a long-term significant

effect on the surface water hydrology.

The FES-CP stated that the Twin Fork Slough would be given consideration for a possible natural

sedimentation pond. Actual field conditions rendered it economically more feasible to develop

another settling pond area nearby since greater quantities of excavation and piping would have

been required to use the Twin Fork Slough. This temporary pondcholds runoff from the construc-

tion site, thus allowing some of the suspended solids from the runoff to settle out prior to

release to the reservoir. The volume of this pond is about 28,000 cubic meters (I million cubic

feet). There are four 50.8-centimeter (20-inch) diameter pipes for releasing effluent from the

ponds. ( In case of extremely high runoff, flow will be handled by a weir with its invert 0.61

meters (2 feet) above the invert of the pipes. After the pond is no longer needed, the earthen

embankment will be leveled and graded to blend with the surrounding terrain. 1 5 We conclude that

only a minor increase in sediment runoff will occur during and following regrading and that the

long-term effect of the pond on the surface water hydrology will not be significant.

2.3.3 Water Quality

The State of Tennessee has declared that for the purpose of establishing water quality criteria

for the section of the Tennessee River in the vici~hity of the Watts Bar Nuclear Plant the

following water use shall be protected:
16

1. Domestic Raw Water Supply
2. Industrial Water Supply
3. Fish and Aquatic Life
4. Recreation
5. Irrigation
6. Livestock Watering and Wildlife
7. Navigation

Water quality in the Tennessee River near the site is well documented by data collected over a

period of about 15 years. 1 7 ,1 8 Water quality data collected since publication of the FES-CP is

shown in Table 2-9.17 The quality of the water is generally good. It is slightly hard, with

hardness values ranging between 31 and 79 mg/l for the 1973-1975 sampling period. This is

within the range reported by the earlier studies.18

Several metals (e.g., aluminum, cadmium, copper, mercury, zinc) have been measured at concentra-

tions which are within the range where toxic effects have been observed by others. 19,20,21

These substances may represent an existing stress to aquatic life.

Watts Bar Nuclear Plant is located within a stretch of the Tennessee River which has been

classified as being "effluent limited". 2 2 This is based on the fact that the river does not

meet the dissolved oxygen (DO) criterion for the protection of fish and aquatic life. TVA has

summarized weekly observed DO concentrations in the tailrace of Watts Bar Dam to illustrate the

relative frequency of days during which the DO criterion of 5.0 mg/l is not met. 2 3 The summary

is reproduced here as Table 2.10. The "effluent limited" designation of the State of Tennessee

normally denotes that standards will be met after application of secondary treatment for

municipalities and best practicable treatment for industries. Although this would imply that

provision of waste treatment facilities would remove this stress to aquatic life, the DO

deficiency in the Tennessee River is further complicated by low oxygen releases from Cherokee

and Douglas reservoirs upstream from Knoxville. According to the State Water Quality Management

Plan for the Upper Tennessee River Basin attainment of the DO criteria will require that the TVA

develop structural or operational methods to mitigate the low oxygen releases. In the FES-CP

TVA reported that it was investigating methods of increasing the DO levels'in the releases from

its headwater reservoirs. 2 4 This investigation is still in progress. 25  This stress is likely

to continue to exist at least through the initial years of operation of the Watts Bar Nuclear

Plant. (See Section 5.4.2)
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Table 2.9

SUMMARY OF WATER QUALITY DATA
TENNESEE RIVER MILE 529.9

Number of Observed Concentrationsa Number of Observed Concentrationsb
Parameter Observations Maximum Minimum Mean- Observations Maximum Minimum Meanc

Alkalinity (total, as CaCO 3 ), mg/l 38 82 36 54 8 59 57 57Aluminum, pg/l 23 1800 <200 705 - - - -Arsenic, wg/l 24 5 <5 5 1 0 0 0Barium, jg/l 23 <100 <100 - - - -Beryllium, jg/l 22 <10 <10 <10 -BOD (5-day), 20'C), mg/l 22 3.7 <1.0 1.4 -Boron, jjg/l 20 <1000 <100 <386 - - -Cadmium, g/l d 23 13 <1 2 1 0 0 0Calcium, mg/l d 39 23 8 19.2 10 23 19 21Chloride, mg.l 40 35 4 6.8 7 7.9 3.4 5.7Chromium, jig/l 23 5 <5 5 1 <10 <10 <10Cobalt, mg/l 4 <5 <5 <5 1 1 1COD, mg/l 40 11 3 5.9 - - -Color, PCU 40 30 5 12.2 - - -Copper, jg/l 23 90 <10 20.5 - 1 1I II 11Focal Coliform, no. per 100 ml 16 20 <10 11 6 82 3 29Fluoride, mg/l 38 0.1 0.04 0.08 10 0.3 0.0 0.14Hardness (Ca + Mg), mg/l 39 79 31 67 10 77 66 71Iron (total), wg/l 39 1300 190 498 1 670 670 670Iron (dissolved), wg/l 24 200 <50 75 11 30 30 30Lead, wg/l 23 130 <10 15.5 1 26 26 26Lithium, pg/l d 17 <10 <10 <10 - - - -Magnesium, mg/l 39 5.6 2.7 4.6 10 5.0 4.4 4.6Maganese, (total), jig/l 39 120 40 64 - - - -Maganese, (dissolved), jg/l 24 40 <10 20 1 .23 23 23Mercury, pg/l 24 1.0 <0.2 0.3 1 0 0 0Nickel, jig/l 23 290 <50 67 - - -Nitrogen (ammonia), mg/l 40 0.18 <0.01 0.06 - - - -Nitrogen (Kjeldahl), mg/l - - - - 7 0.33 0.18 0.25Nitrogen (nitrate plus nitrite), mg/l 38 0.79 0.11 0.39 7 0.53 0.18 0.41Nitrogen (organic), mg/l 38 0.45 <0.03 0.17 - - - -



Table 2.9 (Continued)

Parameter

pH, units
Phosphorus (total), mg/l
Phosphorus (disaolved), mg/l
Potassium, mg/l
Selenium, ug/l
Silica (total), mg/l
Silica (dissolved), mg/l
Silver, g/l
Sodium, mg/1
Solids (dissolved), mg/l
Specific Cond 8 ctance, jmhoe

Sulfate, mg/l.
Titanium, ug/l
Total Organic Carbon, mg/l

Turbidity, JTU
Zinc, jig/l

Number of
Observations

36
18
24
39
24
27
13
23
39
36
36
40
15
19
92
23

Observed Concentrations a

Maximum Minimum Mean-

8.5
0.05

0.040
2.4

<2
7.2
5.6
<10

50.0
180
320
18.0

<1000
4.7

60
70

6.8
<0.01

<0. 010
0.9

<1
4.1
3.1
<10
2.3

60
97

9.0
<1000

1.6

<1l

7.4
0.03

0.017
1.5

<2
5.2
4.7
<10
6.4

94
161

12.4
<1000

2.4
12.5
20.5

Number of
Observations

11
8

10

7

10
7

11
8

7
7

Observed Concentrationsb
Maximum Minimum Mean

7.7
0.05

1.6

6.0

7.3
116
180

15.0

3.1
20

6.7
0.02

1.2

4.0

2.9
79

140
9.9

3.1
3

7.3
0.04

1.4

5.3

4.6
92

160
12.5

3.1
8.5

a.
b.
c.
d.

Samples collected and analyzed by the Tennessee Valley Authority, January 1973-December 1973.

Samples collected and analyzed by the U.S. Geological Survey October 1974-September 1975.

Arithmetic mean, detection limit values averaged as real numbers.

TVA data represents analyses performed on an unfiltered sample; USGS data represents analyses performed on a filtered (0.45 o filter).sample.



Table 2.10

SUMMARY OF WEEKLY OBSERVED DISSOLVED OXYGEN

CONCENTRATIONS IN THE TAILRACE OF WATTS BAR DAM

1960-75

Observed Dissolved
Oxygen Concentrations

mjl/I
Year Minimum Maximum

Number of Days Dissolved
.OLen Less than St;tted Concentration
3.0_wel 4.0 mll 5.0 i::4/1 6.0 mC/l

Days. Days Days Days

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

3.3

4.7

2.9

2.3

3.2

2.7

2.1

3.9

3.3

2.2

2.9

3.0

4.1

4.2

5.2

3.9

10.5

11.8

11.6

11.5

11.4

10.7

12.6

13.5

12.4

11.0

11.6

10.8

11.3

11.5

10.7

13.3

0

0

4

1i

0

6

32

0

0

10

2

0

0

0

0

0

6

0

30

50

25

46

43

2

25

66

66

36

0

0

0

2

47

3

77

98

39

95

82

23

78

96

116

86

34

26

0

21

101

73

144

121

116

131

120

71

133

122

148

146

87

56

50

47
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2.4 METEOROLOGY

2.4.1 Regional Climatology

The Great Valley of Tennessee, located between the Cumberland Plateau to the west and Appalachian

Mountains to the east, is an area of complex local terrain. This results in localized varia-

tions in temperatures and winds.
2 6

The area as a whole experiences a moderate climate with cool winters averaging one to two

degrees Celsius (two to four degrees Fahrenheit) warmer than plateau areas to the west, because

of the sheltering effect of the neighboring mountains. In winter, the weather is changeable,

with an occasional cold spell, but severe weather is rare. On anaverage, temperatures fall

below freezing on about 75 days per year. Temperatures below minus 18 degrees Celsius (0

degrees Fahrenheit) have been recorded only 14 times in the past 98 years. Snowfall is quite

variable from year to year, with some winters experiencing none and others having heavy snowfall,

but with appreciable accumulations seldom lasting more than a few days. Ice storms are not

uncommon and occasionally may be severe enough to cause some damage.
2 6

Summers in the area are quite warm, ranging from about 30 to 35 degrees Celsius (high 80 to low

9o degrees Fahrenheit). Temperatures above 38 degrees Celsius (100 degrees Fahrenheit) are not

frequent and have occurred in less than one-fourth of the years since 1900. Temperatures of 32

degrees Celsius (90 degrees Fahrenheit) or above occur an average of 48 days per year.

Summertime thunderstorms frequently reduce afternoon temperatures by 5 to 8 degrees Celsius (10

to 15 degrees Fahrenheit).
2 6

Precipitation is fairly uniform throughout the year with a wintertime maximum resulting from

cyclonic storms moving northward from the Gulf of Mexico. Thunderstorm activity results in a

summer maximum, typically in July. During an average summer, there are usually a few severe

thunderstorms which result in hail and damaging winds.
2 6

2.4.2 Local Me1teorology

Long-term weather records are available from Chattanooga, Tennessee, about 70 kilometers (45

miles) south-southwest of the Watts Bar site. A maximum temperature of 41 degrees Celsius (106

degrees Fahrenheit) occurred in July 1952 and a minimum of minus 23 degrees Celsius (minus 10

degrees Fahrenheit) in January 1966. Maximum precipitation and snowfall recorded within a 24

hour period.,at Chattanooga were 166 millimeters (6.53 inches) in March 1973 and 226 millimeters

(8.9 inches) in December 1963. These extremes have been exceeded elsewhere in the Chattanooga

area. In March 1886, 193 millimeters (7.61 inches) of precipitation fell in a 24-hour period

and in December 1886, 305 millimeters (12.0 inches) of snow fell within 24 hours. The maximum

monthly rainfall and snow at Chattanooga were 351 millimeters (13.8 inches) in March 1973 and

264 millimeters (10.4 inches) in February 1960, respectively. The maximum recorded monthly

precipitation in the area was 388 millimeters (15.29 inches) in April 1911 and the maximum

monthly snowfall was 401 millimeters (15.8 inches) in January 1893. During an average year,

heavy fog reduces visibility to 400 meters (one-fourth mile) or less on 36 days. 26 Relative

humidity averages about 70 percent annually.
2 7

Onsite wind data representative of the Watts Bar site were collected.at the 10-meter (30-foot)

and 46-meter (150-foot) levels between July 1973 and July 1975. A summary of the lower level

data is presented in Figure 2.1. During this period, the predominant wind flow was from the

south-southwest with a 15 percent frequency occurrence. Wind speeds at the 10-meter (30-foot)

level averaged 1.5 meters per second (three miles per hour).
2 8

2.4.3 Severe Weather

In the summer, eastern Tennessee is subjected to severe weather generated by diurnal thunderstorm

activity. Some thunderstorm activity occurs in the winter as a result of cyclonic storm

activity originating from the Gulf of Mexico. Freezing rain and glaze are not an uncommon

wintertime phenomena.2
6

Between 1953 and 1974, 59 tornadoes were reported in a 160 kilometer (100 mile) square containing

the Watts Bar site. 2 9 The calculated resultant tornado frequency and recurrence interval for a

tornado at the site is 7.6 x 10- tornadoes per year and 1300 years, respectively.
30 ,31 Hail

20 millimeters (three-fourths of an inch) in diameter or larger was recorded on 10 days and

winds 26 meters per seconu (58 miles per hour) were reported on 20 days during the period from

1955 through 1967 within the one-degree latitude-longitude rectangle containing the Watts Bar

site. 3 2 The maximum "fastest mile" of wind reported in Chattanooga was 37 meters per second

(82 miles per hour) in March 1947.26
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Figure 2.1 Onsite Wind Data, 10-Meter (33-Foot) Level July 1973-June 1975.
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On an annual average, thunderstorms may be expected to occur on about 60 days per year.32

Freezing precipitation (ice storms) may be expected to occur about one year out of every two,

and storms resulting in an accumulation of 13 millimeters (one-half inch) or more are expected

one year in five. 3 3 Sixty-five cases of air stagnation within the site area lasting four or

more days occurred during the period from 1936 through 1970.34

2.4.4 Dispersion

The Tennessee Valley Authority has submitted two full years (July 1973 through June 1975) of

onsite joint frequency distributions at the 10-meter (30-foot) and 91-meter (300-foot) levels

by atmospheric stability (defined by the vertical temperature gradient) between 91 meters (300

feet) and 10 meters (30 feet) 2 8 in accordance with the recommendations of Regulatory Guide

1.23, "Onsite Meteorological Programs.'
3 5 Data recovery was 90 and 85 percent for the 10-meter

(30-foot) and 91-meter (300-foot) levels, respectively.
28 The staff used the 10-meter (30-

foot) data, adjusted to representative heights of release, to provide relative concentration

(X/Q) and deposition (D/Q) values for the site. A "Straight-Line Trajectory Model," as

described in Regulatory Guide 1.111, "Methods for Estimating Atmospheric Transport and Dispersion

of Gaseous Effluents in Routine Releases from Light-Water-Cooled Reactors,"36 was used in

evaluating atmospheric transport and dispersion characteristics. Partial elevated releases

were considered when exit velocities and building configurations met the criteria established

in Regulatory Guide 1.111. Table 5.3 summarizes, the relative concentration and deposition

values used in the dose assessment.

2.5 ECOLOGY

2.5.1 Terrestrial Ecology

The Watts Bar station area was characterized in the FES-CP (Appendix I) as being a 967 acre

tract which prior to TVA acquisition was primarily used for agriculture. The spider-lily

(Hymenocallis occidentialis) had been classified in the U. S. Forest Service - Southern region

list of rare and endangered species. Several spider-lilies were found in-the plant site area,

but none were found in areas to be cleared or altered by construction (FES-CP). Therefore, no

adverse effects to this species are expected due to construction of the plant. No other

endangered or threatened floral species have been identified on-site.

The southern Bald Eagle (Haliacetus 1. leucocephalus) is a relatively common visitor to Watts

Bar and Chickamauga Lake. However, the site contains no special characteristics, such as

critical habitat for threatened or endangered species or pristine ecosystems and therefore, in

the staff opinion, no species of terrestrial animal protected by the Endangered Species Act of

1973 will be further threatened or endangered by the operation of the station.

The staff has viewed the construction area in preparation for the operating license stage

review. The site is fully excavated for construction and laydown areas, and those biological

systems previously present in these areas are now eliminated. Terrestrial biological communities

outside of the excavation zone, however, appear not to have been impacted and are in good

condition. No further expansion of excavated areas is expected during the remaining construc-

tion period and the staff expects that natural areas of the site will not be further disturbed.

It is the staff's opinion that the non-excavated portion of the plant site will function as an

informal preserve for the common species of the region provided that no further disturbance

takes place after construction.

Common procedures for safe management of power plant sites such as restrictions on fire arms,

offroad traffic, burning, farming and lumbering have a benefit to wildlife in addition to their

primary purpose.' If such procedures are implemented, the undisturbed areas of the plant site

could become a net ecological benefit to the area relative to previous land uses.

2.5.2 Aquatic Ecology

Characteristics of the site aquatic biota had been described in TVA's FES-CP 3 7 based on a general

knowledge of the Tennessee River tailrace habitats and their associated biota but with little

site-specific data. TVA's preoperational monitoring program has produced extensive supplemental

information on the site biota. 3 8 , 3 9 ,4
0 Elements of this proqram will be continued into 1978,

at which time, TVA will present an analysis of all data in their Preoperational Monitorinq Report

(scheduled for completion in November 1978).

Since the available information is not presented in a sinqle-document, such as the customary

Environmental Report, the staff has determined the need to include a summary of the data in
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this statement (see Appendix C). The discussion in this section extracts from Appendix C only
that information on site biota pertinent to our evaluaton of potential impacts (see Section 4.3.2
and Section 5.4.2).

The site (at Tennessee River Mile 528.0) is located in the riverine portion of the Chickamauga
Reservoir, approximately 3.2 km (2 miles) downstream of the Watts Bar Dam. The historical record
indicates an annual average (mean daily) discharge at the Dam of 750 m3 /sec (26,480 ft 3 /sec) with
average flow of - 609 m3 /sec (21,500 ft 3 /sec) during the summer months and 1006 m3 /sec (35,500ft 3/sec) during the winter months. At these average summer and winter flow rates, channel
velocities at the site have been estimated at 0.3 m/sec (1.0 ft/sec) and 0.7 m/sec (2.3 ft/sec),
respectively.

The quality of the water released from Watts Bar Reservoir is generally good; however, the
concentrations of certain metals and the depressed DO concentration during summer and fall may
present an existing stress to the site biota (also see Section 2.3.3)..

The diversity and abundance of phytoplankton and zooplankton communities also suggest a condition
of good water quality. A general trend of increasing productivity from downstream to upstream
sampling locations is indicated by the plankton data, as well as carbon-14 and chlorophyll a
analyses.

The tailrace stretch provides favorable habitat for several species of mussels. TVA has
identified 13 species in the area, including Lampsilis orbiculata which is listed as endangered
by the U. S. Fish and Wildlife service.4L The 3-mile reach from the Watts Bar Dam (TRM 529.9)
downstream to TRM 526.9 has been designated by the State of Tennessee as a mussel sanctuary,
making harvesting within the reach illegal. Surveys of the mussel beds conducted by TVA in 1975
and 1976 indicate that the most suitable habitat is along the left bank (looking downstream) in
the reaches from TRM 520.5 to 521.3 and TRM 527.6 to 528.5. Greater concentration was found in
the TRM 520.5 to 521.3 reach. No mussel concentrations were located on the right side of the
river in the vicinity of the blowdown diffuser location.

The life cycle for a representative mussel species is provided in'TVA's FES-CP (p. 2.7-19). A
key feature of the cycle is the parasitic stage. The mature larvae, called glochidia, are shed
into the water where they come into contact and attach to suitable host fishes. The glochidia
are encysted by host tissue and continue development for varying periods depending on species.
At the end of this parasitic phase, the immature mussel drops from the host and continues
development as a free-living form. The glochidia infection, appears to induce an immunity in
the fish, strengthening the host against repeated infections and attach by copepods. Such
mutualism is further displayed in that those fishes which prey heavily upon mussels, e.g.,
freshwater drum, are hosts for the glochidia of several mussel species.42

In TVA's FES-CP, the area immediately downstream of the Dam was considered favorable spawning
habitat for migratory (tailrace) spawners, including sauger, white bass, smallmouth bass, and
possibly yellow perch. Ichthyoplankton data for 1976 suggest that the area may be less favorable
than earlier expected. Of 10,873 larvae collected, only eight were representatives of the
tailrace spawners. The clupeids, freshwater drum, and Lepomis spp. made up 91.5%, 5.5%, and 1.9%
of the 1976 collections of larvae, respectively. Larvae of the Clupeidae were sufficiently
abundant to conclude that the horizontal distribution, across the river at the intake~location,
was essentially uniform throughout the spawning season.

Based on relative abundance of captured larvae by transect station, channel catfish appeard to
prefer the middle channel station; however, other taxa did not demonstrate a well-defined pref-
erence and/or ability to concentrate at a particular station across the river transect.

2.6 BACKGROUND RADIOLOGICAL CHARACTERISTICS

The Environmental Protection Agency4 3 has reported average background radiation dose equivalents
for Tennessee as 100.8 millirem/person/year. Of this total (for Chattanooga, Tennessee, the
average background is 106.7 millirem/person/year) for Tennessee, 43.4 millirem/person/year was
attributed to cosmic radiation. External gamma radiation (primarily from K-40 and the decay
products of the uranium and thorium series) was estimated at 39.4 millirem/person/year. The
remainder of the whole body dose is due to internal radiation (mostly H-3, C-14, K-40, Ra-225,
and Ra-226 and their decay products) which was estimated to average 18 millirem/person/year.
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3. THE PLANT

3.1 RESUME

,At the time of this Operating License review, construction of the Watts Barr Plant was

proceeding at the scheduled pace with the most obvious indication of progress evidenced by

the near completion of the hyperbolic natural draft cooling towers, Unit No. 1, the intake

structure and channel, turbine building, switchyard and other major structures.

Estimates of cooling tower evaporation and makeup and blowdown flows have been revised.

The blowdown diffusers have been relocated 305 meters (1000 feet) upstream of the original

location proposed in the FES-CP, requiring some design changes in the discharge system.

These changes are discussed and evaluated in Sections 3.2.1 and 3.2.2.

The design for the radioactive waste systems has been finalized by the applicant. These

systems have been evaluated by the staff in accordance with the new criteria in Appendix I to

10 CFR 50 and are discussed in Section 3.2.3.

Changes in planned use of chemicals at the station, including the use of additives to the steam

generator feedwater, are indicated. These changes and those provided to control biological

growth in the cooling systems using river water and for corrosion inhibition in the component

cooling water system are discussed and evaluated in Section 3.2.4.

The Watts Bar-Volunteer 500 kV transmission line route was relocated since issuance of the FES-

CP. This change is discussed in Section 3.2.5.

3.2 DESIGN AND OTHER SIGNIFICANT CHANGES

3.2.1 Water Use
(

The planned station water use has not changed significantly from that described in the FES-CP.

Steam generator make up, service water, and condenser cooling water will be obtained from the

Tennessee River at a maximum rate of 4.0 cubic meters/sec (143 cfs). 22 A ground water system

has been developed to provide the potable water supply for the station. 2 Operational ground

water use will approximate 0.0007 cubic meters/sec (16,000 gallons per day).-

The two natural draft cooling towers will evaporate water at a maximum rate of about 1.8 cubic

meters/sec (64 cfs) 3 or an average rate of 1.4 cubic meters/sec (50 cfs). This average rate is

equivalent to 45,000,000 cubic meters/year. The peak blowdown flow from the cooling towers"

will be about 2.4 cubic meters/sec (85 cfs) for two units. 2 3 When the rate of release of water

from the Watts Bar Dam is less than 99 cubic meters/sec. (3500 cfs), cooling tower blowdown

will be retained in a holding pond. Subsequently, when blowdown to the river is resumed, sta-

tion discharge flow rate will be about double as water which has been withheld is released. A

plant water use diagram is included as Figure 3.1.

The concentration factor in the condenser circulating water system will average 1.6 based on

the flows in Figure 3.1. That concentration factor is the ratio of concentration in the cooling

tower blowdown to the concentration of the same substance in the cooling tower makeup. The

concentration increase comes, about due to the evaporation of water in the cooling towers.

Since makeup is provided by the discharge from the raw cooling water systems, the concentration

factor is essentially established by the water flow requirements of those systems.

3.2.2 Heat Dissipation System

Estimates of cooling tower evaporation and makeup and blowdown flows have been revised since

the publication of the FES-CP. Maximum station water usage is reported as 4.0 cubic meters/sec

(143 cfs) 2 2 as compared to 3.8 cubic meters/sec (133 cfs) reported previously.4 Maximum

evaporation is reported as 1.80 cubic meters/sec (64 cfs) as compared to 1.75 cubic meters/sec

(62 cfs) reported previously. Blowdown maximum is estimated as 4.8 cubic meters/sec (170 cfs) 2 3

for both units and holding pond discharge, as compared to 1.75 meters/sec (62 cfs) reported

previously.
1 ,s
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Node Point
Plant Water Use Diagram

1. Intake

2. Strainer Backwash

3. Screen Backwash

4. Essential Raw
Cooling Water

5. Raw Cooling Water
Sy3tem

6. Raw Cooling Water
Strainer Backwash

7. Cooling Tower
Evaporation Rate

8. Cooling Tower
Drift Rate

9. Cooling Tower
Blowdown Flow

10. Condenser Circulating
Water System (flow

through towers)

11. Raw Service Water
System

lla. Water Treatment Plant
Supply

12. Pump Seal Water

Notes to Figure 3.1
FLOWS ASSOCIATED WITH PLANT WATER USE DIAGRAM*

WATTS BAR NUCLEAR PLANT

A B
Flow - Full Lead Operation

Flow-Normal Full Load of One Unit with Other

Operation of Two Units Unit Shutdown

64,280 (abs max) 51,480 (abs max)

59,800 (nor max) 41,300 (nor max)

1,800 gpm Same as A
(Continuous)

480 Same as A
(intermittent)

31,000 gpm (abs max) 32,000 gpm (abs max)

30,000 gpm (nor max) 23,500 gpm (nor max)

31,000 gpm (abs max) 20,000 gpm (abs max)

28,000 gpm (nor max) 16,000 gpm (nor max)

800 gpm Same as A

28,800 gpm (max) 14,400 gpm (max)
22,590 gpm (avg) 11,295 (avg)
19,860 gpm(min) 9,930 gpm (min)

90 gpm (avg) 45 gpm (avg)

38,740 (abs max) 37,400 (abs max)

20,000-35,500 gpm (nor range) 28,160 gpm (avg)

820,000 gpm 410,000 gpm

C

Flow - Both Units
Shutdown

16,800 (nor max)

Same as A

Same as A

15,000 gpm (avg)

0

0
0

0
0

0

.0
0

0

1,400 gpm (max)

Same as A

0

1,000 gpm (max)

556 gpm (max)

32 gpm (avg)

1,400 gpm (max)

Same as, A

16 gpm (avg)



NOTES (continued)
FLOWS ASSOCIATED WITH PLANT WATER DIAGRAM

A

Node Point Flow - Normal Full Load
See Plant Water Use Diagram Operation of Two Units

13. Treated Water 480 gpm (max)
Supply to Makeup 400 gpm (avg)
Demineralizer

14. Demineralizer 25 gpm (avg)
Spent Regenerants

14.a Demineralizer Water 320 gpm (max)
Supply

15. Auxiliary Boiler 1.4-3 gpm
Blowdown

15.a Steam Generator Blowdown
(Alternate) , 20-120 gpm

16. Condensate Demineralizer 30 gpm (avg)
Spent Regenerants

17. Holding Pond 38,150 gpm (max)
Discharge

18. Potable Water 16,000 gpd (max)
Supply

19. Potable Water Supply to 4,000 gpd (max)
Hot Showers and Laundry 1,500 gpd (avg)

20. Radioactive Liquid 5.7 gpm (avg)
Treatment System Discharge

21. Plant Discharge 76,300 gpm (nor max)
20,000-35,500 gpm (nor range)

22. Sanitary Waste Discharge 12,000 gpd (max)

6,000 gpd (avg)

* All average flow rates are yearly averages.

B
Flow - Full Load Operation
of One Unit with Other

Unit Shutdown

Same as A

Same as A

Same as A

Same as A

C

Flow - Both Use
Shutdown

Same as A

Same

Same

3

as A

as A

gpm (max)

Same as A

Same as A

38,150 gpm (avg)

Same as A

Same as A

Same as A

66,310 (max)
28,160 (avg)

Same as A

Same as A

Same as A

0

Same as A

Same as A

Same as A

16,800 gpm (avg)

Same as A



Blowdown Diffusers (NPDES 002)

The original location of the blowdown diffuser at about Tennessee River Mile 527.6 was deter-
mined to be infeasible because of insufficient river depths in that area. Therefore, the
applicant has relocated the diffusers approximately 305 meters (1000 feet) upstream of the
original location.

6

The diffuser system will consist of two pipes branching from a central conduit at the right-
bank of Chickamauga Lake and extending in a direction perpendicular to the river flow into the
Tennessee River. Each pipe will be controlled by a 137-centimeter (54-inch) diameter butterfly
valve, located a short distance from the wye with the central conduit.

The downstream leg will consist of approximately 91 meters (297 feet) of 1.37-meter (4.5-foot)
diameter paved corrugated steel approach pipe connected to 49 meters (160 feet) of unpaved 2.5
x 7.6-centimeter (1 x 3-inch) corrugated steel diffuser pipe of the same diameter. The diffuser
pipe section will be half buried in the river bottom and will contain two 2.5-centimeter (1-
inch) diameter ports per corrugation. The centroid of the ports will be oriented at an angle
of 450 above horizontal in a downstream direction. Figures 3.2 and 3.3 illustrate the diffuser
system and its geometry.

J

The upstream leg will consist of approximately 139 meters (457 feet) of 1.07-meter (3.5 foot)
diameter paved corrugated steel approach pipe connected to 24 meters (80 feet) of unpaved 2.5 x

7.6-centimeter (I- x 3- inch) corrugated steel diffuser pipe of the same diameter. The upstream
diffuser pipe section will also be half buried in the river bottom and will extend its entire
length of 24 meters (80 feet) beyond the dead end of the downstream diffuser pipe section. The
port diameter, spacing and orientation of the upstream leg will be the same as that of the
downstream leg. 2 4

During different modes of operation, either or both of the diffusers will be discharging. The
upstream leg is used when either Unit 1 or Unit 2 is operated alone. The downstream leg is
used only when both units are operated simultaneously or when only stored blowdown is discharged
from the holding pond. Both legs discharge blowdown when either or both units are operated at
the same time as stored blowdown is discharged from the holding pond. 25 See Table 3.1 for
details on flow rates.

3.2.3 Radioactive Waste Treatment Systems

During the operation of the Watts Bar Nuclear Plant, Unit Nos. 1 and 2, radioactive material
will be produced by fission and by-neutron activation of corrosion products in the reactor
coolant system. From the radioactive material produced, small amounts of gaseous and liquid
radioactive wastes will enter the waste streams. These streams will be processed and monitored
within the station to minimize the quantity of radioactive nuclides ultimately released to the
atmosphere and to the Chickamauga Reservoir and the Tennessee River.

The waste handling and treatment systems to be installed at the station are discussed in the
applicant's Final Safety Analysis Report (October 4, 1976), in the FES-CP prepared by TVA and
in information submitted to meet the requirements of Appendix I to 10 CFR 50 (May 17, 1976).7,8,9
In these documents, the applicant has presented an analysis of the radioactive waste treatment
systems and has estimated the annual release of radioactive waste materials in liquid and gaseous
effluents resulting from normal operation.

In the following paragraphs, the radioactive waste treatment systems are described, and an
analysis is given based on the staff's model of the applicant's proposed radioactive waste
treatment systems: The staff's model has been developed from a review of available data from
operating nuclear power plants, adjusted to apply over a 30-year operating life. The reactor
coolant activities and flow rates used in the staff's analyses are based on experience and data
from operating reactors. As a result, the parameters used in the model and the calculated
releases vary somewhat from those used in the applicant's evaluation.

On April 30, 1975, the Nuclear Regulatory Commission announced its decision in the rulemaking
proceeding (RM 50-2) concerning numerical guides for design objectives and limiting conditions
for operation to meet the criterion "as low as is reasonably achievable" for radioactive
material in light-water-cooled nuclear power reactor effluents. This decision is implemented
in the form of Appendix I to 10 CFR Part 50.10 To effectively implement the requirements of
Appendix I, the NRC staff has reassessed the parameters and mathematical models used in cal-
culating releases of radioactive materials in liquid and gaseous effluents in order to comply
with the Commission's requirements.
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TABLE 3.1

SUMMARY OF MODES OF OPERATION BLOWDOWN DIFFUSER SYSTEM
WATTS BAR NUCLEAR PLANT

Distribution of Flow
Diffuser System

Flow Rate
Minimum Maximum

(cfs) (cfs)

Minimum
Upstream Downstream

Leg Leg
(cfs) (cfs)

Maximum
Upstream Downstream

Leg Leg
(cfs) (cfs)Mode of Operation

1 One unit only

2 Two units only or
Holding pond discharge only

3 Ei-ther or both units +
Holding pond discharge

22.3

44.6

82.5

50.0.

85.0

170.0

22.3 50.0

44.6

55.0

85.0

113.327.5 56.7
C.

Blowdown rate for one unit:
Blowdown rate for two units:
Holding pond discharge.rate:

22.3 - 50.0 cfs
44.6 - 85.0 cfs
60.2 - 85.0 cfs
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The requirements directed that current operating data, applicable to proposed radwaste treat-

ment and effluent control systems for a facility, be considered in the assessment of the input

parameters. These parameters, models, and their bases are given in NUREG-0017, "Calculation of

Releases of Radioactive Materials in Gaseous and Liquid Effluents from Pressurized Water Reactors

(PWR-GALE Code), April 1976.'11

By letter of October 6, 1975, the applicant was requested to submit additional information con-

cerning the means proposed to be employed to keep levels of radioactive materials in effluents

from the Watts Bar Nuclear Plant, Unit Nos. 1 and 2, the unrestricted areas "as low as is

reasonably achievable," in conformance with the requirements of Appendix I to 10 CFR Part 50.

The applicant was also given the option of providing either a detailed cost benefit analysis or

demonstrating conformance to the guidelines given in the September 4, 1975 Annex to Appendix I.

The applicant responded with an evaluation contained in a submittal dated May 17, 1976. In

that submittal, TVA chose to perform the cost-benefit analysis required by Section II.D of

Appendix I to 10 CFR Part 50.

The staff performed an independent evaluation of the applicant's proposed methods to meet the

requirements of Appendix I. The evalution consisted of: (1) a review of the information

provided by the applicant, (2) a review of the applicant's proposed radwaste treatment and

effluent control systems, (3) the calculation of new source terms based on models and param-

eters as given in NUREG-0017, "Calculation of Releases of Radioactive Materials in Gaseous and

Liquid Effluents from Pressurized Water Reactors (PWR-GALE Code), April 1976," and (4) a cost-

benefit analysis to determine the cost-effectiveness of proposed augments to the liquid and

gaseous radwaste treatment systems.

Based on the following evaluation, the staff concludes that the liquid and gaseous radioactive

waste-treatment systems for Unit Nos. 1 and 2 are capable of maintaining releases of radioactive

materials in liquid and gaseous effluents to "as low as is reasonably achievable" levels in

accordance with 10 CFR Part 34a, and meet the requirements of Sections II.A, II.B, II.C, and

II.D of Appendix I and 10 CFR Part 50.

3.2.3.1 Liquid Radioactive Waste Treatment System

Non-radioactive pollutants are limited by the draft NPDES Permit (NPDES 006, 008, 009 and 018).

The liquid radioactive waste treatment system, which is shared by Unit Nos. 1 and 2, will con-

sist of equipment and instrumentation necessary to collect, process, monitor, recycle or dispose

of potentially radioactive liquid wastes generated during nromal operation including anticipated

operational occurrences. Liquid radioactive waste will be .processed on a batch basis to permit

optimum control of releases. Prior to release, samples will be analyzed to determine the types

and amounts of radioactivity present; on the basis of the results, the-waste will be recycled

for reuse in the plant, retained for further processing, or discharged under controlled

conditions to the Chickamauga Reservoir and the Tennessee River, via the cooling tower blowdown

discharge. A radiation monitor will automatically terminate liquid waste discharge if radiation

measurements exceed a predetermined level in the discharge line. A schematic diagram of the

liquid radioactive waste treatment system is given in Figure 3.4.

The liquid radioactive waste treatment system will consist of the boron recycle system, the

tritiated waste system, the floor drain (dirty waste) system, and the laundry and hot shower

system.

The boron recycle system is shared by Unit Nos. 1 and 2, and will process shim bleed and equip-

ment drain wastes collected inside the reactor containment. The principal system components

will be two recycle holdup tanks, two evaporator feed demineralizers, one evaporator, two

polishing demineralizers, and one monitor tank.

The tritiated waste system will process equipment drain wastes and tank overflow wastes from

components outside reactor containment. The basic composition of these inputs will allow

treatment and recycle for use in the reactor coolant system. The principal tritiated waste

system components will consist of one waste holdup tank, an evaporator, an optional polishing

demineralizer, and three recycle condensate monitor tanks, which are shared with the floor

drain (dirty waste) system. The staff's evaluation assumed the use of the optional polishing

demineralizer.

The floor drain (dirty waste) system will process non-reactor grade liquid wastes, including

floor drains, equipment drains containing non-reactor grade water, and building sumps. After

treatment these wastes will be transferred to the waste monitor tanks for reuse in the plant or

for discharge to the Chickamauga Reservoir and the Tennessee River via the cooling tower blow-

down line. The principal floor drain system components will consist of one collection tank, an

3-9



B LO WDOW N
STREAM

TRITIATED WASTE SYSTEM

EQUIPMENT LEAKS AND DRAINS COLLECTOR EVAPORATOR DEMINERALIZER TANKVALVE LEAKOFFS, PUMP SEAL TANK TANK10%LEAKOFFS, TANK OVERFLOWS F0LTER

RECYCLE OPTION

FLOOR DRAIN SYSTEM COLLECTOR AUXILIARY MONITOR 100%FLOOR DRAINS, NONTRITIATED TANK WASTE TANK
-EQUIPMENT DRAINS, SAMPLE EVAPORATOR-"
ROOM AND LAB DRAINS, FLE

CONDENSATE DEMINERALIZER
REGENERANT SOLUTIONS

RADIATION MONITOR

RMLAUNDRY AND HOT SHOWER DRAIN SYSTEM
LAUNDRY WASTES, HOT SHOWERS, COLLECTOR
DECONTAMINATION DRAINS _

FILTERCHICK 
AMAUG A

RESERVOIR,
TENNESSEE RIVER
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evaporator, and three recycle condensate monitor tanks, which ire shared with the tritiated

waste system. Treated liquid may be recycled through the evaporator if radiation measurements

indicate additional treatment is required.

The steam generator blowdown will be processed continually through a flash tank, with the liquid

being mixed with water from the main condenser and pumped to the condensate demineralizers, and

the flashed steam beinq utilized in the No. 7 heaters. The processed water will be reused in

the plant, but may be discharged through the cooling tower blowdown line under certain

circumstances provided that radioactivity concentrations are below predetermined values.

Biron Recycle System (BRS)

Primary coolant will be withdrawn from the reactor coolant system at approximately 110 qpm and

processed through the chemical and volume control system (CVCS). The letdown stream will be

cooled, reduced in pressure, filtered, and processed throuqh one of two mixed bed demineralizers.

Approximately 10% of the time this letdown stream will be passed throuqh an additional cation

demineralizer to remove excess lithium and cesium. Radionuclide removal by the CVCS was

evaluated by assuming 110 gpm letdown flow at primary coolant activity (PCA) through one mixed

bed demineralizer (Li 3 BO3 form), and a continuous 11 gpm flow through one cation demineralizer

in series with the mixed bed. The CVCS will be used to control the primary coolant boron

concentration by diverting a side stream of approximately 3300 gpd/reactor of the treated

letdown stream to the shared Boron Recycle System (BRS) as shim bleed.

The shimbleed from the letdown stream will be processed throuqh one of two mixed bed deminer-

alizers (Li 3 BO3 form) and routed to the recycle holdup tanks. Valve leakoffs and equipment

drain wastes in the reactor containment as well as excess spent fuel pit water will be trans-

ferred to the recycle holdup tank where it will be combined with the shim bleed. These streams

will form the inputs to the BRS and will be processed batchwise from the recycle holdup tank.

The staff calculated the collection time in one of the two 256,000 gallon recycle holdup tanks

to be approximately 28 days, based on a co mbined input flow rate of 7200 gpd from Unit Nos. 1

and 2. The wastes will be processed through an evaporator and a condensate demineralizer and

collected in the reactor makeup water storage tank for reuse in the plant as reactor grade

water. Based on an assumption of 80% tank capacity and a process flow rate of 30 gpm, the staff

calculated the decay time during processing to be approximately 4.7 days. If the radioactivity

is below predetermined value, the treated stream may be pumped to the waste monitor release tank

and discharged. The staff assumed that 10% of the treated stream will be discharged to the

Chickamauga Reservoir and the Tennessee River due to anticipated operational occurrences-and for

tritium inventory control. The decontamination factors listed in Table 3.2 were applied for

radionuclide removal in the BRS. The concentrated bottoms from the evaporator and the spent

resins from the demineralizers will be transferred to the radioactive solid waste system for

disposal by burial offsite.

Tritiated Waste System

The tritiated waste system.of tike iiquid radioactive waste treatment system is designed to

collect and treat tritiated and non-aerated sources of reactor grade water for reuse within the

plant from the equipment in the CVCS, BRS, and liquid radioactive waste treatment system, the

sampling system sink, the excess letdown, safeguard compodents, refueling canal drainage, and

gaseous waste treatment condensation. These wastes will be collected in a 24,000 gallon waste

holdup tank at an input flow rate of approximately 270 gallons per unit per day. The staff

calculated the collection time to be approximately 36 days. The wastes will be processed

through a waste evaporator and an optional condensate demineralizer and collected in a 1,500

gallon test tank. The staff calculated the decay time during processing to be approximately

6.9 days. The decontamination factors listed in Table 3.2 were applied tor radionuclide

removal in the trltidted waste system of the liquid waste treatment system. The contents of

the treated steam will be periodically sampled, recycled for further treatment, transferred to

the reactor makeup water storage tank, or discharged. The staff assumed that 10% of the

treated stream will be released to the Chickamauga Reservoir and the Tennessee River.

Evaporator bottoms and spent resins will be transferred to the radioactive solid waste system

for disposal by burial offsite.
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TABLE 3.2

PRINCIPAL PARAMETERS AND CONDITIONS USED IN CALCULATING RELEASES
OF RADIOACTIVE MATERIAL IN LIQUID AND GASEOUS EFFLUENTS FROM

WATTS BAR NUCLEAR PLANT,UNIT NOS. 1 AND 2

Reactor Power Level (MWt) 3600Plant Capacity Factor 0.80
Failed Fuel 0.12%
Primary System 5

Mass of Coolant (lbs) 5 x 10
Letdown Rate (GPM) 110
Shim Bleed Rate (gpd) 3.3 x 103
Leakage to Secondary System (lbs/day) 100
Leakage to Containment Building bLeakage to Auxiliary Building (lbs/day) 160
Frequency of Degassing for Cold Shutdowns (per year) 2

Secondary System 7Steam Flow Rate (lbs/hr) 1.5 x 10 4
Mass of Liquid/Steam Generator (ibs) 9.5 x 10•
Mass of Steam/Steam Generator (lbs) 8.5 x 10•6
Secondary Coolant Mass (lbs) 2.1 x 10 3Rate of Steam Leakage to Turbine Building (lbs/hr) 1.7 x 10
Fraction of Feedwater Processed through
Condensate Demineralizers 0.56

Containment Building Volume (ft 3) 1. x 106

Annual Frequency of Containment Purges (shutdown) 4

Annual Frequency of Containment Purges (at power) 20

Continuous Low Volume Purge of Containment (cfm) 10

Iodine Partition Factors (gas/liquid)
Leakage to Auxiliary Building 0.0075
Leakage to Turbine Building 1.0
Main Condenser/Air Ejector (volatile species) 0.15

aThis value is constant and corresponds to 0.12% of the operating power fission
product source term as given in NUREG-0017 (April 1976).

bl%/day of the primary coolant noble gas inventory and 0.001%/day of the primary coolant
iodine inventory.
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TABLE 3.2

(continued)

Factors (DF)Liquid Radwaste System Decontamination

(

I

Cs,Rb

Others

Boron Recovery
System (BRS)

1 xlO
4

2 x 10
4

1 x 105

Tritiated
Waste System

1 x 104

1 x 105

1 x l05

Floor Drain Wastes,
Inorganic Chemical Waste

1 x 103

1 x 104

1 x 104

Laundry and
Hot Shower

Drains

1

1

1

All Nuclides
Except Iodine

104

10 3
Radwaste Evaporator DF

BRS Evaporator DF

Iodine

103
10 2

Anions

Boron Recycle Feed Demin. OF
(H3 B03 ) 10

Primary Coolant Letdown Demin. OF 10
(Li 3 BO3 )

Evaporator Condensate Polishing
Demineralizer (H+OH-) 10

Mixed Bed Condensate Demineralizer 10

Containment Bldg. Internal Recircula-
tion System Charcoal Filter DR
(Iodine Removal)

Containment Bldg. Purge System Charcoal
Filter with 2" Charcoal Bed Depth OF

(Iodine Removal)

Turbine Air Removal System with 2"
Charcoal Bed Depth OF (Iodine Removal)

Cs,Rd Other Nuclides

2

2

10

2

10

10

10

10

10

3.3

3.3
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Floor Drain (Dirty Waste) System

The floor-drain (dirty waste) system of the liquid radioactive waste treatment system is
designed to collect and treat non-reactor grade liquid wastes from floor drains, equipment
drains containing non-reactor grade leakage, laboratory drains and regenerant solutions. These
wastes will be collected in one 23,000 gallon floor drain tank and sampled and analyzed. If
the radioactivity concentration is below a predetermined value, the wastes will be pumped to
the waste monitor tanks for discharge to the Chickamauga Reservoir and the Tennessee River via
the cooling tower blowdown; otherwise, the wastes will be treated through the floor drain
system evaporator prior to entering the waste monitor tanks. The staff calculated the collec-
tion time to be approximately 2 days, based on an input flow of approximately 1,100 gpd per
unit, and a decay time during processing of approximately 0.8 day.

Laundry and Hot Shower System

Waste from the laundry and hot showers will be collected in two 600 gallon laundry tanks. The
waste will be transferred to a waste monitor tank, sampled and analyzed, and released to the
Chickamauga Reservoir and the Tennessee River if radioactivity levels are below predetermined
limits. Optionally, these wastes may be processed through the floor drain system if radio-
activity levels exceed predetermined limits. The staff assumed an input flow rate of approxi-
mately 450 gpd per reactor and that the wastes will be discharged without processing.

Turbine Building Drains

The turbine building drains will be released through a radiation monitor to the Chickamauga
Reservoir and the Tennessee River via the cooling tower blowdown. The monitor will automatically
terminate liquid discharge if radioactivity exceeds a predetermined level. The staff assumed a
release of 7200 gpd per reactor and that the wastes will be discharged without processing.

Steam Generator Blowdown (SGB)

The SGB system for Unit Nos. 1 and 2 will continuously process steam generator blowdown at an
average flow rate of 86,000 gpd per reactor (design flow rate is 120 gpm). The blowdown from.
the four steam generators for each unit will be directed to a common flash tank. The liquid
will be mixed with water from the main condenser and will be pumped to the condensate deminera-
lizer system downstream of the main condenser. The flashed steam will be utilized in the No. 7
heaters and condensed in the main condenser hotwell.

Liquid Waste Summary

Based on the staff's evaluation of the radioactive liquid waste treatment systems and the
parameters listed in Table 3.2, the staff calculated the release' of radioactive materials in
liquid waste effluent to be approximately 0.22 Ci/yr/reactor, excluding tritium and dissolved
gases. The staff estimates that approximately 520 Ci/yr/reactor of tritium will be released to
the Chickamauga Reservoir and the Tennessee River. In comparison, the applicant estimated a
release of radioactive material in liquid effluent, exclusive of tritium, to ,be approximately
0.16 Ci/yr/reactor and a tritium release of 73 Ci/yr/reactor. The differences between the
staff's values and those of the applicant lie principally in assumptions as to the quantities
of liquid released. Also, the applicant calculates a lower annual production of tritium, with
a correspondingly smaller annual release. The staff's calculations of the radionuclides
expected to be released annually from Watts Bar, Units Nos. 1 and 2, are given in Table 3.3.

Based on the staff's evaluation, the radioactivity in liquid effluents from the Watts Bar Nuclear
Plant, Unit Nos. 1 and 2, will not result in total body doses greater than 3 mrem/yr or any
organ doses greater than 10 mrem/yr,.in accordance with Section II.A of Appendix I to 10 CFR
Part 50.

Cost-Benefit Analysis of Liquid Radwaste System Auqments

The staff evaluated potential liquid radwaste system augments based on a study of the appli-
cant's system designs, the population dose information provided in Table 5.7 of this draft
environmental statement, a value of $1,000 per total body man-rem and $1,000 per man-thyroid-rem
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TABLE 3.3

CALCULATED RELEASES OF RADIOACTIVE MATERIALS IN LIQUID EFFLUENTS
FROM WATTS BAR NUCLEAR PLANT, UNIT NOS. 1 AND 2

Ci/yr/reactor

Niiclide Ci/yr

Corrosion ' Activation
Products

Cr-51 8(-5)a

Mn-54 1(-3)

Fe-55 9(-5)

Fe-59 5(-5)

Co-58 4.3(-3)

Co-60 8.8(-3)

Zr-95 1.4(-3)

Nb-95 2(-3)

Np-239 2(-5)

Fission Products

Br-83 4(-5)

Rb-86 I(-5)

Sr-89 2(-5)

Mo-99 1.6(-3)

Tc-99m 1.3(-3)

Ru-103 1.4(-4)

Ru-106 2.4(-3)

Ag-ll0m 4.4(-4)
1

Nuclide

Fission Products
(continued)

Te-127m 1(-5)

Te-127 I(-5)

Te-129m 5(-5)

Te-129 3(-5)

1-130 1.6(-4)

Te-131m 3(-5)

1-131 8.6(-2)

Te-132 4.2(-4)

1-132 1.4(-3)

1-133 4.2(-2)

Cs-134 1.9(-2)

1-135 7.9(-3)

Cs-134 1I7(-3)

Cs-137 2.8(-2)

Ba-137m 4.2(-3)

Ce-144 5.2(-3)

All Othersb 6(-5)

Total (except

H-3) 2.2(-l)

H-3 5.2(+2)

a - Exponential notation; .-5(-5) = 8.5 x 10

b - Nuclides whose release rates are less than 105 Ci/yr are
but are included in the category "all others".

not listed individually,
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for reductions in dose by the application of augments, and the methodology presented in Regula-
tory Guide 1.110, "Cost-Benefit Analysis for Radwaste Systems for Light-Water Cooled Nuclear
Power Reactors." 

12

The calculated total body and thyroid doses from liquid releases to the projected population
within a 50 mile radius of the station, when multiplied by $1,000 per total body man-rem and
$1,000 per man-thyroid-rem, resulted in cost-assessment values of $200/yr/unit and $220/yr/
unit, respectively. Potential radwaste system augments were selected from the list given in
Regulatory Guide 1.110. The most effective augment was the addition of a 50 gpm demineralizer
to theifloor drain treatment system; however, the calculated total annualized cost of $37,900
for the augment exceeded the cost-assessment values of $200/unit for the total body man-rem
dose and $220/unit for the man-thyroid-rem dose. The staff concludes, therefore, that there
are no cost-effective augments to reduce the cumulative population dose at a favorable cost-
benefit ratio, and that the proposed liquid waste management system meets the requirements of

.Section II.D of Appendix I to 10 CFR Part 50.

The staff concludes that the liquid waste management system is capable of reducing releases of
radioactive materials in liquid effluents to "as low as is reasonably achievable" levels in
conformance with 10 CFR Part 50.34a and meets the requirements of Appendix I to 10 CFR Part 50.
The staff, therefore, concludes that the proposed system is acceptable.

3.2.3.2 Gaseous Radioactive Waste Treatment System

The gaseous radioactive waste treatment and building ventilation exhaust systems will be
designed to collect, store, process, monitor, recycle, and/or discharge potentially radioactive
gaseous wastes which will be generated during normal operation including anticipated operational
occurrences. The systems will consist of equipment and instrumentation necessary to reduce
releases of radioactive gases and particulates to the environment.

The principal source of radioactive gaseous waste will be gases stripped from the primary
coolant in the CVCS and BRS. Additional sources of gaseous wastes will be main condenser
vacuum pump offgases, ventilation exhausts from the auxiliary, radwaste, fuel handling, and
turbine buildings, and gases collected in the reactor containment building. The principal
system for treating gaseous wastes stripped from the primary coolant will be the gaseous waste
processing system (GWPS). The GWPS will be a nitrogen loop containing two compressors and has
nine pressurized storage tanks. The offgas from the main condenser air ejector, and ventilation
exhaust air from the containment will be processed through HEPA filters and charcoal adsorbers
prior to release to the environment. The containment building atmosphere will also be recirculated
through HEPA filters and charcoal adsorbers prior to release to the atmosphere through a
separate system of HEPA filters and charcoal adsorbers. Ventilation exhaust air from the
auxiliary building, the reactor building annulus, and the fuel handling area will be processed
through HEPA filters prior to release to the environment. The turbine building ventilation
exhaust air will be released to the'environment without treatment. The gaseous waste and
ventilation treatment systems are showh schematically in Figure 3.5.

Gaseous Waste Processing System (GWPS)

The GWPS will be designed to collect and process gases stripped from the primary coolant in the

CVCS, BRS, and miscellaneous tank cover gases. The GWPS is shared between Unit Nos. 1 and 2.

The GWPS will contain an *inventory of nitrogen and hydrogen which will act as a carrier gas to

transport radioactive gases removed from the primary coolant. Hydrogren and nitrogen cover

gases from the volume control and reactor coolant drain tanks, and gases stripped in the BRS

degasifier will be collected, compressed, and stored in one of nine pressurized storage tanks.
The storage tanks will collect and store gases to allow short-lived radionuclide decay. After

holdup, the gases will be discharged to the environment or utilized as makeup gas to the cover
gas system for the boron recycle system holdup tanks.

In its evaluation, the staff assumed six tanks for storage, with two tanks held in reserve for

back-to-back shutdowns, and one tank in the process of filling. Each tank has a volume of

600 ft 3 and operates at 105 pounds psig. The staff assumed that stored gases would not be
returned to the BRS holdup tank cover gas system. On this basis, the staff calculated a holdup

time of 90 days prior to discharge of gases tojthe environment.
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WATTS BAR NUCLEAR PLANT, UNIT NOS. 1 AND 2

CONTAINMENT BUILDING REACTOR BUILDING
VENT

16,000 CFM

C NA C

CONTAINMENT

PRIMARY SYSTEM DEGASSING

(OFFGAS DECAY SYSTEM)

VOLUME CONTROL TANK

REACTOR COOLANT HOLDUP TANK

BORON RECYCLE SYSTEM
GAS STRIPPER

RECYCLE TO REACTOR COOLANT
HOLDUP TANK COVER GAS
SYSTEM

AUXILIARY BUILDING,
INCLUDING RADWASTE -- A
AREA AND FUEL HANDLING
AREA

AIR EJECTOR VENT

AUXILIARY BUILDING VENT

TURBINE BUILDING ROOF VENT
bý

NO TREATMENT TURBINE BUILDING ROOF VENTS

TURBINE BUILDING •,1 I: I•1 TO'

KEY:

K = HIGH EFFICIENCY PARTICULATE AIR FILTER (HEPA)

W = CHARCOAL ADSORBER

Figure 3.5 Gaseous Waste and Ventilation Treatment Systems
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Containment Ventilation System

Radioactive material will be released inside the containment when primary system components are
opened or when primary system leakage occurs. During normal operation, the gaseous activity
will be sealed within.the containment but will be released during containment purges; .the
applicant, however, has estimated a 10 cfm continuous purge release. The staff assumed that
the containment will be purged-24 times per year and has also assumed a 10 cfm continuous purge
release. Prior to purging, the containment atmosphere will be recirculated through HEPA filters
and charcoal adsorbers. The staff assumed radionuclide removal during the recirculation phase
to be based on a flow rate of 16,000 cfm, system operation for 16 hours, a mixing efficiency of
70%, a particulate DF of 100 for HEPA filters, and an iodine DF of 10 for charcoal adsorbers.

For purge operation, the staff assumed radionuclide removal based on a particulate DF of 100
for HEPA filters and an iodine DF of 3.3 for charcoal adsorbers.

Ventilation Releases from Other Buildings

Radioactive materials will be released into the plant atmosphere due to leakage from equipment
transporting or handling radioactive materials. The applicant proposes to -include provisions
to process ventilation air from the auxiliary, waste disposal, and fuel handling buildings ..
through HEPA filters. The staff estimated that 160 lbs of primary coolant per day will leak to
the auxiliary building with an iodine partition factor of 0.0075. Small quantities of radio-
nuclides will be released to the turbine building atmosphere based on an estimated 1700 lbs/hr
of steam leakage. The turbine building releases will not be filtered and will be released
directly to the environment. The staff calculations assumed that effluents from the auxiliary,
waste disposal, and fuel handling buildingswill be processed through HEPA filters prior to
rel ease.

lain Condenser Air Ejector

Offgas from the main condenser air ejectors will contain radioactive gases as a result of
primary to secondary leakage. In its evaluation, the staff assumed a primary to secondary leak
rate of 100 lbs/day. Noble gases and iodine will be contained in steam generator leakage and
released to the environment through the main condenser air ejectors in accordance with the
partition factors listed in Table 3.2. The air ejector exhaust will be released to the environ-
ment through HEPA filters and charcoal adsorbers.

Gaseous Waste Summary

Based on the staff's evaluation of the gaseous radioactive waste treatment and building ventila-
tion systems and the parameters listed in Table 3.2, the staff calculated the release of
radioactive materials in gaseous effluents will be approximately 7000 Ci/yr for noble gases and
0.041 Ci/yr for iodine-131. In comparison, the applicant estimated a total release of 3500
Ci/yr for noble gases and 0.15 Ci/yr for iodine-131. The staff's higher estimated value.
for noble qas releases is due mainly to the assuription ofriore frequent purqinq of the
containment.

The applicant's higher estimated value for iodine-131 releases is attributed to the assumption
of operatinq with an operatinq power fission product source term of 0.25% whereas the staff
assumed a value of 0.12%.

The staff's calculated annual releases of radioactive materials in gaseous effluents from
radionuclides expected to be released annually from Watts Bar, Unit Nos. 1 and 2, are given in
Table 3.4.

Based on the staff's evaluation, the expected releases of radioactive materials in gaseous
effluents from Watts Bar Nuclear Plant, Unit Nos. 1 and 2, will not result in a total body
dose greater than 10 mrads/yr for gamma radiation or 20 mrads/yr for beta radiation, and an
organ dose greater than 15 mrem/yr for radioiodine and radioactive particulates in accordance
with Section II.B and II.C of AppendiR I to 10 CFR Part 50.

Cost-Benefit Analysis of Gaseous Radwaste System Augments

The staff has evaluated potential gaseous radwaste system augments based on a study of the

applicant's system designs, the population dose information provided in Table 5.5 of this
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TABLE 3.4

CALCULATED-RELEASES OF RADIOACTIVE MATERIALS IN
GASEOUS EFFLUENTS FROM WATTS BAR NUCLEAR PLANT, UNIT NOS. 1 AND 2

Ci/yr/reactor

Waste Gas
Processing

Nuclide System

Condenser
Reactor Auxiliary Turbine Air
Bldg. Bldg. Removal Vent Total

Kr-83m
KR-85m
KR-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-l 33m
Xe-133
Xe-l 35m
Xe-135
Xe-137
Xe-l 38

1-131
1-133

Co-60
Co-58
Fe-59
Mn-54
Cs-137
Cs-134
Sr-89
Sr-90

C-14
H-3

Ar-41

a
a

300
a
a
a
a
a
a
a
a
a
a
a
a

7(-5)
1 .5(-4)
1 .5(-5)
4.5(-5)
7.5(-5)
4.5(-5)
3.3(-6)

6(-7)
7
a
a

a
2
46
a
2
a
44
44

5900
a
14
a
a2.4(-3)b

1.3(-3)
2.7(-5)

6(-5)
6(-6)

1 .8(-5)
3(-5)

1 .8(-5)
1 .4(-6)
2.4(-7)

1

460
25

a
3

5
a
2
5

370
a
8
a
1

3.2(-2)
5.1(-2)
2.7(-4)

6(-4)
6(-5)

1.8(-4)
3(-4)

1.8(-4)
1 .3(-5)
2.4(-6)

a
460

a

a
a
a
a
a
a
a
a
a
a
a
a
a

6.5(-4)
8.9(-4)

a
a
a
a
a
a
a
a
a
a
a

a
2
a
a
3
a
1

3
230
a
5
a
a

6.1(-3)
9.7(-3)

a
a
a
a
a
a
a
a
a
a
a

a
7

350
1
I0

a
47
52

6500
a
27
a
1

4.1(-2)
6.3(-2)
3,.7(-4)
8.1(-4)
8.1(-5)
2.4(-4)

4(-4)
2.4(-4)
1 .8(-5)
3.2(-6)

8
920

25

aNegligible compared to overall source

than 1(-4) Ci/yr iodine, less than 1%

bExponential notation; 2.A4(-3) = 2.4 x

term, e.g., less than 1.0 Ci/yr
of total for particulates.
10- 3

noble gases, less
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TABLE 3.5

PRINCIPAL PARAMETERS USED IN THE COST-BENEFIT ANALYSIS

Labor Cost Correction Factor, FPC Region IIIa 1.0

Indirect Cost Factora 1.75

Cost of Moneyb 11%

a From Regulatory Guide 1.110, "Cost-Benefit Analysis for Radwaste Systems for Light-Water-
Cooled Nuclear Power Reactors (March 1976).

b )From Applicant's Appendix I submittal (May 17, 1976).
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environmental statement, a value of $1,000 per total body man-rem and $1,000 per man-thyroid-
rem for reductions in dose by the application of augments, and the methodology presented in
Regulatory Guide 1.110.

The calculated total body and thyroid doses from gaseous releases to the population within a
50 mile radius of the station, when multiplied by $1,000 per total body man-rem and $1,000
per man-thyroid-rem, resulted in cost-assessment values of $9,000/yr/unit and $12,000/yr/unit,
respectively. Potential radwaste system augments were selected from the list given in

Regulatory Guide 1.110. The most effective augment considered was an increase in the charcoal
bed depth of the air ejector vent gaseous waste treatment system from two inches to four inches.
The total annualized cost of this augment was calculated to be $2,000; however, the calculated
effect of the proposed augment was a net reduction of 0.2 man-thyroid-rem with a corresponding
cost-assessment value of $200/yr per unit. The resultant cost-benefit ratio was $10,000 per
man-thyroid-rem of benefit and, therefore, was not cost-beneficial. The next most effective
augment was the addition of a 30,000 cfm HEPA-charcoal ventilation exhaust treatment system for

the auxiliary building; however, the total annualized cost of $69,000 for the augment exceeded
the cost assessment values of $9,000/yr/unit for the total body man-rem dose and $12,000/yr/unit
for the man-thyroid-rem dose. The staff concludes, therefore, that there are no cost-effective
augments to reduce the cumulative population dose at a favorable cost-benefit ratio, and the
proposed gaseous waste treatment and ventilation systems meet the requirements of Section II.D
of Appendix I to 10 CFR Part 50.

The staff concludes that the gaseous radwaste system for Unit Nos. 1 and 2 is capable of
maintaining releases of radioactive materials in gaseous effluents to "as low as is reasonably
achievable" levels in accordance with 10 CFR Part 50.34a and meets the requirements of Appendix
I to 10 CFR Part 50. The staff, therefore, concludes that the proposed system is acceptable.

3.2.3.3 Solid Wastes

The solid waste system will be designed to process two general types of solid wastes: "wet"
solid wastes which require solidification prior to shipment, and "dry" solid wastes which
require packaging and, in some cases, compaction prior to shipment to a licensed burial
facility. "Wet" solid wastes will consist mainly of spent filter cartridges, demineralizer
re~ins, and evaporator bottoms which contain radioactive materials removed from liquid streams
during processing. "Dry" solid wastes will consist mainly of low-activity ventilation air
filters, contaminated clothing, paper, and miscellaneous items such as laboratory glassware and
tools. Spent resins from the demineralizers will be collected in the spent resin storage tank.
When the resin is to be packaged, it will be sluiced to shipping containers but will not be
solidified prior to shipment offsite for disposal. Concentrated evaporator wastes will be
pumped to an evaporator bottoms tank, and then pumped batchwise to a shipping container for
solidification using a mixture of vermiculite and portland cement. On the basis of its
evaluation and on recent data from operating plants, the staff has determined that approximately

.17,000 ft 3/unit of "wet" solid wastes, containing approximately 2,000 Ci of activity, will be
shipped offsite annually. The principal radionuclides in the solid wastes will be long-lived

fission and corrosion products, mainly Cs-134, Cs-137, Co-58, Co-60 and Fe-55. The applicant

estimated the production of solid wastes from Unit Nos. 1 and 2 to be 28,000 ft 3/yr of"
dewatered or solidified wastes, 2,250 ft 3/yr of condensate demineralizer waste. The applicant
did not provide an estimate of the total curie content of these solid wastes. The waste con-
tainers will be stored in a shielded area, as required, to reduce contact radiation levels.

Dry solid wastes will be packaged in cardboard boxes, wooden boxes, and special DOT-approved
containers. Compressible wastes such as clothing and rags will be compressed prior to packag-
ing. The staff estimates the dry solid wastes to total 4,100 ft 3 per year with a total
activity content of less than 5 Ci.

3.2.4 Chemical, Sanitary, and Other Waste Treatment

There have been several changes in planned use of chemicals at the station. The original
design would have used sodium phosphate, ammonia, and hydrazine as additives to the steam
generator feedwater.1 3 Based on the recommendation of the reactor manufacturer "all

volatile treatment", consisting of morphaline and hydrazine, will be used in place of the

phosphate treatment.14

It was planned initially that acrolein would be used to control Asiatic clam populations in

the systems using river water. Since acrolein has not been registered with EPA for this

purpose, TVA will use sodium hypochlorite instead.

The proposed use of'chlorine at the station is tabulated below. 1 5
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Anticipated Sodium Hypochlorite Injections

I. Slime Control

Condenser Cooling Water (CCW) system - shock treatment, chlorinate 1 hr/day with total
free chlorine residual of 0.2 mg/l at condenser outlet.

II. Asiatic Clam Control

Essential Raw Cooling Water (ERCW) systems - 32,000 gpm system flow, low-level continuous
chlorination (May-October) with total free chlorine residual of 0.6 -0.8 mg/l.

Raw Cooling Water (RCW) systems - 31,000 gpm system flow, two three-week periods of con-.
tinuous treatment annually (beginning and end of Asiatic clam spawning season).

Raw Service Water (RSW) systems - 1000 gpm system flow, low-level continuous chlorination'
(May-October) with total free chlorine residual of 0.6 - 0.8 mg/l.

The most significant use of chlorine will occur during two three-week periods at the beginning
and end of the Asiatic clam spawning season when the Essential Raw Cooling Water (ERCW) systems,
the Raw Cooling Water (RCW) systems, and Raw Service Water (RSW) systems are all being
chlorinated continuously and the Condenser Cooling Water (CCW) system is being chlorinated
intermittently. Since the CCW system receives makeup from the ERCW and RCW systems, con-
centration of free residual chlorine could build up in this system to'a concentration of
1.3 mg/l due to the concentrating effect of evaporation. Chemical and biological interactions
within the CCW system will reduce the actual concentration of free residual-chlorine in the
blowdown by some unpredictable but significant amount. TVA has estimated the concentration
in the tower blowdown will be 0.8 mg/l during periods of chlorine usage for clam control. When
the RCW system is not being chlorinated, chemical reduction of chlorine in the CCW system
should result in a very low concentration in the discharge. During such periods of usage, TVA
should meet the discharge limit of 0.1 mig/l total residual chlorine as indicated in the pro-
posed NPDES permit (No. 002).

TVA has planned to use sodium nitrite16 instead of sodium chromate 1 7 for corrosion
inhibition in the component cooling water system. There are no planned releases from this
system. 18.

A current listing of planned chemical usage is included in Table 3.6.19

Low volume wastes will be treated by sedimentation, or removal and/or pH control-as required to
meet conditions of the .draft NPDES permit. These waste streams include: neutral waste sump
(neutralizer waste tank), condensate demineralizer system, turbine building station sump,
hypochlorite building drain, service building sump, diesel generator building drains, additional
equipment building drains, auxiliary building sumps, CCW pump station sump, and Cooling tower
desilting basin effluents. (NPDES 007-017).

Steam generator blowdown may be discharged directly to the cooling tower blowdown-line when
radioactivity levels permit direct discharge. (NPDES 018).

3.2.5 Power Transmission System

The transmission system lines for theWatts Bar Plant are summarized in Table 3.7.

A relocation of the Watts Bar Volunteer 500 kV transmission line became necessary because of
the selection of a more desirable substation location for the tie-in of this line. 20 All
other lines are described in the FES-CP. :

The selection of a new Volunteer Substation site location approximately fifteen miles north-
northeast of Knoxville (Figure 3.6) results in a relocation of the proposed Watts Bar -
Volunteer 500 kV transmission line. Approximately two-thirds of this newly proposed connection
will now be constructed on rights-of-way presently occupied by lower voltage, lines or parallel
to existing transmission facilities. The transmission line will utilize tower. designs similar
in appearance to those proposed originally in the FES-CP., The towers have been slightly
redesigned, however, to permit the use of V-shaped insulator strings which limit the conductor
swing and thereby reduce the right-of-way required by approximately 12.5 percent. 2 1 The
line will be approximately 88 miles long and will be constructed.on r.ights-of-way of varying
widths. The land use types traversed by this new connection remains essentially the same as
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Item

I tem
No. System

1 Makeup Water Filter Plant

Chem
So

And

Al um

A12 (

Soda

Na2C

TABLE 3.6

SUMMARY OF ADDED CHEMICALS AND RESULTING END PRODUCT CHEMICALS

Watts Bar Nuclear Plant

'Estimated
ical Treatment Maximum Waste End
urce Chemical Annual Use Product
Waste Products kg (lbs) Chemical

35,743 (78,800) Al(OH) 3 b

SO4 ) 3. 18 H20

Ash 10,743 (23,685) Na+

03

to Sodium Hypochlorite

NaOCl 349

NaCl 272

2 Makequp Water Demineralizer Sulfuric Acid 104,780

H2 SO 4 (93% Solution)

Sodium Hydroxide 195,498

NaOH (50% Solution)

Natural Minerals Removed by Demineralizers

Sodium Na+ 4,590

Chloride Cl- 8,936

Sulfate So4- 9,866

Total Dissolved Solids 53,297

,(770)

(600)

(231,000)

(431,000)

(10,120)

(19,700)

(21 ,750)

(117,500)

S04 --

,Settled Solidsb'c

Na+

Cl

S04 -- (Neutral pHO

Na+(Neutral pH)

Na+

Cl

So4

Dissolved Solids

Resulting End Producta

Average Annual Mean Daily
kg (lbs) kg (lbs)

7,489 (16,510) 20 (45)

4,672 (10,300) 13 (28)

13,880 (30,600) 38 (84)

32,114 (70,800) 88 (194)

218 ( 48 0 )e <2.3 <(5.0)

327 (722)e <2.3 <(5.0)

98,430 (217,000) 270 (595)

56,245 (124,000) 154 (340)

4,590

8,936

8,866

53,297

(10,120).

(10,700)

(21,750)

(117,500)

13

75

27

146

(28)

(54)

(60)

(322)



Item
No. ýSystem

3 Secondary Steam System

Condensate Polishing

Demineralizers

Ionized Soluble Species

Removed by Demineralizers

4 Auxiliary Steam

Generator Blowdown

5 Condenser Coolingi

Water System

Chem
So

And

Sulf

Sod i

NaOH

-Car

-Amm
-Met

TABLE 3.6 (Continued)

SUMMARY OF ADDED CHEMICALS AND RESULTING END PRODUCT CHEMICALS

Watts Bar Nuclear Plant

Estimated
ical Treatment Maximum Waste End
urce Chemical Annual Use Product
Waste Products kg (lbs) Chemical

'uric Acid 267,665 (590,100) SO4  (Neutral pH

um Hydroxide 160,665 (353,500) Na+(Neutral pH)

rbonates (Co3--) 11,521 (25,400) Co3 --
nonia (NH4+) 6,827 (15,050) NH4
allic Salts d d

Resulting End Producta
Average-Annual Mean Daily

kg (ibs) kg (lbs)

262,176 (578,000) 717 (1580)

92,197 (203,260) 254 (560)

11,521 (25,400) 32 (70)

6,827 (15,050) 19 (41)
d d d d

1.4 (3) <.05 (<0.1)

4.5 (10) <.05 (<O.1)

Ammonia 1.4
NH3
Hydrazine 4.5

H2N2H2

Sodium Hypochlorite

NaOCl 71,273

NaC1i 55,960
<<Copper (corrosion product only)k

<<Nickel (corrosion product only)k

( 3 )f

(10)g

(157,130)

(123,370)

NH3

NH3

Na+

Cl

Cu

Ni

44,021

67,077

2,812

313

(97,050) 120

(147,880) 184

(6,200) 8

(690) C.9

(265)

(405)
(17)

(1.9)



TABLE 3.6 (Continued)

SUMMARY OF ADDED CHEMICALS AND RESULTING END PRODUCT CHEMICALS

Watts Bar Nuclear Plant

Estimated
Chemical Treatment Maximum Waste End Resulting End Producta

Item Source Chemical Annual Use Product Average Annual Mean Daily

No. System And Waste Products kg (lbs) Chemical kg (lbs) kg (lbs)

6 Raw Cooling Wateri

7 Raw Service Wateri

System

8 Essential Rawi

Cooling Water

Sodium Hypochlorite

NaOCl

NaClj

Sodium Hypochlorite

NaOCl

NaCl
3

Sodium Hypochlorite

NaOCl

NaCl
3

11,163 (24,610)

9,201 (20,285)

Na+
Cl

7,065

10,768

982

1 ,497

(15,575) 20

(23,740) 29

(2,165) 2.7

(3,300) 4.1
1,551 (3,420) Na+

1,279 (2,820) Cl-

49,383 (108,870) Na+

38,782 (85,500) Clf

(43)

(65)

(6)

(9)

(185)
(280)

30,518 (67,280) 84

46,480 (102,470) 127

altems 1, 2, 4, 5, 6, 7, and 8 are based on 365 days/year operation at rated capacity. Item 3 based on 292 days/year operation at rated capacity.

bPrecipitated material that will make up the water treatment sludge on a day weight basis. Ultimately put in landfill. No discharge.

cEstimates based on maximum suspended solids data observed at TRM 529.9.

dThe quantities of ionized soluble species continuously removed by the condensate demineralizers are predicated upon a primary to secondary leakr

rate or a condenser tube leak. These constituents will bedischarged in the form of neutral salts of sodium, oxides of iron, or suspended solids.

High crud filters will treat the backwash waste prior to discharge.

eThe residual chlorine and sodium consumed by the makequp demineralizers and ultimately discharged.

fAmmonia will be added as needed to maintain pH of 9.0 in the system.

gHydrazine will be added as needed as a DO scavenger. Hydrazine conservatively assumed to decompose to ammonia.

hUnder radioactive conditions, this waste will be treated in the plants radwaste system.

iBasis for calculated valves are shown elsewhere.

JFor each kilogram of equivalent chlorine as sodium hypochlorite produced, 0.785 kilogram of sodium chlorine are in the product solution.

kAlthough copper and nickel will not be added to the systems, the values shown represent high estimates of corrosion losses. Actual losses

are expected to be immeasurable.



TABLE 3.7

WATTS BAR TRANSMISSION SYSTEM DESCRIPTION

STEP I

Approximate
Length of New

Construction (Miles)Line Name

Bull Run-Sequoyah,
Loop into Watts Bar
Nuclear Plant

Watts Bar Hydro-
Watts Bar Nuclear
No. 1

Watts Bar Hydro-
Watts Bar Nuclear
No. 2

Voltage (kV)

500

161

161

10.0

1.0

1.0

Approximate
Date

Required

September 1977

In Service

In Service

STEP II1

Watts Bar-Volunteer

Watts Bar-Roane

Watts Bar-Sequoyah
No. 2

500

500

500

88.0

40.0

40.0

January 1979'

January 1978,

September 1977
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outlined in the FES-CP, i.e., 25 percent woodland, 25 percent farming and pasture, and the
remainder uncultivated openland. A complete description and impact analysis for the Watts
Bar - Volunteer 500 kV transmission line has been prepared by TVA (Final Environmental
Statement - Volunteer, Tennessee 500 kV Substation and Transmission Line Connections. July 6,
1976).

The staff has Viewed this line from the air (February 23, 1977) and found no obvious potential
or actual conflicts between the proposed facility and other activities of the environs. This
new route which will greatly rely on utilizing existing corridors does not inhibit or interfere
with other land uses such as transportation, housing or recreation. 7

Approximately 2,008 acres of new right of way easements will be required'to construct the 180
miles of transmission line connections into the Watts Bar Nuclear Plant. Although the number
of miles of transmission lines and number of acres required are now different from those
originally given in the FES-CP, the land-use types given-in the FES-CP remain essentially the
same.
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4. ENVIRONMENTAL IMPACT OF THE SITE PREPARATION AND CONSTRUCTION

4.1 RESUME AND-STATUS OF CONSTRUCTION

As of April 1, 1978, the construction of Unit No. 1 was 79 percent complete and that of Unit

No. 2 was 60 percent complete. On that date an area of approximately 266 acres had under-

gone significant transformation from the moderately to lightly wooded to generally cleared area

with rolling hills that existed before construction began. Extensive clearing, grading and

excavation has been required for the major components of the site: power plant, intake struc-

ture and channel, yard drainage pond, holding pond for cooling tower blowdown, cooling towers,

switchyard, plant waste excavation disposal and areas occupied by temporary structures and
roads. The impacts at the plant site on the terrestrial environment were as anticipated, and

thus the assessment present in the FES-CP remains valid and unchanged. However, the construc-
tion impacts of the new transmission route for the Watts Bar-Volunteer 500 kV line are
assessed in Section 4.2.2.

The settling pond for siltation control for construction runoff was built at a different loca-

tion from that originally proposed in the FES-CP. Also, two temporary ponds were constructed

within the main yard holding pond for chemical containment and treatment from preoperational

cleaning and testing. These changes are discussed in Section 4.3.1.

The blowdown diffuser was relocated from the original proposed site indicated in the FES-CP.

The construction impacts on the aquatic biota of this relocation are discussed in Section 4.3.2.

Construction of an off-load facility, considered in the FES-CP, was found unnecessary. Use was

made, instead, of the existing coal-handling dock of the Watts Bar Steam Plant.

4.2 IMPACT ON TERRESTRIAL ENVIRONMENT
4.2.1 Facility Construction

The assessment of terrestrial environmental impacts resulting from plant facility construction

has not changed since the CP stage review. Thus, the assessment presented in the FES-CP remains

valid.

4.2.2 Transmission Facility Construction

TVA's FES-CP discusses construction impacts and associated practices to minimize and/or avoid

these impacts. In addition, TVA has submitted data in connection with the Bellefonte Nuclear
Plant Project which details TVA's clearing and maintenance methods (Report Transmission Line

Right of Way Clearing and Maintenance Methods. Bellefonte Nuclear Plant Project. TVA.

January 1977). The assessment presented in the FES-CP remains valid for those lines considered.

The recently proposed relocation of the Watts Bar-Volunteer line was not analyzed in TVA's

FES-CP.

The Volunteer Substation

No unusual problems of construction will be encountered at the Volunteer Substation site. The

proposed Volunteer site contains approximately 88 acres of which 16 acres are encompassed in

the rights-of-way of existing transmission lines. There will not be any dislocation of people

from their homes and the nearest residence is approximately 0.25 mile (.40 km) from the 500 kV

transformer bank location. The overall description of the area adjacent to the substation site

is rural with land ownership patterns ranging from one to two acres (0.4 to 0.8 ha) to farms of

several hundred acres in size.' Buffer zones and vegetative cover will be maintained around

the periphery of the site. Erosion prevention and drainage control measures will'be incorpo-
rated into the detailed grading plan. Following completion of construction activities, the
substation site will be landscaped to present an attractive appearance.

The extent of the noise problems during construction will be directly related to the quantity

of rock to be removed in the grading process.' Although some noise and dust will be caused by

construction activities, the staff concurs with the applicant's assessment that no adverse

effects are anticipated. -
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Newly Proposed Watts Bar-Volunteer Transmission Line

The principal sources of impact along newly constructed corridors are clearing of vegetation,
soil erosion, and minor loss of habitat. Approximately two-thirds of this proposed connection
will be constructed on rights-of-way presently occupied by lower voltage lines or parallel to
existing transmission facilities. 17.6 miles of the total 88 mile long corridor will require
no new additional right of way. Substantial paralleling of the proposed line will reduce total
clearing required.

The applicant will use a combination of shear clearing and selective clearing. Although TVA's
policy basically calls for the removal of all vegetation on wooded rights-of-way, a policy was
established in 1969 to retain certain select species of slow-growing trees. Specifically
included in these species are dogwood, red bud, and cedar. 2 In addition, TVA has developed the
following policies to minimize actual and potential erosion problems.

1. Lines are sited to minimize the need of vegetation removal consistent with local land use
-commitments, visual prominence, and economic line length.

2. Construction practices - Select access road routes to minimize damage to existing growth,
grading requirement, and excessive steepness. In conjunction with initial clearing,
immediately cut drainage ditches, terraces,-and install water breaks and culverts. Retain
buffer vegetation at stream crossings. Limit construction vehicle access where soil
erosion potential is great. Retain existing vegetation on the land as long as possible
before tower construction begins. Schedule construction activities in swampy or wet areas
to coincide with favorable dry weather conditions. Retain existing low vegetation at
stream crossing and bridges or use culverts to eliminate damage to stream banks by con-
struction activities and provide inspection until complete cover is obtained.

3. As clearing progresses, TVA inspectors daily monitor contractor performance and compliance
with project specifications and provide additional equipment operators with right-of-way
access directions to comply with prior property owner requests.

These practices as well as TVA clean up and disposal.procedures 3 are consistent with published
guidelines and are acceptable to the staff.

TVA has consulted The National Register of Historic Places and the Tennessee State Historical
Preservation Offices and no known historical resources were identified as potential conflicts.
Final historical and archaeological coordination is currently in progress and should be com-
pleted prior to issuance of the final environmental statement.4 TVA is committed, where neces-
sary, to take measures to protect, recover, or otherwise mitigate the impact on any affected
archeological resources.

4.3 IMPACTS ON AQUATIC ENVIRONMENT

4.3.1 Effects on Water Use

TVA provided construction runoff control measures essentially as described in the FES-CP. 5

For economic and other reasons, the settling pond (NPDES 001) for siltation control was built
in a different location than originally planned. 6  However, the original design intent of
positive construction runoff control was achieved.

The FES-CP 7 indicated that TVA would "initiate a monitoring program designed to determine
existing turbidity and siltation levels to measure siltation rates and turbidity levels during
construction, and, consequently, to minimize increase in levels due to construction effects."
From January 1973 to September 1973, TVA monitored the effects of construlction activities on
the suspended solids concentration of the Tennessee River. No impact on turbidity or suspended
solids could be detected during this period: therefore, this aspect of the monitoring program
was discontinued in September 1973.8

At the time of the FES-CP, the chemical cleaning program hadnot been finalized; thus only
tentative plans for waste control were described . Since that tine, two temporary ponds were
constructed within the main yard holding pohd area to contain and treat chemicals and water from
preoperational cleaning and testing. 1 0 A small polyvinyl lined pond will receive the more con-
centrated cleaning chemicals. A large pond will hold the more diluted flushing water. Wastes
will be treated within the ponds to meet applicable effluent limitations prior to discharge to
the Tennessee River. Cleaning chemicals will include trisodium phosphate, hydrazine, ammonia,
and detergents (e.g., Trition X-lO0 and QS30) and possibly less significantamounts of others..10
The cleaning process will pick up small amounts of oils, metals, and dirt.
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Effluent limitation guidelines for metal cleaning wastes [40 CFR 423.12(b)(5)] are as follows:

Average of daily
Daily values for thirty

Effluent Characteristic Maximum consecutive days

Total Suspended Solids 100 mg/l 30 mg/l
Oil and Grease 20 mg/l 15 mg/l
Total Copper 1.0 mg/l 1.0 mg/l
Total Iron 1.0 mg/l 1.0 mg/l

The draft NPDES permit also limits the concentration of phosphorus in the discharge to 1.0 mg/l
(NPDES permit No. TN0020168, Outfall Serial No. 004). Compliance with the applicable Tennessee
Water Quality Standards should not result in the need for any more stringent limitations on the
discharge of the substances for which effluent limitation guidelines are given.

The addition of a small amount of phosphate and ammonia to the Tennessee River on a one time

basis should not result in an unacceptable impact.

4.3.2 Effects on Aquatic Biota

As indicated in the FES-CP, 1 1 the undesirable effects on the reservoir quality associated with
the removal of the intake canal dike was the only major concern. In their comments on the FES-
CP, the State of Tennessee and the U.S. Army Corps of Engineers expressed concern over the
siltation effects on mussels during construction of both the intake and discharge systems.

TVA has found it necessary to relocate the blowdown diffuser from the originally proposed site
to an area approximately 1,000 feet upstream. The orginally proposed site was determined to be
infeasible due to insufficient water depth. Both the original site and the new location are
Within the designated mussel sanctuary, but both are located'on the opposite side of the river
from the identified mussel bed (see Section 2.5.2). The required dredging activity was expect-
ed to be essentially the same for either site. In correspondence from the two commenting
agencies (COE and State of Tennessee) regarding the proposed diffuser relocation, neither
offered objections to the action provided that disposal of spoil was onshore 1 2 and that strict
supervision by TVA field personnel was exercised to insure that sedimentation is held to a
minimum. 1 3 Both provisions were incorporated in TVA's construction plan. The use of silt
screens for additional siltation control as suggested by the Army Corps of Engineers was
considered but rejected. In evaluation of this control technique, TVA concluded that the high
velocity of the Tennessee River in this area would offset any advantages that might be gained
from the use of silt screens which have been found effective in slack water situations. In
discussions between TVA and the Corps of Engineers, the latter agreed with this evaluation. 14

The NRC staff has contacted the Fish and Wildlife Service, U.S. Department of the Interior, on
the matter of the diffuser location due to the presence of the endangered mussel, Lampsilis
orbiculata, in the site vicinity. 15 In their response, the Fish and Wildlife Service states
that:

"It appears that locating the plant's blowdown diffusers 1,000 feet upstream of the
originally proposed location would not have a significant adverse effect on fish and
wildlife resources of the area. The mussel beds in that area are located on the
opposite side of the streambed from the plant." 16

Excavation in the river for the diffuser pipes has been completed. Detailed quantitative
monitoring of siltation rates during dredging was judged impractical due to the small volume
of material involved (approximately 1600 cubic yards) and the anticipated short duration of the
activity (approximately three days).

During excavation a thick limestone rock lens was encountered in the last 75 feet of the
upstream diffuser foundation. A rock drill was used to line drill through the lens; a batter-
ing ram was used to further fracture the rock; and, excavation was completed using a "shovel
front." Although the time spent in the dredging operation was longer than anticipated (nearly
two months), the volume of material removed was unchanged and small portions of the total
volume were handled at any given time. The spoil material was loaded on barges, off-loaded to
trucks at the coal docking facility at the Watts Bar Steam Plantland used for fill and grading
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onsite. Observation of the dreding effects was included in the preoperational water quality
survey. Additionally, a full-time TVA inspector provided supervision during the dredging
operation, as will also be the case during excavation of the intake channel.

Control measures for minimizing siltation effects during intake channel construction include:

(1) Excavation of the channel in the dry - leaving a temporary dike at the reservoir end.

(2) Flooding the channel by pumping water from the reservoir over the dike - equalizing water
levels across the dike before removing dike.

(3) Disposal of dredge spoil in an upland area.

Monitoring during removal of the intake channel dike will be more extensive than that performed
during the diffuser excavation, including qualitative observations, photographic documentation
and quantitative sampling of the potential suspended sediment plume. Effects on the mussel bed
across the river are not anticipated since the currents will direct the suspended sediments
along the right side of the river.

The construction of an off-load docking facility, which was being considered at the time of
FES-CP preparation, was found unnecessary; rather, use has been made of the existing coal-
handling dock associated with the Watts Bar Steam Plant.

There is no change in the plan for the construction sewage treatment plant. With the proposed
NPDES permit (outfall serial number 0Q3) there will be no adverse effects due to the sewage
treatment plant. These limits are based on EPA Guideline for Secondary Treatment of Domestic
Waste Water (40 CFR 133). The State of Tennessee has provided a draft certification proposing
more stringent limitations (see Appendix E, Attachment C to draft NPDES permit). The staff
concludes the facility will meet the more stringent limitations and no effects are expected
on the biota.
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5. ENVIRONMENTAL EFFECTS OF STATION OPERATION

5.1 RESUME
The staff has evaluated the effects of the finalized diffuser design and the new discharge
location. The evaluation of the effects of chemical usage has been updated in light of changes
in both systems and proposed chemicals to be utilized. Also, the draft NPDES permit has been
provided by EPA and is discussed. These staff evaluations of impacts on water use are provided
in Section 5.3.

In accordance with the requirements of the Federal Water Pollution Control Act Amendments of
1972, TVA on October 19, 1976, filed a Section 402 NPDES permit application (Standard Form C)
with the Regional Administrator, EPA, Region IV, Atlanta, Georgia, for the operational discharges
from the Watts Bar Nuclear Plant. The final NPDES permit will specify the specific effluent
limitations for the thermal, chemical, specific effluent and instream (abiotic and biotic)
monitoring and reporting requirements necessary to determine compliance with the effluent
limitations. 2 The draft NPDES permit, draft State certification and EPA Tentative Determination
are included herein as Appendix E.

Local fogging, icing and drift from the natural draft cooling towers has been re-examined as
well as any possible interaction of the cooling tower plumes with the atmospheric effluents of
the fossil-fueled Watts Bar Steam Plant. These effects are discussed in Section 5.4.1.

An updated discussion of aquatic impacts, based on information obtained since the FES-CP, is
provided in Section 5.4.2.

Radiological effects are re-examined in light of new Appendix I to 10 CFR 50 criteria, using
realistic models, and are discussed in Section 5.5.

The environmental effects of the uranium fuel cycle, not treated in the FES-CP, are also'
evaluated and discussed in Section 5.5.'

Socio-economic effects of station operation have been evaluated in Section 5.6.

5.2 IMPACTS ON LAND USE

The assessment made in the FES-CP remains valid.

5.3 IMPACTS ON WATER USE

5.3.1 Thermal

The thermal standards proposed by the Tennessee Water Quality Control Board and approved by the
Environmental Protection Agency for the reach of the Tennessee River in which the Watts Bar
Plant is located are as follows: maximum temperature for warmwater fisheries, 30.5'C (86.9'F);
maximum allowable water temperature change, 3% (5.4'F); and maximum allowable rate of change,
2% (3.6*F) per hour. The temperature of impoundments where stratification occurs will be
measured at a depth of 1.52 meters (5 feet) or middepth, whichever is less.' Conformance with
these conditions is required by the NPDES Permit (NPDES 002).

In accordance with the requirements of the Federal Water-Pollution Control Act Amendments of
1972, TVA on October 19, 1976, filed a Section 402 NPDES permit application (Standard Form C)
with the Regional Administrator, EPA, Region IV, Atlanta, Georgia, for the operational dis-
charges from the Watts Bar Nuclear Plant. The final NPDES permit will specify the specific
effluent limitations for the thermal, chemical, specific effluent and instream (abiotic and
biotic) monitoring and reporting requirements necessary to determine compliance with the

effluent limitations. 2 , The draft NPDES permit, draft state certification and EPA Tentative
Determination are included herein as Appendix E.

There will be periods when the river temperature approaches or exceeds 30.5°F (86.9'F) due to

high ambient temperature and/or discharge from Watts Bar Steam Plant. If the blowdown temperature

for the Watts Bar Nuclear Plant is greater than 30.5°F at such times, the State of Tennessee
maximum temperature standard will be exceeded even though the temperature rise at the edge of
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the mixing zone is only about 0.6°C (1.O°F) or less. In submitting its NPDES permit application
for the Watts Bar Nuclear Plant, TVA requested that the application be processed under section
316a of the Federal Water Pollution Control Act (PL 92-500), specifically requesting that
continued discharge of blowdown from the closed-cycle cooling system be allowed in the event
that river temperatures in Chickamauga Lake at or upstream from the mixing zone approach or
exceed the maximum temperature standard of 30.5%C (86.9°F). Section 316a of the Act allows EPA
to impose such alternatives and less stringent limitations after demonstration that the proposed
effluent limitations are more stringent than necessary to assure the protection and propagation
of a balanced indigenous population of shellfish, fish and wild life in and on the body of
water into which the discharge would be made. The EPA Region 4 Director, Enforcement Division,
acting under'delegation from the Regional Administrator has tentatively determined that the
continued discharge of blowdown under conditions when upstream temperature approach or exceed
30.5°C (86.9*F) are consistent with Section 316a of the Act so, long as the discharge temperature
does not exceed 35%C (95'F) nor. a mixing zone of dimensions of 240 feet width and 240 feet
downstream length. (See NPDES 002, the Tentative Determination, and the State concurrence With
the Determination in the draft certification (in Appendix E).)

The analytical methods used by the applicant for the diffuser design are presented in References
3 and 4. The concept of an equivalent slot width was used to model the submerged multiport
diffusers. A series of submerged discharge ports were assumed to be equivalent to a submerged
slot of equal length and port area, provided the port spacing was less than the water depth.
The analytical expression for the dilution induced by a submerged'slot diffuser in shallow
water was developed by Adams. 3 The predicted dilution of the diffuser system is 16 at a minimum
Tennessee River flow of 99 cubic meters per'second (3500 cubic feet per second). The two
dimensional structure of the discharge plume was predicted using the method of Jirka which is
based on the theory of Adams. 4 For this diffuser system, the variety of discharge conditions
can result in either fully mixed or stratified conditions downstream of the discharge.

The applicant compared the predicted dilution for a physical model diffuser using this two-
dimensional theory of Adams and measured dilutions for the model diffuser. 5 This comparison
(analogous to the prototype series of-submerged discharge ports) in shallow water was primarily
a two-dimensional phenomenon and that the resulting dilution could be reasonably predicted by
.a two-dimensional theory. The applicant further concluded that because the predicted dilutions
based on:the two-dimensional theory of Adams never overestimated the measured dilu'tions in the
model, this theory could be used to conservatively predict the performance of the multiport
diffuser system at the Watts Bar Nuclear Plant.

The results of the model tests showed that the expected diffuser-induced dilution was achieved
approximately one diffuser length downstream. Thus, the area of diffuser-induced mixing
extends approximately 49 meters (160 feet) downstream when the downstream leg of the diffuser
system is discharging; approximately 24 meters (80 feet),downstream when the upstream leg 'of
the diffuser system is discharging; and 73 meters (240 feet) downstream when both legs of the
diffuser system are discharging.3 The mixing zone proposed in the NPDES Permit 002 provides a
zone of 73 meters (240 feet) downstream over the entire river depth and diffuser system width
(73 meters) and should encompass all of operation.

Based upon the analytical method used for the diffuser design and its agreement with 'physical
model results, we conclude that the applicant's thermal analyses are acceptable, and their
applicable water quality standards'will be met.

5.3.2 Operational Chemical Wastes

Table 3.5 listed chemical usage at the station. The major addition to the Tennessee River will
be dissolved salts. These will include 987 kilograms'(2175 pounds) per day of sulfate, 630
kilograms (1389 pounds) per day of sodium, and.344 kilograms (759 pounds) per day of chloride.
The increases in concentration of these chemical species after mixing with the lowest flow into
which releases will be made (99 cubic meters/sec) would be 0.1 mg/l, 0.07 mg/l, and 0.04 mg/l
respectively. A comparison to ambient values (Table 2.17) shows that these concentration
changes are negligible. The evaporation of water in the cooling-towers will increase the
concentration of naturally occurring substances in the river by an average of about 0.25%.
Thus evaporation will increase sulfates, sodium, and chloride by 0.03 mg/l, 0.002 mg/l and
0.002 mg/l respectively.'

The station will also add about 6 kilograms (13 pounds) of ammonia per year (including that
added as hydrazine) from the auxiliary steam generator blowdown. This would be primarily in
the ionized form in the normal discharge pH range and therefore would not pose a toxic threat
even if discharged over a short time period. The nutrient effect in the river after mixing
with the 99 cubic meters/sec (3500 cfs) flow would also be negligible even if released over a'
short time period.
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Using a high estimate of corrosion rate, about 8 kilograms (17 pounds) of copper and 0.9 kilo-
grams (1.9 pounds) of nickel per day could be discharged (see Table 3.5). The actual corrosion
rate is expected to be significantly less with losses too small to be measured. The NPDES
permit requires a study regarding actual corrosion-erosion rates.* At normal blowdown flow of
2.4 cubic meters/sec (85 cfs) the concentration in the discharge of these two elements would be

about 0.03 ppm and 0.003 ppm respectively. These concentrations will be reduced by a factor of
17 in the discharge mixing zone. At the edge of the mixing zone, copper will be increased by
about 10% of its mean ambient value (see Table 2.17) and nickel will be increased by about
three times the mean value. The nickel concentration is negligible. However, since the ambient
concentration of copper approaches toxic levels, the discharge should be monitored for copper.
High flows in the river will deter significant accumulations of these metals in bottom sediments.
Since there are no shellfish beds in the mixing zone, there should be no effect to this population.
However, the staff believes it prudent to conduct limited monitoring for copper in the downstream
mussel beds to confirm this prediction.

As noted in Section 3;2.4, chlorine could be discharged at potentially toxic levels. For continu-
ous exposure to residual chlorine a concentration limit of 0.01 mg/l will generally protect aquatic
life. 7 During the two three-week periods where the CWCS system is being chlorined to control
Asiatic clam growth, chlorine concentration may exceed this value in -the discharge. Since the
diffusers are located in an area which is swept by the river flow, no organism will be in contact

with water at the discharge concentration for an extended time period. Therefore, it is appro-
priate to recognize the diluting effect of the diffuser and to apply the toxicity criterion to
the concentration produced in the river immediately downstream of the diffuser rather than to the

concentration in the discharge. Chlorine residuals will also be reduced chemically as mixing
with river water occurs. Although the extent of the chemical reduction is not readily predicted,
it will be significant. The proposed chlorination for clam control will operate near the toxic
limit. Exceedance of the limit allows the possibility for loss of aquatic organisms. Such loss
would be considered a potentially unacceptable impact. The NPDES draft permit limits the concen-
tration of total residual chlorine in the discharge to 0.1 mg/l, with dilution at the diffuser
of 10:1. Compliance with the NPDES limit will assure that a toxiccondition does not occur.

5.3.3 Sanitary Wastes

There is no change in the plan for the sanitary waste treatment system. 8 ' 9 With the controls
in the proposed NPDES permit (outfall serial number 005) there will be no adverse effects due
to the sanitary waste system. These limits are based on EPA Guideline for Secondary Treatment
of Domestic Waste Water (40 CFR 133). The State of Tennessee has provided a draft certification
proposing more stringent limitations (see Appendix E, Attachment C to draft NPDES Permit). The
staff concludes the facility will meet the more stringent limitations.

15.3.4 EPA Effluent Guidelines and Limitations

The Watts Bar Nuclear Plant is classified as "Generating Unit" for the purpose of establishing
effluent limitations in compliance with Section 301 of the Federal Water Pollution Control Act.
As Generating Unit, the station- shall achieve effluent limitations which require the appli-

cations of the best practicable control technology currently available [P.L. 92-500, r301 (b)
(1) (A)] as defined in 40 CFR 423.12. The station shall also meet more stringent limitations,
including those necessary to meet water quality standards, treatment standards, or schedules of

compliance established pursuant to any State law or regulation (under authority preserved by
Section 510) or any other Federal law or regulation or required to implement any applicable
water quality standard established pursuant to P.L. 92-500.

The Effluent Limitation Guidelines are summarized in Table 5.1.

Because TVA is a Federal agency,. a discharge permit under the provisions of Section 402 of the
Federal Water Pollution Control Act must be obtained from the Environmental Protection Agency
(EPA). A copy of the draft permit proposed by EPA and the proposed state certification are
included in Appendix E. The permit requires monitoring to assure compliance with the effluent
limitation- guidelines.

Other effluent limitations necessary to meet water quality standards or other regulations are
also included in the NPDES Permit. The concentration of total residual chlorine in the com-
bined station discharge is limited to a maximum value of 0.1 mg/l in order to meet toxicity
requirements of the Tennessee water quality standards. The concentration of phosphorus result-
ing from initial metal cleaning wastes is limited to a maximum of l.0ý'mg/l. The discharge of

polychlorinated biphenyl (PCB) compounds is prohibited by the draft permit.

5.3.5 Effects on Water Users Through Changes in'Water Quality

As described under Subsections 5.3.1, 5.3.2,'and 5i3.3 above, changes in water quality due to the
Watts Bar Nuclear Plant will not preclude any of the current or projected uses of the Tennessee
River.
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TABLE 5.1

EFFLUENT GUIDELINES AND STANDARDS FOR STEAM-ELECTRIC
GENERATING POINT SOURCE CATEGORY

Limitationb

Maximum 30
Maximum 1-Day Consecutive-Day

Regulations Concentration Daily Avg.,

All discharges
*Part 423.12(b)(1) and (2)

pH (Standard Units)
Polychlorinated biphenyl compounds

6.0-9.0 (range)
None

Low-volume waste sources
Part 423.12(b)(3)

Total suspended solids
Oil and grease

100 mg/l
20 mg/l

30 mg/l
15 mg/l

Metal-Cleaning waste discharges
Part 423.12(b)(5)

Total suspended solids
Oil and grease
Total copper
Total iron

100
20

1.0
1.0

mg/l
mg/l
mg/l
mg/l

30
15

1.0
1.0

mg/l
mg/l
mg/l
mg/l

Cooling tower blowdown discharges
Part 423.12 (b)(8)

Free available chlorine

Periodic chlorine discharges
Part 423.12(b)(9)

Combining waste streams
Part 423.12(b)(.0)

a3 9 FR 36186, October 8, 1974.

bQuantity of pollutants discharged shall not
the flow by the concentration.

0.5 mg/i (max)c 0.2 mg/l (avg)c

Neither free available chlorine nor
total residual chlorine may be discharged
from any unit for more than two hours in
any one day.and not more than one unit
in any plant may discharge free available
or residual, chlorine at any time, unless
the utility can demonstrate that the units
in a particular location cannot operatec
at or below this level of chlorination.

.In the.eyent that waste streams from,
various sources are combined for treat
ment or discharge, the quantity of each
pollutant or pollutant properly control-
ied in paragraphs a through j of the
section attributable to each controlled
waste source shall not exceed the speci-
fied limitation for that waste source.

exceed the quantity determined by multiplying

CInstantaneous maximum and 2-hour average. Continuous discharge of total residual chlorine
has been proposed in the draft NPDES permit with a maximum instantaneous limitation of
0.1mg/l to assure protection of aquatic organisms.
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5.3.6 Effects on Surface Water Supply

The plant will withdraw a maximum of about 372,000 cubic meters (98,300,000 gallons) of water

each day from the Chickamauga Reservoir. Of this withdrawal, a maximum of 157,000 cubic

meters (4.,500,000 gallons) per day will be evaporated.' 0 Essentially, all of the balance will

be returned to the Chickamauga Reservior. This mean annual flow past the site is estimated to

*be 65 million cubic meters (17.2 billion gallons) of water per day1 1 . Thus, the plant use

would be only 0.64 percent of mean annual flow past the site. The major industrial users

downstream from the plant site withdraw a total of about 621,000 cubic meters (164 million

gallons) 35 of process water from the Chickamauga Reservoir each day. The most popular use of

the Chickamauga Reservoir in the Watts Bar area is for recreation.

Chickamauga Reservoir is a multipurpose reservoir which is operated in accordance with an estab-

lished rule curve for purposes of navigation, flood control, and hydroelectric power generation.

The staff agrees with the applicant's conclusion that consumptive water use at Watts Bar Nuclear

Plant would have no measureable impact on the streamflow through, or the pool elevation of,

Chickamauga Reservoir as it is operated in accordance with its statutory, purposes.

5.3.7 Effects on Groundwater

A groundwater system was-developed to serve the Watts Bar Nuclear plant, the Watts Bar Hydro-

plant and a nearby resort. The groundwater system, located about 3.2 kilometers (two miles)

from the site, consists of two wells with a maximum capacity of 2730 cubic meters (720,000

gallons) per day and a standby well with a maximum capacity of 545 cubic meters (144,000

gallons) per day. The maximum groundwater consumption of the plant which will occur at

initial startup is expected to be 1140 cubic meters (300,000 gallons) per day [42 percent of

:the 2730 cubic meters (720,000 gallons) per day capacity]. The Watts Bar Hydroplant and

nearby resort will be furnished a maximum of 757 cubic meters (200,000 gallons) per day

(28 percent) of the 2730 cubic meters (720,000 gallons) per day capacity.
36

The three wells are withdrawing water from the Knox Dolomite aquifer. Pumping tests conducted

at these wells, using a nearby abandoned well as an observation well, were used to estimate the

radius of influence. It was determined to be considerably less than 122 meters (400 feet).

Since the closest domestic well is 305 meters (1000 feet) south of the Watts Bar groundwater

system, the staff concludes that this system will not affect local groundwater users.
3 6

The use of groundwater at the Watts Bar station may be altered if a proposed regional water

system is developed for the cities of Decatur and Spring City. 1 2 The regional system includes

an intake on Watts Bar Reservoir about four miles upstream from the site.

5.4 ENVIRONMENTAL IMPACTS

5.4.1 Terrestrial Environment

The Station

The principal source of impact on terrestrial environs from the station stems from the opera-

tion of the natural draft cooling towers. Local fogging and icing, drift, aesthetics and

noise were considered in the FES-CP. The applicant has re-examined drift and plume-interaction

effects in response to staff questions.

The applicant's analyses indicate'that there will be no significant occurrence of icing

attributable to the operation of two natural draft cooling towers. Because of the height of

the natural draft cooling towers, direct contact icing, if any, will be limited to the Walden

Ridge area northwest of the plant on rare occasions. The staff has considered the available

information and concurs with this assessment.

Conservative drift estimates were established by the applicant indicating a maximum rate of

about 10.08 kg/ha/yr (-.9-lbs/acre/yr). This rate is much less than the amounts now thought

to cause damage to salt sensitive vegetation.
1 3  The staff concludes that no significant

impacts on, vegetation are likely to occur from cooling tower drift.

Acid mists and acid fly ash due to mergence of cooling tower plumes and the Watts Bar coal-fired

plant stacks were discussed in the FES-CP and it was concluded that effects should be minimal.

The plume from a fossil-fuel plant already contains all of the ingredients needed to cause

acid droplets and acid rain; particulates to act as catalysts; water vapor from the hydrogen

in the fuel; and in cool weather conditions, water droplets from the condensation of the

water vapor. 1 4 For most coal deposits, about 0.5 kg of water vapor is created for each kilogram
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natural-draft cooling tower plume were due mostly to ambient SO2 entrained in the plume and
not to merging of the plant's stack and tower effluents. The applicant has indicated that
routine terrestrial surveillance programs will be expanded to include inspection of vegetation
for any evidence of damage from acid mist and/or acid fly ash. The applicant does not expect
that there will be any significant effects, especially offsite.

Because of limited operating experience under such circumstances, the staff believes it is
prudent to undertake a limited term inspection program because a margin of uncertainty exists
in the foregoing conclusion. The staff's requirement for a limited term operational monitoring
program is given in Section 6.3.6 of this statement.

Operating data from two natural draft cooling towers indicates that to date bird collisions
on cooling towers result in relatively few mortalities each year and that this cannot-be
regarded as a threat to populations at large.15,16 Some uncertainty exists, however, as to
whether significant episodes might occur on cooling towers, as they are known to occur on
tall television or radio towers. In some cases with other tower types, episodic bird kills
may account for hundreds or thousands of mortalities in a single overnight occurrence. This
has not yet been reported for cooling towers. It is the staff's opinion, however, that
enough uncertainty exists on this question to warrant a limited term of surveillance of
cooling towers for the purpose of detecting and reporting episodic occurrences, if any take
place. A bird monitoring requirement is, therefore, given in Section 6.3.6 of this statement.

5.4.1.2 Transmission Lines

Sources of impact associated with operation of transmission lines are (1) ozone production,
(2) induced'electrical currents and electric fields, (3) communications interference, and
(4) corridor maintenance and herbicide use. The evaluation of effects of ozone production,
communications interference; corridor maintenance and herbicide use was covered in the FES-CP.
This evaluation remains valid. The staff includes below its evaluation of induced electrical
currents and electrical fields which was not previously presented for the transmission lines
of the Watts Bar facility.

There is a possibility that electrical fields set up around transmission lines could affect
persons in the field. Studies have been performed by members of the staff of the Johns
Hopkins Hospital to determine whether exposure to electrostatic fields such as those existing
in transmission line substations result in adverse effects on humans, and were reported by
Kouwenhaven, et al. 1 *7 The Kouwenhaven study gives the results of physical and medical examina-
tions of eleven linemen over a period of 42 months during the time they were performing live-
line maintenance work on a 345-kV transmission system. Measurements of currents induced in a
man's body when doing typical work on a 345-kV system such as on transmission towers and in
buckets were reported on. In the former case, the man is grounded while in the electric
field and in the latter, he is at line potential (barehand work). Body currents of 100 to
400 microamperes for the tower work and from 85 to 840 microamperes for barehand work were
measured, depending on degree of bucket shielding used. Field intensities also were determined
at various parts of the bodies for men doing barehand work. These ranged from 0.4 kV/in
(20 kV/m) to 12 kW/in (470 kV/m) at the top of the-head to 0 to 4 kV/in (200 kV/m) at the
knees, depending on whether full or partial bucket shields were used.

As a result of this study, the authors reported that:

"Considering the period of observation (3-1/2 years) and the method of study, it can be
reported that the health of the eleven observed linemen was unchanged by their exposure
to HV lines. Also no evidence of malignancy was found. There was a decrease in the
sperm count of two of the 11 subjects.. The significance of this is not clear and warrants
further study; but no correlation has been found between exposure to HV lines and any
effect on the health of individuals in this investigation. Among the 11 men tested,
there were four who had had many hours of barehand work during the period of this inves-
tigation. Not a single one of these men showed any change in his physical, mental, or
emotional characteristics. Their laboratory studies remained entirely normal. No
evidence was found that an adequately shielded lineman is endangered in anyway by
working barehanded in an. HV AC electric field, within the limits of this study."

Studies of this nature were also carried on in the Soviet Union and their results were reported.
at the 1972 International Conference on Large High Tension Electric Systems, Paris, France, in a
paper by Korobkova, et al.i8 In this study, a systematic medical examination of about 250 persons
working in 500-kV substations for a long time was undertaken. Measurements were also made of field
strengths in various areas where these persons worked in 500-kV substations and similar locations
in 750-kV substations. Field potentials up to 25 kV/m were indicated in the 500kV substations.
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The Korobkova report stated that "the examination showed that long-time work at 500-kV substa-

tions without protective measures results in shattering the dynamic state of the central

nervous system, heart and blood vessel system and in changing blood structure. Young men

complained of reduced sexual potential." It was'also concluded that "the depth of these

functional diseases or troubles directly depends on the time of stay in the field." Criteria

for permissible duration of personnel stay in electric fields were given and ranged from five

minutes per day at 25 kV/m to unlimited time at 5 kV/m.

In a follow-on report by the Johns Hopkins staff members, results were given for the continued

examination of ten of the previously examined lineman who were still employed by the power

companies.1 9 The report covers a period of nine years ending June 1973 during which the men

were examined completely seven times. There were no significant changes of any kind found in

the physical examinations, nor were there any significant abnormalities in any of the labora-

tory studies. No disease states were found that could be in any way related to the exposure

of the men to high-voltage lines.

The investigators were aware of the Russian paper and specifically lookedfor disorders

described in it.. In particular, no disorders in the functional states of the nervous and

cardiosvascular systems of the workers reported by the Russians were found. The report

cautioned, however, that in view of the two diverse populations examined, with entirely

different cultures, working conditions and envirbnments, comparison of the two studies should

be "viewed with great caution." The report of the follow-on examinations, therefore, did not

change the conclusions reached in the earlier study.

A recent Russian paper, discussed during a US/USSR symposium on high voltage transmission

reiterated that extra high voltage (EHV) substation workers had experienced problems. 2 0 In

thisdiscussion the Russians state, "If the exposure is of brief duration, the effect dis-

appears. If the exposure is on an extended daily basis, the effects appear to be cumulative.

but ill effects disappear in one month after removal from exposure." A second Russian paper

stressed that present Russian standards apply only to maintenance personnel working on

electrical installations.21 Standards permitting higher voltage gradients for local popula-

tions and agricultural workers are currently being considered by the Russians since these

populations will be exposed only infrequently.

The staff is not aware of any reported observable effects resulting from exposure to electric

fields radiated from high voltage power lines. The physiological effects reported by the

Russians were observed on workers in EHV substations, not on individuals below transmission

lines.

Currently a number of carefully designed studies of the biological effects of electric fields

are underway and additional studies are planned. These studies are being monitored by the

staff for any resultant guidelines.

The applicant has calculated a maximum electric field strength at one meter above ground for

the 500 kV transmission line connections to the Watts Bar Nuclear Plant of 9.1 kV (RMS)/meter.

Along the edge of the right-of-way, the calculated value of electric field strength at one

meter is 1.75 kV (RMS)/meter.
22

If these gradients occur, using the more conservative Russian study, a man could daily spend

three hours working beneath the lines with no adverse effects. The general public is not

expected to spent significant amounts of time in the tranmifssion line right-of-way corridors.

The line will be designed to meet or exceed the clearance requirements of the National

Electrical Safety Code. In general, the following clearance will be maintained:

Open Ground 35 feet
Secondary Roads 37 feet
Main highways. 40 feet
Foreign lines 20 feet
Railroads 45 feet

The staff has analyzed data on the effects of high voltage electric lines on plants and

animals and has found no evidence to date indicating hazardous effects to plants or animals

from present levels of fields generated from existing transmission line technology. 2 3

Based upon the data summarized above, the staff believes there should be no changes in the

applicant's proposed design.
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Induced currents are unlikely to ignite fuel vapors, but currents capable of shocking people
could be induced in vehicles with6ut grounding straps. Any stationary structure with metal parts
in the riqht-of-way should be grounded by the applicant, especially such objects as metal fences
or rail lines that run -arallel to the right-of-way. In such objects that are ungrounded, shock
causing involuntary muscle reaction may occur, but no permanent physiological harm is likely. 2 4
The staff believes grounding measures will reduce the likelihood 'of shock to a level which is of
no concern. The applicant is committed to investigate during the operational life of the lines,
all reports of induced voltages and use corrective equipment and materials necessary to eliminate
the induced voltages in the right-of-way and off the right-of-way with the permission of the land
owner.

It is the staff's assessment that the 500 kV transmission lines for Watts Bar will not produce a
maximum induced current in excess of 5 milliamperes (RMS) under conditions of maximum line sag
when a large truck or bus under the line is short-circuited to ground. The maximum induced
current of 5 milliamperes is presently being considered as a safety guideline in the proposed
revision of Part 2 of the National Electric Safety Code.

5.4.2 Aquatic Environment

The assessment of impacts on aquatic resources associated with the operation of the Watts Bar
Nuclear Plant are essentially the same as presented in the FES-CP. The data obtained in pre-
operational monitoring (See Section 2.5.2 and Appendix C) provide a baseline for confirmatory
assessment of these potential impacts during plant operation.

Although an entrainment loss estimate for phytoplankton and zooplankton could be made, it is our
conclusion that such an estimate is unnecessary, and probably meaningless, in light of the high
variability in the observed data. The high concentrations in the Watts Bar Dam forebay indicate
a major source of input, which obviates any consideration of possible depletion of these popula-
tions in the site vicinity. Population changes outside the thermal plume mixing zone are not
expected.

Recently acquired data for ichthyoplankton in the vicinity of the Watts Bar site during the 1976
spawning period (See Appendix C, Table C-16) indicate uniform distribution of the early life
stages across a river transect. Therefore, ichthyoplankton entrainment approximates hydraulic
entrainment. TVA has estimated that, for 1976, approximately 0.2 million eggs and 26.8 million
larvae would have been entrained if the plant had been operational. These estimated losses
represent 0.32 percent of the eggs and 1.08 percent of the larvae transported past the Watts Bar
site. Table 5.2 shows the estimated entrainment for each family of fish collected. Only the
freshwater drum (Sciaenidae) was represented in the collection of eggs. Clupeidae, including
gizzard and threadfin shad, contributed approximately 91.5.percent of the total larvae collected.
Freshwater drum and Lepomis spp. larvae contributed 5.5% and 1.9%, respectively. The clupeids,
freshwater drum; and Lepomis are not restricted to the tailrace habitat for spawning success.

The importance of the tailrace as a spawning site for the migratory spawners was not demonstrated
by the 1976 ichthyoplankton data. These taxa represented less than one tenth of one percent of
the total larvae collected. The sauger, Stizostedion canadense, which would be expected to spawn
in the tailrace area, is also one of only two identified host fishes for the glochidial stage of
the endangered mussel, Lampsilis orbiculata. The ichthyoplankton data for the 1976 spawning
season indicates limited abundance of sauger, i.e., only one larva was collected. The other
identified host is the freshwater drum which would have been sustained entrainment losses during
1976 of 0.32% and 0.61% for eggs and 'larvae, respectively.

Based on the one year of ichthyoplankton data, it is concluded that the losses of ichthyoplankton
due to entrainment will be at acceptably low levels and that neither the reservoir fishes nor
endangered mussel will be significantly impacted by such losses. Additional monitoring of the
ichthyoplankton passing the site is needed to assure that the 1976 year was not atypical with
regard to tailrace spawning. Data for 1977 have been collected by the applicant and should be
available for incorporation in the Final Environmental Statement. Data for 1978 will be collec-
ted and presented in the applicant's preoperational monitoring report..

Impingement of fishes at the Watts Bar plant is expected to be minimal due to the low
intake velocity (i.e., maximum near intake openings of about 0.4 feet per second) and limited
make-up water required by the closed-cycle cooling system (i.e., maximum of 0.7% of the average
river flow).

Assessment of- other impacts associated with plant operation as described in TVA's FES remain
valid.

5-8



TABLE 5.2

ESTIrMATED SEASONAL ENTRAINMENT (%) OF FISH FAMILIES,

WATTS BAR NUCLEAR SITE, 1976

Seasonal #s Seasonal #'s Entrainment
Family Transported Entrained (%)

Sciaenid Eggs 6.5575 x 107  2.1457 x 105 0.33

Clupeidae 2.2188 x 109 2.5047 x 10 7 1.13

Cyprinidae 1.1640 x 107 7.7600 x 1O4 0.67

Catostomidae 3.7328 x 105

Ictaluridae 1.3669 x 107  2.5178 x 104 0.18

Percichthyidae 2.4804 x 106 3.8480 x 104  1.55

Centrarchidae 6.2125 x 107 6.3013 x 105 1.01

Percidae 1.6405 x.10 5

Sciaenidae 1.6127 x 108 9.8184 x 105 0.61

Total Eggs 6.8089 x 107 2.1457 x 105 0.32

Total Fish 2.4707 x 109 2.6800 x 107 1.08

From: TVA, Environmental Information, Supplement 1, p. 3-17.
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5.5 RADIOLOGICAL IMPACT

5.5.1 Radiological Impact on Man

The models and consideration for environmental pathways leading to estimates of radiation dose
commitments to individuals are discussed in detail in Regulatory Guide 1.109. Similarly, use of
these models and additional assumptions for population dose estimates are described inAppendix B of this statement.

Exposure Pathways

The envi.ronmental pathways which were considered in preparing this section are shown in Figure
5.1. Estimates were made of radiation doses to man at and beyond the site boundary based on
NRC staff estimates of expected effluents as shown in Tables 3.3 and 3.4, site meteorological
and hydrological considerations, and exposure pathways at the Watts Bar Nuclear Power Station.

Inhalation of air and ingestion of food (and water) containing tritium, C-14, radiocesium and
radioiodine are estimated to account for essentially all of total body radiation dose commit-
ments to individuals and the population within 50 miles of the station.

Dose Commitments from Radioactive Releases to the Atmosphere

Radioactive effluents released to the atmosphere from the'Watts Bar facility will result in
small radiation doses to the public. NRC staff estimates of the expected gaseous and particu-
late releases listed'in Table 3.3 and the site meteorological considerations discussed in
Section 2.4 of this statement and summarized in Table 5.3 were used to estimate radiation doses
to individuals and populations. The results of the calculations are discussed below.

Radiation Dose Commitments to Individuals

The predicted dose commitments to "maximum" individuals at the offsite locations where doses
are expected to be largest are listed in Table 5.4. A maximum individual is assumed to con-
sume well above average quantities of the foods considered (see Table A-2 in Regulatory Guide
1.109). The standard NRC models were used.

Radiation Dose Commitments to Populations

The calculated annual radiation-dose commitments to the population for the year 2000 within
80 km (50 mi.) of the Watts Bar Nuclear Plant from gaseous and particulate releases are pre-
sented in Table 5.5. Estimated dose commitments to the U.S. population are also presented in
this table and were calculated using the average population densities discussed in Appendix B.
Background radiation doses are provided for comparison.

Within 80 km (50 mi.) of the Watts Bar plant site, specific meteorological, populational and
agricultural data for each of 16 compass sectors around the plant were used to evaluate dose.
Beyond 80 km (50 mi.) meteorological models were extrapolated by assuming uniform dispersion of
noble gases and continued deposition of radioiodines and particulates until no suspended radio-
nuclides remained. Dose was evaluated using average population densities and production values.
The doses from atmospheric releases from the Watts Bar facility during normal operation repre-
sent an extremely small increase in the normal population dose from background radiation
sources.

Dose Commitments from Radioactive Liquid Releases to the Hydrosphere

Radioactive effluents released to the hydrosphere from the Watts Bar facility during normal
operation will result in small radiation doses to individuals and populations. NRC staff esti-
mates of the expected liquid releases listed in Table 3.4 and the site hydrological considerations
discussed in Section 2.3 of this statement and summarized in Table 5.6 were used to estimate ra-
diation dose commitments to individuals and populations. The results of the calculations are
discussed below.

Radiation Dose Commitments to Individuals

The estimate dose commitments to individuals at selected offsite locations where exposures- are
expected to be largest are listed in Table 5.7. The standard NRC models given in Regulatory
Guide 1.109 were used for these analyses.

Radiation Dose Commitments to Populations

The estimated population radiation dose commitments to 50 miles for the Watts Bar facility from
liquid releases, based on the use of water and biota from the Chickamauga Reservoir, are shown
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TABLE 5.3

SUMMARY OF ATMOSPHERIC DISPERSION FACTORS AND DEPOSITION

VALUES FOR SELECTED LOCATIONS NEAR THE WATTS BAR NUCLEAR

POWER STATION*

3 RELATIVE 2

LOCATION SOURCE X/Q (sec/m3) DEPOSITION (m

Nearest Site A 7.8.-E-06 1.8 E-08

Land Boundary B 5.0 E-05 7.1 E-08

(0.75 mi. SSE) C 2.0 E-05 2.8 E-08

D 2.7 E-05 2.8 E-08

Nearest Residence A 1.9 E-05 3.8 E-08

and Garden B 3.5 E-05 4.9 E-08

(0.87. mi. SE), C 1.4 E-05 1.9 E-08

0 1.9 E-05 1.9 E-08

Nearest Farm and A 1.8 E-06 7.6 E-09

Milk Animal B 9.9 E-06 1.9 E-08

(1.39 mi. SSW) C 3.6 E-06 6.9 E-09

D 4.4 E-06 6.9 E-09

*The doses presented in the following tables are corrected for radioactive decay

and cloud depletion from deposition, whereappropriate, in accordance with Regulatory
Guide 1.111, "Methods for Estimating Atmospheric Transport and Dispersion of Gaseous
Effluents in Routine Releases from Light Water Reactors," March 1976.

**"Nearest" refers to that type of location where the highest radiation dose is expected

to occur from all appropriate pathways.

Source A is reactor building 24-16 hr. releases/yr.
Source B is waste decay tank 15-8 hr. releases/yr.
Source C is auxiliary building.
Source D is turbine buildinq and air ejector.

/-
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TABLE 5.4 MAXIMUM ANNUAL DOSE CO0MITMENTS TO AN INDIVIDUAL DUE TO GASEOUS AND PARTICULATE EFFLUENTS

DOSE (mrem/yr)

LIVERLOCATION PATHWAY TOTAL BODY GI-TRACT BONE THYROID LUNG SKIN

U,

Nearest*

Residence

(0.87 mi.)

Nearest Milk

Animals

(1.39 mii. SSW)

Nearest* Land

Site Boundary

(0.75 mi. SSE)

Plume

Ground Deposit

Inhalation (adult)

Vegetation (child)

Plume

Ground Deposit

Inhalation (Adult)

Milk (Infant)

Plume

Ground Deposit

Inhalation (Adult)

1.9

0.025

2.4

4.2

0.21

0.010

0.38

0.47

1.0

0.033

2.0

1 .9

0.025.

2.4

4.2

0.21

0.010

0.38

0.47

1 .0

0.033

2.0

1.9

0.025

**

1 .9

0.21

0.010

0.45

1.0

0.033

1 .9

0.025

2.4

4.2

0.21

0.010

0.38

0.50

1.0

0.033

2.0

1 .9

0.025

2.9

4.8

0.21

0.010

0.51

4.8

1.0

0.033

2.7

2.0

0.025

2.4

4.2

0.22

0.010

0.38

0.47

1.1

0.033

2.0

6.1

0.025

2.4

4.1

0.81

0.010

0.38

0.47

3.9

0.040

2.0

*"Nearest" refers to that type of location where the
**Less than 0.01 mrem/yr.

highest radiation dose is expected to occur from~all appropriate pathways.



TABLE 5.5 ANNUAL POPULATION DOSE COMMITMENTS IN THE YEAR 2000

Category

Natural Radiation Background(a)

Watts Bar Nuclear Power Plant Operation
Plant Work Force

General Public (Total)

Noble Gases Submersion

Inhalation

Ground Deposition

Terrestrial Foods

Drinking Water

Aquatic Foods

Recreation

Transportation of Nuclear

Fuel and Radioactive Wastes

Population
50 miles

106,050(b)

9.0

1.7

2.2

*

Dose Commitment (man-rem)
U.S. Population

25,ooo,ooo(c)

1000

65.

3.5

4.0

25.

6

*Less than 1 man-rem/yr
**Included in the U.S. population, since some exposure is received by persons residing

outside 50 mile radius.
(a)"Natural Radiation Exposure in the United States," U.S. Environmental Protection

Agency, ORP-SID 72-1 (June 1972).
(b)Using the average Tennessee state background dose (101 mrem/yr) in (a), and year

2000 projected population of 1,050,000.
(c)Using the average U.S. background dose (102 mrem/yr) in (a), and year 2000 projected

U.S. population from "Population Estimates and Projections," Series II, U.S. Dept.
of Commerce, Bureau of the Census, Series P-25, No. 541 (Feb. 1975).
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TABLE 5.6 SUMIIARY OF HYDROLOGIC TRANSPORT AND DISPERSION FOR LIQUID RELEASES FROM THE
WATTS BAR NUCLEAR PLANT*

LOCATION TRANSIT TIME (Hours)

Nearest Drinking 43
Water Intake (Dayton, Tennessee)

Nearest Sport
Fishing Location (Discharge Plume) 1.0

Nearest Shoreline
(Chickamauga Reservoir) 1.O**

*See RegulatorY Guide 1.112, "Analytical Models for Estimating Radioisotopes Concentrations in

t Different Water Bodies," (1976).

"n **Assumed for purposed of an upper limit estimate.

DILUTION FACTOR

200

66

1.0



LOCATION

Nearest River Water
Use (Dayton, Tennessee)

Nearest Fish
Production

Nearest
Shorel'ine

TABLE 5.7 ANNUAL INDIVIDUAL DOSE COMMITMENTS

PATHWAY TOTAL BODY BONE

Drinking Water ** **

Fish 0.071 0.056
(outfall Area)

Sediments ** **
(Outfall Area)

DUE TO LIQUID EFFLUENTS

DOSE (merm/yr)
LIVER THYROID

0.097 0.019

LUNG

0.011

GI TRACT

0.013

U-'

I.

**Less than 0.01 mrem/yr



in Table 5.5. Dose commitments beyond 50 miles were based on the assumptions discussed in

Appendix B.

Background radiation doses are provided for comparison. The dose commitments from liquid

releases from the Watts bar facility represent small increases in the population dose from

background radiation sources.

Direct Radiation

Radiation from the Facility

Radiationfields are produced in nuclear plant environs as a result of radioactivity contained

within the reactor and its associated components.

Doses from sources within the plant are primarily due to nitrogen 16, a radionuclide produced in

the reactor core. Since the primary coolant of pressurized water reactors is contained in a heav-

ily shielded area of the plant, dose rates in the vicinity of PWR's are generally undetectable

(less than 5 mrem/yr).

Low level radioactivity storage containers outside the plant are estimated to contribute less

than 0.01 mrem/year at the site boundary.

Occupational Radiation Exposure

Based on a review of the applicant's safety analysis report, the staff has determined that the

applicant is committed to design features and operating practices that will assure that individ-

ual occupational radiation doses (occupational dose is defined in 10 CFR Part 20) will be within

the limits of 10 CFR Part 20 and that individual and total plant population doses will be as low

as is reasonably achievable.
2 5 For the purpose of portraying the radiological impact of the

plant operation on all onsite personnel, it is necessary to estimate a man-rem occupation radia-

tion dose. For a plant designed and proposed to. be operated in a manner consistent with 10 CFR

Part 20, there will be many variables which influence exposure and make it difficult to determine

a quantitative total occupational radiation dose for a specific plant. Therefore, past exposure

experience from operating nuclear power stations 2 6 has been used to provide a widely applicable

estimate to be used for all light water reactor power plants of the type and size for Watts

Bar. This experience indicates a value of 50a man-rem per year per reactor unit.

On this basis, the projected occupational radiation exposure impact of the Watts Bar Station,

Units 1 and 2 is estimated to be 1000 man rem per year.

Transportation of Radioactive Material

The transportion of cold fuel to a reactor, of irradiated fuel from the reactor to a fuel repro-

cessing plant, and of solid radioactive wastes from the reactor to burial grounds is within the

scope of the NRC report entitled, "Environmental Survey of Transportation of Radioactive Materials

to and from Nuclear Power Plants." The environmental effects of such transportation are sum-

marized in Table 5.8.

Comparison of Dose Assessment Models

The applicant's site and environmental data provided in the environmental statement 2 7 and in

subsequent answers to NRC staff questions was used extensively in the dose calculations. Any

additional data received which could significantly affect the conclusions reached in this draft

statement will be used in preparing the final statement.

Evaluation of Radiological Impact

The radiological impact of operating the proposed Watts Bar Nuclear Power Plant is presented

in terms of individual dose commitments in Tables 5.4 and 5.7. The annual individual dose

commitments resulting from routine operation of the plant are a small fraction of the dose

limits specified in 10 CFR Part 20. The population dose commitments are small fractions of the

dose from natural environmental radioactivity. As a result, the staff concluded that there

will be no measurable radiological impact on man from routine operation of the Watts Bar plant.

Comparison of Calculated Doses with NRC Design Objectives

Table 5.9 shows a comparison of calculated doses from routine releases of liquid and gaseous

effluents from the Watts Bar plant with the design objectives of, Appendix I to 10 CFR 50. In

order to determine compliance with Section II.D of Appendix I to 10 CFR 50, the staff also

calculated the total body and thyroid dose commitments to the population within 80 km (50 mi.)

of the plant. The doses were estimated at 9.0 man-rem and 12.0 manzthyroid-rem, respectively.
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TABLE 5.8 ENVIRONMENTAL IMPACT OF TRANSPORTATION OF FUEL AND WASTE TO
AND FROM ONE LIGHT-WATER-COOLED NUCLEAR POWER REACTORa

Normal Conditions of Transport

Heat (per irradiated fuel cask in transit) 250,000 Btu/hr
Weight (governed by Federal or Staterestrictions) 73,000 lbs. per truck; 100 tons

per cask per rail car

Traffic density < 1 per day
Rail < 3 per month*

Exposed population Estimated Range of doses Cumulative dose to
number of to exposed exposed population
persons individuals (man-rems per reactor yr)c

(millirems per reactor yr)

Transportation
Worker 200 0.01 to 300 4

General Public
Onlookers 1,100 0.003 to 1.3
Along Route 600,000 0.0001 to 0.06 3

Accidents in transport

Radiological effects Smalld

Common (nonradiological) causes 1 fatal injury in 100 reactor years;
1 nonfatal injury in 10 reactor years;
$475 property damage per reactor year

a Dt
Data supporting this table are given in ,the Commission's Environmental Survey of Transportation
of Radioactive Materials to and from Nuclear Power Plants, WASH-1238, December 1972, and Supp. I,
NUREG 75/038, April 1975.

bThe Federal Radiation Council has recommended that the radiation doses from all sources
of radiation other than natural background and medical exposures should be limited to 5,000,
millirems/year for individuals as a result of occupational exposure and should be limited to
500 millirems/year for individuals in the general population. The dose to individuals due to
average natural background radiation is about 102'millirems/year.

c Man-rems is an expression fo'r the summation of whole-body doses to individuals in a group.
Thus, if each member of a population group of 1,000 people were to receive a dose of 0.001
rem (I millirem), or if 2 people were to receive a dose of 0.5 rem (500 millirems) each, the
total man-rem in each case would be 1 man-rem.

dAlthough the environmental risk of radiological effects stemming from transportation accidents
is currently incapable of being numerically quantified, the risk remains small regardless of
whether it is being applied to a single reactor or 'a multireactor site.
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TABLE 5.9 MAXIMUM COMPARISON OF CALCULATED DOSES TO AN INDIVADUAL FROM
WATTS BAR OPERATION WITH APPENDIX I DESIGN OBJECTIVES

APPENDIX I
DESIGN OBJECTIVE

CALCULATED
DOSESCRITERION

Liquid Effluents

Dose to total body from
all pathways

Dose to any organ from
all pathways (Adult-Liver)

Noble Gas Effluents (at site boundary)

Gamma dose in air

Beta dose in air )

Dose to total body of an
individual

Dose to skin of an
individual

Radioiodines and Particulatesb

Dose to any organ from all
pathways (Child-Thyroid)

3 mrem/yr

10 mrem/yr

10 mrad/yr

20 mrad/yr

5 mrem/yr

15 mrem/yr

0.10 mrem/yr

0.097 mrem/yr

0.80 mrad/yr

3.1 mrad/yr

0.90 mrem/yr

3.1 mrem/yr

3.4 mrem/yr15 mrem/yr

aAppendix I Design Objectives from Sections II.A, imB, II.C of Appendix 1, 10 CFR Part 50;

considers doses to maximum individual per reactor unit. From Federal Register V. 40, p.
1942, May 5, 1975.

bCarbon-14 and tritium have been added to this category.
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A detailed discussion of the staff's cost-benefit analysis for radioactive waste treatment and
effluent release systems is presented in Section 3.2.3 of this statement.

5.5.2 Radiological Impacts on Biota Other Than Man

Depending on the pathway and the radiation source, terrestrial and aquatic biota will receive
doses approximately the same or somewhat higher than man receives. Although guidelines have
not been established for acceptable limits for radiation exposure to species other than man,
it is generally agreed that the limits established for humans are also conservative for other
species. Experience has shown that it is the maintenance of population stability that is
crucial to the survival of a species, and species of most ecosystems suffer rather high
mortality rates from natural causes. While the existence of extremely radiosensitive biota
is possible and while increased radiosensitivity in organisms may result from environmental
interactions with other stresses (e.g., heat, biocides, etc.), no biota have yet been dis-
covered that show a sensitivity (in terms of increased morbidity or, mortality) to radiation
exposures as low as those expected in the area surrounding the Watts Bar Nuclear Power Plant.
Furthermore, in all the plants for which an analysis of radiation exposure to biota other
than man has been made, there have been no cases of exposures that can be considered signifi-
cant in terms of harm to the species, or that approach the exposure limits to members of the
public permitted by 10 CFR Part 20.28 Since the BEIR Report 2 9 concluded that the evidence
to date indicates that no other living organisms-are very much more radiosensitive than man,
no measurable radiological impact on populations of biota is expected as a result of theroutine operation of this plant.

5.5.3 Environmental Effects of the Uranium Fuel Cycle

On March 14, 1977, the Commission presented in the Federal Register (42 FR 13803) an interim
rule regarding the environmental considerations of the uranium fuel cycle. It is effective
through September 13, 1978 and revises Table S-3 of Paragraph (e) of 10 CFR § 51.20.* In a
subsequent announcement (43 FR 15613) on April 14, 1978, the Commission further amended Table
S-3 to clarify that the table does not cover (1) estimates of radon released and (2) health
effects. The revised table is shown here as Table 5.10. The interim rule reflects new and
updated information relative to reprocessing of spent fuel and radioactive waste management
as discussed in NUREG-0116, Environmental Survey of the Reprocessing and Waste Management
Portions of the LWR Fuel Cycle, and NUREG-0216 which presents staff responses to comments on
NUREG-0116. The rule also considers other environmental factors of the uranium fuel cycle,
including mining and milling, isotopic enrichment, fuel fabrication, and management of low
and high level wastes. These are described in the AEC report WASH-1248, Environmental Survey
of the Uranium Fuel Cycle.

Specific categories of natural resource use are included in Table S-3 of the interim rule.
These categories relate to land use, water consumption and thermal effluents, burial of
transuranic and high and low level wastes, and radiation doses from transportation and occu-
pational exposures. The table includes the radiation dose to the U.S. population resulting
from gaseous and liquid effluents. The contributions in Table S-3 for reprocessing, waste
management, and transportation of wastes are maximized for either of the two fuel cycles
(uranium only and no recycle), that is, the cycle that results in the greater impact is used.

The following assessment of the environmental impacts of the fuel cycle as related to the
operation of the proposed project is based on the values given in Table S-3 and the staff's
analysis of the radiological impact from radon releases. For the sake of consistency, the
analysis of fuel-cycle impacts has been cast in terms of a model 1000 MWe light-water-cooled
reactor (LWR) operating at an annual capacity factor of 80%. In the following review and
evaluation of the environmental impacts of the fuel cycle, the staff conclusions would not
be altered if the analysis were to be based on the net electrical power output of the pro-
posed project.

*A notice of final rulemaking proceedings was given in the Federal Register of May 26,
1977 (42 FR 26987) that calls for additional public comment before adoption or final
modification of the interim rule.
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5-21

mum effect per annual fuel requirement or reference reactor year of model 1,000 MWe LWRNatural resource Use Total

Land (acres):
Temporarily committed2 _

-
----------------

Undisturbed area ---------------------------
Disturbed area --------------------------------

Permanently committed .--------------------
Overburden noved (millions of MT).

Water (millions of gallons):
Discharged to air --------------------------------
Discharged tsewater bodies --------------...
Discharged t round- ..............

Total ---------------------------- - - ----------------

Fossil fuel:
Electrical energy (thousands of

megawatt hours).
Equivalent coal (thousands

of MT).
Natural gas (millions of sof) .---------------

Effluents-chemical (MT):
Gases (including entrainment):

3

SO -------------------------------- I ...............
NDýx4 ..............................................

Hydrocarbons- ---------- -----..............
CO -------------------------------------------------
Particulates-................--------...........

Other gases:
F-------------- --------- --------

HOI--- --- ------ ---------------

Liquids:
N03 -- ------------------_-N0

3  -- --.---...........- - - -----------------

Fluoride --------------------------------- ------------
Ca .+ .................... __ .

-
-------

- - -
-------

C ---------------------------------C1 -- . ............... ..............................

NH3 ---------.----------........- - - - - -
--------------

Fe .....................................................

-- 94
-- 73
-- 22

7.1
2.8

-- l 159
-- 11,090

oo 124

- 11,373

321

117

- 124

- 4,400
- 1,190

14
29.6

1,154

- 0.67

0.014

9.9
25.8

- 12.9
5.4

8.5
- •12.1
- 10.0

0.4

Equivalent to 110 MWe coal-fired powerpleant.

Equivalent to 95 tNe coal-fired powaerplant.

=2 pct of model 1.000 MWe LWR with cooling tower.

<4 pct or model 1,000 MWe LWR with once-through cooling.

<O5 pu of model 1,000 MWe LWR output.

Equivalent to the consumption of a 45 MWe coal-fired

powerplant

<10.3 pct of model 1,000 MWe energy output.

Equivalent to emissions from 45 MWe coal-fired plant for a year.

Principally from UF
6 

production, enrichment, and reprocessing. Concentration within range of state standards-

below level that has effects on human health.

From enrichment, fuel fabrication, and reprocessing steps. Components that constitute a potential for adverse

environmental effect are present in dilute c~mcentrations and receive additional dilution by receiving bodies

of water to levels below permissible standards. The constituents that require dilution and the flow of dilu-

tion water are:

NH
3

-600 1t
3

/s.

N0
3

-- 20 ft
3
/s.

Fluoride-370 ftI
3

/s

From mills only-no significant effluents to environment

Principally from mills-no significant effluents to environment.

Preseotly under reconsideration by the Cormission.

Principally from fuel reprocessing plants.

Principally from milling--incduded in tailings liquor and returned to ground no effluents; therefore, no effect on

environment.

From UF6 production.

From fuel fabeication plants-concentration 10 pot of 10 CFR 20 for total processing 26 annual fuel requirements

for model LWR.

9,100 Ci comes from low-level reactor wastes and 1,500 Ci comes from reactor decontamination and decommission-

ing-buried at land burial facilities. 600 Ci comes from mills-included in tailings returned to ground -60 Ci

comes from conversion and spent fuel storage. No significant effluent to the environment.

Buried at Federal repository

<4 pot of model 1,000 MIWe LWR.

Tailings solutions (thousands of MT).
Solids .........................-------- ------ ......

Effluents-raufiological (cries):
Gases (including entrainment):

Rn-222 -..... .................................

Ra-226- - -................................
Th-230------------------- -------- -------------
Uranium ----------.....--- --------
Tritium (thousands)- -------...............
C-14 --------------------------------------- --
Kr-85 (thousands)- -----.-.................
Ru-10 - -- - -------- ---------......
1-129 -------------------------- ......-- - ----
1-131 --------------.- ------------------.. ...
Fission products and transuranics.---

Liquids:
Uranium and daughters -

Ra-226- -------------...............---- ------
Th-230--. ----.--.----.........-
Th-234- ---------------- ------ -------..

Fission and activation prodbuct..----
Solids (buried on site):

Other than high level (shallow).-

TRU and 1-LW (deep)- -----..............
Effluenns-thernral (billions of British

thermal units)
-Transportation (person-rmm): Exposure

of work..s and general public.
Occupational exposure (person-rem)- ----.

240
91,000

0.02
0.02
0.034

18.1
24

400
0.14

1.3
0.830.203

2.1

.0034

.0015

.01

5.9X1006

11,300

1.1X 107
3,462

2.5

22.6 From reprocessing and maste management.

1 In some cases where no entry appears it is clear from the background documents that the matter was addressed and that, in effect, the Table should be read as if a specific aero entry had been

made. However, there are other areas that are not addressed at all in the Table. Table S-3 does not include health effects from the effluents described in the Table, or estimates of releases of

Radon-222 from the uranium fuel cycle. Those issues which are not addressed at all by the Table may be the subject of litigation in individual licensing promeedinga. Data supporting this Table

are given in the "Environmental Survey of the Uranium Fuel Cycle", WASH-1248, April 1974; the "Environmental Survey of the Reprocescing and Waste Management Portions of the LWR

Fuel Cycle". NUREG-0116 (Supp. 1 to WASH-1248); and the "Discussion of Comments Regarding the Environmental Surey of the Reprocessing arid Waste Management Portions of the LWR

Fuel Cycle", NUIfEG-0216 (Supp. 2 to WASH-1248). The contributions from repreaessing, waste management and transportation of wastes ore maximized for either of the 2 fuel cycles

(uranium only and no-recycle). The contribution from transportation excludes transportation of cold fuel to a reactor and of irradiated fuel and radioactive wantes from a reactor which are

considered in Table S-4 of set, 51.20(g). The contributions from the other steps of the fuel cycle are given in columns A-E of Table S-3A of WASH-1248. •
2 The coantributions to temporarily committed leand from reprocessing are not prorated over 30 years, since the complete temporary impact accrues regardless of whether the plant services

1 reactor for 1 yr. or 57 reactors for 30 yrs.3
Estimated effluents based upon combustion of equivalent ceal for power generation.

41.2 Pot. from natural gas use and process.

TABLE 5.10

SUMMARY OF ENVIRONI-MENTAL CONSIDERATIONS FOR THE URANIUM FUEL CYCLE
1

[NORIALIZED TO MODEL LWR ANNUAL FUEL REQUIREMENT (WASH-1248)
OR REFERENCE REACTOR YEAR (NUREG-0016)] -



The staff's analysis and conclusions are as follows:

Land Use

The total annual land requirement for the fuel cycle supporting a model 1000 MWe LWR is about
41 hectares. Approximately 3 hectaresper year are permanently committed land, and 38
hectares per year are temporarily committed. (A "temporary" land commitment is a commitment
for the life of the specific fuel-cycle plant, e.g., mill, enrichment plant, or succeeding
plants. On abandonment or decommissioning, such land can be used for any purpose. "Permanent"
commitments represent land that may not be released for use after plant shutdown and/or de-
commissioning.) Of the 38 hectares per year of temporarily committed land, 29 hectares are
undisturbed and 9 hectares are disturbed. Considering common classes of land use in the U.S.,*
fuel-cycle land-use requirements to support the model 1000 MWe LWR do not represent a
significant impact.

Water Use

The principal water-use equipment for the fuel cycle supporting a model 1000 MWe LWR is that
required to remove waste heat from the power stations supplying electrical en~rgy to the
enrichment step of ýhij cycle. Of the total annual requirement of 43 x 106 m (11,373 x 106
gal), about 42 x 10 m are required for this purpose, assuming that these plants use once-
through cooling. Other waste uses ingol~e the discharge to air (e.g., evaporation losses
in process cooling) of about 0.6 x JO m per year and water discharged to ground (e.g.,
mine drainage) of about 0.5 x 106 m3 per year.

On a thermal effluent basis, annual discharges from the nuclear fuel cycle are about 4% of 3
the model 1000 MWe LWR using once-through cooling. The consumptive water use of 0.6 x lOU m
per year is about 2% of the model 1000 MWe LWR using cooling towers. The maximum consumptive
water use (assuming that all plants supplying electrical energy to the nuclear fuel cycle
used cooling towers) would be about 6% of the model 1000 MWe LWR using cooling towers.
Under this condition, thermal effluents would be negligible. The staff finds that these
combinations of thermal loadings and water consumption are acceptable relative to the water
use and thermal discharges of the proposed project.

Fossil Fuel Consumption

Electrical energy and process heat are required during various phases of the fuel-cycle
process. The electrical energy is usually produced by the combination of fossil fuel at
conventional power plants. Electrical energy associated with the fuel cycle represents
about 5% of the annual electrical power production of the model 1000 MWe LWR. Process heat
is primarily generated by the combustion of natural gas. This gas consumption, if used to
generate electricity, would be less than 0.3% of the electrical output from the model plant.
The staff finds that the direct and indirect consumption of electrical energy for fuel-cycle
operations are small and acceptable relative to the net power production of the proposed
project.

Chemical Effluents

The quantities of chemical, gaseous, and particulate effluents with fuel-cycle processes are
given in Table S-3. The principal species are SOx, NOx, and particulates. Based on data in
a Council on Environmental Quality report,** the staff finds that these emissions constitute;
an extremely small additional atmospheric loading, in comparison with these emissions from the
stationary fuel-combustion and transportation sectors in the U.S., i.e., about 0.02% of the
annual national releases for each of these species. The staff believes such small increases
in releases of these pollutants are acceptable.

*A coal-fired power plant of 1000 MWe capacity using strip-mined coal requires the
disturbance of about 81 hectares per year for fuel alone.

**The Seventh Annual Report of the Council on Environmental Quality, September 1976.
Figures 11-27 and 11-28, pp. 238-239.
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Liquid chemical effluents produced in fuel-cycle processes are related to fuel-enrichment,
-fabrication, and -reprocessing operations and may be released to receiving waters. These
effluents are usually present in dilute concentrations such that only small amounts of dilution
water are required to reach levels of concentration that are within established standards.
Table S-3 specifies the flow of dilution water required for specific constituents.
Additionally, all liquid discharges into the navigable waters of the United States from plants
associated with the fuel-cycle operations will be subject to'requirements and limitations
set forth'in an NPDES permit issued by an appropriate state or Federal regulatory agency.

Tailings solutions and solids are generated during the milling process. These solutions and
solids are not released in quantities sufficient to have a significant impact on the
environment.

Radioactive Effluents

Radioactive effluents estimated to be released to the environment from reprocessing and waste
management activities and certain other phases of the fuel-cycle process are set forth in
Table.S-3., Using these data, the staff has calculated the 100-year'involuntary environmental
dose commitment* to the U.S. population. These calculations estimate that the overall
involuntary total body gaseous dose commitment to the U.S. population from the fuel cycle
(excluding reactor releases and the dose commitment due to radon-222) would be approximately
400 man-rem per year of operation of the model 1000 MWe LWR. Based on Table S-3 values,
the additional involuntary total body dose commitment to the U.S. population from radioactive
liquid effluents due to all fuel-cycle operations other than reactor operation would be
approximately 100 man-rem per year of operation. Thus, the estimated involuntary 100-year
environmental dose commitment to the U.S. population from radioactive gaseous and liquid
releases due to these portions of the fuel cycle is approximately 500 man-rem (whole body)
per year of operation of the model 1000 MWe LWR.

At this time Table S-3 does not address the radiological impacts associated with radon-222
releases. Radon is released during mining and milling operations, and is emitted from mill
tailings. The staff has determined that releases from these operations for each year of

operation of the model 1000 MWe LWR are as follows:

Mining: 3 7  4060 Ci

Milling and Tailings: 38 (during active milling) 780 Ci

Inactive Tailings: 3 8 (prior to stabilization) 350 Ci

Stabilized Tailings: 38 (several hundred years) 1-to-lO Ci/yr

Stabilized Tailings: 38 (after several hundred years) 110 Ci/yr

The staff has calculated population-dose commitments for these sources of radon-222 using
the RABGAD computer code described in NUREG-0002 Section IV.J Appendix A.4 0 The results of
these calculations for mining and milling activities prior to tailings stabilization are
as follows:

Estimated 100-Year Environmental Dose
Commitment (man-rem) per Year of

Radon-222 Releases Operation of the Model 1000 MWe LWR
Lung (bronchial

Total Body Bone epithelium)

Mining 4100 Ci 100 2800 2300

Milling and active
tailings 1100 Ci 29 750 620

Total 140 3600 2900

*The environmental dose coniidtment (EDC) is the integrated population dose for 100 years -

i.e., it represents the sum of the annual population doses for a total of 100 years. The

population dose varies with time, and it is not practical to calculate this dose for every

year.
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When added to the 500 man-rem total body dose commitment for the balance of the fuel cycle, the
overall estimated total body involuntary 100-year environmental dose commitment to the U.S.
population from the fuel cycle for the model 1000 MWe LWR is approximately 640 man-rem. Over
this period of time, this dose is equivalent to 0.00002% of the natural background dose of
about 3,000,000,000 man-rem to the U.S. population.*

The staff has also considered health effects associated with the releases of radon-222, con-
sidering both the short-term effects of mining, milling and active tailings, and the long-term
effects from stabilized tailings. Dose to the bronchial epithelium was used as the standard
of comparison. As noted, this dose for mining, milling and active tailings is approximately
2900 man-rem per year of operation of the model 1000 MWe LWR. For long-term radon releases
from stabilized tailings, the staff has assumed that these tailings would emit, per year of
operation of the model 1000 MWe LWR, 1 Ci/yr for 100 years, 10 Ci/yr for the next 400 years,
and 100 Ci/yr for periodt beyond 500 years. With these assumptions, the cumulative radon-
222 release from stabilized tailings piles per year of operation of the model 1000 MWe LWR
will be 100 Ci in 100 years and 53,800 Ci in 1000 years.43 The bronchial epithelium dose
commitments for these two periods are 56 and 30,000 man-rem, respectively.

Using a risk estimator of 22.2 cancer deaths per million man-rem lung exposure, the estimated
risk of lung cancer mortality due to mining, milling and active tailings emissions of radon-222
would be 0.065 cancer fatalities per year of operation of the model 1000 MWe LWR. When the
risk due to radon-222 emissions from stabilized tailings is added, the estimated risk of lung
cancer mortality over a 100 year period is estimated to be 0.066 cancer fatalities per year
of operation of the model 1000 MWe LWR and, similarly, a risk of 0.74 cancer fatalities over
a 1000-year period. When all other risks of cancer mortalities (e.g., bone cancer) are con-
sidered, the overall risks of cancer fatalities per year of operation of the model 1000 MWe'
LWR are as follows:

0.11 fatalities for a 100-year period

0.19 fatalities for a 500-year period

1.2 fatalities for a 1000-year period.

To illustrate: A single model 1000 MWe LWR operating at an 80% capacity factor for 30 years
would be predicted to induce 3.3 cancer fatalities in 100 years, 5.7 in 500 years, and 36 in
1000 years as a result of releases of radon-222.

These doses and predicted health effects have been compared with those that can be expected
from natural-background emissions of radon-222. Using data from the National Council on
Radiation Protection (NCRP),44/ te average radon-222 concentration in air in the contiguous
United States is about 150 pCi/m , which the NCRP estimates will result in an annual dose to
the bronchial epithelium of 450 mrem. For a stabilized U.S. population of 300 million,
this represents a total dose commitment of 135 million man-rem per year. Using the same risk
estimator of 22.2 lung cancer fatalities per million man-rem used to predict cancer fatalities
for the model 1000 MWe LWR, estimated lung cancer fatalities alone from background radon-222
in the air can be calculated to be 3000 per year. Against this background, the staff concludes
that both the dose commitments and health effects of the uranium fuel cycle are insignificant
when compared to dose commitments and health effects to the U.S. population resulting from
natural background radiation sources.

Radioactive Wastes

The quantities of buried radioactive waste material (low-level, high-level, and transuranic
wastes) are specified in Table S-3. For low-level wastes, disposal at land burial facilities,
the Commission notes in Table S-3 that there will be no significant radioactive releases to
the environment. For high-level and transuranic wastes, the Commission notes that these are to
be buried at a Federal Repository, and that no release to the environment is associated with
such disposal. NUREG-0116, which provides background and context for the high-level and
transuranic Table S-3 values established by the Commission, indicates that these highj-level
and transuranic wastes will be buried and will not be released to the biosphere. 38  No
radiological environmental impact is anticipated from such disposal.

*Based on an annual average natural background individual dose commitment of 100 mrem and
a stabilized U.S. population of 300 million.
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Occupational Dose

The annual occupational dose attributable to all phases of the fuel cycle for the model 1000

MWe LWR is about 200 man-rem. The staff concludes that this occupational dose will not have a

significant environmental impact.

Transportation

The transportation dose to workers and the public is specified in Table S-3. This dose is small

and is not considered signiffcant in comparison to the natural background dose.

Fuel Cycle

The data provided in Table S-3 and the staff's analyses do not depend on the selected fuel cycle

(no recycle or uranium-only recycle), since the maximum recycle option impact has been assumed

for each element of the fuel cycle. Thus, the staff's conclusions as to acceptability of the

environmental impacts of the fuel cycle are not affected by the specific fuel cycle selected.

5.6 SOCIOECONOMIC IMPACTS

Plant operation, which will reach full scale in'1980, will employ 200 operators. The projected

annual payroll for 1980 is $4.1 million in 1980 dollars. 30 It is expected that the residen'tial

distribution of operators for the facility will be similar to that of the Watts Bar Steam Plant's

200 operators with a projected minimum of 53% of the operators residing within 20 miles of the

site. 3 1 Affected communities will include Spring City (pop. 1,902),.Dayton (pop. 4,278),

Decatur (pop. 807), and Athens (pop. 12,685). It is improbable that there will be any signifi-

cant population influx directly associated with operation, as many of the new jobs required in

the operation and maintenance of the plant will be filled by persons already permanently residing

in the area.

The communities which experienced population growth due to the construction of Watts Bar will

see some decline in population as the construction phase nears completion. This will be most

evident in areas with transient housing such as apartments and mobile home park development.

According to one state official, local merchants are anticipating a decline in business activity

due to construction wind down. 32 The exodus of construction labor will occur gradually over

four years with the decline in population being offset by the inmovement of operators, the

increased industrialization and its associated populations, and the growth of small resorts in

the area.

TVA projects expenditures of approximately $100,000 per year on purchases in the local area

during operation. These expenditures will be widely dispersed and are not likely to have

significant impact in any one area.

TVA average annual in-lieu-of-tax payments over the life of the plant are estimated to be

$7 million. The State of Tennessee will receive an allocation of approximately $4.2 million

annually from the total. An additional $4.9 million average annual total is estimated to

accrue to state and local governments from tax and tax equivalent payments by local :distribu-

tors of TVA power. 33

Benefits accruing to the area from plant operation include the creation of 200 new permanent

jobs~with an average annual payroll of $4.2 million, allocation of in-lieu-of-tax payments, and

increased local personal income created by local spending by plant personnel. No significant

adverse social or economic effects are anticipated from plant operation.

Secondary benefits will accrue to the area from plant operation. These benefits include 200

new jobs required to operate and maintain the plant and an estimated $4.2 million annual payroll.

There will be increased local personal income created by local spending by plant personnel. At

least half the operators are expected to live within a 20 mile radius of the facility. The

local areas will benefit from the redistribution of a percentage of the $4.2 million annual

in-lieu-of-tax payments allocated to Tennessee from the sale of electricity generated by the.

Watts Bar plant, in addition to tax and tax equivalent payments paid by distributors of TVA

power to State and local governmental units which are approximately $4.9 millionannually.

No significant adverse social or economic effects'are anticipated from plant operations.

5-25



REFERENCES FOR SECTION 5

1. Tennessee Valley Authority, Final Environmental Statement for Watts Bar Nuclear Plant
Units 1, 2 and 3, Chattanooga, Tennessee, November 9, 1972. pp. 2.6-2, 2.6-3.

2. Tennessee Valley Authority, Environmental Information, Watts Bar Nuclear Plant, Units 1
and 2, Supplement 1, May 9, 1977, p. 4-21.

3. Adams, E. E., "Submerged Multiport Diffusers in Shallow Water With Current," Masters
Thesis, Department of Civil Engineering, Massachusetts Institute of Technology, Cambridge,
Massachusetts, May 1972.

4. Jirka, G., and D. R. F. Harleman, "The Mechanics of Submerged Multiport Diffusers for
Buoyant Dischargers in Shallow Water," Ralph M. Parsons Laboratory Report No..169,
Mlassichusetts Institute of Technology, Cambridge, Massachusetts, March 1973.

5. Ungate, C.D. and E. E. Driver, "Effect of Orientation to Flow Direction on Diffuser-
Induced Dilution and Plume Structure in a Shallow River," Water Systems Development
Branch, TVA Division of Water Management, presented at the XVII Congress of the Interna-
tional Association for Hydraulic Research, Baden-Baden, Germany, August 1977.

6. Op. cit. Ref. 3, Response to Question 4.5.

7. Quality Criteria for Water, USEPA, Washington, D.C., July 1976.

8. Op. cit Ref. 1, p. 2.5-16.

9. Tennessee Valley Authority, Environmental Information, Watts Bar Nuclear Plant, Units 1
and 2, 1976, p. B-40.

I'0. NPDES Standard Form C Application for Discharge Permit as amended by letter from
P. Krenkel, TVA, to H. Zeller, EPA, June 27, 1977.

11. Op. cit. Ref. 2, p. 4-29.

12, Op cit.- Ref. 9, p. B-6.

13. Maryland Power Plant Siting Program Cooling Tower Effects on Nature Perennial Vegetation,
Water Resources Research Center, University of Maryland, April 1976.

14. J. E. Carson. Atmospheric Impacts of Evaporative Cooling Tower. Argonne National
Laboratory. Argonne, IL. October 1976.

15. Annual Operating Report. Three Mile Island. Submitted to NRC.

16. Annual Operating Report. Davis Bessee. Submitted to NRC.

17. W. B. Kouwenhoven, et al. "Medical Evaluation of Man Working' in AC Electric Fields,"
IEEE Transactions on Power Apparatus and Systems, Vol. PAS-86, No. 4, April 1967.

18. V. P. Korobkova, et. al. "Influence of the Electric Field in 500- and 750 kV Switchyards
on Maintenance Staff and Means for its Protection," Paper 23-06, International Conference
on Large High Tension Electric Systems, 25 August - 6 September 1972.

19. M. L. Singewald, et al. "Medical Follow-up Study of High Voltage Linemen Working in AC
Fields," IEEE Power Engineering Society Transactions, New York Meeting, 28 January 1973.

20. "Joint American-Soviet Committee on Cooperation in the Field of Energy," Discussion of
Papers presented at the Symposium on EHV AC Power Transmission. U.S. .D'epartment of
Interior, Bonneville Power Administration, Washington, D.C. February 1975.

21. Y. I. Lyskov, Y. S. Emma, and M.D. Stolyarov, "Electrical Field as a Parameter Considered
in Designing Electric Power Transmission of 750-1150 kV; the Measuring Methods, the Design
Practices and Direction of Further Research," US-USSR Symposium on EHViI AC Power Trans-
mission, Bonneville Power Administration, Washington, D.C. February 1975.

5-26



22. Op. Cit. Ref. 3.

23. J. W. Bankoski, A. B. Graves, and G. W. Meku. "The Effects of High Voltage Electric Lines
on the Growth and Development of Plants and Animals." Proceedings of the First National
Symposium on Environmental Concerns in Right-of-Way Management, Mississippi State
University, 1976.

24. L. 0. Barthold, et al., "Electrostatic Effects of Overhead Transmission Lines," IEEE
Working Group on Electrostatic Effect of Transmission Lines, Paper No. TP 644-PWR,
August 1971.

25. 10 CFR Part 20, Standards for Protection Against Radiation.

26. Occupational Radiation Exposure to Light Water Cooled Reactors NUREG 75/032, 1969-1974
(June 1975).

27. Op. Cit., Ref. 1.

28. B. G. Blaylock and J. P. Witherspoon, "Radiation Doses and Effects Estimated for Aquatic
Biota Exposed to Radioactive Releases from LWR Fuel-Cycle Facilities," Nucl. Safety 17:351
(1976).

29. The Effects on Populations of Exposure to LowLevels of Ionizing Radiation, (BEIR Report),
NAS;NRC, Washington, D.C., 1972.

30. Tennessee Valley Authority, Supplement No. 3 to Watts Bar Nuclear Plant Environmental
Information, Response to Question 9.2.

31. Op. Cit. Ref. 3, p. 6-3.

32. Telephone interview with John Moeller, Regional Director, Tennessee State Planning Office,
Southeast Tennessee Region, July 15, 1977.

33. Op. Cit., Ref. 33, Response to Question 9.4(a).

34. Tennessee Valley Authority, Effects of Watts Bar Nuclear Plant and Watts Bar Steam Plant
Discharges on Chickamauga Lake Water Temperature, WM28-l-85-00, Norris, Tennessee,
February 1977, p. 30.

35. Op. Cit., Ref. 9, p. 1.1-13.

36. Op. Cit., Ref. 2, p. 4-18.

37. U.S. Atomic Energy Commission, Environmental Survey of the Uranium Fuel Cycle, WASH-1248,
April 1974.

38. U.S. Nuclear Regulatory Commission, Environmental Survey of the Reprocessing and Waste
Management Portions of the LWR Fuel Cycle, NUREG-0116 (Supplement 1 to WASH-1248),
October 1976.

39. U.S. Nuclear Regulatory Commission, Public Comments and Task Force Responses Regarding
the Environmental Survey of the Reprocessing and Wastes Management Portions of the LWR
Fuel Cycle, NUREG-0216 (Supplement 2 to WASH-1248), March 1977.

40. U.S. Nuclear Regulatory Commission, Final Generic Environmental Statement on the Use of
Recycle Plutonium in Mixed Oxide Fuel in Light-Water-Cooled Reactors, NUREG-0002,
August 1976.

41. U.S. Nuclear Regulatory Commission, In the Matter of Duke Power Company (Perkins Nuclear
Station) Docket No. 50-488, Testimony of R. Wilde, filed April 17, 1978.

42. U.S. Nuclear Regulatory Commission, In the Matter of Duke Power Company (Perkins Nuclear
Station) Docket No. 50-488, Testimony of P. Magno, filed April 17, 1978.

43. U.S. Nuclear Regulatory Commission, In the Matter of Duke Power Company (Perkins Nuclear
Station) Docket No. 50-488, Testimony of R. Gotchy, filed April 17, 1978.

44. National Council on Radiation Protection and Measurements, Publication 45, (1975).

5-27



6. ENVIRONMENTAL MONITORING

6.1 RESUME

Preoperational and operational monitoring programs have been evaluated. The preoperational
monitoring programs are discussed in Section 6.2 and include meteorology, NPDES related water
quality studies, groundwater monitoring, terrestrial and aquatic ecological studies and radio-
logical monitoring, which the applicant began conducting in December 1976. The operational
monitoring programs are discussed in Section 6.3. The operational meteorological and radio-
logical monitoring programs will be extensions of the preoperational programs. *Limited opera-
tional water quality and effluent monitoring would be performed in conjunction with biological
monitoring and NPDES permit requirements. The aquatic monitoring program will include baseline
studies on adult fish populations in the vicinity of the site. The staff also requires addi-
tional ichthyopl~ankton data-t6oprovide an estimate of the annual variation in use of the Watts
Bar Dam tailrace area by migratory spawners. Operational terrestrial monitoring will be re-
quired, for three aspects of potential impact: cooling tower drift and plume interaction with
Watts Bar Steam Plant; bird collisions with cooling towers; and maintenance of transmission
lines.

6.2 PREOPERATIONAL MONITORING PROGRAMS

6.2.1 Preoperational Onsite Meteorological Program

In June 1971, a temporary 40-meter (130-foot) tower was installed about 800 meters (0.5 miles)
west-southwest of the Unit 1 reactor building location at the Watts Bar site. Temperature,
wind direction, and wind speed were measured at the 10-meter (30-foot) and 40-meter (130-foot)
levels. In May 1973 the permanent onsite meteorological measurements tower became operational.
Its location is about 800 meters (0.5 miles) south-southwest of the Unit 1 reactor building
location. Wind speed and direction are mea'sured at the 10-meter (30-foot), 46-meter (150-foot)
and 91-meter (300-foot) levels. Temperature measurements are made at 1, 10, 46, and 91 meters
(4, 30, 150, and 300 feet, respectively). Dew point, solar radiation, atmospheric pressure,
and rainfall' are measured at one meter (four feet). Dew point sensors are also operational at
the l-, 10-, and 91-meter (4-, 30-, and 300-foot) levels.' The current onsite meteorological
program at the Watts Bar site meets the recommendations and intent of Regulatory Guide 1.23.

6.2.2 Preoperational Water Quality Studies

The preoperational monitoring program conducted by TVA gave adequate attention to water quality.
Because of the limited impact of the station on water quality, extensive additional preoperational
water quality studies should not be required, other than those routinely performed to support
analysis of biotic sampling.

6.2.3 Preoperational Groundwater Monitoring

There were six preoperational groundwater monitoring wells. The data collected from these
wells are provided in Reference 2. These data confirm the applicant's statement in the construc-
tion permit stage Environmental Statement that the groundwater gradient slopes toward the
Chickamauga Reservoir.

6.2.4 Preoperational Aquatic Biological Monitoring

The applicant's program for preoperational monitoring ofaquatic biota (non-fish) was implemented
in February 1973 and is scheduled for continuation through 1977. Results will be described in
the applicant's preoperation report which is scheduled for completion in November1978. Baseline
ichthyoplankton data have been collected during 1976 and 1977 with additional data to be obtained
during the 1978 spawning season. Baseline monitoring of adult fish populations in the vicinity
of the plant was initiated in March 1977 and will continue through September 1978.

This section addresses those elements of the program not previously described in Section 2.5.2
or Appendix C and concludes with the staff's evaluation of the overall program.
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Periphyton

The periphyton community is sampled using artificial substrates, i.e., plexiglass plates, set

for two 2-week colonization periods during the summer months. Sample treatment includes

composition analysis and enumeration of periphytic algae (Average number of cells per cm2 of

slide). Additionally, the relative "health" of the community is analyied in terms of the

autotrophic index (AI):

AI = Ash-free organic weight (mg/m
2 )

Chlorophyll a (mg/mr)

High values of AI indicate greater production by the heterotrophic component of the periphytic

community, made up of bacteria, fungi, algae, protozoans, rotifers and other small animals.

Lower values would indicate greater production by the autotrophic component, i.e., the algae.

High values suggest that the total community is experiencing some level of stress (e.g.,

turbidity or toxicity).

Results for 1974 through 1976 indicate healthy autotrophic growth with Chrysophyta dominating

the periphyton community in terms of number of genera for each sampling period and highest

relative abundance for all but the Spring 1974 period. This program has been continued

into 1977 with results to be incorporated in TVA's preoperational monitoring report.

Ichthyoplankton

Details and results of the site monitoring for ichthyoplankton during 1976 are described in

Section 2.5.2 and Appendix C. For.the 1977 spawning year, sampling was initiated approximately

one week earlier, i.e., March 16, 1977 vs March 24, 1976. For 1978, sampling will begin around

March 1 to insure the detection of any early spawning by tailwater species such as sauger.

In 1976 sampling design included biweekly collections from March 24 through. September 9 with

samples stratified by time of day (dawn, day, dusk, and night). For 1977-78, the frequency

of collection has been. revised to weekly from the date of initiation through the end of June

and biweekly thereafter into September; stratification within the sampling day (24-hr) has been

reduced from four to two strata, i.e., day and night.

Adult Fish

The following preoperational program has been-initiated by TVA to verify the baseline

condition of the fisheries resources.

1. Objectives and Scope

The objective of this 18-month study (March 1977-September 1978) is to obtain baseline in-

formation on the adult fish populations in the vicinity of Watts Bar Nuclear Plant which is
located in the tailWater of Watts Bar Dam. The program is designed to provide general pop-

ulation data on species composition, relative abundance, reproductive characteristics,-

and movement of dominant species in the affected area. A creel survey will provide addi-

tional information on the sport fish pressure and harvest in the-area.

It is anticipated that these data will verify the condition of the fisheries resources as

discussed in the TVA Watts Bar Final Environmental Impact Statement. At present, no

operational monitoring of thermal effects on fish populations is planned; however, this

decision will be reviewed upon completion of the baseline monitoring program.

2. Description of Sampling Area

The plant is located on the right bank of Chickamauga Reservoir (TRM 528) approximately

two miles downstream from Watts Bar Dam. Two stations will be established. Station A is

located at the plant site and will lie between TRM 527.4 and 528.4. The bottom substrate

along the right bank of this station consists of washed sand with scattered stumps and

constitutes a shallow to deep overbank area. The left bank substrate varies from mainly

rock riprap in the upper reaches of the station to rock and coarse sand in lower portion.
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Station B, located downstream of the plant, will extend from TRM 524.2 to TRM 524.9. The
*lower portion of the right bank consists of a sandy bottom with scattered stumps, and the
water .depth is shallow. The upper section of shoreline consists of a rocky bluff and deep
water. The left bank has a washed sandy bottom with numerous tree stumps in the shallow
areas and drops off quickly to a depth of approximately 12 m.

3. Methods and Procedure

Five fish sampling methods will be used to obtain data on adult fish. populations (i.e.,
gill and hoop netting, electrofishing, shoreline seining,and creel survey). Rotenone
samples will not be taken because suitable coves do not exist near the plant site;

a. Gill Netting

Experimental. gill nets will be used to assess the spatial and temporal distributions
of fish~populations at the two sampling stations:- The nets will be 37.9 m long by
2.4 m. deep and consist of five mesh-size panels.. The mesh sizes will be 1.27 cm.,
2.54.cm., 3.18 cm., 5.08 cm., and 6.55 cm. in consecutive order.

Gill nets will be set perpendicular to shore in pairs approximately 100 m. apart
with the mesh sizes running in opposite directions. A pair will be set on each
bank at both stations A and B and will be fished for a total of four nights every
two months of the study period. The mesh size order of the nets will be reversed
each time they are reset (once each 24-hour-period)'. Information on thenumber of
each species caught in each mesh size will be obtained. Length-weight and gonadal
maturity stage of selected species (sauger., Channel and blue catfish,. white bass,'
white crappie, carp, and largemouth bass) will be'recorded. Gonadal condition
will be designated as immature, mature, ripe, or spent.

b. -Hoop Nets

A-maximum of four hoop nets per station'(two on each bank) will be fished up to four
nights on a bimonthly basis. The nets-will have a mouth diameter of 1.19 m., length
of 4.75 m., and a mesh size of .05 m. with seven hoops and two throats. The number
of each species collected at each-bank will be recorded. Also, lengths, weights,
and maturity stage of selected species will be taken, as described above for gill .
netting.

c. -. Electrofishing'

A boat-mounted electrofishing unit will also be' used in determining the distribution
of adult fish populations in the study area. Samples will be collected onboth left
and right banks of each station. Five, three-minute samples will be taken on each
bank. Samples will always be taken in an upstream direction to maintain a relatively
consistent amount of shoreline fished. Sampling will be conducted one day each month,
and all fish collected will be identifed to species and enumerated. Length-weight
and maturity data on the selected species will also be collected.

d. Shoreline Seining

Six to twelve seine-hauls will be taken onceeach month. A 10.9 m.-.:x 1.8 m. bag
seine or a 3.,6 m..x '1.2 m. minnow seine will be used. Hauls will be made -in overbank
areas and the mouths of ýtreams located between TRM 524 and.TRM 529. Fish will be
identified to species and enumerated.

e. Sport Harvest of Fish

'Primary creel information will be gathered by a full-time creel suryey conducted by
the Tennessee Wildlife Resources Agency on Chickamauga Reservoir. This information

'will be supplemented by a TVA creel clerk.who will interview fishermen~in the power
plant area one day each week. These two sources of information will be combined
to describe the sport fishery pressure and harvest in the Watts Bar Nuclear Plant
area.

Staff Evaluation of Pre-Operation Program .

The applicant's monitoring of the non-fish components of the aquatic biota will provide nearly
five years of baseline data for comparison with operational data. The staff concludes that
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these data are adequate for detecting gross changes due to plant-induced stress, e.g., the
localized change in abundance and species composition of phytoplankton (and possibly zooplank-
ton) in the immediate diffuser mixing zone. The effect on the aquatic biota due to this stress
has been judged insignificant. The selection of stations provides for comparison of upstream
(control) with downstream (potentially stressed) during plant operation.

The applicant's monitoring of the ichthyoplankton will provide three years of baseline data
on abundance and species composition. The earlier start dates in 1977 and 1978, as compared
to the March 24, 1976 start date, should detect the potential activity of the tailrace spawners.
The planned frequency of collections in 1978 might be reconsidered by the applicant based on
the 1977 results, which are presently unavailable for staff review. It may'be advisable to
increase the frequency, e.g., twice per week, following the first collection of specimens
representing the tailrace spawners. Spawning activity for these species may be completed over
a one to two-week period with peak abundance occurring over three to four days. The increased
sampling frequency may be necessary to adequately define the peak spawning period. Onceper
week sampling for the late spring spawners and biweekly sampling for the summer spawners appear
adequate to characterize the activity of warm water species..

The pre-operational monitoring of adult (and juvenile) fish will provide additional information
on spawning activities through identification of gonadal condition for selected species, in-
cluding both cold and warm water spawners. The scope and duration of this program should be
sufficient to identify any unique characteristics of the fish community near the site.

6.2.5 Preoperational Terrestrial Monitoring

The staff requires.a one year preoperational aerial remote survey using color infrared and/or
multispectral or multiband photography.

6.2.6 Preoperational Radiological Monitoring

The applicant began conducting an offsite preoperational radiological monitoring program in
December 1976 to provide for measurement of background radiation levels and radioactivity in
*the plant environs. The preoperational program, which is needed to obtain an effective opera-
tional radiological monitoring program, will also permit the applicant to train personnel and
evaluate procedures, equipment, and techniques.

A summary description of the applicant's program, is presented in Table 6.1. The program descrip-
tion is not intended to be a complete technical specification of the program; monitoring and
analytical techniques are developing and are likely to improve before the program is put into
effect. More detailed information on the applicant's radiological monitoring program is pre-
sented in Section 2.4 of the applicant's final environmental statement, construction permit
stage.

6.3 OPERATIONAL MONITORING

6.3.1 Operational Onsite Meteorological Program

The onsite meteorological program will continue during the operation of the Watts Bar plant.
Vertical-temperature gradient measured between these two levels and between 46 meters (150
feet) and 91 meters (300 feet), and 10-meter (33-foot) temperature and dew point measurements
will be displayed in the reactor control room. 1

6.3.2 Operational Water Quality Studies

Because of the limited impact of the station on water quality as indicated in Section 5.3,
extensive operational water quality studies need not be conducted. Shortly after startup, TVA
should collect enough data in the river to demonstrate that the diffuser performance meets
design objectives as required in the proposed NPDES permit. TVA should also provide a
technical study that correlates operating experience with condenser tubes from, Units 1 and 2
and demonstrates a sufficiently low corrosion/erosion rate to assure protection of aquatic
organisms. This is also required by the proposed NPDES permit.

Some water quality data must be collected in conjunction with biotic sampling. This may be
limited to temperature, pH, dissolved oxygen, and suspended solids. The proposed NPDES permit
requires that TVA submit an operational monitoring program to EPA for review and approval.
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TABLE 6.1

PREOPERATIONAL RADIOLOGICAL PROGRAII

Sample Type Sampliing Frequency Sample Analysis

Air Filter

Rainwater

Continuous collection
change filter weekly

Composi'te monthly
sample

Composi'te monthly
sample

Quarterly collection

Quarterly collection

Gross ý and y - isotopic
analysis; Iodine from
charcoal filter weekly

Gross 9 and y - isotopic
analysis; Sr 89/90 and
H-3 determination

Heavy Particle
Fallout

Gross a

Soil

Vegetation

Pasturage Grass

Milk

River Water

Well Water

Public Water

Monthly

Monthly

Monthly

Monthly

Monthly

Gross 9 and y - isotopic
analysis

Gross 9, a, y - isotopic
analysis, and Sr 89/90
determination

Gross 9, y - isotopic, and
Sr 89/90 determination

y - isotopic and Sr 89/90
determination'

Gross a, Gross a, y -
isotopic, and Sr/ 89/90
and H-3 determination

Gross 9 and y - isotopic
analysis

Gross 9, y - isotopic analysis,
and H-3 determination

Gross 9, y - isotopic.analysis,
Sr 89/90 determination

Gross 9, Gross a, Y - isotopic
analysis, and Sr 89/90
determination

Gross 8, Gross a, y - isotopic
analysis, and Sr 89/90
determination

Gross 9, Gross a, y - isotopic
analysis, and Sr 89/90
determination

)

Gross ', Gross a, y - isotopic
analysis, and Sr 89/90
determination

Food Crops.

Fish

Sediment

Plankton

Benthos

Twice each year

Quarterly

Quarterly

Quarterly

Quarterly

Based on Tables 2.4-4 & 2.4-6 of Applicant's Environmental Statement
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6.3.3 Operational Groundwater Studies

The operational groundwater monitoring program will consist of samples taken from two wells,
one downgradient and one upgradient from the plant. The well downgradient from the plant will
be equipped with an automatic sequential-type sampler from which a composite sample will be
analyzed monthly for radioactivity. The well upgradient from the plant will be used as a
control station,.and at least one sample will be collected from it on a monthly basis. The
final design of this operational monitoring program will be set forth in the Environmental
Technical Specifications.

6.3.4 Operational Chemical'Effluents Monitoring

The effluent monitoring requirements are specified in the draft NPDES permit (see Appendix E).

6.3.5 Operational Aquatic Biological Monitorinq

The applicant has submitted to the EPA a conceptual operational monitoring plan for the
non-fisheries aquatic biota and a proposed operational monitoring plan for impingement and
entrainment of fishes. 3 The two plans include components, the details of which may be.modified
by the applicant upon completion of the pre-operational monitoring report. The detailed
program will be subject to staff review prior to station operation and will be incorporated in
the Environmental Technical Specifications (ETS), as applicable. It should be noted that the
applicant's submittal responds both to the informational needs of the NRC and the EPA through
that agency's NPDES permitting authority. To the extent that the -applicant's operational
monitoring plan as set forth in the NPDES permit satisfies NRC's information needs, such
monitoring requirements will not be duplicated in the ETS. However, duplication in reporting
of program results will likely be required.

The applicant's description of the operational monitoring plans follows:

Section 316(b) Intake Evaluation -. The 316 non-fisheries studies at Watts Bar Nuclear Plant
will include monitoring of the phytoplankton and zooplankton communities during different
hydrological flow regimes with special emphasis during the primary fish spawning period,
April through June. The spatial distribution of the two plankton communities within the
vicinity of the plant will be of primary concern. Such data should provide an estimation
of that portion of the plankton communities being entrained in the condenser cooling waters,
and consequently lost as both viable constituents of the reservoir biota and as an essential
food resource to larval and other planktivorous fishes.

Plankton sampling will be conducted along transects established both upstream from and in
line with the intake basin. Simultaneous hydrological studies will determine the source
of the water entering the condenser cooling water system. These studies will accurately
define the effects of the intake structure on the phytoplankton and zooplankton communities.

Bioaccumulation Studies - The accumulation or biomagnification of chemicals in the tis~sues
of freshwater organisms represents an effective in situ method to evaluate the effect of an
effluent on representative aquatic organisms. Corbicula manilensis (Asiatic clams) and/or
other freshwater mussels will be placed in holding-devices at appropriate stations upstream
and downstream of-Watts Bar Nuclear Plant. In addition, clams or mussels will be placed
specifically within the area of defined mussel beds. After appropriate lengths of time the
clams or mussels will be subsampled and the tissue will be analyzed for selected trace
metals and other appropriate chemical parameters.

This particular methodology was not part of the preoperational monitoring'program; however,
the lack of a data base will not impair the use of this method. The test organisms will be
collected from a source population (i.e., a population with sufficient numbers to assure
the use of a similar gene pool throughout the monitoring program) and the background levels
will be determined. The incubation of the test organisms at the Watts Bar Stations will
permit the exact exposure history to be known and, with appropriate control stations upstream
of Watts Bar Nuclear Plant, parametric statistical techniques can be utilized to determine
effects.
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Supportive Water Quality Monitoring - Concentrations of selected trace metals in the
water will be determined on a minimum basis to support bioaccumulation studies. Additional
instream water quality monitoring is not contemplated, except for analyses which may be
necessary to support ecosystem status biological monitoring.

Ecosystem Status - The use of cooling towers at Watts Bar Nuclear Plant reduces the
environmental concern of thermal effects. The level of effort devoted to instream
ecosystem studies during the pre-operational program is not justifiable in the
operational phase. However, based on the analysis of the pre-operational monitoring
data, "most sensitive" parameters, if they exist, may be identifiable. Based on this
identification, an-appropriate instream biological and associated water quality monitoring
program would be implemented. This program would serve as an indicator of the ecosystem
status which could be compared with the results of the pre-operational program.

Impingement - Fish impingement studies on the intake screens will commence when Watts
Bar Nuclear Plant becomes operational. The number of fish impinged on each intake
screen during a 24-hour period will be determined once each week. At the beginning of the
test period, screens will be cleaned and at the end of the 24-hours, each of the screens
will be individually washed. The impinged fish from each screen will be separated by-
species into 25 mm length classes. The total number and weight for each length class
and species will then be determined.

Entrainment - To determine the spatial and temporal concentrations and distributions of
ichthyoplankton in the vicinity of Watts Bar Nuclear Plant, samples will be taken along
a transect adjacent to the intake at Tennessee River Mile 528.0. Full-stratum samples
will be taken at five equidistantly spaced stations during both day and night. Sampling
will begin on March 1 to assure monitoring of early spawners (e.g., Stizostedion). Samples
will be taken weekly until the end of June when a biweekly schedule will be initiated.

All samples will be taken with an 0.5 m beam net (0.5 mm mesh towed) at 1.0 m/sec in an
upstream direction. 'Flow is recorded with a General Oceanics large-vane flowmeter mounted
in the net mouth. All tows are of 10 minutes duration and filter approximately 150 m3 of
water.

To determine levels of ichthyoplankton entrainment; intake sampling at other TVA plants
has been accomplished using 0.5 m diameter stationary nets suspended in a 3 x 3 array

in front of the intake structure. Unless an improved gear type or sampling design is

developed, this method of intake sampling will be employed at.Watts Bar. Nuclear Plant.
Sampling frequency will be the same as t~ansect sampling and sample duration will be
sufficient to filter approximately 150 m of water through each net.

Staff Evaluation of Plans for Operational Monitoring of Aquatic Biota

The staff finds the applicant's conceptual plan for confirmatory operational monitoring

to be responsive to its informational needs. Details of the plan will be established in

the Environmental Technical Specifications-after coordination with EPA.

6.3.6 Operational Terrestrial Monitoring

Monitoring of the terrestrial environment will be required for three aspects of potential

impact. These are:

(1) effects of cooling tower drift and plume interactions;

(2) effects of bird collisions with the cooling tower; and

(3) maintenance of transmission lines.

6.3.6.1 Cooling Tower Drift and Plume Interaction

The applicant has committed to monitor the potential terrestrial effects of plume interaction

and cooling tower drift from the Watts Bar Steam Plant operation and Watts Bar Nuclear Plant

cooling towers. The proposed program is as follows:
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During the growing season, at least three site visits will be made by qualified TVA
personnel to inspect vegetation for any evidence of damage from acid mist and/or acid
fly ash. Spring has been suggested as the optimum time for inspection.

The staff requires that a limited term aerial remote sensing program be undertaken as part of
the applicant's proposed monitoring program. This program may use color infrared and/or multi-
spectral or multiband photography. This combined program of aerial remote sensing and ground
inspection on an annual basis for a limited term would be highly sensitive in the rapid detec-
tion of any terrestrial effects due to cooling tower drift or plume interactions.

6.3.6.2 Bird Collisions with Cooling Towers

The staff requires a bird monitoring program be designed to detect and report serious episodes
of bird collisions as contrasted with occasional random collisions. The staff recommends a
limited term monitoring program during migratory periods capable of reporting unusual and
important episodes of bird collisions involving 100 or more mortalities in any 24 hour period.

6.3.6.3 Transmission Lines

The applicant is required to submit an annual report on its program for chemical control of
vegetation on transmission line rights-of-way. This report may be submitted in a format similar
to Appendix C of the Volunteer FES .4

6.3.,7 Operational Radiological Monitoring

The operational offsite radiological monitoring program is conducted to measure radiation levels
and radioactivity in plant environs. The program assists and provides backup support to the
detailed effluent monitoring (as required by Regulatory Guide 1.21) which is needed to evaluate
individual and population exposures and verify projected or anticipated radioactivity
concentrations.

The applicant plans essentially to continue the proposed preoperational program during the
operating period, with the exception of a few modifications or additions. Further changes in
the program may be made as necessary to reflect changes in land use or preoperational experience.

Review of the proposed environmental radiological monitoring program by the staff will continue
during the preoperational phase and the details of the required monitoring program will be
incorporated into the Environmental Technical Specifications included as part of the operating
license.
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7. REALISTIC ACCIDENT ANALYSIS

7.1 RESUME

The realistic accident analysis has been updated from that presented 
in the FES-CP using new

projected population figures to the year 2020.

7.2 ENVIRONMENTAL-IMPACT OF POSTULATED ACCIDENTS

A high degree of protection against the occurrence of postulated 
accidents in the Watts Bar

Unit Nos. 1 and 2 will be provided through correct design, manufacture, and operation, 
and the

quality assurance program used to establish the necessary high integrity 
of the reactor system,

as is considered in the Commission's Safety Evaluation. System transients that may occur are

handled by protective systems to place and hold the plant in a 
safe condition. Notwithstanding

this, the conservative postulate is made that serious accidents might 
occur, even though they

may be extremely unlikely; and engineered safety features will be installed to mitigate the

consequences of those postulated events which are judged credible.

The probability of occurrence of accidents and the spectrum of their 
consequences to be con-

sidered from an env .ironmental effects standpoint have been analyzed using best estimates of

probabilities and realistic fission product release and transport assumptions. 
For site evalua-

-tion in our safety review, extremely conservative assumptions are used 
for the purpose of

comparing calculated doses resulting from a hypothetical release of fission products from the

fuel against the 10 CFR Part 100 siting guidelines. Realistically computed doses that would be

received by the population and environment from the accidents.which are postulated are signifi-

cantly less than those presented in the Safety Evaluation Report.

The Commission issued guidance to applicants on September 1, 1971 
requiring the consideration

of a spectrum of accidents with assumptions as realistic as the siate 
of knowledge permits.

The applicant's information has been evaluated using the standard accident 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 Commission. In general, accidents in the

.high potential consequence end of the spectrum have 
a low occurrence rate and those on the low

potential consequence end have a higher occurrence rate. The examples selected by the applicant

for these cases are shown ' in Table 7.1. These examples are reasonably homogeneous in terms of

probability within each class.

Our 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 presented in Table 7.2. Estimates of the integrated exposure that might be delivered to

the population within 50 miles of the site are also presented in Table 
7.2. The man-rem estimate

was based on 'the projected population within 50 miles of the site for 
the year 2020.

To rigorously establish a realistic annual risk, the calcula ' ted doses 
in Table 7.2 would have

to be multiplied by estimated probabilities. The events in Classes 1 and 2 represent occur-

rences which are anticipated during plant operations; 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 failures 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 7.2 are weighted by probabilities, the 
environmental 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. Their consequences could be severe. However, the probability of their occurrence is

judged 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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TABLE 7.1

CLASSIFICATION OF POSTULATED ACCIDENTS AND OCCURRENCES

Class

I.

2.

3.

4.

5.

NRC Description

Trivial' incidents

Small releases outside con-
tainment

Radioactive waste system
failure

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 Safety
Analysis Report

Hypothetical sequence of
failures more severe than
Class 8

Applicant's Examples

Under routine releases.

Under routine releases.

Leakage from waste gas tank, radwaste
secondary tank leakage, release of
waste gas tank contents, and release
of radwaste secondary tank contents.

Not applicable.

Off-design transients that induce fuel
failure above those expected with
steam generator tube leak and
steam generator tube rupture.

Fuel assembly drop and heavy object
drop onto tuel in core.

Fuel assembly drop in fuel storage
pool, heavy object drop onto fuel
rack, and fuel cask drop.

Reactor coolant system pipe breaks,
rod ejection accident, and steam
line breaks outside containment.

Not evaluated.

7.

8.

9.
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TABLE 7.2

SUMMARY OF RADIOLOGICAL CONSEQUENCES OF POSTULATED ACCIDEiNTS'/

Class

1.3

2.0

3.0

3.1

3.2

3.3

4.0

5.0

5.1

Event

Trivial incidents

Small releases outside
containment

Radwaste system tailures

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

Spent fuel handling accident

Fuel assembly drop in fuel
storage pool

Heavy object drop onto fuel
rack

Fuel -ask drop

Estimated Fraction
of 10 CFR Part 20
limit at site
boundary 2 /

3/

3/

Estimated Dose to
Poulation in 50-
Mile Radius, Man-Rem

3/

3/

0.006

0.024

0.002

0.52

0.06

0.215

N.A. N.A.

3/ 3/

5.2

5.3

6.0

6.1

6.2

7.0

7.1

7.2

7.3

0.004

0.028

0.004

0.065

0.040

2.38

0.32

5.25

0.001

0.061

0.061

0.08

0.34

5.15
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TABLE 7.2 (Cont'd)

Estimated Fraction
of 10 CFR Part 20 Estimated Dose to
limit at site Poulation in 50-

Class Event boundary2 / Mile Radius, Man-Rem

3.0 Accident initiation events
considered in design basis
evaluation in the SAR

8.1 Loss-of-coolant accidents
Small break 0.002 0.32
Large break 0.057 27.39

8.1(a) Break in instrument line
from primary system that
penetrates the contain-
ment N.A. N.A.

8.2(a) Rod ejection accident

(PWR)

8.2 (b) Rod drop accident (BWR) N.A.. N.A.

8.3(a) Steamline breaks (PWRs
outside containment)
Small break 0.0001 0.012
Large break 0.0003 0.024

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

1/ The doses calculated as consequences of the postulated accidents are based on airborne
transport of radioactive materials resulting in both a direct and an inhalation dose. Our
evaluation of the accident doses assumes that the applicants environmental monitoring
program and appropriate additional ,onitoring (which could be initiated subsequent to a
liquid release incident detected by in-plant monitoring) would detect the presence of
rad-ioactivity 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.

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

3/ These radionuclides released are considered in developing the gaseous and liquid source
terms presented in Section 3 and are included in the doses in Section 5.

7-4'



surveillance and testing, and conservative design are all applied to provide and maintain a
high degree of assurance that potential accidents in this class are, and will remain, suf-
ficiently small in probability that the environmental risk is extremely low.

The NRC has performed a study to assess more quantitatively these risks. The initial results of
these efforts were made available for comment in draft form on August 20, 19741 and related in
final form on October 30, 1975.2 This study, called the Reactor Safety Study, is an effort to
develop realistic data on the probabilities and consequences of accidents in water-cooled power
reactors, in order to, improve the quantification of available knowledge related to-nuclear
reactor accident priobabilities. The NRC organized a special group of about 50 specialists
under the direction of Professor Norman Rasmussen of MIT to conduct the study. The scope of
the study has been discussed with EPA and described in correspondence with EPA which has been
placed in the NRC Public'Document Room (letter, Doub to Dominick, dated June 5, 1973).

As with all new information developed which might have an effect on the health and safety of
the public, the results of these studies will be assessed within the Regulatory process on
generic or specific bases as may be warranted.

Table 7.2 indicates that the realistically estimated radiological consequences of the postulated
accidents would result in exposures of an assumed individual at the site boundary which are
less than or comparable to those which would result from a year's exposure to the maximum
permissible concentration.(MPC) of 10 CFR Part 20. The table also shows the estimated integrated
exposure of the population within 50 miles of the plant from each postulated accident. Any of
these integrated exposures would be much smaller than that from naturally occurring radioactivity.
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 radiationand, 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 and need not

be considered further.

7-5



REFERENCES FOR SECTION 7

I.. "Reactor Safety Study: An Assessment of Accident Risks in Nuclear Power Plants, Draft,"
WASH-1400, August 1974.

2. "Reactor Safety Study: An Assessment of Accident Risks in U.S. Commercial Nuclear Power
Plants," WASH-1400 CNUREG-75/014), October 1975.

7-6



8. CONSEQUENCES OF THE PROPOSED ACTION

8.1 ADVERSE EFFECTS WHICH CANNOT BE AVOIDED

The staff has assessed the physical, social and economic impacts that can be attributed to
the Watts Bar Nuclear Plant. Inasmuch as the facility is currently under construction,
many of the predicted and expected adverse impacts of the construction phase are evident.
The TVA has committed to a program of restoration and redress of the station site that
will begin at the termination of the construction period. The staff has not identified
any additional adverse effects that will be caused by operation of the station. Consequently,
the operation phase of the plant will consist of restoration and maintenance with the
possibility of enhancing the environs as they existed prior to construction.

8.2 SHORT-TERM USES AND LONG-TERM PRODUCTIVITY

The staff has reevaluated the assessment (FES-CP) of the use of land for the site of the
Watts Bar Nuclear Plant and associated transmission lines and finds that with the exception
of the reduced land requirements and environmental impacts related to the new Watts Bar-
Vol'unteer 500kV line.; there have been no changes since the issuance of the FES-CP. The
presence of this plant in Rhea County, Tennessee will continue to influence the future use
of other land in its immediate environs as well as the continued removal of county land
from agricultural use as the result of any increased industrialization.

8.3 IRREVERSIBLEAND IRRETRIEVABLE COMMITMENTS OF RESOURCES

The staff has evaluated the earlier assessment of this impact and concludes that there has
been no change except for the continuing escalation of costs which have increased the
dollar values of the materials used for constructing and fueling the station.

Uranium is the principal natural resource irretrievably consumed in facility operation.
Other materials consumed, for practical purposes, are fuel-cladding materials, reactor-
control elements, other replaceable reactor core components, chemicals used in processes
such as water treatment and ion-exchanger regeneration, ion-exchange resins, and minor
quantities of materials used in maintenance and operation. Except for the uranium isotopes
U-235 and U-238, the consumed resource materials have wide-spread usage; therefore, their
use in the proposed operation must be reasonable with respect to needs in other industries.
The major use of the natural isotopes of uranium is for production of useful energy.'

In view of limited demand in the alternative uses, quantities of materials in natural
reserves, resources, and gtockpile, the expenditures of s-ch material for the power
facility are justified by the benefits from the electrical energy produced.

8.4 DECOMMISSIONING AND LAND USE

A license to operate a nuclear power plant is issued for a period of forty years, beginning
with the issuance of the construction permit. At~the end of the 40-year period the operator
of a nuclear power plant must renew the license for another time period or apply for termination
of the license and for authority to dismantle the facility anddispose of its components.

3

If, prior to the expiration of the operating license, technical> economic or other factors
are unfavorable to continued operation of the plant, the operator may elect to apply for a
license to operate a nuclear power plant, the applicant must'show that he possesses "or has
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reasonable assurance of obtaining the funds necessary to cover the estimated costs of permanently
shutting the facility down and maintaining it in a safe condition.'.'"4 These activities,.termina-
tion of operation and plant dismantling, are generally referred to as "decommissioning."

NRC regulations do not require the applicant to submit decommissioning plans at the time the
construction permit and operating license is obtained, consequently, no definite plan for the
decommissioning of the station has been developed. At the end of the station's useful lifetime,
the applicant will prepare a proposed decommissioning.plan for review by the Nuclear Regulatory
Commission. The plan will comply with NRC rules and regulations then in effect.

The decommissioning of reactors is not new. Since 1960, five licensed nuclear plants, four dem-
*onstration nuclear power plants, six licensed test reactors, 28 licensed research and 22 licensed
critical facilities have been or are in the process of being decommissioned. 5  The primary
method of decommissioning consists of mothballing, entombing, dismantling, or a combination of
these three alternatives. The three primary methods are defined below in terms of the defini-
tions provided in Regulatory Guide 1.86.6

Mothballing is the process of placing a facility in a nonoperating status. The reactor may be
left intact except that all reactor fuel, radioactive fluids and nonfixed radioactive wastes
such as ion exchange resins, contaminated scrapmaterials and contaminated chemicals are removed.
The exisiting license is amended to'a "possession only" status and continues.in effect until
residual radioactivity decays to levels acceptable for release to-unrestricted access or until
residual radioactivity is removed. The "possession only" license is a reactor facility license
that permits a licensee to possess the facility but prohibits operation of the facility as a
nuclear reactor.

Entombment consists of removing all fuel assemblies, radioactive fluids and wastes followed by
the-sealing of remaining radioactive material within a structure integral with.:the biologi~cal
shield or by some other method to prevent unauthorized access into radiation areas. A program
of inspection, facility radiation surveys and environmental sampling is required for a licensed
facility that has been entombed.

Dismantling is defined as removal, of all fuel, radioactive fluids and waste, and all radioactive
structures. Surface contamination levels have been established in Table 1 of Regulatory Guide
1.86 which must be met prior to termination of the facility license. In addition to meeting
the surface contamination levels, the acceptability of the presence of materials which have
been made radioactive by neutron activation would be evaluated on a case-by-case basis prior to
termination of the license. If the facility owner so desires, the remainder of the reactor
facility may be dismantled and all vestiges removed and disposed of.

For a single nuclear reactor, the mothballing alternative costs about $2.45 million initially
plus an annual maintenance and surveillance cost of $167,000. If a 24-hour manned security
force is not required (e.g., a site with continuing operations) the annual cost could be reduced
to $88,000. Translating these costs into unit cost of generating electricity, the 30-year
levelized unit cost* would be about 0.04 mills/KWh and if a manned security force is not required,
about 0.03 mills/KWh. 7

The entombing alternative costs about $7.58 million initially for a single unit facility plus
an annual maintenance and surveillance cost of $58,000 for the duration of the entombment
period. 7 These costs, when translated to a 30-year levelized unit cost* bases, amount to about
0.06 mills/KWh.

The dismantling alternative for a single nuclear power reactor costs about $26.3 million to
remove the 'radioactive structures associated with NRC requirements for terminating a possession
only license. An additional $4.8 million would be needed to remove the nonradioactive struc-
tures (cooling towers, administrative buildings, etc.) to below grade.. 7 There are no annual
costs associated with this alternative. When the dismantling costs are translated to a 30-year
levelized unit cost* bases, this amounts to about 0.18 mills/KWh.

Combinations of mothballing.and delayed (about 100 years) dismantling have 30-year levelized
unit costs that are about the same as the mothballing alternative costs. Likewise, the costs
for the entombing delayed dismantling combinations are about the same as the entombing cost.
In both instances the annual maintenance cost for mothballing. and entombing alternatives, on a
present value basis, is sufficient to cover all the delayed dismantling cost for the mothballing
alternative and about 80% for the entombing alternative.

*Based on a 1200 MWe generating unit beginning operation in 1958, a capacity factor of 60%, an
escalation rate of 5%, and a discount rate of 10%.
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Although the above costs are for a one-unit station, the savings associated with multi-unit
stations are small, thus the unit cost Cmills/KWh) i's essentially the same for a single unit
station or multi-unit station. For the Watts Bar Nuclear Plant, the decommissioning costs
would be about double that indicated above for all of the decommissioning two unit alterna-
tives.

Studies of social and environmental effects of decommissioning large commercial .power generating

units have not identified any significant impacts. 7

Also, studies indicate that occupational radiation doses can be controlled to levels comparable
to occupational doses experienced with operating reactors through the use of appropriate work
procedures, shielding and remotely controlled equipment. 7

The applicant may retain the site -for power generation purposes indefinitely after the useful
life of the station. Thedegree of dismantlement would be determined by an economic and environ-
mental study involving the value of the*land and crop value versus the complete demolition and
removal of the complex. In any event, the operation will be controlled by rules and regulations
in effect at the time to protect the health and safety of the.public.

Units 1 and 2 of the Watts Bar Nuclear Plant are designed to operate for about 30 years, and
the end of their useful life will be approximately in the year 201-1. The applicant has made no
firm plans for decommissioning, but assumes that the following steps would be taken as minimum
precautions for maintaining a safe condition.

I. All fuel would be removed from the facility and shipped offsite for disposition.

2. All radioactive wastes -- solid, liquid, and gas -- would be packaged and removed from the
site insofar as practical.

A decision as to whether the station would be further dismantled would require an economic
study involving the value of the land and scrap value versus the cost of complete demolition
and removal of the complex. However, no additional work would be done unless it is in accord-
ance with rules and regulations in effect at the time.

In addition to personnel required to guard and secure the station, concrete and steel would be
used to prevent ingress into any building, particularly the radioactive areas.
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9. NEED FOR PLANT

9.1 RESUME

When the FES-CP was'issued, in November of 1972, Watts Bar Units 1 and 2 were scheduled to

begin operation in May 1977 and February 1978. At the time of the FES-CP, the plant was
needed to meet the-projected winter 1977-78 peak demand of 25,340 MW. Since 1972, the occur-

rence of several unforeseeable events has led to a decline in the growth of electrical energy

and peak demands in the nation. The TVA service area is not expected to maintain the historical

rates experienced prior to the 1973 Arab oil embargo. Currently, TVA is projecting a 1977-78

winter peak demand of 22,840 MW -. a 10% reduction from the 1972 forecast of 25,340 MW. As a

result, Watts Bar Units 1 and 2 have been rescheduled-to begin operation in June 1979 and March

1980, respectively.

9.2 APPLICANT'S SERVICE AREA AND REGIONAL RELATIONSHIPS

TVA supplies the electric power needs of an 80,000 square mile area covering practically all of

Tennessee (principal exception being Kingsport), portions of Southwestern Kentucky, Northeastern

Mississippi, Northern Alabama and Georgia, and small sections of North Carolina and Virginia.
This service area has a total population of about 6.7 million. The major load centers on the

TVA system-are Memphis, Nashville, Columbia, Chattanooga, Knoxville - al-l in Tennessee - and

Paducah, Kentucky, and Huntsville, Alabama.

TVA is primarily a wholesaler of electric power to three major groups of customers: (1) municipal

electric systems and rural electric cooperatives, (2) directly-served industries, and (3)

directly-served Federal agencies. TVA is not a member of any power pool. However, TVA is a

winter-peaking system involved in diversity interchange agreements which allow exchange of

.power with summer-peaking systems such as Mississippi Power and Light. TVA is a member of the

Southeastern Electric Reliability Council (SERC), which is one of the nine members of the

National Electric Reliability Council (NERC).

9.3 BENEFITS OF OPERATING THE PLANT

The Watts Bar Nuclear Plant, Units 1 and 2, is being constructed for the purpose of assuring an

adequate and low cost supply of electrical energy for the TVA service area needs. At the

operation stage, the plant will serve to (1) increase total system generating capacity in order

to meet increased system electrical demands, and (2) meet increased system electrical demands in

a least cost way. At the operating stage consideration of alternatives only involves the

decision whether the plant should operate or not. This decision is based on a weighing of the

benefits of operation, and environmental impacts (costs) and operating (production) costs.

Even in the absence of demand growth, there are significant cost savings to be realized by

bringing the Watts Bar units on-line as scheduled. No oth2r alternatives other than to
operate or not to operate the plant exist, and thus no other alternatives are considered.

9.3.1 Minimization of Production Costs

The TVA has estimated the total system production costs with and without the Watts Bar units,

assuming zero load growth from fiscal year 1976. The analysis for the year 1981 is presented

in Table 9.1. For the worst case assumption of zero load growth, significant cost savings will

be realized by bringing the plant on-line as scheduled. With zero load growth, the applicant

estimates that the 1981 annual production cost savings with the Watts Bar units on-line will

amount to $145 million. The staff estimates that this savings is equivalent to approximately

1.26 mills/kWh for a 1981 production of ll'Lbillion kWh. For the projected growth in energy

between now and 1981, the cost savings would be even larger because it would permit phasing

out even more costly units.

The production cost savings realized by bringing the Watts Bar units on-line derive from the

realized, system production costs would increase by $225 million or approximately 1.3 mills/kWh.
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The production cost savings realized by bringing the Watts Bar units on-line derive from the
fact that these units are relatively efficient low cost units which would serve the base load.
Only Browns Ferry Units 1 and 2, and approximately 5,182 MW of hydro capacity (1,300 MW of
pumped storage) would have lower operating costs than the Watts Bar units. 2 Without Watts Bar,
a less efficient and more costly mix of generating capacity would have to be relied on to meet
the TVA's service area needs. This more expensive mode of generating electricity without Watts
Bar is reflected in the analysis presented above and in Table 9.1.

9.3.2 Energy Demand

Although savings in system production costs are a sufficient basis to justify the operation of
Watts Bar in the absence of any countervailing impacts, the plant will also be required to meet
the expected load growth and provide for an adequate level of system reliability;

Table 9.2 shows the TVA's most recent forecasts of energy and peak demand from 1980 .toi1983.
Energy requirements. and TVA peak load are'projected to grow at average annual compound
rates of 6.0 and 5.5%, respectively, through the period 1976-1983 (compounded from a 1976
total system energy of 113,641 million kWh and peak load of 20,381 MW).3 In its forecasts,
the TVA has considered, among other things, the likely effects which energy conservation
and substitution of alternate energy sources and forms will have on forecasts of energy
and peak system demand. Some of the specific.phenomena and efforts analyzed by the TVA
are as follows: price conservation; nonprice conservation effects due to insulation
programs and appliance energy.efficiency targets; effects of more stringent environmental.
regulations; effects of a decreasing availability of natural gas; and the effects of a
direct substitution of electricity for other fossil fuels.'

Table 9.2 also shows the annual dependable system capacity (Watts Bar included) and correspond-
ing reserve margins projected to be on-line at the time of the TVA system peak load. Reserve
margins with the Watts Bar units operating are slightly above or within the FPC's minimum
reliability range of 15 to 25 percent through 1983* Without the Watts Bar units, reserve
margins would fall to unacceptably-low levels by 1983 asshown in Table 9.2.. Therefore,
the Watts Bar Nuclear Plant is required to meet demand as well as to assure an adequate
and low cost.supply of electrical energy for the TVA service area needs.
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TABLE 9.1

COMPARISON OF 1981 SYSTEM PRODUCTION COSTS WITH AND WITHOUT WATTS BAR NUCLEAR PLANTa

With Watts Bar Without Watts Bar

ASSUMING ZERO LOAD GROWTH

Total energy production, millions of kWhb

Estimated system production costsc

Millions of dollars

Mills per kWh

1981 production cost savings with Watts Bar

114,415

780

6.82

114,415

925

8.08

$145 million

(1.26 mills/kWh)

a.

b.

c.

Supplement 2 to Watts Bar Nuclear Plant Environmental Information, unless indicated otherwise.

Phipps Bend Nuclear Plant, Units 1 and 2, ER Revision 5, STN 50-553, 50-554.

Includes fuel, operation and maintenance expenses.



TABLE 9.2

Forecasted Energy, Peak Demand, Capacity, and Reserve Margins
For the TVA System, 1980-1983

Year

1980

1981

1982

1983

Energy
(Millions of kwh)

148,860

154,950

162,390

170,480

Peak Load
(MW)

25,350

26,650

28,100

29,650

Interchange
Agreement

(MW)

1580

1100

1100

1100

Peak Loada
Responsibility

23,770

25,550

27,000

28,550

Dependable
Capacity.. .(MW)

31,044

33 ,4 3 4c

34,647

34,647

Reserve Margin %

With Without
Watts Watts
Bar Bar

30.6 25.6

30.8 21.6

28.3 19.6

21.3 13.1

apeaks occur in winter months, e.g., 1980 peak occurs in the winter of 1979-80.

bIncludes Watts Bar Unit 1 (1177 MW) scheduled for June 1979.

CIncludes Watts-:Bar Unit 2 (1177 MWe) scheduled for March 1980.

SOURCE: U.S. Nuclear Regulatory Commission, Final Environmental Statement Related to Construction of
Yellow Creek Nuclear Plant, Units 1 and 2,. November 1977.
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10. BENEFIT-COST ANALYSIS

10.1 RESUME

The following sections TUmmarize the economic, environmental, and social benefits and costs
associated with the operation of Watts Bar Units 1 and 2. Table 10.1 summarizes all benefits
and costs of plant operation. Reduced generating costs are presented for the no load growth
situation. The environmental costs are calculated for an assumed worst case situation.

10.2 BENEFITS

10.2.1 Primary Benefits

The direct benefits of. the plant include the approximately 12 to 14 billion kWh of electrical
power the plant will produce on an annual basis (assuming a plant capacity factor of between
60% and 70%), the increase in system reliability brought about by the addition of 2354 MW of
generating capacity to the TVA system, and the saving at a minimum of $145 million in annual
production costs in 1981 and subsequent years.

10.2.2 Other Benefits

This enumeration is for informational purposes. Operation of the Watts Bar Plant will require
200 full time operators. The projected annual payroll for 1980 is $4,200,000. During opera-
tion, TVA projects expenditures of approximately $100,000 per year on purchases in the local
area.

The TVA annual average in-lieu-of-tax payments over the estimated life of the plant is pre-
sently estimated to be $7,000,000. Of that, approximately $4,200,000 is expected to be allocated
to the State of Tennessee; the remaining portion being allocated to six other states. In
addition to payments made by the TVA, the local distributors of TVA power are estimated to
make average annual tax and tax equivalent payments of $4,900,000. These'monies will be
allocated to State and local units of government.

10.3 SOCIETAL COSTS

No significant socio-economic costs are expected from either station operation or station
personnel and their families living in the area.

10.4 ECONOMIC COSTS

The capital cost for the completion of Watts Bar Units 1 and 2 is presently estimated to be
$985 million. Fuel costs for the f.irst full year of operation of Unit 1 are estimated to be
$28 million or 3.8 mills/kWh; Unit 2 fuel costs are estimated to be $30 million or 3.9.mills/kWh
for the first year of operation. Total present value fuel costs for the Watts Bar Plant are
approximately $790 million. The annualized cost over 30 years would be approximately $84
million. Decommissioning costs for the complete restoration of the site are estimated to be
$59 million (1975 dollars).

10.5 ENVIRONMENTAL COSTS

The environmental cost of land use, water use and biological effects previously evaluated have
not increased or otherwise adversely changed. The applicant has revised the transmission line
route for the Watts Bar-Volunteer 500 kV line, resulting in a reduction of required acreage
for rights-of-way of 1,157 acres. Also, the applicant has redesigned and relocated the dis-
charge structure for the cooling tower blowdown, to lessen any impact on the Chickamauga
Reservoir.
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TABLE 10.1

BENEFIT-COST SUMMARY

Primary impact and population Unit
or resource affected measure Magnitude of Impact

Energy
Direct Benefits

Kwh/yr x 106

Kw x 103Capacity

14,000

2354

145,000,000Reduced generating costs (1981)

(assuming no load growth)

$/year

Indirect Benefits*

1. Taxes:

1.1 TVA $/year
1.2 Local Distributors $/year

7,000,000

4,900,000

200

4,200,000

2. Employment:

2.1 New jobs, annual operation

2.2 New income, annual operation

number

$/year (1980)

Economic Costs

annual$/year

annual$/year

Operating:

Fuel

Operation & Maintenance
58,000,000

13,000,000

71,000,000

59,000,000Decommissioning $ (1975)



TABLE 10.1 (Continued)

BENEFIT-COST SUMMARY

Primary impact and population Unit
or resource affected measure Magnitude of Impact

Environmental Costs

1. Impact on water

1.1 Consumption m 3/year 45,000,000

C
(I

1.2 Heat discharge to natural water body

1.2.1 Cooling capacity of water body

1.2.2 Aquatic biota

1.2.3 Migratory fish

1.3 Chemical discharge to natural water body

BTU/hr 2.9 x 108 (maximum)

.Insignificant

Insignificant

1.3.1 People

1.3.2 Aquatic Biota

1.3.3 Water quality

1.3.4 Chemical discharge

Not discernible

Not.discernible

Not discernible

780,000

1.4 Radionuclide contamination of natural

surface water body (all except tritium)

Kilograms/year

Ci/yr/reactor

tritium

0.22

520



TABLE 10.1 (Continued)

BENEFIT-COST SUMMARY

Primary impact and population
or resource affected

1.5 Chemical contamination of groundwater

1.5.1 People

1.5.2 Plants

1.6 Radionuclide contamination of groundwater

1.6.1 People

1.6.2 Plants and animals

1.7 Raising/lowering of groundwater levels

T.7.1 People

1.7.2 Plants

1.8 Effects on natural water body of intake

structure and condenser cooling systems

1.8.1 Primary producers and consumers

1.8.2 Fisheries

Unit
measure

Not discernible

Not discernible

Not discernible

Not discernible

Not discernible

Not discernible

Negligible

Insignificant

Magnitude of Impact



TABLE 10.1 (Continued)

BENEFIT-COST SUMMARY

0
U,

Primary impact and population
or resource affected

1.9 Natural water drainage

1.9.1 Flood control

1.9.2 Erosion control

2. Impact on air

2.1 Chemical discharge to ambient air

2.1.1 Air quality, chemical

2.1.1.1 CO2

2.1.1.2 SO2

2.1.1.3 NOx

2.1.1.4 Particulates

2.1.1.5 Other

2.1.2 Air quality, odor

2.2 Radionuclides discharged to ambient air.

Unit
measure

No damage

Insignificant

Magnitude of Impact

Ib/yr

lb/yr

Ib/yr

lb/yr

Ib/yr

None

None

None

None

None

None

2.2.1 Noble gases Ci/yr/reactor 7020



TABLE 10.1 (Continued)

BENEFIT-COST SUMMARY

Primary impact and population Unit
or resource affected measure Magnitude of Impact

2.2.2

2.2.3

2.2.4

2.2.5

*Radioiodines

Particulates

Carbon-14

Tritium

Ci/yr/reactor

Ci/yr/reactor

Ci/yr/reactor

Ci/yr/reactor

0.104

0.104

8

920

2.3 Fogging and icing

C 2.3.1

2.3.2

2.3.3

2.3.4

Ground transportation

Air'transportation

Water transportation

Plants

Negligible

None

Neglibible

Negligible

2.4 Salt discharge from cooling system

2.4.1

2.4.2

2.4.3

People

Plants

Property

Kg/ha/yr

Negligible

10.0

Not discernible

a



TABLE 10.1 (Continued)

BENEFIT-COST SUMMARY

Primary impact and population 1
or resource affected n

3. Total body dose commitments to U.S. population

General public, unrestricted area n

Jnit
ieasure Magnitude of Impact

nan-rem/yr

Societal Costs

65

D

1. Operational fuel disposition

1.1 Fuel transport (new)

1.2 Fuel storage

1.3 Waste products (spent fuel)

2. Plant labor force

trucks/yr

rail shipments/yr

200

10

Inbuilding storage

13

No significant societal costs

are anticipated

No effect3. Historical and Archaeological Sites

*This enumeration is for informational purposes.



The design of the radioactive waste systems has been finalized. Under normal operation, the
station will be in conformance with Appendix I to 10 CFR 50 and discharge annually a total of
1040 curies of tritium and 0.44 curies of all other radionuclides to the Chickamauga Reservoir.
The station will also discharge annually approximately 1040 curies of noble gases, 0.2 curies
of radioiodines, 0.2 curies of radioactive particulates, 16 curies of carbon-14 and 1840
curies of tritium into the atmosphere surrounding the Watts Bar facility. These effluents
will result in a total body dose commitment to the general public of the U.S. population in
the unrestricted area of 65 man-rem per year. This dose commitment will have no discernible
effect on the population.

Chemical usage will result in a discharge into the Chickamauga Reservoir of a maximum of
780,000 kilograms per year of chemicals. This discharge should not result in any adverse
effects to the environment.

The heat discharge system will result in a total water consumphion of 45,000,000 cubic meters
a year from evaporation and other uses. A maximum of 2.9 x 10 Btu/hr will be rejected from
the reactors as heat into the Chickamauga Reservoir.

10.6 ENVIRONMENTAL COSTS OF THE URANIUM FUEL CYCLE

The contribution of environmental effects associated with the uranium fuel cycle is indicated
in Table 5.10 and described in Section 5.5.3. The staff has evaluated the environmental
impacts of the fuel cycle releases presented in Table 5.10 and has found these impacts to be
sufficiently small so that, when they are superimposed upon the other environmental impacts
assessed with respect to the construction and operation of the plant, they do not affect the
benefit-cost balance.

10.7 ENVIRONMENTAL COSTS OF URANIUM FUEL TRANSPORTATION

The contribution of environmental effects associated with the transportation of fuel and waste
to and from the facility are summarized in Section 5.5.1 and Table 5.8. These effects are
sufficiently small as not to affect the benefit-cost balance.

10.8 SUMMARY OF BENEFIT-COST

As a result of the analysis and review of potential environmental, technical, economic, and
social impacts, the staff has been able to forecast more accurately the effects of the station's
operation. No new information has been acquired that would alter the overall balancing of the
benefits of this station versus the environmental costs. Consequently, the staff has deter-
mined that it is possible to operate the station with only minimal environmental impacts. The
staff findF that the primary benefits of providing 2354 MW of electrical energy, minimizing
system proJction costs and increasing system reliability through the addition of 2354 MW
base-load capacity greatly outweigh the environmental, social, technical, and economic costs.
Benefit-costs are summarized in Table 10.1, which is explained in Appendix D.
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APPENDIX B

NEPA POPULATION DOSE ASSESSMENT

Population dose commitments are calculated for all individuals living within 50 miles of the
facility employing the same models used for individual doses (see Regulatory Guide 1.109 in
preparation). In addition, population doses associated with the export of food crops produced
within the 50-mile region and the atmospheric and hydrospheric transport of the more mobile
effluent species such as noble gases, tritium, and carbon-14 have been considered.

5.B.1 Noble Gas Effluents

For locations within 50 miles of the reactor facility, exposures to these effluents are cal-
culated using the atmospheric dispersion models in Regulatory Guide 1.111 and the dose models
described in Section 5.1 and Regulatory Guide 1.109. Beyond 50 miles, and until the effluent
reaches the northeastern corner of the United States, it is assumed that all the noble gases
are dispersed uniformly in the lowest 1,000 meters of the atmosphere. Decay in transit was
also considered. Beyond this point, noble gases having a half-life greater than one year
(e.g., Kr-85) were assumed to completely mix in the troposphere of the world with no removal
mechanisms operating. Transfer of tropospheric air between the northern and southern hemi-
spheres, although inhibited by wind patterns in the equatorial region, is considered to yield a
hemisphere average tropospheric residence time of about two years with-respect to hemispheric
mixing.

Since this time constant is quite short with respect to the expected midpoint of plant life
(15 yrs), mixing in both hemispheres can be assumed for evaluations over the life of the nuclear
facility. This additional population dose commitment to the U.S. population was also
evaluated.

5.B.2 lodines and Particulates Released to the Atmosphere

Effluent nuclides in this category deposit o6to the ground as the effluent moves downwind,
which continuously reduces the concentration remaining in the plume. Within 50 miles of the
facility, the deposition model in Regulatory Guide 1.11 was used in conjunction with the dose
models in Regulatory Guide 1.109. Site specific data concerning production, transport and
consumption of foods within 50 miles of the reactor were used. Beyond 50 miles, the deposition
model was extended until no effluent remained in the plume. Excess food not consumed within
the 50-mile distance was accounted for, and additional food production and consumption repre-
sentative of the eastern half of the country was assumed. Doses obtained in this manner were
then assumed to be received by the number of individuals living within the direction sector and
distance described above. The population density in this sector is taken to be respresentative
of the eastern United States, which is about 160 people per square mile.

5.B.3 Carbon-14 and Tritium Released to the Atmosphere

Carbon-14 and tritium were assumed to disperse without deposition in the same manner as
Krypton-85 over land. However, they do interact with the oceans. This causes the carbon-14
to be removed with an atmospheric residence time of four to six years with the oceans
being the major sink. From this, the equilibrium ratio of the carbon-14 to natural carbon
in the atmosphere was determined. This same ratio was then assumed to exist in man so
that the dose received by the entire population of the U.S. could be estimated. Tritium
was assumed to mix uniformly in the world's hydrosphere, which was assumed to include all
the water in the atmosphere and in the upper 70 meters of the oceans. With this model,
the equilibrium ratio of tritium to hydrogen in the environment can be calculated. The
same ratio was assumed to exist in man, and was used to calculate the population dose,
in the same manner as with carbon-14.
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5.B.4 Liquid Effluents

Concentrations of effluents in the receiving water within 50 miles of the facility were cal-
culated in the same manner as described above for the Appendix I calculations. No depletion
of the nuclides present in the receiving water by deposition on the bottom of the Chickamauga
Reservoir was assumed. It was also assumed that aquatic biota concentrate radioactivity in
the same manner as was assumed for the Appendix I evaluation. However, food consumption
values appropriate for the average individual, rather than the maximum, were used. It was
assumed that all the sport and conmmercial fish and shellfish caught within the 50 mile area
were eaten by the U.S. population.

Beyond 50.mi.les, it was assumed that all the liquid effluent nuclides except tritium have
deposited on the sediments to make no further contribution to population exposures. The
tritium was assumed to mix uniformly in the world's hydrosphere and to result in an exposure
to the U.S. population in. the same manner as discussed for tritium in gaseous effluents.
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APPENDIX C

AQUATIC BIOTA

Characteristics of the site aquatic ecology have been described in TVA's FES-CP.1 More recent

data obtained through preoperational monitoring and supplemental information requested from TVA

are presented herein to the extent that this new information alters the earlier description of

the site ecology. 2 ,3,4 Pertinent new information has been presented for primary production,

zooplankton, benthos, ichthyoplankton, and fishes. Evaluations of construction and potential

operational impacts on these aquatic resources are presented in Section 4.3.2 and Section

5.4.2, respectively. Information pertinent to these evaluations is summarized in Section

2.5.2.

Primary Production - Phytoplankton.Enumeration and Composition Analysis

The phytoplankton community at the Watts Bar site had been described in the FES-CP as extrapolated

from limited sampling at the Watts Bar Dam forebay and downstream of the site. The preopera-

tional monitoring program, which was implemented in February 1973, includes quarterly sampling

and analysis of phytoplankton at seven stations (see Figure C.l), i.e., TRM (Tennessee River

Mile) 496.5, TRM 506.6, TRM 518.0, TRM 527.4 (0.3 mile downstream of diffuser location), TRM

528.0 (intake area), TRM 529.9 (Watts Bar Dam tailrace) and TRM 532.1 (Watts Bar Dam forebay).

At each station, collections were made at a minimum of three depths (see Table C.l). The

following summary is based on three years (1973-1975) of phytoplankton collections. See

Table C.2 for a list of genera identified in the three years of collections.

Of the 26 genera of Chrysophyta identified, the greater diversity (i.e., 13 different genera)

was found at the TRM 528.0 station during the 1973 winter collection. In contrast, only one

genera (Melosira spp.) was identified at the TRM 529.9 station during the 1975 winter collection.
The average number of different genera for all stations and years was highest during spring

(-.8) and lowest during fall (V,5). The.genus, Melosira, was found at all stations during all

seasons throughout the three-year period. Other ubiquitous genera, in descending frequency of

occurrence, were Synedra, Navicula and Stephanodiscus.

Concentrations (number per liter) of Chrysophyta generally increased moving upstream. The

lowest reported was 54,000 per liter at TRM 496.5 during fall 1975 and the highest 1.4 million

per liter at TRM 527.4 during spring 1975. Melosira was, in general, the dominant in concentra-

tion, followed by Synedra. Fragilaria dominated the summer 1975 collection at the Dam forebay

station (TRM 532.1 . Seasonally, the average concentration of Chrysophyta is greatest

(u742,000 per liter) in the spring and least (-u200,OOO) in the fall. See Table C.3 for a

summary of the Chrysophyta diversities and concentrations during the three-year sampling period.

Of the 47 genera of Chlorophyta identified (Table C.2), the greatest diversity (i.e., 27

different genera) was found at TRM 528.0 and TRM 532.1 during the summer 1975 collections.

(See Table C.4 for a summary of the Chlorophyta data.) Oily one taxon was identified at TRM

496.5 and TRM 532.1 during the winter 1973 and at TRM 506.6 during fall 1974; Scenedesmus spp.

was identified at the first station and Chlamydomonas spp. at the latter two-stations. The

average number of different genera for all stations and years was highest during the summer

(--17) and least during the winter (-.5). Spring and fall average diversities were similar

(08 to 9); however, diversities for these two seasons were high at some stations (e.g., 15

genera at TRM 528 in spring 1975 and 18 genera at both TRM 527.4 and 532.1 in fall 1975). The

downstream stations show a slightly lower average diversity (%9) than that at the TRM 527.4 and

TRM 529.9 stations (%lO). Average diversity at TRM 528.0 and TRM 532.1 are highest (%11+).

Scenedesmus and Chlamydomonas were identified at nearly all stations and seasons for the three-

year period. Other taxa frequently occurring at certain stations were Dictyosphaerium spp.,

Chlorella spp. and Pandorina spp.

Concentrations (number per liter) of Chlorophyta generally increased from TRM 496.5 (last

station downstream) to the dam forebay station at TRM 532.1. At the forebay station, average

concentration exceeded that of the .other six stations by factors of 1.7 to 3.2; however, the

range of variation was also greatest at the dam forebay, i.e., from 2000 cells per liter during

winter 1973 collections to 1.9 million cells per liter during the summer 1975 collections.

Seasonally, the average concentrations of Chlorophyta is greatest (',520,000 per liter) during

the summer and least ('u6l,000 per liter) during the winter. Scenedesmus spp. frequently
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Table C. 1

Summary of Quarterly Preoperational Aquatic (Nonfish) Monitoring Program (Nonradiological)

Watts Bar Nuclear Plant

Station Horizontal
or TRM Location.L/

532.1 R-LM

529.9i/ R-LM

528. !5/ R-LM

527.4 R-LM

518.0 R-LM

506.6 R-LM

496.5 R-LM

527.7-528.2

520.5-521.3

Depths Sampled
for Chlorophyll,
Phytoplankton, &
Carbon-14(meters)l/

0,1,3,5

0,1,3,5

0,1,3,5

0,1,3,5

0,1,3,5

0,1,3,5

0,1,3,5

Periphyton Autotrophic-

Zooplankton Artificial Benthos Heterotrophic Indices

Vertical Tows from Substrates and Enumeration

Bottom to Surface Colonization Period 3 mths Colonization Period 1 mth

(duplicate tows) (No. Baskets Set/Sta.) (No. Racks jt/Sta)3.

X 3 2

X 3 2

X 3 2

X

X

X

X

3 2

23

3 2

23

xil
X5/

! Horizontal location looking downstream; R-LM - area from right shore to left middle of stream

These depths sampled if applicable; otherwise, surface, middle, and near bottom

-/ Five plexiglas plates per rack - approximate colonization period one month

4/ Tailrace

-'/Mussel bed investigations by SCUBA divers initiated in 1975

NCTE: This program reflects the program underway as of September 1976. However, the complete program is subject

to periodic review and revision.



Table C. 2
PHYTOPLANKTON GENERA IDENTIFIED IN

TENNESSEE RIVER COLLECTION NEAR WATTS BAR NUCLEAR PLANT
1973 - 1975

CHRYSOPHYTA CHLOROPHYTA CYANOPHYTA

Achnanthes
Asterionella
Attheya
Chaetoceros
Cocconeis
Cyclotella
Cymbella

C Diatoma
Dinobryon -

Eunotia
Fragilaria
Gomphonema
Gyrosigma.
Mallomonas
Melosira
Meridion
Navicula
Nitzschia
Pinnularia
Pleurosigma
Rhoicosphenia
Rhizosolenia
Stephanodiscus
Surirella
Synedra
Tabellaria

Acanthosphaera
Actinastrum
Ankistrodesmus
Arthrodesmus
Botryococcus
Carteria
Chlamydomonas
Chlorella
Chlorococcum
Chodatella
Cladophora
Closteriopsis
Closterium
Coelastrum
Cosmarium
Crucigenia

,-Dactylococcus

Dictyosphaerium
Elakatothrix
Euastrum
Eudorina
Franceia
Gloeoactinium
Gloeocystis
Golenkinia
Gonium

Kirchneriella
Micractinium
Odcystis
Pandorina
Pediastrum
Planktosphaeria
Platydorina
Pleodorina
Protococcus
Pteromonas

.Quadrigula
Scenedesmus
Schroederia
Sphaerocystis
Staurastrum
Tetradesmus
Tetraddron
Tetraspora
Tetrastrum
Treubaria
Ulothrix

Anabaena
Anacystis
Aphanothece

.Chroococcus
Cylindrospermum
Dactylococcopsis
Eucapsis
Gomphosphaeria
Merismopedia
Microcystis
Oscillatoria
Phormidium

EUGLENOPHYTA

Euglena
Phacus
Trachelomonas

PYRROPHYTA

Ceratium
Glenodinium
Gymnodinium
Peridinium.



Table C. 3
Summary of Chrysophyta Data

Preoperational Monitoring - Watts Bar Nuclear Plant

C•)

Station No. of
(TRM) Year Genera

496.5 1973 5

1974 6

1975 5

506.6 1973 12

1974 6

1975 5

518.0 1973 9

1974 6

1975 5

527.4 1973 9

1974: 7

1975 5

528.0 1973 13

1974 6

1975 5

529.9 1973 10

'1974 6

1 975 1

512.1 1973 8

1974 6

5

SCasona 1 ave ragee
S(S: ;t! [ -; (C!,n(I , ) 6.7

560

67

274

731

69

81

749

90

99

517

142

176

624

219

161

680

129

173

423

133

110

9

6

8

9

7

5

8
8

7

9

11

6

8

9

.7

7

6

10

8

5

410

348

319

282

368

295

426

466

736

777

712

1,438

613

778

1,347

643

901

1,197.

1,019

1,126

1.389

6

6

10

5

7

5

8

6

4

6

4

4

5

5

4

7

5

3

8

7
4

207

130

318

204

79

182

523

108

105

677

266

218

823

394

252

.701

245

241

941

712

1.000

7

5

5

.5

3

5

4

3

4

4

5

5

5

6

4

9

6

4

4

7

4

119

85

54

76

105

57
--

135

224

100

206

373

183

277

407

145

273

350

181

328

400

130

6.5

6.2

6.0

6.2

6.0

6.2

6.3

211

313

474

503

476

642

241

Station Average

Winter Sprin SumNer Fall CThree Years Combined)

Concentration No. of Concentrationn Ng of Concentration No o neentration No. ofFl Concentration

(1000's/liter) Genera (1000's/liter) Ge.nera (1000's/liter) Genera (000's/liter) General (1000's/literý

296 7742 5,71 - - 396 .. . _2oo 0 __ -~-t ~



Table C. 4
Summary of Chlorophyta Data Preoperational Monitoring - Watts Bar Nuclear Plant

Station AverageWinter Spring Summer Fall (Three Years Combined)
Station No. of Concentration No. of Concentration No. of Concentration No. of Concentration No. of Concentration(TRM) Year Genera (1000's/liter) Genera (1000's/liter) Genera (1000's/liter) Genera (1000's/liter) Genera (1O00's/lter)
496.5 1973

1974

1975

506.6 1973

1974

1975

518 1973

1974

1975

527.4 1973

1974

1975

528.0 1973

- 1974

1975

529.7 1973

1974

1975

532.1 1973

1974

1975

1

5

7

4

10

6

3

7

5

3

7

4

3

9

5

6

9

1

6

5

5

28

51

242

25

110

177

23

59

58

70

75

47

26

73

96

35

61

2

44

32

6

14

10

5

6

8

5

8

9

3

7

12

5

10

15

5

7

12

6

11

14

77

247

82

91

44

74

76

68

44

118

201

70

145

227

68

168

166

279

233

238

14

10

24

16

6

23

18

8

22

17

10

20

21

14

27

17

9

22

19

15

27

252

101

483

439

60

400

781

85

333

854

205

269

1094 .

251

463

874

102

365

1211

389

1900

8

3

10

5

1

13

8

4

12

8

6

18

.9

7

8

5

15

11

5

18

61

32

71

42

23

67

65

65

115

125

115

183

151

111

116

138

72

174

168

92

205

9.3 124

8.7

9.2

9.7

11.2

10.0

11.5

132

160

189

231

193

399

1~soa avr te r 
- ----

1I
(Stationsi Corn!,!ned)l5. 61 8.5 131 17.1 520 8.,A

104- ______________ -.--.----.- ,-____________________ __________ ____________________ . _________ __________ - 8.2 104



dominated the Chlorophyta collections. For some stations and seasons, Chlamydomonas, Ulothrix,

Dictyosphaerium, Pediastrum, Coelastrum and Eudorina either dominated or made up a large
proportion of the total. The peak concentration at TRM 532.1 during summer 1975 was dominated
by Dictyosphaerium (15.4%), Coelastrum (12.6%) and Pediastrum ('11.8%).

Of the 12 genera of Cyanophyta identified (Table C.2) the greatest diversity (i.e., 9 different

genera) was found at the dam forebay station during winter 1975. Only one genera was found at
several stations as shown by Table C.5. Diversity was highest during the summer and lowest
during thewinter. Dactylococopsis spp. was present at all stations for all seasons during the
three-year period.

Average concentration of Cyanophytes generally increased moving upstream, the lowest being at

TRM 496.5-during winter 1974 ('vI000 cells per liter) and the highest at the dam forebay during

summer 1974 (,ul.4 million cells per liter). The seasonal average was highest for the summer

(%378,000 per liter) and lowest for the winter (•22,000 per liter). Dactylococopsis or
Anacystis spp. most frequently dominated the collections of blue-greens.

Three genera of Euglenophyta and four genera of Pyrrophyta were identified in the 1973-1975
collections. Of the total phytoplankton community, the Pyrrophyta contributed less than 2% at

any station during the 1975 collection; the highest percent contribution was during the winter
and the highest concentration was during the summer. The percent contribution of the

euglenophytes was greater for 1975 than for the prior two years, making up 10.3% of the average
phytoplankton concentration during the winter collections. The highest concentration

(,44,000 cells per liter) was found at the tailrace station (TRM 529.9). Euglena spp. was the

dominant genera found in all collections in Euglenophytes.

The average concentrations of the total phytoplankton community are summarized by station,
season, and year in Table C.6. By this presentation of the phytoplankton data, the trend of
increasing productivity from the downstream to the upstream stations is reiterated. The higher
productivity of the reservoir habitat, as shown by the dam forebay station average, is as
expected. The-stations downstream of the Watts Bar Dam exhibit taxa of reservoir origin and

taxa to be expected in riverine habitats, as well as epiphytic and periphytic taxa which have
become detached and suspended by the turbulent flow in the tailrace stretch of the river. The

composition of the phytoplankton community suggests a condition of good water quality. The
blue-greens (Cyanophyta), which are considered a nuisance at high concentrations, contributed
greater than 50% to the total phytoplankton community in only one station collection during the

three-year period. The concentration in this case was only 140,000 per liter. The greatest
concentration of.blue-greens recorded was 1.4 million per liter at the dam forebay during the

summer 1975 collection, making up 32% of the total. In the case of nuisance blue-green blooms,

a concentration of billions of cells per liter might be expected. The percent contribution of
blue-greens for each season of 1975 showed an increase over the two previous years and average

concentrations were generally higher during the spring and fall of 1975 than for the same
seasons of the previous years. The 1976 phytoplankton data, presently being analyzed by TVA,
will assist in determining whether there is any significance to these observations.

Primary Production - Chlorophyll a and Carbon-14 Analysis

To complement the phytoplankton enumeration, standing stock estimates and production rates have

been made using Chloropyll a (Chl a) extractions and Carbon-14 uptake, respectively.
Chlorophyll a concentrations (Table C.7) show the same trend of increasing production moving

upstream. However, the seasonal averages obtained by combining stations and years are somewhat

different than that seen in the numerical concentrations. The highest standing stock is

indicated for the fall season (17.0 mg Chl a/m 2 ), followed by summer (15.3), winter (13.74) and

spring (10.33). The production rates using Carbon-14 uptake measurements (Table C.8) compare

more favorably with the results of the phytoplankton enumeration, showing both the production

rates increasing upstream of the TRM 496.5 station and similar seasonal trends, i.e., highest

in summer (657 mg C/day/m 2 ) and lowest in winter (127 mg C/day/m 2 ).

Secondary Production - Zooplankton

The zooplankton community at the Watts Bar site had been described in the FES-CP as extrap-

olated from limited sampling at the Watts Bar Dam forebay. Preoperational monitoring,
implemented in February 1973, includes quarterly sampling of zooplankton at the same stations as
in the phytoplankton studies. At each station, duplicate tows were made from bottom to the
surface using a 1/2-meter net with No. 20-mesh bolting cloth. The following discussion is

based on three years of zooplankton collections. See Table C.9 for list of taxa identified in

the collections of zooplankton.

C-7



Table C. 5
S.ummary of Cyanophyta Data Preoperational Monitoring - Watts Bar Nuclear Plant

Station Average
Winter •_Spring Summer Fall (Three Years Combined)

3tation No. of Concentration No. of Concentration No. of Concentration No. of Concentration No. of Concentration
(TRM) Year Genera (1000's/lier) Genera (1000s/liter) Genera (O000's/liter) Genera (1000's/liter) Genera (1O00's/liter)

C-.,
L

,96.5 1973

1974

1975

i06.6 1973

1974

1975

18.0 1973

1974

1975

527.4 1973

1974

1975

528.0 1973

1974

1975

529.9 "1973

1974

1975

M32.1 1973.

1974

1975

1

1

2

1

1*

2

2

1

1

1

1

1

2

1

I

1

-1

16

44

5

36

43

2

18

38

7

38

20

12

35

44

9

20

24

9

13

18 1

1

3

1

24

1

2

4

1

3

1

2

4

1

1

4

1*

1

5

27

35

39

8

14

62

25

48

165

12

30

218

14

41

475

12

38

386

33

21

93

3

3

6

3

2

5

3

2

7

2

5

4

2

7

4

2

5

4

2

9

216

483

2

366

650

4

183

998

2

696

929

2

208

1033

16

1386

76

29

424

224

1

2

2

1

2

5

1

2

5

2

3

1

2

4

12

2

2

4

7

18

8"

2.3 64

140

13

14

90

12

21

80

13

14

86

34

23

24

29

25

79

2.2 58

2.6 106

2.1 108

2.6 200

2.1 144

2.7

asnal Avr es ! 1.2
t t io - ,. ined)

22 1 2.0 A6i 4.0 379 2.21 35



Table C.6

Average Concentrations of Phytoplankton

Preoperational Monitoring - Watts Bar Nuclear Plant

Station
(TRM)

496.5

Year

1973

1974

1975

Winter Spring Summer Fall

(lO00's/liter) (lO00's/liter) (1000's/liter) (1000's/liter)

583 514 535 187

96 630 260 121

356 442 1247 145

Station Average
(Years Combined)
(1000's/liter)

426

506.6 1973 1022 334 867 126

1974 99 473 146 130 409

1975 242 401 806 264

518.0 1973 973 525 1787 213

1974 115 590 195 303 583

1975 208 969 809 308

527.4 1973 613 833 2181 343

1974 169 860 475 509 776

1975 325 1858 687 460

528.0 1973 691 697 2915 441

1974 257 964 647. 532 940

1975 302 2050 1425 359

529.9 1973 820 723 2504 445

1974 173 1107 349 445 820

1975 299 1752 822 395

532.1 1973 449 1331 3185 525

1974 186 1380 1117 517 1282

1975 182 1754 4330 '433

Seasonal Average 388 961 1300 343

C-9



Table C. 7

WATTS BAR NUCLEAR PLANT

"CHLOROPHYLL A EXPRESSED IN mg Chl. &/m2

1973 1974 1975 StationTRM Winter Spri g Summer Fall Winter Spring Summer Fall Winter Spring S urne r Fall -

496.5
506.6
518.0
527.4
528.0
524.9
532.1

13.69
16.63
18.85
16.46
16.52
15.91

4.06
2.30
6.39
9.58

10.18
26.87

3.04
19.01
19.92
20.97
18.01
31.45

6.76
10.05
7.02

11.57
18.72
15.59
17.82

1.69
10.16
10.95
16.08
12.68
9.89

12.10

14.02
6.00
9.93

13.65
19.36
17.90
32.26

5.80
3.28
9.80

15.39
17.63
14.27
37.00

* 7.86
15.60
27.02
35.24
36.79
34.05
37.87

9.06
11.13
15.04
14.38
10.90
16.05
12.24

4.27
2.62
4.26
6.19
5.25
2.80
7.68

9.19
9.22

11.15
10.22
10.37
26.03

8.57
3.33
4.89

10.46
11.34
12.89
23.64

6.51
8.86

11.76
15.29
15.70
16.00
22.67

Season x 16.34 10.07 18.73 12.49 12.20 16.20 14.74 27.78 12.68 4.72 12.70 10.73

From: TVA, Environmental Information, Watts Bar Nuclear Plant Units 1 and 2, November 18, 1976.



Table C. 8

WATTS BAR NUCLEAR PLANT

PHYTOPLANKTON PRODUCTIVITY EXPRESSED IN mg C/day/m2

1973 1974 1975 Station
Winter Spring Summer XFall Winter Spring Summer Fall Winter Spring Sun=ner FallTRM

496.5
506.6,
518.0
527.4
528.0
529.9
532. 1

Season

130 157 400 33 45
258 75 313 47 21
329 157 842 98 33
359 210 1488 159 36
322 214 1359 243 36
255 181 1074 241 28
375 558 1590 419 40

290 222 1009 177 34

328. 140 48 9
115 182 50 58
176 380 151 67
313 575 242 73
298 728 267 72
229 498 261 59
468 1356 322 71

311 220 127 162
733 240 123 185
502 246 100 229
588 290 361 391
553 327 349 397
253 268 391 311
211 1294 387 591

275 551 192 58 448 -412 263

Langley6/Day on
Incubation Date 336 345 499 232 226 98 185 271 62 421 295 254

Secchi Disc
Visibility

Water Tenp. @
1 Meter
( F)

1.1OM 1.50M 1.50M 1.25M 0.80M 125M 2.40M 1.15M 0.55M 1.80M 1.75M 1.15M

44.3 67.7 77.7 58.2 46.8 66.3 78.1 59.6 47.3 65.0 •81.2 63.8

From: TVA, Environmental Information, Watts Bar Nuclear Plant, Units 1 and 2, November 18, 1976.



Table C. 9

Zooplankton Taxa Identified in Tennessee River Collections Near Watts Bar Nuclear Plant

Preoperational Monitoring 1973-1975

ROTATORIA CLADOCERA

Asplanchna app.
Brachionus angularis
B. bidentata
B. budapestinensis
B. calyciflorus
B. havanaenis
B. quadridentatus
B. urceolarts
Cephalodella sp.
Collotheca ap.
C. pelagica
Conochiloides sp.
Conochilus hippocrepis
C. unicornis
Epiphanes macroura
Euchlanis sp.
Filinia spp.
Gastropus sp,
Hexarthra app.
H. mire
Kellicottia bostoniensis
K. longispina
Keratella americana

Keratella cochlearis
K. crassa
K. earlinae
K. quadrata
K. valga
Lecane app.
L. luna
L. stokesii
Monostyla app.
M. quadridentata
Notholca op.
N. limnetica
Platyias patulus
Ploesoma hudsoni
P. truncatum
Polyarthra spp.
Rotaria sp.
R. neptunia
Synchaeta app.
S. stylata
Teatudinella ap.
Trichocerca spp.
Trichotria pocillum

Alone sp.
A. quadrangularls
Alonella op.
Bosmina logirostris
Ceriodaphnia sp,
C. lacustris"
C; quadrangula
C. reticulate
'Chydorus spp.
Daphnia sp.
D. ambigua
D. galeata mendotae
D. parvula
D. pulex

Daphnia pulex
Diaphanosoma leuchtenbergianum
Ilyocryptus spinifer
Latona setifera
Veptodora kindtii
Leydigia quadrangularis
Moina sp.
Moina micrura
Scapholebris kingi
Sida crystallinia
Simocephalus sp.
S. serrulatus
S. vetulus

COPEPODA

Calanoida (copepodid)
Cyclopoida (copepodid)
Narpacticoida (copepodid)
Nauplii
Argulus stizostethi
Canthocamptus robertcokeri
C. staphylinoides
Cyclops bicuspidatus thomasi
C. varicans rubellus
C. vernalis
Diaptomus mississippiensis
D. pallidus
D. reighardi
D. sanguineus
Ergasilus app.
Eucyclops agilis
E. prionophorus
Mesocyclops edax
Nitocra lacustris
Paracyclops fimbriatus poppei

Tropocyclops prasinus



Of the 46 taxa of Rotatoria identified, average diversity remained relatively constant by

season and by station (See Table C.l0). The greatest diversity (19 different taxa) was recorded

at TRM 527.4 during summer 1973. Polyarthra spp. were found at all stations, seasons, and

years. Dominating the rotifer concentrations were Conochilus unicornis, Brachionus angularis,
several species of Keratella, Asplancha sp., and Synchaeta stylata. Increasing production
moving upstream follows the same trend observed in phytoplankton data. Highest concentrations

were found during the summer ('48,800 per M3 ) and lowest during winter (11,600 per M3 ).' At

the dam forebay station (TRM 532.1) during summer 1973, approximately 265,100 rotifers per

cubic meter represented peak production with Brachionus angularis, Asplanchna sp., and Ploesoma

truncatum dominating the collection.

Of the 27 taxa of Cladocerans identified in the zooplankton collections, average diversity
ranged between 3.4 taxa in winter to 8.6 taxa in summer (See Table C.ll). Average concentra-

tions for these seasons were between 600 to 18,000 per cubic meter. The greatest average

concentration was observed during spring (%53,600/m 3). The highest average production by

station (30,300/M3 ) was found at TRM 528.0 followed closely by the forebay station (27,700/M 3).

The cladoceran group was dominated by the single species, Bosmina longirostris, which comprised

97% of the 147,000 per cubic meter peak concentration observed at TRM 528.0 during spring 1975.

B. longirostris dominated the winter, spring and fall collections. Diaphanosoma leuchtenbergianum

and several Daphnia species dominated the summer collections of Cladocerans.

Immature forms dominated the Copepoda, i.e. calanoid and cyclopoid copepodids and nauplii.

Increasing concentrations were. observed moving upstream. Highest production was during the

summer, similar levels during spring and fall and lowest during winter (See Table C.12). The

greatest concentration (29,600/M 3) was found at TRM 529.9 during fall 1977, with \90% contributed
by nauplii and cyclopoid copepodids.

A summary of the zooplankton diversity and concentrations is provided by Table C.D3. To be.

noted is the general decline in zooplankton production during all seasons of 1974 and the

general rebound of the 1975 production toward the 1973 levels. The trend of increasing

production moving upstream can again be observed in the average for total zooplankton
concentrations.

Secondary Production - Benthos

Included in the preoperational monitoring program was the placing of artificial substrates for

analyzing colonization by macrobenthos. No information on this aspect of the benthic community
was presented in the FES-CP. In 1973 and 1974, the substrates were incubated for 90-day

periods. Starting in 1975 and continuing to the present, 30-day incubation periods have been
used. Due to the different methodology, direct comparisons cannot be made for the 1973-1975
period.

The 90-day incubation sets were dominated by Chironomidae, Psychomyiidae, and Cheumatopsyche

sp. In the 30-day sets, Chironomous sp., Stenonema sp. and Cyrenellus sp. dominated.

Diversity and numbers of organisms per substrate were low in all samples, as expected for this

stretch of the river.

The natural bedrock substrate with gravel, rock, clay and other sediment interspersed provides

favorable habitat for mussel fauna. In the FES-CP, TVA identified the 3-mile reach from the

Watts Bar dam (TRM 529.9) downstream to TRM 526.9 as being a designated mussel sanctuary by the

State of Tennessee. Harvesting within-the sanctuary reach is illegal.

At the time of TVA's FES-CP preparation, eight species of mussels were suspected in the sanctuary

reach. Based on the results of surveys in July and August 1975 and May and August 1976, TVA

has identified 13 species in the area (see Table C.14) including Lampsilis orbiculata, a

species declared endangered by the U.S. Fish and Wildlife Service.5 The survey results

indicate that the most suitable mussel habitat is on the left bank (looking downstream) in the

reaches from TRM 520.5 to 521.3 and TRM 527.6 to 528.5. Number per unit effort (by SCUBA

divers) indicated greater density in the 520.5 to 521.3 reach, but also a good localized popula-

tion density in the TRM 527.7 area. No mussel concentrations were located on the right side of

the river in the general vicinity of the diffuser location. Most frequently taken were

Pleurobema cordatum, Elliptio crassidens, Quadrula pustulosa and Cyclonaias tuberculata. This

same order of abundance was found by Isom in his 1964 study. 6 In that study, Isom reported

finding Lampsilis orbiculata from the Kentucky Dam tailwater to the Watts Bar Dam tailwater.

The species' known distribution, according to the Federal Register Notice, includes the Green

River (Kentucky), the Kanawha River (West Virginia), the Muskingum River (Ohio), and the

Tennessee River (Alabama and Tennessee). L. orbiculata has recently been collected by TVA in

the Cumberland River, also. Information for recent years, 1973-1975, indicate that a few
mussels were harvested in Chickamauga Reservoir but species and amounts are unknown. There are

none harvested for human consumption.

C-13



Table C. 10

Sum•ary of Rotatoria Data
Preoperational Monitoring - Watts Bar Nuclear Plant

Winter- Spring Summer Fall Station Average
(Seasons & Years Combined)

Station o. of 1000's per No. of 1000's per No. of 1000's per No. of 1000's per No. of 1l00's per
(TRM) Year Taxa Cubic Meter- Taxaa Cubi Meter Meter Taxa Cubic Meter Taxa Cubic Meter

496.5

506.6

518.0

527.4

528.0

529.9

532.1

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

1973
1974
1975

i973
1974
1975

14
16

14
15

12
13
12

12
12
11

12
14
10

10
14
14

11
19
14

3.6
16.3

23.0
3.2

11.0

25.2
2.1
8.8

31.7
3.9

13.1

22.4
2.8
5.6

11.2
2.6
7.6

25.7
3.7
8..8

17
22
**

15
9

16

12
7

17

11
11
15

14
10
12

13
10
14

15
11
13

21.5
29.5

5.5
3.1
9.3

25.9
3.9

13.1

53.5
13.3
14.4

105.3
23.1
13.9

71.2
12.5
11.3

139.6
46.3
20.5

15
14

18
5

14

16
9

14

19
5

17

17
9

14

15
7

14

18
13
16

6.5
2.4

13.3
0.3
6.9

57.8
0.5
6.7

69.0
1.6

31.7

119.3
2.0

20.0

244.6
i.6

12.7

265.1
21.0
93.7

48.b

14
14
**

13
15
13

12
14
12

0.6
4.7

0.6
3.8
2.8

1.1

9.3
5.9

15.8 10.6

* 13.2

12.5

12.8

6.9

13.4

23.8
12 1.8
13 19.0
16 32.8

14
13
13

12
16
13

15
15
14

14

3.8
22.1
41.7

6.2
45.7
50.5

19.1
56.4
77.3

20.3

12.7

12.7

14.5

31.8

39.6

64.8

seasonal Avgs..
(Stations & Years 13
Comhined)

11. G 13 31.6 13

* No dara cIll'eted
*D Lat:ti:u.,rildblc
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Table C. 11

Summary of Cladocera Data

Preoperational Monitoring - Watts Bar Nuclear Plant

Station Average

Winter Srinsg Summer Fall (Season & Years Combined)

Station No. of 1000's per No. of 1000's per No. of 1000's per No. of 1000's per No. of 1000's per

(TPi4) Year Taxa Cubic Meter Taxa Cubic Meter Taxa Cubic Meter Taxa Cubic Meter Taxa Cubic Meter

496.5 1973 * * 9 24.4 9 8.3 7 0.8

1974 4 0.3 11 13.6 5 3.5 6 2.9 6.9 6.8

1975 4 0.5 ** ** ** ** ** **

506.6 1973 1 0.2 9 42.1 11 15.2 7 1.0

1974 4 0.4 6 17.0 7 4.1 3 3.5 6.2 16.6

1975 3 0.6 10 106.0 7 8.6 6 1.1

518.0 1973 3 0.2 7 45.8 9 8.8 8 1.2

1974 5 0.2 5 3.9 7 9.7 4 3.1 6.1 11.1

1975 3 0.6 7 52.0 8 5.6 7 2.2

527.4 1973 2 0.5 7 41.2 10 10.4 8 3.2

1974 5 0.4 7 26.6 9 8.6 5 6.6 6.8 .19.0

1975 3 1.6 8 91.6 8 30.5 9 7.0

528.0 1973 3 0.5 9 77.9 9 20.9 8 5.2

1974 6 0.4 7 57.6 8 14.4 6 8.3 711 30.3

1975 3 1.0 8 147.0 10 21.6 8 8.8

529.9 1973 2 0.2 7 64.1 9 40.4 8 4.7.

1974 4 0.2 6 37.5 8 8.9 7 16.2 6.5 22.1

1975 4 1.2 6 59.0 9 21.8 8 11.1

532.1 1973 2 0.7 8 14.7 11 51.8 9 8.8

1974 4 0.3 6 57.4 9 19.3 7 23.6 7.1 27.7

1975 4 1.0 9 92.0 8 46.8 8 15.7

o Av.
Station & Years 3.4 0.6 7.6 53.6 8.6 18.0 7.0 6.8

Combined

* 5 d oa , I I--t ed
-d )ta ,1 , tl a;ble
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Table C. 12

summary of Copepoda Data
Preoperational Monitoring - Watts Bar Nuclear Plant

Station AverageWinter Sprin SuSmer Fall (Stations & Years Combined)Station No. of 1000's per No. of 1000's per No. of 1000's per No. of 1000's per No. of 100
0

's per(TILM) Year Taxa Cubic Meter Taxa Cubic Meter Taxa Cubic Meter Taxa Cubic Meter taxa Cubic Meter

496.5 1973 * * 9 2.6 7 2.4 9 0.41974 8 1.2 12 1.7 8 3.6 7 2.2 8.4 2.71975 7 7.4 ** ** ** ** ** **

506.6 1973 8 2.2 8 1.5 9 2.8 7 0.31974 11 1.3 8 2.4 7 3.0 5 0.4 8.4 2.11975 8 3.8 11 1.8 9 3.3 10 2.0

518.0 1973 8 1.7 9 2.0 8 3.4 -11 0.51974 9 1.0 9 0.6 9 7.6 5 0.4 8.3 2.61975 7 2.6 9 3.8 7 4.5 9 3.3

527.4 1973 7 3.8 9 3.8 9 7.3 9 1.61974, 7 1.8 9 2.6 8 11.3 9 1.9 8.6 6.61975 8 7.4 9 8.4 9 18.0 10 10.9

528.0 1973 7 4.5 9 9.2 8 12.2 9 2.81974 11 1.3 10 8.4 7 15.0 .10 4.5 9.0 9.61975 7 4.6 8 13.8 11 12.0 11 " 27.3

529.9 1973 8 1.8 9 13.6 7 28.4 9 7.4
1974 8 1.0 9 6.6 8 16.0 12 10.2 9.1. 12.91975 9 4.7 11 15.2 9 20.6 10 29.6

532.1 1973 7 4.9 10 25.6 9 27.4 10 12.6
1974 10 1.2 9 17.8 8 18.5 8 18.7 9.1 17.41975 9 6.0 10 25.8 8 26.0 11 25.0

Seasonal Avg.
Stations & Yrs. 8.2 3.2 9.4 8.4 8.2 12.2 9.0 8.1
Combined

a No data collected
• * I),i :t. ,,u.iwvi ad, [
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Table C. 13

Sumary of Zooplankton Data

Preoperational Monitoring - Watts Bar Nuclear Plant

Station Average

Winter Spring Summer Fall (Seasons & Years Combined)

Station No. of 1000's per No. of 1000's per No. of 1000's per No. of 1000's per No. of 1000's per
(TRM) Year Taxa Cubic Meter Taxa Cubic Meter Taxa Cubic Meter Taxa Cubic Meter Taxa Cubic Meter

496.5 1973 * * 35 48.6 31 17.1 30 1.9

1974 26 5.0 45 44.7 27 9.4 27- 9.8 31.1 20.1

1975 27 24.2 ** ** ** ** ** **

506.6 1973 20 25.3 32 49.1 38 31.4 27 1.9

1974 29 4.9 23 22.5 19 7.4 23 7.8 27.8 25.6

1975 26 15.3 37 117.1 30 18.9 29 5.8

518.0 1973 23 27.2 28 73.7 33 70.0 31 2.8

1974. 27 3.3 21 8.4 25 17.8 23 12.8 26.9 27.1

1975 22 12.0 33 69.0 29 16.3 28 11.5

527.4 1973 21 36.0 27 98.6 38 86.8 29 6.6

1974 24 6.1 27 42.5 22 21.5 27 27.4 28.2 49.4

1975 22 22.2 32 114.5 34 80.2 35 50.6

528.0 1973 22 27.5 32 192.4 34 152.5 31 11.9

1974 31 4.4 27 89.2 24 31.4 29 35.0 28.8 71.7

1975 20 11.2 28 85.5 35 53.6 32 77.9

529.9 1973 20 13.2 29 148.9 31 313.4 29 18.4

1974 26 3.8 25 56.5 23 26.6 35 72.2 28.3 74.8

1975 27 13.6 31 174.7 32 55.1 31 91.3

532.1 1973 20 31.3 33 180.0 38 344.4 34 40.5

1974 33 5.2 26 121.5 30 58.8 30 98.7 30.7. 109.9

1975 27 15.8 32 138.4 32 168.0 33 118.0

Seasonal Avg. .

Stations & Yrs. 24.6 15.4 30.2 93.8 39.8 79.0 29.8 35.2

Combined .

* No data ., lh ,,.ted

** itt!. tLtiIVdi];i, iff



Table C.14

COMPOSITION OF MUSSEL POPULATION BELOW WATTS BAR DAM COLLECTED (ALL METHODS)

JULY AND AUGUST 1975

Name

Amblema plicata

Quadrula pustulosa

Quadrula metanevra

Tritogonia verrucosa

Cyclonaias tuberculata

Pleurobema cordatum

Elliptio crassidens

Obliquaria reflexa

Actinonaias carinata

Plagiola lineolata

Proptera alata

Ligumia recta

Lampsilis orbiculata*

Total

Number from Number from
TRM 527.6 to 528.5 TRM 520.5 to 521.3

6 2

9 20

Total

8

29

% of Total-

5%

19%

1

2

5

12

16

1

2

6

3

2

66

3

I

15

21

14

1

0

7

3

0

0

87

4

3

3%

2%

20

33

30

2

1

13%

22%

20%

1%

<1%

9

9

3

6%

6%

2%

2

153

1%

100%

On Department of Interior list of proposed endangered species.

From: TVA, Environmental Information, Watts Bar Nuclear Plant, November 18, 1976, p. A-18.
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The Asiatic clam, Corbicula manilensis, has become prominent in the benthos in the vicinity of
the Watts Bar site during the past decade. Densities reach hundreds per square meter. This
species is of engineering concern due to their colonization on surfaces of cooling water systems.

Fish Production - Ichthyoplankton

In TVA's FES, the tailwater area was considered favorable spawning habitat for sauger, white
bass, smallmouth bass, and possibly yellow perch which had recently invaded the reservoir from
the Hiwasee River. 7 No specific site data on ichthyoplankton were available at preparation of
the FES-CP.

Recent data for the 1976-spawning season suggest that the area may not be as favorable for the
tailrace spawners as previously noted. Following is a description of the methodology and study
results as presented by TVA:

"To determine the spatial and temporal concentrations and distributions of ichthyo-
plankton in the vicinity of Watts Bar Nuclear Plant Site, samples were taken along a
transect adjacent to the intake construction.site at Tennessee River Mile 528.0. Five
stations equidistantly spaced, were sampled biweekly from March 29, 1976 through
September 9, 1976. At each station, full-stratum samples were taken four times a day
(dawn, day, dusk, night) during each sampling period. All samples were taken with a
0.5 m beam net (0.5 mm mesh) towed at 1.0 m/sec. Flow was recorded with a General
Oceanics large-vane flowneter mou~ted in the net mouth. All tows were of 10 min
duration, and approximately 150 m of water was filtered with each tow. All tows
were in an upstream direction.

"Samples were preserved in the field in 10 percent Formalin and returned to the Labora-
tory. Fish early life stages were identified to the lowest possible taxon using pola-
rized stereomicroscopy and available taxonomic keys. Level of identification depended
upon taxon in question, developmental stage and condition of specimens. Mutilated
specimens were termed "unidentified" and those identifiable only to the family level
were termed "unspecified".

"Fish larvae of 16 taxa belonging to 8 families were collected (Table C.15). Un-
specified clupeids were the most abundant taxon overall (91.17 percent relative ,
abundance). The only other taxa which exceeded 1.0 percent relative abundance were
Aplodinotus grunniens (freshwater drum) and Lepomis spp.

"Few larvae were collected which were produced by migratory (tailrace) spawners.
These were six Morone spp., two Minytrema melanops, and a single Stizostedion spp.
The combined relative abundance of these taxa was less than one tenth of one percent
of the total catch. If the Watts Bar tailrace had been an important spawning area in
1976, we would have expected their young to have occurred in considerably higher
numbers.

"Of the taxa collected, only clupeids were abundant enough to merit close scrutiny of
their spatial distribution. During sampling period 3-11 clupeids were collected at all
stations and in no instance was there more than an order-of-magnitude difference
between concentrations at the five stations. Also, there was no consistent pattern
of high or low concentrationsat any one station; therefore, the horizontal distri-
bution of clupeids was essentially uniform throughout the season. Uniformity of
horizontal distributions of most taxa is also apparent upon examination of percent
relative abundance of all taxa collected by station (Table C.16). Ictalurids were
most abundant at the middle channel station (the deepest water station). All icta-
lurids captured were alevins ranging in size from 17-40 mm total length. Ictalurids of
these sizes should be capable swimmers, and apparently, they actively selected the
deepest water area for habitation."

8

Fish Production - Reservoir Fishery

Cove rotenone data for 1970, presented in the FES-CP, indicated an average total of 203.6
kilograms of fish per hectare (181.6 pounds per acre) with highest biomass in a 3-acre cove
in the area between TRM 505 to 509. Represented in the 1970 samples were 37 species of fish
with yellow perch appearing for the first time in reservoir inventories. Table C.17 presents
the percent species composition by number and weight.
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TABLE C.15

Total Number Captured and Relative Abundance (%) of Fish Larvae

Percent Relative

Taxon No. Collected Abundance

Clupeidae

Unspecified clupeids 9913 91.17
Dorosoma cepedianum 2 0.02
Dorosoma petenense. 32 0.29

Sciaenidae

Aplodinotus (grunniens) 601 5.53'

Centrarchidae

Lepomis spp. 209 1.92
Pomoxis spp. 24 0.01

Ictaluridae

Ictalurus furcatus 1 0.01
Ictalurus punctatus 45 0.41
Pylodictis olivaris 1 0.01

Cyprinidae

Unspecified cyprinids 7 0.06
Pimephales group 1 0.01
Cyprinus carpio 27 0.25

Percicthyidae

Morone sp. 1 0.01
Morone (not suxatillis 5 0.05

Catostomidae

Minytrema melanops 2 0.02

Percidae

Stizostedion sp. 1 0.01

Unidentified 1 0.01

Reference 1, Section 2, page 3-11.
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Table C. 16 Percent Relative Abundance of Fish Luxrae Copbureii at 5 Statio!;-

Watts B-,L lucieor 3ite - 197b.

L eit iei £4Mi1u(LI Right !< b I ,t

Shorelinc Clhannel Chayuio&l Chsnnel nhrclinP.

Unidentificd Fish

Unspecified clupeids

3)orosoma cepedianuim

B. petener3

Unspecidie& cyprinlidL

Pime phales group

Cyprinsurolo

Mi.rinytrema i.xeia~r, z

Ictalurus f~urc IAts

I. punctat"Ii

1~4od1ctis olivarin

,:')rlonle s;n.

obror. (not zaxtilis)

(t t z

0.06

90.23

0.06

0.17

o.o6

0.12

91.83 (9.10 93.54

0.37 0.25

0.18 0.0o3

0.25 0.

'0.12 0.93

0.03

0.2(3

o.o6

0.17-j

92.93

0.05

0.),2

0. (;5

0.:9

0.28

0. (A

0.12

2.27 1.3502

S'5.3

1.61

0.22

Reference 1.
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Table C. 17 SPECIES COMPOSITION OF COVE POPULATION,
CHICKAMAUGA RESERVOIR, 1970

Percent of Percent of
Species total number total weight

Threadfin shad 29.9 3. 2
Gizzard shad 27.6 29.0
Bluegill 15..3 5.7
Assorted minnows 12. 2 .6
Drum 5.2 13.7
Largemouth bass 3. 3 2.4
Other sunfish 1.8 1.8
Spotted bass 1.7 .3
White crappie .. 9 1.4
White bass .5 .1

.Smallmouth buffalo .4 23.7
Channel catfish .2 1.7
Yellow perch .2 . 1
Spotted sucker .2 .2
Bigmouth buffalo .1 8. 8
Golden redhorse .1 1.6
Blue catfish .1 .9
Skipjack herring .1 .2
Carp .1 3.2
Flathead catfish .1 .3

Black redhorse T .5
Spotted gar T T
Longnose gar T T
Quillback T .4
Sauger T .1
Black crappie T T
Mooneye T T
Black buffalo T . 1
Rock bass T T

T = less than 0. 05 percent
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Cove data for 1972 show an increase in the average production, i.e. 316.2 kilograms per hectare
(282.1 pounds per acre). The sample nearest the Watts Bar site (TRM 508.0), again showed

significantly greater populations (573.1 kilograms per hectare). Treadfin shad, Dorosoma

petenense., made up a greater percentage of the total number and weight than in 1970 (See
Table C.18).

Cove data for 1973 show an intermediate level of production between 1970 and 1972, i.e. 289

kilograms per hectare (258 pounds per acre). The upstream cove (TRM 508.0) was nearly 3 times

as productive as the other three coves sampled. Threadfin shad contributed 50 percent of the

total number for all samples. Gizzard shad (Dorosoma cepedianum) dominated the weight as in

the previous years of collection (See Table C.19). A comparison of the cove results for the

years 1970 through 1973 is presented in Table C.20.

A list of species identified in cove rotenone samples from Chickamauga Reservoir is
provided in Table C.21. TVA has indicated that all of these fish species can be considered as

important using a liberal interpretation of the definition given in NRC Reg. Guide 4.2.

Commercial harvest of fish from Chickamauga Reservoir for the 1971-1973 period has been

estimated at 373,000 pounds per year. Comparison with other TVA reservoirs shows that
Chickamauga Reservoir contributed approximately 5 percent of the Tennessee Valley - wide

estimate (Table C.22-). The most recent commercial harvest data for Chickamauga (1972) are
given in Table C.23. Catfish, buffalo, and carp made up over 99 percent of the total 1972
harvest.

A survey of sport fishing in Chickamauga Reservoir for the period 1972 through 19759 indicates

an average sport harvest of 4.2 kg per hectare per year (Table C.24). The catch by species is

given in Table C.25. The annual average sport harvest for the four-year survey was 66,040 kg.
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Table C.18 Species Composition.
1972.

of Cove Populations, Chickamauga Reservoir,

Species Percent of Percent of
Total Number Total Weight

Threadfin shad 49.7 10.3
Bluegill 20.2 6.5
Miscellaneous minnows 14.9 1.0
Gizzard shad 5.1 35.3'
Drum 3.4 9.1
Longear sunfish 2.0 .7
Redear sunfish .9 2.4
Spotted bass .8 .3
Largemouth bass .6 2.6
White crappie .4 .8
Channel catfish .3 2.8
Smallmouth buffalo .2 13:9
Spotted sucker .2 2.0
Yellow perch .2 .2
Warmouth .2 .1

Yellow bass .2 .1

Carp .1 8.8
Skipjack .1 .3
Orangespotted sunfish .1 t
Flathead catfish t .2
Golden redhorse t 1.2
Green sunfish t t
Black crappie t t
Hogsucker t .1
River redhorse t .1

Longnose gar t .3
White bass t t
Sauger t .1

Black redhorse t .2
Black bullhead t t
River carpsucker L .1
Blue catfish t

Total 99.6 99.8

t Less than .05
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Table C. 19 Species composition of Cove Population, Chickarr~uga Reservoir,

1973.

Percent of Percent of
Species Total Number Total Weight

Threadfin shad 40.8 7.7
Bluegill 24.7 5.9
Gizzard shad 6.4 31.1
Drum 4.8 10.7
Redear sunfish 4.8 2.4
Bullhead minnow 3.9 .2
Longear sunfish 3.6 .7
Brook silversides 1.6 .1
Emerald shiner 1.4 .1
Blackstriped topminnow 1.3 .1
Largemouth bass 1.1 2.4
Spotted sucker 1.1 2.4
Warmouth 1.0 .3
Spotted bass .6 .2
Logperch .6 .3
White crappie .4 .8
Channel catfish .4 3.3
Yellow perch .3 .3
Smallmouth buffalo .2 14.5

Carp .2 14.1
Yellow bass .2 .1
Green sunfish .2 .1
White bass .1 .1

Skipjack herring .1 .3
Golden shiner .1 •.1

Spotfin shiner .1 -
Flathead catfish - .6
Golden redhorse - .6

River carpsucker .2
Shorthead redhorse -.
Sauger -
Blue catfish -
Spotted gar -

Longnose gar
Orangespotted sunfish -

Mooneye -

Mosquitofisht
Hogsucker -

Bluntnose minnow -

Total 100.0 99.8

- = Less than .05
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Table C.20 Comparison of Rotenone Survey Results
. Reservoir - 1970-1973.

in Coves of Chickamauga

Sample Area No. Fish Lb Fish

Cove Area, Year Size (ac) per Acre per Acre

Nance Hollow

Chigger Point

Sale Creek

TRM 508.0

1970

1971

1972

1973

1970

1971

1972

1973

1970

1971

1972

1973

1971

1972

1973

2.20

3.10

3.10

3.10

2.24

2.40

2.40

2.40

1.50

2.30

2.30

2.30

1.05

1.05

1.05

2,910

2,574

4,701

3,519

3,709

1,159

6,39.6

3,581

3,094

3,734

4,427

4,621

5,549

10,728

12,919

216.6

251.4

319.2

252.0

200.6

167.8

205.5

176.3

200.7

88.7

206.9

179.9,

321.9

511.3

633.5
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TABLE C.21

Fish Species List from Cove
Rotenone Samples in Chickamauqa Reservoir

Number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Common Name

Chestnut lamprey

Spotted gar

Longnose gar

Shortnose gar

Skipjack herring

Gizzard shad

Threadfin shad

Mooneye

Stoneroller

Rosyside dace

Carp

Silver chub

Golden shiner

Emerald shiner

Ghost shiner

Spotfin shiner

Striped shiner

Bluntnose minnow

Bullhead minnow

River carpsucker

Quillback carpsucker

Highfin carpsucker

Northerný^hog sucker

Smallmouth buffalo

Bigmouth buffalo

Black buffalo

Spotted sucker

Silver redhorse

Shorthead redhorse

River redhorse

Scientific Name

Icythyomyzon castaneus (Girard)

Lepisosteus oculatus (Winchell)

L. osseus (Linnaeus)

L. platostomus (Rafinesque)

Alosa chrysochloris (Rafinesque)

Dorosoma cepodianum (Lesueur)

D. petenense (Gunther)

Hiodon tergisus (Lesueur)

Campostoma anomalum (Rafinesque)

Clinostomus funduloides (Girard)

Cyprinus carpio (Linnaeus)

Hybopsis storeriana (Kirtland)

Notemigonus crysoleucas (Mitchill)

Notropis atherinoides (Rafinesque)

N. buchanani (Meek)

N. spilopterus (Cope)

N. chrysocephalus (Rafinesque)

Pimephales notatus (Rafinesque)

P. vigilax (Baird and Girard)

Carpiodes carpio (Rafinesque)

C. cyprinus (Lesueur)

C. velifer (Rafinesque)

Hypentelium nigricans (Lesueur)

Ictiobus bubalus (Rafinesque)

I. cyprinellus (Valencinnes)

Ictiobus niger (Rafinesque)

Minytrema melanops (Rafinesque)

Moxostoma anisurum (Rafinesque)

M. macrolepidotum (Lesueur)

M. carinatum (Cope)
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TABLE C.21 (continued)

Number

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

Common Name

Black redhorse

Golden redhorse

Blue catfish

Black bullhead

Channel catfish.

Flathead catfish

Blackstripe topminnow

Blackspotted topminnow

Mosquitofish

White bass

Yellow bass

Rock bass

Warmouth

Redbreast sunfish

Green sunfish

Orangespotted sunfish

Bluegill

Longear sunfish

Redear sunfish

Smallmouth bass

Spotted bass

Largemouth bass

White crappie

Black crappie

Rainbow darter

Yellow perch

Logperch

Sauger

Freshwater drum

Brook silverside

Scientific Name

M. duquesnei (Lesueur)

M. erythrurum (Rafinesque)

Ictalurus furcatus (Lesueur)

I. melas (Rafinesque)

I. punctatus (Rafinesque)

Pylodictis olivaris (Rafinesque)

Fundulus notatus (Rafinesque)

F. olivaceus (Storer)

Gambusia affinis (Baird & Girard)

Morone chrysops (Rafinesque)

M. mississippiensis (Jorden and Eigenma

Ambloplites rupestris (Rafinesque)

Lepomis gulosus (Cuvier)

L. auritus (Linnaeus)

L. cyanellus (Rafinesque)

L. humilis (Girard)

L. macrochirus (Rafinesque)

L. megalotis (Rafinesque)

L. microlophus (Gunther)

Micropterus dolomieui (Lacepede)

M. punctulatds (Rafinesque)

Micropterus salmoides'(Lacepede)

Pomoxis annularis (Rafinesque)

P. nigromaculatus (Lesueur)

Etheostoma caeruleum (Storer)

Perca flavescens (Mitchill)

Perc'ina caprodes (Rafinesque)

Stizostedion canadense (Smith)

Aplodinotus grunniens (Rafinesque)

Labidesthes sicculus (Cope)

53

54

55

56

57

58

59

60
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Table C.22 Estimated annual harvest from TVA reservoirs - 1971-1973.

Reservoir Annual Pounds Harvested

Guntersville 1,938,000

Wheeler 1,938,000

Wilson 806,000

Fort Loudon 593,000

Nickajack 491,000

Douglas 422,000

Chickamauga 373,000

Watts Bar 107,000

Cherokee _ 40,000

Table C. 23 1972 Chickamauga Reservoir commercial fisherman-survey (actual

catch of ?h.3? percent of fisherman).

Pounds Pounds sold Pounds sold

Species Caught to. dealers to individuals

Catfish

Buffalo

*Carp

Drum

Spoonbill

Others

Total

45,409*

34,870

10,180

160

160

90,779

23,858
,31,400

7,000

160

160

62,578

21,141
3,320

3,080

27,541
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Table C.24 Harvest rate of sport fish, Janluary 2, 197: through

December 31, 1975, Chickamauga Reservoir, Teunessee,

Harvest per hour of fishing, Harvest per hectare

Number Biomass (Kg) Number Biomass (Kg)

1972 0.85 0.23 18.3 5.0

1973 0.97 0.36 15.5 5.8

1974 0.94 0.21 13.0 3.0

1975 0.76 0.19 11.4 2.9
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Table C.25 Estimated catch by species,
Tennessee.

January 1, 1972, through December 31, 1975, Chickamauga Reservoir,

Number Biomass (Kg)

Species 1972 1973 1974 1975 1972 1973 1974 1975

(-3

White crappie 99,838
Bluegill 73,845
White bass 29,108
Channel catfish 20,901
Drum 17,414
Largemouth bass 15,972
Skipjack herring 3,304
Blue catfish 5,746
Redear sunfish 6,494
Spotted bass 5,508
Snallmouth bass 4,283
Black crappie 1,874
Sauger 1,410
Other sunfish* 398
Yel~lcw. perch 564
Yellow bass 390
Flathead catfish 633
Rockbass 323
Bullhead 142
Carp 270
Walleye 68
Smallmouth buffalo 42
Longnose gar 90
Rockfish 12
Mooneye 18
Minnows
Paddlefish

"143,392
38,102
12,005
13,517

4,557
10,066
1,378
5,106
3,449
3,434

97
2,068
3,679

841
909
225
286
564

96

7

842

76

55,873
75,749
13,779
14,213
4,229

12,295

3,108'
10,446

4,025
163

-4,215
4,737

259
566
475

30

110
28

137

66,444
46,348
10,850
15,370

544
16,916

2,360
6,916
4,537

362
4,234
3,502

273

747
497

23,764
8,913

10,470
9,501
6,311
8,425
1,336
2,432
1,007
1,845
1,827

440
981

53
73
70

364
138

86
704
124
103
90
16
7.

33,145
5,980
3,857

10,541
1,479
5,286

210
24,947

610
1,427

42
474

1,374
123
179

79
216
103

185

8

1,243

7

11,441
9,994
4,340
6,805
1,292
5,684

1,147
1,630
1,554

91
948

1,651
2].

ill
98
14

107
57

188

L3,265
6,942
2,571
7,546

127
9,076

753
1,348
1,526

101
1,072

887
33

84
955

33

48

62

44

Total 288,647 244,696 204,518 179,900 79,080 91,515 47,279 46,286

*Includes longear sunfish, green sunfish, wat-j outh, etc.
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APPENDIX D

EXPLANATION OF BENEFIT-COST SUMMARY, TABLE 10.1.

ECONOMIC IMPACT OF PLANT OPERATION

DIRECT BENEFITS - The staff has evaluated the effect of the Watts Bar Nuclear Plant
production of baseload energy for nc load growth situation
(Section 9.3,2).

INDIRECT BENEFITS - See Section 5.6.

ECONOMIC COSTS

Operating costs - Supplied by Applicant.6

Decommissioning costs - The staff has estimated decommissioning costs in 1975 dollars at $59
million.

1. Deactivating the reactors.

2. Decontaminating of. process .systems and areas of plant...

3. Removing all nuclear fuel from the site for recovery of fuel materials and ultimate
disposal of radioactive wastes.

4. Sealing of building or portion of building containing activated process piping and

components by means of blocking, bolting, or welding plates over openings, etc.

5. Dismantling and sealing of all gaseous and liquid waste systems and effluent lines,.

6. Maintaining some security and fire systems.

7. Ultimate dismantling of station.

ENVIRONMENTAL IMPACT OF PLANT

(The index numbers used in this and the next section correspond to those used in Table 10.1.)

Item 1.1 - CONSUMPTION (nuclear station consumption) - The amount of water consumed by the
applicant is estimated at 1.4 cubic meters for operation. This consumption amounts to 45,000,000
cubic meters/year.

Item 1.2 - HEAT DISCHARGE TO NATURAL WATER BODY.

Item 1.2.1 - Cooling capacity of water body - Btu/hr rejected heat = 9xlO8 (max).

Item 1.2.2 - Aquatic biota - Insignificant.

Item 1.2.3 - Migratory fish - Insignificant.,

Item 1.3 - CHEMICAL DISCHARGE TO NATURAL WATER BODY. (Includes items 1.3.1, 1.3.2, 1.3.3

and 1.3.4)

Chemicals will be discharged to the Chickamauga Reservoir.

Item 1.4 - RADIONUCLIDE CONTAMINATION OF NATURAL WATER BODY. Radionuclides will be released

to the condenser cooling water. Radioactivities are expected to be 0.22 Ci/year (total) for

all radionuclides except tritium and 520-Ci/year (total) for tritium. No detectable effect is

expected from these releases (Sections 3.2.3, 5.5.1 and 5.5.2).
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Item 1.5 - CHEMICAL CONTAMINATION OF GROUNDWATER. See item 1.3, above.

Item 1.6 - RADIONUCLIDE-CONTAMINATION OF GROUNDWATER. See item 1.4, above.

Item 1.7 - RAISING/LOWERING OF GROUNDWATER LEVELS. (Includes items 1.7.1 and 1.7.2). No
effect is expected.

Item 1.8 - EFFECTS ON NATURAL WATER BODY OF INTAKE STRUCTURE AND CONDENSER COOLING
SYSTEMS - Unknown (Section 5.4).

Item 1.9 - NATURAL WATER DRAINAGE.

Item 1.9.1 - Flood Control - No damage to station or immediate vicinity.

Item 1.9.2 - Erosion control - No significant erosion is expected.

Item 2. - IMPACT ON AIR

Item 2.1 - CHEMICAL DISCHARGE TO AMBIENT AIR

Item 2.1.1 - Air Quality -- chemical - No impact.

Item 2.1.2 - Air Quality -- odor - No impact.

Item 2.2 - RADIONUCLIDES DISCHARGED TO AMBIENT AIR

Item 2.2.1 - Section 3.2.3.

Item 2.3 - FOGGING AND ICING - The added evaporation will increase the amount of fogging
in the vicinity of the plant, but the extra vapor discharged to the atmosphere does not
appear to be such that the fogging will be severe to excessive.

Item 2.4 - Section 5.4.1.

Item 3. - See Section 5.5.

SOCIETAL IMPACT OF PLANT

Item 1. - OPERATIONAL FUEL DISPOSITION

Item 1.1 - FUEL TRANSPORT - ten truck shipments of new fuel plus 13 transhipments of radio-
active spent fuel assemblies per year.

Item 1.2 - FUEL STORAGE - the staff assumes storage of new fuel to be provided for in plant
design within the reactor building.

Item 1.3 - WASTE PRODUCTS- Onsite storage of spent fuel assemblies is normal and is assumed
for Watts Bar.

Item 2. - LABOR.- Negligible impact (Section 5.6).
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APPENDIX E

DRAFT NPDES PERMIT



A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on effective date and lasting through expiration

the permittee is authorized to discharge from outfall(s) serial number(s) 001 - Point source(s) runoff

from construction (includes treated domestic waste and concrete washing wastes) to Yellow Creek

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristics Discharge Limitations Monitoring Requirements
Measurement Sample

Instantaneous Maximum Frequency Type

Flow-mi/Day (MGD) N/A I/week Grab

Total Suspended Solids (mg/i) I/ i/week Grab

Settleable Solids (ml/l) N/A l/week Grab

Turbidity N/A l/week Grab

1/ Pending repromulgation of effluent guidelines for this waste category, limitations on total

suspended solids shall not be applicable. Within 90 days of repromulgation, permittee shall

submit a proposed implementation schedule and shall expeditiously complete necessary facilities,

if any, to assure compliance with such repromulgated regulations. In. the interim, construction

practices and control of site runoff shall be consistent with sound engineering practices such

as those contained in "Guidelines for Erosion and Sediment Control Planning and Implementation,"

EPA-R2-72-05 (August, 1972) or "Processes, Procedures and Methods to Control Pollution Resulting,

from all Construction Activity," EPA-430/9-73-007 (October, 1973). Where an impoundment is

utilized by permittee, it shall be capable of containing a 10-year, 24-hour rainfall event.

The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be

monitored l/week.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at t '

the following location(s): Point(s) of discharge from the construction yard drainage pond prior to

mixing with any other waste streams. -
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A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on effective date and lasting through expirationthe persittee is authorized to discharge from outfall(s) serial number(s) 003 17 - Construction Sewage Treatment Plant Effluent
Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge Limitations Monitoring Requirements
mg/l except as noted

Flow-m 3
/Day (MGD)

BOD 5'
Total Suspended Solids
Settleable Solids (ml/l)

Chlorine Residual
Fecal Coliform 2/

(organisms/lO0 ml)

Daily Avg. Daily Max.

136(0.036)
30 60
30 60

1.0 1.0

Measurement Sample
Frequency Type

1/day
1/2 weeks
112 weeks
I/day

Grab
Grab
Grab
Grab

N/A

N/A

N/A

N/A

1/day Grab

1/2 weeks Grab

Effluent shall be aerobic at all times. bw

The pH shall not be less than 6.0 standard units nor greater than 9.0 standad units and shall be monitored l/week.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requiremeits specified above shall be taken at the following locationtsi:Seulage treatment plant effluent prior to mixing with any other waste stream discharging through
Serial Number 001.

1/ Serial number assigned-for Identicication and monitoring purposes.
2! Geometric mean.

> a- -

o0

u•
* EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on start of discharge and lasting through expiration
the permittee is authorized to discharge from outfall(s) serial number(s) 002 - Diffuser Discharge to the
Tennessee River
Such discharges shall be limited and monitoring by the permittee as specified below:

- Effluent Claracteristic Discharge Limitations Monitoring Requirements
Measurement Sample

Instantaneous Maximum Frequency Type

Flow-m
3

/Day(MGD) .- N/A Continuous RecorderTemperature *C('F) " 4 35.0(95.0) I/ Continuous Recorder
Total Chlorine Residual • See Below- I/week 2/ Multiple grabs
Additional Monitosing See Below 1/month g-hour composite

Chlorine may be discharged continuously, however, total residual chlorine shall not exceed a maximum instantaneousconcentration Of 0.10 mg/l. In the event that the units cannot be operated at or below this level of chlorination,the permittee may submit a demonstration, based on biological toxicity data, that discharge of higher levels ofchlorine are consistant with toxicity requirements of the Tennessee Water Quality Standards. Effluent limitationswill be modified consistant with an acceptable demonstration.

Direct overflow from the yard holding pond to the Tennessee River is allowed under emergency conditions toprotect dike stability, but only to the minimum extent necessitated by the emergency. Notification of suchoverflow shall be provided to the Director, Enforcement Division within five days after any occurrance.
Additional monitoring shall include total suspended, settleable and total dissolved solids; ammonia nitrogen;and total copper, iron, manganese and zinc.

The ph shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be monitored1/week on a grab sample.

There shall be no discharge of floating solids or visible foam in other than trace amounts. ?

Samples taken in compliance with the monitoring requirements specified above shall be taken at the E Mfollowing locati6n(s): plant discharge prior to entry into the Tennessee River. ,I/ The-receiving water shall not exceed (1) a maximum water temperature change of 3VC (5.4'F) relative to oan upstream control point, (2) a maximum temperature of 30.5'C (86.9oF), except when upstream temperatures oapproach or exceed this value, and (3) a maximum rate of change of 2oC (3.6oF) per hour outside of amixing zone which shall not exceed (1) a maximum width of 240 feet nor (2) a
2 4

0- foot linear downstream Z
length.

2/ During the first two-month period of substantially full power operation, analyses shall follow 0each application of chlorine until sufficient operating experience has been obtained to assure
compliance with limitations and then analysis frequency may be reduced to one day per week.



A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on start of discharge and lasting through expiration

the permittee is authorized to discharge from outfall(s) serial number(s) 005 1/ Operational Sewage Treatment Plant
Effluent.

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge Limitations Monitoring Requirements

mg/l except as noted Measurement Sample

Daily Avg. Daily Max. Frequency Type

Flow-m
3

/Day (MGD) 45 (0.012) 1/day Grab

BOD 5 30 60 1/month Grab

Total Suspended Solids 30 60 1/month Grab

Chlorine Residual N/A N/A l/day Grab

Fecal Coliform N/A N/A

(organisms/lO0 ml) 1/month Grab

Effluent shall be aerobic at all times.

There shall be no discharge of floating solids or visible foam in other than trace amounts. -

Samples taken in compliance with the monitoring requirements specified above shall be taken at the-following locationisI:

Sewage treatment plant effluent prior to mixing with any other waste stream. - Z
0

1/ Serial number assigned for identification and monitoring purposes._

A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on effective date and lasting through expiration

the permittee is authorized to discharge from outfall(s) serial number(s) 004 1/ - Preoperational Metal

Cleaning Wastes

Such discharges shall be limited and monitcred by the permittee as specified below:

Effluent Characteristic Dischsrge Limitations Monitoring Requirements

Daily Average Daily Maximum Measurement Sample
Frequency Type

Flow-m
3

/Day (MGD) N/A N/A l/day Weir or pump log

Oil and Grease (mg/l) 15 2C 2/ Grab

Total Suspended Solids (mg/l) 30 100 2/ 8-hr. composite

Copper, Total (mg/l) 1.0 1.0 2/ 8-hr. cocposite

Iron, Total (mg/i) 1.- 1.0 2/ 8-hr. corposite

Phosphorus, as P (mg/l) 1.0 1.0 /-hr. composite

Metal cleaning wastes shall mean any cleaning compounds, rinse waters, or any other waterborne residue

derived from cleaning any metal process equipment.

The quantity of pollutants discharged in metal cleaning wastes shall not exceed the-quantity determined

by multiplying the above concentrations, times the volume of metal cleaning wastes.

1/ Serial number assigned for identification and monitoring purposes.

2/ On start of discharge and once/week thereafter until termination of discharge with one-sample taken

immediately prior to termination of discharge.

The ph shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be monitored 1/day.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following location(is):

discharge from the metal cleaning wastes treatment facility(s) prior to mixing with any

other waste stream discharging through Serial Number 002.

NOTE: In the event that the permittee provides land disposal or spray irrigation of these

wastes, the above limitations and monitoring requirements shall not be applicable.

Notification of proposed disposal in this manner shall be provided to EPA and the

State Director.



A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on start of discharge and lasting through expiration
the permittee is authorized to discharge from outfall(s) serial number(s) 007 l/ - Neutral Waste Sump (neutralizer waste tank)

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge Limitations Monitoring Requirements

kg/day (lbs/day) Other Units (mg/i) '
Measurement Sample

Daily Avg Daily Maximum Daily Avg Daily Maximum Frequency Type

Flow-m
3
/Day (MGD) N/A N/A N/A N/A 2/week Grab or pump logs

Oil and Grease 2.0 (4.5) 2.7 (6.0) 15 20 2/week Grab
Total Suspended Solids 4.1 (9.0) 13.6 (30.0) 30 100 2/week Grab

I/ Serial number assigned for identification and monitoring purposes.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following location(s):

individual discharges prior to mixing with any other waste streams.

5-

coC)
C

uJ

A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on start of discharge and lasting through expiration
the permittee is authorized to discharge from outfall(s) serial number(s) 006 1/ - Liquid Radwaste System

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent characteristic DischargeLimitations Monitoring Requirements

Daily Average Daily Maximum Measurement Sample

Flow-m VDay (MGD)
Total Suspended Solids (mg/l)

"requency Type

1/batch Calculation
l/batch Grab

N/A
15

N/A
20

Limitations and monitoring requirements shall be applicable only when liquid radwaste system effluent is
directed to any waste stream which discharges to Waters of the United States.

l/ Serial number assigned for identification and monitoring purposes.

There shall he no discharge .f floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the

following location(s): discharge from radwaste treatment system prior to mixing with any other > >

waste stream. 5 -

z
-0o
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A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on start of discharge and lasting through expiration
the permittee is authorized to discharge from outfall(s) serial number(s) 009 1/- Turbine Building Station
Sump

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge Limitations Monitoring Requirements

Kg/day(lbs/day) Other units (mg/l) Measurement Sample

Daily Avg Daily Max Daily Avg. Daily Max Frequency Type

Flow-m
3

/Day (MGD) I N/A N/A N/A N/A 2/week Grab or pump logs
Oil and Grease 62(140) 220(480) 15 20 2/week Grab

Total Suspended Solids 120(280) 1090(2400) 30 100 2/week Grab

o 0

There shall be no discharge of floating solids or visible foam in other than trace amounts. 0

Samples taken in compliance with the monitoring requirements specified above shall be taken at
the following location(s): station sump discharge prior to mixing with any other waste stream.

a'

1/ Serial number assigned for identification and monitoring purposes.

A. EFFLUENT L.IMITATIONS AND MONITORING REQUIREMENTS

During the peri-,I beginning on start of discharge and lasting through expiration

the permittee is atlhorIzed to-discharge from outfall(s) serial number(s) 008 1/ - Condensate Demineralizer

System
Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge Limitations Monitoring Requirements
Kg/day(lbs/day) Other Units (mg/l)

Daily Avg. Daily Max. Daily Avg. Daily Max. Measurement Sample
Frequency Type

Flow-m
3

/Day(MGD) N/A N/A N/A N/A 2/week Grab
Oil and Grease 2.5(5.4) 3.3 (7.2) 15 20 2/week Grab
Total Suspended Solids 4.9(10.8) 16.4(36.1) 30 100 2/week Grab

The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be
monitored- /week on a grab sample. 'a

There shall be no discharge of floating solid. or visible foam in other than trace amounts. 5

Samples taken in compliance with the monitoring requirements specified above shall be taken at 1"

the following location(s): effluent from condensate demineralizer system prior to mixing with any other •
waste stream. H

1/ Serial number assigned for identification and monitoring purposes.
0



A. EFFLUENT LIMITATIONS ANi MONITORING REQUIREMENTS

During the period beginning on start of discharge and lasting through expiration
the permittee is authorized to discharge Lrom'outfall(s) serialnumber(s) 018 1/ - Steam Generator Blowdown

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge Limitations Monitoring Requirem

Daily Average Daily Maximum Measurement Sam

ents

pie

Flow-m
3

/Day (MGD)
Oil and Grease (mg/i)
Total Suspended Solids (mg/1)
Copper, Total (mg/i)
Iron, Total (mg/l)

N/A
15
30
1.0
1.0

N/A
20

100
1.0
1.0

Frequency •yp

I/month Tastantaneous
1/month Grab
I/month Grab
I/month Grab
I/month rrah

Limitations and monitoring requirements are not applicable if blowdown is discharged to the condensate

demineralizer system.

The quantity of pollutants discharged shall not exceed the quantity determined by multiplying the flow

of steam generator blowdown times the concentration listed above.

DRAFT
There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following location(s):

discharge from the blowdown prior to mixing with any other waste stream.

o

1/ Serial number assigned for identification and monitoring purposes.

A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on start of discharje and lasting through expiration
the permittee is authorized to discharge from outfall(s) serial number(s)010 '1/- Hypochlorite Building
Drains, 011 I/ - Service Building Sump, 012 1/ - Diesel Generator Building Drains, 013 1/ Additional
Equipment Building Drains, 014 I/and 015 1/- Auxiliary Building Sumps, 016 1/- CCW Pump Station Sump, and
017 1/- Cooling Tower Desilting Basin Effluent

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristic Discharge Limitations Monitoring ,Requirements

Measurement Sample

Daily Avg. Daily Max. Frequency Type

Flow-m3 /Day (MGD) N/A N/A .2/week Grab or pump logs

Oil and Grease (mg/l) 15 20 2/week Grab
Total Suspended Solids (mg/l) 30 100 2/week Grab

The quantity of pollutants discharged from each serial number shall not exceed the quantity determined
by multiplying the flow from that waste source times the concentrations listed above.

s0

There shall be no discharge of floating solids or visible foam in other than trace amounts.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the
following location(s): discharge from each source prior to discharge to the yard drainage system.

1/ Serial numbers assigned for identification and monitoring purposes.
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A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning on start of discharge and lasting through expiration
the permittee shall monitor serial number(s)019 1/ = Plant Intake

Such discharges shall be limited and monitored by the permittee as specified below:

Effluent Characteristic Dischprx-e Limitations

Daily Average . Daily Maximum

Flow-m-/Day (MGD)

Temperature *C(*F)

Additional Monitoring

N/A

N/A

See Below

N/A

N/A

C

C
1

Monitoring Requirements

teasurement Sample
Frequency Type

ontinuousa Pump logs

ontinuous Recorder
./month 8-hour composite

Additional monitoring shall include total suspended, settleable, and total dissolved solids;
ammonia nitrogen; and total copper, iron, mpnganese, and zinc.

Samples taken in compliance with the monitoring requirementý specified ahove shall he taken at the f',,og lobaticrn(s):

Plant Intake - a

1/ Serial number assigned for identification and monitoring~purposes. "

")?APT 50 .

0
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C. MONITORING AND REPORTrING

1. Representaliue Sampling

Samples and measurements taken as required herein shall be representative of the volume

and nature of the monitored discharge.

2. Reporting

Monitoring results 'obtained during the previous 3 months shall be summarized for

each month and reported on a Discharge Monitoring Report Form (EPA No. 3320-1l.

postmarked no later than the 28th day of the month following the completed reporting

period. The first report is due on . Duplicate signed copies of

these, and all other reports required herein, shall be submitted to the Regional

Administrator and he State at the fol%-.wing addresses:

Chief. Water Enforcement Branch
Environmental Protection Agency
345'Courtland Street, N.E.
Atlanta, Georgia 30308

Director, Division of Water
AND Quality Control

Tenn. Dept. of Public Health
621 Cordell Hull Building

Nashville, Tennessee 37219

3. DeAn•tlons

a. The "daily everage" concentration means the arithmetic average

(weighted by flow) of all the daily determinations of concentra-

tion made during a calendar month. Daily determinations of

concentration made using a composite sample shall be the concen-

tration of the composite5sample. When grab samples ere used, the

daily determination of concentration shall be the arithmetic

average (weighted by flow) of all the samples collected during

that calendar day.

b. The "daily maximum" concentration means the daily determination

of concentration for any calendar day.

c. "Weighted by flow" means the summation of each sample concentration

times its respective flow in convenient units divided by the

summation of the flow values.

d. "Nekton" means free swimming aquatic animals whether of freshwater
or marine origin.

e. For the purpose of this permit, a calendar day is defined as any continuous

24-hour period. .

* Continuation of present reporting frequency

f. The "daily average" discharge means the total discharge by weight duringa calendar month divided by the number of days in the month that the

production or corsiercial facility was operating. Where less than daily

sampling is required by this permit, the daily average discharge shall

be determined by the summation of all the measured daily discharges by

weight divided by the number of days during the calendar month when the

measurements were made.

g. The "daily maximum" discharge means the total discharge by weight during

any calendar day.

Tesl Pr'ocedures

Test procedures for the analysis of pollutants shall conform to regulations published

pursuant to Section 304(g) of the Act, under which Fuch procedures may be required.

Recording of Results

For each measurement or sample taken pursuant to the requirer.ents of this permit, the

permittee shall record the following information: ' -

a. The exact place, date, and time of sampling;

b. The dates the analyses were performed;

c. The person(s) who performed the analyses;

d. The analytical techniques or methods used; and

e. The results of all required analyses. -

Additional Monitoring by Permittee

If the permittee monitors any pollutant at the location(s) designated herein more

frequently than required by this permit, using approved analytical methods-as specified

above, the results of such monitoring shall be included in the calculation and reportingof

the values required in the Discharge Monitoring Report Form (EPA No. 3320-1). Such

increared frequency'shall also be indicated.

Records Retention

All records and information resulting from the monitoring activities required by this

permit including all records of analyses performed and calibration and maintenance of

instrumentation and recordings from continuous monitoring instrumentation shall be

retained for a minimum of three (3) years, or longer if requested by the Regional

Administrator or the State water pollution control agency.
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A. MANAGEMENTR.EQUItREMENTS

1. Change in Discharge

All discharges authorized herein shall be consistent with the terms and conditions of this
permit. The discharge of any pollutant identified in this permit more frequently than or

at a level in excess of that authorized shall constitute a violation of the permit. Any
anticipated facility expansions, production increases, or process modifications which will

result in new, different, or increased discharges of pollutants must be reported by

submission of a new NPDES application or, if such changes will not violate the effluent

limitations specified in this permit, by notice to the permit issuing authority of such
changes. Following such notice, the permit maý be modified to specify and limit any

pollutants not previously limited.

2. Noncompliance Notification

If, for any reason, the permittee does riot comply with or will be unable to comply with

any daily maximum effluent limitation specified in this permit, the permittee shall
provide the Regional Administrator and the State with the following information, in
writing, within five (5) days of becoming aware of such condition:

a. A description of the discharge and cause of noncompliance; and

b. The period 'of noncompliance, including exact dates and times; or, if not corrected,

the ainticipated time the noncompliance is expected .to continue, and steps being
taken to reduce, eliminate and prevent recurrence of the noncomplying discharge.

3. Facilities Operation

The permittee shall at all times maintain in good .,orKing order and operate as efficiently

as possible all treatment or control facilities or systems installed or used by the permittee

to achieve compliance with the terms and conditions of this permit.

4. Adverse Impact

The permittee shall take all reasonable steps to minimize any adverse impact to navigable
waters resulting from noncompliance with any effluent limitations specified in this

permit, including such accelerated or additional monitoring as necessary to determine the

nature and impact of the noncomplying discharge.

5. Bypassing

Airy diversion from or bypass of facilities necessary to maintain compliance with the

terms and conditions of'this permit is prohibited, except li) where unavoidable to prevent

loss of life. or severe property damage, or (ii) where excessive storm drainage or runoff
would damage any facilities necessary for compliance with the effluent limitations and
prohibitions of this permit. The permittee shall promptly notify the Regional

Administrator and the State in writing of each such diversion or bypass.

6. Removed Substances

Solids, sludges, filter backwash, or other pollutantsremoved in the course of treatment or

control of wastewatera shall be disposed of in a manner such as to prevent any pollutant

from such materials from entering navigable waters.

7. Power Failures

In order to maintain compliance with the effluent limitations and prohibitions of this

permit, the permittee shall either:

a. In accordance with the Schedule of Compliance contained in Part I, provide an

alternative power source sufficient to operate the wastewater control facilities;

or, if such alternative power source is not in existence, and no date for its implementation

appears in Part I,

b. Halt, reduce or otherwise control production and/or all discharges upon the

reduction, loss, or failure of the primary source of power to the wastewater control

facilities.

B. RESPONSIBILITIES

1. Right oflEntry

The permittee shall allow the Regional Adaministrator, and/or his

his authorized representatives, upon the presentation of credentials:

a. To enter upon the permittee's premises where an effluent source is located or in

which any records are required to be kept under the terms and conditions of this

permit; and

b. At reasonable times to have access to and copy any records required to be kept under

the terms and conditions of this permit; to inspect any monitoring equipment or

monitoring method required in this permit; and to sample any discharge of pollutants.

2. Tmrnsfer of Ownership or Control

In the event of any change in control or ownership of facilities from which the authorized

discharges emanate, the permittee shall notify the succeeding owner or controller of the

existence of this permit by letter, a copy of which shall be forwarded to the Regional

Administrator and the State water pollution control agency.

3. Availability of Reports

Except for data determined to be confidential under Section 308 of the Act, all reports
prepared in accordance with the terms of this permit shall be available for public

E-9
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inspection at the offices of the State water pollution control igency and the Regional
Administrator. As required by the Act, effluent data shall not be considered confidential.
Knowingly making any false statement on any such report may result in the imposition of

criminal penalties as provided for in Section 309 of the Act.

4. Permit Modification

After notice and opportunity for a hearing, this permit may be modified, suspended, or
revoked in whole or in part during its term for cause including, but not limited to, the

following:

a. Violation of any terms or conditions of this permit;

b. Obtaining this permit by misrepresentation or failure to disclose, fully all relevant

facts; or

c. A change in any condition that requires either a temporary or permanent reduction or

elimination of the authorized discharge.

5. Toxic Pollutants

Notwithstanding Part I1, B-4 above, if a toxic effluent standard or prohibition (including,
any schedule of compliance specified in such effluent standard or. prohibition) is
established under Section 307(a) of the Act for a toxic pollutant which is present in the
discharge and such standard or prohibifion is more stringent than any limitation for such
pollutant in this permit, this permit shall be revised or modified in accordance with the
toxic effluent standard or prohib;+ion and the permittee so notified.

6. Civil and Criminal Liability

Except as provided in permit conditions on "Bypassing" (Part II, A-5) and "Power
Failures" (Part It, A-7), nothing in this permit shall be cons,.rued to relieve the permittee
from civil or criminal penalties for noncompliance.

7. Oil and Hazardous Substance Liability

Nothint in this permit shall be construed to preclude the institution of any legal action or
relieve the perrmittee from any responsibilities, liabilities, or penalties to which the
permittee is or may be subject under Section 311 of the Act.

8. State Laws

Nothing in this permit shall be construed to preclude the institution of any legal action or
relieve the permittee from any responsibilities, liabilities, or penalties established pursuant
to any applicable State law or regulation under authority preserved by Section 510 of the
Act.

9. Property Rights

The issuance of this permit does not convey tiyiv property righlts In either
real or personal property, or any exclosive privllegesi nor does It
authorize any injury to private property or any invasion of personal
rights, nor any infringement of Federal, State or local laws or regulations.

10. Severability

The provisions of this permit are severable, and if any provision of this
permit, or the application of any provision of this permit to any circum-
stance, is held invalid, the application of such provision to other
circumstances, and the remainder of this permit, shall not be affected
hereby.

PART III

OTHER REQUIREMENTS

A. There khall be no discharge of metal cleaning wastes (except as noted
for Serial 004) as defined in 40 CFR Part 432.11(j) to any plant waste
stream which discharges to Waters of the United States.

B. If the permittee, after monitoring for at least 12 months, deter-
mines that he is consistently meeting the effluent limits contained
herein, the permittee may request of the Director, Enforcement
Division' that the monitoring requirements be reduced to a lesser
frequency or be eliminated.

C. There shall be no discharge of polychlorinated biphenyl compounds
such as those commonly used for transformer fluid. In the event
that PCB containing equipment is used on site,' administrative
procedures shall be instituted to (1) maintain a detailed inventory
of PCB use, (2) assure engineering design and construction to
preclude release of PCB's to the environment, and (3) effectively
detect the loss of PCB's from equipment. Detail of such procedures
shall be submitted by Sestember 30, 1978.

D. The company shall notify the Director. Enforcement Division is writing not
later than sixty (60) days prior to instituting use of any additional
biocide or chemical used in cooling systems, other than chlorine, which
may be toxic to aquatic life other than those previously reported to the
Environmental Protection Agency. Such notification shall include:

1. name and general composition of biocide or chemical,
2. 96-hour median tolerance limit data for organisms

representative of the biota of the waterway into
which the discharge shall occur,

3. quantities to be used,
4. frequencies of use,
5. proposed discharge concentrations, and
6. EPA registration number, if applicable.

E-10
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E. Concrete washing wastes shall be directed to the construction yard drainage
pond (Serial Number 001).

F. Intake screen backwash and strainerbackwash shall be discharged to the holding

pond unless results of operational aquatic monitoring program indicate the need

for rerouting. Material removed from the bar racks shall not be returned to

the Tennessee River.

G. Effluent diffuser shall be designed to assure a minimum dilution factor of 10

at all river flow conditions. Subsequent to commercial operation of Unit 2

field measurements (supplemented as necessary with modeling results) shall be

conducted to determine three dimensional configuration of the thermal plumes,

substantiate the dispersion modeling, and assure conformance with the assigned

thermal mixing zone. The report on thermal plume and dispersion characteristics

shall be submitted not later than 15 months after commercial operation date
of Unit 2.

H. There shall be no.discharge through the plant diffuser system when Tennessee

River flows are less than 3500 cubic feet per second. Positive interlocks with

the Watts Bar Hydroelectric Plant shall be provided to assure compliance with

this requirement.

1. Discharge of biowdown from the cooling tower system shall be limited to the
minimum discharge practicable, consistant with requirements of the once

through raw cooling water systems.

J. Not later than one year prior to the fuel loading date of Unit 1, permittee

shall implement the pre-operational non-radiological aquatic monitoring program

approved by the Director, Enforcement Division on to reestablish

baseline data on water quality and biotic conditions in the Tennessee River.

A report on this study shall be submitted not later than three months prior to

the commercial operation date of Unit 1.

K. By the commercial operation date of Unit 1, permittee shall implement the non-

radiological aquatic monitoring program approved by the Director, Enforcement

Division on Reports shall be submitted annually, not more than

three months following completion of the reporting period with the first report due

15 months after implementation of the program. The program shall continue for
a period of not less than one year after commercial operation of Unit 2.

L. Permittee shall comply with applicable requirements of 40 CFR Part 112, OIL

POLLUTION PREVENTION.
M. The permittee shall provide a technical study that correlates operations

experience with condenser tubes from Units 1 and 2 and demonstrates a

sufficiently low corrosion/erosion rate to assure protection of aquatic

organisms. A study plan shall be submitted not later than one year prior

to commercial operation date of Unit 1. Report period will be developed

upon submission of the study plan.

N. Copies of all routine liquid effluent and water quality monitoring reports

submitted to NRC shall be submitted to EPA and the State Director.

AQ

U. Copies of all plans, and reports submitted in accordance with Parts III. C, D, G,
J, K,. and M herein shall be forwarded by the permittee as follows:

Number of Copies

4

1
2
2

1

1

Addressee

Director, Enforcement Division, EPA (Atlanta)
Chief, Ecology Branch, EPA (Athens)
Director for Environmental Projects, NRC ( Bethesda)

Regional Director, Fish and Wildlife Service (Atlanta)
Director, Tennessee Division of Water Quality Control

(Nashville)
Regional Engineer, Tennessee Division of Water Quality

Control (Chattanooga)

P. This permit shall be modified, or alternatively, revoked and reissued,
to comply with any applicable effluent limitation promulgated pursuant
to the order of the United States District Court for the District of
Columbia' issued on June 8, 1976, in "Natural Resources Defense Council,
Inc. et.al. v. Russell E. Train," 8 ERC 2120 (D.D.C. 1976), if the
effluent limitation so issued:

1. Is different in conditions or more stringent than
any effluent limitation in the permit; or

2. Controls any pollutant not limited in the permit.

Q. The Tennessee Department of Public Health has certified the discharges

covered by this permit with conditions (See Attachment "C"). Section
401 of the Act requires that conditions of certification shall become a
condition of the permit. The monitoring and sampling shall be as indicated
for those parameters included in the certification. Any effluent limits,
and any additional requirements, specified in the attached state certifica-
tion which are more stringent supersede any less stringent effluent limits
provided herein. During any time period in which the more stringent state
certification effluent limits are stayed or inoperable, the effluent limits

provided herein shall be in effect and fully enforceable.

4?,
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RAY BLANTON

E£geoe W. Fo-inkl. M.D., M PH

April 17, 1978

STATE OF1NNLSSLL

DEPARTMENT OF PUBLIC HEALTH

NA2odllHul a1uin

621 Cordell H-ull Building

Mr. George L. Harlow
Chief, Water Enforcement Branch
Enforcement Division
U.S. Environmental Protection Agency, Region IV

345 Courtland Street
Atlanta, Georgia 30308

Re: Watts Bar Nuclear Plant
NPDES Permit Number TN0020168
Draft State Certification

Dear Mr. Harlow:

'11

11)

01

As requested in your letter of March 24, 1978, to Mr. Jack McCormick of our

Chattanooga Office, attached is a draft State Certification for the Watts Bar

Nuclear Plant, Units One and Two. We appreciate the responses and explanations

offered in your letter based upon our previous comments on this project. Although

your letter offered an explanation, we feel that several of our previous requests

were not adequately addressed by the new draft NPDES Permit, and a number of

these haive been included in our draft. Certification. There are a number of other

items on which we also still disagree, but we do not believe anything would be

gained b' attempting to include them in the Certification at this time. We would,

however, like to offer the following additional comments for the record on both the

technical details of this project and the NPDES Permitting process for projects of

this type in general. Our comments are as follows:

I. In our earlier review of this project, we failed to notice one possible

significance of the fact that the water intake strainer backwash and

screen backwash are directed to the holding pond. Since the ports in

the diffusers are only one inch in diameter, we feel that the solids

contained in the backwash may present a clogging problem in being

discharged through the diffusers. Although the impingement studies

which are a part of the Operational Monitoring Program will

indirectly assess this situation, diffusion problems could conceivably

develop early in the operating history of the plant, prior to

availability of information developed from the studies. Removal of

solids from at least the screen backwash prior to its introduction into

the holding pond may be desirable. Also, screening the effluent from

the holding pond may be necessary.

2. Although required in general terms by the draft Permit under the

section on "Removed Substances", we feel that adequate documenta-

tion has not been provided concerning ultimate means of disposal for

the sludge from the water treatment plant and the cooling tower

desilting basins.

3. We note that additional monitoring has been included at Serial
Numbers 002 and 019. This partially satisfies some of our. comments
on the previous draft Permit, and we support the inclusion of these
additional monitoring requirements. We would suggest that
consideration also be given to requiring monitoring, at least initially,
for total chromium, dissolved aluminum and ammonia nitrogen.

4. With regard to our previous statements concerning the desirability of
more stringent limitations on suspended solids and the addition of
limitations and monitoring requirements on additional materials and

pH at several of the serial number locations in the Permit, we
recognize the constraints imposed by the Federal Guidelines for this

Point Source Category. However, we still believe that these
Guidelines do not require treatment of all concentrated waste
streams within the plant based on best practicable technology and

that they were, therefore, not promulgated within the spirit of the
"Declaration of Goals and Policy" of the Federal Water Pollution
Control Act Amendments. Of course, we cannot show any demon-
strable effects on water quality in the Tennessee River at this
location, but we feel that the limits which have been established
generally allow excessive dilution of concentrated waste streams into
large volumes of cleaner water. This statement applies to Serial
Numbers 002, 004, 007, OOS, 009, 010, 011, 012, 013, 014, 015, 016,
017, and 018 as presently designated.

3. We also feel that the questions regarding the toxic chemical
properties of radioactive metals and other materials which were
raised in Item 15 of our letter of August 5, 1977, have not been
adequately addressed. With the new emphasis by the Environmental
Protection Agency on the control of toxic materials, we feel that this
is an issue which will in time have to be considered in greater depth.

We have reviewed theTentative Determination prepared by your office pursuant to

Section 316 (a), and can concur with its findings. We also concur with the mixing
zone which has been proposed and documented in the TVA submittals. Incidentally,
a typographical error has been made and carried throughout the 316 (a)
Determination and the draft NPDES Permit. The proposed mixing zone is 240 feet

by 240 feet, whereas all references in your documents record it as 225 feet by 225
feet.
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We appreciate you cooperation on the preparation and review of this NPDES
Permit. Should you have any questions concerning this letter or the draft
Certification, please advise.

Sincerely,

Stephen E. Anderson
Assistant Director for
Enforcement and Planning
Division of Water Quality Control

SEA/mind 1-2

Enclosure

CC: Division of Water Quality Control - Chattanooga - Mr. 3ack McCormick
Tennessee Valley Authority - Chattanooga - Mr. 3im Morris
Rhea County Health Department
Southeast Regional Health Office

/, .v.~-~NES No. TN0020168
./'.•ATTACHMENT C

Divisiof, .ý' '.KVt.:r Quality Control '."
Tennessee Department of Public Health -"

Certification of NPDES Permit Number TN0020168 / / •.
Tennessee Valley Authority Watts Bar Nuclear Plant, Units One and Two ., .

Spring City, Rhea County, Tennessee

Receiving Waters - Tennessee River, Mile 527.8, and Yellow Creek, Mile 1.3

Pursuant to Section 401 of the Federal Water Pollutio n Control Act (33 U.S.C. 466
et. seq.), as amended, the State of Tennessee hereby issues certification to the
Tennessee Valley Authority for a National Pollutant Discharge Elimination System
(NPDES) Permit for its Watts Bar Nuclear Plant.

The State of Tennessee is not aware of any condition or limitation under Section
301, Section 302, or Section 303 of the Federal Act that would be violated by
issuance of the proposed NPDES Permit; additionally, the State of Tennessee is not
aware of any standard of performance under Section 306 or Section 307 that would
be violated by issuance of the proposed Permit.

Certification of this NPDES Permit is contingent upon the following conditions:

I. Permittee is in no way relieved from any liability for damages which
might result from the discharge of wastewater.

2. Permittee must additionally comply with all requirements, conditions,
or limitations which may be imposed by any provision of the
Tennessee Water Quality Control Act (TCA Sections 70-324 through
70-342) or any regulations promulgated pursuant thereto.

3. The State of Tennessee reserves the right to modify or revoke this
Certification or to seek revocation' or modification of the NPDES
Permit issued subject to this Certification should the State determine
that the wastewater discharge violates the Tennessee Water Quality
Control Act, or any-applicable water quality criteria, or any rules or
regulations which may be promulgated pursuant to the Clean Water
Act of 1977, Public Law 95-217. b

4. The State requests that the following discharge limitations, criteria,
and requirements be included in the NPDES Permit:

a. With regard to Serial Number 002, the State requests the
following wording to govern direct overflows from the yard
drainage holding pond to the Tennessee River:

"Direct overflow from the yard holding pond to the
Tennessee River is allowed under emergency conditions
to protect dike stability, but only to the minimum
extent necessitated by the emergency. Notification of
such overflow shall be provided to the Director,
Enforcement Division, and to the State Director within
five days after any occurrence. On each occurrence, a
grab sample shall be collected for suspended solids
analysis and the results of such analysis shall be
reported with the notification of overflow."

E-1
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luent Characteristic

ow - M3
/day (MGD)

D5

spended Solids

cal Coliform - (#/lOOml)

,tal Chlorine Residual

-ttleable Solids (ml/1)

ssolved Oxygen

DaIy Averace
mO/lk/a Ib/a

Discharge Limitations

Weekly Average
ma/_l k/day ss/ade

136 (0.036)

40 5.4 (12)

40 5.4 (12)

Daily Maximum
kT/d F IdT'a3iTHday)

30

30

4.1 (9.0)

4.1 (9.0)

45

45

6.4 (14)

6.4 (14)

Monitoring Requirements

Measurement Sa'rn'e
Frenuency -'--e

I/day Instantaneous

1/2 weeks Grab

1/2 weeks Grab

1/2 weeks Grab

1/day Grab

I/day Grab .

i/week Grab

1/day Grab

See below

See below

See below

See below

See below.

ie pH of the wastewater discharge must, at no time, be less than 6.0 nor greater than 9.0.

ie concentration of settleable solids in the wastewater discharge must, at no time, exceed 1.0 ml/l as measured by the standardie-hour Imhoff cone test.

ie wastewater discharge must contaih no distinctly visible floating scum, oil sheen, or other floating matter.

ie wastewater discharge must be disinfected to the extent that viable coliform organisms are effectively eliminated. The con-
antration of the fecal coliform group shall not exceed 200 per 100-ml. as the geometric mean based on a minimum of 10 samples
ollected from a given sampling site over a period of not more than 30 consecutive days with individual samples being collected
t intervals of not less than 12 hours. For the purpose of determining the geometric mean, individual samples having a fecal
oliform group concentration of less than one per 100 ml. shall be considered as having a concentration of one per 100 ml. In
ddition, the concentration of the fecal coliform group in any individual sample shall not exceed 1000 per 100 ml. The use of
hlorine as a disinfecting agent must be controlled to the extent that the total chlorine residual does not exceed 2.0 mg/l.

he concentration of dissolved oxygen in the wastewater discharge must be greater than 1.0 mg/l.

.ny sludge or other materials removed by any treatment works must receive disposal adequate to prevent their entrance into or
ollution of any surface or subsurface waters.



Attachmnent B
Serial Number 005

:ffluent Characteristic Discharge Limitations Monitoring Requirements

Weekly Averase Daiy Maximum Measurement Sample
mg/l kg/da I ay) mg/ 1kg/day-(ls/day) F nE

Da1ly Average
m/+g/a 7_Fs/day)

:1ow - M3 /day *(MGD)

ýO D5

;uspended Solids

7ecal Coliforms (#/100 ml)

"otal Chlorine Residual

;ettleable Solids (ml/l)

)H

)issolved Oxygen

30

30

1.4 (3.0)

1.4 (3.0)

45 (0.012)

40 1.8 (4.0)

40 1.8 (4.0)

N/A

N/A

N/A

N/A

N/A

45

45

2.0 (4.5)

2.0 (4.5)

1/day Instantaneous

1/2 Weeks Grab

1t2 Weeks Grab

N/A

N/A

N/A

N/A

N/A

The wastewater discharge must contain no distinctly visible floating scum, oil sheen, or
other floating matter.

Any sludge or other materials removed by any treatment works must receive disposal adequate
to prevent their entrance into or pollution of any surface or subsurface waters.
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1.7"C(3.0"F) at the upper edge of the proposed

WBNP mixing zone even after periods of zero

release from Watts Bar Dam.

6. The discharge temperature from WBNP is expected

to be a maximum of 35.0*C(95.0°F).

7. The proposed WBNP mixing zone is 240 feet wide

and extends 240 feet downstream from the diffuser

and occupies a maximum of 31 to 38 percent of the

cross-sectional area of the river as a function

of water surface elevation.

8. The diffuser system for WBNP is designed to

assure a minimum dilution factor of 10 at all

river flow conditions above 99 cubic meters

per second (3500 cfs)

9. The WBNP diffuser can assure compliance with

the Tennessee Water Quality Standards maximum

temperature criterion of 30.5*C(86.9*F) for all

river temperatures of less than or equal to

30.0*C(86.0*F) at the upper edge of the proposed

WBNP mixing zone. Diffuser design will assure

conformance with the 3*C(5.4 P) maximum thermal

rise criterion for all conditions.

10. The Steam Plant discharge will not increase the

temperature at the edge of the proposed WBNP

mixing zone above 30.0*C(86.df F) if Watts Bar

Hydroelectric Plant tailrace temperatures are

less than or equal to 28.3*C(83.0*F).

11. Tailrace temperatures have exceeded 28.3*C(83.0*F)

in eight of the 1320 weekly observation obtained

between February 1950 and September 1977.

12. No tailrace temperature above 28.3 C(83.0*F) has

occurred.since August 30, 1955.

13. No more than three consecutive observations exceeded

28.3-C(83.0°F).

14. Ocýzurrance of the maximum tailrace temperature

observed, 30.5 t(86.9°F), could result in the

following maximum temperatures at the downstream

edge of the proposedWBNP mixing zone, if the

Hydroelectric Plant had not been operated for 12

hours:

a. 31.0*C(87.7*F) if only WBNP was operating

at maximum discharge temperature;

b. 32.2 C(89.9-F) if only the Steam Plant was

operating at maximum expected conditions; and

c. 32.4-C(90.4-F) if both plants were operating.

15. Continuous releases from the Hydroelectric Plant or

no-flow periods of less than 12 hours could result in

temperatures of 0.2*C(0.3'F) to 0.3*C(0.6°F) less than

noted in Item 14 above.

16. The above temperatures, although exceeding the

maximum criterion of the Tennessee Water Quality

Standards, are not expected to adversely affect

the aquatic life of Chicamauga Lake.

It is therefore concluded, based on the above-stated

findings and the administrative record in this matter that

discharges from the Watts Bar Nuclear Plant with a maximum

instantaneous temperature of 35.0*C(95.0°F) and a mixing zone

of dimensions 240-foot width and 240-foot downstrear length

will assure the protection and propagation of a balanced,.

indigenous population of shellfish, fish, and wildlife in and

on Chickamauga Lake, even when upstream temperatures approach

or exceed 30.5*C (86.9 7F).

14aulTria

Pursant uth~~tDelegate bythe Regional Administrator on

August 11, 1977
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SUMMARY SHEET

ENVIRONMENTAL STATEMENT

WATTS BAR NUCLEAR PLANT UNITS 1 AND 2

[ Draft [ X I Final Environmental Statement Prepared by

the Tennessee Valley Authority

1. [ X I Administrative Action [ Legislative Action

2. This action is the construction and operation of a two-unit nuclear
power generating station in Rhea County, Tennessee.

3. Environmental impacts associated with the construction and operation
of the Watts Bar Nuclear Plant include:

SUMMARY SHEET (continued)

(1)
(2)

(3)

(4)

(5)

(6)

Minute additions of radioactivity to the air and water.
Release of major quantities of heat to the atmosphere and
minor quantities to Chickamauga Reservoir.
Change in approximately 967 acres of land for the plant
site from farming to industrial use and easements on 3,165
acres of land for transmission lines.
Release of small quantities of nonradioactive materials
to the air and water.
Temporary stress on social infrastructure (schools, roads,
housing,-and similar services).
Stimulus to area economic development (jobs, attraction
of visitors, etc.).

Alternatives considered in addition to the original 45-day holdup
system to further reduce gaseous radioactive emissions included:

(1) 60-day holdup system
(2) Hydrogen recombiners
(3) Solvent absorption system
(4) Cryogenic distillation system

Selection of a 60-day holdup system was made as a result of
balancing feasibility, environmental benefit, and cost.

Tritium recycle by segregating drains and steam generator blowdown
treatment by an evaporator were adopted instead of controlled
releases as alternate means to further reduce radioactive liquid
discharges. Consideration of feasibility, environmental benefit,
and cost shows that tritium recycle and the evaporator for blowdown
treatment represents the best balance and TVA is proceeding with
plans to install this alternative.

5. Comments have been received from the following agencies:

Atomic Energy Commission
Department of Agriculture
Department of the Interior
Department of Housing and Urban Development
Department of the Army
Department of Health, Education, and Welfare
Southeast Tennessee Development District
Environmental Protection Agency
Department of Transportation
Office of Urban and Federal Affairs, State of Tennessee.

Tennessee Department of Conservation
Tennessee Department of Public Health
Tennessee Historical Commission
Department of Highways
Tennessee State Planning Commission
Tennessee Game and Fish Commission

Department of Commerce
Federal Power Commission

6. The draft statement was sent to the Council on Environmental Quality
and made available to the public on May l1, 1971. Supplements and
additions to the draft was sent to the Council and made available
to the public on April 7, 1972. The final statement was sent to
the Council and made available to the public on November 9, 1972.

No significant adverse environmental effects are expected to occur
as a result of these impacts.

4. To meet projected peak loads, TVA considered the following alter-
natives: (1) base-loaded coal-fired units and (2) nuclear-fueled
units. The second alternative provides the lowest cost of generating
power and the least environmental impact. The purchase of power
in the quantities needed is not a realistic alternative.

Alternative systems were considered for waste heat dissipation and
reduction of releases of radioactive products from the plant.

"Alternative heat dissipation systems considered included:

(1) Mechanical draft cooling towers
(2) Natural draft cooling towers
(3) Spray canal system
(U) Cooling lake

Considering feasibility, environmental impact, and cost, the natural
draft cooling towers represent the best balance and have been
adopted.
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This detailed statement of environmental considerations,

prepared by the Tennessee Valley Authority, evaluates the effects on

the environment of the construction and operation of the Watts Bar

Nuclear Plant (AEC Docket Nos. 50-390, 50-391) and is made in accor-

dance with the National Environmental Policy Act of 1969 (NEPA;

42 U.S.C. Section 4331 et seq).

TVA, a corporate agency of the Federal government, and the

Atomic Energy Commission, a regulatory agency of the Federal government,

have agreed that TVA is the lead agency for the preparation and circu-

lation of detailed statements of environmental considerations for TVA

nuclear plants. For the Watts Bar plant a draft statement was circulated

for review and comments by other government agencies on May 14, 1971."

This was supplemented on April 7, 1972, with additional information

responding to AEC's revisions to 10 CFR Part 50, made pursuant to the

Calvert Cliffs decision (Calvert Cliffs' Coordinating Committee v.

Atomic Energy Commission, 449 F.2d 1109 (D.C. Cir, 1971)).

On May 18, 1971, TVA filed an application for a construction

permit for units 1 and 2. At the same time TVA submitted the draft

environmental statement along with the preliminary safety analysis report

to the AEC in support of the application. In accordance with the lead

agency agreement, TVA has consulted AEC in the preparation of this final

detailed environmental statement. AEC has concluded that this state-

ment satisfies applicable requirements and that it is adequate to support

the licensing action. AEC's letter to this effect follows the preface.

Comments have been received on both the draft and supplement.

The information contained in the draft and supplement as well as the

agency comments and TVA's response thereto have been incorporated into

this statement.
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NOV 7 1972UNITED STATES

ATOMIC ENERGY COMMISSION
WAS4HINCrJG N. D.C. LO>4$

NOV 7 172

Dr. Tr•eaci Gartrell -2-

Docket No. 50-390

As a result of a meeting held between AEC and 7tA representatives on
October 30, 1972, TVA has now provided further information supplementing
the treatment of the above noted areas. With the addition of this
material. e believe that the Watts Bar Environnental Statement satisfies
applicable require-ents and that it is adequate to support the licensing
action.

Sincerely,

Dr. Preacis Cartrell
Director of Environr•ental Research

and Development
Tennessee Valley Authority
720 Edney Bhdiding
Chattanooga, Tenzessee 37401

Dear Dr. Cart-rell:

The Atomic Energy Com•ission's Reglatory-staff hea reviewed the
proposed Pinal Environmental Siatezýant for the Watts Bar Nuclaer
Platt, Ualts I and 2, •'hich -:sm pr,-pared by TVA. The safttennt
was reviewed to determine whether its content mects the guidelines
not by the AEC for the preparation of it, environmental statementa
amd thus adequately deals vith the subject matter in light of the
experience.gained In our preparation of such statements for other
facilities. An a result of this review, it was noted that the
treatm•t givem to several topics vas less complete than desirable.
The areas so Identified Included:

1) degree of substantiatin of need for power, avall-
ability of purchased power, and effect of not
constructing the Watts Bar Plant;

2) degree of substantiation under alternatives of lack
of feasibility of oil-fired plant based on long-term
availability of fuel;.sad

3) consideration of ouch environmental Impacts for
alttensative plant sites 4s effect oan recreational
use and aesthetics, and provision of data supporting
eopa-.ison of site-related cost factors for alternate
sites.

A. Clambusso. Dcputy Director
for eactor Projects

DIrectorate of Licensian
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1.0 TDTRODUCTION

TVA is a corporate agency of the United Stales created by

the Tennessee Valley Authority Act of L933 (48 Stat. 58, as amended,

16 u.s.c. g§ 831-831dd (1964; Supp. V, 1965-69)). In addition to its

programs of.flood control, navigation, and regional development,

TVA operates a power system supplying the power requirements

for an area of approximately 80,000 square miles containing about

6 million people. Except for direct seivice by TVA to certain indus-

trial customers and Federal installations with large or unusual pqwer

requirements, TVA power is supplied to the ultimate consumer by 160

municipalities and rural electric cooperatives which purchase their

power requirements from TVA. TVA is interconnected at 26 points with

neighboring utility systems.

The TVA generating system consists of 29 hydrogenerating

plants and l- fossil-fueled steam-generating plants now in operation.

In addition, power from Corps of Engineers' dams on the Cumberland

River and dams owned by the Aluminum Company of America on Tennessee

River tributaries is made available to TVA undex long-term contracts.

Figure 1.2-1 shows the location of TVA's present generating facilities

and those under construction, as well as the location of the above

Corps and Alcoa dams. The approximate area served by municipal and

cooperative distributors of TVA power is also shown.

Power loads on the TVA system have doubled in the past 10

years and are expected to continue to increase in the fultre. In

order to keep pace with the growing demand it has been necessary to

add substantial capacity to the generating and transmission system

on a regular basis. The major system capacity additions since 1949

are shown on Table L.2-1.

I
As part of TVA's construction program designed to meet

increased requirements for generation, in August 1970 the TVA Board

tentatively approved the Watts Bar Nuclear Plant. An application to

construct and operate units 1 and 2 was filed with the Atomic Energy

Commission (AEC) on May 18, 1971. After extensive review of the

Preliminary Safety Analysis Report and other documents by the AEC

regulatory staff and the independent Advisory Committee on Reactor

Safeguards, an Atomic Safety and Licensing Board is expected to grant

a construction permit late in 1972. The Final Safety Analysis Report

will be submitted to AEC at a later date, along with a request for

authorization to operate both units of the plant at full power level.

Under the current schedule, TVA expects to begin to load the nuclear

fuel for unit I in December 1976. Full operation of unit 1 is

expected in the summer of 1977; unit 2 is expected to go into

operation in the winter of 1977-78.

As a Federal agency, TVA is subject to the requirements of

the National Environmental Policy Act of 1969 (NEPA) which became

effective on January 1, 1970. In carrying out its responsibilities

under the TVA Act, TVA follows a policy designed to develop a quality

environment. As a result of this policy, TVA has lohg considered

environmental matters in its decision making. Offices and divisions

within TVA employ personnel with a wide diversity of experience and

academic training which enables TVA to utilize a systematic, inter-

disciplinary approach to ensure the integrated use of the natural and

social sciences and the environmental design arts in planning and

decision making as required by NEPA. The draft statement on the environ-

mental considerations relatipg to the Watts Bar Nuclear Plant has

F-13



1.1-11.0-3

been sent to state and Federal agencies for review and comment pur-

suant to NEPA as tmplemented by guidelines issued by the Council

on Environmental Quality (CEQ) and Office of Management and Budget

Circular A-95.

It should be noted that although the tao units at Watts Bar

will begin operation at different times, this environmental statement

considers the plant as operating with both units, in order to accu-

rately assess the impact of the plant on the environment, and so that

consideration of the cumulative effects of the plant can be assured.

This statement is arranged in nine principal sections. The

first section provides a baseline inventory of environmental infor-

mation. The following eight sections cover the environmental considera-

tions set out in Section 102(2)(C) of NEPA, as implemenfed by the CEQ

and AEC guidelines. After weighing and balancing the environmental

costs, and the technical, economic, and environmental, and other

benefits of' the project and adopting alternatives which affect the

overall balance of costs and benefits by lessening environmental impacts,

TVA has concluded that the overall benefits of the project far outweigh

the monetary and environmental costs, and that the action called for

is the construction and operation of the Watts Bar Nuclear Plant.

1.1 General In;'.:mation - The purpose of this section is to pro-

vide a basic knowledge of the existing environment and the important

characteristics and values of the Watts Bar site as it now exists in

order to establish a basis for consideration of the environmental impact

of the facility.

i1 Location of the facility - The plant will be

in Rhea County, Tennessee, located on a tract of land adjacent to the

TVA Watts Bar Dam Reservation at Tennessee River mile (TRM) 528 on the

west shore of Chickamauga Lake about 8 miles southeast of Spring City,

Tennessee. The Watts Bar Dam Reservation, together with the 967 acres

of additional land required, will comprise approximately 1,770 acres.

The proximity of the site to local towns, rivers, and county boundaries

is indicatpd on the vicinity map. (Figure 1.1-1)

2. Physical characteristics of the facility - The

plant will consist of the following principal structures: two reactor

containment buildings, turbine building, service building, diesel

generator building, intake pumping station, water treatment plant, two

cooling towers, auxiliary building, transformer yard, 500-kV and 161-kV

switchyard, and sewage treatment plant. Figure 1.1-2 shows the general

arrangement of these facilities. Figure 1.1-3 is an artist's concept

of how the plant will appear on completion of construction. A further

description of the site and structures is in Section 2.10, Other impacts.

The 2-unit plant will have a total nameplate elec-

trical generating capacity of approximately 2,540 megawatts. The two

reactor containment buildings each house a Westinghouse pressurized

water reactor. Nuclear fuel is contained inside each reactor pressure
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vessel. The fuel is in sealed metal tubes and consists of slightly

enriched uranium dioxide pellets. The fission process in the fuel

produces heat. Water serves as both the moderator of the fission

process and the coolant. The primary coolant-water is pumped through

the reactor from below the fuel and is heated by contact with the fuel

element tubes. The heated coolant flows in four closed-loop circuits

through tubes in steam generators and then is pumped back into the

reactor. In each steam generator a senarate body of water flows in

contact with the outside surfaces of the tubes and absorbs heat from

the reactor coolant, producing steam to power the turbine generator.,

The reactor power is- controlled by control rods and a soluble neutron

absorber boric acid. -

The principal ways in which the plant will inter-

act with the environment, discussed later in detail, are:

1. Release of minute quantities-of radioactivity to the air

and water;

-2. Release of minor quantities of heat to Chickamauga Reser-

voir and major quantities to the atmosphere; and

3. Change- in land use from farming to industrial.

3. Environment of the area - The following sum-

-mary description provides a baseline inventory of the important

characteristics of the region.

(1) Topogtaphy -- The-Watts Bar Reser-

vation is'a moderately wooded area with'rolling hills, located in "a

valley approximately 10 miles wide' flanked on the west by Walden

Ridge (900 to 1,800 feet) and by a series of lower ridges (800 to

1,000 feet) on the east, on the west bank of a bend in the Tennessee

River. The nuclear plant will be located in the less-wooded southern

portion of the reservation. In the vicinity of the plant the land

rises from the water surface (normal maximum level elevation 682.5

feet above mean sea level) to approximately 735 feet above mean sea

level.

The highest point on the reservation

(elevation 900 feet MSL) is approximately 1/2 mile to the north of

the plant.

(2) History - The Watts Bar site is in

Rhea County in east Tennessee. Prior to settlement, the area had been

lands of the Cherokee, Chickamauga, and Creek Indians. The county was

formed by an act of the Tennessee legislature on December 3, 1807.

The county boundaries fluctuated frequently in the early years follow-

ing formation, but eventually stabilized to contain an area of approxi-

mately-3 6
0 square miles. The original county seat was at Washington,

but in 1890 the county seat was removed to Dayton, its present loca-

tion. To the west and nearer the site location is Spring City, which

developed in the latter half of the nineteenth century.

In 1939 TVA authorized construction of

'the Watts Bar Dam, at a point about 2 miles unstream of the nuclear

plant site. The dam has five generators with a total nameplate capa-

city of 150 MW. All units were operational by 1944.

In 1940 TVA authorized construction of

the Watts Bar Steam Plant, 2/3 mile downstream from the Watts Bar Dam.

The total nameplate capacity of this h-unit coal-fired plant is 240
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MW. All units were operational by 1945. The plant was seldom used

during the 15-year period from 1955 to 1969 due to the availability

of more efficient generating units. In the past three years operation

has increased but this higher level of use is not expected to continue

when Watts Bar Nuclear Plant begins opera$1on.

(3) Ge T Geological studies of the

bedrock at the site show that it is ovq9L4 by approximately 40 feet of

unconsolidated terrace deposits laid down the Tennessee River when

flowing at a higher level. Drilling has sxown that the upper half of

the terrace deposits consist of sandy, silty clay. The lower half is

much coarser, consisting of pebbles, cobbles, and small boulders of

quartz or quartzitic sandstone embedded in a sandy clay matrix.

Beneath the terrace cover are the inter-

bedded limestone and shales of the Conasauga Formation of Middle

Cambrian Age. Stratigraphically, the Conasauga is overlain to the

southeast by 2,500 to 3,000 feet of massive limestone and dolomite

of the Knox Group and is underlain to the northwest by 800 t6 1,000

feet of sandstone and shale of the Rome Formation. During the geologic

past, folding and faulting compressed the Conasauga Formation between

the more competent overlying Knox and underlying Rome Formations with

the result that the thin-bedded limestones and shales of the Conasauga

are complexly folded, crumpled, contorted, sheared, and broken by small

faults.

In spite of the structural complexities,

the Conasauga Formation will provide a satisfactory and competent

foundation for the plant structures. Cores from 56 holes drilled in

the plant area indicate no evidence of weathering below the upper

5 feet of rock which will be removed under normal construction proce-

dures. Physical testing, both static and dynamic, has shown that the

unweathered rock is capable of supporting loads in excess of those

that will be imposed by the plant structures.

The Conasauga Formation at the site is

relatively unfossiliferous and has no known areas of unique paleontologic

significance.

(4) Seismology - The Watts Bar site

lies within the borders of the Southern Appalachian seismotectonic

province. Figure 1.1-4 locates the nearest faults in the region.

The nearest local quakes with Modified

Mercalli intensities of V were centered 20 miles from the site. The

nearest known epicenter of a damaging quake (MM VII) is 75 miles north-

east of the site. The maximum intensity to have been felt at the site

in the recorded history of the area is probably W V and certainly

no more than MM VI. On the basis of present knowledge, the maximum

historic felt intensity was derived from major earthquakes centered

at distant points, especially in the Mississippi Valley. Accelerations

at the site from a recurrence of any of these shocks would be far less

than the proposed design accelerations.

(5) Ge2pahy - The Watts Bar site is

located in the western portion of the Appalachian Valley physiographic

province in the Valley and Ridge subprovince, known locally as the

Great Valley of east.Tennessee. The Valley and Ridge differ greatly

from the adjacent physiographic provinces in geography, physiography,
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stratigraepKY, and structure. As a physiographic unit, the area is well

defined and rather consistent throughout. It is outlined sharply on the

southeast by the high front of the Blue Ridge and on the northwest by the

abrupt escarpment of the Cumberland Plateau. Its surface is characterized

by long narrow ridges and somewhat broader intervening valleys having a

northeast-southwest trend. The ridges are roughly parallel and fairly

even-topped. They are developed in areas underlaid by resistant sand-

stones and the more siliceous limestones and dolomites. The valleys have

been excavated in the ereas underlaid by the easily erodible shales and

the more soluble limestone formations.

In the vicinity of the Watts Bar site, the

Tennessee River, prior to the impoundment of Chickiaraauga Lake, had entrenched

its course to an elevation of 670 feet above mean sea. level. The small

tributary valley floors slope from the river up to around elevation 800,

while the crests of the intervening ridges range between 900 satd 1,000

feet above sea level.

At present no mineral deposits are being wo(rked

in the Watts Bar area and there is no basis for assuming that any will be

developed in the future. In the early part of the present century there

was sporadic mining of low.-grade iron ore 5 to 15 miles northeast of the

site, but these deposits are uneconomical under present market conditions.

Even if they should become economically attractive sometime in the future,

they are far enough removed from the area that the presence of the plant

would not affect them. Commercially valuable deposits of zinc ores exist

in the lower portions of the Holston River basin between Knoxville and

.Jefferson City, Tennessee. At present these deposits are being actively

mined at three locations. The mining operation closest to the Watts Bar

Nuclear Plant is located near Mascot, Tennessee, about 138 miles upstream

from the plant site. Coal is produced from the Cumberland Plateau to

the northwest of the site, but here again the distance--10 to 15 miles--

precludes any interference from the plant.

There is no indicated potential for any

oil or gas production in the Watts Bar area. The nearest test wells

that have been drilled, without production, are about 10 miles from

the plant site. Location of the plant on the Watts Bar site would

not interfere with recovery of oil or gas should it be discovered in

the area.

(6) Climatologa and meteorology - The

Watts Bar site is in the eastern Tennessee portion of the Southern

Appalachian Region, which is dominated much of the year by the Azores-

Bermuda anticyclonic circulation. This circulation is more pronounced

in the fall (October) and is accompanied by extended periods of fair

weather.

The probability of tornado occurrence

at the Watts Bar site is extremely low. For nearly a half-century,

1916-64, there have been no tornadoes recorded in this area of Rhea

County. Two tornadoes were recorded in the adjacent Meigs County.

Tornadoes in that area generally moved northeastward up the Great Valley,

covering an average surface path 5 miles long and 100 feet wide.

Severe windstorms may occur several

tines a year, particularly during winter, spring, and summer, with

w:inds reaching 35 ni/h and on occasion exceeding 60 mi/h. High wind

may acca-pany moderate-to-strong cold frontal passages 30 to 40 times

a year, with smxinum frequency in I.Iarch and April. Strong winds may

F-17



1.1-91.1-8

also accompany thunderstorms which occur approximately 60 times a

year, with maximum frequency in July.

The climate of the Watts Bar site is

,interchangeably continental and maritime in winter and spring, pre-

dominantly maritime in the summer, and continental in-the fall. Data

collected over a 35-year period in Decatur, Tennessee, indicate the

average annual temperature is 59
0

F, with monthly averages ranging from

35.4
0
F in January to 77.6

0
F in July. The maximum annual range, from

108°F in July to -2
0

'F in February, is 128°F. Detailed air temperature

data are shown in Table 1.1-1i.

About 60 percent of the annual average

precipitation in the site area results from migratory storms in late

November through April. Detailed precipitation information is shown

in Table 1.1-2. Table 1.1-3 contains snowfall data.

Based on a U.S. Public Health Service

study of 21 years of data,3 it is anticipated that, on the average,

the Watts Bar site will experience each year two atmospheric stagnations

lasting for 4 or more days.

The Watts Bar site data are supplemented

by data from Chattanooga and Knoxville airports, Kingston Steam Plant,

and Oak Ridge National Laboratory which show a predominant northeast-

southwest alignment. Kingston Steam Plant data also indicate that the

highest occurrence of directional persistence is with southwest winds.

Wind speed data from Chattanooga and Knoxville indicate an average wind

speed of 7 and 9. mi/h respectively and a fall wind speed of 5 and 6.,

mi/h respectively. Tables 1.1-4, 1.1-5, and 1.1-6 contain wind data

for Kingston Steam Plant, Chattanooga, and Knoxville, respectively.

Wind data collected from 130-foot tower
level at the Watts Bar temporary meteorological facility during the

first year of operation (July 1, 1971 through June 28, 1972) indicate

a predominantly southwesterly and northeasterly flow which parallels

the local valley-ridge terrain. Data also indicate the longest periods

of directional persistence are associated with south-southwest winds

(Table 1.1-7). Annually, and during the winter and summer, winds are

predominantly from the south-southwest (Tables 1.1-8, 1.1-9, and 1.1-10).

During the spring winds are predominantly from the southwest (Table

1.1-11) and during the fall from the northeast (Table 1.1-12).

Periods of calm (wind speeds less than

0.6 mi/h) occur about 8 percent of the time, and wind speeds in the

1-3 mi/h range and the 4-7 mi/h range occur about 36 and 34 percent

of the time, respectively (Table 1.1-8). The strongest wind recorded

onsite during this period was 35 mi/h.

The one year of onsite measurements indicates

that surface-based inversions occur 55 percent of the time. Inversions

occur most frequently in spring and summer (63 percent and 59 percent,

respectively) and least often in fall and winter (55 percent and 48 percent,

respectively). The 8- to 16-hour period between early to midevening (6 to

10 p.m.) and early to midmorning (7 to 10 a.m.) are normally associated

with calm conditions or wind speeds less than about 6 miles per hour which

are conducive to surface-based inversions.

(7) Hydrology-

(a) Ground water - Ground water

at Watts Bar is derived principally from precipitation which, over the

past 30 years of record, has averaged 52.9 inches per year. There is no
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distinct aquifer in the Conasauga Formation at the Watts Bar site. The

shales and limestones are essentially impervious, and the majority of

the ground water flows through the terrace deDosits overlying bedrock.

Water level readings made in the exploration holes show that the water

table stands approximately 20 feet above rock in the terrace material.

Preliminary ground water investi-

gations made by measuring ground water levels in exploratory holes in the

proposed plant area indicate a ground water gradient sloping toward Chicka-

mauga Lake through the terrace deposits overlying bedrock. Migration of

ground water through bedrock is insignificant as shown by the refusal of

the rock to accept water at pressures of 50 lb/in2 by water testing the

exploratory holes. TVA will install a series of monitor wells to deter-

mine the seasonal ground water fluctuations and to provide baseline data.

(b) Surface water - Surface

water is derived from precipitation remaining after losses due to evapora-

tion and transpiration. It can be generally classified as local surface

runoff or'streamflov.

(c) Water use - The Tennessee

River from its head near Knoxville to its mouth near Kentucky Dam is a

series of highly controlled multiple-use reservoirs. The primary uses

for which this chain of reservoirs was built are flood control, navigation,

and the generation of electric power. In addition to these, other indus-

trial and public uses have developed, such as sport and commercial fishing,

industrial and public water supply, recreation, and waste disposal.

There are five public water

supplies taken from Watts Bar and Chickamauga Reservoirs within the

reach from Lenoir City, Tennessee, 43 miles upstream of the site, to

Savannah Utility District, 44 miles downstream of the site. The intakes

for two of these systems, Lenoir City, Tennessee, and TVA's Watts Bar

Reservation, are located on Watts Bar Reservoir some 43 miles and 2.0

miles, respectively, upstream from the Watts Bar Nuclear Plant site.

In the future the Watts Bar Reservation will discontinue using a surface

supply and will obtain its potable water supply from the ground water

system to be developed to serve the nuclear plant. There are no public

water supplies taken from the Tennessee River between the Watts Bar

Dam and plant site. The closest downstream surface water supply is

Dayton, Tennessee, at TRM 503.8 (25 miles downstream), which serves

6,900 people. The Daisy-Soddy-Falling Water Utility District, which

serves about 8,750 people, has a water intake on Soddy Creek embayment

of Chickamauga Reservoir about 45 miles below the plant site. The

present water intake for the Savannah Utility District, which serves

about 1,610 persons, is located on the Tennessee River (TRM 483.6) some

44 miles downstream from the plant site. However, the Savannah intake

is to be relocated in cdnjunction with the construction of TVA's

Sequoyah Nuclear Plant, located at TRM 484.5.

The present water supply intake

for the City Water Company, which serves a population of about 290,000

in the metropolitan Chattanooga area, is located in the headwaters of

Nickajack Reservoir at TRM 465.5 approximately 62 miles downstream from

the site and 6 miles downstream from Chickamauga Dam. Studies are

being made by a task force organized by the Tennessee Devartment of

Public Health to evaluate the present water surply source and intake

location for the City of Chattanooga and recommend any needed action

to the State Health Department.
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The East Side Utility District

had developed plans to locate a surface water supply intake on the

Wolftever Creek embayment of Chickamauga Reservoir about 52 miles down-

stream from the site. However, the district has subsequently decided

to continue using its' present ground water supply (wells) and has aban-

doned any definite plans to develop a surface water supply in the

foreseeable future.

There are 19 public water systems

within a 20-mile radius of the proposed site that depend either totally

or in part on ground water as a source of supply. .The City of Decatur

now obtains its supply from Breedenton Spring, located near the left

bank of the Tennessee River about 5 miles downstream from the site.

Engineering studies have been made to evaluate the feasibility of a

proposed regional water system that would serve both the cities of

Decatur and Spring City, as well as numerous small communities and out-

lying areas. The engineer's report recommends that the intake for such

a regional system be located on Watts Bar Reservoir (TRM 532L) about

4 miles-upstream from the site. Watts Bar Dam, located between the

proposed intake location and the plant site, would preclude any adverse

impact resulting from the discharge of liquid effluents from the plant.

The ground water supply and the distribution system to be developed for

the nuclear-plant and the Watts Bar Reservation have been designed so

as to be readily incorporated within the regional system whenever it

is developed. Public water supply information is included in Table

1.1-13 and the locations are shown on figure 1.1-5.

There are live industrial water

supplies taken from Watts Bar and Chickamauga Reservoirs between

Tennessee River mile 592 and mile 473. This includes the supply for

TVA's Watts Bar Steam Plant which is taken from the Tennessee River at

mile 529.3 just downstream from Watts Bar Dam. The industrial water

supplies located within a 20-mile radius of the plant and those indus-

trial supplies obtained from the Tennessee River between miles 592 and

473 are summarized in Table 1.1-14. Those industrial supplies in the

table marked with a double asterisk also use the supply for potable

water within the plant. All other industrial users purchase potable

water.

The major industrial water

users are downstream from the plant site. These industries withdraw

a total of about 53 million gallons of process water from Chickamauga

Reservoir each day. Seven industrial water supplies are taken from

wells and springs within a 
2
0-mile radius of the plant site. Olin

Mathieson Chemical Corporation and Bowaters Southern Paper Corporation

obtain water from the Hiwassee River, 22 and 23 miles upstream from its

mouth, respectively. The Watts Bar Nuclear Plant will use a maximum of

about 86 million gallons of process water each day.

(8) Land use - The existing land use

around the Watts Bar Nuclear Plant site reflects the trends of develop-

ment taking place within the larger Great Valley of east Tennessee.

This pattern is essentially the development of small satellite cities

focusing on the major metropolitan centers of Knoxville and Chattanooga.
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The smaller cities within the economic orbit of these larger centers

are growing up along the major transportation routes.

The area around the Watts Bar site is

predominantly rural as shown in figure 1.1-3. A 1970 survey of McMinn,

MeigsQ&nd Rhea Counties by the TVA Division of Forestry, Fisheries,

and Wildlife Development indicates that approximately 57 percent of

the land is forested, 38 percent is nonforested, and 5 percent is

covered with water.

The minimum exclusion distance for the

site is 1,200 meters (-3,940 feet). No one will be allowed to reside

in the exclusion area (figure 1.1-2). The nearest domestic residence

is approximately 1,460 meters (14,8oo feet) from the nuclear plant.

Specific land uses in the surrounding

area are discussed below.

(a) Industrial operations -

Scattered industry, including two TVA steam plants and a dam, Oak

Ridge National Laboratory, and several small industrial plants, have

begun to shift the region from an agricultural to a mixed land

usage.

The major portion of the Watts

Bar Nuclear Plant site will be located on a large tract of land that

for many years has been designated by local communities and by state

industrial development groups as a potential industrial area. The

remainder will be on land best adapted to agriculture.

(b) Transportation - Two

highways, Tennessee Highway 29 (U.S. 27) and Highway 58, connecting

Chattanooga and Knoxville pass within 10 miles of the site. 1-75,

when completed, will pass 12 miles to the east of the plant. A Southern

Railway spur terminates at the Watts Bar Steam Plant. The nearest

airport is located about 9 miles southeast of the plant. The 9-foot

navigation channel provides access to the plant by barge traffic.

(c) Farming - The total area

of Rhea County and nearby Meigs County is 558 square miles, about 8

percent of which is occupied by Watts Bar and Chickamauga Reservoirs.

Forested land in these counties occupies 336 square miles, or 65 per-

cent of the land area. Nonforested farmland accounts for an additional

25 percent, leaving 10 percent (about 50 square miles) of the land

area around the plant site for purposes other than farming or forest.

According to the 1964 Census

of Agriculture, there were 988 farms in the-two counties with gross

sales of $2,894,169. Of these, 476 were classified.as commercial and

512 as subsistence farms. The commercial farms accounted for gross

sales of $2,493,117, while subsistence farms 'had gross sales of only

$501,052. There were 72 dairy farms with gross sales of $722,070.

(d) Forestry - Forests in

the area tend to be scattered along narrow ridges. The Walden Ridge

area in western Rhea County contains extensive forests (figure 1.1-6).

Approximately one-third of forested land consists of Virginia and
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loblolly pine, the latter being planted during various reforestation

progra•as. Har dwood forests, chiefly of the oah-hickory, type, cover

44 percent of forested land: the remainder supports mixtures of pine,

cedar. and hardwoods. Volume of timber in the 3-county unit has

increased markedly since 1956. The increase includes trowing stock

of softwoods and hardwoods and an increased volume of sawtimber.

(e) Rfecreatýion - Watts Bar

and Chickamauga reservoirs are attractive to water-based recreation.

During April 15 through October 15, recreational activities around

the site increase substantially. A privately operated resort'and

restaurant are located on Watts Bar Dam Reservation. Meigs County

Park is located on the left bank1 of the reservoir just upstream from

the dam. A short distance upstream from this park is Fooshee Bend,

a 890-acre peninsula, which is under consideration as a potential

state park site. Several other resorts are located within a 25-

mile radius. TVA has provided a boat-launching rampe and parking

area on each side of the river below Uatts Der Dan. A public-use

axea. upstream on the left banh of Watts Bar Dam Reservation provides

an improved swimnming beach, turnouts with picnic tables, toilet

facilities, boat-launching rasp, and parking area. Demand for

recreation results in a large influx of daytime and overnight

users.

(f) Wildlife management areas

and preserves - The Hiwassee Waterfowl Refuge, Ocoee Wildlife Management

Area, and the Yellow Creek Wildlife Management Area are located within

40 miles of the Watt. --- ite. There are also three state forests

and one national forest within 40 miles of the site: Fall Creek

Falls State Park and Forest, Bledsoe State Forest, Mt. Roosevelt

State Forest, and the Cherokee National Forest.

(g) Population distribution -

Rhea and Meigs Counties are sparsely settled. The net population

growth in these counties between 1960 and 1970 totaled only 400.

Dayton, the county seat of Rhea County, is the largest city in the

area with a 1970 population of l,225. The 1970 population distribution

within 10 miles of the plant site is shown in figure 1.1-7.- Figures

1.1-8 and 1.1-9 show the projected population distribution for years

1980 and 2000, respectively. The projected population distribution

out to 50 miles for the year 2000 is shown on Table D-3 of Appendix D.

Between 1960 and 1970 the

regional population grew 6.5 percent--from 893,674 to 955,752. Several

small towns and the Chattanooga and Knoxville metropolitan areas are

located within a 60-mile radius from the site.

Socioeconomic impacts due to

the construction and operation of the plant are discussed in section

2.9.

(h) Waterways - Tennessee

River traffic at the Watts Bar Lock for 1970 was estimated to be about

• 435 thousand tons, exclusive of sand and gravel. For the Tennessee

River the total tonnage in 1971 was estimated to be about 27.5 million tons.

(i) Government reservations

and installations - The Tennessee Valley Authority's reservations
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which contain the Watts Bar Steam Plant and Dam are the only Government

installations in the immediate vicinity of the plant.

(9) Ecology - The region around Watts

Bar supports wildlife, waterfowl, fish, and other aquatic life. The

important species are discussed in the paragraphs below. The three

counties'around the site--Rhea, Meigs, and McMinn--contain a large

percentage of upland wildlife habitat, as noted in Table 1.1-15. These

evaluations of suitable land were based on several factors, including

type, distribution, and quality of cover, presence of travel lanes,

presence of food and water, and suitable den and nesting sites.

The possible ecological: impacts which

the plant may have on upland wildlife, waterfowl, and aquatic life,

and the ecological monitoring programs are described in Sections 2.4

and 2.7.

(a) Waterfowl - The Yellow

Creek Waterfowl Management Area is located approximately 1 mile south-

southwest of the present TVA reservation boundary and is separated

from the reservation by a ridge line having an elevation about 150 to

200 feet above the elevation of the management area. The area, used

by the Tennessee Game and Fish Commission, is one of only three such

state areas in east Tennessee which now has the capability for control

of water levels for waterfowl management purposes. Its location, 27

river miles north of the principal waterfowl'refuge area (Hiwassee

Island, TRM 501) enhances its significance in attracting waterfowl flights

upstream from the principal refuge, thus contributing to more successful

hunting on all waterfowl management units between Hiwassee Island and

Watts Bar Dam. Data on hunting use and kill success over the period

1966-71 indicate that Yellow Creek has furnished 25 percent of hunting

recreation and has, through its influence on other management area,

accounted for approximately 58 percent of ducks harvested on Chickamauga

Reservoir.

(b) Fish and other aquatic

life - There is an abundance of aquatic life in the tailwater area of

Watts Bar Dam. This area is characterized by a bedrock substrate with

interstices filled with gravel, rock, clay, and other sediment. The

substrate and characteristics of waterflow provide favorable habitat

for fish and larger invertebrates such as the eight species of mussels

of which the pigtoe mussel is probably the most abundant.2 A 3-mile

area of the river from the dam (TRM 529.9) downstream to TRM 526.9

was designated a mussel sanctuary by the State of Tennessee on July 1,

1965. Records show mussel beds at the following Tennessee River miles:

503.0 to 503.5 519.5 to 520.5
504.O to 50o.5 527.5 to 528.0
517.0 to 518.0 528.5 to 529.0 (wing wall of dam)

Historic harvests have been

large, but there have been no harvests from Chickamauga Reservoir since

1970 when about $3,000 worth of pigtoe mussel shells were harvested.

Recent harvests have been limited and no harvesting is legal in the

sanctuary reach.

The Asiatic clam has become

prominent in the benthos communities of the river during the past 10

years. Densities vary from a few individuals to-approximately 2,000
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per square meter, depending on type of substrate and waterflow.

Generally, open water populations of Asiatic clams are smaller, a few

to many individuals per square meter. Bottom fauna populations in the

reservoir are not diverse. The most abundant insects are the burrowing

mayfly, Hexagenia, and the midges of the family Tendipedidae which occur

at densities approaching 200 per square meter.

The water entering Chickamauga

Reservoir through Watts Bar Dam contains a moderate concentration of

suspended phytoplankton and zooplankton. The phytoplankton populations

are dominated by diatoms of the' genus Melosira. The generic diversity

includes more than 10 genera 'of diatoms depending on the season, as

many as 22 genera of green algae, and as many as 4 genera of bluegreen

algae. Representative grab'samples of phytoplankton taken several

miles downstream contained more than 600 cells per milliliter.

Zooplankton near Watts Bar Dam

is commonly dominated by rotifers and cyclopoid copepods except during

April and May when a predatory cladoceran, Leptodora kindtii, exceeds

all other forms. In' general, seasonal zooplankton' abundance 'exceeds

100,000 individuals per cubic'meter in the spring. Zooplankton and

phytoplankton species observed in the Watts Bar Dam' forebay are listed

in Table 1.1-16.

- Upstream in Watts Bar Reservoir

macrophyte production and standing crop have reached exceedingly high

levels in the past when Eurasian watermilfoil invaded the reservoir.

Chickamauga Reservoir has not had this problem; only persistent, non-

expanding, and native macrophyte colonies occur on overbanks, a distance

of 12 to 20 miles below the' nuclear plant.

The tailwater area is considered

favorable spawning habitat for sauger, white bass, and smallmouth bass

and may prove favorable for yellow perch. Species of fish taken in

the 1970 fish population inventory on Chickamauga Reservoir are listed

in Table 1.1-i7. The list is prepared from the results of 12 cove-

rotenone samples taken between July 6 and August 5, 1970; although it

is not a complete species list for the reservoir, it identifies the

important game, rough (including commercial), and forage species. The

inclusion of yellow perch represents an invasion via the Hiwassee River

from stock introduced in Chatuge and Nottely Reservoirs.' Results of

cove samples indicate that yellow perch are successfully reproducing

in Chickamauga Reservoir; their ultimate importance to the sport fishery

and to the total piscine community is unknown. Watts Bar tailwater

has supported approximately 6.1 percent of fishing trips to 12 TVA

tailwaters which were inventoried over-the period 1965-69.

Fish population surveys based

on complete sampling of 12 coves in 1970 yielded an average total of

182 pounds of fish per acre; of this, game and pan fish contributed

12 percent, forage fish 33 percent, and rough and commercial fish 55

percent. Bluegill and other sunfishes, largemouth bass, spotted bass,

white crappie, and white bass dominated the game fish. Gizzard and

threadfin shad were the dominant forage fish; two species of buffalo

and freshwater drum dominated the rough (commercial) fish.

In a 1970 fish inventory, total

fish poundage was significantly greater in the 3-cove area (approximately

TRM 505-509) nearest the plant site. Although specific conclusions
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cannot be made, the data indicate that the upper end of Chickamauga

Reservoir plays a significant role in production of the fisheries

resource of the reservoir, especially in terms of the zeproduction and

early growth of game and forage species.

Data for 1971-72 indicate an

annual commercial fish harvest of approximately 307,000 pounds in

Chickamauga Reservoir and the principal commercial species were catfish,

3
buffalo, and carp.

(10) Chemical and physical characteristics

of air and water -

(a) Air - The general physical

characteristics were described previously under Climatology and Meteorology.

The only air quality data collected from the vicinity of the plant are

from two settled particulate samplers that were placed in operation

in April 1969. The location of these samplers is shown in figure

1.1-10. The data collected to date are summarized in Table 1.1-18 and

represent measurement of settled particulate from all sources. The

highest monthly reading registered was 21 tons per square mile and

occurred in June 1971.

Additional baseline data on

the chemical and physical characteristics of the air in the vicinity

of the plant will be gathered as monitoring programs are instituted

prior to plant operation.

(b) Water - The Watts Bar

Nuclear Plant will be located on Chickamauga Reservoir approximately

2 miles below Watts Bar Dam. The drainage area of the Tennessee River

at the site amounts to 17,320 square miles. At the plant site Chicka-

mauga Reservoir is about 1,100 feet wide with the depths ranging up to

25 feet at normal pool, elevation 682.5. A 9-foot navigation channel

is maintained past the site. The reservoir lies generally in a northeast-

southwest direction with flow toward the southwest.

The Watts Bar Dam discharge

records, maintained since its closure on January 1, 1942, indicate that

3
the average discharge at the dam has been 26,1480 ft Is. The maximum

discharge occurred on December 30, 1942, and was 187,000 ft
3 /s. Flow

data for water years 1951-65 indicate an average flow of about 21,500

ft 3/s during the summer months and about 35,500 ft 3/s during the winter

months. These data reflect for all practical purposes the volume of

water that passes the plant site since there is less than 1 percent

difference between the drainage areas at the plant site and the Watts

Bar Dam.

Channel velocities at the plant

site average 2.3 feet per second under avera6e winter flow conditions

and 1.0 foot per second under average summer conditions.

A year-long water quality survey

of Chickamauga Reservoir was made by TVA beginning in May 1960.4 In

addition, some special sampling was continued into January 1962. At

6-day intervals during July, August, and September 1960, and again

during May and June 1961, 22 locations along the main stem and principal

tributaries of the reservoir were sampled for bacteriological deter-

minations. In general, the bacteriological quality of water in Chicka-

mauga Reservoir was found to be good. The water at Hamilton County
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Park, 56 river miles below the plant site, was of exceptionally good

bacteriological quality.

Monthly sanitary-chemical

analyses of samples from 13 stations show the water in the main stem

of the reservoir to be relatively low in organic content. Color and

odor concentrations were also low.

During the winter and spring

months, the dissolved oxygen concentrations in Chickamauga Reservoir

are quite high. However, during the summer and fall months, the dis-

solved oxygen concentration in the upper 20 miles of Chickamauga Reser-

voir are depressed because of low DO concentrations occurring in the

release from Watts Bar Dam. The dissolved oxygen concentrations of

the Watts Bar Dam releases for the years 1960-71 are summarized in

Table 1.1-19.

The principal reasons for the

low DO releases from Watts Bar Dam are. () inadequate waste treatment

of organic waste discharges originating in the vicinity of Knoxville,

Tennessee, and (2) the release of water low in DO through the low-level

intakes from the much deeper headwater reservoirs located farther up-

stream. The recent installation of secondary treatment at Knoxville

should result in somewhat higher DO concentrations in the release at

Watts Bar Dam. TVA is now investigating methods of increasing the DO

levels in the releases from its headwater reservoirs.

The mineral quality of water

in Chickamauga Reservoir was determined by monthly samples collected

from four locations in the reservoir. The water in the main stem of

the Tennessee River ý n of Chickamauga Reservoir during the sampling

period was slightly hard (about 60 to 80 mg/l) but satisfactory for

practically all industrial uses. The water quality data observed at

the two sampling points nearest the proposed plant site are shown in

Tables 1.1-20 and 1.1-21. A summary of observed DO concentrations in

the Watts Bar Dam tailrace are listed in Table 1.1-19.

The trace metal concentrations

observed in the Fort Loudoun Dam Tailrace (TRM 602.3) for the period

from January 1971 to December 1971 are summarized in Table 2.5-3. As

indicated, background concentrations of zinc and other trace metals

associated with zinc deposits are higher than would normally be expected

in surface streams because of the mining of the zinc deposits in the

lower Holston River basin.

Radiological determinations

made on samples collected daily at both Watts Bar and Chickamauga Dams

and composited into weekly samples for examination, together with deter-

minations from other available samples, showed the concentrations of

all radionuclides present were well below the permissible drinking

water concentrations.

(c) Temperature - Water tem-

perature observations at selected Tennessee River stations were included

in the data collected during the 1960-61 survey. These observations

indicate that Chickamauga Reservoir is stratified during summer months,

although stratification does not occur in the 20 miles immediately

downstream from Watts Bar Dam. Bottom temperature observed at TRM 487.7

(Table 1.1-22) ranged from 41.5°F in January (1961) to 77.9°F in August
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(1960); surface temperatures ranged from 41.7'F in January (1961) to

81.9
0

F in July (1960). Temperature data at TRM 487.5 (Table 1.1-23)

collected over a 5-year period (1943-48) by TVA indicate little varia-

tion in these temperature patterns. It may be concluded that water in

Chickamauga Reservoir is well mixed except during the summer period

when stratification occurs in the downstream one-half of the reservoir.

Water temperature records for

releases from Watts Bar Hydro Plant for 1967-71 are shown in Table

2.6-1 and show a maximum natural water temperature of 80.6'F.

(11) Historical and archaeological

significance of the Watts Bar site - No sites listed in the National

Register of Historic Places, or known to be under consideration for

such listing, are located at or near the proposed Watts Bar Nuclear

Plant.

The project has been reviewed by the

Tennessee Historical Commission and other appropriate agencies, and

no specific items of particular historical significance have been

identified.

An archaeological survey of the site was

made in December 1970 by the University of Tennessee, Department of

Anthropology. Investigations to determine archaeological significance

of the site are discussed in Section 2.10, Other impacts.

• Table 1.1-1

AIR TEMPERATURE DATAa

Month

Decemb(
January
Februa

March
April
-May

June
July
August

Septemb
October
Novembe:

Average
Temp.

er 40.3
f 35.4
ry 41.6

Winter 39.1

50.5
58.5
67.1

Spring 58.7

74.6
77.6
76.9

Summer 76.4

er 71.9
60.0

r 48.4

Fall 60.1

Annual 58.6

Average
Max.
Temp.

50.850.6

53.0

51.5

63.0
72.0
80.8

71.9

87.2
89.8
89.3

88.8

85.1
74.1
61.3

73.5

71.4

Average
Min.
Temp.

29.9
29.4
30.3

38.1
45.0
53.5

62.0
65.3

64.5

58.7
45.9
35.5

46.5

Extreme
Max.
Temp.
(OF)

76
76
73

91
94
99

103
108
107

106
96
82

108

Extreme
Min.
Temp.

-4
-9
- 20

2
20

30

4o
48
49

34
19
7

- 20

a. U.S. Weather Bureau, Cooperative Observer Station, Decatur, Tennessee;

period of record, 35 years (1896-1930).
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1.1-28 1.1-29

Table 1.1-3

SNOWFALL DATA

-INCHES-

Table 1.1-2

PRECIPITATION DATAa

Avg. No. of Monthly
Days With o.01 Average

Month Inch Or More (Inc

Extreme
Monthly
Maximum
(Inches

Extreme
Monthly
Minimum
(Inchs

Max. In24 Hrs.

(inches)

December
-January

February

10
11
10

5.24 16.O8 0.47 4.15
5.44 11.67 2.12 5.31
5.49 9.79 0.74 3.50

Month

January
February
March
April
May
June
July
August
September
October
November
December

Annual

Monthly
Average

8

2.4
2.4
1.3
T
0
0
0
0
0
0

0.6
2.0

8.7

MaximumTotal b

14.5
18.5
12.0

T
T
0
0
0
0
T
8.0

15.0

MaximumTotal in
24 Hrs.b

8.0
13.0
8.0

T
0
0
0
0
T
T

6.0
7.0

Winter 31 16.17

March
April
May

June
July
August

September
October
November

11
10. 9

5.77 10.93 2.28 5.00
4.49 8.66 1.28 2.81
3.71 7,48 0.56 2.00

Spring 30 13.97

9
10
9

Summer 28

r 7
6
8

3.905.17
3.34

12.41

9.13 0.90 3.73
12.13 0.53 4.80
7.13 0.52 3.19

3.58 14.78 o.45
2.67 7.91 0.00
4.10 14.06 o.94

3.583.05
3.57

a. Climatography of the United States No. 10-77; Climatic Summaryof the United States; U.S. Department of Commerce Weather
Bureau, Decatur, Tennessee, 1896-1930.

b. Cooperative Observer Meteorological Records, Form 1009; Decatur,
Tennessee, 1896-1940, Obtained from National Climatic Center,
Asheville, North Carolina, on November 24, 1970.

Fall 21 10.35

Annual ii0 52.90

a. TVA raingage station 421, Watts Bar Dam, Tennessee, located on roof
of Control Building at Watts Bar Dam; period of record about 30 years
from station activation September 1939-69.
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Table 1.1-5

AVERAGE WnqD SPEED DATA"

CHATTANO0GA 1951-60

Average Wind Speeds (mi/h)

M&onth N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Avg. Calm

Dec. 8.6 8.2 6.7 4.8 4.1 4.1 4.3 7.4 8.4 8.2 7,2 8.0 9.1 10.6 9.6 10.8 6.4 22.0
Jan. 9.9 8.7 7.0 5.3 4.1 3.3 4.o 7.2 8.8 8.7 7.9 9.3 8.7 10.7 10.8 11.1 7.4 17.0
Feb. 8.7 8.0 7.3 5.4 4.6 4.4 5.0 8.6 9.7 9.2 8.3 9.7 9.8 10.5 10.4 10.7 7.5 16.1

Winter 9.1 8.3 7.0 5.2 4.3 3.9 4.4 7.7 9.0 8.7 7.8 9.0 9.2 10.6 10.3 10.9 7.1 18.4

March 8.5 8.0 7.2 6.2 4.2 5.2 5.3 8.6 9.4 9.6 9.0 10.5 11.6 11.3 10.8 10.9 8.0 13.2
April 8.7 8.7 7.1 5.9 4.8 5.5 6.7 10.5 10.O 10.0 8.9 11.5 10.3 11.9 10.8 9.8 7.8 17.8 .'
May 7.4 8.0 6.4 6.2 4.1 5.3 5.4 7.7 8.0 7.5 7.1 9.1 9.4 10.1 8.5 8.8 5.9 24.4 ,

Spring 8.2 8.2 6.9 6.1 4.4 5.3 5.8 8.9 9.1 9.0 8.3 10.4 10.4 i.1 1o0,0 9.8 7.2 18.5

June 6.6 6.7 6.0 5.4 4.7 5.3 5.0 6.3 7.3 7.3 6.6 8.4 8.0 8.4 8.4 7.2 5.2 24.5
July 6.4 7.0 6.0 5.3 4.9 4.6 5.0 6.2 6.6 6.6 6.4 8.1 7.2 7.5 7.1 7.1 4.9 23.8
Aug. 6.2 6.8 6.2 5.4 4.5 4.5 4.7 5.7 6.0 6.3 5.4 6.8 6.9 7.0 6.6 6.8 4.3 30.6

Summer 6.4 6.8 6.1 5.4 4.7 4.8 4.9 6.1 6.6 6.7 6.1 7.8 7.4 7.6 7.4 7.0 4.8 26.3

Sept. 6.8 7.6 6.9 5.4 4.4 4.7 .5.0 7.3 7.0 6.6 5.2 7.4 6.2 6.5 5.9 7.3 4.7 30.1
Oct. 7.9 8.0 7.5 6.2 4.4 4.3 5.6 7.2 7.0 6.2 5.4 7.5 7.0 7.8 *7.7 8.8 4.8 33.1
Nov. 8.7 - 8.5 6.8 5.7 3.9 3.6 4.8 8.3 9.0 8.2 6.6 7.9 8.2 9.9 9.3 10.4 6.1 27.2

Fall 7.8 8.0 7.1 5.8 4.2 4.2 5.1 7.6 7.7 7.0 5.7 7.6 7.1 8.1 7.6 8.8 5.2 30.1

Annual 8.1 7.9 6.8 5.6 4.5 4.7 5.1 7.5 8.2 8.1 7.2 8.8 8.7 9.8 9.3 9.6 6.1 23.4

a. Climatography of the United States No. 82-40, Decennial Census of United States Climate - Summary of Hourly Observations,
Chattanooga, Tennessee, Lovell Field, 1951-60, U.S. Department oi2 Commerce, Weather Bureau.

L-

Table. 1.1-4

WIND DIRECTION PERSISTENCE DATAa

Number of Occurrences - Wind Direction Persistence Periods (Hours)

Direction3 4 5 6 7 8 110 12 13 14 15 15 Total

N 72 37 29 15 12 6 2 4 2 1 - 2 2 1 185

NNE 134 42 22 16 7 6 2 4 1 1 - - - - 235

NE 190 83 53 34 13 7 6 5 7 - - - - - 398

ENE 188 96 64 26 25 17 7 3 4 2 1 2 1 .- 2 438

E 98 37 11 6 2 4 - - - - 1 - - - 159

ESE 97 20 12 5 3 1 - - - - - . 138

SE 69 19 5 2 - 1 - - - - - - - 96

SSE 123 34 16 5 2 - 1 - - - - - - 181
5 201 62 29 21 9 4 3 - - - 1 - - 1 334

SSW 226 90 61 28 18 11 13 5 8 3 6 2 1 - 5 477

SW 257 141 71 54 27 15 21 11 13 8 9 8 5 3 13 656

WSW 209 74 32 20 8 5 3 1 1 i - - 354
W 78 32 10 5 - 2 1 1 - - - 1 13o
WNW 78 44 15 8 10 3 6 2 2 1 _ - - 169

NW 103 41 25 10 5 1 7 1 i 2 1 197

NNW 152 107 67 38 46 31 25 18 12 13 6 8 - 6 30 559

Total 2275 959 522 293 187 114 97 57 51 30 24 23 9 10 55 4706

Freq., %b 100 51.65 31.27 20.19 33.96 9.99 7.57 5.50 4.29 3.21 2.57 2.00 1.57 1.38 1.17

a. TVA Kingston Steam Plant (1967-69), station elevation - 1,134 feet MSL; instrument mounted 150 feet aboveground.

b. Percent frequency of wind direction persistence equal to or greater than stated value.



Table 1.1-7

WIND DIDMTI PEISTEWICE DAfTAe
July 1, 1971-June 28, 1972

Anmml

Number of Occurrences . Wind Direction Persistence Periods (hours)
Direction 2 3_ _. 6 7 ___10 1 2 13 14 15 8 17 18 !92o 2122 23 25 )25 Total

N 42 26 12 8 "6 1 1
N 52 28 23 9 5 2 2

11 70 34 18 13 7 3 2us 62 21 9 7 3 1 2
m 1A 3 2 - - -

7 1 2 - -
SK 8 4 -
SSE 22 7 4 1 - -
S 62 30 16 I0 2 3 1

S 71 38 33 13 17 9 5
8 41o 17 9 2 4 3

WSW 36 10 5 1 1 1 -
W 30 8 9 2 3 1 1
WNW 21 14 6 8 4 1 -
aw 27 10 3 4 7 - I
NNW 27 18 7 6 4 3 1
Total 599 292 166 91 61 29 19
Acc. Total 1340 740 149 283 192 131 102
5-Acc. Freq. 100 55.3 33.5 21.1 14.3 9.8 7.6(4)

- - 1 1 - - - - -7 - - - - - -4 14.2 -11 - - 2 -1--------------------
1 1 - 2 - 2 1 -------- - ------ 13 -. -. . -. . -. . -. . -. . -. . -- . . .

3 . - i -3 - 1. . . . . . . . . . .10 7 2 2 4 2 2 1 - - - 1 1
4 - 1 - - 1 1 1 1 - - - - - - - - -

1 -- -1- - - - - -

1 -1 -1

27 15 9 5 7 4 5 3 3 - 1 1 1 - - - - 2
83 56 4.1 32 27 2o 16 u 8 5 5 4 3 2 2 2 2 2
6.2 4.2 3.1 2.4 2.0 1.5 1.2 .8 .6 .4 .4 .3 .2 .2 .2 .2 .2 .2

98
137
155
108

19
10

34
131
218
132

4-
56~
53 ,
69

1340

a. Watts Bar Meteorological Facility. Wind instrument at 130 feet aboveground.

NOTE: Persistent wind is defined in this aamlysis as a wind blowing continuously from one of the named 22-1/2o sectors (i.e.,
north-northwest) except that it is not considered to be interrupted if it departs from that sector for one hour and
then returns, or if there are up to two hours of missing data followed by a continued directional persistence.

uL-

Table 1.1-6

AVERAGE WIND SPEED DATA

KNOXVILLE 1951-60

Average Wind Speeds (mi/h)

Month N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Avg. Calm

Dec. 7.8 8.1 6.5 6.2 4.1 4.2 4.1 4.8 6.5 8.4 11.3 12.1 10.8 11.6 8.4 7.7 7.8 9.0
Jan. 8.5 9.2 7.2 7.0 4.7 4.8 4.4 4.7 6.8 10.1 12.8 11.9 11.5 11.6 9.0 8.2 8.7 7.6
Feb. 7.5 8.9 7.0 7.0 4.8 4.7 4.6 5.3 7.5 10.1 12.6 12.5 11.4 13.0 9.3 7.6 7.6 8.2

Winter 7.9 8.7 6.9 6.7 4.5 4.6 4.4 4.9 6.9 9.5 12.2 12.2 11.2 12.1 8.9 7.8 8.4 8.3

March 8.2 9.2 7.7 7.4 5.3 5.1 4.9 6.8 6.5 9.3 12.9 13.4 12.0 13.1 10.5 9.3 9.5 6.0
April 8.4 9.6 7.6 (7.0 5.1 5.9 5.5 7.9 8.3 10.7 12.8 13.9 12.2 12.6 9.9 8.6 9.6 7.3 .
May 8.0 8.0 7.0 7.3 5.0 5.8 5.0 6.1 6.1 8.0 10.3 10.7 9.7 10.0 8.3 8.1 7.7 10.0

Spring 8.2 8.9 7.4 7.2 5.1 5.6 5.1 6.9 7.0 9.3 12.0 12.7 11.3 11.9 9.6 8.7 8.9 7.8

June 7.6 7.6 6.6 6.3 5.5 5.4 5.1 5.3 5.6 7.9 9.3 9.2 9.0 8.4 7.7 7.2 6.9 10.4
July 7.0 7.6 6.4 6.3 4.8 5.0 5.0 4.7 5.7 7.6 8.8 9.0 7.7 8.1 7.2 6.1 6.3 12.8
Aug. 7.1 7.5 5.9 5.9 4.8 4.5 4.7 4.7 4.9 7.4 7.8 8.5 8.3 8.2 7.3 6.8 5.8 15.1

Summer 7.2 7.6 6.3 6.2 5.0 5.0 4.9 4.9 5.4 7.6 8.6 8.9 8.3 8.2 7.4 6.7 6.3 12.8

Sept. 6.9 7.4 6.4 6.9 5.0 4.8 14.6 4.9 5.7 7.0 7.6 8.9 7.5 7.2 6.5 7.1 5.7 15.4
Oct. 7.5 8.0 6.9 6.3 4.1 4.1 4.1 4.1 5.0 7.3 8.2 8.7 8.9 8.8 8.0 7.4 6.0 14.8
Nov. 7.9 7.9 6.4 5.8 4.3 4.5 4.1 4.8 6.6 8.3 10.5 10.4 10.1 11.3 8.7 7.1 7.1 .11.3

Fall 7.4 7.8 6.6 6.3 4.5 4.5 4.3 4.6 5.8 7.5 8.8 9.3 8.8 9.1 7.7 7.2 6.3 13.3

Annual 7.7 8.3 6.8 6.6 4.8 4.9 4.7 5.3 6.2 8.5 10.6 11.1 10.1 10.8 8.4 7.6 7.5 10.7

a. Climatography of the United States No. 82-40, Decennial Census of United States Climate - Summary of Hourly Observations,
Knoxville, Tennessee, McGhee Tyson Airport, 1951-60, U.S. Department of Commerce, Weather Bureau.
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Table 1.1-8 Table 1.1-9

PERCENT OCCURRENCE OF WIND SPEEDa PERCENT OCCURRENCE OF WIND SPEED'

FOR ALL WIND DIRECTIONS

July 1, 1971 - June 28, 1972
Annual

Wind Wind Speed (mi/h)b

Direction 1-3 J-L_ 8-12 13-18 19-24 k2

' FOR ALL WIND DIRECTIONS

December 1, 1971 - February 29, 1972
Winter

Wind Wind Speed (mi/h)b
Direction 1-3 k-7 8-12 13-18 2 2

N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW

Total

Calm = 7.91

2.36 3.07 1.06 0.10 0.01 -
2.83 4.29 2.28 0.25 -
3.25 4.37 1.58 0.06 -
3.48 2.38 0.63 0.07 0.01 -
i.4o 0.45 0.15 0.02 0.01 -
0.93 0.21 0.05 0.01 -
1.03 0.28 0.02 0.02 0.06
1.71 0.67 0.14 0.05 0.04 -
3.34 3.27 0.95 0.33 0.17 0.03
4.07 5.63 4.22 1.03 0.14 -
2.96 3.25 2.00 0.52 0.09 -
2.05 1.67 0.49 0.06 - -
1.82 0.93 0.78 0.26 m.04 -
1.30 1.o4 ,1.18 0.21 - -
1.36 0.94 1.18 0.21 0.01 -
2.08 1.78 0.97 0.26 o.ok 0.05

N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW

Total,

2.44 0.98 0.49 0.05 -
2.78 4.29 3.12 0.29 - -
2.15 2.88 1.6 -1 -4
2.34 1.37 0.24
0.73 0.15 -
0.39 -- -
0.73 0.05 -
0.59 0.10 0.05 - -
2.10 1.27 0.68 0.20 0.39 0.15
k.19 5.07 5.41 1.51 0.39 -
3.27 3.27 2.15 - -
2.19 1.85 0.39
1.46 - 1.02 0.49 -
1.02 1.02 1.71 0.05 -
0.98 0.59 0.63 0.10 -
2.00 1.02 -9 0.59 .- -

29.36 24.93 17.11 2.79 0.78 0.1535.97 34.23 17.68 3.48 0.62 0.08

a. Watts Bar meteorological facility. Wind instrument at 130 feet
aboveground.

.b! Wind speed class 1-3 mi/h includes values 0.6-3.5 mi/h; class 4-7
mi/h includes values 3.6-7.5 mi/h, etc.

Valid observations only - represents 93 percent of total annual record.

Calm = 24.91

a. Watts Bar meteorological' facility. Wind instrument at 130 feet
aboveground.

b. Wind speed class 1-3 mi/h includes values 0.6-3.5 mi/h; class 4-7
mi/h includes values 3.6-7.5 mi/h, etc.

Valid observations only - represents 94 percent of total winter record.
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Table 1.1-10

PERCENT OCCURRENCE OF WIND SPEED a

,FOR ALL WIND DIRECTIONS

July 1, 1971-August 31, 1971 and June 1-28, 1972
Summer

Table 1.1-11
PERCENT OCCURRENCE OF WIND SPEEDa

FOR ALL WIND DIRECTIONS

March 1, 1972 - May 31, 1972
Spring

Wind Wind Speed (mi/bh)

Direction 1-_3 L2_7 8-12 13-18 1924 >25

N 1.96 3.50 1.21 0.27 -

NNE 3.22 4.76 1.77 0.19 - -

NE 3.45 4.34 1.26 0.05 - -

ENE 3.68 2.15 0.70 0.19 0.05

E 1.2I o.42 0.47 0.09 0.05

ESE 1.31 0o
1 4 0.19- 0.05 - -

SE 0.88 0.47 - 0.09 0.23 -

SSE 1.87 0.88 0.19 0.19 0.14 -

S 4.29 6.01 1.26 0.37 0.28 -

SSW 4.57 7.79 4.o6 0.84 0.05 -

SW 2.43 2.52 0.98 0.33 0.05 -

WSW 1.91 1.54 0.33 0.05. - -

W 1.58 0.79 0.75 0.28 -

WNW 0.88 0.84 0.98 0.23 -

NW 1.16 1.12 1.17 0.28 0 0

NNW 1.87 oQTj 0.79 0.28 0.1 01

Total 36.27 38.06 16. 1 3.78 0.99 0.19

Calm = 0.19

a. Watts Bar meteorological facility. Wind instrument at 130 feet

aboveground.

b. Wind speed class 1-3 mi/h includes values 0.6-3.5 mi/h; class 4-7

mi/h includes values 3.6-7.5 mi/h, etc.

Valid observations only - represents 96 percent of total summler record.

WindDirection

N

NNE
NE
•EN
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW

Total
Calm = 3.26

1-31-3
1.39
2.35
2.74
2.64
1.34
0.91
1.20
1.78
2.83
2.74
3.12
1.63
1.54

1.30
1.10
-1.49 -

4-7
2.88
3.22
4.08
3.12
0.77
0.43
0.43
0.91
2.69
4.37
4.51
2.26
1.44
1.20
1.15
1.63

Wind Speed (mi/h)b8-12 13-18 19-214 25

1.34 0.05 0.05 -

2.83 0.43 -

2.06 0.19

0.91 0.10
0.10 -

0.10 . ...
0.29 -

1.15 0.58 - -

4.90 1.58 0.10 -
4.13 1.78 0.29 -
1.10 0.05 -

1.06 0.72 0.14

1.58 0.48 -

2.02 0.38 0.05
0.91 0.10 _ -

30.10 35.09 24.48 6.44 0.63

a. Watts Bar meteorological facility. Wind instrument at 130 feetaboveground.

b. Wind speed class 1-3 mi/h includes values 0.6-3.5 mi/h; class 4-7

mi/h includes values 3.6-7.5 mi/h, etc.

Valid observations only - represents 94 percent of total spring record.
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Table 1.1-.13

WATER SUPPLIES WrIHIN 20-MILE RADIUS OF SITE INCLUDING
SUPPLIES TAKEN FROM TENNESSEE RIVER SETWEEN FORT LOUDOUN AND CHICKAMAUGA DAMS

Public Supplies

Distance
Water Supply From Site*

Miles

Estimated
Population

Served
Average

Daily Use

GallIons

Source

1. Athens

2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.

Cedar Valley Elementary School'
Dayton
Decatur
Eastview Elementary School
E. K. Baker School
Englewood
Evensville Elementary School
Fairview Elementary School
Frazier Elementary School
Idlewild Elementary School
Midway High School
Niota
Paint Rock Elementary School

13.7

12.5
24.2
3.3

19.7
9.2

19.2
12.3
3.0

11.7
8.6

19.2
17.1
18.9

15,000

252
4,5oo

900
190
344

4,000
127
252
162
186
297

2,000
189

2,086,000 Surface (Oostanaula Cr. 50%)
and Ground, spring 50%

6,300 Ground, well
1,000,000 Surface (TRM 503.8)

101,000 Ground, spring
4,750 Ground, well
8,600 Ground, well

150,000 Surface (Middle Creek 1.8)
3,175 Ground, well

.6,300 Ground, well
4,050 Ground, well
4,650 Ground, well
7,425 Ground, -spring

150,000 Ground, spring
4,725 Ground, well

'a

*Radial distance to all supplies except those
river mile distance from TRM 528.0.

that take water directly from the Tennessee River which are shown as
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Disance
Water Supply From Site*

miles

1-I Athens Hosiery Mill, Inc. 13.0
2-I Atbane Store Works 13.8

ý3-I Cherokee Photo Finishers 12.7
4-I Crescent Hosier Mills 15.6
5-I Edw•rds Laundry 18.8
6-I Mayfield Dairy Farms, Inc. 15.0
7-I Plastic Industries, Inc. 13.4
8-I Southern Silk MiIls 9.2*5
ýI Sweetwater Hosierv Mills 16.6**
-C-I Watts Bar Steam Plant 1.31i-1 Atlas Chemical Tmdustries. Inc.

Table 1.1-1h

MMXTIAL WATE UWPLIES

Dumber of

185

52
120

42
300 .
225
680

90
36

2,000
600

225
430

Average
Daily Use

Gallons

271,350
32,100
59,000
25,000

120,000
81,200
10,000

165,000
25,000

50,000,000
285,000

2,000,000
2,000,000

Source

Ground, well
Ground, well
Ground, well
Ground, well
Surface (Sweetwater Creek)
Ground,. vell
Ground, well
Surface (piney creek)
Ground, vall
Surface (TMI 529.3)

I-.
H

(Volunteer Army Ammunition
plant

L -I Charles H. Bacon Company
13-I Farmers Chemical Association,

Inc.
141.- Union Carbide Corporati~~n

55.0
63.5-

55. OR
614.o

TRm 4•.3.0
TRM 591.5 and spring

TRK 473.0
TRM 592.0

*Radial distance to all supplies except those that take water directly from impounded waters of the Tennessee River
which are shown as river mile distance from TRM 528.0.

**Water supply is also used for potable water within the plant.

A-

Table 1.1-13
(Continued)

WAMR SUPPLS WMEM 20-MIlE RADIUS OF SIT D1UMING
SUPP•INS TAKEN- FROM FORT I•IN AND CSIDKAAItrIL DAMS

Public SUllies

Water Supply,

15. Riceville Utility District
16. Rockwood
17. Spring City

18. Sweetwater

19. Ten Mile Elementary School
20. Union Grove Elementary
21. Watts Bar Reservationa

22. Daisy-Soddy-Falling Water
Utility District

Distance
From Site*

Miles

17.0
17.6
7.6

17.5

7.9
10.9
1.9

ESt imated
Population

Served

581
5,500
1,90o

4,300,

200
188
300•*

8,5oo

Average
Daily Use

Gallons

18,000
1,200,000

300,000

593,000

4,200
4,700

109.000•*
40,300•**

400,000

Source

Groud,. spring
Ground, spring
Surface (Piney River 33%) and

Ground, spring 67%
Ground, spring 80% and

Surface 20%
Ground, well
Ground, well
Surface, (TRM 529.9)

Soddy Creek 4.2 (67%) and
Ground, well 33%

TW601.3
44.7

23. Teoir City 73.3 , 2w .... 624. Savannsh Utility District 44.4 1,610 122,000 T 483.6

*Radial distance to all supplies except those that take water directly from impounded waters of the Tennessee River,

which are shown as river mile distance from TRW 528.0.

a. Includes water supply to Watts Bar Resort, "*Sumer use and **SWinter use.
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Table 1.1-16

ZOOPLANKTON AND PHYTOPLANKTON SPECIES

OBSERVED IN WATTS BAR DAM FOREBAY - JUNE 1972

Table 1.1-15

HABITAT EVALUATION FOR SEVEN GAME SPECIES Zoovlankton Phyto

Habitat Rating (Percent of Total Land Area)
S. Suitable . Unsuitable

Good 'Average Poor NonhabitatSpecies

White-tailed deer

Gray Squirrel

Raccoon

Wild Turkey

Ruffed Grouse

Cottontail Rabbit

Bobwhite Quail

9 74

13 28

13 51

.5 77

4 77

8 59

.7- 59

17

39

34

18

18

30

32

20

2

1

3

2

Rotifera

Branchionus angularia
Branchionus bidentata
Branchionus budapestinensis
Branchionus calyciflorus
Branchionus caudatus
Keratella bostoninensis
Keratella cochlearis
Keratella earlinae
Keratella spp.
Platy patulas
Polyarthra spp.
Notholca spp.
Lecane spp.
Filinia spp.
Synchaeta spp.
Trichocera spp.

Cladocera

Bosmina longirostris
Diaphanosoma app.
Daphnia galeata mendotae
Daphni parvula
Daphnia retrocurva
Daphnia ap• Ti-m-aature)
Leptodora kindtii

Cop~epoda

Cyclops bicuspidatus
Diaptomu pallidus
Diaptoiaua reighardi
Cyclopa vernalis
Macrocyclops'ater
Mesocyclops edax
Calanoida (immature)
Cyclopoida (immature)
Naupiji

Diatoms

Gyrosigisa
Tabellaria
Cymbella
Asterionella
Cyclotella
Dinobryon
Eunotia'
Fragilaria
Melosira
Navicula
Stephanodiscus
Synedra,
Caloneis

Greens

Staurastrum
Cosmarium
Rhizodenia
Ulothrix
Tetraspora
Tetraedron
Ankistrodesmus
Chlorella
Gleocystis
Kirchneriella
Mallamonas
Pandorina
Seenedesmus
Tetradesmus
Occyatis
Protococcus
Chlamydomonas
Chlorococcum
Pediastrum

plankton

Bluegreens

Aphanizomenon
Arthrospira
Coelospheariuw
Dactylococcopsis
Oscillatoria
Chroococcus
Anabaena

Other

Gymnodinium
Euglena
Phacus
Ceratium,
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Table 1.1-18

SETTLED PARTICULATE DATA FROM VICINITY OF WATTS BAR SITE

TONS PER SQUARE MILE PER MONTH

1969
Sampler #1 Sampler #2

197o
Sampler #1 Sampler #2

1971 . 1972
Sampler #1 Sampler #2 Sampler #1 Sampler #2

January
February
March
April
May
June
July
August
September
October
November
December

Mean
Minimum
Max imum

5.0
6.5

14.9
1.9
1.4
0.9
4.1

3.5
0.9
6.5

5.1
18.0
15.14

8.4
14.14
2.2
4.o
1.5
4.7

7.1
1.5

18.0

1.9
3.9
5.8
8.5
6.5
6.4
6.6
1.8
3.3
4.9
3.9
5.5

4.9
1.8
8.5

2.4
14.14
6.2

14.3
3.6

10.1
5.3
7.1
5.14
1.9

5.1
1.9

10.1

3.2

8.7
6.6

6.14
19.3

1.1
2.8
4.1
2.8
3.6

5.9
1.1

19.3

6.4
3.4
6.14
7.0

21.0
6.7

10.3
2.0

3.1
2.6

6,.9
2.0

21.0

0.0
4.6
9.0

11.0
11.0

0.0
11.0

0.2
5.7
7.5

12.14

0.2
12.4

H
H

A-

I..
S

0

14

I-H

H

4,
-4
,0
4,

m
H

U,

I
H
r=.

H
C-,
CO

CO
0

0

4f,

o

OH
>1

U,

C~)

0 0\
P.0-

00

4k.

0 I
P. Ir~I
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Table 1.1-19

SUMMARY OF WEEKLY OBSERVED DISSOLVED OXYGEN

CONCENTRATIONS IN THE TAILRACE OF WATTS BAR DAM

1960-71

1. 1-147

Table 1.1-20

WATER QUALITY AT TENNESSEE RIVER MILE 518.0

I-.1-e 705D n10 1. DM.o ColifT ... 0.0.

196o ft. WX/Ia, a C. ,t/1

10*7. ,• - 016,1110,-..

PCV XUo ft. WA %/I M/I ý M/I

Year

196o

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

Observed Dissolved
Oxygen Concentrations

MK/i
Minimum Maximum

3.3 10.5

14.7 11.8

2.9 10.5

2.3 11.5

3.2 11.2

2.7 10.7

2.1 12.6

3.9 13.5

3.3 12.14

2.2 11.0

2.9 11".6

3.0 10.8

Number of Days Dissolved

Oxygen Less than Stated Concentration

4. gi1.0 mgil2. mg 6.0 mg/i
Days Days Days Days

0 6 147 101

o 0 3 73

14 30 77 11414

11 50 98 121

0 25 39 116

6 46 95 131

32 43 82 120

0 2 23 71

0 25 78 133

10 66 96 122

2 66 116 1148

o 36 86 116

7.13 4:N p.

-.3 9:55 5.

8-A 1:2,0.

10-18 11:55 5.

11-15 11:55

WMI.

kt9Lt

MIXL.

mda•

9-.

~0.

-9.

~1.

Rot.

bot.

110

36

21

26.5

16.8

5.iT 1.62

4.23 -

6.65 2.39

5.66 0.91

6.19 0.83

8.63 1.0

10.66 1.18

12

,.a

10

Is

5.5

13

10

30

2,

13

19

I1 0. 52.3 82.6 7.8 4,500

0.10 58.5 62.0 7.6 6,800

0.1 55.9 16.6 - 5oM10

0.1 51.0 80.3 7.6. -ks

2 0.1 56.7 81.0 - 4,500

O.0.0 12.3 '7.6 . 4,31

e.W 0. "A3. 76.6 T.6 6,709

16.8

13.0

9.48

76.3D

19.3

19.7.

19.6

16.3

9.,7

5.66

7.53

7.80

1.19 10,50 5.

3-1 12:10 P.

5-16 I0m59p .

6-1h 12:05 P.

9~t.

10.1.

Net.

9o1.

Rot.

6.1

0.3

10.6

13.3

28.8

21.8

11.17

9.83

9.71

8.10

5.76

1.88

1.47

1.12

1.10

1.53

I O.1O 37.5

O 0.10 04.8

0.10 5.0

o.10 56.9

61.6: 7.9

3.1 7.6

89.1 7.9

37. 7.6

68.6 7-.

68.7 7.4

6,6-

6.1co

2.5 12.097 2.39 95 30 2 0.10 58.3 826 7.8 TAO0 06.36.1 4.15 0.83 •10 4.5 O.10 4).6 57.2 7. 4,W0 5.60

F-37



Table 1.1-22

OBSERVED WATER TEMPERATURES - CHICKAMAUGA RESERVOIR *

Tennessee River Mile 487.7

July 1960 - June 1961

Date

July 12, 1960

August 5, 1960

August 23, 1960

September 22, 1960

October 18, 1960

November 22, 1960

January 18, 1961

February 21, 1961

March 21,1961

April 18, 1961

May 16, 1961

June 14, 1961

Distance
From Right Bank

(% of Width)

50

50

50

50

50

50

50

50

50

50

50

50

Surface - depth 1 ft.
Temperature

81.9

81.7

79.0

76.9

73.6

55.6

41.7

46.6

52.5

57.9

65.8

78.3

Bottom
Temperature depth, ft

75.6

77.9

76.5

74.1

72.1

55.0

41.5

46.6

52.5

56.5

63.9

72.0

38

35

37

40

36

36

35

40

40

44

42

48

H-

*Data from Quality of Water in Chickamauga Reservoir, 1960-1961, Division of Health and Safety, TVA

U-

Table 1.1-21

WATER QUALITY AT TENNESSEE RIVER MILE 529.9

70. TIw in Btr.. e p35 Collroro. D8O.

5-0. D.,.sr
M%.0 l ~o~lo ou olo
B00 Colr or. oDior ton o. C-C

5
RH _Moor _11 C. a U. K ft, T .- tr--n 5So0 _S S... Dl.. Tot.

0460

7.13

B-6

9-23

11-15

12-15

1-15

2.2.

3-21

6-.S

5:25 p.

9:10 .

2:13 p.

9:1 .

11:55

12:05 p.

9:35

10:15

9:5d

11:5..

10:25

10:15
10-10 ,

MMI,

KiMI.

MMI,

M.1.

XIMI.

HIMI.

widl.

Srt.

S3,r.

8-•f.

surf•

94

25

55

36-

36

2)0

35

2.6

55

16

560

23

*C edo edo

25.8 6.30 1.03

26.3 3.60 1.37

24,7 6.95 0.76

N6.0 5.98 2.60

"23.0 6.23 0.91

8.19 0.76

7.8 9.87 1.18

KCI 70 "o. .8/0 0/0 .0/0

10

10

10

10

10

05

10

10

15

12

6.2 0on

13 -

0.ow

0.wo

o.ow

0.wo

0.oo

o.oo

52.0 83.2

59.5 82.3

54.0 76.1

42.9 W0.5

54.6 82.9

50.8 75.7

55.7 76.4

1161

42.7 62.0

58.5 73.1

57.5 70.7

58.0 56.5

56.3 66.2

54,5 68.o

-00 .ti nji /it .. Jo /i /Ij %/I n/il dil n/I di ni

7.5 6,500

7.6 4,800

. 5,200

7.6 4,600

- 4,600

7.6 6.707

7.6 5,600

7.4 6,d00

7.5 5,.3

7.6 7,600

7.7 6,5w0

7.6 .6,60o

05.2

13.9

22.0

21.5

23.0

19.7

260. 9.61

25.l1 5.65

2V.6 5.72

26.0 5.79

23.0 7.23

0B.6 8.57

22.3 5.35

7.90

7.50

7.60

10.2

9.50

11.0

10.2

o.8o

0.5

0.00

1.15

0.03

0.55

0.33

0.50

0.19

0.50

0.22

0.12

o.48

1.564

0.71

0.23

0.12

0.18

0.08

0.48

O.00

0.15

0.37

0.5 3

0.05

0.00

0.05

0.0 5

0.50o 16.5

6.16 16.6

5.00 17.3

6.6( 05.0

6,16 06.6

"7 . 15.5

7.94 18.2

26

627

26

56

37

26

13

88

5o

116

127

90

83

85

72

96

96

54

91

107

122

153

95

137

122

0a

5.9

8.i

13.110.7

28.7

11.05

12.60

9.79

9.50

8.3S

5.55

lU48

5.20

I.o6

1.03

1.93

0. 75

16

15

28

is

13

12

17.6 19.1 3.90

16.1 20.8 5.66

9.26 19.6 4.55'

5.98 15.5 6.66

7.95 0.5 5.09

9.26 00.5 5.59

9..0 0.80

8.40 1.05

6.80 0.95

6.10 0.85

6.83 0.95

5.28 0.95

6.20

6.32

8.96

6. 8

4.30

5.92

16.4

;m.o

27.9

10.9

13.6

93

109

81

60

97

Co11-t. - 25, 1960.

24.7 12.60 3.00 25

5.9 3.66 0.76 10

00 1- o.00 59.5 8•,2 7.7 7,401 25.0 200 9.41 00.0 0.00 1.)6

6.2 Mo- 0.00 50.0 54.5 7.4 6,400 5.5B0 1.5 5.59 4.10 0o.0 0.02

o0. 4. 8.96 2?.9 56 027 155

0.00 0.50 10.9 3 56 60
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Table 1.1-23

OBSERVED MAXIMUM AND MINIMUM TEMPERATURES

Chickamauga Reservoir - Tennessee River Mile 487.5

Calendar
Year

Surface Temperatures, °F. *

Maximum Minimum

1943

1944

1945

1946

1947

1948.

84.2

82.4

84.2

84.2

82.4

82.4

44.6

41.0

41.0

42.8

39.2

42.8

* Data from Wate' Temperature of Streams and Reservoirs in the

Tennessee River Basin, Hydraulic Data Branch, TVA

F-3,9
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A
I

WATTS BAR SITE

Surface Water Supply 10 0 10 20
Ground Water Supply 1_0 0 _20.

Industrial Water Supply SCALE OF MILESUsed for Potable Water

Figure 1.1-5

PUBLIC WATER SUPPLIES WITTýTN
TWENTY MILE RADIUS OF THE

WATTS BAR NUCLEAR SITE
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Figure 1.1-6

FOREST COVER
McMINN, MEIGS AND RHEA

COUNTIES, TENNESSEE

4 2 0 4 8

APRIL 1970

S

Figure 1.1-7
POPULATION DISTRIBUTION

WITHIN 10 MILES
1970

LOCATION MAP

MASAN OUVESBATINCH A
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Figure 1.1-8

POPULATION DISTRIBUTION
WITHIN 10 MILES

1980

Figure 1.1-9

POPULATION DISTRIBUTION
WITHIN 10 MILES

2000
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1.2 Electric Power Supply and Demand - TVA is the power sup-

plier for an area of approximately 80,000 square miles containing

about 6 million people. TVA generates, transmits, and sells Dower

to 160 municipalities and rural electric cooperatives which in turn

retail power to their own customers. The approximate areas served

by these distributors are shown .in figure 1.2-1. These distribution

systems, which purchase their power requirements from TVA, serve

more than 2 million electric customers, including homes, farms, busi-

nesses, and most of the region's industries. TVA also supplies power

directly to 46 industries which have large or unusual power require-

ments and to 11 Federal installations, including the Atomic Energy

Commission plants at Oak Ridge, Tennessee, and Paducah, Kentucky.

The importance of an adequate supply of Dower on the TVA

system is by no means limited to electric consumers in the area which

TVA supplies directly. This system, which with 19.8 million kilowatts

of presently installed generating capacity is the Nation's largest,

is interconnected at 26 points with neighboring systems with which

TVA exchanges power. The TVA system is, in effect, part of a huge

power network. In a time of power emergency, operation of the TVA

power system could have a definite impact on power supply conditions

from the Great Lakes to the Gulf of Mexico, and from New England to

Oklahoma and Texas.

During the past 20 years, loads on the TVA power system

have increased approximately 7 percent per year. This rate of growth

in power requirements has meant that the capacity of the generating

and transmission system has been doubled every 10 years. Until the

F-I44
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end of World War II, most of TVA's generating capacity was hydro-

electric. By that time, however, most of the suitable hydroelectric

sites had been developed, and beginning in 1949 substantially all of

the capacity increases were met by the construction of fossil-fueled

plants. In the middle 1960's large-scale nuclear plants had become

feasible, and TVA began to take steps to add nuclear capacity to its!

system. TVA has also begun providing pumped-storage and gas turbine

capacity to meet system peak loads. Table 1.2-1 shows msjor TVA

system capacity additions since 1949.

The amount of electricity generated in 1965 to meet customer

requirements for power exceeded 74.4 billion kilowatthours. By 1970:

annual electric generation for customer needs had reached 92.7 billion

kilowatthours. Generating needs are expected to reach 135 billion

kilowatthours by 1975. TVA presently must add an average of 1,500

megawatts or more of new generating capacity each year to keep up with

the rapid increase in electric power usage in this region.

Estimates of future TVA loads are prepared by extending

trends of the past while taking into account changes in factors

affecting use. Loads are forecast by a number of geographic and class

of service categories. Redundant methods are used, where possible,

to increase forecast accuracy. Forecasting is preceded by analysis

and adjustment of historical data and background preparation including

a review of industry conditions, a review of current appliance sales

and housing trends, study of possible new loads, and other factors

such as the outlook for the national and regional economy.

Residential uses are forecast by utilizing published fore-

casts of national household trends and historical trends for regional

share of national households and number of customers per household.

Average use is forecast by estimating the regional saturation of

appliances and annual uses of appliances.

Peak load energy forecasts of large commercial and industrial

loads served by municipalities and cooperatives are individually

prepared on the basis of past history, stated plans for operating

levels, type of product, contract demand, etc.

Large industrial and Federal loads which are directly served

by TVA are also forecast on an individual basis. Industrial loads are

grouped according to industry type, and known expansion and allowance

for growth are considered.

1. Power needs - The Watts Bar Nuclear Plant is

being constructed to supply 2,340 MW of dependable capacity to the TVA

system for the period 1977-2012. A review of the load and supply

situations of neighboring utilities as given in reliability council

reports and environmental reports indicates that the required capa-

city could not be supplied by neighboring utilities with their exist-

ing and planned system capacity additions. Surplus capacity is, how-

ever, available on a seasonal basis from these utilities. TVA makes

maximum use of this surplus seasonal capacity through seasonal

exchanges of generating capacity. At the present time TVA has agree-

ments in which a total of 2,060,000 kW of firm power is made available

to TVA during the winter and returned by TVA to these utilities in

the summer. The agreements include: 1,500,000 k1 with Mississippi
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Power & Light Company; 300,000 kW with Southern Services, Inc.; and

260,000 kW with the flJinois-Missouri Group. The TVA power system is

a winter and sumnmer peaking system with the highest annual peak loads

in the TVA service area usually occurring between November and March.

Due to these seasonal exchange arrangements, the loads which TVA

generating capacity must actually serve during the remainder of this

decade will be greater in the summer than in the preceding winter;

therefore, it is not feasible for TVA to further increase its inter-

change capacity during this period.

TVA believes that the construction of generating

capacity to serve its own needs in conjunction with msximum use of

surplus seasonal capacity through interchange agreements serves to

optimize the capacity additions both on the TVA and the interconnected

systems.

The following tabulation indicates TVA's expected

power supply outlook during the 1977-79 peak load seasons based on the

current capacity installation schedules:

Interchange
Estimated Delivered

Peak Demand orý Load Served Dependable Margi
Period TVA System-MW Received-MW by TVA-MW Capacity-W

Winter 1976-77 26,050 -2,060 23,990 28,595 4,605 19.2

Summer 1977 22,700 +2,060 24,760 29,936 5,176 20.9

Winter 1977-78 27,400 -2,060 25,340 29,765 4,425 17.5

Sum•mer 1978 23,830 +2,060 25,890 31,106 5,216 20.1

Winter 1978-79 28,800 -2,060 26,740 30,935 4,195 15.7

above power supply projection is based on com-i

mercial operating dates on the Watts Bar nuclear units of May 1977 and

February 1978. Both units have been rescheduled to nine months later

than shown in the draft environmental statement.

2. Consequences of delays - TVA's desired reserve

margins are determined by utilization of the loss of load probability

method which has been adapted to the characteristics of the TVA system.

The planning criteria are to maintain a desired reserve margin within

a reliability risk level of one day in 10 years, and any reduction

below these margins increases the risk of not serving firm load. Even

if the projected schedules for capacity are achieved, the margins shown

in the above tabulation are deficient in each of the winter periods

indicatedas shown in the following tabulation:

Period

Winter 1976-77

Winter 1977-78

Winter 1978-79

Desired

5,137 21.4

5,290 20.9

5,476 20.5

Margins
Available

4,605 19.2

4,425 17.5

4,195 15.7

Deficiency

MW

532

865

1,281

Any further delays in operation of the Watts Bar

units could result in the inability of the TVA system to meet adequately

its obligations under the peak load conditions during 1977-78 with

presently scheduled generating capacity. The total consequences of

such delays of the Watts Bar Nuclear Plant would be determined by the

extent of these delays and the date when such delays were identified.

The following tabulation indicates the amounts by which reserves on

F-L~6
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the TVA system will be inadequate during various peak load seasons of

1977-78, postulating a further delay of twelve months for each of the

Watts Bar units from their current schedule. (A delay of unit 1 results

in •n equal delay in unit 2.) The deficiencies shown are based on

the assumption that the winter peak occurs in January and the summer

peak occurs in August since these are the months having the higher

probability of the peaks occurring. The winter peak has occurred as

early as November and the summer peak as early as June. -

Summer 1977

Winter 1977-78

Summer 1978

Winter 1978-79

TVA System Reserve Deficiencies Due
to Watts Bar Unit Deiays of 12 Months

654a

2,035

656a

2,451

period from decision until commercial operation for fossil units is

about 5 to 6 years. Therefore, the only feasible means of obtaining

additional reliable generation on the TVA system during the time

period being considered is the installation of either combustion

turbine or combined-cycle units since power in the magnitude being

considered would most likely not be available from other utilities

when it is needed on the TVA system.

The economic costs of any Watts Bar delays (which

must ultimately be borne by the consumer) would consist of two parts:

(1) cost of replacement capacity, and (2) increased production expense

during the delay period because of unavailability of low-cost nuclear

energy.

The estimated investment cost of 1,000 MW of

replacement capacity which could be installed for the 1977-78 period

is approximately $130 million. Annual fixed charges of about $13

million on such an investment must be borne by consumers in the form

of higher rates until the effect of these additions can be absorbed

in later years by system growth. The present value of these fixed

charges (assuming an 8 percent discount rate and a discount period of

4 years) would be about $43 million.

Fuel, operating, end maintenance expense for the

Watts Bar nuclear units is estimated to cost about 2.1 to 2.2 mills

per kWh during the 1977-78 period, while replacement energy which

would be used in lieu of this nuclear energy in the event of further

delays would cost from 3.5 to 10 mills per kwh, depending on the source

a. Any Watts Bar unit delays would result in a serious defi-

ciency of margins available for scheduled maintenance for

all TVA generating units during the period of delay.

Deficiencies of the magnitude caused by an addi-

tional twelve months' delay of the Watts'Bar units must be replaced

either by the installation of alternative capacity on the TVA system

or by the import of power from other utility systems; otherwise, the

reliability of power supply to TVA' s customers will be drastically

reduced.' By the time that additional delays in the Watts Bar nuclear

units would be confirmed, 'it is unlikely that additional fossil-fired

capacity could b6 installed to meet these deficiencies since the
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of this replacement energy. Studies of the effects of Watts Bar unit

delays indicate that each month's delay on these units would result

in increased production expenses on the TVA system of approximately

$3.5 million.

In addition to these economic costs, each month's

delay on the two Watts Bar nuclear units could require that approxi-

mately 560,000 tons of additional coal and 6.1 million gallons of oil

be burned in plants on the TVA system or other systems to replace the

lost nuclear energy. This could have an adverse environm.ental impact

in terms of increased emissions of particulates, sulfur dioxide, and

other materials to the atmosphere.

In sumnary, delays of the Watts Bar Nuclear Plant

will have a twofold effect on the TVA power system.

1. Costs to TVA' s customers could be increased by at least

$3.5 million for each month of delay, assuming the delay

did not require the installation of combustion turbines

or combined-cycle units. If additional generating capa-

city were required to offset deficiencies due to Watts

Bar delays, costs to TVA's consumers over and above those

shown above could be increased by $43 million. These

,costs could total nearly $85 million for a. 12-month delay.

2. Increased operation of TVA's older, less efficient fossil-

fired units would be required during the period of further

Watts Bar delays. Such operation would result in the

increased emission of particulates, sulfur dioxide, and

other materials into the atmosphere.

The analysis shown on page 1.2-5 shows that TVA

cannot carry out its statutory obligation of providing an ample supply

of electricity for the TVA region without the Watts Bar Nuclear Plant.

Even with the Watts Bar plant, the reliability risk level will be

below that which TVA considers desirable. Without the plant, the,

reliability risk level would be increased to a loss of load probability

of nearly four days per year, which is clearly unacceptable.
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Table 1.2-1
(Continued)

MA.OR TVA YRqTEM CAPACITY ADDTTIONS

SINCE CALENDAR YEAR 1949

Nameplate Capacity-kW
Unit Total

Number
of

UnitsPlant

TVA Hydro

Boone
Chatuge
Cherokee*
Chickamauga*
Douglas*
Fontana*
Ft. Patrick Henry
Guntersville*
Hiwassee*
Melton Hill
Nickajack
Nottely
Pickwick*
South Holston
Wheeler*
Wilbur*
Wilson*

Commercial Operating Date
First Unit Last Unit

3
1
2
1
1
1
2
1
1
2
4

1
2
1
5
1
6

25,000
10,000
30,000

S27,000
26,0OO
67,500
18,OOO
24,300
59,500
36,000
24,300
15,000
36,OOO
35,000
32,400
7,000

3 @ 25,200
3 @ 54,000

75,000
10,000
60,000
27,000
26,000
67,500
36,000
24,300
59,500
72,000
97,200
15,000
72,000
35,000

162,000
7,000

237,600

3-16-53
12-09-54
1-29-53
3-07-52
8-03-54
2-o4-54

12-05r53
3-24 -52
5-24-56
7-03-64
2-20-68
1-10-56

10-31-52
2-13-51
3-o4-50
7-19-50
1-o6-5o

9-03-53
12-09-54
10-07-53
3-07-52
8-03-54
2-o4 -54
2-22-54
3-24-52
5-24-56

11-11-64
4-30-68
1-10-56

12-31-52
2-13-51

12-18-63
7-19-50
4-12-62

H'

*Other units in this plant installed in period prior .to 1950.

U-.

Table 1.2-1

NiAJOR TVA SYSTEM CAPACITY ADDITI01TS

SINCE CALENDAR YEAR 1949

Plant
TVA Thermal

Thomas H. Allen
Thomas H. Allen (Gas Turbines)
Bull Run
Colbert

Number
of

Units

3
16
1
5

Nameplate Capacity-kW
Units Total

Commercial Operating Date
First Unit Last Unit

Gallatin

John Sevier

Johnsonville

4

10

330,000
23,900

950,000
2 @ 200,000
2 3 223,250
1 @ 550,000

2 @ 300,000
2 @ 327,600

1 G? 223,250
3 @ 200,000

4 1 125,000
2 @ 147,000
4 N 172,800

4 @ 175,000
5 @ 200,000

2 @ 704,000
1 @ 1,150,200

990,000
382,400
950,000

1,396,500

1,255,220

823,250

5-22-59
6-05-71
6-12-67
1-18-55

11-08-56

7-12-55 10-31-57

10-25-59
6-05-71
6-12-67

11-o7-65

8-09-59

1,485,200 10-27-51 8-20-59

yingston

Paradise

9

3

1,700,000

2,558,200

2-08-51, 12-02-55

5-19-63

4-09-53

7-01-52

2-27-70

6-17-57

2-07-65
Shawnee

Widows Creek

10

8

175,000 1,750,000

5 @ 140,625
1 @ 149,850
1 @ 575,010
1 @ 550,000

1,977,985

Leased January 1, 1965, from Memphis, Tennessee, Light, Gas and Water Division.
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Ta~ble 1. 2-1(Continued)

A AJOR TVA SYSTEM CAPACITY ADDITIONS

SrIDfE CALENDAR YSAR 19i9•
HIumber

of Nameplate Canaeity-kW Commercial Operating Date

Plant Unit__s Unit = Tota___!l First Unit Last Unit

Alcoa Hlydr o

Near Creek i 9,000 9,000 4-1~4-5~4 41-5

Cedar Cliff 1 6,375 • 6,375 8-22-52 8-22-52

Chlilhowee 3 16,667 50,000 8-28-57 10-18-57

Tennessee Creek 1 10,800 10,800 5-19-55 5-19-55

Corps of Engineers Hydro ro

Barkley 1• 32,•500 130,000 1-20-66 3-30-66
* Center Hill 3 [15,000 135,000 12-11-50 [-11-51 t

CheathamS 3 " 12,000 36,000 11-21-59 " 11-09-60

Dale H{ollow
0
" 1 18,000 18,000 11-17-53 ]i-17-53

Old Hickory 4i 25,000 100,000 [1-09-57 12-23-57

JPecPret1 28,000 28,000 2-03-70 2-03-70Jf PCyreek 6 5,0OO ' 270,00 i0-06-51 8-22-52

Wolf Creek 'I. I

x-Other units in this plant installed in period prior to 1950.
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1.3 Environmental Approvals and Consultations - AEC is responsible

for the issuance of a construction permit and operating license for

Watts Bar INuclear Plant, following a complete review of environmental

and licensing considerations. There are also numerous other require-

ments to insure protection of environmental values in the construction

and operation of the plant. In the planning, design, and construction

of its generating facilities TVA uses a broad interdisciplinary apnroach

to insure that environmental values are given consideration at

appropriate stages' and has adopted procedures and standards which will

insure protection of the environment. In addition to its own stan-

dards, as a Federal agency TVA is subject to comprehenzive and broad-

scale environmental procedures and Federal and state consultation and

coordination requirements of the National Environmental Policy Act of

1969, 42 U.S.C. s 4321 (1970) (as implemented by Executive Order 1151h

(35 Fed. Reg. 42)7) and guidelines issued by the Council on Environ-

mental Quality (36 Fed. Reg. 7721)). In addition, TVA is subject to

Executive Order 11507 (35 Fed. Reg. 2573) relating to the prevention,

control, and abatement of air and water pollution in Federal facilities,

as~well as the Clean Air Act, 42 U.S.C. 9 1857 (1963), the Federal

Water Pollution Control Act, 33 U.S.C. 9 446 (1965) (as amended by the

Federal Water Quality Improvement Act of 1970, 33 U.S.C. § 1152 (1970)),

and Office of Management and Budget Circulars A-78 and A-81, all of

which require compliance with applicable state or Federal air and

water quality standards. In addition, TVA is subject to the inter-

governmental coordination requirements of Office of Management and

Budget Circular A-95 which insures that major generating and transmission

projects are coordinated from the point of view of community impact

rnd lend use planning with state and local agencies.

By statute, VIA is not subject to the provisions of Section 10

and 13 of the River and Harbors Act of March 3, 1899, 33 U.S.C. Sections

403, 407(1970). TVA has consulted with the Corps of Engineers concerning

the Corps' implementation of the Refuse Act Permit Program under Section 13.

To assist the Corps in administering the Permit Program, TVA has agreed

to provide information concerning the quantity and content of TVA's

discharges identical to that which the program is designed to secure

from private permit applicants.

The state and regional A-95 clearinghouses have been advised

of the Watts Bar Nuclear Plant, and the draft environmental statement

and supplements and additions to the draft statement have been submitted

for their review.

On August 31, 1970, the project manager for the Watts Bar

Nuclear Plant met with the county chairmen of Rhea and Meigs Counties,

the mayors of Dayton and Decatur, and the city manager of Dayton to

discuss the proposed plant.

In October 1970, one of TVA's regional planners met with the

Rhea County Planning Commission in Dayton to discuss the impact of the

plant construction on schools and education. He also met with the

Spring City Chamber of Commerce to discuss water and sewer problems

with the Chamber and with members of the Tennessee Planning Commission,

the Rhea County Planning Commission, and the Southeast Development

District.
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Also in October 1970, TVA education and manpower officials

began a continuing discussion of the impact of the proposed plant on

education with the superintendents of the Rhea, Roane, and Meigs County

school systems, the Dean of Harriman Coimmunity College, and a repre-

sentative of the Tennessee Department of Education.

On November 20, 1970, the project manager and TVA's Board

Chairman addressed a meeting of the Spring City Chamber of Commerce

which drew 250 personi. On December 21', 1970, the project manager and

representatives from TVA's Divisions of Reservoir Properties and

Navigation Development and Regional Studies met with city officials

of Spring City and Decatur to coordinate water supply needs for the

plant.

Throughout the first three months of 1971, meetings were

held between local leaders in the area and TVA's Office of Tributary

Area Development to identify and help solve community problems.

In February of 1971, staff from the Office of Health and

Environmental Science consulted with officials of the Tennessee

Department of Public Health concerning TVA's plans for environmental

protection at the proposed Watts Bar Nuclear Plant.

On March 2, 1971, the project manager for the plant site

discussed the economic and social impact of the plant on the region

at a meeting of the Dayton Chamber of Commerce.

TVA's Education and Manpower Development Staff has provided

technical assistance and information to the Rhea County Board of

Education since March of 1971. Part of this effort involved assisting

the Board in preparing an application for a grant to construct a con-

solidated high school. The application was filed in June 1971, and

the notice of funding for $900,000 wras received in June 1972.

Another activity of the staff was to work with local educa-

tion boards, local labor leaders, and state manpower officials to

develop a training program for local citizens to qualify them for

construction jobs on the project. The state included this program

in its State Manpower Plan submitted to the Department of Labor in

June 1972.

In October 1971 TVA's Regional Planning Staff arranged for a

meeting between the Tennessee State Planning Commission and the Rhea

County Quarterly Court to discuss the planning assistance available

from TSPC. The plant's imminent construction and accompanying effects

provided the catalyst for stimulating local interest in such a program.

The Rhea County Planning Commission has been meeting regularly since

then and, as a first step in fostering orderly development, has adopted

subdivision regulations.

TVA will continue to work with local officials and organiza-

tions to minimize impacts on local schools, housing, etc. These

expected impacts are discussed in detail in section 2.9.

There is no zoning which would affect the plant site.
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1.4 Emergency Planning - TVA has developed a Radiological

Emergency Plan (REP) which sets forth the policies, purposes,

delegations, standards, guidelines, and, where feasible, specific

instructions necessary for TVA to discharge its responsibilities

.during a radiological emergency in order to comply with pertinent

directives applicable to the protection of tle health and safety

of the public and TVA personnel, plants, and properties.

The REP consists of the basic document and annexes. The

basic document contains program delegations and broad guides, which

apply generally to all TVA nuclear operations. Annexes to the basic

document.will include detailed radiological emergency plans for each

TVA nuclear plant. In addition, the annexes will contain a Radiological

Emergency Medical Assistance Plan for dealing with employees who might

be injured during an accident. A site radiological emergency plan will

be prepared for the Watts Bar Nuclear. Plant.

TVA is coordinating all aspects of the REP with the appropriate

state agencies, such as the Departments of Public Health and Public

Safety. The TVA Radiological Emergency Plan defines the details of

authority and responsibility of all offsite agencies involved in an

emergency situation. Responsibilities such as evacuation, housing,

and feeding evacuees are defined so that the responsible agencies may

take the initiative in expeditiously executing their phases of the

plan. The standards and procedures used are consistent with regulatory

programs of state and other Federal agencies. To ensure that their

latest recommendations are considered, TVA maintains liaison with

these agencies.

In developing the Radiological Emergency Plan, meetings have

been held with the State Health Departments of Alabama, Georgia, South

Carolina, and Tennessee to ensure workability of the plan and delega-

tion of responsibility, authority, and emergency assignments. In

addition, the State Health Department of Kentucky has been contacted

and arrangements made for participation in the event of a transportation

accident.

Each state through which radioactive material from a TVA

plant is transported either has or will have a radiological assistance

plan for use in the event of a transportation accident within its

jurisdiction. These plans have been or will be obtained and incor-

Sporated in the REP as they are available. The plans will be completed

prior to shipment of radioactive material from the facility.

Contacts have also been made with the appropriate Atomic

Energy Commission Operations Offices to ensure that assistance can be

obtained through the Interagency Radiological Assistance Plan, if

necessary.

The Eastern Environmental Radiation Laboratory, EPA, has

agreed to provide additional analytical laboratory services in the

event of an accident if these services are not available within TVA.

Written agreement among participating state and Federal

agencies and TVA will be obtained outlining each agency's responsi-

bilities. The individual states' health department radiological

assistance plan will be incorporated as an annex to the TVA Radiological

Emergency Plan.
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I. Meetings with outside agencies - Representa-

tives of TVA have met or will meet with representatives of the following

states and agencies to discuss and plan for radiological emergencies

which might result as a consequence of the operation of the Watts Bar

Nuclear Plant.

W) State of Georgia* - Department of

Pablic Health.

(2) State of South Carolina* Department

of Public Health.

(3) State of Tennessee* Department of

Pablic Health - October 12, 1971.

(4) State of Kentucky* - Department of

Public Health.

(5) Statý of Illinois* - Department of

Public Health.

(6) Environmental Protection Agency* -

Eastern Environmental Radiation Laboratory - October 22, 1970, and

June 9, 1971.

2. Responsible agencies to be notified in case of

accident r Appropriate TVA personnel receiving notice of a trans-

portation accident shall notify the TVA load dispatcher who notifies

the Central Emergency Control Center director who shall notify as

appropriate key persons in the states involved, as well as

the EPA and the AEC.

Previously consulted on radioactive material shipments from Browns
Perry Nuclear Plant-

2- 0 EUVIROIAT-NTAL OF THE PROPOSED FACILITY

The following discussion assesses the probable impact of the

construction and operation of the facility on the environment.

Impacts have been evaluated considering the environment of

the area as described in Section 1.1, General Information.

The sources of impacts discussed in sections 2.1 through

2.10 have been examined for their potential effects on land, water,

and air uses, including industrial operations, transportation, farming,

forestry, recreation, wildlife preserves, waterways, government reserva-

tions, and water supplies. No adverse impacts on these uses other than

those identified in the following sections are anticipated, and no

other loss of use of land, water, and air is expected to occur.

I
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2.1 Transportation of Nuclear Fuel and Radioactive Wastes -

About 100 tons of nuclear fuel will be shipped annually to and from

the plant, and packaged radioactive waste totaling about 25 tons

annually will be shipped from the plant to AEC-licensed disposal areas.

These two types of radioactive materials will be shipped in accordance

with applicable Federal and state regulations. Packaging and trans-

port of radioactive materials are regulated at the Federal level by

both the Atomic Energy Commission (AEC) and the Department of Trans-

portation (DOT). In addition, certain aspects, such as limitations on

gross weight of trucks, are regulated by the states.

The protection of the public from radiation during the ship-

ment of nuclear fuel and radioactive waste depends upon the limitations

on the contents, the package design, and the external radiation levels

as well as the method, routing and safeguards to be followed in transport.

These factors are discussed below in regard to the shipment of new fuel,

spent fuel, and radioactive waste.

.1. LNew fuel shipment Fuel elements for the

plant require an annual commitment of about 200 tons of natural uranium

in the form of U3 0 8 for each reactor. However, some of this uranium

may come from reprocessed spent fuel.

New fuel for the plant is made of slightly enriched

uranium dioxide pellets which have been sintered and compacted to form

very dense pellets having high strength and high melting points. The

pellets are 0.3659 inch in diameter by 0.6 inch long and are stacked

inside zircaloy tubing with a space left at the end of the tubing

to provide for collection of gas generated during the fission

process. These tubes are welded shut at both ends, forming a fuel

rod, and are subjected to rigorous quality control to ensure their

integrity. Two hundred and four of these rods are included in a 15 x

15 array to form a fuel assembly. A more detailed description of the

fuel assemblies is given in the safety analysis report which was filed

in support of the construction permit application.I

TVA will apply for a special nuclear material

license to provide for'receipt, possession, and storage only of fuel

elements before the initial core of the reactor is shipped to the

plant. In addition, all fuel assemblies will be delivered to the TVA

plant site in accordance with shipping procedures and arrangements

authorized for use by the fuel fabricator under special nuclear material

license in accordance with AEC regulations.2 Fuel will be shipped in

shipping containers which will have been demonstrated to assure

criticality safety under both normal and accident conditions.

(1) Method and frequency of shipment -

Westinghouse is the fabricator of the unit 1 initial core fuel assem-

blies and is respopsible for shipment of these fuel assemblies to the

reactor site. Westinghouse presently has fuel fabrication plants at

Cheswick, Pennsylvania, and Columbia, South Carolina. Although this

fuel can be shipped by either truck, barge, or rail, it will most

likely be shipped by truck trailers from the Columbia, South Carolina,

fabrication plant in quantities up to seven shipping containers per

load, each containing two fuel assemblies, thereby providing a maximum

of lh fuel assemblies per truck shipment. About 10 such shipments by

truck will be received at the plant annually (about 14 shipments in

the initial core for each unit).
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(a) Shipping routes - It is

assumed that Westinghouse Electric Corporation will ship the initial

core fuel assemblies by truck from its fabrication plant in Columbia,

South Carolina, to the plant. The major population centers encountered

over an assumed 325-mile route include the following:

1.

2.

3.

City
Columbia, SC--by way of I-26 to

Spartanburg, SC--by way of 1-26 to

Asheville, NC--by way of I-40 to

1970 Population

113,542

144,54

57,681

174,587

8,734

Density 2
Persons/mile

6,343

2,837

2,658

2,267

4,159

4. Knoxville, TN--by way of 1-40 to

5. Harriman, TN--by way of U.S. 27
and State 68 to

6. Watts Bar Plant Site

No radioactive fission products.

No radioactive gases.

High melting point.

Insoluble solid.

Zircaloy clad.

- In the clad form, the fuel assemblies will not disruptively

react or decompose under expected or postulated thermal

conditions.

(2) Environmental effects - The

population exposure resulting from the normal shipment of radio-

active material has been evaluated for the people who reside on

either side of the transport route as shown on figure A-1 of Appendix

A of this document. The radiation dose as a function of distance from

a stationary shipping container is shown in figure A-2 of Appendix A.

In order to assess the environmental effects of radioactive material

*shipments, it is assumed that they are made at the regulatory radiation

level limit of 10 mrem/h at 6 feet from the nearest surface. The actual

dose rate will be below the indicated values. As shown, the radiation

exposure rate drops off quite rapidly, and at 240 feet fram the container

the exposure rate to a resident living at this point is approximately

equal to natural background. Because the container will be normally

moving, the total exposure from the containers to such an individual

will be an insignificant fraction of the exposure from natural back-

ground radiation.'

As indicated, interstate high-

ways along with primary roads are assumed to be used to the maximum

extent possible for the shipment of nuclear fuel and radioactive

wastes. Alternate parallel routes will be used whenever necessary

because of temporary construction or closure of highway, segments.

(b) Shipment activity - Rela-

tively low levels of radiation are emitted from unirradiated new fuel

assemblies. Because the type of radiation emitted by uranium is

reduced by thin layers of metal and self-shielding reduces the

cumulative effect, no additional gamma or beta shielding is required

in shipping packages for new fuel. The new fuel properties are given

below:
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(a) Normal shipments - The

only exposure to people from the routine shipment of new fuel is for

the brief period such a shipment is in direct view and to the individual

truck'drivers so assigned, because of the estimated low dose rates at

the time of shipment (<0.1 mrem/h at 6 feet from the' cluster of containers).

For example, a member of the general public who spends 3 minutes at an

average distance of 6 feet from the container would receive a dose not

exceeding 0.005 mrem.. If 10. persons were so exposed per shipment, the

total annual dose for the 10 shipments of new fuel would be about

0.0005 man-rem.

Based on an estimated radiation

level in the cab of the truck of <0.1 mrem/h, exposure to transportation

personnel is estimated to be less than 1 mrem per shipment. A total

dose to all drivers for a given year, assuming two drivers per vehicle,

would not exceed .02.man-rem.

It.is concluded that there are

no environmental risks from radiation associated with the normal ship-

ment of new fuel.

(b) Accident occurrences -

The damage which might result from a transportation accident equivalent

to that specified in 10 CFR Part 71 would consist of the physical damage

of the impact and the interference associated with having to send the

fuel back to the fabricator for. inspection and a determination of

whether there had been damage of such significance that it would.affect

the subsequent operation of the fuel in the reactor. -There would be

no release of radioactive materials .and no increase in radiation dose

rates over those from normal shipment. Thus, it is concluded that

there would be no significant environmental risks from radiation

resulting from an accident involving a shipment of new fuel.

2. Spent fuel shipment - The spent fuel removed

from the two reactors during the annual refuelings contains on a weight

basis in excess of 99.99 percent of the fission products formed inside

the fuel and is temporarily stored in the spent fuel pool at the

plant. The water in the pool serves as a radiation shield and

coolant while the short-lived fission products decay. At the end

of this storage period of about 3 to 4 months, the spent fuel is

loaded into ruggedly built shielded containers for shipments to a

fuel reprocessing plant where the spent fuel is chemically

reprocessed to recover its unused fuel content, uranium and

plutonium, for future use. It is possible to ship spent fuel

by rail, truck, or barge.

(1) Metliod and frequency of shipment -

All the equipment and services for spent fuel transportation and

reprocessings are to be provided to TVA by contract. This includes

transport vehicles, special shielded containers, services associated

with container loading, and all transport arrangements. Even though

TVA contracts these services, it will specify the scope, terms,

scheduling, transportation, and reporting of shipments as appropriate

and-in accordance with AEC and Department of Transportation regulations.

Presently, there are fuel reprocessing plants in operation or under

construction in Morris, Illinois; West Valley, New York; and Barnwell,

South Carolina.
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There is a considerable diversity of

shipping methods possible for irradiated fuel. These range from

truck shipments with cask capacities from 0.4 to 1.2 metric tons of

uranium to rail shipments with cask capacities from 3.2 to 5.0 metric

tons of uranium at a time. Water transportation also has the potential

to move 5 metric tons of uranium at a time and in special cases may

be used as a link to the nearest available railroad.

Truck shipment of spent fuel from Watts

Bar would involve about 130 legal weight shipments (73,280-pounds)

over a period of about 4 to 6 months each year, or about 65 shipments

if a 90,000-pound limit is permitted.

Rail shipments originating from the plant

would require about 13 shipments annually. The shipments would

be in a special rail cask holding ten fuel assemblies. Fuel

assemblies which have identified clad perforations will be

placed in a special container as necessary before being loaded

into the spent fuel cask.

Since it will not be necessary to shin

spent fuel from Watts Bar to a reprocessing plant until approximately

1978, TVA has not entered at this time into a contract for shipment

of spent fuel from this plant. Even though the exact mode of trans-

portation and other details related to spent fuel shipments have not

yet been defined, rail shipments are assumed for purposes of routing

and estimating the environmental effects.

(a) Shipping routes - It is

assumed that the spent fuel from Watts Bar would be shipped about 325

miles by rail to the closest fuel reprocessing plant which is at

Barnwell, South Carolina. The major population centers encountered

over an assumed route are:

City-

1. Watts Bar Site--by way of CNO&TP
and Sou to

2. Knoxville, TN--by way of Sou to

3. Asheville, NC--by way of Sou to

4. Spartanburg, SC--by way of SCL to

5. Greenwood, SC--by way of GA and
FL and Sou to

6. Barnwell, SC (AGNS site)

Density 2
1,970 Population Persons/mile

174,587

57,681

44,546-

21,069

4,439

2,267

2,658

2,837

2,926

562

(b) Shipment activity - Fuel

elements which are removed from the reactor will be essentially unchanged

in appearance. However, they contain a fraction of the original useful

uranium fuel and plutonium which are recoverable and an accumulation

of fission products. This irradiated spent fuel is subsequently

shipped to a reprocessing plant for recovery of its unused fuel content

for future use.

The inventory of fission

product activity and decay heat of spent fuel at the time of

shipment is given in Table 2.1-1. However, it should be noted that

effectively all of this contained radioactivity, except for about 30

percent of the noble gases and about 3 percent of the iodines, is

tightly bound within the insoluble, high-melting-point uranium dioxide

pellets. Therefore, even if the shipping cask should be breached in
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an accident and the clad fuel were to be breached, there is still no

ready mechanism for dispersing any substantial fraction of the total

contained radioactivity.

(2) Environmental effects - Prior to

shipment, the fuel will be allowed to decay a minimum of about 3 to 4

months with the result that essentially all noble gases with the excep-

tion of krypton-85 will be virtually gone and the iodine-131 will have

decayed to very low levels. Further, the decay heat which has been

generated by the fuel during reactor irradiation will have decreased.

Of the iodine isotopes, only iodine-131 is present in significant

amounts. Fission products other than noble gases and iodine are

strongly held within the uranium dioxide fuel pellets. Hence, only

noble gases and iodine would escape through a penetration in fuel clad

to the shipping cask cavity. Fuel rods known to have ruptured cladding

prior to shipment will be sealed in a container for ruptured fuel rods.

(a) Normal shipment - The

principal normal environmental factor from spent fuel shipments would

be the direct radiation dose as theycmove from the reactor to the

reprocessing plant. The population exposure resulting from normal

shipments of radioactive materials has been evaluated on the basis

that there would be about 32,500 people living in an area between 100

feet and 1/2 mile on both 'sides of the transport route along the esti-

mated 325-mile route. It has also been assumed that the shipments are

made at the maximum permitted level of 10 mrem/h at 6 feet from the

nearest accessible surface. Figure A-1 of Appendix A shows the location

of the shipping container relative to people living adjacent to the.

transport route that was used to calculate the radiation exposures.

The calculation does not include reductions of exposures due to shield-

ing from structures, topographic features, or other radiation-attenuating

materials.

For the estimated 13 shipments

per year, each moving at only 20 mi/h, the maximum exposure received

by any individual along the route would be about 0.O038mrem per year.

The average exposure for these 13 shipments to an individual living

along the transport route would be about 0.0002 mrem per year. On the

basis that there would be a total of about 32,500 people living within

1/2 mile on either side of the transport route between Watts Bar and

the fuel reprocessing plant at Barnwell, South Carolina, these people

would receive an annual dose of about 0.007 man-rem per year. Train

brakemen or a member of the general public might spend a few minutes

in the vicinity of the car, at an average distance of 6 feet, for an

average exposure of about 0.5 mrem per shipment. With 10 different

brakemen and 10 members of the general public so involved along the

route, the total dose for 13 shipments during the year is estimated to

be about 0.13 ian-rem.

Since the exposure to the

32,500 people who reside along the route and to a person who might

come within 6 feet of the railcar for a short period is only 0.0001

and 0.4 percent respectively of the exposure these same people receive

from natural background radiation, it is concluded that no adverse

environmental effects will result from the normal transportation of

spent fuel from Watts Bar to the fuel reprocessing plant.
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(b) Accident occurrences -

The principal potential environmental effects from an accident are

those from direct radiation resulting from increased radiation levels,

from gaseous release of noble gases and iodine, and from release of'

contaminated coolant.

Evaluation of exposure from

direct radiation assumes that the radiation exposure rate is the

maximum permitted by regulations, 1,000 mrem/h at 3 feet from the

surface of the container, and that people have surrounded the container

beginning at about 50 feet from the container. Figure A-3 of Ap~pendix A

shows the exposure rate for accident conditions as a function of distance

from the container. The exposure rate at 50 feet would be about 17 mrem/h.

Assuming a tightly packed crowd, there would be 154 people and these

people would provide shielding such that people in subsequent rows

would receive greatly reduced radiation exposure. If a person remained

in the front row for 2 hours, his exposure would be about 34 tureh.

Further, the increased radiation level would most likelV be from

only a localized area on the container, and thus only a small

number of people" in the front row of a crowd would be exposed

to these low radiation levels.

Calculations for a probable

shipping container indicate that there would be no gaseous releases

without a substantial quantity. of decay heat in the shipping container

plus the addition of external heat such as from a fire. Thus, it is

assumed that the thermal currents surrounding the container fission gases

carry any released fission gases to a height of 10 meters before they

are dispersed in the environment. Assuming a person stands in the

plume during the entire accident, the resulting whole body dose

would be about 2 mrem, the skin dose would be about 86 mrem, and

the thyroid dose would be about 5 rem. For the noble gas release,

assuming an average population density of 100 people per square

mile, the total whole-body population dose from the accident

would be 0.07 man-rem. TVA considers the average population

to be a realistic number for analyzing transportation accidents

because of the small fraction of the total distance travelled

in high population density areas and because accidents in such

areas generally occur at lower speeds and therefore would be

less severe.

The contaminated coolant

is basically low specific activity material. In the event the

coolant were drained from the container in an accident, the

emergency plans restricting access to the localized area of

the accident and preventing a radiation hazard to the public

and the environment would be initiated.

The principal environmental

risk resulting from an accident would be the potential whole-body

radiation exposure due to the release of noble gases and from direct

radiation and potential thyroid dose due to the release of iodine.

Because of the dose reduction with distance and the mitigating effect of
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proposed emergency actions, it can be concluded that the whole-body

radiation exposure to the public will be negligible. Because of the

unlikely combination of circumstances which must be present to result

in a significant dose due to the release of iodine, the probability

of.significant doses due to this occurrence is considered extremely

small.

3. Radioactive waste shipment - The radioactive

wastes to be shipped for disposal can be classified as concentrates

fromthe waste evaporators, spent demineralizer resins, miscellaneous

dry solid wastes, irradiated or contaminated equipment components, and

tritiated water.

- The radwaste packaging facility at Watts Bar is

equipped to use standard DOT17H3 drums. The waste evaporator bottoms

and spent demineralizer resins will be solidified by a cement-vermiculite

'process before shipment to a disposal site regulated by AEC and the

state.

(1) Method and frequency of shipment -

Waste evaporator concentrates and spent demineralizer resins are col-

lected in the plant and 'may be stored for decay of short-lived isotopes.

After about 60 to 120 days' decay, the only significant radioactive

isotopes present are long-lived corrosion products such as cobalt-60.

Based on the estimated quantities and

activities, there will be about 15 shipments of the waste evaporator

concentrates and 10 shipments of the spent demineralizer resins each

year in approved containers. Waste evaporator concentrates are drummed and

placed in an approved 'all-steel container for shipment to an AEC-licensed

disposal areas. The resins may be shipped in specially constructed

lead-steel containers similar to the LL-60-150 cask to be used for

shipping the higher activity radioactive material from the Browns Ferry

Nuclear Plant. Special high strength trailers will be used to trans-

port the LL-60-150 cask and the all-steel container to offsite burial

grounds. The casks will be decontaminated if necessary at the disposal

area and returned to the plant.

Appropriately packaged compressible

wastes will probably be shipped to the disposal area on flatbed

trucks. Packages exceeding the regulatory limits permitted will

be placed inside containers which will provide shieldingý There

will be approximately five to ten shipments per year from the

plant.

Radioactive equipment components will

have a low volume and no shipments are expected during the first years

of operation. They will be stored in the spent fuel pit until a

sufficient amount is accumulated for a shipment.

Tritiated water will be shipped in tank

trucks licensed for low specific activity liquids. Beginning between 7

to 12 years after initial operation, about 50,000 gallons of tritiated

water may have to be disposed of annually which would require use of

about 13 tank trucks with each containing about 35 Ci of tritium.

(a) Shipping routes - It is

assumed that radwaste shipments from Watts Bar would be by truck about

300 miles to the closest AEC-approved disposal area at Morehead, Kentucky.

The nearest major population centers encountered along an assumed route

are:
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- City

1. Watts Bar site--by way of U.S. 27

and 1-40 to

2. Knoxville, TN--by way of 1-75 to

3. Lexington, KY--by way of 1-64 to

4. Morehead, KY

Density 2
1970 Population Persons/mile

174,587

108,137

7,191

2,267

4,702

4,494

(b) Shipment activity - The

estimated activity and quantities of the radioactive wastes to be

shipped from Watts Bar are summarized as follows:

3.

2.

3.

5.

Waste evaporator concentrates

Spent demineralizer resins

Miscellaneous dry solids

Radioactive equipment components

Tritiated water

Annual Amount

1,050 ft
3

350 ft
3

350 ft
3

, **

50,000 gal1
5 5

Expected
Activity 0 Shipment

0.5 Ci/ft
3

<20 Ci/ft
3 "

<<0.5 Ci/ft
3

2.5 PCi/cc

rate to transportation personnel is not greater than the regulatory

radiation level limit of 2 mrem/h in occupied positions of vehicles.4

(a) Normal shipment - The

estimated 25 shipments of solid waste containers between the reactor

site and a disposal location will be done periodically. Regulations

pertaining to such shipments, packaging, and shipping safeguards will

be adhered to in all cases.

Under normal conditions, the\

truck driver might receive as much as 15 mrem per shipment. A total

dose to all drivers for a given year, assuming two drivers per vehicle,

would not exceed 0.75 man-rem.

Because of the low dose rates

permitted at the time of shipment (10 mrem/h at 6 feet from the con-

tainer), the only exposure to people from routine shipments is for the

brief period such a shipment is in direct view. For example, a member

of the general public who spends 3 minutes at an average distance of

6 feet from the container would receive a dose not exceeding 0.5 mrem.

If 10 persons were so exposed per shipment, the total annual dose for

the 25 shipments of waste evaporator concentrates and spent demineralizer

resins would be about 0.125 man-rem.

Figure A-1 of Appendix A shows

the location of the shipping container relative to people living adja-

cent to the transport route that was used to calculate radiation expo-

sures. The radiation dose as a function of distance from a stationary

shipping container is shown in figure A-2 of the same appendix. On the

basis that there would be a total of about 30,000 people living along

*Shipment in appropriate container with a dose rate l0mrem/h at 6 feet.

*"Low volume, no shipments during first years of operation.

***No shipments assumed for first 7 years operation, thereafter quantity

shown shipped.

(2) Environmental effects - The environ-

mental effects for these radioactive wastes for normal shipments and

during accident occurrences are evaluated for the potential exposure

to transport workers and the general public. It is assumed that

packaged evaporator concentrates and spent resin radioactive wastes are

shipped by truck at the regulatory radiation level limit of 10 mrem/h

at 6 feet from the nearest surface. It is also assumed that the exposure
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the assumed 300-mile transport route between Watts Bar and the waste

burial facility at Morehead, Kentucky, these 30,000 people would

receive an annual dose of about 0.012 man-rem per year. A summary

of these effects is given in Table 2.1-2.

The 5 to 10 shipments annually

of compressible wastes would not contribute significant radiation

exposure to the public. The low energy radiation from tritium will

be shielded by the shipping vessel (tank truck) and will not be a

source of radiation exposure during transport.

Since the exposure to the

30,000 people who reside along the route, to each truck driver per

shipment, and to a person who might code within 6. feet of the container

for a short period is or.ly 0.0003, 11, and 0.4 percent, respectively,

of the exposure these same people receive from natural background

radiation; and since compressible waste and tritiated water shipments

contribute no radiation exposure, it is concluded that no adverse

environmental effects will result from the transportation of radioactive

waste from Watts Bar to the disposal facilities.

(b) Accident occurrences -

Based on the national truck accident statistics for 1969 and considering

the meber of waste shipments, a transportation accident may be expected

to occur about once every 20 years. It is highly unlikely, however,

that a shipment of solid radioactive waste would be involved in a

severe accident during the 40-year life of the plant. This is based

on data on accidents involving TVA trucks during the past 10 years

which show a rate of 4.06 accidents per million miles travelled.

Based on these data and using the estimated annual shipment miles

of radioactive material for the Watts Bar plant, truck accidents

may be expected to occur about once every 12 years. However, about

90 percent of the accidents included in the TVA data are of a minor

nature, and since radioactive shipments will be made in accordance

with the stringent conditions imposed by AEC and DOT procedures and

regulations, the probability of an accident of a severity which would

result in release of significant quantities of radioactive materials

to the environment would not be likely during the 
4
0-year life of the

plant.

If a shipment of compressible

wastes in appropriate containers 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 exposure of personnel or the public

would not be expected to be significant. Waste evaporator bottoms

and spent demineralizer resins which have beeui solidified will be

shipped in Type B or Type A packages as appropriate.5 The allowable

contents of Type A packages and the probability of release from a Type

B package in a severe accident is sufficiently small that, considering

the form of the waste and the very low probability of the severe

accident occurrences, the likelihood of significant exposure would be

extremely small.
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Consideration has been given

to the radiological impact of the shipment of tritiated water. The

low energy radiation from tritium will be shielded by the shinning

container and will not be a source of radiation exposure during normal

transportation. Calculations have been performed for an accidental

release of the entire contents of a 3,700-gallon container of tritiated

water with a tritium concentration of 2.5 uCi/cc. A conservative unper

limit for the resulting radiation dose is computed by assuming that

all of the tritium evaporates into the atmosphere and is blown directly

to-an individual who remains at the maximum dose point for the entire

period of release to the atmosphere. With these assumntions the maximum

whole-body dose is computed to be 260 mrem, which .is less than the

-annual dose limit to an individual in the general public as specified

in 10 CFR Part 20. This dose decreases rapidly with distance, as shown

in figure A-5, and at 600 feet is 10 mrem.' If a uniform'average

population density is assumed, the population dose within 50 miles is

less than 0050 man-rem.

4. Sh'ping s afegrds - The protection of the

public from radiation during shipment of nuclear fuel and radioactive

waste is achieved by a combination of limitations on the contents of

the package according to the quantities and types of radioactivity,

the package design, and the external radiation levels. In addition toI

these shipping safeguards, the transportation emergency plans will pro-

vide for, rapid and orderly use of personnel and equipment in the event

an accident occurs in the shipment of radioactive materials by TVA.

The Department of Transportation (DOT) has regula-

tory responsibility for safety in the transport of radioactive materials

by all modes of transport in interstate or foreign commerce (rail, road,

6air, and water), except postal shipments. Those shinments not in inter-

state or foreign commerce are subject to control by a state agency in

most cases. The Atomic Energy Commission (AEC) also has responsibility

for safety in the possession and use, including transport, of radioactive

materials.7 Both Title 10 and Title h9 of the Code of Federal Regula-

tions set forth the limitations and classifications of the contents,

design, and external radiation levels of transport packages.

(1) Governing regulations - This section

identifies and summarizes the governing regulations affecting the trans-

port of nuclear fuel and radioactive material. The major asnects of

package design and the technical bases of the regulations and the con-

trol of the radiation emitted from individual packages are also dis-

cussed. In addition, the external radiation levels permitted for low

specific activity (LSA) materials are listed.

Package classification depends on the

type, form, and quantity of radioactive material being shipped in the

individual container. Small quantities and certain materials of low

specific activity are exempted from specification packaging, marking,

and labeling when transported on a sole-use vehicle. All other types

and quantities of radioactive materials are divided into two broad

classes as either "special form" or "normal form." "Special form"

radioactive materials means those which, if released from a package,

might present some direct radiation exposure but would present little
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hazard due to radiotoxicity and little possibility of contamination.

This may be the result of inherent properties of the material (such

as metals or alloys) or acquired characteristics, as through encapsula-

tion. "Normal form" materials which do not meet these criteria are

classified into one of seven transport groups &nd listed in a table of

individual radionuclides.8

Varying quantities of special form and

normal form radioactive materials are specified for Type A packaging,

larger quantities for Type B packaging, and in excess of Type B quan-

tities for "large quantity" radioactive materials. The'Type A pack-

aging standards are for normal conditions of transport. Type B

packaging standards are for accident conditions. The large quantity

standards are for accident conditions. The large quantity standards,

in addition to considering both normal and hypothetical accident test

conditions, must take into account other factors such as radioactive

decay heating of the contents. Fissile radioactive materials also

require consideration of the potential for accidental criticality.

Low specific activity packages must not

have any significant removable surface contamination, and the external

radiation levels must not exceed the following dose rates:

(a) 1,000 millirem/h at 3 feet from the external surface of the

package (closed transport vehicle only);

(b) 200 miilirem/h at any point on the external surface of the car

or vehicle (closed transport vehicle only);

(c) 10 millirem/h at 6 feet from the surface of the car or vehicle;

and

(d) 2 millirem/h in any normally occupied position in the car or

',ehicle.

The shipment of radioactive material from

Watts Bar will be in-full accordance with-these and other regulations

governing such shipments.

(2) Package design - The following dis-

cussion is directed toward relating the new fuel, spent fuel,,.and rad-

waste container design to AEC and DOT regulations for both normal and

accident conditions. These conditions against which a package designer

must evaluate any radioactive material packaging are intended to assure

that the package has the requisite integrity to meet all conditions

which may be encountered during the course of transportation.

(a) New fuel container descrip-

*tion and licensing -Westinghouse -is the new fuel fabricator for the

initial core fuel assemblies. An AEC special nuclear material license
9

authorizes Westinghouse to deliver special nuclear material to a carrier

for transport in the RCC and RCC-l container packages. Authorization

to transport new fuel assemblies has also been obtained by Westinghouse

from the Department of Transportation under Special Permit No. 5450.

- The new fuel assemblies are

enclosed in polyethylene wrappers and placed in a metal container which

supports the fuel assembly along its entire length during the course

of transportation. This metal container also provides necessary impact

- - 10
protection-to meet the drop test requirements of the AEC regulations.

The metal container is gasketed and bolted shut and includes provisions

for pressurization and for humidity control. The characteristics of

F•65



2.1-23 e.. 1 A

the fuel shipping containers (Model Nos. RCC and RCC-1) are given

below.

All metal outer shell (14-gage steel) in form of a rein-

forced cylinder divided into two parts parallel to its

long axis

Steel beam forms "strong back" to support fuel assemblies

Capacity - two HWR assemblies

* Weights

Empty n- 3,000 lb

Loaded 6,150 lb

* Type B packaging requirements met (Department of Transportation

(DOT) regulations -49 CFR Section 173.398)

Package design meets requirements for Fissile Class II and

III shipments

(b) Spent fuel container

description and licensing - There are several features which are typical

of all spent fuel shipping casks which serve to prevent release of

radioactive material. These include such things as heavy stainless

steel shells on the inside and outside separated by dense shielding

material, such as lead or depleted uranimn.

The normal shipping conditions

require that the. package be able to withstand conditions ranging from

-
0
OF to 130OF and to withstand the normal vibrations, shocks, and

wetting that would be incident to normal transport. In addition, the

packages are required to withstand specified accident conditions with

the release'of no radioactivity other than slightly contaminated

coolant and no more than 1, ci'ries of radioactive noble gases. The

accident conditions for which the package must be designed include, in

sequence, a 30-foot free fall onto a completely unyielding surface,

followed by a 40-inch drop onto a 6-inch diameter pin, followed by

30 minutes in a 1,475°F fire, followed by 8 hours' immersion under 3 feet

of water. Appendix Bll of this document relates these 10 CFR Part 71

accident conditions to similar conditions for the container which

might be experienced as a result of a transportation accident.

It should be noted that there-

is a wide margin of safety in container designs.12 For example, the

IF-300 spent fuel shipping cask which will be used at Browns Ferry and

may be used at Watts Bar is designed to absorb the total effects of

the impact of a pO-foot free fall onto an essentially unyielding surface

with deformation of the outer. fins only. Because the outer shell has

considerable strength as opposed to the .impact energy-absorbing fins,

there is a wide margin between the damage that would be experienced

by the cask in absorbing the energy of the 30-foot free fall and that

which would be required to breach the container such that there could

be a release of the radioactive contents. It is estimated that the

amount of energy involved to sustain a significant breach would be

from five to ten times that which the cask experiences in a 30-foot

free fall.

Thus, it is unlikely that the

casks will experience conditions as severe as those imposed by the 10

CFR Part 71 requirements, and in any event, conditions far more severe

than those would be required to result in a substantial breach of a

container. As shown in the analysis in Appendix B, the specified
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accident conditions are representative of conditions at least as severe

as those which would be experienced by containers in transport. Further,

since the specified accident conditions are required to be applied to

the containers in sequence, the severity of these conditions in all

probability far exceeds that to which the containers would ever be

subjected as a result of an accident in the course of transportation.

It is highly improbable that a container would be subjected to conditions

as severe as even one of these conditions, let alone all three in the

sequence provided for in the test.

The permissible radiation

levels and releases under normal and accident shipping conditions are

shown below.

NORMAL AND ACCIDENT SHIPPING REQUIRNENNTS

Normal Accident
Conditions Conditions

These levels represent-limits

which have been established by the regulations and are not to be

exceeded. In most cases the containers should exhibit radiation levels

and releases somewhat less than those permitted by the regulations. This

is because the fuels and materials which will be handled are not expected to

be at the maximum activity levels for which the containers have been designed.

TVA has not selected a contractor

for the equipment and services related to spent fuel shipments. There-

fore, the exact details of cask design and safety analysis in support

of a specific licensing effort are not available at this time. However,

TVA will ensure that the ARC, DOT, and any other applicable criteria

for the spent fuel cask become a condition of the contract for these

services.

(c) Radwaste container descrip-

tion and licensing - The design of the solid waste packaging station

permits the use of several different types of containers or packages.

The exact type of container to be used for shipments of higher level

radioactive wastes from the Watts Bar Nuclear Plant has not been deter-

mined at this time. However, for purposes of evaluating the envion-

mental risks associated with shipment of radioactive wastes from this

plant, TVA has used the design and safety analyses made under contract

with ATCOR, Inc., for the Browns Ferry Nuclear Plant shipping cask.

The container designed under

'this contract (LL-60-150) has been licensed (41-08165-06) for shipping

the higher level wastes'from Browns Ferry. The LL-60-150 container

uses 4 inches of lead sandwiched between an inner shell of 1/4-inch

External Radiation Levels

Surface of vehicle

3 feet from surface of container

6 feet from external surface of
vehicle -

Permitted Releases

Noble gases

Contaminated coolant

Other

Contamination Levels

Beta and gamsa

Alpha

200 mrem/h

N/A

10 mrem/h

none

none

none

2,200 dpm/lOO cm
2

220 dpm/l0O cm
2

N/A

1,000 mrem/h

N/A

0.11 of total package
radioactivity

1,000 Ci

0.01 Ci alpha,
0.5 Ci mixed fission

products
10 Ci iodine

none

N/A
H/A
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steel and an outer shell of 1-inch steel. It can be used for shipping

the higher level encapsulated spent demineralized resins in 30-gallon

drums from Watts Bar since the maximum allowable curie content of the

30-gallon drum containing cement and spent resin is 240 curies of

Class III radionuclides (32 rem/h at one meter from the unshielded drum).

Shielding this container with an approximate amount of lead as for the

LL-60-150 container reduces the dose rate at the surface of the shield

to about 2.5 mrem/h which is only 1/4 the permitted dose rate at the

time of shipment.

The LL-60-150 cask for the

higher level solid waste is designed to meet or exceed the requirements

established by AEC and the Department of Transportation for the ship-

ment of large quantities of radioactive material. The evaluation made

by ATCOR, Inc., in support of licensing for this cask considers both

normal and accident conditions of transport.13 An analysis was performed

to demonstrate that the cask provides adequate shielding to satisfy dose

rate levels in the vicinity of the cask as required by 49 CFR Section

173.393(j)(3). A shielding analysis was also performed to assure that

the cask meets the dose rate requirements after a shielding loss has

o\gccurred due to a hypothetical accident occurrence.

Accident analysis showed that

the lead may slump towards the bottom of the cask as a result of the

hypothetical 30-foot drop accident. The level of the lead falls 1.6

inches, which will not remove the lead shielding from the top of the

solid waste source. At 3 feet frdm the surface of the cask, the dose

rate is estimated to be less than 500 mrem/h (assuming h.02 mrem/h at

6 feet before the accident), which is less than half the limit of

1,000 mrem/h at 3 feet stated in 10 CFR Section T1.36(a)(l,.

The analysis for puncture

resistance was performed, and it was found that when considering any

point along the 1-1/2-inch thick outer shell, failure in this mode

will not occur and no release of radioactive material to the exterior

or dose rates in excess of 10 CFR Section 71.36 limits will occur. An

analysis has been performed of the hypothetical fire accident. The

thermal conductivity across the outer and inner steel shells plus the

air gap is sufficiently low to keep the temnerature of the lead about

150OF below its melting point. It was also shown that the cask is capable

of holding the vanor pressure resulting from the elevated temperatures.

Immersion of the cask in 3 feet

of water for more than 24 hours will not cause any detrimental effect

since the cask is established in the analysis to be leaktight following

the preceding accident conditions.

For the lower level waste (0.5

Ci/ft 3), an all-steel cask holding about 183 ft
3 

has also been designed

and will be constructed by ATCOR, Inc., for use at Browns Ferry and

may be used at Watts Bar.

The low activity compressible

waste will be packaged for shipment inappropriate containers. Radio-

active equipment components will be shipped by contract with a specialist

in the field who will provide the necessary containers, such as modified

spent fuel casks.
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(3) Transportation procedures - Elements

of the procedures to be followed by TVA for handling radioactive

materials for transportation and while in shipment are given below.

These procedures will cover the normal conditions of transport as well

as accident occurrences which might be encountered.

(a) Onsite procedures - The

administrative control of radioactive materials intended for offsite

shipment will include the following elements:

a. Certify container contents.

b. Assure performance of all tests on loaded containers as

required by 10 CFR Section 71.35, 49 CFR Section 173.393(J),

and 49 CFR Section 173.397(a).

c. Ensure that container and vehicle meet the requirements

of applicable regulatory bodies for movement offsite.

d. Qualified manpower and appropriate equipment to be available

to make routine determinations as required by (b) above.

e. Estimated time of arrival (ETA) at destination.

f. Provide approximate routing, mode of transport, estimated

entry and exit times to various states as appropriate.

(b) Offsite procedures - The

driver of the vehicle will be responsible for control of shipments

en route and for following the transportation procedures delivered to

him before leaving the site.

The state requirements for notifica-

tion and responsible party to notify when radioactive materials are

scheduled to be shipped through various states are given in Table 2.1-3.

(c) Normal conditions of trans-

port - TVA now has nine nuclear units under construction or planned for

operation between 1972 and 1979. Because of these commitments to the

use of nuclear power for substantial portions of its generating capacity

and the resultant necessity to ship radioactive materials associated

with the operation of these and future nuclear Plants, an interdisciplinary

task force has been established to evaluate the environmental implications,

available technology, economics, and other factors related to the consequent

shipment of radioactive material to and from these plants.

The task force is investigating

the various transportation modes, prevention of accidents, environmental

risks and effects and is developing criteria for establishing TVA's

policies and procedures relative to the applicable regulations. The

findings and recommendations of the task force will be used in formu-

lating the detailed plans for shipment of all radioactive material to

and from all of TVA's nuclear plants now under construction or planned

for the future.

(d) Accident occurrences

during transport - Each state through which these materials pass will

have developed emergency plans for radioactive transportation accidents.

These plans, in conjunction with TVA transportation emergency proce-

dures, will provide for rapid and orderly use of state facilities and

personnel, augmented as necessary by TVA, carrier, and municipal emer-

gency personnel and AEC radiological assistance teams in the event an

accident occurs in the shipment of radioactive materials by TVA. In

the event of an accident, emergency plans for containing the contaminated
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material and preventing a radiation hazard to the public and the

environment will be initiated.

Emergency procedures regarding trans-

portation of radioactive material are described in TVA's nuclear plant

procedure manual14 and the TVA Radiological Emergency Plan.15 Elements of

the emergency procedures for handling transportation accidents for which

TVA has responsibility will include, but are not limited to, the following:

1. Vehicular Accidents - General

a. In the event of a vehicular accident involving radio-

active material, establish a restricted area [10 CYR

Section 20.203(b) and (c)].

b. Use radiation survey meter to establish the perimeter

of the restricted area.

c. If survey meter is inoperable, calculate from experience

and training a very conservative perimeter.

d. If survey meter is operable and no radiation hazard

exists, and the vehicle is in safe operating condition,

the driver may continue on way if not detained by other

accident-related conditions.

e. In any case, immediately after establishing a restricted

area or before proceeding on way, TVA shall be notified.

2. Notification and Reports of Incident

a. Appropriate TVA personnel receiving notice of a trans-

portation accident shall notify the TVA load dispatcher

who notifies the Central Emergency Control Center

director.

b. The CECC direcý :otifies as appropriate the AEC

Operations Office, the State Department of Public

Health, the state police, and the AEC Division of

Compliance.

c. The CECC director will provide assistance for cleanup

and recovery operations as needed.

TVA has consulted and will

consult further with appropriate state agencies regarding the

necessary emergency planning for shipments of radioactive material

through the state and to seek the state's agreement with TVA's

Radiological Emergency Plan. Escorts will be provided where

required by regulations and, in addition, where TVA considers

them necessary.

5. Conclusion - Due to the integrity of the

containers used for shipping new fuel elements, spent fuel elements,

and low-level radioactive wastes; the emergency plans for vehicular

accidents; the administrative control exercised over transportation;

and coordination with appropriate state agencies; it is concluded

that an insignificant environmental risk will result from the

transportation of fuel elements from the fuel fabrication plant

to the reactor, of spent fuel elements to the fuel reprocessing

plant, and of low-level waste to offsite disposal grounds.
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Table 2.1-2

RADIOACTIVE MATERIAIL TBAINSPORTATION - SUMMARY OF EFFECTS

(Normal Conditions)

Transportation

Frequency

Type Mode (Shipments/yr)

Spent Fuel Rail 13
( 5 MTU/
shipment)

Stationary Cask Cask Moving at 20 mi/h
Radiation Exposure Individual Exposure

mrem/h (Mrem/trip)
at 6ft at 00 ft Maximum Average

10 rV0.1 0.0017 0.0006

Population Exposure
(man-rem/yr)

0.006

Waste

Low. Level Truck 10 (U 0.1 0.003 0.001 0.012

Total O. 018b

Co
H
CA

(10 CFR Part 71 Accident Conditions)

Transportation Direct Radiation Fission Gas Release

External Dose Whole Body

Dose Rate (mrem/h) (mrem) Population Dose Thyroid Dose

Type Shipment Mode (Shipments/yr! at 3 ft at 50 ft Whole body Skin (man-rem) (rem)

Spent Fuel Rail 13 1,000 9 2 86 0.07 5

( 5 MTU/
shipment)

Waste

Low Level I Truck 500

a. Design conditions.
b. This population group receives about 4200 man-rem/yr exposure from natural background radiation ( 140 mrem/yr).
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Table 2.1-3

NOTIFICATION REQUIREMENTS OF STATES

FOR SHIPMENT OF RADIOACTIVE MATERIAL
Missouri

Requirements:

Table 2.1=,3 (continued)

Notify:
Alabama

Requirements:

Telephone or telegraph
Route, mode of transportation,
time of arrival in state

Georgia

Requirements:

-Letter, telephone or telegraph
Approximate route and mode of

transportation

Illinois

Requirements:

Letter, telephone or telegraph
Route, estimated arrival time

in state

Indiana

Requirements:

No notification required

Notify:

Director
Division of Radiological Health
Room 311, State Office Building
Montgomery, AL 36104 .

Telephone: 205-269-7634

Notify:

Chief
Radioactive Materials Control Section
Division of Radiological Health

535 Milam Avenue, SW
Atlanta, GA 30314
Telephone: 404-762-6111

Notify:

Director
Department of Public Health

535 West Jefferson
Sprýngfield, IL 62706

Telephone: 217-525-6550

Notify:

Director
Division of Radiological Health

1330 West Michigan
Indianapolis, IN 46206

Telephone: 317-633-6340

Notify:

Director
Radiological Health Program
Kentucky State Department of Health
275 East Main Street
Frankfort, KY 40601
Telephone" 502-564-3700

Letter, telephone or telegraph Director,
Route, mode of transportation, Radiological Health Division

entry and exit times in state Broadway State Office Building

Additional: Jefferson, MO 65101
Telephone: 314-635-4111

Truck shipments - lice I nse number and/or other identifying numbers,
color of truck, entry and exit points in state, highway patrol

will meet truck at border and provide protective following as

a safety feature
Rail shipments - name of railroad, shipment car number and its

location within the train, notification in transit if other

cars are added or deleted from train, thus changing relative

location of shipment within train, highway patrol will provide

surveillance at locations where possible

North Carolina

Requirements: Notify:

Letter or telegraph Director
Route, mode of transportation Division of Radiation Protection

Comment: North Carolina State Board of Health
P.O. Box 2091

Notification for each individual 220 North Dawson

shipment may not be necessary if Raleigh, NC 27607

specific time interval when Telephone: 919-829-4283
several shipments may be made
can be scheduled. State is-now in the process of formulating,

emergency planning with regard to shipments of this sort, and

requirements have not been formalized.

South Carolina

Requirements:

No notification required

Kentucky

Requirements:

Letter, telephone or telegraph

Route, estimated entry and
exit times in state

Additional:

Identify carrier and approxi-
mate activity of each shipment

Not i fy:

Director
Division of Radiological Health
South Carolina State Board of Health
2600 Bull Street
Columbia, SC 29201
Telephone: 803-758-5548

Notify:

Director
Division of Radiological Health

727 Cordell Hull Building
Nashville, TN 37219
Telephone: 615-741-3161

Tennessee

Requirements:

Letter or telephone
Approximate route and mode

of transportation
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2.2 Environmental Aspects of Transmission Lines - Transmission

lines for the Watts Bar Nuclear Plant will be constructed in two steps

which are coincident with the initial operation of units 1 and 2. The

following table summarizes the lines which are required for the Watts

Bar Nuclear Plant.

STEP I

Line Name

Bull Run-Sequoyah,
Loop Into Watts Bar
Nuclear Plant

Watts Bar Hydro-
Watts Bar Nuclear
No. 1.

Watts Bar Hydro-
Watts Bar Nuclear
No. 2

Watts Bar-Volunteer

Watts Bar-Roane

Watts Bar-Sequoyah
No. 2

Approximate
Length of New

Voltage (kV) Construction (Miles)

500

161

161-

500

500

500

10.0

1.0

1.0

Approximate
Date

Required

December 1976

December 1976

December 1976

September 1977

September 1977

September 1977

Station service power to the nuclear plant will be provided

by two 161-kV transmission lines from the Watts Bar Hydro Plant.

Only one mile of new construction for each line will be required.

The remainder of the line will be two existing 161-kV transmission

lines from the Watts Bar Hydro Plant to the Watts Bar Steam Plant.

Both lines are entirely on the TVA reservation.

Under Step II three additional 500-kV transmission lines

will be required when unit 2 is ready for initial operation--some

nine months after unit 1 is in service. One of these will be a

second line to the Sequoyah Nuclear Plant. Another will be a line

to the proposed Volunteer Substation near Knoxville, Tennessee, and

a third line to the proposed Roane Substation at Oak Ridge.

A major part of the Watts Bar-Roane 500-kV Transmission Line

will be constructed on right of way of an existing transmission line

from the Watts Bar Hydro Plant to the Atomic Energy Commission Sub-

station K-27. This transmission line will be retired.

For the tentatively selected routes approximately 165 miles

of new transmission line construction and approximately 3,165 acres

of easements for new right of way will be required for the Watts Bar

Nuclear Plant connections. Approximately 25 percent of the rgZht of

way is in woodland, 25 percent is used for farming and pasture, and

the remainder is in uncultivated open land.

1. General considerations - As a first step in

the transmission line location process, topographic maps are examined

in the office to determine the best apparent route. Then a field

recennaissance is made using these maps. In the field, engineers first

STEP II

80.0

33.0

4o.o

Under Step I two 500-kV transmission lines will provide

system connections for the Watts Bar Nuclear Plant Unit 1. These

500-kV lines will be provided by opening the existing Bull Run-Sequoyah

500-kV line in the vicinity of Watts Bar and extending the resulting

line sections approximately 5 miles to the nuclear plant switchyard.

This will establish 500-kV transmission line connections to the Sequoyah

Nuclear Plant and to the Bull Run Steam Plant.
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look for the best places to cross major highways and secondary roads,

at the same time avoiding, to the extent possible, residential, com-

mercial, and industrial areas; recreational and other development; and

areas of historical, scenic, or archaeological significance. Locations

on crests of mountains and ridges are avoided to minimize visual

impacts.

Route selection is coordinated with municipal,

county, and state planning boards and with municipal, state, and

Federal authorities when crossing of public lands is involved. At the

same time care is taken to minimize the visual and physical impact of

transmission facilities on residential properties. Locations along

property lines and away from homes and barns are chosen where feasible.

In general, final route selection will be made in

keeping with the Environmental Criteria for Electric Transmission

Systems.*

Topographic maps frequently are out of date with

respect to marmade features on the land. When this is the case aerial

photographs are made along the route tentatively selected BO that a

final route can be determined with full knowledge of land use developments.

In selecting routes for transmission lines, TVA

attempts to locate the lines so that no family relocations are required.

This policy is being followed in the selection of routes for the lines

from the Watts Bar Nuclear Plant, and no family relocations are antici-

pated. However, in the event families are relocated, assistance will

be provided in accordance wi-.-: ','ublic Law 92-646, "Uniform Relocation

Assistance and Real Property Acquisition."

To the extent possible TVA avoids routing of its

lines through residential areas. However, such areas frequently

develop adjacent to the cleared areas created by the construction of

transmission lines. When residential areas cannot be avoided, environ-

mental impacts are minimized by following property lines as much as

practicable preserving natural vegetation and avoiding the splitting

of land use zones.

Open land that is not'being cultivated is generally

preferred to timbered land for line locations, and routes are chosen,

to minimize conflicts with existing land uses. However, routes which

result in substantial increases in length are generally avoided.

It is frequently necessary in the construction of

transmission lines to cross rivers or other bodies of water. In

selecting a location for such crossings, conflicts with residential,

c ommercia.1 and industrial developments; game sanctuaries; and scenic

and recreational areas are avoided. Designs are developed to utilize

the natural growth of trees and other vegetation for screening of

structures.

In crossing streams under the jurisdiction of

state agencies, onsite inspections are made with agency representatives

to assure agreement on the location. All river crossings are coordi-

nated with the appropriate local, regional, and state planning

agencies. When it is necessarv to cross wild or scenic rivers, TVA

works closely with private organizations having an interest in preserving
*U.S. Department of Interior and U.S. Department of Agriculture,

Environmental Criteria for Electric Transmission Systems, Washington,

DC, U.S. Government Printing Office, 1970w o-4o4-932.
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.such rivers, as well as with Federal, state, and local agencies having

jurisdictional responsibilities.

When a navigable stream or reservoir is crossed,

the crossing is coordinated with the United States Corps of Engineers.

Crossings of streams and drainage areas having water conservation

projects planned by the Department of Agriculture's Soil Conservation

Service are coordinated with that agency.

The new transmission line routes will also be

closely coordinated with the Tennessee State Planning Commission, 
the

Tennessee Department of Conservation, the Tennessee State Highway

Department, the Tennessee Historical Commission, the Southeast Tennessee

Development: District and Council of Government, the East Tennessee

Development District, the Knoxville-Knox County Metropolitan 
Planning

Commission, the Tellico Area Planning Council, and all appropriate

county planning commissions.

The transmission line structures for these lines

will be predominantly self-supported steel towers. The use of self-

supported structures eliminates the need for guys. The small amount

of land occupied by supporting structures is the only part of the 
right

of way which cannot be used for other purposes. The remainder of the

right of way remains clear of obstructions and is available 
for a

variety of other uses.

2. Beneficial uses of transmission line right of

way

(1) Shear clearing of right of way

In the construction of new lines through wooded areas, the right of 
way

will be 'shear cleared" (cleared of trees and other vegetation to

the-ground level) and seeded except where outcropping of rock or

steep slopes makes it impracticable. New right of way is seeded with

pasture-type grasses or wildlife food and cover if preferred by the,

property owner.

The interface or edge" between two

diverse plant communities will often produce or attract more kinds

and num ber of animals than would occur in either habitat type alone.

This phenomenon is referred to as the "edge effect' and occurs on

utility lines where the low herbaceous and woody plant growth meets

the forest, or where adjacent cropland and weedy or "brush" right of

way merge.

Paver line right of way has great

potential as wildlife habitat because of the "edge effect" which it

creates and the high food and cover productivity of early vegetation

successional stages. Many power lines are good producers of wildlife

without special management because of these two factors.

Mechanical maintenance of some type is

generally required about every five years for utility line right of way. Early

stages of plant succession, particularly the first 6 to 8 yeax-s, are

the most productive for many wildlife food and cover plants. In addition,

the low herbaceous plant growth produces insects which provide the

high protein content necessary in the diet of many young bird species

(game and nongame).

Shear clearing through heavily forested

areas is not inconsistent with goodforestri and wildlife 
principles.

A common wildlife management practice in large sections of unbroken
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forest land is to "open" the tract by means of small evenly spaced

clearings. Rationale for this practice is to provide diversity and

food in the forest environment and to create "edge.` Wildfires

originally provided this ty-pe of habitat. Power line right

of way creates long linear forest openings which are indefinitely

maintained to prevent power outages. The sunlight penetrating the

forest via the right of way stimulates understory growth adjacent

to the power line. Periodic power line maintenance perpetuates these

beneficial wildlife habitat conditions.

Line maintenance operations will involve

periodic repairs and selective cutting of vegetation along the right

of way to maintain electrical clearance between the conductors and the

ground cover. Growth of vegetation is controlled by mechanical cutting,

replacement planting, or the use of herbicides. The herbicides used are

Tandex, Tordon 101, Tordon 10K pellets, 2,4,5-T and/or flychlor and are

presently approved for this specific use by the Federal Working Group on

Pest Management. The cuttings usually are piled in windrows along the

edge of the right of way where they provide game habitat. Brush killed

by herbicides is allowed to ýtand. It deteriorates in a year or two

and falls to the ground or is obscured by new growth. These operations

involve only minor environmental impacts.

TVA employees responsible for right of way'

maintenance work closely with wildlife biologists and foresters of TVA's

Division of Forestry, Fisheries, and Wildlife Development.

The combined expertise of these TVA employees and other TVA specialists

insures that biologically sound and economically feasible recommenda-

tions are made to improve wildlife habitat on the rights of way of

property owners.

TVA, in cooperation with the Tennessee

Game and Fish Commission, has published a booklet for distribution to

landowners describing inexpensive practices they may employ to benefit

wildlife on their land.

(2) Multiple use of right of way - As

a general rule where transmission line right of way crosses wooded

areas, TVA is willing to perform the necessary clearing or invest as

its part of a cooperative arrangement an amount which approximates

the average cost to clear or later recle&r the area as dictated by

maintenance requirements; TVA negotiates with county agents, state

and Federal park commissions, soil conservation agencies, sportsmen

groups, and other interested agencies that propose compatible uses

for wooded land within easement areas that will meet the goals of

the interested parties. Under such an arrangement, forest development

interests can be implemented which allow growing of small trees such

as Christmas trees and nursery stock. Also, buckwheat, Korean and-Kobe

Lespedeza, and other low-growing seed crops and grasses which are bene-

ficial to small game habitat can be planted for the establishment of

shooting preserves. Right of way not totally cleared can be utilized

for production of many low-growing forest products.

It is recognized that many additional

multiple right of way uses can be identified. If the landowner desires

to use the right of way for the establishment of playgrounds, athletic
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fields, golf courses, parks, picnic areas, or trails for hiking and

horseback riding, such use would be permissible under the terms of

TVA's easement.
/

TVA recognizes there is an annual loss

of forest products due to the construction and operation of trans-

mission lines. Investigations have been undertaken to utilize trans-

mission line corridors for "Puckerbrush Forestry." For several years

now TVA has been conferring with Dr. Harcld E. Young at the University

of Maine on the use of "Puckerbrush Forestry." This pilot forestry

program in the Northeast is an outgrowth of the Sycamore Silage Study

considered at the University of Georgia. At present adequate markets

have not been developed to fully utilize the harvest from either of

them. TVA will continue its interest in this area, and the landowners

will not be discouraged from utilizing the right of way in this manner.

3. Solid waste disposal - TVA contracts most right

of way clearing for the construction of transmission lines. Open burn-

ing is normally employed for disposal of forest slash cleared from

rights of way in compliance with local, state, and Federal air pollu-

tion guidelines. This results in releasing some Particulates and gases

into the atmosphere. However, these minor effects are local and generally

short-lived.

A burning method which results in further minimizing

the release of smoke into the atmosphere is utilized in areas where

open burning is undesirable or not permitted. In this method forest

slash is burned by using an air curtain incinerator. The slash is

placed in a large pit (approximately 10 feet deep, 15 feet long, and

10 feet wide) and set on fire. Air, fed to the fire by blowers, is

,supplied at the proper rate for minimum smoke emission. At least one

guard and as many men as required to supervise the burning process are

kept on duty night and day until all fires have been extinguished.

In cases where disposal by burning is not possible,

slash is piled in windrows along the edge of the right of way or in

scattered brush piles along slopes and ravines. An alternate method

of disposal is being explored involving mechanical chipping and scattering

or piling of chips on the soil for wildlife habitat.

In general, other solid waste generated by trans-

mission line construction is very small. These minor construction

waste items consist of protective wood cribbing attached to conductor

reels, line insulator cardboard shipping cartons and steel bands used

to bind tower structural items, and other line hardware.

At staging or material assembly points, relatively

large quantities of the used packing material which accumulates is

transported to approved waste disposal or land fill sites. However,

in localized areas, smaller quantities of wood and paper are disposed

of by controlled burning. Noncombustible waste and residue from burning

is buried onsite at a depth of approximately 3 feet and the disturbed

area is graded and seeded to prevent soil erosion.

4. Erosion control practices - Construction of

the transmission lines-will involve the use of heavy equipment for

tower erection and stringing of conductor. Although this equipment

may cause temporary rutting along the right of way, precautionary

measures are taken so that the effects of soil erosion on regional
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water quality is not significant. The erosion of local areas that

results is controlled to a significant degree by: (1) using special

construction procedures which limit the use of heavy equipment in

areas of high erosion potential, diverting runoff to settling ponds

where the land is exposed, and keeping vegetation on the land as long

as possible before construction; and (2) scheduling construction

activities in certain areas to coincide with favorable dry weather

conditions.

When line construction is completed, the right of

way is contoured and usually seeded with pasture-type grasses or planted

in wildlife food and cover to control soil erosion and provide wildlife

habitat.

Where possible, access roads for transmission line

construction will follow existing farm roads, and after construction

TVA will restore these roads to their original or an improved condition.

In the event that a new access road is required, the property owner

will be consulted regarding the route which will be most beneficial to

him after construction. Any grading required will be engineered to

balance cut and fill, thereby eliminating the need for a separate borrow

pit. The road routes will be selected to minimize damage to existing

growth and drainage ditches. Terracing and ground cover will be provided

in order to prevent soil erosion.

5. Miscellaneous impacts

(1) Ozone - Ozone can be produced from

corona discharges (ionization of the air) in the operation of trans-

mission lines and substations, particularly at the higher voltages.

It can-be harmful if breiý",:,.,ý_- jr. sufficient concentrations over pro-

longed periods. However, it is not considered to be injurious to

vegetation, animals, and humans unless concentrations exceed about

0.05 PPm-

Corona discharges can result from

abrasions, foreign particles or sharp points on electric conductors

and electric equipment, or incorrect design which produced excessively

high potential gradients.

Extensive field tests to detect ozone'

in the vicinity of 765-kV lines were recently completed by the Battelle

Memorial Institute under a variety of meteorological conditions. Fran

these tests it was concluded that no significant adverse effects on

vegetation, animals, or humans are to be expected from levels of

ozone that may be produced in the operation of transmission facilities

at voltages up to 765 kV. Consequently, any levels of ozone that can

reasonably be expected to be generated by TVA's transmission facilities

(500-kV maximum nominal voltage) would be environmentally inconsequential.

TVA gives careful attention to the design

and construction of its transmission facilities to mini Mize corona

discharges. TVA specifications require that transmission line hard-

ware and electrical equipment for operation at 500,000 volts be factory

tested to assure corona-free performance up to maximum operating voltage

levels.
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As of 1972 TVA has accumulated approxi-

mately 5,300 mile-years of operation of its 500-kV transmission system

with no known adverse effects attributable to the production of ozone

from corona discharges.

A more detailed report of ozone charac-

teristics, sources, and a discussion of tests and reference material

can be found in Appendix C.

(2) Comnatibility with communications

equipment - High-voltage power lines operating in close proximity to

telephone and signalling equipment can produce undesirable effects on

the communication circuit through inductive coupling. However, it is

TVA's normal practice to send transmission line vicinity maps to rail-

road and telephone companies having tracks or communication lines in

the general area of proposed power lines for the purpose of making

inductive coordination studies. If corrective action is indicated,

the problem will be jointly studied and any required changes will be

provided at TVA's expense. This procedure will be followed for the new

transmission line connections for Watts Bar Nuclear Plant.

No inductive coordination problems have

been experienced.on the Bull Run-Sequoyah-Widows Creek 500-kV Trans-

mission Line which has been in operation for several years. It is

expected that no new problems will be encountered when this line is

,altered in the vicinity of Watts Bar Nuclear Plant to form the Watts

Bar-Sequoyah and Watts Bar-Bull Run 500-kV lines. For the selected

routes, we do not anticipate any inductive coupling problems for the

other proposed transmission lines.

(3) Historical and archae§logical

compatibility - This project will be coordinated with the Tennessee

Historical Commission, or other appropriate agencies, to identify any

potential archaeological sites traversed by the proposed transmission

line routes. Any such conflicts which might occur will be avoided to

the fullest extent practical. Should artifacts occur on the trans-

mission line easement areas, the lines would cause virtually no inter-

ference with the potential recovery of such artifacts.

(4) Impacts on aviation - When trans-

mission line structures exceed certain heights as prescribed by the

Federal Aviation Administration, as is frequently the case with crossings

of major rivers, structure heights are coordinated with the FAA to

conform to air safety regulations. River crossing structures exceeding

heights as specified by the FAA are painted and provided with lights

to meet Federal Aviation Standards.

(5) General impacts - During normal

operations no adverse environmental impact is associated with either

161- or 500-kv transmission lines. Under some atmospheric conditions

a light humming may be noticed directly under 500-kV lines, but this

noise is rarely heard off the right of way. Transmission lines can,

under certain conditions, cause mild static charges to develop on fence

wires and other ungrounded objects under the lines. These charges are

similar to the common static charges people experience when walking on

certain types of indoor carpeting in dry weather.

The landowner retains all mineral rights

to his land, and he may use the land for whatever purposes he wishes
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so long as such uses do not conflict with the terms of the easement.

In many instances the existing land uses--particularly agricultural

uses--may continue. However, such things as buildings, signboards,

stored personal property, or other obstructions which create fire

hazards and/or interfere with the operation and maintenance of the

line may not be located on the right of way. Except in very unusual

situations, the transmission lines will have no effect on aerial crop

dusting.

Damage to fences, gates, bridges, and

other structures will be paid for or repaired by TVA following con-

struction, and landowners are reimbursed by TVA for the value of crops

damaged by construction activity.

6. Tentative transmission line route selection -

Based on the above considerations, the tentative line routes and alter-

nate routes for connecting the Watts Bar Nuclear Plant were investigated.

The routes shown on figure 2.2-2 are feasible at present. Changes

within the next 3 years may require that these routes be shifted to

avoid new developments.

(1) Watts Bar-Volunteer 500-kV Trans-

mission Line - To supply the growing loads in the Knoxville, Tennessee,

area, a new 500-kV transmission line will connect Watts Bar Nuclear

Plant with the proposed Volunteer Substation, which will be in the

vicinity of Strawberry Plains, Tennessee.

A generally straight routing would, of

course, be the shortest and most direct method of connecting the

nuclear plant with the Volunteer Substation, as indicated schematically

as proposed Route A on figure 2.2-1. This would require the least

amount of-right of way easement and fewer transmission line structures.

However, this would not be feasible as this route traverses the heart

of Knoxville and-the rapidly developing areas in the vicinity of

Loudon and Lenoir City. This routing would also create extensive

conflict with other existing developments in the area.

A second alternate route shown schematically

as proposed Route B on figure 2.2-1 was developed considerably south

of the above route. This route would have left the Watts Bar switch-

yard and traveled in a generally eastward direction for approximately

5 miles. From this point the route would have turned northeast until

it intersected with an existing 161-kV TVA transmission line. For

approximately 13 miles the new route would have then paralleled the

existing transmission line. From this point the route would have pro-

ceeded eastward and crossed the Little Tennessee River approximately

8 miles south of Lenoir City, Tennessee. From this point the projected

route stayed well south of Maryville, Tennessee. The line would then

proceed in a northeastward direction toward Strawberry Plains, Tennessee.

As more detailed information was developed, it became obvious that

conflicts with existing development plans were numerous. The Watts

Bar switchyard arrangement could not be properly adjusted for the lines

to leave in an eastward direction. In addition, large deadend towers

would have been required adjacent to the switchyard to terminate the

line tension from the river crossing spans over the Tennessee River.

Residential developments adjacent to the existing 161-kV transmission

line in the proposed parallel section would have necessitated the
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purchase of several houses. This route would cross the proposed

Timberlake development project in an area designated as a water-

oriented residential subdivision,

Considering the above factors, it became

obvious that another route farther south would be required to minimize

the conflicts with present developments.

A third alternate as shown schematically

as proposed Route C on figure 2.2-2 provided the most feasible route.

This route will leave the substation switchyard generally in a south-

ward direction. This will allow coordination with the switchyard

arrangement and provide a perpendicular crossing of the Tennessee River.

The route will then proceed to a point in the vicinity of Highway 58,

crossing it at approximately 90 degrees in a wooded area. This pro-

vides a very satisfactory crossing and is in keeping with the Environ-

mental Criteria for Electric Transmission Systems published by the

Department of the Interior. The route will then traverse in an east-

ward direction north of Niota, Tennessee, placing it approximately

midway between the cities of Athens and Sweetwater, Tennessee, thereby

avoiding these more populated areas. Proposed Interstate Highway 75

will be constructed in this vicinity. The transmission crossing over

the interstate will be closely coordinated with the Tennessee State

Highway Department. After crossing U.S. Highway 11 north of Niota,

the route will turn northward to avoid Christiansburg and the "Lost

Sea" tourist attraction. From this point a location through the pro-

posed Timberland development will be used which will minimize the

conflict with this development. The planners for this project concur

with this location as it places the line adjacent to an industrial

development. After crossing the Little Tennessee River, the route

will turn eastward and cross the U.S. Highway 411 at approximately 90

degrees. It will then turn in a northeastward direction and will

follow the lower slopes of Black Sulfur Knobs at the foothills of the

Chilhowee Mountain. The location will avoid the more populated areas

in the vicinity of Springview, Forest Hills, and Blockhouse. The line

will cross U.S. Highway 73 and U.S. Highway 441 in areas of marginal

development minimizing the environmental impact. The route will then

head northwestward to the Volunteer Substation site.

This proposed route will be approximately

80 miles in length with approximately 72.5 miles being built on a

200-foot right of way easement. Five miles at the Watts Bar Nuclear

Plant will parallel the Bull Run-Sequoyah 500-kV Transmission Line

loop to Watts Bar, and-2.5 miles will parallel the Watts Bar-Sequoyah

500-kV Transmission Line No. 2 (see figure 2.2-2). Approximately 1,800

acres of new right of way easement will be required for proposed Route C

as shown on figure 2.2-2. The route traverses primarily rural areas

and partially wooded rolling hills.

(2) Watts Bar-Bull Run and Watts Bar-

Sequoyah No. 1 500-kV Transmission Lines - The existing Bull Run-

Sequoyah 500-kV Transmission Lines, which was constructed in 1967, will

be looped into the new switchyard by constructing two single-circuit

lines, each approximately 5 miles in length. This will create the Watts

Bar-Bull Run 500-kV line and the Watts Bar-Sequoyah 500-kV Transmission
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Line No. 1 which is shown schematically as Routes E and F respectively

on figure 2.2-2.

In keeping with the switchyard arrange-

ment at Watts Bar Nuclear Plant and also to provide a perpendicular

crossing of the Tennessee -River, these lines will be constructed

parallel to the proposed Watts Bar Nuclear-Volunteer 500-kV Trans-

mission Line on right of way approximately 650 feet wide. This 5-mile

section of wide right of way will require approximately 400 acres of

easements. The use of cosmmon right of way reduces the environmental

impact along the route in that 18.75 percent less acreage is required

in parallel construction than for four transmission lines on separate

rights of way.

(3) Watts Bar-Roane 500-kV Transmission

Line -. To supply the increased AEC loads in the Oak Ridge, Tennessee,

area, a new 500-kV transmission line will connect the Watts Bar Nuclear

Plant with the proposed Roane, Tennessee, 500-kV Substation. A site

for this substation has tentatively been located approximately 10.5

miles southwest of Oak Ridge, Tennessee.

In 1933 a 220-kV transmission line was

constructed from Wheeler Reservoir in north central Alabama to-Norris

Hydro Plant approximately 20 miles northwest of Knoxville, Tennessee.

In 1964 approximately 30 miles of this line was utilized at 161-kV to

connect Watts Bar Hydro Plant with the Atomic Energy plant at Oak

Ridge. The construction of a 500-kV line, due to its large current-

carrying capabilities, will eliminate the need for this lower voltage

transmission line connection. Approximately 27 miles of this
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transmission line easement, which was purchased in 1933, will be

utilized for the 500-kV line to Roane 500-kV Substation as shown

schematically as proposed Route D on figure 2.2-2. Approximately 6

miles of new 200-foot-wide right of way easement at the Watts Bar

Nuclear Plant end of this connection will be required.

The connection to Roane will leave the

Watts Bar Steam Plant switchyard generally in a southward direction

for approximately two spans and then turn southeastward and cross the

Tennessee River. Approximately 0.75 miles east of the river, the

route will head generally northward following as much as possible the

Watts Bar Reservation boundary until the proposed route intersects

with the existing right of way of the 161-kV line which is to be

utilized for the 500-kV line.

As much as possible, the new 500-kV

towers on the Watts Bar-Roane 500-kV Transmission Line will be installed

at the location of the retired towers, thereby reducing the land use

impact along the existing right of way. The 500-kV towers will be

comparable in height and appearance with the existing towers and will

therefore not create any additional visual impact. By utilizing

existing right of way for this proposed route, new land easements are

reduced from 800 to 145 acres.

(4) Watts Bar-Sequoyah No. 2 500-kV

Transmission Line - To provide backup transmission facilities for

transmission system stability, a second 500-kV transmission line con-

nection will be required from Watts Bar Nuclear Plant to the Sequoyah

Nuclear Plant. A straight line routing would be the shortest, most
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direct method of connecting the two nuclear plants. This would require

the least amount of right of way easement and fewer transmission line

structures. However, this would not be practical, as the route would

have crossed the Tennessee River eight times and the Hiwassee River

once.

A second alternate route that was given

consideration was to construct the second 500-kV line parallel to the

proposed Watts Bar-Sequoyah 500-kV Transmission Line No. 1 which is

shown as Route F on figure 2.2-2. Field investigations revealed that

developments adjacent to the existing right of way in the vicinity of

Tennessee State Highway 58 were quite extensive. Several houses would

have to be purchased and several- families relocated. Also, to reduce

the possibility of a natural disaster causing an outage on both ties

to Sequoyah, separation of the lines as much as possible is desirable.

Considering the above factors, it became

obvious that a search for another alternate route would be desirable.

Further field investigation revealed that the location shown schematically

as Route G on figure 2.2-2 provided the best routing at the present

time. In keeping with the switchyard arrangement at Watts Bar Nuclear

Plant and also to provide the desirable perpendicular crossing of the

Tennessee River, this route will be parallel to three of the 500-kV

lines out of Watts Bar for about 5 miles and will then be parallel to

the proposed Watts Bar-Volunteer 500-kV line for an additional 2.5

miles. The developments on the land adjacentto the Tennessee River,

the communities of Forest Grove and Fairview, and the Highway 58 area

dictated the use of common right of way. The use of right of way

easement common with the Volunteer 500-kV line reduces the amount of

easement required and also provides greater separation between the two

lines to Volunteer. From this point the route will proceed southeast-

ward for about 2 miles, then turn south-southwestward for about 17

miles. This will locate the line route in the low-lying area adjacent

to Rogers Creek and to the east of the more developed areas along the

Hiwassee River. The route will then proceed westward, avoiding the

more developed areas adjacent to Candies Creek and cross Tennessee

State Highways 58 and 60. The crossings over Highways 58 and 60 both

will be at about 90 degrees and in the low-lying area adjacent to Gun-

stocker Creek. The route will then turn southwestward and intersect

with the existing Watts Bar-Sequoyah 500-kV Transmission Line No. 1.

The remaining 2 miles and the crossing over the Tennessee River will

be constructed on 350-foot-wide right of way common with Watts Bar-

Sequoyah 500-kV Transmission Line No. 1. One hundred and fifty feet

of this easement will be new.

Route location 0 as shown on figure 2.2-2

will be approximately 40 miles long, of which about 30.0 miles will be

constructed on easement 200 feet wide. The remaining 10.0 miles will

be on right of way common with other lines. Approximately 820 acres

of new easement will be required for this line route.

(5) 161-kV transmission lines for

station service - Station service power for the Watts Bar Nuclear

Plant will be supplied from the Watts Bar Hydro Plant over two separate

161-kV transmission lines. These lines will be on separate structures,

and the separation of the lines will be sufficient to insure that the
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failure of any tower will not endanger the other lines in order to

comply with safety criteria set forth by the Atomic Energy Commission.

These lines will be created by utilizing the two existing 0.6-mile

161-kV transmission lines from the Watts Bar Hydro Plant to the Watts

Bar SteamsPlant. From the Watts Bar Steam Plant approximately 1 mile

of new construction will connect the two single-circuit 161-kV trans-

mission lines to the Watts Bar Nuclear Plant. Both the existing and

new construction for the 161-kV transmission line connections will be

entirely on the TVA Watts Bar Reservation.

7. Conclusion - No long-term environmental goals

appear to be jeopardized by the transmission lines, and no significant

adverse cumulative impact on the environment is foreseen. The trans-

mission lines involve the commitment of the resources used in the con-

struction of the facilities and will cause some minor limitations in

land use. No significant permanent alterations in topography are

involved. The cumulative impact of the project will be to help main-

tain reliable electric service to consumers receiving TVA power.

The amount of land required in proportion to the

added transmission capacity has been greatly reduced by TVA's use of

extra high voltage lines to transmit the power generated at the Watts

Bar Nuclear Plant. One 500-kV line can transmit more power than ten

161-kV lines while requiring only twice as much right of way as one

161-kV line. The replacement of a lower voltage line with a higher

voltage line on existing right of way easement also reduced the impact

on land use.

No irreversible and irretrievable commitments of

resources are associated with the transmission line connections. No

water or air damage is anticipated; very little if any objectionable

noise will result; and only minor land use limitations are involved.
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2.3 Radiological Effects of Accidents - To aid in developing the

overall balancing of environmental costs and benefits of the Watts Bar

Nuclear Plant, an assessment has been made of the consequences that

might result from the occurrence of postulated accidents. In order to

appraise realistically the environmental risks of.postulated radiological

accidents, parameters, physical characteristics, and pýenomena which reflect

the present state of the art have been used in the analyses. Best estimates

are used where experimental evidence is not sufficient to describe a

situation. This approach to the analyses is therefore different from that

used in safety analysis reports where conservative values are used to

establish limits for design bases.

In accordance with AEC requirements, TVA has submitted with its

application for permits to construct units 1 and 2 a safety analysis

report 'which describes the technical features of the plant and the pro-

visions for ensuring the health and safety of the public. The analyses

presented in this safety analysis report demonstrate that even for postu-

lated accidents of great severity analyzed using highly conservative

assumptions, the radiological consequences would be within the reference

values of 10 CFR Part 100.

- Those postulated accidents having the potential for uncontrolled

release of radioactive material to the environment have been divided by the

Atomic Energy Cormmission into nine 'classes based on the systems involved

and the type and potential consequences of the release. These classes are

shown in Table 2.3-1. The accident analyses presented in Appendix D are

based on the guidance given by AEC in the proposed annex to Appendix D,

10 CFR 50.1 This approach will allow comparison between reactors of

different types at different sites.

In order to as! !: 'J ik, some measure of probability is required.

In general, TVA believes that certain "accidents may reasonably be

expected to occur during the lifetime of the plant. These (accident sub-

classes 1.0, 2.0, and 5.1) are included in the estimates of routine radio-

active discharges. The accidents in classes 3.0, 4.0, and 5.0 are not

expected to occur during the 40-year lifetime of the plant. Accidents

in classes 6 and 7 are relatively less probable but still are

possible. The probability of occurrence of class 8 accidents is very

small. The postulated occurrences in class 9 involve sequences of successive

failures more severe than those required to be considered in the design

basis of protection systems and engineered safety features. Their

consequences could be severe. However, the probability of their occurrence

is so low that their environmental risk is extremely small. Defense in depth

(multiple physical barriers), quality assurance for design, manufacture

and operation, continued 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 low in probability that the environmental risk is extremely

small.

Appendix D of this statement, 'Outline of Accident Analyses," des-

cribes the accidents analyzed and the more important assumptions. In general,

coolant activities are based on 0.5 percent failed fuel (as indicated by ref-

erence 1), atmospheric dispersion values are those given in AEC Safety Guide

No. 42, and fuel element fission product inventories are calculated using the

model given in TID-148443. Doses to hypothetical individuals at the minimum

exclusion distance (1,200 meters) and the dose coamsitment to the population
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within 50 miles of the plant are presented in Table 2.3-2. A more

detailed discussion is given in Appendix D. Reasonable assumptions

other than those given in reference 1 can be used to calculate releases,

but the conclusions as to the environmental risks due to postulated

radiological accidents will be similar.

Table 2.3-2 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 yearly dose limits of 10 CFR Part 20.

Table 2.3-2 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 radioactivity, which

corresponds to approximately 145,000 man-rem/yr based on a natural back-

ground level of 0.145 rem/yr. When multiplied by 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 background. It is concluded from the results

of the analysis that the environmental risks due to postulated radiological

accidents are exceedingly small.

TABLE 2.3-1

CIASSIFICATIOR OF POSTULATED ACCIDENTS AND OCCURRENCES

No. of
Class

1

Description

Trivial incidents

2 Miscellaneous small releases out-
side containment

3 Radwaste system failures

14 Events that release radioactivity
into the primary system

5 Events that release radioactivity
into the secondary system

6 Refueling accidents inside con-
tainment

7 Accidents to spent fuel outside
containment

8 Accident initiation events con-
sidered in design-basis evalu-

ation in the Safety Analysis
Report

9 Hypothetical sequences of failures
more severe than Class 8

Exp3ple(s)

Small spills
Small leaks inside con-

tainment

Spills
Leaks and pipe breaks

Equipment failure
Serious malfunction or

human error

Fuel failures during normal
operation; transients out-

side expected range of

variables

Class 4 & heat exchanger
leak

Drop fuel element
Drop heavy object onto fuel
Mechanical malfunction or

loss of cooling in trans-
fer tube

Drop fuel element
Drop heavy object onto fuel
Drop shielding cask--loss

of cooling to cask
Transportation incident

onsite

Reactivity transient

Rupture of primary piping
Flow decrease--steamline

break

Successive failures of
multiple barriers normally.
provided and maintained
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Table 2.3-2

SUIAARY OF PRAIOLOC-ICAL CONSEQUENCES OW i-'CSTUIATD ACCEEntS

2.3-6

Table 2.3-2
(cont'd)

S0141ARY OF RADIOLOGICAL CONSEQUENCES OF POSTUIATED ACCIDE•TS

Individ
At the Exc

Class E'vent (Fraction of

1.0 Trivial incidents

2.0 Small releases
outside contain-
ment

3.0 Radaste system
failures

3.1 Equirpaent leakeme 0
or nalfunct ion

3.2 Release of waste 0

gas storage
tank contents

3.3 Release of liquid C
waste storage
tank contents

4.0 Fission products to
primary system (R'E)

5.0 Fission products to
urimary and second-

ary systems (RIR)

5.1 Fuel cladding
defects and
steam generator

leaks

5.2 Offdesign transients that C

induce fuel failure
above those expected

end steen generator leak

5.3 Steam generator tube 0

rumture

6.0 Refueling accidents

6.1 Fuel bundle drop 0

6.2 Heavy object drop onto 0

fuel in core

*Evaluated as routine release in section 2.4.

tuel Doses Dose Comlitnent
lusion Distance To Population

1O CEFR PO Limit) _(an-Rem _
Individual Doses Dose Cosmmitment

At the Exclusion Distance To Population

aYtion of 10 CFR 20 Limiti (-n-Rem)

).0l6

.064

.013

9.6

38

0.900

Class Event

7.0' Spent fuel handling
accident

7.1 Fuel assembly drop
in fuel storage
pool

7.2 Heavy object drop
onto fuel rack

7.3 Fuel cask drop

8.0 Accident initiation
events considered in
design basis evalua-
tion in safety analy-
is report

8.1 Small loss-of-coolant

8.1 Large loss-of-coolant

8.1a Instrument line break

8.2(a)Rod ejection accident

8.3(a)Small •SLR

8.3(a)Large NSLR

0.008

0.0089

0.0027

0.00053

0.48

NA

0.052

0.003

0.003

0.52

0.62

0.18

0.086

89.0

NA

9.0

0.053

0.53

(A 11A

*

.005 0.43

'.26 17

'.008

'.17

0.52

11
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2.4 Radioactive Discharges - It is TVA's policy to keep the

discharge of all wastes from its facilities, including nuclear plants,

at the lowest practicable level by using the best and highest degree

of waste treatment available under existing technology, within

reasonable economic limits.

To implement this policy, treatment of radioactive wastes

provided by the original Watts Bar plant design has been augmented to

provide additional margins against environmental impacts resulting

from releases of radioactive materials. All equipment installed by

TVA to-reduce radioactive effluents to the minimum practicable level

will be maintained in good operating order and will be operated to

the maximum extent practicable. Basically, the design modifications

were made to increase the holdup time of gaseous wastes, reduce re-

leases of iodine in condenser offgas, and reduce releases of radio-

active products in water. The latter is achieved by using Ag-In-Cd

control rod absorber instead of B4 C to reduce tritium generation, by

recycling tritiated liquid, and by treating steam generator blowdown

during periods of steam generator leaks. The waste treatment facilities

can be modified or supplemented if a higher degree of treatment should

be required in the future.

The original design provided 45-day holdup of radioactive

gases to reduce their activity and provided for tritiated water to be

released to the environment under controlled conditions to avoid signifi-

cant buildup of tritium in the primary coolant. Studies to further

reduce these discharges resulted in adoption of the present design

which provides 60-day holdup of gases, significantly reduces releases

of tritium by recycling and reduces the amount of iodine in the con-

denser offgas by processing the gaseous effluents through high efficiency

particulate (BEPA) and charcoal filters during periods of significant

primary-to-secondary leakage.

Recycling minimizes the release of tritium and other radio-

active material that would have been released with the original system.

The following table compares expected radwaste system releases during

normal operation of the original design and of the design adopted,

based on an annual average operation at 100 percent of full power and

0.25 percent failed fuel.*

Radioactive Releases, Ci/yr

Gases Liquids

Original Design (45-day holdup 3,400 1,590 tritium
no tritium recycle, B4C control 4.5 other
rods)

Present Design (60-day holdup 2,900 140 tritiumaýb

tritium recycle, Ag-In-Cd 0.46 other
control rods)

a. Tritium vapor releases are about 380 ci/yr.
b. Does not include releases (0.46 Ci) due to primary-to-secondary

leakage.

1. Basis for evaluation of radioactive discharges -

The principal routes of release or removal of radioactivity from the

Watts Bar Nuclear Plant are:

1. liquid discharges

2. gaseous discharges

3. solid radwaste disposal

*0.25 percent failed fuel is defined as defects in fuel pins which produce
0.25 percent of the core power.
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TVA has investigated the predicted Level of failed

fuel for the Watts Bar plant and has concluded (based on operating

experience and predictions of fuel failure rates) that the assumption

that the presence of clad defects in fuel pins which produce 0.25

percent of the core power is a reasonable and obtainable level of fuel

performance over the life of the plant. Good fuel performance is

ensured by proper fuel design, good fabrication techniques, and a

comprehensive quality assurance program.

The fuel pins are zircaloy tube containing U02

pellets. Inspections and tests by TVA or its consultant, as well as by

the fuel fabricator will ensure that the fuel is fabricated as designed.

The design of the Watts Bar fuel will be similar to that in plants

presently operating or about to be operating but will have the benefit

of the experience gained in operation of these plants. The radwaste

systems and shielding in the plant will be designed to handle the radwaste

from operation with 1 percent failed fuel in both units. The evaluation

of radioactive releases is based on 0.25 percent failed fuel in both units.

Conservative assumptions are made regarding power level, load changes,

and shutdown releases.

Reactor coolant is continuously purified of fission

and corrosion products in a sidestream system (Chemical and Volume

Control-System) which includes demineralizers and filters. Normally,

this stream is returned to the reactor coolant system. From time to

time, however, this stream is diverted to a holdup tank in the Boron

Recovery System. This is done in connection with chemical shim control
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adjustment, load changing, 'mid degassing of the coolant at shutdown.

A portion of the dissolved gas in the coolant, which includes hydrogen

plus krypton and xenon, is reP eased in the holdup tank and is trans-

ferred to the gas decay tanks. The liquid is passed through deminer-

alizers for additional purification, and is fed to a boric acid

evaporator. In the gas stripper portion of the evaporator, the re-

maining dissolved gas is removed from the coolant and is transferred

to the gas decay tanks. The liquid, a boric acid solution, is con-

centrated to about 12 percent boric acid. The concentrate is trans-

ferred to the boric acid tanks for reuse in the reactor coolant system.

The distillate is transferred to the primary makeup water tanks for

reuse. No liquid release occurs as a result of this processing.

Most leakage from radioactive systems is collected

in closed drains and recycled thereby resulting in essentially no

liquid releases. However, a small amount of leakage from some valves

and seals is not recoverable and must eventually be processed by the

radioactive waste disposal system for release to the environment.

Estimated releases from the Watts Bar plant are based in part on the

liquid radwaste produced by a nonrecyclable leakage of 20 gallons of

primary coolant per day per unit, excluding primary-to-secondary leakage.

An extended treatment system has been included in the plant design to

process the steam generator blowdown in the event of significant primary-

to-secondary leakage. The condenser offgas system is equipped with HEPA

and charcoal filters to limit iodine and particulate releases. Releases

from this system are estimated assuming a continuous 20-gallon per day
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primary-to-secondary leak in each unit. The releases of radioactivity

due to leakage of liquid from the secondary system are estimated based

on an assumed leak rate of 20 gallons per day per unit and a carryover

of 0.1 percent in the steam generator. The resulting release due to

secondary system leakage is only 0.05 Ci and is not considered further.

Parameters used in estimating releases of radionuclides in gaseous

and liquid effluents are based on operating experience and experi-

mental data, where available, and effort is made to select realistic

parameters.

Dilution of liquid releases to the reservoir is

based on an average cooling, tower blowdown flow of 28,000 gallons per

minute.

(1) Liquid discharges -

(a) Liquid treatment systems -

Radioactive liquid wastes will be evaporated as required and the

residues packaged for offsite disposal. Processed water whose

tritium concentration is 10 percent or more of the primary coolant

tritium concentration will be returned for reuse as reactor makeup.

Miscellaneous low-level liquid wastes containing less tritium are

collected, analyzed, filtered, and discharged.

Small quantities of radioactive

wastes will be released to the discharge pipe for dilution with the

plant water discharges. Table 2.4-1 summarizes the estimated annual

quantities of liquid discharges from the various sources within the

plant. Estimated releases of radionuclides in liquid effluents are

I)

shown in Table E-1 of Appendix E. Radioactive liquid waste in passing

from the tanks to the discharge pipe goes through a valve which is

locked closed when not in service, a valve controlled by a radiation

monitor, and a valve' that is interlocked with a flowmeter so that

it cannot be opened unless a dilution flow of at least 28,000 gal/min

exists. These controls assure that the liquid waste will be diluted

and that concentration limits will not be exceeded.

The treatment of radioactive

detergent or laundry waste in the sewage treatment facility has

been considered and rejected. The quantity of radionuclides expected
/

to be released from these sources is small. Contamination of the

sewage treatment facility would be small but is not considered

warranted.

Since the Watts Bar Nuclear

Plant is located imsediately downstream from the Watts Bar Hydro

Plant and Dam, when the hydro units are not operating there may

be insufficient water available to provide proper dilution of the

cooling tower blowdown -from the nuclear plant. Steam generator

blowdown is not released during the time the hydro plant is not

in operation. Instead it is collected in a 150,000-gallon storage

tank until hydro plant operation is resumed. All radioactive

liquid effluents from the nuclear plant are interlocked so that

discharges to the river cannot occur while the hydro plant is
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not operating. Design of the routing of radioactive liquid waste

discharges has been changed so that they do not empty into the

holding pond. The liquid radioactive wastes will be diluted with

the cooling tower blowdown and released to the river through a

diffuser in order to provide rapid dilution with the riverflow.

Watts Bar Nuclear Plant

facilities are believed to be fully adequate to process radioactive

liquid waste to a level which can be considered as low as practicable.

The bases for tank sizes for storing reactor coolant and liquid

radwaste are:

Chemical Volume

Control System holdup tank (224,000-gallon capacity) - The size

of these tanks is based on a cold shutdown and startup of both

units simultaneously, with one unit at 80 percent of core life

and the other at 70 percent of core life. It is assumed that

both 30 gal/min evaporators are in service at 75 percent capacity

while the tanks are being filled. No other operational condition

is likely to impose a greater load on the tanks. The reason the

Watts Bar holdup tank capacity is smaller than that of some earlier

plants is that credit had not been taken for the evaporators being

in operation at those plants.

Monitor tanks

(18,000-gallon capacity) - Tests of the prototype Westinghouse boric

acid evaporator showed that boric acid carryover in the distillate

was very low ( '10 ppm boron). For this reason it was decided that

the distillate could be sent directly to the primary makeup water

storage tank rather than sending it to a monitor tank first. The

single monitor tank can be used for distillate from the boric acid

evaporators and/or the waste evaporators.

Laundry and hot

shower tank (1,200-gallon capacity) - The two 600-gallon tanks are

sized to receive the expected maximum daily input of laundry and

hot shower drains. Larger tanks would permit less frequent discharges,

but would not appreciably decrease the amount of radioactivity released.

Waste condensate

tanks (5,000-gallon capacity) - Two 1,500-gallon tanks were provided

initially. A third 2,000-gallon tank has been added. Waste conden-

sate can also be routed to the 15,000-gallon cask decontamination

tank. This should be sufficient to handle the waste condensate liquid

effluent.

Primary makeup water

storage tanks (37
4
,000-gallon capacity) - Watts Bar will have two

1
8
7,000-gallon tanks. - This will be adequate to handle the storage

of the primary makeup water.

(b) Tritium recycle - The only

feasible alternative to the recycle of tritiated water is to permit

its controlled release to unrestricted areas. Tritium recycle was
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selected because it i-s consistent with TVA's policy regarding radio-

active discharges, and it has been determined that retention of tri-

tiated water at an AEC-approved disposal area is feasible. This

permits a minimal liquid radioactive release. Figures 2.4-1 and

2.4-2 show the original liquid radwaste system and the system as

modified, respectively.

To minimize discharge of

tritium, tritiated water from expected sources will be recycled by

segregating drains which contain tritium from those which do not.

Any liquid which shows a tritium concentration which is higher than

10 percent of the concentration of the primary coolant will be recycled

and not released. This effectively recycles more than 90 percent of

the tritium collected as liquid. Plant operating procedures will be

implemented to assure that during all periods tritium levels in the

condenser vacuum pump effluent, steam generator blowdown distillate,

and any other effluents are within acceptable limits.

The intended method for avoiding

tritium release is to recycle tritiated water back into the primary

system until the primary coolant tritium concentration reaches a maximum

desirable level from an operating personnel dose standpoint. The exact

concentration which will be considered the maximum safe level will be

determined largely by doses which could be received by plant personnel

during refueling operations. Tentatively, this concentration has been

set at 2.5 j•Ci/ml for analysis purposes, and based on the assumptions

used for estimating routine releases, this level would be reached about

8 years after startup. Tritiated water will be periodically extracted

from the primary system to maintain the maximum safe level. TVA will

continue its investigations into the questions posed by tritium recycle

and the transfer of tritiated water to an AEC-approved disposal area.

If future developments indicate that it is desirable to permit controlled

releases of tritium, TVA will modify its operations accordingly.

Figure 2.4-3 shows the buildup

of tritium in the primary system and in the refueling water volume for

each unit based on maintaining an upper limit of 2.5 pCi/ml in the

primary system. The upper curve describes the tritium concentration

in the primary system as a function of time. The tritium concentration

of the refueling water is given by the bottom of each vertical line.

For example, during the refueling outage at year 6, the tritium

concentration in the refueling volume (not including the spent fuel

pool) is 0.9 fiCi/ml. The water returned to the refueling water tank

after the refueling is at this same concentration. The concentration

in the primary system following refueling is 1.9 ACi/ml and increases

.to 2.4 hCi/ml during the subsequent fuel cycle.

At any time except during

refueling, the volume of water in the primary system is approximately

280,000 gallons. This includes water in the reactor coolant system,

the primary makeup water storage tank, the CVCS holdup tank, the CVCS

monitor tank, and the tritiated waste holdup tank. The tanks are

assumed to be partly full at normal operating levels. The refueling

water volume is approximately 350,000 gallons. Amounts of water that

must be removed to maintain a maximum tritium concentration of 2.5 uCi/ml

are noted on the curve.
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The maximum amount of tritium

in storage at any time is about 9,100 Ci (both units). Note that

without tritium recycle (maximum tritium concentration of 2.42 aCi/ml)

the total would be 9,000 Ci.

Tritiated-water bled from the

primary system will be shipped offsite as necessary as low specific

activity liquid waste for retention at an AEC-approved disposal site.

A connection has been provided in the rail car room in the auxiliary

building through which water from either primary makeup water storage

tank can be loaded into tank trailers or rail tank cars.

It is impossible to totally

prevent release of tritium from a nuclear power plant by reasonable

means. Vaporization from the refueling canal and spent fuel pit

carries off significant amounts of tritium. In addition, some secondary

liquids and vapors must be released from the plant and at times these

will contain small amounts of tritium which have leaked into the secondary

system from the primary system. A major source of this type of tri-

tiated discharge will be steam generator blowdown during periods of

primary-to-secondary leakage in the steam generator. Other expected

sources of tritium release include purging of the containment and

fuel storage areas, condenser vacuum pump effluent during periods of

steam generator leaks, and any leakage which is at a tritium concentration

too low to be recycled.

Secondary system blowdown,

even though it contains tritium due to a leak, must be discharged.

:-12

It is not practical to rew, Ae the water for primary system makeup

because a prohibitive amount of storage capacity would be needed.

Recycling the processed blowdown liquid as secondary system makeup

is of no benefit since the tritium would be discharged when normal

blowdown was resumed.

The amount of tritium dis-

charged will vary depending on the concentration of tritium in the

primary coolant, the primary-to-secondary leakage rate, the steam

generator blowdown rate, and the period of operation with a primary-

to-secondary leak. Assuming tritium recycle, if each reactor had a

primary-to-secondary leak of 20 gallons per day which persisted for

a year, the total tritium release would be about 140 curies.

(c) Extended treatment of

steam-generator leaks - Radioactive discharges which would occur

as a result of release of steam generator blowdown during periods

of steam generator primary-to-secondary leaks are held to the lowest

practicable level by modification of the original plant design to

allow processing of blowdown when it contains radioactive products.

An auxiliary blowdown system

is provided for the four steam generators of a unit when one or more

of the steam generators has a primary-to-secondary leak. Blowdown is

diverted from the normal blowdown and passed through a heat exchanger

where the temperature is reduced to about 1500F, thus eliminating

vapor effluent. The liquid is then sent to the floor drain collector

'¾
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tank in the waste disposal system. From the tank, the liquid is

processed through the auxiliary evaporator. Condensate is collected,

analyzed, treated as necessary, and released to the plant discharge

pipe.

When the blowdown liquid

monitor senses an activity of 6 x 10-6 pCi/ml, an alarm will occur

and blowdown valves will be closed automatically. At this level,;

with a 100 gal/min blowdown rate, the radioactivity level in the

plant discharge flow (28,000 gal/min) would be 2 x 10.8 gci/ml.

The condenser offgas monitor will be set to alarm at 6 x l0-5 pCi/ml.

The monitoring system will

be backed up by periodic laboratory analysis of blowdown liquid.

Laboratory analysis will permit detection of leaks too small to be

detected by the monitors and will also show the presence of tritium

which the monitors will not detect. In any case, if a large leak

is detected, unit shutdown will be initiated. In most cases, however,

unit operation will be continued while the situation is being evaluated.

If the leak is small enough that radioactivity releases are below the

limits in the proposed Appendix I to 10 CFR Part 50, operation will

continue with the normal blowdown system or with the radwaste system

not including the auxiliary waste evaporator. If Appendix I limits

for liquid discharges would be exceeded, the auxiliary system including

the auxiliary waste evaporator will be used to process blowdown. The

length of time that operation in this mode is continued will depend

on a-variety of factors, including the offsite doses due to releases

of radioactivity in the condenser offgas and processed blowdown

liquid, the degree of contamination of the secondary system, and

the ability of the blowdown processing system to handle the blow-

down flow.

During a primary-to-secondary

leak, the secondary system becomes contaminated with radioactive

material and chemicals from the primary system. This continues

until the unit is shut down and the leak is repaired. After repairs

have been made, blowdown processing will be continued until the

radioactivity content is low enough that no releases resulting in

significant doses will occur. K

If, for example, a 1 gal/min

leak of primary fluid containing 2.5 uCi/al of tritium were to cott'.vv

for 10 days, a total of 137 Ci would be transferred to the secondsry

system. Assdming a 12-gal/min blowdown rate during the 10-day Tech

period, 37 Ci would be processed through the blowdown treatment

system and be released to the reservoir-as liquid waste. At the

end of the 10-day leak period, the secondary coolant system would

still contain radioactive materials in addition to tritium. Therefore,

the normal practice would be to continue processing the blowdown liquid

through the radlaste system for some time after the leak has been

repaired.
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The auxiliary evaporator

provided will handle a continuous contaminated blowdown flow rate of

12 gal/min with margin for downtime for minor repairs. The floor

drain collector tank can accumulate blowdown while the evaporator

is shut down. If the processing system is unable to keep up with

the blowdown flow, the unit will be shut down. The process for

treating steam generator blowdown liquid is the ssme whether a

primary-to-secondary leak exists in one or both units. In either

event, the total blowdown flow rate for treatment is limited to

about 12 gal/min.

In normal operation, the

blowdown rate is set to maintain a maximum dissolved solids content

of 125 ppm in the secondary side of the steam generator. The rate is

determined primarily by the amount of condenser cooling water inleakage.

In the event of a primary-to-secondary leak, the dissolved solids concen-

tration would be allowed to increase to 600 ppm.. The required blowdown

rate under these conditions would depend primarily on the amount of -

boric acid leaking into the secondary system. Sodium phosphate must

be added to neutralize the boric acid. With a limit of 600 ppm total

dissolved solids, there is room for about 50 ppm of boron. A 12-gal/min

blowdown rate would accommodate a leak rate of 0.6 gal/min with 1,000 ppm

boron in the primary coolant, 1.2 gal/min at 500 ppm, and 6 gal/min at

100 ppm. Any combination of condenser inleakage with primary-to-secondary

generator leakage which necessitated a blowdown rate above the

capacity of the auxiliary evaporator would require shutdown of the

(d) Conclusion -. it is

con(, edd that the decisions to recycle tritium and to provide for

extonded treatment of steam generator biowdown have resulted in a

desip,' whiena will hold reieases of radioactive liquids to the lowest

level practicable.

(2) Gaseous dischares -

(a) Gaseous treatneny ss~tem

The g6:seous radwmste system collects and processes gaseous radioactive

wastes originating from degassing of reactor coolant, displacement of

cover gases as i.qui.ds accumulate in various tanks, miscellaneous

equipment vents and relief valves, and sampling operations and automatic

gas analysis for hydrogen and oxygen in cover gas. These waste gases

are collected, compressed and dehumidified, and stored in gas decay

tanks for at least 60 days to allow for radioactive decay (figure 2.4-4).

Compressed gas is recycled as a cover gas for the various taE,,hs to

minimize the volume of gaseous wastes released and to msa-imize the

time for radioactive decay. After decay, the oatLy significant radio-

isotopes released to the enviromsent are Kr-85, Xe-133, and Xe-131m.

The estimated annual releases of these isotopes are shown in Table F-1

of Appendix F. Each gaseous decay tank has provisions for sampling

the tank contents before oeginning a release. During normal operations;

gases are discharged intermittently at a controlled rate from these
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tanks through one of the two monitored shield building vent pipes which

discharge near the top of each reactor building. The gas from the decay

tank is passed through a HEPA filter and two charcoal iodine filters.

The shield building vent gas monitor sample is continuously collected

during venting through an isokinetic probe in the vent pipe. The

sample is monitored by three separate systems which continuously

measure and record gaseous, particulate, and radioiodine discharges.

An' annunciator and alarm system are provided in the control room which

actuate during high activity levels in the vent pipe. A trip valve

in the discharge line is closed automatically by a high activity level

indication in the plant vent.

Waste gases are released from

the gaseous decay tanks through either of two monitored shield building

vent pipes. One release point is through and near the base of the

unit 1 shield building dome and the other is through and near the

base of the unit 2 shield building dome. The dome release points are

considerably higher than the other plant building roofs. The shield

buildings are located on an east-west axis. The other plant buildings

lie between the shield buildings and to the south of the shielding

building axis. The vents are located in the northwest and northeast

sectors, respectively, of the unit 1 and unit 2 shield building domes.

Waste' gas from the gas decay tanks can be discharged through either of

the two vents. Thus, regardless of wind direction, it will usually

be possible 'to select one of the two release points such that waste

gas flow is not toward the other plant buildings. Even in the event

gases are being released from one of the two vents under atmospheric

2.4-18

conditions when air flow is from the north, the released gases must

pass around or over the shield building dome. If these radioactive

gases should enter plant buildings, they would be detected by inplant

radiation monitors, and the release could be terminated if necessary.

The auxiliary building

ventilation systems provide ventilation for all areas of the auxiliary

building including the refueling area, the waste packaging area, and

the cask loading area. Radioactive liquid wastes that originate in the

reactor coolant system contain dissolved radioactive gases. If such

liquids should be exposed to the building atmosphere, as in a spill,

dissolved gas is released and is picked up in the building ventilation

exhaust system. Most of the liquid wastes, however, remain confined

in closed-piping systems and equipment. Sumps, tanks, and evaporators

in the liquid waste system have vent connections that lead directly

to the auxiliary building ventilation 'xhaust ducts. The ventilation

systems normally discharge air through the auxiliary building vent

which is filtered with HEPA filters. The auxiliary building exhaust

vent is fitted with a monitor identical to those installed in the

shield building vent pipes so that gaseousi particulate, and radio-

iodine discharges are continuously monitored and recorded. An

excessive activity level in this vent is alarmed in the control room.

Upon detection of high vent activity, the normal auxiliary building

ventilation system is automatically isolated and the auxiliary building

gas treatment system placed into operation. This system provides for

filtration and charcoal Rdsorption of the effluent from the auxiliary

building. Exhaust air from this ventilation system is discharged
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through one of the two shield building vent pipes. The releases

from the auxiliary building ventilation system are evaluated on the

basis of 10 gallons per day released to the auxiliary building from

the makeup and purification system. Iodine releases are based on

0.01 percent of-the iodine in the leak being released to the environment.

If the secondary coolant

system becomes contaminated due to primary-to-secondary leakage, radio-

active iodine and noble gases would be released to the atmosphere

through the condenser mechanical vacuum pump exhaust. Radiation dose

due to these releases will be an important factor in determining

how long operation can continue with such leakage. Calculated releases

for this situation are based on a continuous primary-to-secondary

leakage rate of 20 gallons per day in each unit. To minimize the

amount of iodines*(and particulates) released via this route, high-

efficiency particulate and charcoal filters have been included in the

plant design. A continuous sample is drawn from the condenser vacuum

pump exhaust and monitored by a scintillation crystal-photomultiplier

detector for gaseous activity indicative of a primary-to-secondary

system leak. Filters in the condenser offgas lines, which are normally

on bypass, will be placed online whenever the installed monitors

indicate the-presence of radioactivity in the offgas.

If reactor coolant leaks into

the containment exist and are not collected in closed systems, then

releases of radioactive material result when the containment atmosphere

is pirged. This release route is evaluated assuming 50 pounds of

primary coolant leakage per day and purging of each primary contain-

meaii; twice a year. Prior to purging, the containment cleanup system

may be actuated to reduce the particulate and iodine inventory by

circulating the containment air through HEPA and charcoal filters.

The purge exhaust also passes through charcoal filters, further

reducing the iodine concentration. Tritium in containment atmosphere

released at each purge is expected to be about 4.3 curies. This assumes

that the containment is saturated at 100%F, and that the water vapor

contains 2.5 yCi of tritium per gram. Tritium in containment ventilation

exhaust air at each refueling is estimated to be about 190 curies. It

is assumed that the release period is 13 days.

If there is-steam leakage or

leakage from the feedwater system concurrently with primary-to-secondary

leakage, some iodine would be released to the turbine building atmo-

sphere and would be exhausted to the atmosphere by the turbine building

uentilatien system. This is not an important route of release of noble

gases, since all noble gases released to the secondary system are

assueed to he released via the condenser offgas without holdup. Calcu-

lated releases for this situation are based on a continuous primary-

to-secondary leakage rate of 20 gallons per day in each unit and steam

leakage of 835 pounds per day.

The continuous monitoring

ysv~uss for the building vents have the following sensitivities:
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Minimum Detectable Discharge Rate (Ci/s)
Shield Auxiliary Seevice

Type of Emission Building Building Building

Noble Gases 1.3 (-5) 1.0 (-4) 5.7 (Z6)

Particulates 1.3 (-8) 1.0 (-7) 5.7 (-9)

Iodines 1.3 (-8) 1.0 (-7) 5.7 (-9)

The monitor on the condenser offgas system will detect noble gases

with a sensitivity of 4.7 x 10-10 Ci/sec. Set points for alarm and

actuation functions will be established for the monitors to alert

operating personnel to increases in radionuclide concentrations in

gaseous effluents. More sensitive laboratory analyses will also be

performed for particulates and iodines.

(b) Alternative gaseous

radwaste systems - The original design of systems used for treatment

of gaseous radioactive discharges and the extended treatment system

adopted were described in the Watts Bar draft environmental statement

dated May 14, 1971. These designs provided for 45-day and 60-day

holdup of gases, respectively, and are shown schematically in

figure 2.4-4. While the effectiveness of the design adopted is suf-

ficient for environmental protection, other alternatives for this

purpose have been considered so as not to foreclose prematurely any

options which might further reduce releases to the environment. These

include cryogenic distillation of gases, absorption of gases, and

recombination of hydrogen with oxygen. All of these systems are

designed to reduce the plant's gaseous radioactive effluents.

F-stimrated releases of radionuclides for all systems coirsidered are

:shown in Table F-1 of Appendix F.

In order to assess the ade-

quacy of the chosen extended treatment system when compared to the other

alternatives, each system will be evaluated in terms of cost, feasi-.

bility, adaptability to the Watts Bar plant, and environmental benefits.

Cryogenic

distillation - in this system, radioactive gases axte removed ty

liquefying them at low temperatures and are stored ossite. The

system (figure 2.4-5) would be installed in the vent line dowlrstream

of the gas decay holdup tanks. Its rain advantage when cospared to

the 60-day gas decay tank systeri: is that it removes more than 99

percent of the radioactivity remaining in the tank at the time

of release.

Cryogenic systems

for producing industrial oxygen were developed 30 to to years ago.

However, the application of a cryogenic system at a nuclear power

plant could have performance problems unrelated to those encountered

in other industries. The problems associated with krypton-85 storage

onsite and its eventual disposal must also be considered.

In the cryogenic

extended radwaste treatment system, krypton and xenon are removed

from the vent gases and stored in tanks. The holdup of krypton-85

would increase the potential for the acioilentrl release of the rioncr,-

trated waste to the environment and would require long-term storage

(greater than 60 days) and ulsirraie disposal of gaseous radioactjve

waste.

I
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While the future

potential of the cryogenic system may offer advantages, it has not been

used for the treatment of radioactive gaseous wastes in large commer-

cial nuclear power plants. As compared to simple gas decay holdup

tanks, the cryogenic system is a rather complicated mechanical system

utilizing pumps, compressors, refrigeration systems, piping, and tanks.

Because of the lack of experience with this type of service, some

question exists asto the reliability of the cryogenic system. Its

reliability would not be as high as that of the gas decay tanks which

is essentially a passive system and has been used in radioactive gas

treatment for nuclear plants similar in design to Watts Bar. The

cryogenic distillation system is estimated to cost $600,000.

Absorption by solvent

(ORDGP system) - This system (figure 2.4-6) shows promise for removing,

krypton and xenon from a gas stream by selective absorption in a

fluorocarbon solvent. The performance and reliability of this type

system has not been proven in nuclear plant service. The only

experience to date has been with bench and pilot plant size systems.

While this system shows promise for future application to nuclear

plants, it was decided that further development would have to be done

before it could become an acceptable alternative for large-scale

applications such as Watts Bar. The estimated cost of the ORGDP

system is $400,000.

Hydrogen recombiner -

The recombiner (figure 2.4-7) would be integrated into the present
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cost, reduction in envirorsmental impact, and feasibility. Therefore,

the benefits to be gained by further reducing the radioactive easeous
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releases are not cosssensurate with the cost associated with the

reduction. To implement this conclusion, TVA is proceeding with the

design and procurement for the 60-day gas decay tank alternative. -

(3) Solid radwaste disposal - The

solid radwaste system collects, processes, stores, packages, and

prepares for shipment solid radioactive waste materials produced

through operation of the two reactor units.

The waste disposal system is designed

to package all solid wastes in standard 30- or 55-gallon drums for

removal to disposal facilities. Concentrates from the waste evapora-

tor and spent ion exchange resins are packaged in drums previously

filled with a mixture of cement and vermiculite.

Dry solid wastes, such as contaminated

rags, paper,' clothing, spent filter elements, laboratory apparatus,

small parts and equipment, and tools, are collected in suitable

containers placed throughout the plant. Compressible wastes are

packed into 55-gallon drums with a baling machine. Large-sized

contaminated items are encapsulated in steel containers or encased

in concrete.

The wet solids and dry solids are

packaged and shipped from the plant in accordance with applicable

AEC requirements, U.S. Department of Transportation 49 CFR Part 189

requirements, and the regulations of those states through which the

wastes pass en route to the disposal area. Transportation of the solid

radwaste is discussed in section 2.1.

2. Estimated increase in annual environmental

radioactivity levels and potential annual radiation doses from

principal radionuclides - Environmental radioactivity levels due to

releases to unrestricted areas from the Watts Bar Nuclear Plant will

be so low as to be indistinguishable from natural background radiation.

However, TVA has calculated the expected increase in radioactivity

levels and potential radiation doses to the poculation as a result

of these low-level releases.

(1) Radionuclides in liquid effluents -

The following doses to biota including man are calciiated for exposures

to radionuclides routinely released in liquid effluents:

1. Doses to man

a. from the ingestion of water

b. from the consumption of fish

c. from water sports

2. Doses to terrestrial, vertebrates from the ýrfnstnrtion of

aquatic plants

3. Doses to aquatic plants, aquatic invertebrates, and fish

The organisms and pathways that are

considered in this report are those that are judged to be the most

significant because of species, habitat, diet, or patterns of living.

Conservative assumptions are applied in these analyses which should

result in overestimation of the doses.

Internal doses are calculated using

methods outlined by the International Commission on Radiological
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Protection which describe internal retention of radionuclides with a

single exponential model. This model is used for estimating the doses

to man from ingestion of water and consumption of fish and for esti-

mating the doses to terrestrial vertebrates from the consumption of

green algae. For calculating the internal doses to aquatic organisms

it is assumed that an equilibrium exists between the activity concen-

trations in the water and those inside the organisms.

Internal doses to man are calculated

for the bone, G.I. tract, thyroid, and total body.

External doses are estimated using either

an infinite or a semi-infinite, homogeneous-medium approximation depending

on whether the organism is considered to be immersed in or floating

on the water.

A more detailed discussion of the analytical

methods used in calculating these doses and a detailed listing of the

results are given in Appendix E.

(2) Radionuclides in gaseous effluents -

The following doses to humans living in the vicinity of the Watts Bar

Nuclear Plant are calculated for routine releases of radioactive gases:

1. External beta doses

,2. External gamma doses

3. Thyroid doses due to inhalation of radioactive iodine

4. Thyroid doses due to concentration of radioactive iodine in

milk produced near the site.
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not practicable to treat iodine releases from the turbine building

ventilation system because of the large flow rates and small concen-

trations involved. The estimated releases of iodine are based on

numerous assumptions related to operating conditions as well as

physical and chemical characteristics of iodines. Action will

be taken to ensure that actual iodine releases are kept as low

as practicable.

A more detailed description of the

analytical methods used in calculating these doses and a detailed

listing of results are given in Appendix F. As is discussed in

Appendix F, it is believed that the meteorological data used in the

calculations in this report will lead to the prediction of air concen-

trations and radiation doses which are higher than would be experienced

during reactor operation.

(3) Summary of radiological impact -

Table 2.4-2 summarizes the radiation doses calculated for releases-of

radionuclides in gaseous and liquid effluents during normal operation

of the Watts Bar Nuclear Plant. The external radiation dose from outside

liquid storage tanks is also shown and is discussed in Appendix G. The

increases in radioactivity and potential radiation doses shown.include

only those resulting from operation of the Watts Bar Nuclear Plant.

The cumulative increases in radioactivity and potential radiation doses

from operation of Watts Bar Nuclear Plant and Sequoyah Nuclear Plant

are discussed in Appendix H.

A comparison of doses resulting from the

operation of Watts Bar Nuclear Plant to those occurring from natural

radioactivity assists in placing the doses from Watts Bar in perspective.

Near the plant site the average annual dose from naturally occurring

external sources of radiation is 125 mrem (Table 2.4-3). An indivi-

dual receives an additional dose of approximately 20 mrem per year

from naturally occurring internal sources. Therefore, the average

total dose from natural radioactivity in the vicinity of the Watts

Bar plant is approximately 145 mrem per year. Individual doses vary

widely around this average value because of local differences in the

concentrations of terrestrial radioactivity and because of variances

in dose rates within different types of buildings. Large variations

are also observed between different areas within the United States

because of the dependence of cosmic ray dose rates on altitude and

geomagnetic latitude. Due to these variations, the annual total-body

doses to individuals in the United States from natural radioactivity

range from approximately 110 mrem to 
240 mrem. .

A hypothetical individual at the site

boundary would receive a maximum annual dose of 10 mrem from the normal

operation of the Watts Bar Nuclear Plant. For this individual to

receive the maximum dose he would have to stand in the open at the

highest dose point on the site boundary for 24 hours a day, 365 days

per year. The maximum dose to the hypothetical individual is 7 percent

of the dose fro natural background radiation. The maximum dose to

an actual individual should be significantly less than the dose to

the hypothetical individual.
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The population dose within 50 miles of

Watts Bar from naturally occurring radioactivity is estimated to be

approximately 145,000 man-rems in the year 2000 (Table 2.4-3). The

population dose in the year 2000 due to normal operation of the Watts

Bar Nuclear Plant is calculated to be 31 man-rems (Table 2.4-2), which

is only 0.02 percent of the dose to the population within 50 miles

from natural background radiation. Because population groups beyond

50 miles were considered in dose estimates for radionuclides in liquid

effluents the population dose due to operation of the Watts Bar Nuclear

Plant is actually less than 0.02 percent of the dose to the same

population due to natural background radiation. •

TVA has evaluated the potential radiation

dose from a broad spectrum of possible pathways of exposure. It

should be emphasized that it is possible to theoretically calculate an

environmental radioactivity level or potential radiation dose that is

minutely small. The dose calculated in this evaluation is only a small

fraction of the dose from the natural background radiation and is, in

fact, much less than the variations in natural background radiation

doses. it is concluded that the Watts Bar Nuclear Plant will operate

with no signficant risk to the health and safety of the public.

3. Environmental radiological monitoring program -

(1) General - The preoperational

environmental radiological monitoring program has the objective of

establ.ishing a baseline of data on the distribution of natural and

manmade radioactivity in the environment near the plant site. With

this background information, it will then be possible to determine,

when the plant becomes operational, what impact the power plant is

having on the environment.

>Field staffs in TVA's Division of

Environmental Research and Development and the Division of Forestry,

Fisheries, and Wildlife Development will carry out the sampling pro-

gram outlined in Tables 2.4-4, 2.4-5, and 2.4-6. Sampling locations

are shown in figures 2.4-8 and 2.4-9. All of the radiochemical and

instrumental analyses will be conducted in a central laboratory at

Muscle Shoals, Alabama. Alpha and beta analyses will be performed on

a Beckman Low Beta II low background proportional counter. A Nuclear

Data Model 2200 multichannel system with 512 channels will be used to

analyze the samples for specific gamma emitting isotopes. Data will

be coded and punched on IBM cards or automatically punched into paper

tape for computer processing specific to the analysis conducted.

A digital computer will be used to solve multimatrix problems associated

with identification of gasmsa-emitting isotopes.

A study of environmental radiation levels

will be initiated approximately two years before startup and will

continue through low-power testing and operation of the plant.

The environmental monitoring program out-

lined herein is subject to change based upon continued evaluation of

the program now being conducted at the Browns Ferry and Sequoyah

Nuclear Plant sites. The program will be coordinated closely with
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other agencies' programs, such as the nationwide fallout sampling and

water quality networks and the radiological health program of the

State of Tennessee.

The program will include measurements

of direct gamma radiation and sampling of airborne radioactivity,

fallout particulate matter, rainfall, surface water, well and public

water supplies, soil, vegetation, milk, fish, clams, bottom sediment,

plankton, and river water. The extent to which various aspects of

the program will be carried out takes into account data available

from other sources; however, the program as outlined is self-sufficient.

It will be continually evaluated to determine that the post sensitive

vectors are being sampled to properly evaluate exposure of the popu-

lation. Continual evaluation also allows planning an effective system

with respect to sampling frequencies, locations, and laboratory analyses.

(2) Atmospheric monitoring - Ten atmospheric

monitoring stations have been planned for Watts BarýNuclear Plant. Two

of these monitors are located on the plant site in the two quadrants

of greatest wind frequency. One additional station will be placed at

the point of maximum predicted offsite concentration of radionuclides

if this point varies significantly from present proposed locations.

Six other stations are located at perimeter areas out to 10 miles.

These stations are instrumented and telemeter data into the control

room. Generally these stations are located in or near the more densely

populated areas within 10 miles of the plant in those quadrants having

the greatest wind frequency on an annual basis (see figure 2.4-8).

Two other monitors are located at distances out to 17 miles. These

remote monitors are used as control or baseline stations. Samples

of air, rainwater, and heavy particle fallout will be collcted

routinely as indicated in Table 2.4-4.

Atmospheric tritium will be sampled at

the Watts Bar Nuclear Plant. TVA has recently tested sampling methods

and plans have been made to incorporate the sampling apparatus into

both the local and one of the remote monitoring stations.

(3) Terrestrial monitoring - Samples of

milk, vegetation, soil, private well water, and public water supplies

will be collected within a 16-mile radius of the plant. Environmental

gamma radiation levels will be measured utilizing thermoluminescent

dosimeters on a 500-foot grid within the plant boundaries and at each

air monitoring station.

Milk will be sampled from dairy farms near

the plant on a monthly basis. Locally processed milk will also be

sampled on a monthly basis. If an increase in the 1-131 content is

detected in other critical vectors such as vegetation, the frequency

of milk sampling will be increased.

Consideration has been given to sampling

animals such as cattle raised in the vicinity of the nuclear plant.

Present plans are to sample vegetation on a monthly and quarterly

basis. This vector would be the first indicator in the food chain to

man through animal. If an increase above the natural background established

during the preoperational monitoring program is detected the program

will be expanded to include other vectors in the food chain such as
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beef cattle. i.'ooN crops crorwn 0, autai:;tec fari:r -, es-

will be sampled during the growing season s :.-w ein one a athe

Sequoyah and Browns Ferry Nuclear Plants.

(4I Reservoir monitoring - Sampliln

will be carried out quarterly along eight river cross sections in

Watts Bar and Chickanauga Reservoirs. These will be located as indi-

cated in figure 2.4--9 at Tennessee :liver miles (TR'T) 532.1, 527.4,

518.0, 506.6, and o96.5; at Biwassee River miles (HRM) 2h.3 and

2.3; and at station X (approximate location TEN 528.0) which will

be located 500 feet below the point of discharge of' radioactive wastes,

the location of which has not been determined. in addition, a single-

point station is located in the tailrace at Watts Bar fam (TiM 529).9)

upstream of the nuclear power plant site. Samples collected for

radiological analyses include fish from five cross sections and olankton

from six. Bottom fauina will be sampled at six cross sections and

bottom sediment from eight. Further sampling information car! be

noted in Tables 2.4-5 and 2.4-6 and figure 2.4-9. Locations of these

cross sections conform to sediment ranges established and surveyedr by TVA.

Cross section 496.5 is 31.5 mile, down-

stream from thie Watts Bar Nuclear Plant site and 12.7 miles upstream

from the Sequoyah Nuclear Plant diffuser and was originally selected

as a control station for the Sequoyah monitoring program. the stations

established for the Sequoyah plant monitoring program extend down-

stream to TRmd 425.5 (in Nickajack Reservoir) and will supplement the

Watts Bar monitoring program. The beginning date for the Watts Bar

monitoring program i. I - .an that for the Sequoyah program.

However, the Watts Bar monitoring program will be initiated before

the Sequoyah plant begins operating, and thereafter both programs

will be conducted concurrently.

Samples of water, net plankton, sedi-

ment, Asiatic clams, and three species of fish will be collected

quarterly .(plankton only during the two quarters of maximum abundance)

and analyzed for radioactivity. Gamma, gross alpha, and gross beta

activity will be determined in water (dissolved and suspended fractions),

net plankton, sediment, shells and flesh of clams, flesh of two commer-

cial and one game fish species, and the whole body of one commercial

fish species. Except in the flesh of clams; white crappie, and chan-

nel catfish, So89 and Sr90 content will be determined in all samples

by appropriate radiochemical techniques. The activity of ten gamma

emitting radionuclides will be determined with a multichannel gamma

spectrometer.

At present TVA feels that its planned

sampling includes those vectors which will give the first indication of

.increased radioactivity levels in the environment. If radioactivity increases

are seen in those vectors being sampled, consideration will then be given to

expanding the sampling program to include other biological specimens. Con-

sideration has been given to sampling waterfowl; however, about 95 percent

of ducks hunted in southeast Tennessee are migratory, moving great distances

in the winter and spring. It would be impossible to make an accurate
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assessment of any radionuclides found in migratory waterfowl to a

particular source such as Watts Bar Nuclear Plant. Therefore, it

seems more logical to sample other vectors in the environment which

the waterfowl might inhabit for short periods of time.

(a) Water - A total of 27

water samples will be collected for determination of suspended and

dissolved radioactivity from the eight cross sections and the tailrace

of Watts Bar Dam.

Effluent concentrations are

determined prior to release of liquid radioactive waste from the plant.

The liquid radwaste holdup tanks are sampled prior to release and the

concentration of the contents determined. Knowing the dilution water

discharge flow rate and the concentration of the liquid in the radwaste

tank, a release rate from the tank will be established which will not

exceed applicable standards in the discharge pipe prior to release to

the unrestricted area. A set point will be established on a radiation

monitor downstream of the tank discharge line which will cause automatic

isolation if the concentration in the line exceeds the previously

established value. In addition, a sequential type sampler will

continuously sample the effluent and be analyzed periodically to

ensure that all other systems are functioning properly. When con-

sidering these plant safeguards, the reservoir monitoring frequency

is believed to be adequate.

Buildup of radioactivity in

Chickamauga Reservoir is not expected; however, if it does occur it

will occur slowly over a long period of time. The frequencies established

in the present program will be satisfactory to detect this gradual effect.

Possible leakages will be detected by the plant effluent monitoring

system.

(b) Fish - Radiological

monitoring of fish will be accomplished by the analysis of composite

samples from collections at five sampling stations--TRM 532.1, 527.4,

506.6, 496.5, and MIM 2.4. One composite will consist of one pound

of flesh from six white crappie, 8 inches or longer; one from the

flesh of six smallmouth buffalo, 14 inches or longer; one from six

whole smallmouth buffalo, 14 inches or longer; and one from the flesh

of six channel catfish, 12 inches or longer. All samples will be

collected quarterly and analyzed for gamsa, gross alpha, and gross

beta activity, Concentrations of Sr
8

9 and Sr90 will be determined

on the whole fish and flesh of a smallaouth buffalo only, which will

be as nearly equal in size as available. The composite samples will

contain approximately the same quantity of flesh from each of the fish.

For each composite a subsample of material will be drawn for counting.

(c) Plankton - For radiological

analyses, 13 net plankton samples will be collected at six stations

by horizontal tows with a one-half meter, 100-150 micron mesh net.

For analytical accuracy, at least 50 grams (wet weight) of material

is desirable and collection of such amounts will probably be practical

F-0



2.4-39 2.4-4o

only during the period April-September because of seasonal variability

in plankton abundance. Samples will be analyzed for gassa, gross

alpha, and gross bea activity, and Sr89 and Sr90 content.

(d) Sediment - Sediment samples

will be collected from dredge hauls made for bottom fauna. Gamma, gross

alpha, and gross beta activity, and Sr
8

9 and Sr90 content will be

determined in 13 samples collected from points in eight cross sections.

Each sample will be a composite obtained by combining equal volumes of

sediment from at least three dredge hauls at a point in the cross section.

(e) Bottom fauna - Eleven

samples of Asiatic clams will be collected with a Peterson or Ekoan

dredge from six stations and analyzed for gamma, gross alpha, and

gross beta activity. The Sr89 and Sr9. content will be determined

on the shells only. A 50-gram (wet weight) flesh sample should

provide sufficient activity for counting.

(5) Domestic water supplies monitoring -

Domestic water supplies, such as small surface streams and wells, will

be sampled and analyzed. Well water will be obtained from at least

four farms located within 5 miles of the plant, and from one at some

greater distance to serve as a control for laboratory analysis. Public

water supplies at Spring City, at the Watts Bar Reservation, at Dayton,

and at the Savannah Valley Utility District will be analyzed monthly.

Englewood public water supply, taken from Middle Creek, a tributary

of the Hiwassee River, will be analyzed quarterly. Specific isotopic

analyses will be performed and averaged for each station for a 6-month

period.

(6) Quality control - A quality control

program will be established with the Tennessee Department of Public

Health Radiological Laboratory and the Eastern Environmental Laboratory,

Environmental Protection Agency, Montgomery, Alabama, to assure the

accuracy of analytical methods. Samples of air, water, milk, vegetation,

and soil collected around the plant are forwarded to these laboratories

for analysis. Results are exchanged for comparison.
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Table 2.4-2

SUMMARY OF RADIOLOGICAL IMPACT ON ANNUAL BASISa b

61jN ESTIMATES OF ANNUAL LIQUID WASTE

QUANTITIES FROM TWO UNITS

Source Recycle

Equipment drains E.•d ,eakoffs 140,000

Laundry & shower

Hot lab equipment rinses

Equipment drains, leaks
(nonrecycleable reactor

grade and nonreactor grade)

Decontamination

Fuel cask decontamination

Reactor coolant discharged

for Tritium control

TOTALS lhO,000

Volume (Gal/Yr)
Processed & Discharged

or Shipped offsite

2h0,000

32,000

39,000

16,000

350,000

45,o000()

722,000

A. Li'quid Effluents

Activity released

Average concentration
before dilution in the

Tennessee River

Maximum human organ doses

1. bone
2. G.I. tract

3. thyroid
4. skin

5. total body

Human population doses

within the Tennessee
Valley Region

1. bone
2. G.I. tract
3. thyroid
4. skin
5. total body

Maximum dose to
terrestrial vertebrates

Maximum doses to aquatic

- organisms

1. plants
2. invertebrates
3. fish

Nornal O1eration

0.92 Ci

1.7 (-8)Cci/cm3

2.9 (-2) mrem

1.8 (-2) mrem
5.5 (-2) mrem

1.7 (-2) mrem
1.7 (-2) mrem

Proposed
10 CFR 50

Apnendix I Guides

10 Ci

2.0 (-8) pCi!c1
3

5 mrem
5 mrem
5 mrem
5 mrem
5 mrem

7.3 man-rem
4.4 man-rem

12 man-rem
4.1 man-rem
4.1 man-rem

1.1 mrad

.093 mrad
130 mrad

0.25 mrad

a. Table excludes tritium. Doses due to releases of tritium ii. liquid

effluents are 1.7 C 10 mrom and 0.32 mar-rem. Doses due to releases

of tritium in gaseous effluents are 0.27 isrem and 0.81 man-rem.

b. Releases for two units operating at full power with 0.25 percent

failed fuel.

c. T 7 x i0-(1) This is the estimated maximum quantity that must be removed annually

to maintain a maximum tritium concentration of 2.5 u Cl/ml.
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Table 2.4-2 (continued)
Table 2.4-3

DOSES FROM NATURALLY-OCCURRING BACKGROUND RADIATION

B. Gaseous Effluents

1-131 concentration at
site boundary

Maximum individual doses

1. inhalation at site
boundary (thyroid)

2. consumption of milk
from nearest dairy
farm (thyroid)

3. external exposure at
site boundary (0&y)

Populati6n doses within a
50-mile radius

1. inhalation (thyroid)

2. consumption of milk
(thyroid)

3. external exposure (P&Y)

C. Direct Gamma Radiation from
Liquid Storage Tanks

D. Maximum Annual Dose tod

Any Individual

E. Maximum Population Dosed

Normal Operation

3.8 (-15) PCi
cc

1.3 (-1) mrem

3.3 mrem

6.6 mrem

1.3 (--1) man-rem

5.4 man-rem

1.3 (+i) man-rem

5.0 (-2) mrem

1.0 (+1) srem

3.1 (+1) man-rem

Proposed
10 CFR 50

Appendix I Guides

. -c i
1.0 (-15) cc

Individual Doses (mrem)

Externala

Internalb

125

20

Total 145 mrem

5 mrem

5 mrem

10 mrom

Population Dose (man-rem)

0.145 rem x 1,000,000c people = 145,000 man-rem

a. Measured by TVA personnel
b. Principles of Radiation Protection. K, Z. Morgan and J. E. Turner, eds.

New York- John Wiley and Sons, Inc., 1967, p. 10.

c. Estimated population within a 50-mile radius of the Watts Bar Nuclear
Plant in the year 2000.

d. Thyroid. Assumes external exposure also contributes to thyroid dose.
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Table 2.4-5

Station
River

and Mile

Tennessee
532.1

Tennessee
529.9
(Tail-race)

e
Station X

Tennessee
527.4

Tennessee
518.0

Tennessee
506.6

Hiwassee
24.3

S.A'PLING SCHEDULE FO WATTS BAR AND CHICKAMAUGA RESERVOIRS

Depths for Zooplankton,

Horizontal Depths for Chlorophyll, and Phyto-
Location a Water Samplesb Plankton Cell Countsb Bentr-osc Sedimentc Fishd

IA
RR

S,MB
S,B

S,M
SM

3
3

3
3 T

M

RM
RR

S,M,B

S,B
S,B

S,B
S,B

S
S,B

3

3

3

3

3

3

3

3

3

3

G

S,M

S,M
L
R G

C
RR 1

Tennessee L 3 3 G,T

4o6.5 M LB S, B 3 3

a. Horizontal location looking downstream; L, C, and R (left, middle, and right) are approximate quarter points
across the entire reservoir width; LL, LM, RM, and RR represent approximately 1/8, 3/8, 5/8, and 7/8 of the

distance across the reservoir.
b. Sample depth designations: S = surface (one meter depth); M = mid-depth; B = near the bottom.

C. Minimum number of dredge hauls.
d. q = gill net; T = trap net.
e. Statirn X will be located 500 feet below the point of discharge of radioactive wastes.
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Table 2.4-6

RESERVOIR MONITORING RADIOLOGICAL ANALYSES

Type Sample Analyses*

Fish Gamma scan, gross alpha, gross beta, Sr89 and Sr90•-

Sediment Gamma scan, gross alpha, gross beta, Sr
8
9 and Sr

9 0

Water Gamma scan, gross alpha, gross beta, Sr
8

9, Sr
9 0

,
and tritium

Plankton Gamma scan, gross alpha, gross beta, Sr
8

9 and Sr90**

Benthos Gamma scan, gross alpha, gross beta, Sr
8

9 and Sr
9 0

will be determined on shells only

All samples will be collected and analyzed on a quarterly frequency.

*The activity of 13 gamma emitting radionuclides will be determined with
a multichannel gamma spectrometer. Sr

8
9 and Sr

9 0 
will be determined by

appropriate radiochemical techniques.

**Sr89 and Sr
9 0 

concentrations will be determined on the whole fish and
flesh of smallmouth buffalo only, which will be composed of individuals
as nearly equal in size as possible. The composite samples will contain
an equal quantity (approximately) of flesh from each of the six fish of
the species. From each composite a subsample of at least 50 to 100 grams
(net weight) will be drawn for counting.

***Sr
8

9 and Sr90 will be determined if there is adequate sample. At least

50 grams must be obtained for analytical accuracy. Samples will be
collected twice annually during periods of greatest abundance.
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2.5 Nonradioactive Dischargýes - It is TVA's policy to keen the

discharge of all wastes from its facilities at the lowest practicable

level by using the best and highest degree of waste treatment available

under existine technology, within reasonable economic limits.

A description of the potential sources and amounts of non-

radioactive discharges which have been identified is given in this

section, along with a description of the soecific treatment of these

potential sources.

1. Chemical discharges - TVA has altered the

originally proposed design for handling plant effluents including the

chemical discharges at the Watts Bar Nuclear Plant. These alterations

in handling the plant chemical discharges are included in the present

plant design for handling the plant effluents as shown schematically

in figure 2.5-1. This section describes the modified design and dis-

cusses the control and treatment of chemical wastes and the probable

environmental impact of chemical releases.

The sources of these chemicals and the maximum

expected quantity of chemical end products that could be discharged

are summarized in Table 2.5-1. The average and the maximum exnected

totl. chemical concentrations in the discharge pipe and in the reser-

voir after intial jet mixing are shown in Table 2.5-2. The tables

were generated using conservative assumptions for chemical usage and

solids concentrations in the cooling towers. These computations show

that even under adverse conditions and using conservative assumptions,

impacts to the environment due to chemical discharges from the Watts

Bar Nuclear Plant will be very small.

(1) Cooling tower blowdown and drift -

Operation of the two natural draft cooling towers for the condenser

circulating water system will evaporate approximately 62 ft
3

/s of the

flow to the towers during periods of high evaporation. Drift will

also be carried from the towers but is not expected to exceed about

0.1 ft 3/s per tower. To control the dissolved solids concentrations

in the condenser cooling water, a certain amount of blowdown from the

towers and makeup to the towers must be provided.

Normal blowdown rate will be approxi-

mately 62 ft
3

/s during periods of high evaporation. This will maintain

a condenser cooling system solids concentration about twice the reser-

voir solids concentration. Blowdown will be returned to the river

through a diffuser system designed to provide the best diffusion pos-

sible with the streamflow available and minimize environmental impacts

due to disturbances of aquatic life during construction and operation

of the plant.

Chemical additives other than intermit-

tent chlorination for biological control should not be required for

cooling water concentration factors normally held to about 2. The

water in Chickamauga Reservoir at the Watts Bar site normally shows

a scaling rather than a corrosive nature and use of corrosion inhibitors

is not necessary. No significant discharge of corrosion products is

anticipated.

As described in Section 2.6, Heat Dissi-

pation, cooling tower blowdown will be discontinued when the releases

from the Watts Bar Dam are less than 3,500 ft /s. During normal
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operation of Watts Bar Dam these periods seldom exceed 12 hours in dura-

tion on any given day. During a 12-hour neriod, dissolved solids con-

centrations in the cooling water circuit will normally .rise to between

three and four times their reservoir concentrations and, depending on

fluctuations of dissolved solids concentrations in the river, will

occasionally exceed four concentrations.

The major potential impact of discharging

cooling tower blowdown could result from increasing trace metal concen-

trations above those existing in the reservoir. As shown-in Section

2.6, Heat Dissipation, impacts associated with dissinating the relatively

small quantity of heat in the cooling tower blowdown are insignificant

even under the most adverse conditions anticipated, and Section 2.h,

Radioactive Discharges, shows that doses due to radioactive discharges

are less than those allowed by the proposed Appendix I to 10 CFR Part 50.

To assess the effect of concentrating

within the cooling system the trace metals contained in the cooling

system makeup water as withdrawn from the river, concentrations existing

at the Fort Loudoun discharge were assumed to exist at Watts Bar and

no credit was taken for dilution by the Little Tennessee and Clinch

Rivers. In addition, calculations of metal concentrations in the

cooling tower blowdown were made assuming that maximum observed trace

metal concentrations in the reservoir occurred during a period when

blowdown had been discontinued for about 12 hours.

Discontinuing blowdown for about 12 hours

would result in increasing the concentration factor of the cooling

system from 2 to 4. The resulting maximum trace metal concentrations

that were calculated to occur in the cooling system, in the diffusers

as discharged, and in Chic -,a Reservoir after a dilution of 9:1 with

reservoir flow when blowdown was resumed are included in Table 2.5-3.

Also shown in the table are the applicable effluent and stream guide-

lines recognized by the Tennessee Water Quality Control Board.

Under these conditions, the effluent

guidelines would be met for all identified parameters except selenium,

cadmium, mercury, and possibly silver. At the edge of the jet mixing

zone the stream guidelines.would be met for all parameters except iron,

zinc, manganese, cadmium, and possibly silver and arsenic. The maximum

observed concentrations for iron, zinc, cadmium, manganese, and possibly

silver and arsenic in the makeup water as it would have been withdrawn

from the reservoir exceeded the stream guidelines. Since the minimum

detectable concentration of the laboratory analytical procedures used

for the silver and arsenic analyses exceeded the stream guidelines for

these metals, effluent and stream concentrations cannot be reliably

compared with the guidelines.

Although the stream guidelines might

be exceeded for some parameters after initial jet mixing, these

concentrations would not be expected to have a significant environmental

impact. Additional mixing, which will occur in the reservoir as the.

water moves downstream, would further reduce the trace metal concen-

trations to levels approaching those occurring in the river at the time.

If the condenser cooling water system

were operated normally at concentration factors of 5 and 6, concen-

tration factors of 7 and 8 would result during periods when blowdown

was discontinued. The discharge of cooling tower blowdown under these

F-U18
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conditions could result in high trace metal concentrations which may

adversely affect the aquatic life.

Because of the relatively large varia-

tions in concentrations of solids in the condenser cooling water which

will be experienced during periods of reservoir flow fluctuations, it

is not deemed advisable to operate during normal blowdovn periods with

cooling water concentration factors much above 2. (See Section 2.6,

Heat Dissipation.) These considerations will be closely observed

during the early operation of the plant, and the best balance of cooling

system concentration factors and heat dissipation will be adopted to

minimize environmental impacts and operating costs.

During periods when blowdown is discon-

tinued, the raw cooling vaterflow in excess of that required to make

up for evaporation will be diverted to the holding pool. This water

will be stored in the pool until flow is restored from Watts Bar Hydro

Plant and cooling tower blowdown is resumed, at which time a valved

outlet from the holding pool will be used to discharge excess water

stored in the holding pool through the blowdown discharge system until

the holding pool is returned to its normal storage capacity. Concurrent

with discharges from the holding pool, cooling tower blowdown may be

increased to lower solids concentrations in the condenser cooling water

back to the normal level of about twice the reservoir concentration.

The discharge flow rates from the holding

pool and the cooling tower blowdown may be individually adjusted to take

advantage of the holding pool discharge with its low solids concentra-

tions and relatively low temperature for dilution of the blowdown stream.

Chlorination of-the condenser circulating

Plan-, "he the chlorinated condense- circulatting -ater discharges to

a natural draft tower, indic-ated abcut 0.1 rg/I residual chlorine at

the eower and zero to a trace of chlorine in the tower

basin during -he in.taczios reriod, when the chlori;ie residual was 0.7

5st/il s. ,e o . ::s: is.: st ssu a.h4 ny/i i Lii i;-: suo=•i~sai cutlet.

It is anticipated that the Watts Bar

ccclir,- ,4 -,e `n i.lIur chioririn: tis.s-nr onen that nly i,-e.

amoaunts :.S _ o-i-c:>e ;uld be discharged in the coolinog,o;es

blowin'.n.

Cooling to-t,- drift is not expected Lo

exne-.i 1.2 ft
5

-_, , iTh~ s:.sut of drift. wuld result in an average

dischss-.- : s-til of les• than 300 fl/Id. The drift is expected to

.:. out a n ' .e iýate vicinity of the tower. No sLgnificant environ-

mental itract3 wil occu-r .incs no area outside the irmediate vicinity

of the towers v -I receive significant concentrations of solids.

coolin -wte' systes. Arolein an unsatur,,.'- aile>hide will. be fed

to both the ra' coolinr ,--ater in! es al raw coo!is %,.,.ý,,r ,cysti-tms

for the control of Asiatic It is not cue -n i t istee÷ will

be required sore than 12' . e2 y,.r. •.h-n C d will in fed

intc th9 systems 1/2 hour e-ac. day tol c."intain a soc-•rlos vi this-
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towers in additioa to t½ . fie. itu e of acrolein will not have
the cooling systems of approximately 0.2 to 0.3 mg/l during feed periods.

The two cooling system flows will be added as makeup water to the main

condenser cooling system upstream of the condensers. Acrolein will

not be used when the cooling tower blowdown is being withheld. Assum-

ing the acrolein demand of the main condenser cool4ng water to be 0.1

mg/l in 1 hour,1 the acrolein demand of the water within this system

is sufficient to deplete all the residual acrolein contained in raw
2

cooling and essential raw cooling systems. Laboratory tests of water

collected at the Watts Bar Steam Plant by an acrolein supplier indicate

a demand of 0.15 mg/l in 15 minutes. Since acrolein is volatile, much

of it would also be readily scrubbed from the cooling system water

during its first pass over the cooling tower fill.

Taking no credit for acrolein demand or

tower scrubbing and considering only dilution, the maximum concentration

that would be expected in the main condenser system during periods when

acrolein is simultaneously fed to both the raw and essential systems

would be about 0.038 mg/l. Discharge through the diffusers of cooling

tower blowdown having this concentration would result in an acrolein

concentration in the river at the edge of the jet mixing zone of

0.0038 mg/l. The 96-hour TLM for fathead minnows is reported to be
1f

0.06 mg/l. The concentration in the river resulting from dilution

alone (within the main condenser cooling system and by the diffusers)

is about 6 percent of the 96-hour TLM.

Because of the acrolein demand of the

main condenser cooling water and the acrolein scrubbing in the cooling

oA el I iar cr. r?; 711 ir ]in> - ratlio

and chlori:ine. Residual chlorine in the treated water will be removed

by the raP.up -ae treat.-ent deineralizers and will be released as

conbineri c- 'ri in the demlee~alizer regenerant solutions. Filter

backwash " an' clurifier sludge will contain aluminum hydroxide floc

and r-s-_Zýe 11:'-, _i, .- LIeDe ! 1 will be diverted to a lagoon area -

which will 7-Z,- two ',,ins-- for use at alternate times. Each basin

l -2ee, -1.2 feet wide, and 137 feet long and

will be locý-e' as ----- n -i-eurSe 1.1-2. The suoernatant water from

th be Ietnont1 ane returned to the cooling tower blowdown

stream for rls -
t
e torouvh the jet diffusers. As necessary, the

sludge W -Sarercvd art fisoosed of' by burial on the plant site or

on other Pa .CA12&d This nethod of sludge disposal results in minimal

environrenta 0 incacrs.

The addition of a coagulation aid may be

necessary for crocer oceration of the filter plant. The coagulation

aid which will be used in the event that it is necessary or advantageous

will be chosen from those aooroved by the Environmental Protection Agency
3

and will be used in accordance with the manufacturer's recommendations.

(M) Water treatment plant demineralizers -

Normal procedure for treatment of demineralizer wastes is to hold the

acid and caustic wastes in a tank, monitor pH, and adjust pH by addition

of acid or caustic as required, and when pH is neutralized the waste
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is discharged from the plant. At Watts Bar the regeneration waste will

be passed through a weak cation-anion exchanger which will neutralize

the waste. It will then be collected in a sump and after pH monitoring

and any further pH adjustment repuired, will be pumped to the condenser

circulating water cooling tower blowdown stream.

The weak cation-anion exchanger is charged

initially with a weakly acidic cation resin which has a negligible salt

splitting capacity. The neutral salts present do not consume ion

exchange capacity but pass through the column unchanged.

Typical chemical reactions with the weakly

acid cation exchanger are as follows:

Reactions with acid:

2RNa + H2so4 - ) 2 RH + Na2 s0 4

Reactions with alkali:

RH + NaOH RNa + HOH

The unit is therefore self-regenerating

as long as the process is in balance. Only backwashing is required.

Backwash will be diverted to the filter plant backwash lagoon.

It is anticipated that the quality of

raw cooling water to be treated for reactor makeup will be such that

not over 231,000 pounds of 93 percent sulfuric acid and 431,000 pounds

of 50 percent solution of sodium hydroxide will be expended annually

if the demineralizers are oDerated at full capacity. After plant

cleanup and startup makeup water requirements will be less than the

rated capacity of the makeup water filter plant and demineralizers.

Under these conditions the chemical usage and resulting waste product

chemical discha:- :5s will be reduced correspondingly. The contributions

-. " n '. 4 ' in'. , . ' V : - : s.:: i r ,'

.. : , . il 'L

(5) Stews t;oneraetor blowdown - Hydrasine,

ernnonia, end sodiwrm phosphate will be iised in treatment of the secondary

system. Of these, only hkniraszine will be fed continuously. Ammonia

will be su st _ie need-d to maintain the desired pit in the steam

geas.cli,~ i:.. i. .h. .i3to s C in's1i1 a rCuL to..L1

PO4 conceer---.--r- ---- 0 ne/! in the secondary system. In the steam

-- e-•t-se to form, r.enoni; which will. be discharped

as vanor thr- :ninenser vacuum pumos. The sie&M [ generator blow-

do-rn cust" in-..b tt::zPi and sodhim p-tsnhate•• XT.'l be released to

the coolir----,---er-l-do-n discharge stream, The estimated annual

releases a-.-, stO't, end phosphate from this source are sho-Wn

in Table ý. -¾ end fzntrib-nion to increases in the discharge are

included in -able 2.5-2. Ths increased chemical concentrations in the.

plant effluent resulting fr:-n treatment of secondary system water will

have no sisniticrns environmental impact.

The ste-am generator blonwdosrn rate will

normally be much less than 50 gal/min for two units. The blowdo'n will

be discharged to the cooling tower blowdow-n except at times of a primary

to secondary leak in the sueem generator,- at which time it is diverted

to radioactive waste treatm'ient. Steams generator bloýwdown will be inter-

locked with the cooling tower bllo, dovn and will only be discherg-ad Prom

the plant during periods of cool.ing to-a-r bolo!zdon. The steen.generator

F-1l2
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blowdown will be stored during the times when it cannot be released

from the plant. Storage capacity of 150,000 gallons is sufficient for

approximately two days at a blowdown rate of 50 gal/min from the plant.

(6) Component cooling water system -

Sodium chromate will be used as a corrosion inhibitor in the closed

component cooling water system. When necessary for maintenance purposes,

the chromate-containing water will be drained from portions of the

closed system. Whenever possible, the water will be returned to the

system. If not, it will be routed to the radwaste system and processed

by evaporation. No chromate will be released to the river.

(7) Reactor coolant system - Boric acid,

lithium hydroxide, and hydrazine will be used in the reactor coolant

system. Hydrazine will be used only during startup. Letdown from this

system will be processed as tritium-containing waste and recycled for

reuse in the plant.

(8) Auxiliary steam generator blowdown -

Two 40,000-pound-Der-hour oil-fired steam generators will be supplied.

One steam generator will operate continuously and one will operate during

the heating season and intermittently during the remainder of the year.

Hydrazine will be added continuously to the feedwater as a dissolved

oxygen scavenger. The hydrazine concentration in the feedwater will be

about 10-15 ug/1 and within the system is expected to be at less than

detectable concentrations. Ammonia will be intermittently added to the

feedwater for pH control. Blowdown rate will vary from 2,000 to 4,4o0

gallons per day total for both steam generators and will result in an

annual discharge of ammonia of only about 13 pounds. The blowdown, which

u11 her",_ a residual mnzmonia concentration of about 0. 3 ng/l, ':ill be

.' : ' . 0:•¢.]:.'5.e :s.: .e t-= i .'', I .''. m',se <t m e. . .. ,- t>',. tJ.JhOq•r'J.olni st'YL ,Osytn t.:- lJ'e-'n in ,1;tr-r:

(9) Chemsical cleanino, during construction -

Chemical mzeac~nn operationi prior to unit startup will be. conducted-in

such a wae- as to mininize releases to the reservoir and to ensure that

any c-'',--c' released hae- been neutralized and dilused to condentra-

in Section 2 n tl n ffects.

(±0) Miscellaneous - Most equipment

c Ieain -- : oa c-nr i aD!s-> : oaerutions w44ill lx- performed with high-

psessu sre"--.h ant solutions. These liquids 'will be

treated in -t se- by filtrat-om and will be released to

the cooling tower blovdown discharge line.

Some decontaemiination operations will

involve th- --- -i- n Lhicets such as sodium phosphate, soditum permanganate,

s--oniUM Ci"-' t-- e, - •- 'l"ine rotassius, permanganate, and nitric, citric,

oxalic, acetic, Find hydrofluoric acids. Although the amounts of such -

chemicals have not been dete'sined at this time, they will not be discharged

to toe reserwoir b.- !will be drained to the chenical tank in the radweaste

system. The solutions will be neutrali med and either drurmned directly

or processed by evaporaton end the concentrates drumssed.

Inputs to the chemical drain tank in the

radna?.ste system cone' ist of' labo•..tory dre, lns and deconteraination wa;,tes.

The pe-incioal chemical reagents used in the labor-tory include sodiumn
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and ammonium hydroxides; hydrochloric, nitric, and sulfuric acids;

ammonium acetate; and sodium carbonate.

Before the chemical drain tank is emptied,

its contents are analyzed. If the liquid does not contain chemicals

that would be harmful to the evaporator (principally, chlorides and

sulfides) it will be processed in the auxiliary evaporator. The con-

centrates are drummed and the distillate is released to the reservoir

in the usual manner. If the chemical drain tank contains chemicals

that would be harmful to the evaporator, the contents are drummed without

further processing, The contents of the tank are released to the reservoir

only when analysis shows that no environmentally harmful concentrations of

chemicals are present and the radioacitivty level is within acceptable limits.

It is expected that release would be an infrequent event.

Usage of detergents will be minimized for

laundry and similar uses. Benefits gained by treatment of the small

amount of detergent wastes are not great enough to justify radioactively

contaminating a normally uncontaminated system such as the sewage treat-

ment system. The detergent solutions will be filtered and discharged.

Treatment and discharge of these detergent solutions in this manner are

not anticipated to result in any significant environmental impacts.

It is anticipated that the cooling tower

basins will be drained infrequently for maintenance purposes. When

this operation is necessary, the contents of the tower basin will be

routed to a settling area, and after a suitable settling period, the

water will be discharged to the reservoir via the cooling tower blowdown

line. Discharges will be regulated so that water quality standards are

not violated! Slvzlge re-oveý from the tower basins will be buried

high .floor ý sL_ a) drains _ nt the storm dx-aicare system and thence to

the hola' r c, These d 1rains wil handle only innocuous caterials

end present cc has%_and to the environment.

The station somn also dircherges to the

holding rc;ii nc•r.d "*jt use:se.al ly h-andle any substancespotentiall'i

detrimenta-. she en-tr7s:-n.ent, It may occasionally contain come oil

hr- 'try Oil e';' h

pool via toss n.s e will W e reclaimed for disoos-.l as described below

for the ya'rd doala--. .

2. Yar _ drainage syrtem - An area. of approximately

30 acres v-iil hr died ts coovide a yard drainage holding pool. Any

debris 7t-hu ' be snil.ed and enter the ysrd. dra.inege system

will flow, ti This cooI A. s-ininp tyoe outflow will be prnvided so

that floatin- debris and oil cannot escape from the pool. This material

will be peric-ically removed from the pool for disnosal. It will be

disposed of in a manner to ninsnize envirorusental impact, dependent on

the character o' the wastes, such as hurial, la:ndfill, or burning. Oil

will be reclaimed for reuse when practicable. If not suitable for reuse

it will be drusomed and held onsire for disposal by the most environ-

mentally suitable method. Possible disposal methods include traneso;rtin.

the oil to one of TVA's conaentional coal-!ired plants and blending<. it

with the fossil fuels flsee. there.
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3. Transformers and electrical machinery - Some

oil leakage may occur from bearings and other parts of certain machinery

inside buildings. The oil will be drained to an oil sump that will have

adequate -capacity to contain all spillage which will be drummed for

ultimate disposal.

In the event of an outside oil spill from the main

stepup transformer or insulating oil storage tank, the oil spillage

will be routed to the storm drains and then to the holding pool. At

the holding pool the oil will be reclaimed for reuse or disposal.

Diesel fuel oil for auxiliary boilers and lube oil

will be stored in tanks in an area which will be depressed below the

surrounding ground to form a basin of sufficient capacity to retain the

contents of the enclosed tanks. During periods of rainfall, some run-

off water may accumulate in the basin. A valved low-level discharge

pipe will be provided for periodic removal of precipitation collected

within this area and basin contents will be inspected prior to discharge

to assure that oil will not be released by this mechanism. The valve

will be maintained in a closed position at all other times to provide

for retention of oil should the tanks rupture.

In the interest of fire prevention for indoor

installations, either Askarel-filled or dry-type transformers will be

used. When the former is used, the transformer will be located within

a concrete curb to prevent the possibility of spillage of this liquid,

which contains polychlorinated biphenyls, from entering the common floor

drainage system. A floor drain in the confined area will carry any

spillage to a separate storage sump or else the curb will be made high

enoug o hold the entire r 'i content of the transformer. In either

c:•;=• [h,' l eu -] .,":: !•: it:::.':: sror n'e r oiU..,•-. ., if nob u ta l

o 2 o-s~

w4. wastes.- Extended aeration sewage

treatment 'will Že p-ovided during the construction period to

treat the -oestic wastes frc t a neak construction force of aperoxi-

mately 7ersons. Effluent frod the olant will be chlorinated

before so,:u "h ,-ef:m treatment facilities witi cc eo ple--

mented dur'- n by -orteble-ty.pe chemical toilets for Ise

in isoeate` -•-e nrolect site(. At the en of cnn-

structio -h Sl facilities will be removed to

storae, lotion,

Seccnd'--Y treatment facilities with provision for

chlorinar -n for the permanent plant. It is estimated

that th : • a-a o-.ratine -force will number 170 permanent employees.

The treatnenz facilty will be designed to handle approximately 300

persons irc'_a-.-- re-mnent and temporary employees and visitors.

During periods w'hen a large temporary maintenance force is workisng at

the plant, the merranent -'aste treatment will be supplemented by

portable-type chemical toilets.

Both construction and permanent systems waill be

operated to prevent untreated effluents from entering the river. The

design will be in accordance with approved sanitation standards appli-

cable -- E1JA facilities mad will meet Tennessee Pollution Control Boarrd

requirements.
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TVA routinely sends plans of its sanitary waste

treatment facilities to the appropriate state pollution control organiza-

tion for their information and files.

5. Gaseous emissions - Each oil-fired auxiliary

steam generator is expected to operate at an average of about 75 per-

cent capacity, which will result in both units burning a total of about

4.8 x 106 gallons per year of No. 2 fuel oil, having a maximum sulfur

content of 0.5 percent.

The boilers are each rated at 40,000 lb/h steamflow

with an input rating of about 55 x 106 Btu/h.

Emissions resulting from this operation were used

to calculate the annual average ambient pollutant concentrations. For

shorter averaging times (24 hours and less) both units were assumed to

operate at full capacity, which results in burning 727 gallons/h of

fuel.

The following emissions rates were used to calculate

ambient pollutant concentrations:

Particulates 5.84 lb/h

Sulfur Oxides 5.74 lb/h

Carbon Monoxide 0.029 lb/h

Hydrocarbons 1.47 lb/h

Nitrogen Oxides 251.98 ton/yr

The emissions will be released through a stack which is approximately

127 feet above ground level.

JCalculated maximum ambient pollutant concentrations

resulting from these emissions, together with the applicable ambient

standards, are given below.

Avýr, -. 'I C.-0 culated Secondary

PqTt .... L--c - C ,nt oatiuns Anbient Standards

-5 1"'. 1 t/r

5 O .lo I)7

0 t , .. . "2 : h ;., t . ! '0,,/...

e, 0 " Pý 0.05 ppz'

For this evaluation of the emissions from the

auxiliary boilers, it can be seen that the emissions will have a

negligible e-vironrentl '-,iact.

6. -N-1sal solid waste disoosal - Normal solid

waste disposaI during plan: operations will be accomplished by burying

the waste ei.-:r on the r \nt site or on other TVA grounds. This method

d: dis-05ai -: :a r".: :r.,[:..iz .xrs::te.l intants fro-•- slid

waste.

isus'-al of solid wastes during construction of

the plant nrnoer eC tranesnission facilities is discussed in Section 2.8,

Constructi:" 7>'-"-,ts, and Section 2.2, Environriental Asoects of Trans-

mission -, r 3s.ective:y.
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Table 2.5-1 (cont.)

SOVSIRY (F ADDED CIIUhCATS AI =ESTDVTI, EID InODUCT CiMICA

Watts Bar Nuclepr Plant

System

S 1-eec 2 ::rator lwdn

.Yiilixory Steam Generator
131daolun

. Cool-ng Water'j yntemh

.eactor
Soind '-er r

1.ji~n C onder-ser.
:' :o!L-. Systeml

Chemical Added
Source Chrtmical.

Sodicei Phospluhte

jAmnonia

ilydraizine

if2 lifi2

Amnonia

IHdrazine

2 -2

Acrolein
CH2 = COWHO

Acrolein
C.ý = ClRIT

Chlorine
C1,

His8,'nxa0csi

Waste End
In-u-Icc I.

lbs

1,590
2, 19$•

zru-'n :ý--oducta

6

P .263'/ NI:

4, 38od:

3c H'I U 3 nIL

to
10

205 Aceolein

251 Ac %olein

146,0C0 OIL- and CL- 1.6,,ooo

.Ba.d on 24-hous- cperation 365 days/y at rated caac'ity.
b, P:siritated material tim. will malze upn the water treatment sludge on a dry t.eiCnat basis.

L -. c wL!tes based on axin suspended eolids data cbsel'ed a- -. '. 9.LEateSoauin P hate will be added to ma-n'm.en 10 ir/i q ith' Lb .
, A:.-..'iia irill be added as needed tor•'intain pH of 9.0 in th 1 c oyzi:.

S- It-"'-inwll be added as ne-oded as a DO scar'r.rcr, lyffc e ccn-;"-'voly assumed to deccnnose :,c
'p1a be released to Lhe atmosphere throu. t"h air oL. r UFo.

Ps.Ac -- jin '-ial1 be added to the system or' 120 days for onr -haL: 1, io'c dry The aerolein demsnd o'?
,.:-.t-r systie: and coolirtr tower strilpinL v-ill •reenL ay ac-olein -- "i' -ai ischaroed to the -.

.. Cpcrine -!iLl be added to naint'in 0.5 me/I ch.lrLne residusul at con`i n:er outlet- for cue-haIf ho•z.

uccs'zr
t2ol2&lZt.

U'-

Table 2.5-1

SUMIMARY OF ADDED CHENICALS AND RESUIIE END PRODUET CHEMICALS

Watts Bar Nuclear Plant

System

Makeup Water Filter Plant

Chemical Added
Source Chemical

Alum
A' 2 (s) 3 . 18 o

Soda Ash
N' 2 C0 3

14aMaximum
Annual Use

l0s

70,800

Waste End
Product
Chemical

AI(OH) 3

Maximum Resulting End Producta

Annual Mean Daily
Tbs Tbs

16,510 45

23,685 Na+

Chlorine
CL2

Makeup Water Demineralizer Sulfuric Acid
%S%4 (96%)

Sodium Hydroxide
NaOH (50o)

Natural Minerals Removed by Demineralizers

Sodium Na
Chloride Cl-
Sulfate S04-
Total Dissolved Solids

- SO4 -

Settled Solidsb'e

7,900 OCL and CL

231,000 - S04

431,000 - Na+

10,120 Na+
19,700 Cl
21,750 s04-

U17,500 Dissolved Soilds

10,300

30,600

70,800

7,900

217,000

124 ,ooo

10,120
19,700
21,750

117,500

84

194

22

595

340

28

60
322

,0

28



Table 2.5-3

SUMMARY OF OBSERVED TRACE METIL CONCENTRATIONS AND EXIMCTED MAXIMUM
TRACE METAL CONCENTRATIONS IN THE CONDENSER COOLING SYSTEM,

DIFFUSER SYSTEM, AND AT THE EDG OF THE JET KIXING ZONE

Observed Concentrations
at Tw 602.3Jansay-Deceaber 1971

Parameter 
na b 1

Total Max. Min. Mean

Maximum Expected Trace Metal Concentrations - uig/l
Condenser Coolinga DiffuserD At Edge ofc

System Discharge Jet Mixing Zone
CF = 4.0 Net CF = 3.0 9:1 MLCing

Tennessee Water Quality Control Boardd
Guidelines - pig1l

Effluent Stream

Iron

Copper

Zinc

Barium

Beryllium

Silver

Aluminum

Selenium

Arsenic

690 270 475

10 <10

150 20

300 <100

<10

<20

130

7

<30

<10

<10

1

<10

<10

58

<118

<10

<12.5

<38

4

<25

2,76o

406oo
600

1,200

<40

<80

520

28

<120

84o

80

2,070

30

45o

900

<30

<60

390

21

<90

828

12

180

360

10,000

1,000

2,000

5,000

f

50

250,000

10

1,000

10,000

1,500
300e

20

100

5,000

f

5

1 oe

i,oo

1,000

10e

50

5,
"3

156

8

Manganese 210 70 119.2

Leadg 20 10 14.

630 252

60 100

LL

Table 2.5-2

S WUlARY OF Cu eALr DSCHAES

Watts Bar Nuclear Plant

Waste Product
Chemical

Sulfates SO4

Sodium Na+

Chlorides C1-h

Phosphate P04

Dissolved Solids

Annual
Discharge
at Product
chemical

lbs

269,350

operting'
Mode

Narsml (N)
IncreasedBlowdown (I)

N
I

.146,010 N
I

173,600 N
I

78 N
I

2,190 N
I

657,]148• N
I

Wastec
Product
Chemical

Contribution
to Discharge

Concentrations

2.20o4
o.8o4
1.195
0.436

1.421
0.518

o.0o0638
0.000233

0.018
0.007

5.378
1.961

Observed Concentrationsd
Concentrations in in Effluent

River %F) = 2
At THM 59.9 I(CF) 3

16.6 27.9 35.404 58.oo4
16.6 27.9 5o.6o4 84.5o4
7.7 11.0 16.595 23.195
7.7 11.0 23.536 33.436

15.0 23.0 31.421 47.421
.15.0 23.0 45.518 69.518

o.087' o.170' 0.1746 o.34o6
o.2612 .5102

o.201 o. 2 9 i o.418 0.598
o.607 6.877

89.8 127 18&.978 259.378
271.361 382.961

Concentrationse
in River at Edge
of Jet Mixing

Zone•

Aver axriem

18.48 3o.91
20.000 33.560

8.589 12.219
9.284 3.3.241

16.61. 25.4.42
18.052 27.652

0.096 o.187
o.1o4 0.204

0.222 0.321
0.241 0.349

99.32 14o0.24
107.96 152.60

M4ximfn
Allovable

Concentrations

Effluent River

1,100 250

g 100

6

6.1

250

o.6 P
5m

j o

9 500

C..

d.

e.
f.,

9.
h.

i.
J.

Based on 24-hour operation, 365 d.vs/y at rated capewity of equipment and maximum chemical requirements.
N-Normal pe.Lation. Blowdn 62 ftS, . 1-Increaood Blowdown after Iriods vhen bloawdon was discontinued = 170 ft

3
/s

IS2 ft3/s normal b!msdom, 48 ft3y/.; I ra blowdown to reduce cocentratioja factov and 63J ft3/s discharge frau holding pond)

Equivalent concentration of a&35ei chemicx,.. end p~roducts in blowo.
Concentration factor of blcun, "2 - perlodz of n -w3do•n, yet concentration factor of blodoon = 3 during

periods of increased blowdown (UG fti/s at CF = 4, O ftSis at CF i).
Based on jaet diffuser desigted to mix 9 volumes of iý*_.r wat.ter with one volume of blovdcxf.
Tennessee Water Quality Control B,ard Guidelines.
No specific guideline identified.
Cadputation is for chlorides since. the chlorine deui.iZ of the cooling vater is such that no residual chlorine wl be

discharged.
Data dbser-ed at Fort Loudoun Dam tailrace T,14 602.3.
No eff.,int should contain more than 1.0 '5/l phoechaUes as P (3.2 mg/b as P04). The suggested stream limit is 0.01 mg/l

as P (0.03 as P04 ) or backgrouma +,hichever is higer.
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Table 2.5-3 (cont.) r

SUMM4ARY OF OBSERVED TRACE METAL CONCENTRATIONS AND EXPECTED MAXIM.UM
TRACE METAL CONCENTRATIONS IN THE CONDENSER COOLING SYSTEM,

DIFFUSER SYSTEM, AND AT THE EDGE OF THE JET MIXING ZONE

Observed Concentrations.
at TRm 60o2.3 Maximum Expected Trace Metal Concentrations - T erlo

January-December 1971 Condenser Coolinga Diffuserb At Edge of 0  Tennessee Water Quality Control Boardd
Parameter zg/l System Discharge Jet. Mixing Zone Guidelines - g/li

Total _ Max. Min. Mean CF = 4.o Net CF = 3.0 9:1 Mixing Effluent Stream

Chromiung <20 <5 <11 <80 <60 <24 3,000 50

Nickelg <50 <50 <50 <200 <150 <60 3,000 100

CadiuUM 30 <1 <9 120 90 36 10 10

Mercuryg 4 <1 <1 16 12 4.8 5 5

a. Assumes maximum observed concentrations occur simulta'neous with periods when blowdown has been discontinued for 12 hours
and the concentration factor in the condenser cooling system has increased from two to four.

b. When blowdown is resumed after periods of no blowdown the diffuser discharge is assumed to be as follows: Regular blow-
down of 62 ft 3

/s, cf = 4; Increased blowdown to reduce concentration factor = 48 ft
3
/s, cf = 4; and holding pond dis-

charge = 60 ft /s, cf = 1; therefore net cf = 3 (blowdown and holding pond discharges are variable).
c. Based on Jet diffuser designed to mix 9 volumes of river water with one volume of plant discharge.
d. Tennessee Water Quality Control Board Guidelines obtained by letter dated July 19, 1972.
e. Guideline for streams classified for domestic water supply.
f. No guideline established.
g. Observed data from TR1.I 645.1.
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2.6 Heat Dissipation - All steam-electric generating plants

must release heat to the environment as a consequence of producing

electricity. A portion of the thermal energy produced in the reactor

will be converted to electrical energy through the turbine and genera-

tor, while the remainder is absorbed by cooling water flowing through

the condenser. In the current state of technological development in

nuclear plants, approximately two-thirds of the heat produced in the

reactor must be released to the environment.

The 2-unit Watts Bar Nuclear Plant will be located on the

west shore of Chickamauga Lake near Tennessee River mile 528. The

waters'of the Chickamauga Reservoir must be of satisfactory quality

for the following uses: municipal, industrial, and agricultural water

supply; propagation of warmwater fish and other aquatic life; water-

contact recreation; navigation; and the final disposal of treated

municipal and industrial wastes. Of these uses, the propagation of

wvarmwater fish and other aquatic life was judged to be the one requiring

the highest degree of protection from thermal effects.

The temperature criteria of the State of Tennessee in effect

at the time Watts Bar Nuclear Plant was originally proposed were as

follows:

These proposed criteria were excepted from approval by the

Federal Water Pollution Control Administration (now the Water Quality

Offtce of the Environmental Protection Agency). On July 27, 1971, the

Tennessee Water Quality Control Board held a public hearing in Nashville,

Tennessee, for the purpose of hearing testimony relating to the estab-

lishment of new temperature standards for all waters within the State

of Tennessee. At this hearing, both the EPA and the Tennessee Game

and Fish Commission recommended that in the main stream of the Tennessee

River the rise above natural temperatures should not exceed 5'F and

the maximum temperature should not exceed 860F. The maximum tempera-

ture was to be measured at a depth of 5 feet in waters over 10 feet

in depth, and at middepth in waters less than 10 feet.

At the October 26, 1971, meeting of the State of Tennessee

Water Quality Control Board, revised temperature standards were adopted.

The revised temperature standards applicable to all waters of the State

of Tennessee were as follows: maximum temperature for warmwater fisheries,

310C (87.8°P); maximum temperature for recognized trout streams, 20°C

(68°F); maximum allowable rise above upstream natural temperature, 3°C

(5.4°F); and maximum allowable rate of change, 2*C per hour (3.60F).

The temperature was to be measured outside the mixing zone at middepth

in free-flowing streams and at a depth of 10 feet in lakes or impoundments.

On December 14, 1971, these proposed temperature standards

were revised and, as amended, were officially adopted by the Tennessee

Water Quality Control Board as a guide in determining the permissible

conditions of water with respect to pollution. These revised standards

are as follows: maximum temperature for warmwater fisheries, 30.5%C

Water Use

Public Water Supply
Water-Contact Recreation
Fish and Wildlife
Industrial Water Supply

Agricultural Water Supply

Temperature Specifications

The temperature of the water shall not

exceed 93'F and the maximum rate of

change shall not exceed 3'F per hour.

(The maximum temperature of recognized
trout streams shall not exceed 68

5
F.)

In no case shall the maximum temperature

rise be more than 10OF above the stream

temperature which shall be measured at

an upstream control point.

The temperature of the water shall not

be raised nor lowered to such an extent

as to interfere with its use.
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(86.90F); maximum temperature for recognized trout waters, 200C (680F);

maximum allowable water temperature change, 3
0
C (5.40F); and maximum

allowable rate of change, 2 eC per hour. (3.60F). The temperature of

impoundments where stratification occurs will be measured at a depth

of 5 feet or middepth, whichever is less, and the'temperature in flowing

streams.shall be measured at middepth.

TVA received a letter from the Region IV office of EPA dated

December 17, 1971, stating that that office was intensely pursuing the

immediate adoption of thermal standards for the State of Tennessee.

The Region IV office informed TVA that the Agency would not accept any

maximums for the Tennessee River other than the following: "Tempera-

ture shall not be increased more than 3"C (5.40F) above the natural

prevailing background temperatures, nor exceed a maximum of 30.5
5

C

(86.90F)."

Since these maximums were the same as those adopted by the

State of Tennessee on December 14, 1971, alternative cooling facilities

for the Watts Bar Nuclear Plant were analyzed which would meet these

limits.

In June of 1972 the State of Tennessee was notified by EPA

that the amended standards as proposed on December 14, 1971, by the

Tennessee Water Quality Control Board were approved.

1. Description of the. cooling system - The

engineering aspects of heat disposal from power generating facilities

frequently are concerned with the transport of waste heat to the atmo-

sphere by first discharging the heat to the natural water environment.

However, it was recognized early in the site investigation studies for

the Watts Bar site that it was not practical to consider a once-through

cooling system of river cooling for this plant. To meet cooling require-

ments at Watts Bar Nuclear Plant and at the same time provide environ-

mental protection for the waters of Chickamauga Reservoir, closed-cycle

natural draft cooling towers will be provided. This type of condenser

cooling water system will enable the plant to operate with a minimal

thermal effect on the Tennessee River, since the condenser cooling water

system will cycle cool water from the cooling towers through the con-

densers and discharge the warmed water back to the cooling towers in a

closed system rather than discharging to the river.

Hyperbolic cooling towers will use the natural

draft created by warm water cascading over the fill section in the

lower portion of' the towers for cooling primarily by evaporation. The

plant has been designed for two towers which will be 354 feet in

diameter and 478 feet high. Figure 2.6-1 shows the tower arrangement.

For each unit approximately 410,000 gal/min of

cooling water from the cooling towers is circulated through the conden-

sers. The temperature of the water flowing through the condensers will

be raised by approximately 38*F in removing 7.8 x 109 Btu/h from each

unit when operating at normal full load. In the operation of cooling

towers a certain portion of the circulating water is continuously lost

as a result of evaporation, small leeks, drift, and blowdown. There-

fore, makeup water must be continuously added to the system. To provide

this makeup, an estimated maximum of 77,500 gal/min, or 172 ft
3
/s, will

be withdrawn at the head of a channel feeding from the Chickamauga

Reservoir at TRM 528. A maximum of about 51,000 gal/min, or 113 ft3 /,
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of this withdrawal will supply water for the raw cooling water system

and the essential raw cooling water system. This flow, which may be

warmed as much as 13'F in passing through the heat exchangers, will be

discharged to the cold water channel of the towers, thus supplying

the circulating water pumps for the towers with the water required for

use as cooling tower makeup. Since the.2-unit maximum flow from these

two raw cooling water systems will be approximately 113 ft 3/s, it will

not meet makeup requirements in all cases, which at a maximum are

about 172 ft 3/s. Therefore, additional (supplemental) intake pumps

will be provided.

Normal water surface of the Chickamauga Reservoir

varies between elevations about 683 (summer) and 675 (winter). The

water intake pump strucure is located at the end of a trapezoidal

cross section intake channel in which the maximum water velocity of

the cross section will be less than 0.1 foot per second even for a

water surface elevation of 675. The intake structure will have four

openings slightly over 5 feet wide and 22 feet high. The top of the

opening is at elevation 674 and the bottom is at elevation 652. The

maximum velocity of flow will be less than 0.4 foot per second through

each of the openings. The openings are followed by traveling screens

which have 3/8-inch opening mesh. The maximum screen velocity varies

from about 0.5 foot per second during summer high-water level to about

1.0 foot per second during winter low-water level.

The depth of water in the intake channel which

connects the intake structure to the reservoir will vary from 15 feet to

23 feet. The intake channel will have a bottom width of 50 feet With side

slopes 4 feet horizontally to 1 foot vertically. The intake structure

will be located about 850 feet from the existing shoreline (at elevation

683).

Normal blowdown from the natural draft towers will

be discharged into Chickamauga Reservoir at a rate of 62 ft 3/s. The

maximum rate at which heated water will be discharged into the reservoir

will be 170 ft
3

/s. Studies are being made to determine the proper type

and the best location-for the diffuser to provide the best dilution

possible with the streamflow, consistent-with the need to protect the

aquatic biota of the resefvoir. At the present time it is believed

that the.best diffuser design for the Watts Bar site and for this

relatively wide range of discharges will be a multiple-nozzle jet-type

diffuser.

At the-Watts Bar site the reservoir is shallow,

with depths ranging up to 25 feet at normal pool elevations.

The reach of the river at the plant site has been designated a mussel

sanctuary by the State of Tennessee. Better design data to take these

factors into account are needed than are presently available; there-

fore, the final determination of the nozzle diameter, number of nozzles,

.nozzle angle, and whether to place the nozzles so as to discharge

parallel to or perpendicular to the reservoir flow will have to be

determined by laboratory tests.

F-131



2.6-7 2.6-8

Preliminary analysis shows that multiple nozzles

can be used to mix the blowdown with the receiving water to meet the

State of Tennessee temperature criteria, which limits the temperature

change to 5.40F and the maximum temperature to 86.9°0F. The studies

further indicate that the nozzles can be aligned parallel to or

perpendicular to the reservoir flow. The diffuser will be designed

and located in the stream so as to minimize the disturbance of

the aquatic organisms on the bottom of the reservoir, and it will

be located to take advantage of flow in the reservoir to provide

mixing to reduce the thermal impact.

An exact estimate of the mixing zone for the

heated discharge can only be determined after the design of the

diffuser is finalized.

Alternatives to the multiple-nozzle jet diffuser

include a multiport diffuser, an open pipe with headwall, and a

single buoyant jet. The least costly alternative to construct and

operate would be the open-end pipe to discharge back to the reservoir.

This alternative was originally planned and discussed in the draft

environmental statement for Watts Bar Nuclear Plant. However, the

open pipe discharge and the buoyant jet would not achieve the re-

quired degree of mixing to meet the State water quality standards.

Use of these alternatives could result in the formation of a large

strata of heated water and some local fogging under certain conditions.

For these reasons TVA decided to use some type of diffuser system for

discharging the blowdown to the reservoir.

A multiport diffuser could be designed to

achieve the required dilution but preliminary investigations indi-

cate that there would be no economic or environmental advantage

over the jet diffuser.

2. Impact of heat dissipation facilities -

After considering several alternative heat dissipation systems, including

once-through cooling, mechanical draft and natural draft cooling

towers, spray canal, and a cooling lake (the details of which are dis-

cussed in section 2.6.4), TVA decided to install closed-system natural

draft hyperbolic cooling towers. This section describes the minimal

environmental impacts which are anticipated as a result of installing

and operating this system.

(1) Physical and chemical characteristics

of the tower effluent - Normally, tower makeup will be taken from the

discharge of the plant raw cooling water systems which will be obtained

from the Tennessee River at the plant site. The quantity of makeup

will be dependent on (1) the amount of blowdown necessary, (2) the

amount of evaporation, and (3) drift and other small losses. The

maximum amount of makeup required for operation with natural draft

cooling towers is estimated to be about 172 ft 3/s.

Operation of the two natural draft cooling

towers of the condenser circulating water system will evaporate approxi-

mately 31 ft
3

/s of the flow for each tower during periods of high

evaporation. Since water is continuously evaporated from the towers,
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the concentrations of dissolved solids in the circulating water

of a closed system will increase. To limit the dissolved solids

concentrations and water chemistry changes which would result

from chemical additives, a certain amount of blowdown from the

towers and makeup to the towers must be provided. The amount of

blowdown is dependent on the amount of evaporation, the dissolved

solids content in the source river water, and the effluent stan-

dards imposed. This blowdown will be removed from the tower

effluent (cold-water side) and normally will be discharged into

Chickamauga Reservoir at a rate of 62 ft
3

/s. The dissolved solids

in the river for 1960-61 averaged approximately 100 mg/i with a

peak of 153 mg/i. With a concentration factor of 2 (see section

2.5.1(1)), the blowdown flow would be well below the applicable

stream standards of 500 mg/1 for dissolved solids.

Since the plant site is located im-

mediately downstream from the Watts Bar Hydro Plant and Dam, there

will be insufficient water available to provide proper dilution of

the cooling tower blowdown when hydro releases are not being made.

At times of no release from the hydro plant all cooling tower blow-

down will be stopped. An electric interlock of diversion valves and

pumps will be provided to allow cooling tower blowdown only when

flow is being released from the dam. During periods of'no release

from Watts Bar Hydro Plant, the excess raw cooling water (about 51

ft
3

/s) which is not needed to replace evaporation and drift will be

stored in the holding pool. Periods of no flow below Watts Bar Dam

occur frequently but seldom last longer than 12 hours. Historical

data show that from 1950 to 1970 there were only 5 full days of zero

release from Watts Bar Hydro Plant. The longest period of shutdown

was just over 2 days and was to aid in the treatment of EZurasian

watermilfoil in Chickamauga Reservoir. Other periods of shutdown

were to permit the surcharging of Watts Bar Reservoir to strand

drift and provide a clean shoreline. These shutdowns were controlled by

TVA and were planned operations. Therefore, after Watts Bar Nuclear Plant

becomes operational the blowdown requirements of Watts Bar Nuclear Plant

will be considered before the releases of the hydro project are restricted.

When streamflows are restored following

shutdowns, the maximum rate at which heated water will be discharged

into Chickamauga Reservoir will be 170 ft 3/s, consisting of flow from

the holding pool (about 60 ft
3
/s) and an increased cooling tower blow-

down (about 110 ft
3
/s) to lower the solids concentrations to normal

levels. After the excess storage in the holding pool has been dis-

charged and the blowdown has reduced the solids concentration to normal,

the discharge to Chickamauga Reservoir will be reduced to the normal

62 ft
3

/s rate.

Water temperature records for releases

from Watts Bar Hydro Plant for 1967-71 are shown in Table 2.6-1 and

show a maximum water temperature of 80.60F. Therefore, with a maxi-

mum allowable temperature of 86.90F for Tennessee, the controlling

criteria will be the temperature change of 5.4°F in the receiving waters.
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The temperature of this blowdown water will be approximately 850F

under average summer conditions. A peak summer condition might

produce temperatures near 950F. Based on water temperature data

collected over a 10-year period and using meteorological data for

Knoxville and Chattanooga to estimate the wet-bulb temperature

and relative humidity for the Watts Bar site, the maximum tempera-

ture differential between the blowdown and the receiving water was

determined to be 490F. Under more normal conditions the blowdown

will be about 160F warmer than the receiving waters. It has been

determined that the minimum operating level for one of the hydro

units at Watts Bar is at a minimum release of 3,500 ft
3

/s. Normally,

releases from the hydro plant are much greater than 3,500 ft
3

/s and

average over 20,000 ft
3

/s on an annual basis. The diffuser system

will be designed for a discharge capability of 170 ft
3

/s, of which

some 60 ft
3

/s will be from the holding pool and will not be as warm

as the tower blowdown. Nevertheless, for design purposes the full

170 ft
3
/s is assumed to be at the temperature of the tower effluent.

It is within the current state of the art to design a jet diffuser

with the capability of achieving a dilution of 10. Therefore, with a

minimum hydro plant release of 3,500 ft
3

/s, a maximum blowdown discharge

of 170 ft3/s, and a maximum temperature difference between the blowdown

and the receiving waters of 490F, the maximum temperature rise to

which the river will be subjected will be less than 5.40F even for

this worst condition. For more normal temperature differences between

the blowdown and the receiving water but still for a riverflow of only

3,500 ft
3

/s, the mixed temperature of the reservoir will be less than

20F above the temperature ýý the receiving water. A final determination

of the thermal monitoring program for the Watts Bar Nuclear Plant has

not been made. However, proposed thermal monitor locations will be

determined to insure adequate documentation of compliance with the

thermal standards.

During periods-when blowdown is being with-

held, the water used for cooling-the raw water systems in excess of

that required for tower makeup will be diverted to the holding pool

with a temperature approximately 13°F above river temperature. The

normal level of the holding pool will provide 190 acre-feet of storage.

The holding pool will receive all discharges from storm drains, roof

and nonradioactive floor drains and when blowdown is being withheld,

the raw cooling ,water. This water will be stored in the pool until flow

is restored from Watts Bar Hydro Plant. Three dikes will be constructed

to form the holding pool. The tops of two of the dikes will be set at

elevation 714 with the top of the third dike set at elevation 707 and

designed as an overflow weir. A concrete skimmer will be located inside

the holding pool adjacent to this overflow dike to retain oil and float-

ing debris. The top of the dikes and overflow weir will be located above

the maximum flood of record (regulated) in order to retain oil and

debris for all flood conditions except those which are highly improbable.

The bottom of the skimmer wall will be below the top of the outlet

level. While some cooling of the warmed water may occur in the holding

pool, the surface area (a maximum of about 30 acres) would not be suf-

ficient to provide cooling of any consequence. A valved outlet from

the holding pool to the cooling tower blowdown line capable of carrying
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6o ft3/s will be provided. When flow is restored at the hydro plant

and cooling tower blowdown is resumed, the valved outlet will be

used to discharge flow from the holding pool through the blowdown

discharge system until the holding pool is returned to its normal

storage capacity. Overflow of the holding pool may occur when

large storm waterflows enter the pool at the same time that heated

water is being stored from the raw cooling water system. No

impact to the reservoir is expected since the 13°F discharge to

the pool will mix with the storm water before spillage over the

overflow.

If for some unforeseen reason the

condenser circulating water should spill from the towers, a con-

siderable portion of the heated water could flow to the reservoir.

However, the structural design of the cooling towers will be by a

domestic engineering firm, using conservative design techniques

based on modern design of existing natural draft towers and the risk

of failure is considered small. Of course, if the tower structures

should fail, operation would cease until the necessary cooling

facilities could be reconstructed.

The estimated amount of drift will

be approximately 50 gal/min for each tower, or about 0.2 ft
3

/s

total.

(2) Local'fogging and icing - Potential

environmental effects from natural draft cooling tower operation may

include some modification of the local environment by increased frequency

of fog formation, increased fog density, reduced visibility, increased

precipitation, alteration of ambient moisture content, and icing of

nearby objects when surface temperatures are below freezing.

Meteorological data indicate that

naturally occurring heavy fog (visibility 1/4 mile or less) may occur

in the Watts Bar area about 35 days per year. This compares to about

25 days per year at the Browns Ferry Nuclear Plant area in north Alabama

or to the maximum occurrence in the United States of 60 days in some

valley areas of the central Appalachians.

Fogs occurring in the Watts Bar area

are mainly radiation end radiation-advection types resulting orimarily

from nocturnal cooling and subsequent saturation of the air within the

lower few hundred feet of the surface. Heavy fogs normally occur

during late evening through Imidmorning hours when weak wind and optimum

radiational cooling conditions prevail. Naturally occurring heavy

fogs in the Watts Bar area have the highest frequency during late fall

through winter. The lowest frequency occurs during late sering through

iate summer.

The evaluation of the potential environmental

effects from operation of the natural draft and mechanical draft cooling

tower alternatives was based on field observations from August 1, 1970,

K-
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to August 31, 1971, at the TVA Paradise Steam Plant in Kentucky.

During this period one or more of the three natural draft cooling

towers were in operation on 122 days during all seasons in the year.

Observations were made by the resident meteorologist, usually between

0730 and 0900 hours local time. These observations were augmented by

the Paradise meteorological station and Nashville rawinsonde data.

All data were reduced for analysis and extrapolated to the Watts Bar

area.

Since the length of the visible cooling

tower plume depends primarily on the moisture content of the ambient

air, observed plume lengths at the Paradise Steam Plant cooling towers

were correlated with the absolute humidity deficit or the amount of

moisture a parcel of air can contain at saturation for a specific dry-

bulb temperature, less the actual amount of moisture present. This

correlation has been acknowledged by other investigators1
,
2 

but to our

knowledge has not been confirmed with actual field data such as those

collected (and continuing to be collected) at the Paradise power plant.

Observed plume lengths and humidity deficits were fitted by the least

squares method. Observed plume lengths determined in this way were

correlated to wind direction by extrapolation of 12 months (August 1970

to July 1971) of early morning Nashville rawinsonde data to the Watts

Bar area. The rawinsonde data were tabulated for two layers, 0 to

1,000 feet and 500 to 3,000 feet, for identifying mean meteorological

conditions applicable for the lower mechanical draft towers (height

60 feet) and the higher natural draft towers (height 478 feet). Also,

a correctional factor was applied for the larger cooling tower evapora-

tion rate at Watts Bar.

The data analysis was then used to construct

radial graphs giving the directional frequency by compass point sector

of the expected plume lengths for both the mechanical and natural draft

cooling towers and for periods of above and below freezing temperatures.

The plume length data from which the graphs were drawn were separated

into the sixteen 22-1/2 degree compass point sectors. Radial distances

on each graph represent plume lengths up to 5 miles; plotted contours

represent percentages of occurrence of plumes equal to or greater than

the indicated length for each of the sixteen compass point sectors.

1No significant environmental effects are

anticipated from the natural draft cooling tower operation at the Watts

Bar Nuclear Plant. With the average plume rise ranging from 500 to

1,000 feet above the 478-foot towers, the visible portion of the elevated

plume would seldom, if ever, reach the level terrain of the valley

floor and cause localized fogging. Therefure, the natural draft cooling

towers are not expected to have any effect on ground transportation. On

rare occasions the plume could strike the 1,500- to 1,800-foot high Walden

Ridge which flanks the valley to the northwest at distances of 5 to 7

miles from the plant site and cause some local fogging and'light icing

during periods of freezing temperatures.

No increased density or frequency of

ground fog resulting from the cooling tower plumes is expected in the

valley area. During periods of heavy natural fog, the air within the
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lower 1,500 feet, including the cooling tower plumes, will be moderately

stable; therefore, no mixing of the plume to ground level and resulting

intensification of the lower fog layer will likely occur.

The most noticeable environmental effect

of natural draft cooling tower operation would be one involving aesthe-

tics. The elevated plumes have dimensions that could be visible within

5 to 10 miles from the plant site. The estimated width of the combined

plumes from the-two cooling towers would be 0.44, 0.56, 0.67, 0.75, and

0.91 mile at respective distances of 1, 2, 3, 4, and 5 miles from the

plant.

.Assuming continuous full load cooling

tower operation for a 1-year period, the visible plumes should move

northeast 10 percent and east 10 percent of the time with lengths equal

to or greater than 0.5 mile during the early morning hours as indicated

in figure 2.6-2. One percent of the time (about 4 days per year) the

plume should extend about 4 miles in each of the sectors north-northeast

through southeast.

The data suggest that an icing potential

does exist on 60 to 70 days (300 to 350 hours) per year during the

5-month period, November through March, when freezing temneratures are

normally expected. The majority of these potential icing conditions

would occur within about 5 miles (figure 2.6-3) from the plant and

primarily in the southerly sectors.

However, observations at the Paradise

Steam Plant during the winter seasons of 1969 and 1970 indicated no

occurrence of significant icing attributable to the operation of

the three natural draft cooling towers, although fallout of ice crystals

from the plume was observed on one occasion. Therefore, based on these

observations, the icing at the Watts Bar site should not be significant.

Because of the height of the natural

draft cooling towers, direct contact icing, if any, will be limited.

On rare occasions some icing could occur in the Walden Ridge area

northwest of the plant. Light fallout of freezing precipitation from

the bottom of the plume should occur rarely.

When cooling tower plumes are moving to

the north-northeast and northeast directions, they could merge with

the plumes from the Watts Bar coal-fired steam plant 3,000 feet down-

wind. The coal-fired plant has operated less than 2,500 hours in the

last 15 years and is equipped with electrostatic precipitators designed

for 95 percent efficiency. Figure 2.6-2 indicates that visible cooling

tower plumes could move over the power plant area about 14 percent of

the time (northeast, 10 percent; north-northeast, 4 percent). However,

due to the 278-foot higher elevation of the 478-foot cooling towers

relative to the top of the stacks at the Watts Bar Steam Plant

and the predominantly neutral or unstable dispersion conditions with

the upvalley winds, the vapor plume would normally be higher than the

plume from the steam plant which only operates part time. Therefore, there

would usually be no mergence of the plumes for some distance downwind

of the steam plant At this point both plumes would be well dispersed.

With the more stable downvalley wind when the Watts Bar Steam Plant

plumes would move toward the cooling towers (southwest, 2 percent;

south-southwest, 4 percent) with relatively little rise, there could be
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so•ae mergence effects in the Lmnediate area of the cooling towers.

Based on observations at the Paradise

power plant, the only effects of this type of mergence have been iden-

tified with acid fly ash fallout, particularly during plant unit startup

and shutdomn when the electrostatic orecipitators are not onerating at

design efficiency. Under such conditions; some significant acid mist

and acid fly ash fallout could occur. Such effects would be confined

to within one-half to one mile of the plant an-, in most cases, would

be in the form of "slight staining on naetl objects and slihnt marhings

on vegetation. Steps will be taken which could include a change in fuel,

plant operation limitations, or temporcry shutdown of the coal-fired units

whenever the nuclear and coal-fired units -.re operating simultaneously

and the potential for plw'e mergence is likely to occur. However, since

the anticipated future operation of the Watts Bar Steam Plant is expected

to be limited to systen peela conditions, and because of the lcw-sulfur

content of the fuel; the effects of polune mergence should be minimal.

(3) Aesthetics, - The hyperbolic form and

concrete materials will be compatible with the architecture of the main plant

and would not recuire any special aesthetic treatment.

The natural draft cooling towers

being 478 feet high would most certainly become a landmark on the

surrounding terrain.. The extensive plumes would increase this effect.

(4) Noise - Based on TVA's experience

with the three natural draft towrers installed at its Paradise Steam

Plant, only slight increases in noise levels at the site boundary would be

expected from the natural draft towers.

3. Am>L-, 'ility of: Section 21(b) permit - Under

the provisions of Section 21(b)(6) of the Water QualityImprovement

Act of 1970, TVA as a Federal agency is not required to obtain the

certificate of compliance with applicable state water quality standards

required by Section 21(b) of that Act. TVA is, however, obligated by

Section 21(a) of that Act and by Executive Order 11507, "Prevention,

Control, and Abatement of Air and Water Pollution at Federal Facilities,"

-to meet all state water quality standards in the operation of its

facilities.

r-

The thermal discharge will not affect the quality

of the waters of any other state.

4. Alternative heat dissipation facilities - The

following discussion describes the alternative heat dissipation methods

and facilities considered by TVA. The methods investigated were:

once-through cooling using a large diffuser system, mechanical draft

cooling towers, natural draft cooling towers, spray canal system, and

cooling lake system.

Analyses were performed using the following factors

as a basis: feasibility, environmental considerations, and economic

considerations. The analyses were carried to the extent required to

determine the acceptability of each alternative when considering these

factors. This resulted in a complete analysis of only the cooling

tower alternatives.

(1) Once-through cooling - The Watts Bar

Nuclear Plant will be located approximately 2 miles downstream from the Watts

Bar Daen, and the flow past the site is therefore dependent on releases
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from the dam. Figure 2.6-1t. shows a duration curve of the hourly

releases from the dam for the 1959-68 time period. Assuming 100 per-

cent mixing of the condenser cooling water over 75 percent of channel

width with the river, a flow of approximately 17,200 ft 3 Is would be

required to assure that the temperature rise in the river would not

exceed 30C. As indicated by this figure, there would be insufficient

flow about 35 percent of the time and no flow about 10 percent of the

time. While it might be possible to alter the operation of the hydro

plants, it would not be feasible to provide a continuous release of

17,200 ft3 /a during sustained dry.periods or during certain portions

of the year when upstream reservoirs are being filled. For example, an

examination of the hourly flow duration curves for the month of April

based on 1959-68 recorda indicated that no flow existed about 17 per-

cent of the tim e and flows are less than 17,200 ft 3 Is about 50 percent

of the time in April. For the month of May similar data showed no

flow 16 percent of the time and flows less than 17,200 ft 3 Is over 50

percent of the time.

Therefore, while at other TVA plant sites

it has been practical to consider the use of once-through river cooling

as a heat dissipation method, it was recognized early in the investigation

that a once-through cooling system using a diffuser at the Watts Bar site

is not a feasible alternative for heat dissipation.

The combined-cycle system of alternatively

operating the auxiliary cooling facilities in closed, open, or helper

modes is not readily adaptable to the Watts Bar Nuclear Plant since

mode changes would be required twice daily during the frequently

occurring daily flow variations. Therefore, the facilities would be

designed for closed-cycle operation Only.

(2) Mechanical draft cooling towers -

The use of cross flow mechanical draft cooling towers as an alternate

cooling method would require six cooling towers, each 55 feet wide by

60 feet high by 375 feet long.

Normally, tower makeup water would be

taken from the discharge of the plant auxiliary and essential raw cool-

ing water system. The main circulating water pumps would circulate

water to the condenser and to the towers. In mechanical draft towers,

the water is broken into drops by falling through the tower fill. Heat

from the drops is transferred to the airflow which is induced by large'

fans. The water returning from the towers flows by gravity back to

the condenser intake where the circulating water pumps are located.

(a) Feasibility - Closed-cycle

mechanical draft cooling towers are suitable for anplication to the

Watts Bar Nuclear Plant. Figure 2.6-5 shows a possible location and

arrangement of the six mechanical draft towers on the plant site.

(b) Land requirements - The

use of mechanical draft towers as an alternative means of cooling would

not require the purchase of additional land beyond that already owned.

(c) Environmental considerations

Physical and chemical

characteristics of tower effluent Water necessary for continuous

operation of the system would be obtained from the Tennessee River at

the plant site. The blowdown required to prevent the buildup of

F-1_1ý)



2.6-23
2.6-24

dissolved solids which would otherwise interfere with operation is

estimated to be 3.8 percent of the circulating waterflow, or about 70 ft 3/s.

The temperature of this blowdomn water for the rechanical draft

towers would be approximately 83½F under average susmmer conditions.

Peak susmmer conditions can produce temperatures near 95°F a few

hours a day on the hottest summer days. The blowdo.m diffuser

system to discharge the blowdown from the mechanical draft cooling

tower to the reservoir would be of about the same design as for the

natural draft towers. Discharges through the blowdown diffuser for

this system would also be made only when Watts Bar Hydro Plant is

discharging at least 3,500 ft
3

/s. With this minimum flow of 3,500 ft
3

/s,

a maximum temperature rise for the blowdown which would be slightly

less than for the natural draft system and assuming a dilution of 10,

the maximum temperature change to which the river will be subjected is

less than the 5.44% standard even for the worst situation.

Eaporative water

losses for the mechanical draft towers are estimated to be about

4 percent of the circulating iiaterflmq, or 74 ft
3

/s.

Drift, which is

water that is blown out of the tower, has been estimated by the cooling

tower manufacturers to involve quantities from 0.03 percent to 0.2

percent of the circulating waterflow, or 0.6 to 4.0 ft
3
/s for the plant.

With a blowdown

concentration factor of 2, the total makeup required would be approxi-

mately 8 percent of the circulating flow, or 148 ft
3

/s.

Local fogging and

icing - Potential environmental effects from mechanical draft cool-

ing tower operation may include some modification of the local

environment by increased frequency of fog formation, increased fog

density, reduced visibility, increased precipitation, alteration

of ambient moisture content, and icing on nearby objects when

surface temperatures are below freezing.

The general dis-

cussion of the local atmospheric conditions and methods of analysis

described under section 2.6.2(2) for the natural draft towers is

applicable to the mechanical draft towers.

Environmental

effects from the operation of the mechanical draft cooling towers

at the Watts Bar Nuclear Plant will include considerable fogging

and possibly icing within about 5 miles of the cooling towers. The

effects will be more significant than the potential effects from

the higher plumes of the 
4

7
8
-foot natural draft cooling towers.

In some cases the

visible plumes from the mechanical draft towers could move downwind

at near ground level. Of particular interest would be the intensi-

fying effects of these low-level plumes during periods of natural

fog. Such fogging conditions would likely occur on about 35 days

per year with the most likely conditions occurring between 3 and

8 a.m.
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Most fogging

would probably occur southwest of the plant in the direction 
of

the highest frequency of plume occurrence, as indicated 
in figure

2.6-6. About 13 percent (47 days) of the total days the plume

would be transported in this sector with lengths 
equal to or

greater than 0.5 mile. These plumes could aggravate natural fog-

ging conditions. Therefore, the frequency of fog immediately

southwest of the plant would be increased.

Periods of

potential icing conditions, when the ambient temperature 
is below

freezing, could cause some hazard to traffic in the 
local area.

The data indicate that cooling tower induced icing could occur on

70 days (about 350 hours) per year during the 5-month period,

November-March, with the highest frequency expected in 
January and

February. Duration of heaviest icing would depend on the persistence

of the below-freezing temperatures with the most likely occurrence

from midnight to 7 a.m. The directions with the maximum frequency

of plume travel during icing conditions are southeast 
and south-

southeast as shown in figure 2.6-7. These conditions could extend

to 4 or more miles less than 1 percent of the time in 
these sectors.

on such occasions some light to moderate icing could 
be encountered

by traffic on nearby paved roads and possibly by river traffic,

When cooling tower

plumes are moving to the north-northeast 
and northeast directions, they

could merge with the plumes from the Watts 
Bar coal-fired steam plant

3,000 feet downwind. Plumes from mechanical draft cooling 
towers

with lengths of about 0.5 mile or greater 
could occur in these two

sectors about 16 percent of the time. Plume mergence could also occur

when the plumes from the coal-fired 
plant move south-southwest and

southwest toward 
the cooling 

towers about 
23 percent 

of the time. 
As

discussed in section 2.6.2(2) for natural draft towers, such effects at

Natts Bar axe expected to be confined to within one mile of the plant site,

and steps to reduce the effect will be 
taken whenever the nucleax and coal-

fired units are operating simultaneously 
and the potential for plume mergence

is likely to occqr. The potential effects'of plume mergence 
would be in the

form of slight staining of metal 
objects and slight markings on vegetation.

Aesthetics - The

materials of mechanical draft towers 
are not compatible with the archi-

tecture of the powerhouse; therefore, 
design features would be incor-

porated to achieve all possible 
architectural compatibility with 

the

main plant. The relatively low profile of the 
mechanical draft towers

would not present a very large 
vertical barrier or landmark on 

the

terrain.

Noise - The use of

mechanical draft cooling towers 
would increase noise levels at the

plant site by a small increment. 
This increase would be due to the

fans and the falling water. Predicted sound pressure levels 
from one

major manufacturer of cooling 
towers are 76 dB at 250 Hz, 63 

dB at
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2,000 Hz, and 59 dB at 8,000 Hz--all 50 feet from the louvered face

(re 0.0002 microbar).

(d) Economic considerations -

The economic comparison will be made using the natural draft tower

system as a base for operation and maintenance cost.

Initial investment -

The initial investment required to install mechanical draft towers is

estimated to be $36.6 million.

Capability - The

mechanical draft cooling tower system has an optimum economic selection

point at a lower tower approach than that for a natural draft system.

For this reason the turbine backpressure is more favorable and the

plant efficiency correspondingly greater. This higher efficiency

results in greater output for the plant as compared with the base

system. The effect is as follows:

Capacity gained over base - 5,192 kW

Added plant value, present worth in terms of 1972 dollars -
1,300,000

-> Operation and main-

tenance - The use of mechanical draftcooling towers instead of natural

draft cooling towers would have the effect of increasing the efficiency

and the offsetting effect of added fan power and tower maintenance

costs. These effects are as follows:

Present-Value Evaluatt•.- (Dollars)

Efficiency gain

Fan power cost

Total operation cost

Maintenance cost

Total operation and maintenance cost

(-)700,000

5,500,000

4,800,000

2, 500, 000

(e) Construction schedule -

It is expected that the design, construction, and placement into opera-

tion of mechanical draft cooling towers would take.approximately 19 to

25 months.

(3) Natural draft cooling towers - The

plant has been designed for the use of two natural draft cooling towers

in a closed-cycle system. The towers will be 354 feet in diameter

and 478 feet high.

Makeun will be taken from the discharge of

the auxiliary and essential raw cooling water supplies, and tower blowdown

will be taken from the tower basins. The main circulating water pumps

circulate water to the condensers and to the towers. Water falls

through the fill and heat from the water is transferred to the air.

Airflow is created in the tall hyperbolic shells. The cooled water

then flows by gravity back to the condenser intake.

(a) Feasibility - Natural

draft cooling towers have been used for many years. The first unit in

the United States, at the Big Sandy plant, was built and put into opera-

tion in 1962. The largest tower in operation, to our knowledge, is

Heat rate, percent decrease

Heat rate, Btu/kWh decrease

0.2

21
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320 feet in diameter and 452 feet high. The following large counter-

flow towers are now under construction:

American, Electric Power - Amos Plant - 400 feet diameter x 492 feet hi gh

Portland General Electric - Trojan Plant - 385 feet diameter
x 492 feet high

Toledo Edison and Cleveland Electric - Davis-Besse Plant - 411 feet

diameter x 492 feet high

Cincinnati Gas & Electric - Zimmer Plant - 383 feet diameter x 479
feet high

Figure 2.6-1 shows the tentative

location and arrangement of the two natural 
draft towers on the plant site.

(b) Land requiremen ts - The

use of natural draft cooling towers will not require the purchase of

any additional land beyond that already owned.

(c) Environmental considerations

The environmental considerations for natural draft towers are discussed

in section 2.6.2.

(d) Economic considerations -

The initial investment required for the installation of the natural

draft tower system is approximately 41.6 million dollars. This system

is used as a base for comparing operation and maintenance costs with a

mechanical draft tower system.

(e) Construction schedule -

It is expected that the design, construction, and placement into o pera-

tion of natural draft cooling towers would take approximately 36 
to 42

months.

(4) Spray canal system - The investigation

showed the only location available for a spray canal locates it in an

area which is restricted by the reservoir on one side and a high ridge

on the other side of the plant, as shown in figure 2.6-8.

The high ridge along the west side of the

plant would have a serious effect on the performance of the spray canal

when the prevailing wind is from the west through the south-southwest

quadrants (about 21 percent of the time).

Because of this adverse effect on the per-

formance of the spray canal, it was concluded that a spray canal could

only be effectively utilized in conjunction with a cooling lake. There-

fore, the spray canal was not considered to be a feasible alternative

except for use to augment a cooling lake.

(5) Cooling lake system - Preliminary

investigations indicate that the use of a cooling lake system would

require approximately 3,500 acres of exposed water surface. At the

Watts Bar site the only area available within several miles is the

valley lying to the west of the plant site beyond the ridge line (figure

2.6-9). This valley contains a natural drainage area of about 2,100

acres bounded by ridge lines on the west, north, and east and by a

natural saddle in the valley floor on the south side. The elevation

of this saddle suggests a lake surface elevation of approximately 740

feet. From this saddle the valley floor drops progressively to the

Chickamauga Reservoir elevation of 683 feet in a distance of about 2

miles. In order to increase the lake size to the required 3,500 acres

it would be necessary to construct a dam across the valley about 1.5 miles

south of the saddle. This dam would be more than 2 miles long and at
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least 80 feet high in several locations. The construction of a dam to

increase the lake size does not appear to be a practicable alternative.

In order to construct a 2,100-acre cooling

lake in this area, it would be necessary to displace the Yellow Creek

*fish hatchery to some other location or dispense with it altogether.

In addition, the railroad and highway leading westward from the Watts

Bar Dam site would have to be relocated for a distance of approximately

a mile. Approximately 40 residences would have to be removed as well as

two churches and a few other buildings. There is a large spring in the

area that would be covered. This spring would have to be carefully

sealed to prevent the possibility of a contamination of the underground

water system by the lake water.

In addition to the several dikes that would

have to be built, it would be necessary to extend a tunnel from the

plant site to the northwest approximately 2,000 feet to reach elevation

740 in order that the system would not require more than one pumping

station. Spray modules could be placed in the lower lake connecting

the plant discharge to the pumping station. These spray modules would

be needed to augment the cooling capacity of the 2,100-acre lake.

The combination of inadequate lake area

(making spray modules necessary), the necessary relocation of the highway

and railroad, the loss to users of 2,100 acres of farmland, the necessity

to move or destroy the Yellow Creek fish hatchery, and the construction

of several dikes and a 2,000-foot-long tunnel makes the environmental

consequences of this alternative unacceptable.
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(6) Evaluation of alternative heat

dissipation facilities - To minimize the thermal effects on Chickamauga

Reservoir, TVA has decided upon a closed system utilizing counterflow

natural draft cooling towers to dissipate the waste heat. TVA has

concluded as discussed above that the installation of the diffuser

system or the spray canal is not a feasible alternative for heat

dissipation and that the cooling lake is environmentally unacceptable.

Since cooling towers were the only

alternatives which were both feasible and environmentally acceptable,

the extensive considerations and detailed analyses were limited to

mechanical draft and natural draft cooling towers.

As an alternative to the presently proposed

water intake requirements and design, TVA considered a scheme which

would reduce the amount of water intake by utilizing the natural draft

cooling towers to also cool the heat exchanges in the secondary steam

section of the generating plant. However, to do so would require larger

and more expensive heat exchangers with a resultant decrease in overall

plant efficiency. As discussed, the intake channel velocities for the

proposed system ard very low and no significant environmental impacts are

expected (see section 2.7). TVA does not believe the expense and associated

problems of this alternate scheme are justifiable.

Operational trade-offs with regard to

the limitations of the cooling tower sydtem include those problems

associated with the cooling tower system as opposed to once-through river

cooling. Obviously going to a closed system cooling tower arrangement
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greatly reduces the quantity of heated water discharged to the

receiving stream, but at a sacrifice in overall plant efficiency

due to operation at higher turbine back pressures. The total solids load

in the river would be about the same (some solids may be carried out of

towers in the drift), but the concentration of solids in the cooling

tower blowdown would be much higher. The intake structure, the water

withdrawal facilities, and the discharge facilities are all smaller

in size for the closed cooling tower system than would be required

for a once-through river cooling system.

Because of evaporation losses associated with

cooling towers, the dissolved solids contained in the reservoir water will

be concentrated within the circulating cooling water. Since the waters

of Chickamauga Reservoir show a tendency to scale, operating the towers

at high solid concentrations probably would make it necessary to feed

chemicals to the system to prevent scaling and fouling. Operating

the system at higher levels of concentrations, while lowering

the intake rates, and lowering the heated discharges, would

aggravate this problem. As discussed in other sections of this

document, no significant impacts are expected from the system

as proposed. In addition, the cooling water required for the plant

auxiliaries will be used for tower makeup, and normally this flow will

provide almost all of the tower requirements. As a result, even if the

system were operated at a much higher concentration factor, the withdrawal

rate from Chickamauga would only be reduced by a slight amount since

cooling water wcild still be required for the heat exchangers of the raw

cooling water systems. TVA believes that where adequate water is available

for makeup and adequate water is available in the receiving stream

to accept the blowdown without exceeding water quality criteria

in either case, the cooling tower concentration factors should

be held to low levels to maintain good equipment reliability and

lower operating and maintenance costs. Actual operating

experience at the plant will be observed and may show that operating

under normal conditions at concentration factors above 2 would be practicable

in which case the amount of heated blowdown would be reduced.

The following table summarizes the present

worth cost comparison (1972 dollars) of the feasible alternatives:

Tower Type

Average Annual Net
Turbine Heat Rate,
Btu/kWh

Initial Investment

Operating Cost

Capability Cost

Maintenance Cost

Total

Mechanical
Draft

9,705

$36,600,000

4,Boo,000

(-)1,300,000

2,500,000

$42,600,000

Natural
Draft

9,726

$41,600,000

Base

Base

Base

$41,600,000

Due to the one million dollar economic

advantage and the smaller potential for fogging and icing, TVA con-

cluded that the natural draft cooling tower installation represents

the most attractive alternative heat dissipation method for the Watts

Bar Nuclear Plant.
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Table 2.6-1

OBSFRVED WATTS BAR DAM TAILRACE WATER TEMPERATURE DATA

Week
Number

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

* 43
44
45
46
47
48
49
50
51
52

(Weekly Observations)

1967-71 Average
Temperature

OF.

46.5
42.6
42.4
42.3
42.9
43.8
44.2
45.1
46.4
46.2
49.1
50.1
52.9
55.4
57.7
6o.1
61.o
63.2
63.6
66.2
66.0
70.2
71.6
72.0
74.0
74.3
75.6
76.3
75.2
75.6
76.6
76.3
76.6
76.3
76.7
76.5
76.4
75.9
74.3
73.0
71.4
71.1
66.9
65.8
61.6
58.3
55.0
53.4
51.4
50.5
49.6
47.7

1967-71 Maximum
Teqpture

48.2
45.3
44.6
45.1
45.1
46.4
46.4
48.2
51.8
50.0
51.8
52.2
55.6
59.0
6o.8
64.4
64.4
64.9
66.2
68.o
68.0
73.4
75.2
73.4
75.2
75.2
77.8
77.8
77.0
77.0
80.6
77.8
77.8
77.0
77.9
77.9
77.8
77.8
77.0
77.8
73.4
73.4
69.8
71.6
62.6
6o.8
57.2
54.5
53.6
52.7
53.6
52.7
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*Example: 1 percent of total cases occur
in the 22-1/2' sector north of
plant with plume length > 3.5 mi.

2.6-38
*Example: .5 percent of total cases occur in

the 22-i/2* sector northeast of
plant with plume length > 3.0 mi.

Percent of
total cases

W

E

S

Figure 2.6-2 PREDICTED PLUME LENGTH AND FREQUENCY OF OCCURRENCE
FOR 16 COMPASS POINT SECTORS
NATURAL DRAFT COOLING TOWERS
WATTS BAR NUCLEAR PLANT

Figure 2.6.3 PREDICTED PLUME LENGTH AND FREQUENCY OF OCCURRENCE
FOR 16 COMPASS POINT SECTORS
(AMBIENT TEMPERATURE BELOW FREEZING)

NATURAL DRAFT COOLING TOWERS
WATTS BAR NUCLEAR PLANT
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Figure 2.6-4

WATTS BAR DAM HOURLY FLOW
TEN YEARS OF RECORD

1959-1968
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ýExac1 ie: I3 percent of total cases occur
ir: t-1o l-1!2° se 4tor rorthwest
of' plant, -;t+ plmle length > 3.0 U

*Example: .5 percent of total cases occur in
the 22-1/2' sector northwest of
plant with plume length > 3.0 mi.

Percent of
total cases

N

S

Figure 2.6-6 PREDICTED PLUME LENGTH AND FREQUENCY OF OCCURRENCE
FOR 16 COMPASS POINT SECTORS
MECHANICAL DRAFT COOLING TOWERS
WATTS BAR NUCLEAR PLANT

Figuire 2.6-7 PREDICTED PLUME LENGTH AND FREQUENCY OF OCCURRENCE
FOR 16 COMPASS POINT SECTORS .
(AMBIENT TEMPERATURE BELOW FREEZING)
MECHANICAL DRAFT COOLING TOWERS
WATTS BAR NUCLEAR PLANT
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2.7 Biological Impact - An important consideration in carrying

out the construction and operation of a nuclear power plant is the

formulation, conduct, and analyses of comprehensive ecological studies.

These considerations allow documentation of environmental characteristics

prior to construction and operation of the plant in Drde: that the effects

of construction and operation of the facilities can be determined. In

addition, they provide a basis for selecting measures to minimime any

projected adverse effects by similar approaches in future work.> TVA

has developed specific ecological investigative and monitoring programs

that will start sequentially before plant construction, during construc-

tion, during plant startup, and during all early phases of operation.

The relevant programs are discussed below.

I. Ecological studies and analyses performed or

planned - The studies that are completed, under way, or proposed

document historic and existing characteristics of the environment in

the area of the site and are discussed in subsections 1-6 below.

Baseline data on the known ecology of the area has been given in Section

L.1, General Information.

(1) Identification of species important

to sport and commercial use - Investigative programs have been conducted

for upland wildlife, fish, and aquatic life. Species are presented in

Tables 1.1-15, 1.1-16, and 1.1-17 and Appendix I. At least seven game

species are supported by the upland wildlife habitats present in the

three counties (Rhea, Meigs, and &M'imm) surrounding the plant site. These

include white-tailed deer, gray squirrel, raccoon, wild turkey, ruffed grouse,

cottontail rabbit, and bobwhite quail. Waterfowl investigations indicate

that the vicinity around Yellow Creek Waterfowl Management Area has

significance in attracting migratory waterfowl.

Fish monitoring investigations have shown

the following fish to be important to sport use: largemouth bass,

spotted bass, white bass, crappie, bluegill, and sauger. Important

commercial fish are catfish, buffalo, and carp.

Mussel and clam investigations have

revealed eight commercial and one invasion species; they are as follows:

Quadrula pustulosa White wartyback
Cyclonaias tuberculate granifera Pink wartyback
PLeurobema cordatom Ohio River pigtoe
Elliptio crassidens Elephant's ear
E. dilatatus Ladyfinger
Obliguaria reflexa Three-horn
Proptera slats HeelspLitter
AmbLema plicata* Three-ridge
Corbicula manilensis Asiatic clam (invasion species)

At least three noncommercial but important

food-web, thin-shelled species are represented by extensive populations

in downstream shallows that contain deep sediments.1

These species are:

Anodonta grandis Floater
A. suborbicuLata Paper-shell
Lasmigona complanata White heelsplitter

Aquatic macrophytes and macroscopic algae

are not well represented in the present environment because of a lack

of suitable substrate, hydraulic, scouring, and the hydraulic drag

produced on any specimens attempting to root in the area.

Gastropods and aquatic insects are rare

due to a lack of suitable substrate on channel slopes and due to

hydraulic effects.
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(2) Importance of locale to existence of

important species, considering states in life history - Alteration of ground

cover for construction of the plant and resulting wildlife habitat modification

will have direct and indirect effects on numerous faunal species. Clearing of

50 to 55 acres cf. hardwood and pines and associated understory species of

vegetation will destroy habitats of those species that feed, nest, roost, seek

protection, and otherwise rely on the forested areas to be cleared. The

impact on the wildlife directly affected will be severe but highly localized

and is not considered to be significant in terms of fauna of the area.

The tailwaters of Watts Bar Das are considered

favorable spawning habitat for sauger, white bass, smallmouth bass, and the

mussels and clams named above. Construction of the plant is expected to have

a direct impact on approximately five to ten acres of bottom substrate by

excavation, placement of facilities, or flow interruption and disturbance

related to plant supply, intake, or discharge features. Operations, as now

planned, should have a minimum adverse effect on this area. Construction

activity itself may temporarily disturb the mussel habitat in waters adjacent

to the site. Present data (Table 2.7-1) indicate that immediately adjacent

to the proposed plant site mussels are scattered across the river, and more

than a mile downstream concentrated beds occur in shallower water or on

channel slopes. Movements of the several fish species that show extensive

ranges of migration are not expected to be significantly changed by the

location of the plant in this area.

Local area flights of waterfowl to the Yellow

Creek Waterfowl Management Area, located near the plant site, may be affected

by the height of the cooling tower structures. The plume, under certain

weather conditions, could also offer some difficulty to local flight patterns.

However, neither of these effects is expected to have a significant impact

on normal waterfowl migration habits.

(3) Time and space changes in temperature

distribution - From 1942 through the first week of July 1953, TVA main-

tained continuous temperature monitors at 0.5 feet, 30 feet, and the

bottom at TRM 529.9 (upstream of Watts Bar Dam). Since 1953 a single,

early morning (8 to 9 a.m.) weekly temperature record has been obtained

from the tailrace of the Watts Bar Dam. During 1960 monthly temperature

profiles in Chickamauga were obtained from a number of points. The data

obtained for the reach is shown in Table 1.1-21 and figures 2.7-2, 2.7-3,

and 2.7-4.

Watts Bar-Reservoir begins to stratify in

the early spring and remains stratified until late fall. Temperature

data collected in the reservoir at the dam, TRW 529.9, for the period

1942 to July 1953 show that the maximum surface temperature has varied

from about 80 to 88OF and that the maximum temperature differential

between the epilimnion and hypolimnion is on the order to 15 to 20OF

(see figures 2.7-2 and 2.7-3). Additional data collected in this reser-

voir indicate that for normal turbine operations water is withdrawn

from both the epilimnion and hypolimnion but is proportionately much

less from the epilimnion. Comparison of temperature data collected at

TRM 518.0 (figure 2.7-4) and the Watts Bar Reservoir data indicate that

for normal turbine operations mixing of the epilimnion and the hypo-

limnion will result in an increase in the hypolimnetic temperature of

about 5-8'F and a decrease'in the epilimnetic temperature of about

12-15'F. For turbine releases on the order of 3,500 ft /s it is expected

that water will be withdrawn only from the hypolimnion. This hypo-

limnetic water contains smaller amounts of phytoplankton and greater
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amounts of zooplankton than epilimnetic water; therefore, the turbine

passage will affect zooplankton more than phytoplankton.

From among the altewnate condenser cooling

water systems considered, closed-cycle cooling towers were chosen pri-

marily because the towers would reduce total water intake and would

significantly reduce thermal discharges from Watts Bar Nuclear Plant.

Interlocking discharges of tower blowdown with hydro plant discharges

will significantly reduce time and space changes in temperature in the

river. However, organisms moving with the intake pumped water will be

significantly affected by the high condenser temperature rise, by long

holdup in the towers or holding pond, and by abrupt cold to warm changes

due to entrainment at the blowdown diffuser or by spread of the mixed

temperature water. These temperature changes will be in addition to

those resulting from turbine mixing during reservoir stratification in

the late spring, summer, and early fall.

The temperature rise resulting from pas-

sage through the turbine into the tailrace of Watts Bar Dam adds as

much as 8
0
F seasonally. Several hours after being released from the

dam, some of the organisms will pass over the blowdown discharged from

the nuclear plant and may be subjected to an additional h4F. Similar

single-step rises through existing steam plants have not been found

to be detrimental to planktonic forms. Therefore, there are no signifi-

cant biological changes expected with the time and space changes in

temperature of the river and most of its volume of organisms. Localized

effects on mussels and fish are discussed below.

(4) Implications of withdrawal and return

of cooling water - The normal summer pool elevation at Watts Bar is

682.5 feet above mean sea level; normal winter pool elevation is 675

feet above mean sea level. A May-June vector control water level.fluc-

tuation adds 0.5 foot to the 682.5-foot level in order to retard shore-

line vegetative growth and to help strand flotage and other debris.

The intake for the proposed nuclear plant

will be located near Tennessee River mile (TRM) 528, approximately

10,000 feet downstream from Watts Bar Dam. Four locations were examined

initially. All indicate a deoth of at least 15 feet of water when the

Chickamauga pool is at elevation 675. The location selected, figure

2.7-5, will require a minimum amount of excavation by dredging in the

river channel and will present the most uniform flow past the intake

channel opening. The bottom substrate is an admixture of cobble, rock,

sand, and gravel. The bottom topography is as illustrated in the figure.

Preliminary design is developed in such a manner that some bottom sub-

strate excavation will have to be completed in order to provide a sloping

channel bottom to the intake invert which has a bottom elevation of

652 feet above mean sea level. The intake structure will have four

openings slightly more than 5 feet wide and 22 feet high with the top

of the openings at elevation 674, 1 foot below normal winter pool level.

The intake channel width at the surface, paralleling the river, will

be 170 feet (elevation 675). No skimmer will be used, but the intake

openings will be fitted with trash racks; between the trash racks and

the pumps, vertical, 3/8-inch mesh traveling screens will be installed.

The pump deck structures and the actual intake will be 850 feet back

from the 683-foot slope contour.
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It must be anticipated that all planktonic

organisms that pass along the right bank will be exposed to withdrawal

when the intake is operating. Efforts are being made to reduce the

amount of biota taken into the plant. The major design effort has

been to reduce the intake canal velocities. These average velocities

are about 0.037 ft/s in summer and 0.073 ft/s in winter into the mouth

with a flow of 120 ft3/s and a velocity of about 0.26 ft/s through the

openings to the screens. Young fish should be able to swim back to the

mouth of the intake channel. Organisms near the intake openings will

experience a maximum velocity of about 0.4 ft/s; once the organisms

pass the intake opening they will pass through the screens, the pumps,

and the plant and must be considered lost as particulate' food. Organisms

will reappear at the blowdown diffuser as dissolved, colloidal, or

mineralized fragments.

This conversion of organic materials is

not expected to have significant implications for the production of

heterotrophic slimes in the reservoir because the small quantities

contained in the water will be diluted. In addition, a well-developed

community of mollusk filter feeders is resident in the zone.

The effect of elevated temperatures on

biological oxygen demand is not expected to be significant. While there

will be an increase in the BOD of the water in the closed-cycle cooling

system and therefore in the blowdown discharge-as compared to the reser-

voir water--because of the small volume of the water discharged no sig-

nificant effect is expected in the DO in the reservoir. Furthermore,

upon return to the reservoir, minimal incremental thermal effects will

be noted on the DO.

C-8

As discussed in section 2.5, some trace

metal concentrations in the reservoir may exceed stream guidelines

primarily due to geologic sources in upstream tributaries. Some

adverse effects to the aquatic biota possibly occur due to the

existing background levels.

Although no heavy metals are expected

to be added to the cooling water by operation of the power plant,

these metals do build up in the cooling system as a result of

evaporative losses. The concentration levels for these metals

during system operation is controlled by the amount of blowdown

and makeup cooling water used. As discussed in sections 2.5 and 2.6,

operating procedures now planned for this plant are expected to result

in concentrations in the blowdown which will normally be about two

times and occasionally as high as four times the value existing in

the makeup water. Any increased impacts as a result of the plant will

be restricted to aquatic biota in the immediate vicinity of the dis-

charge. By using a diffuser to disperse the blowdown, the biota

exposed to higher concentrations will be minimized.

The incremental effects of the plant due

to changes in the total effects of trace metal concentrations on the

aquatic biota affected are considered to be negligible.

(5) Effect of passage through condensers

on planktonic forms and fish larvae - The volume of water drawn from

the tailwater of Watts Bar Dam will vary seasonally from 25,000 to

60,000 gal/min and may peak for short periods to 77,500 gal/min. The

proportion of water drawn continuously into the plant will vary from
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hour tohour as the hydro plant changes operation to meet the cyclic

load requirements. When there is zero turbine flow at Watts Bar Das

the raw and essential cooling waterflow of 51,000 gal/min could be

drawn from the upper end of Chickamauga Reservoir's pool. Under

these conditions the 12-hour demand for makeup water for the nuclear

plant could require approximately 112 acre-feet of makeup water.

This is an insignificant quantity in a reservoir the size of

Chickamauga.

Since the closure of Watts Bar Dam

actual riverflovs have ranged from 0 to 187,000 ft
3

/s with a summer

mean flow of 21,500 ft 3/s (9,650,000 gal/min) and a winter mean flow

of 35,500 ft 3/s (15,930,000 gal/min).

It is judged that any planktonic organ-

isms pumped through the condensers-will be killed by the heat rise

(38'F) and/or by the long retention at elevated temperatures while

transiting the cooling towers. While the effect of passage through

the condensers is easy to predict, the significance of this loss of

planktonic organisms to the reservoir is impossible to predict. The

proportions drawn in will vary from hour to hour depending on many

factors, including:

1. Time of day

2. Response to zooplankton to light

3. Number and position of turbines onerating.

4. How turbines are operating

5.

6.

7.

Pool elevation

Velocity at intake

Velocity of river

8. Season of year

9. Presence and abundance of each species

10. Nuclear plant load

11. How organisms survive turbine passage

12. Population of fish feeding between dam and intake

Larval fish which pass through the plant

in the cooling waterflow will be killed in this closed-cycle cooling -

system due to the temperature rise in the condensers and to mechanical

shock. An accurate assessment of the effects on larval fish populations

cannot be made at this time. Concentrations of eggs and larvae avail-

able for entrainment and condenser passage will come from two' sources:

(1) those eggs and larvae produced in the tailwater area and (2) those

larvae which pass through Watts Bar Dam. At least two important species

(sauger and white bass) spawn in tailwater areas. However, neither the

magnitude of spawning efforts for this tailwater nor the magnitude of

dam passage is now known for this site.

Even though no estimates of actual fish

mortalities are possible since no data are available, no significant

adverse effect is expected on the reservoir fish population because of

the limited quantities of makeup water required by the closed-cycle

cooling system (a maximum of 0.7 percent of the average riverflow), the

low velocities in the intake channel, and the locating of the intake

channel so as to minimize environmental impact.
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Only detailed investigative studies will

reveal the significance of the passage of organisms through the dam

and nuclear plant intake. Further investigations will be planned and

conducted before plant operation and will continue through all phases

of startup and early sustained operation.

(6) Siltation and turbidity effects -

Limited information is available regarding the possible effects of

!ncreased siltation and turbidity due to construction on the Watts Bar

Nuclear Plant site on the mussels in this reach of Chickamauga Reservoir.

TVA's studies reported in "The Mussel Resource of the Tennessee River"

discuss these effects in a general way. There will very likely be a

certain amount of increased turbidity and siltation in the reservoir

due to construction although control measures will be taken to minimize

these *effects. The extent of any increased siltation and turbidity

cannot be accurately anticipated. It is likely that any increase in

turbidity of the reservoir and possible siltation would be confined to

a reach along the right bank side of the reservoir from the construction

site downstream for a mile or so.

Garner and Kochtitzky2 estimated the

source of the sediment in Chickamauga Reservoir to be 23 percent from

Watts Bar Dam releases, 28 percent from the local drainage areas of

Chickamauga Reservoir having less than 200 square miles (included bank

sloughing), and 49 percent from principal tributaries between Chicka-

mauga and Watts Bar Dam having drainag&i areas of 200 square miles or

larger. No major accumulations of sediment occur in the 2- to 3-mile

stream reach immediately downstream from Watts Bar Dam. However, during

the period 1956 to 1961, sediment accumulation exceeded 1 foot at TRM

527.3 and 2 feet at TRM 523.7. On an annual basis, the sediment

accumulation rate at these two locations would be about 2.5 and 5

inches per year, respectively. The sources of this sediment are the

Watts Bar releases and the local drainage area including bank sloughing.

Onshore and shoreline riprapping would reduce or eliminate bank slough-

ing and slumping in the vicinity of the plant site. Protective measures

during construction should prevent significant turbidity or sediment

contributions from the construction site during all but the extreme

storm runoff events. Intake construction and diffuser construction and

placement respectively will necessarily destroy any bottom aquatic life

in the immediate construction area and contribute some sediment and

turbidity that will locally affect the substrates and benthos in deposi-

tion zones downstream. Effects on mussels in the 3-mile sanctuary reach

below Watts Bar Dam would be limited to the lower half of the sanctuary.

In order to understand the effects that

siltation and turbidity will have on the mussel sanctuary, consideration

was given to the life history cycle of mussels. The life history cycle

of the pigtoe mussel which is the most abundant commercial species now

existing in the Tennessee River has been recently described by Yokley
3

and is shown in figure 2.7-1. These historic Tennessee River mussel

populations are gradually dying, even in those areas no longer subject

to overharvesting, i.e., sanctuaries.

Yokley concluded that:

.The Ohio pigtoe mussel, a commercially valuable species, inhabits
the largest rivers of the Ohio River drainage system and also
occurs in concentrations or "mussel beds" in the Tennessee River.
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Oogenesis and spermatogenesis follow an annual cycle, with

spawning and fertilization in Anril and May. Four to six

weeks after fertilization, the marsupial outer demibranchs

are found to contain glochidia. Larval development to this
stage is dependent on water temperatures above about 21'C.
In the laboratory experiments the parasitic glochidia,
released mainly in June, attach to the gill filaments of

the rosefin shiner, Notropis ardens (Cope), encyst, and

transform into Lzdependent mussels in 14-18 days. A motile
foot develops during encystment, but no increase in overall
size results. Within 3 weeks after dropping from the host
fish, the free-living naiads double in size. Sexual maturity
is reached within four years, and the gonads remain functional
throughout the mussel's remaining 25-30 years of life.

Deposition of sediment reduces the per-

centage survival of young mussels. When juvenile mussels first arrive

at the bottom of a stream after completing their transformation they

are less than 1/10 inch in diameter; later, while they are still less

than 1/2 inch in diameter, they partly anchor themselves with mucous

threads. Silt and organic materials can reduce the oxygen supply to

the streambed. Mussels of most ages do not survive reductions approaching

20 percent of saturation.

Ellis quantified the mussel-silt problem

and found that "mussels were unablc to maintain themselves in either

sand or gravel bottoms when a layer of silt from one-fourth to one inch

deep accumulated on the substrate." Silt deposition also interferes

with their filter feeding. In muddy water mussels remain closed 75 to

95 percent of the time.

The populations apparently are experiencing

a combination of adverse or less suitable environmental conditions.

Corresponding changes in host fish responses result in either fewer or

no fish of suitable species being present over gravid mussels during

spawning periods. Fish infected with larval mussels (glochidia) drop

the young mussels over unsuitable substrates because of changed.

behavioral patterns and movements in response to the altered environ-,

mental parameters. This results in further reduction in the potential

mussel stock.

A possibility that cannot be quantita-

tively documented at present is that the construction of Watts Bar

Nuclear Plant will enhance both the amount and type of suitable bottom

and shoreline substrate for attachment and burrowing of larval and

young mussels. Specifically, the increased exposure of bedrock, the

placement of concrete and cobble or gravel to support structures, and

the riprapping of the shoreline will provide new suitable substrate

for attachment and will reduce shoreline bank sloughing and slumping.

In addition, when the plant becomes operational the warmer blowdown

discharge may attract and hold potential host fish over gravid mussels

and/or substrates suitable for larval mussel attachment. Those mussels

that attach to shoreline riprap, bottom gravel, or cobble, and even

exposed bedrock, will have an opportunity for longer growing seasons,

faster rates of growth, and better quantities of food suspended in the

overflowing water masses.

The balance between these positive and

negative effects should be in favor of bank protection, improved attach-

ment substrates, host fish attraction, and longer growing seasons.

(7) Measures taken to assure adequate

ecological studies - TVA has and will continue to consult with appro-

priate individuals and state, local, and Federal agencies to plan,

conduct, and analyze the adequacy of its ecological studies.
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2. Studies to be conducted or continued - TVA's

monitoring programs are designed to assess the adequacy of measures

taken to minimize the environmental impact of the facility. They also,

help to identify those aspects of plant design or plant operation which

require further effort to resolve questions of environmental impact.

Additional studies to resolve questions of environmental impact of the

plant will be initiated prior to or concurrent with the subsystem

construction or operation that is questioned.

An analysis of the terrestrial ecosystem has been

undertaken in order to assess the environmental impact of the plant on

the terrestrial ecosystem of the plant site. Investigations of the

flora and fauna have been conducted and are discussed in Appendix I.

Figure 2.7-6 shows the distribution of vegetative cover existing on

the site. Clearing operations for construction of the plant will

result in some loss due to terminating the growth of merchantable

timber. These losses are not considered significant in terms of forest

resources of the area due to the small amount involved, although some

wildlife habitat will be destroyed as previously discussed. Clearing

of brush or other nonmerchantable species is not considered significant

since no rare, endangered, or unique species will be affected by these

operations. One plant species found in the study area is proposed as

a rare and endangered species--the spider-lily, Hymenocallis occidentalis.

The species is found on the US. Forest Service - Southern Region list

of rare and endangered species. It is also listed in several floral

manuals as being rare. Several spider-lilies were found in the pro-

posed nuclear plant site area, but none was found in the areas to be

cleared or altered for consuection. Thus, the population should not

be threatened by any direct impact of the proposed nuclear plant.

Discussions of rare and endangered fauna are found in Appendix I.

The environmental radiological monitoring program

for the Watts Bar Nuclear Plant is described in section 2.4, and the

locations of sampling sites are given in Table 2.4-5.

The monitoring program as originally described in

the draft environmental statement did not specifically state that' sedi-

ment would be collected at station X because the substrate composition

of the bottom of the river channel was insufficiently known. Since

that time onsite sampling has revealed the substrate to be an admix-

ture of rock, gravel, and fine particles of coal which can and will

be readily sampled routinely during all phases of monitoring.

The eight reservoir cross sections were selected

on the basis of known flow characteristics, bottom morphology, sediment

depth and composition, historic biological records, obvious reservoir

characteristics pertinent to definition of isotope distribution and

behavior, workability, access, and representativeness of a particular

reach. Overall, they represent the basic types of habitat, substrate,

environment, communities, and populations of the upper and middle

portions of Chickamauga Reservoir.

Present Watts Bar Dam releases are sometimes below

proposed Tennessee DO criteria. There is little noticeable impact on

the tailwater biota subjected to these lowered DO levels. Watts Bar

Nuclear Plant is not expected to adversely affect the DO levels in the

reservoir. Preliminary field tests at TVA's Paradise Steam Plant



Table 2.7-1

CROWFOOT BRAIL COLLECTIONS OF MUSSELS

BELOW WATTS BAR DAM - JUNE 1972

Amblema

TRM Location costata

526.8 Mouth of
Yellow Creek

Corbicula Cyclonaias
manilensis tuberculata

Elliptio Obliquaria
crassidens reflexa

Quadrula
pustulosa

527.0 Bight bank
Left bank

527.5 Right bank
Left bank

528.0 Bight bank

Left bank

528.5 Bight bank
Left bank

529.0 Bight bank
Left bank
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Figure 2.7-2

Forebay temperature profiles at Watts Bar dam - 1942-4T
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Tailrace temperatures resulting from Watts Bar Dam turbine mix of 62 percent of the vertical profile
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Figure 2.7-3

Forebay temoerature profiles at Watts Bar dam - 19h8-53
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2.8 Construction Effects

1. General construction considerations - To avoid

unnecessary peaks in manpower requirements and to take advantage of

the relatively dry fall weather for construction work, it is deemed

.advisable from a construction standpoint to begin the onsite work in

the fall of 1972. Initial work will be centered around three main

categories of construction activities: (1) gener al grading of the site;

(2) construction of the "Construction Plant Facilities" which include

various shop needs, warehousing facilities, utility services, concrete

mixing plant, administration buildings, roads, railroads, etc.; and

(3) excavation of earth and rock in the area of the main powerhouse

complex.

The next principal phase of work concerns the start

of the permanent concreting prograin for all structures now planned to

begin about six months after the start of construction activities.

Construction activities at the site will be planned

to minimize undesirable effects, such as accumulation of scrap materials,

burning of cleared brush and trash, and silting of the reservoir during

any required dredging operations associated with intake channel excava-

tion. Since there is very little timber and brush to be cleared from

the site, air pollution resulting from the burning 9f this material

will be minimal and of short duration.

Temporary construction buildings will be arranged

in a neat and orderly manner to minimize land use requirements, to

expedite construction operations, and to facilitate routine grounds-

keeping and housekeeping needs. Warehousing operations will be

centralized at the project for surveillance and control purposes.

Because of the general cleared condition of the

site it is anticipated that a total area of only 50 to 55 acres will

be affected by tree cutting and clearing required for the construction

area needs. Merchantable timber, if any, will be sold and hauled

away.by the purchaser. A large portion of the acreage to be cleared

lies in a marshy area that needs draining, clearing, and filling in

order to improve and upgrade the general area. No significant impact

on forest resources will be caused by construction on the plant site.

Preliminary plans indicate an approximate earth

excavation requirement in the powerhouse structure area of 1,400,000

yd 3. This material will be used for both construction i)lant and per-

manent plant fill requirements. The general methods described for

protection against soil erosion and resultant siltation are generally

those standardized-type construction methods that have been used suc-

cessfully over the years. However, as new techniques are developed

which would give a better balance of reduction of environmental impacts

and cost, TVA will use these technioues wherever their use is feasible.

Construction effects associated with offsite

transmission facilities are discussed in Section 2.2.

Following completion of the plant, the complete

temporary construction faciliti es will be dismantled and all material

will be disposed of, either through shipments to other TVA projects or

by sale. The total construction area will be well landscaped.

(1) General clearing - TVA purchased

approximately 967 acres of land to supplement land already owned. The

land has been generally cleared by previous owners except for some
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263 acres of woodland which are broken up into three major woodland

stands plus some minor scattered areas along drainage sloughs and in

the vicinity of tenant housing locations.

The main nowerhouse complex will be

centered in a large previously cleared area. This complex, including

the switchyard, will take in an area of approximately 90 acres with

less than 10 percent of this area covered by trees and underbrush.

Following is a tabulation of the approximate areas from which trees

must be cleared for construction needs:

Approximate Area Approximate Area
Required to be Cleared

for their aesthetic value where these will not create costly and

dangerous obstacles to construction equipment and personnel movements.

Much of the wooded area will remain

undisturbed unless major design changes create additional clearing

requirements. Based on present design data available it is assumed

that approximately 210 acres of woodland will remain undisturbed for

the 2-unit installation. This comprises approximately 80 percent of

the existing woodland.

(2) General grading and excavation -

Design information issued as of the present indicates the following

grading and excavation quantities required in the construction of the

Watts Bar Nuclear Plant.Powerhouse complex
including switchyard

Holding ponds

Cooling towers

Railroad and access road

Construction plant shop
and administration

Parking lots

Warehouse and storage
area

90 acres

ho
10

5

6 acres

30

1

2.5

50

11

8

Grading and
Excavation
Earth (CY)

Main PH complex h19,160
Switchyard 168,360
General yard 517,070
Dikes & holding ponds 39,580
Intake channel 200,000
Pumping station 31,000
Construction plant 5,000

Totals 1,380,176

Excavation
Rock (CY)

120,000

2,500
10,000

132,500

Backfill or
Embankment (CY)

96,820
35,370

457,500
16,620

8,000 (est.)
90,000

704,310

60

266 acres

2

53.5 acres

The construction plant area was designed

to provide the maximum support assistance to the construction of the

project. Clearing requirements were coordinated with the TVA Architec-

tural Branch to avoid indiscriminate clearing and to provide screening

of the construction area from public roads. Coordination of the con-

struction project with architectural personnel assures that as many

tree stands as possible will be left within the construction plant area

Following clearing and the removal of

stumps, grading operations will be sequenced to remove and store top-

soil prior to conducting a general grading and excavation program.

The initial grading operation will be to

remove the overburden from the main powerhouse complex and cooling

tower area down to final plant grade of elevation 728±. Existing ground

elevations in these areas range up to elevation 740 requiring a 12-foot
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cut at the maximum to reach plant grade. Excavated material will be

used to fill low areas in the construction plant and general plant

yard areas. Any excess material removed in the general grading process

and not required for the fill noted will be used either for permanent

embankments and dikes or will be stored in rolled (compacted) mounds

for future use.

The next major operation will be the excava-

tion of the powerhouse complex below the plant yard grade of elevation

728. Earth overburden will be removed by large rubber-tired panscraper

units with the excavation outlines conforming to design drawing details.

Usable material will be stored for future use and spoil material will

be wasted in preselected areas where it will be graded to conform with

surrounding landscape, covered with topsoil, and seeded and mulched to

avoid erosion.

The shale bed underlying the site and

serving as the rock foundation for the powerhouse tends to weather

badly on exposure. Also there is some concern that blasting may exces-

sively disturb the rock structure below subgrade. Because of these

problems, strict limitations have been placed on the methods to be used

in rock removal to powerhouse subgrade. Following excavation of the

earth overburden, rock excavation will be accomplished with rubber-tired

panscraper units, large dozers equipped with ripper attachments, and

other special equipment capable of cutting through this shale material.

Blasting will not be permitted.

Heavy equipment will work down to subgrade

to remove the rock (interbedded layers of shale and limestone). If

the heavy equipment excessively disturbs the rock, a final 4- to 6-inch

depth of rock will be removed manually and this surface will be covered

within 48 hours of exposure by a 4-inch minimum depth of concrete fill

for protection. Actual and detailed methods of this final work at the

subgrade level will be dependent on the type of equipment that can

operate in this relatively soft rock material without damaging the rock

bedding.

During the above excavation program a

major construction effort will be made to build the construction plant

shop and service facilities for use in the construction of permanent

plant features. Those temporary facilities have been designed in detail

to provide the maximum efficiency in their construction and eventual

service requirements. These facilities will include the administration

building; craft shops; concrete mixing plant; warehouse and storage

yards; raw and treated water systems for fire protection, equipment

cooling, drinking water, concrete mixing; etc.;-service air systems,

construction barge dock; substation and electrical distribution; sewerage

systems; roadways; railroads; etc. Timing for this work will be to

complete the facilities required for service in starting the first per-

manent concreting operation within 6 to 7 months after starting initial

onsite work.

During the above ooerations excavation

requirements will be conducted for the intake channel and pumping

station for the essential raw water cooling and makeup system. A tempo-

rary dike will be left in at the reservoir end of the channel to allow

excavation to be conducted in the dry. Following comnletion of the
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channel and pumping station, flooding of the channel will be accomplished

by pumping into the diked channel from the reservoir. When water levels

are equalized across the dike, the dike will be removed by panacrapers,

draglines and/or clamshells, and by dredging. Breeching of the tempo-

rary dike will not be done until the water levels are esualized to avoid

excessive siltation wash into the channel areas.

Dredging will be required to carry the

essential cooling water channel out to the main river channel for

maintaining emergency cooling water supply at minimum reservoir water

levels.

Dredging will be accomplished by a suction

dredge with the spoil material being disposed of in an upland area to

avoid excessive siltation of the reservoir. Siltation controls are

being studied for consideration of use during the dredging orogram.

The "diaper" technique offers some possibilities for control of silta-

tion in the reservoir and may be used during this work if the studies

being made indicate the feasibility of this type control.

I Design details at this stage are insuffi-

cient to indicate the extent of use of riprapping to control reservoir

bank erosion.

Much consideration has been given to the

general plan for controlling erosion and reservoir siltation during

construction. A study is under way to determine if two large ponds on

the plant property can be used as settling ponds for the construction

plant drainage system. The former owners of the large dairy farm

obtained by TVA for a portion of the plant site constructed a dike

in a twin fork slough ana. .:<n has backed up two large ponds. The

construction plant drainage system has been designed to discharge into

this slough area. By constructing a weir in the dike to control out-

flow and protect the dike and by placing a "diaper" across the ponded

area several feet upstream of the dike, it appears that a natural

silt pond can be developed.

2. Siltation control - General grading for both

the construction plant area and the permanent plant area will be accom-

plished in accordance with grading plans as developed by design and

construction engineering personnel. Following clearing and grubbing,

usable topsoil is removed and stored for future use in final landscape

work. The topsoil will be stored in a manner to minimize loss due to

erosion. Grading work is accomplished according to the grading plans,

which include the construction roadway system, drainage ditches, catch

basins, sloping of areas to drain, and filled areas for construction

shops and administrative office buildings. These grading operations

are conducted to provide and maintain a controlled surface drainage

system to avoid erosion and resultant silting of the Chickamauga Reser-

voir. Certain methods of erosion control used in conjunction with a

master grading plan include the use of'berms, diversion dikes, check

dams, sediment basins, fiber mats, netting, gravel, mulches, grasses,

special drains, and other control devices.

The "diaper" technique developed by the Florida

Department of Transportation is being considered as a possible method

to reduce siltation effects on Chickamauga Reservoir. This method will

be employed during phases of construction when it is considered advantageous.
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Since TVA performs most of its own work with force

account labor, it very seldom becomes involved with contractor efforts

to control erosion. This provides the means for strict control over

construction phases which could result in environmental impacts. How-

ever, since the bases and support piling for the cooling towers are to

be contract erected, TVA will enforce erosion control considerations

as a part of the cooling tower contract requirements.

Also, since TVA performs most of its own grading

operations, good control is maintained at all times over the amount of

erodible material exposed. Inspectors working for the project manage-

ment organization will control the extent of erodible material uncovered

and direct the implementation of pollution control devices as deemed

necessary to protect adjaoent streams. These inspectors and/or engineers

will insure that erosion control practices are reasonably current with

the excavation, borrow, and grading operations. The total project lies

within relatively tight confines that will allow good current control

by inspectors and engineers.

Some material which has been excavated will be

stored in a rolled and sloped (mounded) effect to avoid saturation and

erosion so that it may later be used as fill. Temporary construction

sumps will be constructed in the powerhouse area for the diversion and

control of runoff inside the excavated area. Water will be pumped to

the yard construction drainage system and further treatment, such as

settling pond use, will be effected, if required, to avoid excessive

siltation of Chickamauga Reservoir.

2.8-10

Gravel is used in the construction areas to provide

mudfree parking, storage, and work areas. Heavy rock bases are laid

for construction roadways to avoid rutting and erosion from the use of

heavy equipment. Side ditches are cleaned out periodically for proper

drainage and side slopes are protected where deemed feasible by seeding,

matting, or mulching.

Present plans indicate only one major area of pos-

sible dredge or dragline operation which could have any undesirable

effects on the quality of the reservoir. This concerns the excavation

of an intake channel to the essential cooling water pumping station.

As previously described, excavation of this channel will be conducted

behind a dike which must eventually be'removed by dredge or dragline.

Special efforts will be made to minimize silting in the reservoir,

including the use of "diapers," if advantageous. However, a certain

amount of turbidity and silting is an unavoidable consequence of opera-

tions such as this and fine control is very difficult to accomplish.

3. Solid waste - Trees which must be removed that

have no commercial value, stumps, and brush will be disposed of by use

of one or more of the following: (1) area burning, (2) air curtain

incinerator burning, (3) burning on the premises, (4) mechanical chip-

ping machines andusing or disposing of chips as the need dictates.

All burning will be performed in compliance with Federal, state, and

local regulations. Residue from burning and other unburnable type

trash will be collected for disposal in a sanitary landfill operation

on the site proper. Metal and lumber scraps and other salvable materials

will be collected for periodic sale and removal from the site. Minor
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construction vaste items may be disposed of by controlled burning or

by collecting in large containers and hauling away under contract.

4. Sanitary wastes - A temporary sewage treatment

plant capable of handling the peak construction force sewage load will

be installed and operated to meet applicable standards.

In addition, chemical toilets will be used in

isolated or remote areas during the construction period and the servicing

contractor will be required to dispose of raw sewage in a manner which

is environmentally.acceptable. Generally, sewage is collected in

contractor-owned tank trucks and is hauled to a local community sewage

treatment plant for disposal.

5. Chemical cleaning - Chemical cleaning operations

prior to unit startup will be conducted to minimize releases to the

reservoir and to ensure that any chemicals released have been neutralized

and diluted to concentrations substantially below harmful levels. Pro-

cedures'for chemical cleaning are not final, but our present plans are

to clean piping systems and components before erection. Prior to

startup or initial operation, the systems will be thoroughly flushed

out with a weak solution of trisodium phosphate to remove grease, oil,

or similar contaminants and any loose matter, then given a final flush

with filtered or demineralized water. The flush water will be dis-

charged to suitable holding ponds for further dilution and treatment

to reduce any objectionable constituents to concentrations which are

acceptable for discharge into the reservoir.

Procedures normally include the use of multiple

ponds to allow for monitoring various degrees of treatment so that theI

final effluent to the receiving waters is within applicable water

quality standards. Standard design and construction procedures will

be utilized in regard to the pond dike system. All unconsolidated

fill material will be removed from the dike foundations and the dikes

will be constructed with clean impervious soil placed in layers and

compacted with earth-hauling equipment. All pond areas will be stripped

of vegetation and unconsolidated materials. No problems with overflow,

pond flooding, and similar occurrences are foreseen.

Flushing oils used during the cleaning process for

transformer insulating oil systems and turbogenerator lube oil systems

will be reconditioned for reuse or will be disposed of at some offsite

location.. One possible disposal method would be to use the oil at one

of TVA's convdntional coal-fired plants to take advantage of the heat

content.

6. Miscellaneous - In addition to those considera-

tions already discussed, the following miscellaneous effects have been

identified.

A small river docking facility may be constructed

to handle barge traffic into and out of the plant. This would be field-

designed to make use of steel piling with the idea of permanency in mind

to provide future flexibility in plant material handling needs if con-

sidered desirable by the operating force. Only minor interference with

recreational and navigational features is anticipated and this only when

barges might be tied up at the dock. After the plant is constructed,

the dock would be used only intermittently and no significant adverse

impact on the use of waterways would be expected to occur.
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An alternate method is also being considered. This

involves the use of an already-installed coal-handling dock facility

at the adjacent Watts Bar Steam Plant. If the use of this dock proves

feasible, construction of a new temporary facility will not be required.

To minimize effects of dust during construction,

the use of special tank trucks equipped with sprinkler equipment will

be employed.

Excavation activities during construction may

temporarily affect ground water movement in the immediate vicinity of

the excavations, but the ground water movement should return to normal

after construction is comileted. No public or private use of ground

water.is expected to be affected due to construction of the plant.

TVA plans to provide its own treated (potable) and

raw water supply systems. The treated water supply will be pumped from

deep wells drilled near the site, a large spring located near the site,

or from a combination of the two. Raw water for construction needs

in fire protection, green cutting of concrete, equipment cooling, and

other services will be pumped from Chickamauga Reservoir using a tempo-

rary, construction-erected pumping station located slightly offshore.

Since both treated and raw water facilities will be constructed for use

by TVA, there should be no significant impact on the local community

water systems. A central compressor plant will be located at a suffi-

cient distance from the primary work area to avoid excessive noise

problems associated with stationary-ty-pe air compressor operation.

7. Monitoring - TVA will initiate a monitoring

program designed to determine existing turbidity and siltation levels,

to measure siltation rates and turbidity levels during construction,

and, consequently, to minimize increases in levels due to construction

effects. This program is exnected to yield valuable information as to

whether procedures employed for minimizing impacts are sufficient and

whether better procedures should be sought.

This program will be followed prior to start of

significant excavation and grading and during the portions of the con-

struction activities when the potential exists for significant siltation

and turbidity effects. The results of this program at Watts Bar and

other projects is expected to put the impacts of construction activities

into proper perspective with high, naturally occurring turbidity periods

such as periods of heavy rainfall or flooding. 
-
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2.9 Socioeconomic Impact - Population in the area will continue

to grow along with the industrial growth in the region. Construction

of the Watts Bar Nuclear Plant will have a twofold impact on the sur-

rounding area. First, there will be the temporary impact of construc-

tion employees who move into the area to work orr the project. Second,

permanent employees to supervise, operate, and maintain the plant will

also be moving into the area.

This section includes estimated data of the construction

employees' impact and the projected schedule for permanent employment.

1. Construction employment impact ý One impact

of the construction of the Watts Bar Nuclear Plant will be attracting

workers who will move into the area of the plant site, thereby pro-

viding a temporary stimulus to the economic growth of the area. The

two main concerns are housing and schools, although other public and

private facilities will be affected.

Based on the experience at other similar construe-

tion projects, TVA has estimated that the "impact area" will extend

to between 30 and 35 miles from the plant site but extending no further

vest than Walden Ridge. This area includes all or part of Loudon,

Roane, Rhea, Meigs, McMinn, Hamilton, and Bradley Counties. The "impact

area" is extensive due primarily to the lack of any significant con-

centration of available accommodations.

Workers moving into the area are estimated to com-

prise between 20 and 25 percent of the total construction work force.

In general, the lower percentage will apply during the initial and

final stages of construc.: .. fhe higher percentage Vill be approached

as the work force includes larger numbers of highly skilled workers.

Approximately 50 percent of those workers moving

into the "impact area" are expected to buy or rent houses. An addi-

tional 35 percent are expected to buy or rent mobile homes. The

remaining 15 percent probably will rent apartments or sleeping rooms.

Workers who move and bring their families should

make up about 70 percent of all movers. The remaining 30 percent should

be mostly single men or men who will live in the area during the week

and go home on weekends. On the average, workers who bring their

families will have about one school age child per family.

Using the percentages discussed above, impact esti-

mates were prepared for selected employment levels (1,000 and 2,000

men) to provide some typical figures. These estimates are contained

in Table 2.9-1. This table does not include estimates for effects on

service-related functions such as housing construction, additional

stores and businesses, etc. Table 2.9-2 contains the projected con-

struction employment to help estimate the timing of the iminact. Since

local initiative is such a large determinant of imDacts, no specific

estimates were developed for any specific town or location.

However, the nearby rural community of Spring City

is exnected to be most directly affected during and after construction.

During construction, it is estimated that 20 to 25 percent of the

migrating employees are likely to locate there due to its proximity

to the site and the relatively inexpensive living costs. This will

result in increased loads on water sunDlies, housing, and sewage
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disposal, and increased traffic problems, in the immediate vicinity

of the plant. After construction, the major imnact is exl)ected to

shift from housing, schools., etc., to commercial establishments

because of the numerous tourists and visitors attracted to the area

by the nuclear plant.

2. Permanent employment imi)act - Various factors

require that permanent operating personnel be onsite during the last

half of the construction phase of the plant. The'permanent super-

visory, operational, and maintenance work force will eventually stabilize

at around 1-70 people. Table 2.9-3 shows that these people will start

working there very near the point of peak construction employment and

will all be employed over a year before the estimated completion of

construction.

Their impact on the project area will be in addi-

tion to that estimated in Table 2.9-2 Although this will place a

additional demand on the services of the area, it will also provide an

economic stimulus. At current salary scales, the combined work force

can be expected to have an annual payroll in excess of $1.5 million.

However, there are no previous surveys to provide a basis for estimating

their housing choice, family size, or family composition. It should

be noted that this group will choose a place to live on a somewhat

different basis than construction workers. Whereas construction per-

sonnel may be willing to sacrifice urban services and convenience due

to the relatively short time they will be living in the area, permanent

employees will be more reluctant to do so. In addition to housing,

They will be looking for good schools, adequate medical facilities,

and convenient shopping, among other considerations.

3. Mitigation of impacts - TVA has been working

with state and local authorities on both a formal and an informal

level since August 1970. The Resource Analysis Staff has had continuous

contact with the school boards in Rhea, Meigs, and Roane Counties in

order to help school systems anticipate the influx of students which

would be caused by construction in the area. The Assistant Commissioner

of Education for the State of Tennessee has been informed of the pos-

sible impact of the project on education. In addition, TVA has had

extensive consultation with many other local and area officials, some

of which are described in Section 1.3, Environmental Approvals and

Consultations.

Future meetings with local leaders are planned

to discuss sewage collection and treatment, solid waste management,

improvement of health services, industrial development, increased

assistance for education, and transmission line relocation.

TVA, in cooperation with the Tennessee State

Planning Commission and the Southeast Tennessee Development District,

will be working with area officials in establishing a local developmental

planning program. It is anticipated that these secondary impacts will

have long-lasting social and economic implications for the area. TVA

will continue to work with state and local officials and civic groups

throughout the construction and operation of Watts Bax Nuclear Plant

to mitigate possible socioeconomic impacts caused by the project.
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Table 2.9-2

PRCJECTETD CONBSTRUCTION ENPLOYIMENT

WATTS BAR NUCLEAR FLANT

Table 2.9-1

ESTIMATED IMPACT

WATTS BAR NUCLEAR PLANT CONSTRUCTION EMPLOYEES

SELECTED EMPLOYMENT LEVELS
1

Employment Level

Percent Movers

Number of Movers

Demand for:

Houses

Mobile Homes

1,000

20

200

Apartments and Sleeping

Rooms

Movers with Families

Movers without Families

School Age Children

Total Population Influx

100

70

30

14o

6o

140

420

2,000

25

500

250

175

75

350

.150

350

1,050

Month

September 1972

December 1972

March 1973

June 1973

September 1973

December 1973

March 1974

June 197h

September 1974

December 1974

March 1975

June 1975

September 1975

December 1975

March 1976

June 1976

September 1976

December 1976

March 1977

June 1977

September 1977

December 1977

March 1978

June 1978

September 1978

December 1978

March 1979

June 1979

Projected Employment

C

480

6oo

780
1,020

1,190

1,350

1, 500

1,68o

1,880
2,040

2,140

2,260

2,320

2,290

2,260

2,200

2,060

1,850

1,660

1,380
1,090

830
630

430

290

20

0

1. Impact will be spread over 7-county areas. Those counties include
Loudon, Roane, Rhea, Meigs, McMinn, Hamilton, and Bradley.

Note: The number of employees is that expected to be

on the job at the end of the corresponding month.
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2.10 Other Impacts - The following potential environmental impacts

Table 2.9-3 have been considered in addition to those discussed elsewhere in this

document.

/

PROJECTED PERMANENT EMPLOYMENT

WATTS BAR NUCLEAR PLANT

Month

June 1975

September 1975

December 1975

March 1976

June 1976

September 1976

December 1976

_Projected Emp loyment

30

35

80

150

16o

170 (expected total
permanent employees)

1. Land use compatability - The major impact on

land will be the conversion of approximately 967 acres. of land to

industrial use. That portion of this land which will be occupied

by the buildings housing the nuclear steam supply system must be

considered irretrievable for the foreseeable future. However, there

are no anticipated routine operations of the plant which would

prohibit attaining full use of the surrounding land. Other specific

impacts related to land use axe listed below:

* Government reservations

identified in Section 1.1, General Information, will not be significantly

affected by the construction and operation of the plant nor is it

expected to curtail the future development of Government reservations

in the region should the need arise.

Localized clearing required for

construction of the plant and transmissinn facilities will be the only

effect on the reg'on's forestry and clearing will-be minimized.

Recreational development will be

stimulated in the area because of the visitor appeal of a nuclear

power plant. Provisions will be made for picnic and recreational

facilities and a visitors' information lobby at the plant site.

The construction of this plant

will require improvements in the existing rail and highway access

facilities.

Median annual salary based on present pay scales is about $10,000.
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2. Water Use Compatibility - Projection of the

impact of the facility on the uses of surface and ground water

resources of the region has been undertaken in order to assure that

adequate consideration is given to alternate end shared uses of the

water and to overall plans for development of the area. The watershed,

flowrates, velocities, volumes, and characteristics of the water are

given in Section 1.1, General Information, as baseline environmental

data.

Because of the relatively small quantities of

both radioactive and nonradioactive liquid discharges released to

Chickamauga Reservoir and the treatment of wastes' as described in

.sections 2.4 and 2.5. the plant will have only minimal effects on the

chemical and physical characteristics of Chickamauga Reservoir. The most

popular water use of Chickamauga Reservoir in the Watts Bar area is

for recreation. The present usage of this portion of the Tennessee

River will not be altered in any way by the construction and operation

of the Watts Bar plant.

The Watts Bar plant will use approximately

86 million gallons of process water per day which will not curtail

known or projected industrial water uses of the average quantity of 17.2

billion gallons of water flowing by the site each day.

Dose commitments due to the operation of Watts Bar

Nuclear Plant for the annual intake of drinking water from ground-

water (well, spring) sources have been calculated for the 26,000

people assumed to be living within 0.5 miles of the Tennessee River

between Watts Bar and Paducah, Kentucky. Conservative estimates for these

calculations which are given in Appendix B assumed that the radioactivity in

.ground water sources within 0.5 mile of the Tennessee River is 100 percent

of that present in the river. Based on these assumptions the maximum

population dose commitment (thyroid) for an annual release of 0.92 Ci

in the liquid effluent is calculated to be 0.16 man-rem. This calcu-

lated dose is only 0.004 percent of that which would be incurred from the

natural occurring background radioactivity dose to the same assumed

26,000-person population group and the actual dose is expected to be

even less.

Operation of the holding pool is not expected to

adversely affect ground water supplies in the vicinity. The facts

that no toxic materials will be discharged to the holding pool and that

ground water movement is expected to be toward the reservoir should preclude

the possibility of adverse impacts on nearby ground water.

3. Aesthetics - The plant is located on a river

terrace overlooking the Chickamauga Reservoir, surrounded by steep wooded

slopes. The entrance road approaching the plant will orient the visitor

first to the large cooling towers which will be the most predominant

feature on the landscape. To reduce the visual impact of the large

facilities, the structures are grouped on a diminishing progression of

scale from the reactor, auxiliary, control, turbine, and service building

to the office building and gatehouse. The materials vary to reflect the

changes in scale--monolithic concrete for the larger solid masses, lighter

fenestration for the turbine building, and precast concrete, brick, and

glass for the office building and gatehouse. In addition, the forms are

designed to relate to the function within and careful consideration is

given to detail, such as the forms of the intake and exhaust air houses.
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Particular attention is given to the site development

and landscaping. Natural features of the terrain are preserved as much

as possible, and even utilized to reduce the impact of the installation

on man and his environment. The landscaping is designed to provide a

recognizable yet harmonious transition between the natural setting and
J

the plant site. The plant design, integrated with the landscape, creates

an inviting and pleasant setting for both employees and visitors.

The location of three different types of electric

generating facilities in one area, along with the surrounding recrea-

tional developments, provides a unique and interesting place to visit

for both educational and recreational purposes. Circulation will be

sensitively coordinated to provide easy access for and smooth flow

between each facility.. A visitors' center and overlook on a ridge above

the TVA installation is proposed and feasibility will be explored.

4. Archaeology - Two archaeological sites on the

project area were known to exist and had been previously recorded by

the Department of Anthropology of the University of Tennessee. Following

an examination of these sites in December of 1970, it was agreed that

archaeological investigations should be undertaken with the necessary

funds being provided by TVA. Findings on 40Rh6 (the Leuty site) were

of some importance with a lengthy occupation indicated. A date of 1100

A.D., plus or minus 100, was established for one phase of this occupation

by radiocarbon dating, placing it in the Mississippian cultural period.

Investigation of the principal portion of the site has been completed,

but additional work is being done at two associated areas near the

reservoir shoreline which will be affected by construction activity.

This work will be completed prior to the planned initiation of con-

struction in these areas.

Investigation of 40Rh7 (the McDonald site) was

considered quite significant. A charcoal sample from a Hamilton (late-

Woodland) mound (Mount D) on this site established a date of 705 A.D.,

plus or minus 120 years, and laboratory analysis of artifacts and other

material recovered is continuing. This is the first time that carbon

dating of samples from the Hamilton culture has been accomplished.

It results in a considerable increase in our knowledge of this poorly

known and understood culture. While this work was in progress, the

remainder of the project area was surveyed and other potential sites

were identified. :These sites closely parallel the reservoir edge and

are downstream from the construction area. Accordingly, they will not

be affected.
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3.0 ADVERSE ENVIRONMENTAL EFFECTS WHICH CANROT BE AVOIDED

The CEQ Guidelines require a discussion of any probable adverse

environmental effects which cannot be avoided, such as water or air

pollution, damage to life systems, urban congestion, threats to health

or other consequences adverse to the environmental goals set out in

Section 101(b) of NEPA.

The environmental review of the proposed construction and

operation of the Watts Bar plant evaluated the baseline data on

appearance, quality, productivity, and usage of the preexisting

environment in the area. probable changes in these factors have

been either calculated or estimated as.a means of determining the

degree of the change to be expected.

The following discussions summarize probable effects which

cannot be avoided and the steps taken to minimize adverse environmental

impacts identified.

1. Water pollution - Some unavoidable impacts to

Chickamauga Reservoir will occur as a result of construction of the plant.

These include some siltation as a result of grading, excavating, and

dredging; discharge oC small amounts of chemicals used in cleaning of

equipment; and discharge of the sewage treatment plant effluent.

These impacts will be minimized by the following

means:

- Dredging of the intake channel will be

accomplished by a suction dredge with the spoil material being disposed

of in an upland fill area to avoid excessive siltation of the reservoir.

Berms, diversion dikes, check dams,

sediment basins, fibre mats, netting, gravel, mulches, grasses, special

drains, and other control devices will be used to control surface drainage

and erosion during grading operations.

Diaper technique will be used for siltation

control when it is considered advantageous.

Soil and earth from excavation work will

be used as fill or stored in compacted mounds to prevent wind and rain

*erosion until needed.

. Spoil material from excavation work will

be wasted in preselected areas as fill, graded to conform to surrounding

landscape, covered with topsoil, seeded, and mulched to avoid erosion.

. Impacts due to chemical discharges to

the reservoir will be minimized by the use of holding ponds, neutralization,

and other treatment which may be required to reduce concentrations sub-

stantially below harmful levels.

Extended aeration treatment of sanitary

wastes and chlorination of effluent will .be provided during construction.

Operation of Watts Bar will result in small amounts

of heat, chemical, sanitary, and radioactive liquid wastes being discharged

into Chickamauga Reservoir. Mitigation of possible related effects will

be accomplished as follows:

A diffuser will rapidly mix the heated

cooling tower blowdown with unheated reservoir water.

A 2-basin lagoon will remove settlable

solids from makeup water filter plant sludges.
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Secondary treatment of the sanitary wastes

with provision for effluent chlorination will be provided for the permanent

plant.

* Radioactive waste liquids will be treated

by evaporation and tritium retained.

• Radioactive steam generator blowdown will

be treated by evaporation.

As indicated, adequate treatment of liquid effluents

is provided prior to being discharged to ensure that all applicable standards

are met and that the quantities and concentrations released will be small

enough to ensure that any adverse environmental effects are insignificant.

Water, aquatic life, and life systems will be carefully monitored to

detect possible adverse environmental effects, although some adverse

effects may be undetectable.

2. Air pollution - The construction of Watts Bar

will result in a minimal short duration impact to the atmosphere from

selected burning of cleared brush and trash.

There will be some radioactive gaseous wastes released

to the atmosphere and some negligible additions of nonradioactive gaseous

emissions to the atmosphere. In addition, large quantities of waste heat

and moisture in the cooling tower plumes may result in some alteration of

the local environment. During adverse weather conditions this increased

moisture content may cause local fogging and icing. However, such occur-

rences resulting from the operation of the cooling towers should be

infrequent. To the extent that local fogging and icing does occur, it

represents an unavoidable adverse environmental effect.

Mitigation of the probable related effects from

these discharges to the atmosphere is accomplished as follows:

3.0-4

Brush and trash burning will be done in

accordance with applicable state regulations and as atmospheric conditions

permit.

Radioactive gaseous waste will be held

up 60 days which permits decay of essentially all noble gases except

krypton-85 before release.

. Natural draft hyperbolic cooling towers

disperse heat and moisture to the atmosphere at an elevation 478 feet

aboveground.

No significant adverse environmental effects should

be caused by these releases to the atmosphere.

3. Impact on land use - The construction and opera-

tion of the Watts Bar Nuclear Plant will result in a change in land use

of approximately 967 acres from predominantly farming to industrial use.

It will affect the economic status of Rhea County. and increase the

demand for community services. In addition, right of way easements

will be obtained, on aDproximately 3,165 acres of land of which about

25 percent is in woodland, 25 percent in farming and pasture, and the

remainder in uncultivated open land.

The land use adjustments, the economic stimulus,

and the demand for services are not judged to be significant adverse

environmental impacts.

4. Damage to life systems - When the auxiliary cooling

water and cooling tower makeup water passes.through the traveling screens,

fish larvae and plankton will be drawn into the water intake. These will
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be destroyed in the cLosed-cooling system. The extent of the presence

of fish larvae near the proposed water i.ntake i.s not known at this

time. To the extent that the plankton drawn into the water intakes

serves as a food source for aquatic life, its destruction is an adverse

effect which cannot be avoided. However, since the quantity of water

required for auxiliary cooling and cooling tower makeup represents only

0.3 to 0.5 percent of the average annual flow, these effects should not

damage significantly any life system.

5. Threats to health - The facility is being designed

and constructed and will be operated in accordance with all applicable

regulations in order that the health and safety of the public will be

safeguarded.

Significant accidental releases of radioactive products

at the plant or during transportation 6f radioactive materials are very

improbable. Should such a release occur, implementation of the radio-

logical emergency plans would mitigate the potential risk to the public.

6. Conclusior~s - While the construction and the

operation of Watts Bar will result in some adverse environmental effects -

which cannot be avoided, these'effects should not conflict with the

environmental goals set out in Section 101(b) of NEPA. If any significant

adverse effects-attributable to the construction or the operation of the

plant become evident or through the Various environmental monitoring

programs are shown to be inimicable to Section 101(b) goals, appropriate

steps will be taken to correct the situation.

4.0 ALTERNATIVES

Section 102(2)(C) of NEPA requires a discussion of

alternatives to the proposed action.

This environmental statement considers the ways in which

the plant will interact with the environment by reevaluating the

environmental consequences considered earlier and minimizing any

further adverse environmental consequences that would affect the

overall balance of environmental costs and benefits by studying

and adopting appropriate alternatives. Alternative methods of

generation and alternative plant sites are discussed in detail

in sections 4.1 and 4.2, respectively.

1. Alternative systems for reductions of

radioactivd discharges - Analyses of alternative systems for the

reduction of radioactive discharges include consideration of

subsystems for both liquid and gaseous radioactive discharges.

These systems were considered using feasibility, environmental

impact, and cost as factors in the analyses.

(1) Liquid radwaste alternatives -

Modifications to the original system design have resulted in

further reduction in releases of water containing radioactive

products. The methods include the recycling of tritiated liquid,

the extended treatment of radioactive steam generator blowdown,

and the use of Ag-In-Cd control rod absorbers to reduce tritium

generation.

I
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As shown in section 2.4, the system of

tritium recycle and extended treatment of steam generator blowdown

will hold releases of radioactive liquids to the lowest level practicable.

(2) Gaseous radwaste alternatives - The

system originally planned for treatment of gaseous radioactive discharges

was to provide a 45-day holdup period to permit decay of radioactive

gases. In keeping with TVA's policy to keep the discharge of all wastes

from its facilities at the lowest practicable levels, additional systems

were considered which might further reduce the releases to the environ-

ment. The alternative systems for reduction of gaseous discharges

which were evaluated in terms of cost, feasibility, and environmental

considerations were a 60-day holdup, cryogenic distillation, gas absorp-

tion in a fluorocarbon solvent, and a hydrogen recombiner.

The analysis of these alternatives is

discussed in sections 2.4 and 8.3 and concludes that the 60-day holdup

alternative represents the best balance of cost, feasibility, and

reductions in the environmental impacts.

2. Alternative heat dissipation methods - The

systems which were given consideration as alternative heat dissipation

methods include once-through cooling using a diffuser system, mechanical

draft cooling towers, natural draft cooling towers, a spray canal system,

and a cooling lake. These alternatives were considered using feasibility,

environmental impact, and cost as factors in the analyses.

As described in section 2.6.4, the once-through cooling

system and spray canal alternatives were not considered feasible for this site,

and the cooling lake was environmentally unacceptable. Consequently,

detailed cost analyses were made only on the two types of cooling

towers. The results of these studies indicated that the natural draft

cooling tower alternative was the best choice. The decision to incor-

porate this alternative into the plant design and the associated

environmental impacts are described in sections 2.6 and 8.3.
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4.1 Alternative Generation - The purchase of electric power in

lieu of constructing additional generating capacity is not a feasible

alternative. To supply equivalent amounts of power and energy on a

year-round basis to TVA, another larpe electric utility with extensive

transmission interconnections would have to install generating capacity

in amounts slightly greater than that of Watts Bar Nuclear Plant, build

several high capacity transmission lines to the TVA area, and transmit

the power to TVA. To construct such facilities on another power system

would not avoid an impact on the environment but would only create an

environmental impact in another area. Even if the assumption is made

that the plant locational factors and costs would be equal, the cost

of transmission lines, the transmission line losses, the use of land

for transmission line rights of way, and the exposure to transmission

line outages would result in waste of natural resources, materials,

and funds, and would provide a more costly and less reliable source of

power for the TVA region than will the construction of additional TVA

generating facilities.

'Planning for this capacity addition renuired that considers-

tions be given to maintaining a practical mix of conventional hydro,

pumped-storage hydro, gas turbine, fossil-fired, and nuclear generating

units. Since TVA expects to have the 1,530-MW Raccoon Mountain Pumped-

Storage Project in operation by 1975 and over 1,000 megawatts of gas

turbine peaking capacity on its system by 1977, a substantial amount

of TVA's planned generating capacity is designed for peaking service.

Studies of the system load characteristics and the characteristics of

the existing generating facilities indicate that the installation of

additional pumped-storage or other peaking capacity is not an economical

alternative in the 1977 period. The system needs, as indicated by TVA

planning studies, required that detailed comparisons be made between

base-loaded fossil-fired units and nuclear-fueled units.

The use of hydroelectric units was eliminated as an alternative

because there are no hydroelectric sites suitable in the TVA service

area for base-load hydroelectric generation in the amount required to

serve the capacity and energy demands of this time period.

Gas-fired plants were not considered a feasible alternative

because the quantity of natural gas required would not be available in

the TVA area. The fuel requirements for a gas-fired plant of the approxi-

mate size required would consume about 170 billion cubic feet of natural

gas each year. During the past 3 years, TVA has contacted all major

suppliers of gas in the TVA area in order to secure a gas supply for

the approximately 1,000 MW of gas turbines which TVA has installed or

has under construction. Only limited success was achieved in obtaining

a gas supply for these gas turbines. The gas contracted for is only

available in the summer, and no gas could be obtained for year-round

operation. On the basis of these investirations, it was concluded that

a gas supply was not available in the quantity required for a gas-fired

plant of the camcitý of the Watts Bar Nuclear Plant.

Two major disadvantages to planning an oil-fired power plant

of the Watts Bar size are the uncertainty of a long-range fuel supply

and the high cost of oil. In 1970 TVA began contacting the major oil

companies in the United States to develop a dependable supply of fuel

for gas turbines and for use in steam-electric generating plants.
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Letters of inquiry were sent to sixteen major oil companies in May

1970. Of the twelve companies that responded to the letters, eight

indicated no interest at that time in supplying oil for power plants.

Meetings were held with the remaining four companies and none of these

was interested in a long-term contract for supplying the quantity of

oil needed for a 2,600-Mw oil-fired power plant. The suppliers

indicated that this quantity of oil (20 to 24 million barrels per

year) could not be supplied from domestic sources. Therefore, a long-

term contract would be contingent upon a supplier obtaining an oil

import quota each year since the TVA operating area lies in Petroleum

Administration for Defense (PAD) Districts 2 and 3. As a result of

these inquiries, TVA concluded that the long-term requirements of an

oil-fired steam-electric generating plant could not be assured. Since

1970 TVA has held discussions with three other oil companies and these

discussions have reaffirmed the conclusion that contracts for this

quantity of oil are contingent upon a supplier obtaining an oil import

quota and that the oil supply could not be assured. TVA believes that

an assured fuel supply must be available before a decision is made to

construct a generating plant.

Air pollution control regulations have caused low-sulfur

fuel oil to be in strong demand and oil import quotas have caused a

greater burden on domestic supplies. Domestic demand for fuel oil has

increased at a rate of about 5 percent per year since 1968 while the

domestic production has increased at a rate of about 1.5 percent per

year. Also, the domestic reserves to production ratio decreased from

12.8 years in 1960 to about 9 years in 1970 when proven reserves were

29.6 billion barrels and production was 3.32 billion barrels. The

increased demand and reduced domestic reserves will force more dependence

on the restricted and uncertain foreign supplies. In 1970 foreign

sources supplied 23 percent of the domestic oil requirements. The

shortage of low-sulfur oil reserves and difficulty in securing a reli-

able foreign or domestic supply at this time make the selection of oil

as fuel for a base-load plant the size of Watts Bar an unacceptable

alternative.

Even if an adequate supply of fuel oil for the life of the

plant were assured, the cost of oil as fuel would make the selection

unacceptable for base-load capacity. On a heat content basis, low-

sulfur fuel oil costs more than four times as much as nuclear fuel.

The following table shows a comparison of approximate costs of nuclear

and oil-fired plants of the 2,500-11W size category.

Plant investment, $/1W

Levelized fuel cost, 0/106 Btu

Net plant heat rate - Btu/kWh

Annual Production Expense, mill/kWh:

Plant investment

Operating and maintenance

Total

Difference

Nuclear Oil-Fired

269 175

15.5 70.0

10,355.0 9,043.0

3.3

1.2
5.2

Base

2.2

6.7

8.9

3.7

This difference in annual production expense is estimated to represent

an annual cost difference of about $66.5 million.
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TVA performed an analysis of the two remaining feasible

alternative types of generation--coal-fired units and nuclear-fueled

units--to meet the system needs in the TVA area. Estimates of the

total installed cost, assessment of the technical aspects of the offer-

ings, and other economic evaluations were made. -A summary of the

results of this analysis is tabulated below:

Coal-fired
Plant

Plant investment - t millions 630.0'

Plant net electrical capacity - MW 2,522.0

Plant investment - $/kW 249.8

Levelized fuel cost - t/106 Btu 25.0

Net plant heat rate - Btu/kWh 8,947.0

Estimated Annual Production Expense - mikl
kWh

Nuclear-fueled
Plant

607.0

.•2,258.6

268.8

15.5

10,355.0

3.3

1. 9c

5.2

base

In terms of overall environmental impact, nuclear generation

offers advantages over coal-fired generation. While modern coal-fired

units reject about 20 percent less heat to the environment, they emit

large quantities of combustion products to the atmosphere and consume

large quantities of raw materials. The small amounts of radioactive

materials released to the environment'from a nuclear plant do not result

in any significant environmental impacts. Although the above cost esti-

mates for a coal-fired plant included TVA's best judgment on the cost

of SO2 removal facilities, such facilities are now in the preliminary

developmental stage. TVA has no assurance that such facilities will

be-available on a proven and reliable basis for use on an alternative

coal-fired plant for this time period.

Since' the Watts Bar draft statement was issued in May 1971,

the Valley states have adopted SO2 emission standards which make the

feasibility of a coal-fired plant more questionable. Although TVA is

proceeding on the development of a SO2 removal process on the Widows

Creek Unit 8, major improvements in SO2 removal technology have not

*become a reality since the Watts Bar draft environmental statement was

issued. TVA is investigating the feasibility and economics associated

with other means of reducing SO2 emissions, such as coal washing and

the burning of low-sulfur fuels, as a means of complying with adopted

sO2 emissions standards. Preliminary indications are that these measures

may result in compliance with standards, but there is a severe economic

penalty associated with their implementation.

Consequently, economical and feasible solutions to the problems

associated with SO2 emissions are not available.

Plant investment

Operating and maintenance cost

Total

Difference

3.1

2.7

5.8

0.6

a. Includes the cost of fly ash and S02 removal equioment.
b. Based on a 10-year present worth evaluation at 8 percent

interest.
c. Includes estimated cost of nuclear insurance.

Based on the 0.6 mills/kWh difference indicated above, TVA

estimates that the selection will result in an annual cost saving of

about $10 million when compared to a coal-fired alternative.
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Also, the large quantities of coal and the resulting ash

associated with a fossil-fired plant present large-scale materials-

handling problems, both at the plant site and along transportation

routes, which are significantly greater than for a nuclear plant.

A comparison of impacts of coal-fired and nuclear-powered

plants shows the following:

* Heat rejected to receiving waters would be small for both

types of generation utilizing auxiliary cooling facilities (less

than 5 percent of the total heat rejection) with the coal-fired

plant rejecting slightly less than the nuclear plant.

* The amount of transportation required annually for the

coal-fired plant (approximately 70,000 rail car shipments) would

be much greater than that required for the nuclear plant (approximately

13 rail car and 35 truck shipments), including new and spent fuel

and radwaste.

* The nuclear plant would require an annual commitment of about

400 tons of U 308 while the coal-fired plant would require commitment

of about 7 million tons of coal.

Based on achieving 80 percent removal and using 3 percent

sulfur coal, the coal-fired plant would release approximately

75,000 tons per year of SO2 to the atmosphere. In addition, it

would release approximately 46,000, tons per year of NOx and about

9,000 tons per year of particulates. Ash which must be handled

on the plant site would amount to about 1 million tons per year.

Releases of similar constituents from a nuclear plant are negligible

(see Section 2.5, Nonradioactive Discharges)..

Radioactivity releases to the atmosphere from either type

plant result in insignificant doses to the public. Doses resulting

from operation of the nuclear alternative are described in Section 2.4,

Radioactive Discharges, while the doses resulting from the coal-fired

plant's operation are unknown.

Radioactive releases to receiving waters from the nuclear

alternative would be so small as to be considered insignificant

as described in Section 2.4, Radioactive Discharges. Releases

of a similar nature from the coal-fired plant would be expected

to be even less.

Land usage requirements are slightly less for the nuclear

alternative..

After considering these factors, TVA decided that the

nuclear alternative was more acceptable from both the standpoint

of economics and environmental impact.
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4.2 Alternative Sites

1. Site studies - Studies are mad(c on a continuing

basis to determine the best locations for adding generating plants to

the TVA power system. These studies have been made since the early

1950's as an integral part of TVA's planning process. Power plants

have exacting requirements and the number of usable sites are limited.

Among the general considerations involved in determining these locations

are:

1. Environmental factors

a. Physical characteristics such as meteorology,

* hydrology, and seismology

b. Compatability with surrounding environment

2. Location with respect to populated areas

3. Sufficient land areas

4. Accessibility to the site by highway, rail, or barge

5. Distances to centers of power use

6. Transmission facilities required to interconnect to

the system network

7. Proximity to adequate and competitively priced fuel supply

Through the above mentioned investigations, TVA

had identified and had under consideration several sites on the upper

portion of the Kentucky Reservoir and on the Pickwick, Guntersville,

Chickamauga, and Watts Bar Reservoirs for possible location of the

2-unit nuclear plant for operation in the 1976-77 time period. On

the Guntersville, Chickamauga, and Watts Bar Reservoirs, TVA had the

following sites under consideration for the location of these units:

Site Reservoir Location

A Guntersville - TRM 369L

B Guntersville TRM 386.5R

C Guntersville TRM 392R

D Guntersville TRM 398.5R

E Chickasmauga TRM h99L

F (WBNP) ChickamaUga TRM 528R

G Watts Bar TRM 559R

While the best location from the standpoint of

power system load growths only would have been in the western portion

of the TVA system, the seismic conditions of those sites in the Kentucky

and Pickwick Reservoirs were not clearly defined, and more investigations

and studies would have been required before a nuclear plant could have

been designed and licensed in that area. TVA has undertaken these

investigations and is using consultants in order to define the seismic

conditions in the Pickwick area.

2. Physical environment -

(1) Chickamauga and Watts Bar Reservoir Sites -

For the sites on the Chickamauga and Watts Bar Reservoirs, the following

qualitative environmental factors of the area were known from previous

data gathered for the preparation of the preliminary safety analysis

report for the Sequoyah Nuclear Plant under construction at TRM 484.5.

(a) Hydrolog: - At the normal

pool elevation of 682.5, the Chickamauga Reservoir is 58.9 miles long

and has an area of 35,400 acres with a volume of 628,000 acre-feet.

The reservoir has an average width of nearly 1 mile, and navigation
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is provided by maintaining a minimum channel depth of 11 feet. The

average annual flow at the Chickamauga Dam is 32,800 ft
3
/s.

The Watts Bar Dam located

at TRI 529.9 forms the 72.4-mile long Watts Bar Reservoir which

has a surface area of 39,000 acres and a volume of 1,010,000 acre-

feet at normal pool elevation of 741.0. The average annual flow

at the dam is 26,600 ft
3
/s.

Both reservoirs are located

in a region which derives ground water from precipitation which

over the 1931-55 time period had averaged about 48-55 inches per year.

Some of the precipitation evaporates, runs off into streams, seeps

into the soil to be absorbed or used by vegetation, or seeps down-

ward to become ground water. The movement of ground water at each

of the sites would be dependent upon the underlying geologic

formations.

Each of the sites have ready

access to the Tennessee River for an adequate supply of water for

necessary heat dissipation, auxiliary cooling, and other plant needs.

(b) Seismology - Like the

Sequdyah Nuclear Plant, all of the sites on these two reservoirs

lie within the Southern Appalachian Seismotectonic Province.

The maximum historic earthquake recorded in this province was in

4--
Giles County, Virginia, in 1897. This earthquake had an intensity

of 1j.! VIII.

(c) Meteorology - The Watts

Bar and Chickamauga sites are located in the eastern Tenneseee portion

of the Southern Appalachian Region which is dominated much of the year

by Azores-Bermuda anticyclonic circulation. This circulation is most

pronounced in the fall and is accompanied by extended periods of fair

weather and widespread atmospheric stagnation. In winter the normal

circulation pattern becomes diffuse over southeastern states as the

eastward moving migratory high and low pressure systems, associated

with midlatitude westerly current, bring alternating cold and warm

air masses into the area with resultant changes in regional and local

wind direction, wind speed, atmospheric stability, precipitation, and

other meteorological elements. In summer the migratory systems are

less frequent and less intense and the area is under the dominance

of the western edge of the Azores-Bermuda anticyclone with a warm

moist air influx from the Atlantic Ocean.

The meteorology of this area

provides a rather limited range of atmospheric conditions for transport

and dispersion of plant emissions. Conditions are-generally most

favorable in winter through spring months when migratory pressure

systems move alternately through the area, accompanied by moderate

to occasionally high wind. Atmospheric dispersion is least favorable

in the fall months whenextended periods of Atmospheric stagnation

reach highest frequency.
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(d) Population - Each of the

three sites on the Chickamauga and Watts Bar Reservoirs are remotely

located from large population centers. Site G is about 25 miles from

Oak Ridge and is the site nearest to a large population center.

(e) Land requirements -The

total site desired for a nuclear plant of this size is about 1,000

acres. However, the exact acreage required for each site would be

determined only after a detailed site analysis. The property not

presently in TVA ownership and required to provide the plant needs

is shown on Table 4.2-1.

(f) Conclusion - From con-

sideration of the above environmental factors, TVA concluded that any

of the above sites for Chickamauga and Watts Bar Reservoirs would be

suitable for the location of a nuclear plant, provided foundation

conditions were found suitable.

(2) Guntersville Reservoir sites - For

the four sites located on the Guntersville Reservoir similar qualita-

tive information was available for consideration of the above mentioned

environmental factors.

(a) Hydrology - At the normal

pool elevation of 595.0, the Guntersville Reservoir is 75.7 miles long

and has an area of 67,900 acres with a volume of 1,018,000 acre-feet.

The average annual flow at the Nickajack Dam at TRM 424.7 is 38,000

ft3/s and the average annual flow at the Guntersville Dam at TRM 349.0

is 41,000 ft
3

/s,.

The Guntersville area derives

gr6und vater from precipitation which over the 1931-55 time period

has average:; about 53 inches oar year. The direction of ground

water movement at each of the sites would be dependent upon the

underlying geologic formation.

Each of the sites has

ready access to the Tennessee River for an adequate supply of

water for heat dissipation, auxiliary cooling, and other plant

needs.

(b) Seismology - All of

the sites lie within the Southern Appalachian Seismotectonic

Province.

(c) Meteorology - The

meteorological and climatological data sources for this area are the

Widows Creek Steam Plant air monitoring network, the National Weather

Service Cooperative Observer Station in Scottsboro, and limited data

from the Browns Ferry Nuclear Plant meteorological station.

The Guntersville sites are

located in a region which is dominated much of the year by the Azores-

Bermuda anticyclonic circulation. This circulation is most pronounced

in the fall and is accompanied by extended periods of fair weather,

widespread atmospheric stagnation, and smog. In the winter the normal

circulation pattern becomes diffuse over the southeastern United States

as the eastward moving migratory high and low pressure systems, identified
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with the midlatitude westerly upper circulation, bring alternately

cold and warm air masses into the area with resultant changes in

wind, atmospheric stability, precipitation, and other meteorological

elements. In summer the migratory systems are less frequent and less

intense as the area is under the influence of the western extension

of the Azores-Bermuda anticyclonic circulation with frequent incursions

of warm moist air from the Atlantic Ocean and Gulf of Mexico. Severe

windstorms are comparatively infrequent and generally reach their peak

intensity in winter and early spring when maximum air mass discontinuity

occurs. Windstorms of short duration occur in summer with thunderstorms.

The probability of tornado occurrence in the site area is extremely low.

Maximum precipitation occurs in the winter and early spring with the

frequent passage of migratory low pressure systems. Maximum short-period

precipitation usually occurs with summertime thunderstorms.

Because of the prominent valley-

ridge physiographical features of these sites, the local wind pattern

is distinctively bimodal (northeasterly downvalley and southwesterly

upvalley) within the lower 600-800 feet of the valley floor; above

these levels the pattern becomes regional in character with more

uniform directional distribution with slightly predominant southeasterly,

southwesterly, and northerly winds.

The meteorology of the area

indicates a wide range of atmospheric conditions for the transport and

dispersion of radioactive waste emissions. Dispersion conditions are

most favorable in winter through spring when migratory pressure systems

move alternately through the area, accompanied by occasionally moderate

to high winds. The least favorable conditions are in the fall when

extended periods of anticyclonic circulation, or atmospheric stagnation,

are most likely to occur.

(d) Population - Each of the

four sites is remotely located from large population centers. Site A

is about 30 miles from Huntsville and is the site nearest to a large

population center.

(e) Land requirements - Table

4.2-1 indicates the additional land which would have to be purchased

by TVA. The extra acreage required at Site C results from the fact

that it lies on a peninsula and the entire peninsula would have to be

purchased.

(f) Conclusion - From considera-

tion of the above environmental factors, TVA concluded that the Gunters-

ville sites yould be suitable for the location of a nuclear plant,

provided foundation conditions were found adequate.

3. Environmental considerations -

(1) Aesthetics - The proposed plant is

similar in design to the Sequoyah Nuclear Plant. By taking advantage of

similarities of design, considerable savings could be realized in the

design, construction, and licensing of the plant. This approach results

in marked similarities in the external appearance of the two plants with

the exception of the natural draft cooling towers to be used at Watts Bar

and the number of transmission lines emanating from the plant. For this

F-S
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reason the appearance of the proposed plant would be essentially the same

at any site where auxiliary cooling facilities are required and visual

impacts would not vary significantly.

None of the sites considered is in a heavily

populated location and none is at a location frequented by large numbers

of visitors.

All sites have been examined for potential

visual impacts considering such factors as plant elevations relative to

reservoirs and surrounding terrain, distances from well-travelled highways,

and distances from waterways. None of the sites is highly elevated with

respect to the reservoirs or surrounding terrain. Plant grade elevations

vary from about 25 feet above the normal reservoir elevation at sites A

and B to about 45 feet at site F, the site selected. The distance from

the reservoir to the powerhouse would vary from about 1,300 feet at site E

to about 6,00b feet at site D. The site selected situates the powerhouse

about 2,400 feet from the reservoir. Due to the hilly nature of the terrain

in the eastern portion of the Tennessee River valley, considerable natural

screening is provided for installation at lower elevations. At any of

the sites considered the plant would be visible from a state or U.S. highway

with the exception of site G which lies on a small peninsula in a sharp bend

of the river.

Plant construction plans are coordinated with

architectural personnel who route access roads, recommend leaving trees

standing in strategic areas as visual screens, and otherwise reduce visual

impacts. These practices would be followed&at any site and visual impacts

would not be expected to be significant except for the large natural draft

cooling towers and their visible vapor plumes. The towers would be visible

in the near vicinity of the plant site and their plumes could be visible

for as much as 10 miles. The plumes, therefore, could be seen on some

occasions from some small towns regardless of the site chosen. The towers

themselves are considered to be visually acceptable despite their size.

Examination of the alternative sites to

determine the visual impacts resulting from transmission line connections

indicates that some differences exist. Where the lines leave the plant

overland, they can be screened by strategic routing, but where reservoir

crossings are required the lines cause greater visual impacts. Therefore,

the number of reservoir crossings required is considered as an indicator

of the degree of impact. Of the sites considered when utilizing single-

circuit 500-kV transmission lines, each would probably require a total

of five reservoir crossings except for site A with four crossings and

site E with three crossings. Impacts of crossings can be minimized by

use of double circuit towers and strategic location of crossings. The

extent to which these procedures would be employed at the various sites

is not known.

Regardless of the location selected, the

design of the plant would have as an objective the creation of harmony

between the plant and its setting, The architectural design and site

development should provide an aesthetically pleasing appearance and

mitigate the transition in land use.

It is concluded that through careful

planning and coordination of plant design, the plant's visual impacts

would be made acceptable at any of the sites considered.

F-1-92
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(2) Recreation - The alternative sites were

considered for the impacts on recreation potential which might occur due

to the construction and operation of a nuclear plant.

Guntersville, Chickamauga, and Watts Bar

Lakes are very similar in terms of suitability for recreation. Each has

good sport fishing, clean clear waters, water contact sports, and the

beautiful backdrop provided by the wooded Apoalachian-foothills. These

reservoirs combined attract almost 11,500,000 visits annually--5,358,000

at Guntersville, 3,636,000 at Chickamauga, and 2,506,000 at Watts Bar.

These visits occur at boat docks and resorts, state and local parks,

wildlife areas, public access areas, and private residences located along

the shoreline.

The sites considered on Guntersville Reservoir

at TRM 369L (site A) and TRW 392R (site C) and on Watts Bar Reservoir TRM 559R

(site G) are in areas which have high canability for development for family

boating activities and recreational lodging. Selection of one of these sites

would reduce these potential recreation uses.

The four other sites investigated--two on

Guntersville Reservoir at TRM 386.5R (site B) and TRM 398.5 (site D) and

two on Chickamauga Reservoir-at TRM 409L (site E) and TRM 528R (the site

selected for this plant)--are less suited for recreation but could be used

for limited development of facilities for boating and water contact sports.

.Selection of one of these sites would have no appreciable effect on recreation

uses in these local areas.

(3) Land use compatibility - Assessments

of land use compatibility involved in constructing and operating a nuclear

plant on each of the sites considered have been made. Present and projected

uses of the areas surrounding the sites have been determined to identify

potential conflicts. The following tabulation briefly describes some of

the features considered in the assessments of sites A through G.

(a) Site A - Most of the land

on and around the site is very sparsely developed. Upstream, about 1.5

miles, some second home development is'occurring on the shoreline, and

downstream about 5 miles, a major industry has located a plant. Develop-

ment of the site for generating purposes would be generally compatible

with projected land uses.

(b) Site B - Downstream from the

site is part of the town of Scottsboro's permanent residential development.

Future development plans anticipate further urbanization of this area to

the extenl'that use of the designated site for a nuclear plant would probably

be incompatible.

(c) Site C - This site contains

and is adjacent to farmland with high potential for industrial development.

Thus, use of this site for a nuclear plant would be compatible with present

and projected land uses in the vicinity.

(d) Site D - An important wildlife.

management area virtually surrounds the site and would probably be encroached

upon were the site to be utilized. Although this land has also been identified

as having significant industrial potential, use of the site for a nuclear

plant would be incompatible with the present and probable future use of

adjoining land.
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(e) Site E - No intensive

development is located near this site. However, it is just downstream

and adjacent to the Hiwassee Island Game Management and Waterfowl Refuge

Area which is of major importance to East Tennessee. The compatibility

of the site with the continued existence of the wildlife refuge has not

been determined. It is judged, however, that impacts of constructing a

plant on this site would affect the refuge only during the construction

period and no permanent damage to the refuge would result.

(f) Site F - Adjacent to a

conventional steam plant and bounded by agricultural and 'forestry land

uses, this site is an appropriate location for a nuclear plant and has

been selected for location of the proposed plant. The site and its

surroundings are discussed in detail in section 1.1.

(g) Site G - Present and

projectedland use on and ar6und this site is agriculture and onenland.

Use of the site for a nuclear plant would be compatible with these

uses.

While some incompatibility has

been identified, construction of a nuclear plant at any of the sites

would not result in any significant impacts on long-term productivity

of land of the areas involved. The largest amount of land involved

are the transmission line rights of way. Where the transmission lines

cross open fields or farmland, only minor restrictions are imposed.

Where wooded areas are crossed, some benefits are realized by providing

wildlife food and cover although some short-term forest products

production may be adversely affected.

All sites are examined for

archaeological and historical significance prior to any significant.

alteration of the site. This procedure may result in exploration of

sites with archaeological and historical significance to an area and

add to the knowledge of the history of the area. Site F, the site

selected, is such a case. TVA financed an archaeological survey and

exploration which might never have been made if the area had been

left to private development.

(4) Impacts on fisheries and wildlife -

Studies of fish and other aquatic life inhabiting Guntersville, Chickamauga,

and Watts Bar Reservoirs indicate that none of these reservoirs is unique

with regard to species population.

A 1970 Chickamauga Reservoir fish population

survey indicated on the basis of numbers 12 percent game fish, 55 percent

-rough-fish, and 33 percent forage fish. Bluegill and other sunfish, large-

mouth bass, spotted bass, white crappie, and white bass dominated the game

fish. Gizzard and threadfin shad were the dominant forage fish. Two species

of buffalo and freshwater drum dominated the rough fish. Thesurvey indicated

that the upper end of Chickamauga Reservoir plays a significant role in

production of the fisheries resource of the reservoir. Fish populations

of Watts Bar Reservoir are not expected to vary significantly from that

in Chickamauga Reservoir.

Guntersville Reservoir supports a variety

of game, rough, and forage fish. A recent fish population survey on Mud

and Town Creeks and at TRM 392 indicated that by number there were about

48 percent game, 22 percent rough, and 30 percent forage fish. By weight

F-190
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there were 21 percent game, 57 percent rough, and 22 percent forage fish.

Predominant fish species by numbers were gizzard shad, 25 percent; bluegill,

23 percent; redear, 10 percent; drum, 10 percent; black bullhead, 9 percent;

and largemouth bass, 8 percent. However, species composition varied

considerably from point to point. No significantvariation of fish

populations are expected from site to site on the reservoir, with the

exception of sites which have shallow water embayments nearby which are

more productive for larval fish. Such embayments exist at sites C and D.

It is assumed that observance of applicable

water quality standards will adequately protect aquatic biota of these

reservoirs. Consequently, releases from a nuclear plant at any site

considered would not be expected to significantly affect aquatic resources

of the area regardless of species population or distribution.

All of the sites considered are in the

vicinity of wildlife management area or waterfowl refuge, the most

significant one being site E which adjoins the Hiwassee Island Game

Management and Waterfowl Refuge. This refuge supports the largest

concentration of geese in the valley region east of Wheeler Wildlife

Refuge and is responsible for an annual hunter harvest of an estimated

2,000 to 5,000 geese per year. Sites D and G are also considered to

pose an interference to migratory waterfowl if used for a nuclear plant

but are not considered as important as site E in this regard. Some

disturbance of wildlife inhabiting the, nearby refuges or waterfowl using

the areas seasonally would result during the plant construction period.

The degree of this disruption cannot be predicted. However, after the

major construction activities have ceased, the uses of the areas are

expected to return to normal and the operation of a nuclear plant is

not expected to significantly affect the wildlife of the areas.

4. Feasibility - Table 4.2-1 summarizes the

physical characteristics of the above sites which are pertinent in

the determination of the feasibility of each for locating this nuclear

plant.

A discussion of the factors listed follows in

the paragraphs below.

(1) Access facilities - Each site was

suitable. for barge access. The amount of highway improvement required

was least at Site E where Tennessee Highway 60 is at the site and at

Watts Bar where Tennessee Highway 68 is at the site. Rail access to

Watts Bar would have required only about one-half mile to connect

into the existing Watts Bar Steam Plant access railroad.

(2) Site grading - Except for Site G,

there is a moderately good balance between the excavation and fill

requirements. For Site G, the excess excavation of approximately

1.2 million cubic yards would require disposal by other alternative

uses.

(3) Proximity to populated areas -

Each of the sites is remotely located from large population centers.

Since each site was remotely located, the proximity to population

centers was not considered a significant siting factor between sites.

(4) Distance to nearest transmission

lines - While the actual transmission facilities required are determined

only after detailed evaluations, the distance to the nearest transmission
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line is an indicator of the relative amounts of transmission line

construction required. As shown on Table h.2-1, Sites D, Z, and

Watts Bar are the more favorably located sites with respect to

both 161- and 500-kV transmission lines in existence.

(5) Conclusion - From consideration of

the above environmental factors, no significant physical characteristic

was identified that would preclude the location of this nuclear plant

at any of the proposed sites. However, the-site having the more favorable

characteristics was Watts Bar. Because of the existence of the Watts

Bar Steam Plant adjacent to this site, the rail and highway access was

superior to other sites and only minimal extension of the existing

facilities would be required for the construction and operation of

a nuclear plant. Barge access could also be easily accommodated.

The amount of site grading required was not excessive. Its location

was remote from population centers, yet was in close proximity to

existing transmission facilities connecting to the load centers at

Knoxville and Oak Ridge. In addition, the foundation conditions of

the Watts Bar site were known from core drillings performed in 1950.

These investigations indicated that rock was at a favorable depth.

5. Additional considerations -

(1) Schedule - Since generally more

site related data was available on the Watts Bar site than the other

sites, particularly in regard to foundation conditions, selection of

Watts Bar provides the lead time required for the scheduled commercial

operation of the units.

(2) Cost - A qualitative comparison of

the site related cost factors--namely the amount of land to be purchased,

site grading, foundation requirements, access, and the probable trans-

mission line requirements--showed the Watts Bar site to be favorable

relative to the other alternative sites.

(3) Fuel availability - Due to the

flexibility to transport nuclear fuel by rail, truck, or barge, nuclear

fuel could be available at any of the sites considered.

6. Conclusion - Since the Watts Bar draft environ-

mental statement was filed in May 1971, TVA has conducted site studies

at other locations and onsite studies at the Watts Bar site. The

specific onsite studies include the collection of onsite meteorological

data, archaeological surveys, detailed core drillings, foundation

exploration, onsite ecological studies, and detailed design studies

to determine the-specific equipment requirements related to the

location of the 2-unit pressurized water reactor plant at the Watts

Bar site. As a result of these studies, some modification of the

original equipment has been made. In particular, the containment

system has been modified as a result of meteorological data collected

at the site. The onsite meteorological data collected in the 11-month

period (July 1971-May 1972) showed more adverse dispersion conditions

than originally anticipated. With this modification radioactive releases

are expected to be well within applicable standards.
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Table 4.2-1

SLU,4RY OF SITE EVALUATION FACTORS

Site

1. Additional Land Required -
Acres

2. Access Facilities - Miles
Highway
Rail
Bargea

3. Site Grading.- 10 6 yd3

Excavation
Fill

4. Proximity to Populated Areas
Nearest Town

Distance - Miles
Population
Nearest City

Distance - Miles
Population

5. Distance to Nearest Transmission
Lines - Miles

500 kV
161 kv

A B C D
Watts

E Bar G

400 900 i,4oo 8o00 90 900 1,000

16
27

1
24

21

3;A

1
2

6
19 8

1.2 0.9 0.8 1.2 0.3 1.4 1.5
1.0 0.4 0.4 0.3 0.5 0.7 0.3

N)

Grant,
Ala.

6
382

Huntsville,
Ala.

30
137,802

Scottsboro,
Ala.

4
9,324

Huntsville,
Ala.

36
137,802

Hollywood,
Ala.3ý1
301

Hunt sville,
Ala.

39
137,802

Stevenson,
Ala.

6
2,390

Chattanooga,
Tenn.

37
119,082

Dayton,
Tenn.
6

4,361
Chattanooga,

Temn.
30

119,082

Decatur,
Tenn.

6
698

Oak Ridge,
Temn.

42
28,319

Rockwood,

Tenn.
5

5,259
Oak Ridge,

Teen.
25

28,319

28 13
4 2

10 6
2 1

31 5 6
6 1 7

a. All sites had barge transportation available and would not require extensive dredging.

b. Highway at the site;
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5.0 SHORT-TERM USES VERSUS LONG-TERM PRODUCTIVITY

CEQ Guidelines call for a discussion of the relationship

between local short-term uses of man's environment and the maintenance

and enhancement of long-term productivity. This requires an assessment

of the construction and operation of the plant for _umulative and long-

term effects from the perspective that each generation is trustee of

the environment for succeeding generations.

The local short-term uses of the environment are those required

to construct and operate the plant. These include the preparation of

the site and construction of buildings and facilities, the use of the

ambient air for the dispersion of gaseous effluents and heat, and the

use of Chickamauga Reservoir for the dissipations of minor amounts of

waste heat, liquid radioactive effluents and chemical discharges. How-

ever, the effects of these uses will be minimized and will have no long-

term effects on the environment.

Most of the short-term uses of the site will result in no

significant effect on the long-term productivity of the land affected

since only that portion occupied by the reactor system buildings will

be affected for a period much longer than the useful life of the plant.

The long-term productivity of no other land will be irreparably damaged.

The operation of the Watts Bar plant will not result in any

significant long-term environmental degradation. All effluents dis-

charged to the air, water, and land will be well within levels which

are considered acceptable for the short-term uses of the environment.

Environmental monitoring programs will include the sampling and analysis of air,

water, aquatic life, and elements of the food chain near the facility. This

will provide a baseline ir,:**tory for detecting and evaluating specific

parameters of environmental impacts which might lead to long-term effects,

in order that timely corrective action can be taken if required.

In view of the foregoing environmental considerations, the

immediate benefits to be derived from the initiation of this project

are not expected to noticeably curtail the long-range beneficial uses

of the natural resources of the area. The cumulative long-term effect

of the Watts Bar Nuclear Plant will be the localized shift of the usage

of 967 acres of land to meet the demand for power.

Thus, in the sense that each generation is trustee of the

environment for succeeding generations, the Watts Bar Nuclear Plant

will be constructed and operated in a manner to protect the environment

so that succeeding generations will be enabled to attain full use of

the environment.

I
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6.0 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

The CEQ Guidelines call for a discussion of any irreversible

and irretrievable commitments of resources which would be involved in

the construction and operation of the Watts Bar Nuclear Plant. This

required identifying the extent to which operation of the facility

curtails the range of beneficial uses of the environment.

The construction and operation of the Watts Bar Nuclear Plant

will involve the use of a certain amount of air, water, and land.

Except for the plant site itself, the range of beneficial

uses of the environment will not be curtailed. However, the

site on the Watts Bar Reservation will continue to be dedicated

to power production for the foreseeable future.

About 700 kilograms per year of U
2 3 5 

and about an equal amount

of U238 will be consumed by each unit. About 4.8 x 106 gallons of fuel

oil is required for the auxiliary boilers and for testing the diesel

generators. To-the extent that this fuel is consumed and not subject

to being recycled-to other.-uses, it is an irreversible and irretrievable

commitment of resources. In addition to these resources, some byproducts

which result from the operation of the plant must also be considered

irreversible and irretrievable commitmentsof resources. These include

damaged components which are radioactive, solid radwaste materials,

and various chemicals which are used in the Dlant processes. Chemicals

thus used will be widely disoersed to the environment and in most cases

will have changed forms and will have lost their value. Reclamation

of these chemicals after discharge from the plant is impractical.

Since the ultimate disnosition of the plant buildings and

equipment has not been determined, it must be assumed that both land

and construction materials are irreversibly committed.. It is unlikely,

however, that more than the equipment and land directly in and beneath

the reactor building will be ultimately irreversibly and irretrievably

committed for the foreseeable future.

The commitment of natural resources associated with this

plant's construction are small when compared to the benefit obtained

from the electricity which will be generated. Moreover, the dependable

production of electricity is essential to the health, safety, and welfare

of the people.

I
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7.0 AGENCY REVIEW COMMENTS

Responses to agency review comments are included in the

topical discussions of this statement. The numbers noted in the

margins of the agency comments indicate the sections in which the

questions are answered.

Atomic Energy Commission
Department of Agriculture
Department of the Interior
Department of Housing and Urban Development
Department of the Army
Department of Health, Education, and Welfare
Southeast Tennessee Development District
Environmental Protection Agency
Department of Transportation
Office of Urban and Federal Affairs, State of Tennessee
Tennessee Department of Conservation
Tennessee Department of Public Health
Tennessee Historical Commission
Department of Highways
Tennessee State Planning Commission
Tennessee Game and Fish Commission

Department of Commerce
.Federal Power Commission

UNITED STATES

ATOMIC ENERGY COMMISSION
WASHINGTON, D.C. 10545

SEP 6 19n

Docket Nos. 50-390

50-391

Mr. James E. Watson
Manager of Power
Tennessee Valley Authority

818 Power Building
Chattanooga, Tennessee 37401

Dear Mr. Watson:

Thank you for your letter of May 14, 1971, forwarding for
our review and comment a copy of your Draft Environmental
Statement for the Watts Bar Nuclear Plant, Units 1 and 2.
The report has been reviewed by representatives of this
office, and specific comments are provided in the enclosed
summary.

I

As I indicated to Mr. Hughes during our telephone conversation
of September 2, we are examining the implications of the
decision of the District of Coluubia Circuit Court of Appeals
in the Calvert Cliffs case with respect to the procedures set
forth in Mr. Harold Price's letter of June 30, 1971, that will
be followed by TVA and AEC in implementing certain of the
requirements of NEPA.for TVA applications for facility
license. We will communicate further with you concerning this
matter.

Sincerely,

r, te ge4ý ̀Director
Division of Radiological and
Environmental Protection

Enclosure:
Comments

I
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Comments on Watts Bar Nuclear Plant

Units 1 and 2

1. Water Budget

It is difficult to evaluate the impact of plant operation on river flow
based on the information given. For example, the discussion on p. 33
of process water utilization indicates that 8.6 x 107 gal/day (max) of
water is 7required. Evaporative loss is estimated to be as high as
3.7 x 10 gal/day (p.36), apparently resulting in a flow into the hold-
ing pool of at least 50 million gallons per day. Althoy5 h average
summer flow of water is given on p.22 as about 1.4 x 10 gal/day, no
data'on minimum river flow are provided. It appears that maximum
evaporative loss could occur during periods of minimum river flow, and

2.6.2(1) that coolant water of maximum temperature (about 10
0

F) will be returned
2.6.4(l) to the reservoir during this period. The final Environmental Statement

could benefit by considering the following:

a. Expanded discussion of stream flow at Watts Bar Dam, particularly
the water temperature and volume during conditions of minitaum
flow.

7.1-3

-2-

3. Ground Water -

Operation of the holding pool will recharge the ground water system and
1.1.3(7)(a) no doubt modify the local ground water gradient, A discussion of potential
2.10.2 impact on the ground water table and on individual water wells in the

immediate vicinity would be useful.

4. Radiological Aspects -

Several comments regarding radiological aspects of the report are as
follows:

1.1.3(6)

Table 2.4-2
Table E-3
Table E-4

a. A summary of temperature inversion information, including duration.
frequency, relationship to fog, and wind velocities would be rel-
evant.

b, The man-rem dose calculations are based on populations within a

5-mile radius. Calculations based on a larger radius would be
more representative of the general population. The AEC routinely
ytilizes a 50-mile radius for man-rem calculations. Also, some
consideration should be given to man-rem doses to populations
utilizing the river as a source of public water supply. Some of

these centers are in a down-stream direction beyond the 50-mile
radius, but well within the range of potential effects.

2.6.2(1)

b. Volume and temperature of condenser cooling water as it is. re-
turned to the reservoir by way of the holding pool, particular-
ly during periods of minimum flow.

c. Expected chemical and radioisotope concentrations by species
Table E-1, in the discharge effluent would be helpful.

Table 2.5-2
2, Heat Dissipation

An expanded discussion of certain aspects of heat dissipation would be
useful. Those aspects of particular concern include the following:

a. The discussion on radiation doses from gaseous releases (sec. 2. 3.
Table 2.42 7. 4) considers external doses from noble gases. The 3.5 mrem/year

F.3 reported on line 9, p. 61, is a dose rate rather than a dose, and
FA• the value is of such a magnitude that it probably represents both

gamma and beta radiation. Some consideration should also be given
to the halogen and particulate releases and their effects by inhala-
tion and ingestion.

d. An estimate of doses that could be expected by ingestion of edible
Table 2.4-2 aquatic organisms from the reservoir (e.g. fish and clams) would
Table E-3
Table E-4 provide a more complete evaluation of total impact of the plant

operation.

5, Environmental Monitoring Program -

The monitoring program appears to be extensive and adequate. The only

Table 2.4-5 comment in this regard relates to the sediment sampling schedule described

2.7.12 on Table 21, in which no samples are collected at Station X, Sediment
samples at this'point would provide useful comparative data.

2.6.1
2.7.1(l)

2.6.2(1)

a. A more definitive description of water intake structure design
in terms of its effect on reservoir biota; such as screen mesh
size, intake dimensions, fish escape pathways, and depth of
intake structure.

b. Holding pool characteristics, including water budget, expected
seasonal flow and temperature characteristics of discharge
water, and a discussion of expected effects of floods on the
holding pond.
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Docket Nos. 50-390

and 50-391

UNITED STATES

ATOMIC ENERGY COMMISSION
WASHINGTON. D.C. 20545

ENCLOSURE 1

CONNENTS ON RADIOLOGICAL IM.AcT SECTIONS OF THE
DRAFT ENVIRON'ENTrAL STATE>TNT FOR THE WATTS BAR NUCLEAR PLANT

MAY 2 6 1972
Docket Nos. 50-390

and 50-391

Dr. Francis E. Gartrell
Director of Environmental Research

and Development -
Tennessee Valley Authority
720 Edney Building
Chattanooga, Tennessee

Dear Dr. Gartrell:

This is in response to your letter of April 10, 1972, transmitting the

Supplements and Additions to the Draft Environmental Statement for the

Watts Bar Nuclear Plant.. We have, reviewed the Draft Environmental

Statement (DES) as well as the Supplements: and Additions, (S&A) in

accordance with the requirements placed on Federal Agencies by the

National Environmental -Policy- Act of 19.69. _ -

Consistent with the letter from Mr. Harold L. Price td Mr. James E.

Watson dated June 30, 1971, we have concentrated our review on the

radiological impact of normal plant operation and the impact of radio-

logical accidents.- Comments on these portions of the DES and the S&A

are given in Enclosure l..

Enclosure 2 represents our analysis of the environmental impact of

radiological accidents, utilizing the uniform models and calculational

technicfues that we are applying to other nuclear plants.

If we can assist you further in this matter, please let us know.

Sincerely,. -

Daniel R. Muller, Assistant Director

Environmental Projedts
Directorate of Licensing

Enclosures:
1. Comments on Radiological Impact Section

2. Environmental Impact of Acdidents

I. Radiological Effects - Draft Environmental Statement Supplements andAdditions, Section 3.1.4

1. No attempts were made;to check all of the dose calculations
presented in the subject statement, however, a few calcula-
tions were made by us using theliquid releases shown in Table
3.1-6, effluent discharge flow rate of 30,000 gem and an
individual liquid intake of 2200 ml/day. The following annual
organ dose commlitments were calculated for individuals drink-

E.1 ing plant effluent water prior to dilution: Bone - 0.20 mrem,
G.I. Tract - 0.036 mrem, Thyroid - 2.9 mrem and Total Body -
0.11 mrem. The draft environmental statement in Table 3.1-8,
B. indicated annual doses (mrem) of 0.26, 0.28, 4.3, and 0.14
for the respective organs cited above. In Table 3.1-2, "Dose
Commitments From Tritium Per C~rle Released," item B indicates
a total body dose of 1.7 x 10 mrem whil9 our calculation
results in a total body dose of 2.8 x 10 mrem.-

These differences in dose calculations even though they are
not significant, should be reconciled to be certain there are
no inconsistencies in dose calculations and assumptions
presented in the statement.

2. In Table 3.1-1 the activity released-in liquid effluents
(excluding tritium) is noted as 0.70 Ci/yr while Table 3.1-6
indicates 0.46 Ci as the estimated annual liquid release
(excluding tritium and releases resulting from primary to
secondary leaks) . The difference in the activity released is

Table 2.4-2 appropriately noted in the tables, however, it appears that
Table E-1 the dose commitments from liquid effluents have been

calculated for the most part on the basis of 0.46 Ci/yr. To
be realistic the value of 0.70 Ci/yr should be-used throughout
to calculate dose commitments and the nuclides listed in Table
3.1-6 should be adjusted to reflect 'the higher total release
value.
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7.1-7
-3 -

II. Monitoring Programs - Draft Environmental Statement Section 2.3.6-3

Even though the radiological monitoring program will be considered

in the AEC licensing procedure, the following comments are

offered.

2.4.3(2) 1. The bases for selecting the locations of the 10 monitoring

stations should be given.

2.4.3(3) 2. There is no indication of a plan to sample animals. If there

2.4.3(4)(a) is significant meat animal raising in the vicinity then this

type of sample should be considered. A renresentative
sampling of food crops should be included in the program. The

monthly and quarterly sampling frequencies for domestic water

supplies are not as satisfactory as composite samples which

would be more likely to detect abnormal concentrations which

might be missed by grab typesamples as indicated in Table 20.

protection. Some designs include an outer wooden container
which provides insulation for fire protection. The metal con-

tainer provides only minor protection from impact or fire; the

ceramic pellets contained in the zircaloy cladding, which is

the fuel assembly, provides the fire resistant characteristics
on which containment in an accident depends.

IV. Radiological Effects of Accidents - Draft Environmental Statement,
Supplements and Additions Section 2.3

2.3 1. The statement that conservatisms are suDplied in the safety
analysis reports to ". . .place upper bounds on radioactive
releases resulting from postulated accidents." is not quite

correct. The purpose of the safety analysis reoort

conservatism is to establish some limit for design bases.

Table 2. The heading of the fifth column of Table 2.3-3 is misleading.

2.3-2 The data presented are not in "% of limit," but in fractions

of the limit.

2.3 3. In general, there are differences between TVA results as given
in Table 2.3-3 and AEC results as given in Enclosure 2. These
may be attributable to TVA's use of on-site meteorological
data (although this is not stated in the report). In any
event,, conclusions as, to the environmental risks due to

postulated radiological accidents are the same.

2.4.3(3) 3.
Table 2.4-4

Charcoal filters should be analyzed weekly, rather than

biweekly for 1-131. Milk samples should also be analyzed

weekly for 1-131. Rainwater samples should be analyzed for H-

3 on a monthly basis.

III. Transportation Aspects - Draft Environmental Statement - Supplements and

Additions, Section 2.1

2.1.1 1. The statement is made that the fuel will be shipped in

containers "safe in infinite geometry." This is inconsistent

with the statement that the packages will meet Fissile Class

II or III. Such packages are not required to be "safe" in an

infinite geometry but rather are required to be "safe" in the

allowable number of packages according to the regulation. It

is unlikely that the packages used will be safe in an infinite

geometry.

The statement could be revised to indicate that the containers

"will have been demonstrated to assure nuclear criticality

safety under both normal and accident conditions as provided

in 10 CFR Part 71."

2 The statement is made that new fuel assemblies are enclosed in

2.1.4(2)(a) polyethyl:ne wrappers and placed in a metal container which

roLdýees insulation for fire protection. In fact, the metal

container provides little or no insulation for fire
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Estimated Fraction
of 10 CFR Part 2q9
at Site Boundary-"

Estimated Dose
to Population
in 50 Mile
Radius, man-rem

ENCLOSURE 2

SUMMARY OF RADIOLOGICAL CONSEOUENCES OF POSTULATED ACCIDENTS

Class Event

Class

1.0

2.0

3.0

Event

Trivial incidents

Small releases outside
containment

a
Radwaste system failures

Est
of
at

3.1 Equipment leakage or
malfunction

3.2 Release of waste gas storage
tank contents

3.3 Release of liquid waste
storage tank contents

4.0 Fission products to primary
system (BWR)

5.0 Fission products to primary and
secondary systems (PWR)

5.1 Fuel cladding defects and
steam generator leaks

5.2 Off-design transients that induce
fuel failure above those expected
and steam generator leak

5.3 Steam generator tube rupture

6.0 Refueling accidents

6.1 Fuel bundle drop

imated Fraction
10 CFR Part 2q/
Site Boundary%-

2/

2/

0.046

0.18

0.005

N.A

2/,

0.001

0.06

Estimated Dose
to Population
in 50 Mile
Radius, man-rem

2/

2/

1.7

6.6

0.18

N.A

2/

<0.1

2.2

0.35

6.2 Heavy object drop onto
fuel in core

7.0 Spent Fuel handling accident

7.1 Fuel assembly drop in fuel
storage pool

7.2 Heavy object drop onto fuel
rack

7.3 Fuel cask drop

8.0 Accident initiation events
considered in design basis
evaluation in the Safety
Analysis Report

8.1 Loss-of-coolant accidents

Small break
Large break

8.1(a) Break in instrument line
from primary system that
penetrates the containment

8.2(a) Rod ejection accident (itR)

8.2(b) Rod drop accident (BWR)

8.3(a) Steam line breaks (PWR's
outside containment)

Small break
Large break

8.3(b) Steamline breaks (BWRi

0.17

0.006

0.024

N.A.

0.1
0.11

N.A

0.011

N.A.

<0.001

<0.001

N.A.

6.1

0.22

0.88

N.A

7
15

N.A.

N. A.

<0 .1

<0.1

N.A.

0.010
l/ 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 pronosed Appendix I for
routine effluents (i.e., 5 mrem/yr to an individual from all sources).
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DEPARTMENT OF AGRICULTURE
OFFICE OF THE SECRETARY

WASHINGTON, D. C. 20250

U.S. Department of Agriculture
Forest Service

Re: Watts Bar Nuclear Plant Units I and 2, TVA

July 23, 1971

VIA AIR MAIL

Mr. F. E. Gartrell
Tennessee Valley Authority
Chattanooga, Tennessee 3740L

Dear Mr. Gartrell:

We have had the environmental statement for Units I and
2 of the Watts Bar Nuclear Plant reviewed in the relevant
agencies of this Department, and comments prepared by the

Forest Service, the Soil Conservation Service, and the
Agricultural Research Service are enclosed herewith.
Two copies of the statementare returned.

Sincerely,

T. C . BYERLY
Assistant Director
Science and Education

Enclosures

The plant will be located in hea County, Tennessee, on land adjacent
to the TVA Watts Bar Dam Reservation at Tennessee River mile 528 on
theowest shore of Chickatmauga Lakc. The plant will consist of two
reactor contairsaert buildings, turbine and service buildings, two
cooling towers, auxiliary building, transformer yard, a switchyard,
and a sewage treatment plant.

The Cherokee National Forest is located some 40 miles east of the
proposed plant. However, we are not aware of any major items of
concern to National Forest Administration that would occur as a
result of the construction and operation of the plant.

In connection with our non-Federal forest land program respon-
sibilities we are pleased to note that TVA will employ all practical
measures available to prevent or abate pollution of the environment.
To assure this, they will conduct a comprehensive environmental
monitoring system that will include observations of the existing
levels of radioactive materials in the environment, and ecological
studies to determine if any biological changes occur as a result if
low-level radiation exposure.

The statement does not discuss possible effects of accidental radio-
active releases on the environment. Unless an accident can be ruled

2.3 out as impossible, the environmental statement should consider its
potential consequences to Lake Chickamauga. In this connection TVA
should consider the possible need for alternate or supplementary
waste treatment facilities. In addition, the establishm.ent of

2.4 higher water quality standards or the detection of unanticipated
adverse environmaental effects may require additional waste treatment
facilities. It would seem important that radioactive disposal
processes be provided sufficient flexibility in order that additional
controls can ba added.
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COMMENTS OF

Soil Conservation Service
U. S. Department of Agriculture

on

Draft Environmental Statement Prepared by
Tennessee Valley Authority

Watts Bar Nuclear Plant Units 1 and 2

Review of Environmental Statement

Tennessee Valley Authority, Watts Bar Nuclear Plant
Units 1 and 2. Draft Environmental Statement, Dated
May 14, 1971. Type of Proposed Action: Administrative

The subject environmental statement has been reviewed by
the Agricultural Research Service. No basis appears for rejecting
the proposal based on permanent damage to soil and water resources
involved. However, statements made in the report that contain
phrases such as "is expected to have no adverse impact" and
"is expected to have no significant adverse impact" are not
reassuring, especially to those living in the area. This is
especially true as. releases of small quantities of radioactivity
in low-level concentrations to the environment during normal
operations are expected. It is good to see that during grading
operations provisions for controlling surface drainage to avoid
erosion and selling the reservoir and for dust control are being
made.

The statement discusses the impact of the proposed
facility in the context of relatively large political
areas, e.g., counties. The statement would be
strengthened if it were expanded to include some
specific discussion of expected effects on the social

2.9.1 and economic aspects of the rural community in the
immediate vicinity.
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UNITED STATES DEPARTMENT OF AGRICULTURE

FOREST SERVICE

So•uheostern Area, Stoae and Prirote Forestry

Atlanta. G6Orgia 35309

1940

April 27, 1972

7.2-6

DEPARTMENT OF AGRICULTURE
OFrICE OF THE SECRETARyY

WASHINGTON, 0. C. 20250

May 10, 1972

Dr. F. E. Gartrell
Tennessee Valley Authority
Chattanooga, Tennessee 37401 0
Dear Dr. Gartrell:

Here are our comments on the draft environmental impact
statement prepared by the Tennessee Valley Authority.

Project - Watts Bar Nuclear Plant Units 1 and 2

Construction of new transmission lines requires withdraw
of 2,373 acres forest land and/or potential forest land.
This classification represents 75% of the total acreage
withdrawn from line construction. Holding to the view
that forest resources should be kept at maximum production,
the rights-of-way should be available for growing forest
products or supporting forest based facilities. Choices
available to the landowner for using his property as
described on page 2-39 of the draft, second paragraph,

2.2.2(2) open some questions as to specific uses.

It is suggested that it be made clear the character of
forest resource development permitted under terms of an
easement. Is it permissible to grow such products as
Christmas trees, posts and pulpwood? Can the landowner
create conditions that are meant to encourage recreational
use of the property?

The above comments were made by Richard L. Zweig, Resource
Specialist.

We appreciate the opportunity of reviewing and commenting
on this statement.

Sincerely,

R. K. SMITH
,Area Environmental Coordinator

Mr. F. E. Gsrtrell
Tennessee Valley Authority
Chattanooga, Tennessee 37401

Dear Mr. Gartrell:

We have had the draft environmental statement for TVA's

Watts Bar Nuclear Plant, Units 1 and 2, reviewed in the relevant

agencies of the Department of Agriculture and comments from the

Soil Conservation Service, an agency of the Department, are

attached.

It is our understanding that Forest Service of the Department

of Agriculture handled its review directly with TVA.

Sincerely,

T. C. B12/,/
Coordinator, Enviro ntal

Quality Activiti

Attachment

cc: Director, Division of Radiological and Environmental Protection
Atomic Energy Commission, Washington, D.C.
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United States Department of the Interior
OFFICE OF THE SECRETARY

WASHINGTON, D.C. 20240

Soil Conservation Service
U. S. Dlopartment of Agriculture

Coimients on Draft Environmental Statement
Prepared By

Tennessee Valley Authority
For

Watts Dar Nuclear Plant Unit.F 1 and 2

JUL 2 2 1971
Dear Mr. Gartrell:

Statement did not provide for control of sediment during

construction of Power Plant, Cooling Towers, Transmission Lines and

appurtenant mrarks.

Control of erosion by the appropriate application of sediment

c2. ontrol measures is needed to assure that runoff from exposed
2.8.1(2)
2. 8.2 construction site will not enter Tennessee River or onto adjoining

properties.

Sediment control measures are particularly needed during

excavation and grading of structure sites.

You requested the Department's comments on a draft environmental
statement for the proposed Watts Bar Nuclear Plant, Units 1 and 2,
Rhea County, Tennessee (AEC Dockets 50-390 and 50-391) furnished
in accordance with Section 102 (2)(C) of the National Environmental
Policy Act of 1969.

Overall the report is a good discussion of the environmental impact
of the proposed power generating plants.* Although the two units at
Watts Bar will begin operation at different times (fall 1976 and
spring 1977), the TVA environmental statement considered the plant
as operating with both units in order to accurately assess the cumu-
lative effects of their impact on the environment. The use of cool-
ing towers and holding ponds also minimize some of the problems
that might occur. In order to make the final statement an even
better product we offer the following comments for your consideration..

Need for Quantitative Information- -It was difficult to determine the
probable impacts, positive or negative, that some aspects of the
plant's construction and operation would have because of the use of
percentages or the lack of defined values. Examples are to be found
in the section Impact of Heat Dissipation and-also those discussing
the exact nature of water discharged from the plant and chemical
discharges.

Plant Siting--The Geological Survey is reviewing geologic and hydro-
logic data relevant to Watts Bar Nuclear Plants, Units 1 and 2, as
supplied by the Tennessee Valley Authority in a Preliminary Safety
Analysis Report to the Atomic Energy Commission. This review
pertains to geologic and hydrologic aspects of the site such as earth-
quake effects, foundation conditions, and flooding potential.

2.10.2 Groundwater- -Approximately 25 feet of unconsolidated terrace
2.

4
.1(1l(a) material overlie bedrock at the plant site. The possibility of seep-

age of water from the plant discharge holding pond into groundwater

F-3Y4



7.3-2 7.3-3

requires greater consideration. The applicant should ascertain if

2.10.2 shallow domestic wells tap the terrace material sufficiently close

2.4.1(1)(a) and at such locationas to be subject to possible contamination. It

appeats from the description provided the holding ponds will be

used for dilution purposes with cooling water, chemical discharges

and water from storm drains being directed into it.

Monitoring--The Sequoyah Nuclear Plant site is located on the west

bank of Chickamauga Reservoir, 44 miles downstream from the

Watts Bar site. Thus, two nuclear plants may eventually discharge
2.

4
.3(4)(a) radioactive wastes into the reservoir. We suggest that more fre-

2.7.2 quent samples than the ones indicated in the statement should be

taken at the first section just downstream of the plant, to detect any

buildup of radioactive contaminants and possible leakages. We also

suggest that the more common or abundant species of upland game
2.4.3(3) and waterfowl be considered for environmental radiological monitor-

2.4.3(4) ing along with sport and commercial fish species described under

the section on Biological Impact on page 47.

Transmission Lines--Although reference is made to the need for

lines for power transmission, a discussion of the need for specific

additional transmission lines or substations required by this power

unit was not considered in the draft statement. If additional exten-
2.2 sive support facilities will be needed their impact could be as

great or greater than those of the proposed action; therefore, we

suggest that these facilities be considered as part of the proposed

action in the final statement. We also believe it would be helpful

2.10.3 if additional descriptions of the visual impacts of the main facilities,
as well as. any support facilities were included.

Historical and Archeological--The project will not affect existing

or known potential units of the National Park System or units.
eligible for registration as National Historic or Natural Landmarks.

However, it is suggested that the State liaison officer for the

National Register be consulted to determine wlhether the project

will affectlany properties being considered by the State for nomina-

1.1.3(11) tion to the Register. The State liaison officer for Tennessee is

2.10.1 Mr. Stephen S. Lawrence, Executive Secretary, Tennessee
2.10.4 Historical Commission, 'State Library and Archives Building,

Nashville, Tennessee 37219. The results of this consultation should

be reflected in the statement. The environmental statement should

also recognize the possible effect of the project on archeological
1.1.3(11) resources and indicate that a survey'has been made and give the

results thereof. The appropriate official to contact on archeological

resources is Dr. Alfred K. Guthe, Department of Anthropology,

University of Tennessee, Knoxville, Tennessee 37916.

We sincerely appreciate the opportunity of commenting upon this

proposal.

Sincerely yours,

H ne ecretary o6&teri 4 rlr

F. E. Gartrell, Dr. P. H.
Director Of Environmental Research
and Development,
Tennessee Valley Authority
Chattanooga, Tennessee 37401

3

4.1

Alternatives--This section of the environmental impact statement

indicates consideration was given to coal-fired generating units and

that the idea was discarded for sufficiently good reasons. We would

like to point out that because of the several factors, such as recent

controversies about the operation of nuclear power plants and improve

ments in the coal supply situation since the calculations were made in

1970, further consideration should be given to coal-fired units. Coal

that is presently considered to be environmentally unacceptable could

be used because of recent improvements in technology to remove

sulfur from high-sulfur coal and to remove fly-ash.

2
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United States Department of the Interior
OFFICE OF THE SECRETARY

WASHINGTON, D.C. 20240

Dear Mr. Gartrell:

This is in response to your letter of April 10, 1972,
requesting our comments on the Tennessee Valley Authority's
draft environmental statement, supplements and additions,
dated April 7, 1972, on environmental considerations for
Watts Bar Nuclear Plant, Units 1 and,2, Rhea County,
Tennessee.

General

Although this environmental statement, supplements and
additions, provided additional environmental information
not in the earlier draft of May 14, 1971, it involves a
rather cumbersome review since the reviewer must use both
volumes simultaneously. We suggest that if it is desirable
to supplement or add to the draft statements in the future

Preface to.the extent done in this case, the additional information
be meshed into one volume and titled 2nd draft environ-
mental statement or revised draft environmental statement.
The time saved in the review process and the general
usefulness of the statement would more than compensate
for the additional cost.

Our comments of July 22, 1971, in regard to groundwater
and transmission lines should be considered in addition
to suggestions in this letter. Our comments on the
environmental statements, supplements and additions are
given on a sectional or subject basis. They also include
several comments on the draft environmental statement dated
May 14, 1971.

Historical and Archeological Significance

for addition to the National Register of Historic Places.
He is the Executive Secretary, Tennessee Historical
Commission, State Library and Archives Building, Nashville,
Tennessee 37219.

Recreation

The draft environmental statement, dated May 14, 1971,
described the extensive recreational use of the Chickamauga
Reservoir and the recreational facilities provided by TVA.
In view of the importance of recreation in the project

2.10.1 area, we think that the fidal statement should provide a
discussion of the administrators and users of the recreation
facilities in the area. The discussion should be closely
allied to the proposed visitor center and overlook on the
ridge above the project installation mentioned on page 66
of the Hay 14, 1971, draft, as well as the associated need
for supporting public and private services.

Monitoring

We suggest that the more common abundant species of upland
game and waterfowl be considered for environmental radio-

2 .4. 3 (3 ) logical monitoring along with sport and commercial fish
2.4.3(4) species described on page 47 of the May 14, 1971, draft
2.4.3(4)(a)statement. We also think that additional consideration

as to the frequency of samplings should be given since
otheO sources of waste products maycompound the effects.

Cumulative Effects

The draft statement should assess the cumulative environ-
mental effects resulting from other sources. For example,

2.4.2(3) the ;'adiological effects on aquatic life resulting from
the operation of Watts Bar and Sequoyah Nuclear Plant,
located 44 miles downstream, should be evaluated. Inde-
pendent assessments of environmental impacts can only give
incremental effects for each plant.

Environmental Aspects of Transmission LinesIt does not appear that the proposed nuclear plant will
affect any existing or proposed unit of the National Park

1.1.3(11) System or any site eligible for registration as a National
Historic, Natural, or Environmental Education Landmark;
however, the statement should show evidence of consultation
with the State Historic Preservation Officer c6ncerning
protection of properties which may be under consideration

The annual loss of forest products due to the construction
2.2.2 and operati6n of transmission lines should be recognized

as an irretrievable loss on page 2-40. However, wesuggest
that TVA undertake an investigation to utilize these
transmission line corridors for "Puckerbrush Forestry".

2
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This could prove to more than compensate for normal loss

of forest products. Dr. Harold E. Young at the University

of Maine has done considerable work in the development of

this concept of total use of forest products.

Since TVA is in the forefront of developing and demonstrat-

ing good land use and since forest industries are presently
using reconstituted wood products, we suggest that TVA

examine the possibilities of developing a demonstration
area of "Puckerbrush Forestry" on the transmission rights-

of-way. We recommend that Dr. Young should be contacted
for consultation regarding this possibility.

2.2.2-

We also think that the statement should discuss the

possibility of TVA coordinating the use of these trans-

mission corridors for recreation trails similar to their

coordination of wildlife programs. Primitive trails could

be roughed in as an incidental activity during the operation

and maintenance work.

We urge that the method mentioned on page 2.27 of selective

cutting to feather the tree line and planting of wildlife
food and-cover be used whenever possible instead of clear

cutting. Clearing to ground in wooded areas is inconsistent
with guideline-principles and should be resorted to only

when absolutely necessary. We recommend that TVA urge

owners of wooded sections of rights-of-way to sanction the

feathering and planting'of wildlife food and cover.

Environmental Imoact of Postulated Accidents

The radiological effects of accidents are given only in

terms of-estimated-doses to the population from air borne

emissions. However, the environmental effects of releases

to water is lacking. We think that the final environ-
2.3 mental statement should include estimates of the pathways

D.3(1) of the escaping radionuclides and quantities involved.

D.5
D.9 We also think that Class 9 accidents resulting in radio-

active'r6leases to both air and'water should be described

and the impadt on human life and the remaining environ-
ment discussed as long as there'is possibility of occurrence.

The consequences of an accident of this severity could have
far-reaching effects which could last for centuries.

7.3-7

Chemical Discharges

Dissolved solids carried by drift from the cooling towers

are not discussed. Since such solids could cause'damage

2.5.1(1i0 property and the environment, an estimate of the
quantity contained in the drift and the procedures to be

followed in minimizing adverse environmental impacts

should be given.

-S Sstnc

FP~tY Assistant Secretary of the Inter/*r

Dr. F. E. Gartrell
Director of Environmental Research

and Development
Tennessee Valley Authority
Chattanooga, Tennessee 37401
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METROPOLITAN DEVELOPMENT OFFICE
DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT

~~I~iIII'PEACHTREE SEVENTH BUILDING, ATLANTA. GEORGIA 30323
ROOM 61.5

REGION IV 

June 4, 1971
IN REPLY RKFER TO-

4MB

Dr. F. E. Cartrell
-Director, Environmental Research
and Development
Tennessee Valley Authority
Chattanooga, Tennessee 37401

Dear Dr. Gartrell:

Subject: Environmental Statement
Watts Bar Nuclear Plant
Units 1 and 2

t am pleased to acknowledge receipt of your May 20, 1971, letter
requesting HUD review of the above project under the requirements
of-the National Environmental Policy Act of 1969.

We have reviewed the information submitted along with your referral
and have investigated the environmental aspects falling within the
Council on Environmental Quality designated area of special HUD
interest or expertise. From thp information available to us, we
find no basis for objecting or recommendation of alternates. How-
ever, we do call your attention to Attachment "A" of this letter
and request that you initiate action to satisfy the several noted
items,

Sincerely yours,

AssistantE1egional Administrator

Enclosure

Attachment "A"

DHUD COMMENTS ON DRAFT
ENVIRONMENTAL IMPACT STATEMENT

Project Identification: J p -- /•..

Project Location:

The following includes the general caveats and remarks which we feel
should be brought to the attention of any State, local or Federal agencywhich has requested DHUD review of and comment on a draft Environmental
Statement under the Environmental Policy Act of 1969 and the CEQ Guide-lines. We have checked those comments which seem to be particularly
appiicable to the draft statement identified above; however the letter
of transmittal will amplify these general comments if appropriate.

COMMENTS

I/ Inasmuch as HUD has no direct program involvement in Historic
sites or structures effected by the subject project, we defer
to the Advisory Council on Historic Preservation with respect
to Historic Preservation matters.

H_ MUD has direct program involvement in the Historic Preservation
aspects of the proposed project and appropriate comment is in-cluded in the transmittal letter.

/_7 The subject project effects an urban park or recreational areaand appropriate comment is included in the transmittal letter.

/_-7 The subject project effects only rural parks and recreational
areas and HUD therefore defers to the Forest Service of the
Department of Agriculture, the Bureau of Outdoor Recreation,
Bureau of Land Management, National Park Service and the Bureau
of Sports Fisheries and Wildlife with respect to comments onthe Parks, Forests and Recreational effects thereof.

/-! This project will probably involve a statutorily required HUDreview under Section 4(f) of the Transportation Act of 1966.
Therefore, we defer comment on the parks and recreational as-
pects of the project pending request by D.O.T. for such a review.
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/ This review covers the HUD responsibilities under Section 4(f)
oc the Transportation Act of 1966.

The Draft Environmental Statement fails to reflect clearance orconsultao wit• he ap rope local plan4ng agency, which

1.3 • The Draft Environmental Statement fails to reflect consultationor c eran w I th _th aeoropriate areawir.planfiing agene wlrchz •
i'

L/ The Draft Environmental Statement fails to reflect consultation
or clearance with the appropriate State Clearinghouse as re-
quired by Circular A-95, Office of Manas and u :1e.The 2 /

// The project apparently requires the displicement of businesses
or residences. The Draft Environmental Statement does not re-
veal full consideration of the requirements of the Uniform
Relocation Assistance and Real Property Acquisition Policies
Act of 1970 (Public Law 91-646). If relocation assistance is
desired, please contact Mr. Joseph C. Behrens, Room 645, Peachtree-
Seventh Street Building, Atlanta, Georgia 30323 at 404-526-3521.
In the local community the person or office most familiar with
relocation resources is:

-- The draft statement does not discuss apparently feasible alter-
natives which may have a more beneficial effect on the urban
environment. See letter of transmittal for possibly overlooked
alternatives.

in general, HUD defers to other agencies with respect to estab-
lishing and enforcing air and water quality standards, thermal
pollution standards, radiation and general safety standards. We
have no formal jurisdiction over such matters and no commeOLs
contained herein should be construed as assuming such responsi-
bility or jurisdiction.

1.3

Since this project raises issues involving radiation safety, werecommend consultation with: Dr. Joseph Lieberman, Radiation
Office, E.P.A., 5600 Fishers Lane, Parklawn Building, Rockville,
Maryland 20852.

We recommend that you write or call the Office of Management and
Budget for a copy of "Directory of State, Metropolitan and
Regional Clearinghouses under B.O.B. Circular A-95," and consult
with such clearinghouses as appropriate.
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p1ý
.DEPARTMENT OF THE ARMY
NASHVILLK DISTRICT. CORPS O. EN.INE.RS

p. *. Box Io7o
.--- ILL T.-HSXE[ .71

L:'.ARTMENT OF THE ARMY
NASHVILLE DISTRICT. CORPS OP -NGIN*ERS

P. o. BOX I*o7

NA*SVILL. TKNNEISSEZ 37201

ORNED-P
ORŽ,ED-P

Dr. F. E. Gartrell
Director of Environmental Research

and Development
Tennessee Valley Authority
Chattanooga, Tennessee 37401

16 July 1971 10 May 1972

Dr. F. E. Gartrell
Director of Environmental Research

and Development
Tennessee Valley Authority
Chattanooga, Tennessee 37401

Dear Dr. Cartrell:

Your letter of 20 May 1971 forwarding a copy of the draft environmental
statement for Watts Bar Nuclear Plant Units 1 and 2 to Dr. Louis M.

Rousselot, Assistant Secretary for Defense, was referred to this office

by the Chief of Engineers for reply.

We have reviewed the draft statement and believe that the environmental
impacts have been recognized and identified. There are, however, a few

comments and suggestions we are offering -for your consideration.

Seven species of mussels were mentioned as being found in the mussel sanc-

2.7.1(1) tuary situated between Tennessee River miles 529.9 and 526.9. It may be
desirable for the scientific names of these organisms to be enumerated

for further taxonomic and ecological clarification. Furthermore, since
this area is a sanctuary, it is suggested that any temporary disturbance

2.7.1(2) of the present ecosystem be commented on in some detail, as shifting sands
and mud can produce an inimical strain on Pelecypodan physiology. It may
be desirable to include a diagram depicting the life-cycle of a typical
indigenous fresh-water bivalve to aid in the recognition of lffe-cycle

2.7.1(6) phases that could be highly susceptible to construction effects. This

could be done on page 42 under Importance of locale to existence of im-
portant species considering states in life history. Finally, in relation

to page 53 and the discussion on the disposal of radioactive-residues, it

2..3(l)(a) is suggested that the locations of those offsite disposal areas be dis-

cussed in this paragraph.

The opportunity to review the draft statement is appreciated.

Sincerely yours,

WILLIAM F. BRANDES
Colonel, Corps of Engineers

District Engineer

Dear Dr. Cartrell:

Your letter of 10 April 1972, forwarding a copy of supplements and
sdditions to the draft environmental statement for Watts Bar Nuclear

Plant Units 1 and 2 to Dr. Louis M. Rousselot, Assistant Secretary

for Defensej has been referred to this office by the Chief of Engineers
for'direct reply.

We have reviewed the statement and have no comments to offer.

The opportunity to review the statement is appreciated.

Sincerely yours,

Major, Corps of Engineera
Deputy District Engineer

CF:
Director
Division of Radiological and
Environmental Protection

Atomic Energy Commission
Washington, D. C. 20545
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DEPARTMENT OF HEALTH, EDUCATION. AND WELFARE
OFFICE OF THE SECRETARY

WASHINGTON. D.C. 55201

JUL 16 1971

7.6-2

00 DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE

WASHINGTON. D.C. 2010

OFFICE OF THE SECRETARY

Dr. F. E. Gartrell
Director of Environmental Research

and Development
Tennessee Valley Authority
Chattanooga, Tennessee 37401

Dear Dr. Gartrell:

The Environmental Statement for Watts Bar Nuclear Plant --
Units 1 and 2 have been reviewed by this Department. This
project, when completed will add electrical generating capacity
of some 2,540 megawatts to the TVA system.

On Page 60 the statement is made that "reliable long-term release
data for an operating pressurized water reactor plant similar in

2.4.2(3) design and operation philosophy to the Watts Bar Nuclear Plant
Table are not available at this time." This statement, coupled with the
2.4-2 fact that the radioactive discharges are into a lake tha t serves

as the water supply for almost 250,000 people, is a source of
Table public health concern. Are the concentration factors in marine
2.4-2 life influenced by this river-lake complex? With regard to down-
E.4(2) stream water supplies, we suggest there be included in the final

environmental statement a description of the program to be
1.4 implemented in the event of an inadvertent release of radioactivity

into the river-lake complex.

Thank you for this opportunity to comment on this draft environ-
mental statement. When the final statement is prepared we would
be pleased to receive a copy.

Sincerely yours,

Merlin K. DuVal, M.D.
Assistant Secretary for

Health and Scientific Affairs

Dr. F. E. Cartrell
Director of Environmental

Research and Development
Tennessee Valley Authority
Chattanooga, Tennessee 37401

Dear Dr. Gartrell:

This is in response to your letter dated April 10, 1972,
wherein you requested comments on the draft environmental
impact statement for Watts Bar Nuclear Plant, Units 1 and 2.

This Department has reviewed the various health aspects of
the above project as presented in the documents submitted.
We offer no comments.

The opportunity to review this draft environmental impact
statement is appreciated.

Sincerely yours,

Merlin K. DuVal, M.D.
Assistant Secretary for

Health and Scientific Affairs

cc:

AEC, Washington, D.C. - 'E'D
JUL 19 1971

RaE. W.M. RE
PsPaorv
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So~aiheadj Tewdmuee
DEVELOP MENT DISTRICT

423 JAMES BUILDING C. L THRAILKILL
735 BROAD STREET Eecuti- Di~tor
CHATTANOOGA, TENN. 37402
PHONE 615/265-2371

August 6, 1971

Mr. M. I. Foster, Director
Division of Navigation Development

and Regional Studies
Tennessee Valley Authority[
Knoxville, Tennessee 37902

SUBJECT: Draft Environmental Impact Statement
Watts Bar Nuclear Plant, Units 1 and 2

Dear Mr. Foster:

In accordance with the Office of Management & Budget Cir-
cular A-95 their letter dated October 10, 1969, designating
the Southeast Tennessee Development District as the Regional
Clearinghouse for federal grant programs, we have reviewed
the Tennessee Valley Authority draft Environmental Impact
Statement - Watts Bar Nuclear Plant, Units 1 and 2.

Our comments are as follows:

.1 On page 9, the statement is made "There is no indicated
potential for any oil or gas production in the Watts
Bar area. The nearest test wells that have been drilled,1.1.3(-) without production, are on the Cumberland Plateau fif-
teen to-twenty miles west of the plant." As you may be
aware, since publication of the draft Environmental State-
ment, exploratory drilling has been initiated on a site
in-the near vicinity of the proposed nuclear plant.

.2 On-page 12, reference is made to public water supplies
taken from Watts Bar and Chickamauga Reservoirs. For
purposes of potential impact of the project, the pro-

i.i.3(7)(c) posed Decatur regional water system, with water-intake
and treatment plant on Watts Bar Reservoir, should be
included.

.3 On page 40, the statement indicates that there is little
1.l.3(7)(a) likelihood of liquids moving from the holding pool to
2.10.2 wells in the area as any liquids seeping into the ground

are expected to filter into the reservoir at points north-
east and southwest. As it is not specifically mentioned
in the Monitoring Program, pp. 45-51, we would suggest

Page 2
Mr. M. I. Foster
August 6, 1971

that some method of monitoring ground water in the im-
mediate vicinity of the plant be included. This mon-
itoring should specifically include those areas in the
opposite directions from which liquid seepage is ex-
pected to occur.

We do not consider that the Regional Clearinghouse is tech-nically qualified to comment on the technical data and com-
putations relative to Section 2.3.7, Radioactive Discharqes,
pp. 52-62. However, for purposes of clarity in the state-ment, we make two comments.

.4 On page 53 there is a description of the disposal byevaporation of high level radioactive liquid wastes
with the residues packaged for offsite disposal. In

2. 4
.1(2)(a)such processi is the gas thus released radioactive?If so, we assume it is controlled for further processing.

However, the statement is not clear on this.

.5 Beginning on page 60 is a description of the "Potential
increase in annual environmental radioactivity levelsand annual radiation'dose from principal radionuclides."
This section describes the amount of radiation which a
person could receive in various locations in the project

.vicinity under various conditions. Recognizing that the
conditions described can only be based on assumptions,

2.4.2(3) the Environmental Statement should also show by comparisonthe safe level of radiation which a person can sustainwithout consequence.

We would also offer -the following general comments applied
to the project as a whole:

.6 Water and sewer projects are presently being initiated
by Spring City, Dayton and Decatur. Each of these three
city governments, along with the governments of Rhea
County and Meigs County, can expect to encounter certain
problems and possible temporary financial hardship in
meeting the demand for governmental services which should
occur in conjunction with the in-migration of constructionpersonnel. We are pleased to note the Tennessee Valley
Authority has recognized these potential problems in the
Environmental Statement and intends to work with local
governments to minimize these problems.

7 In the course of the Regional Clearinghouse review, con-2.i4.2(31 cern has been expressed relative to the combined effectAppendix H of the Watts Bar Nuclear Plant and the Sequoyah Nuclear
Plant on the Chickamauga Reservoir and the Nickajack

7.7-2
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Page 3
Mr. M. I. Foster
August 6, 1971

2.4.2(3] Reservoir. We would suggest that attention be directed
Appendix H to this question in the Environmental Statement.

We appreciate this opportunity to review and comment on the
draft Environmental Impact Statement and apologize for the
delay in reply. However, the statement has been under re-
view by local officials and agencies, in addition to our staff,
and the additional time has been necessary to correlate all
comments received.

Should there be any question or additional information re-
quired, please contact me.

Sincerely,

Charles L. Thrailkill
Executive Director

CLT :RPS/jmh

cc: Director
Division of Radiological & Environmental Protection
Atomic Energy Commission
Washington, D. C. 20545

Leonard Bradley, Tennessee Office of Urban & Federal Affairs
Malcolm Gholdstone, Chairman, Rhea County Court
Walter L. Smith, Mayor, 2pring City
Paul Levengood, Mayor, Dayton
Charles Rockholt, Mayor, Decatur
Raymond Gallaher, Chairman, Meigs County Court
John Moeller, Tennessee State Planning Commission
T. D. Harden, Chattanooga-Hamilton County Regional

Planning Commission

ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON. D.C. 20460

September 3, 1971
OFsa Or sT.
AaMII-sFAT-a

Dr. F. E. Cartrell
Director of Environmental Research

and Development
Tennessee Valley Authority
Chattanooga, Tennessee 37401

Dear Dr. Gartrell:

Thank you for your letter of May 20, 1971, requesting comments
on the Draft Environmental Statement for the Watts Bar Nuclear Plant
Units 1 and 2. We are pleased to provide the enclosed report which
summarizes our evaluation of the radiological effects of operating
the proposed facility.

We concur in the decision of the Tennessee Valley Authority to
recycle tritium insofar as that decision will reduce the discharge of
tritium to the environment. However, the tritium that builds up in
the reactor must finally be disposed of and the Draft Environmental
Statement does not describe that disposal method. In order to
evaluate the desirability of tritium recycle, it isnecessary to
consider the final disposal method particularly with respect to the
possible discharge of concentrated tritium or the long-range commitment
of natural resources. We therefore encourage you to present your
analysis of both the short-term and long-term implications of recycling
all water containing tritium so that the total environmental impact of
operating the- facility can be evaluated.

Environmental contamination and resultant population exposure in
the event of a radiation incident are important factors in assessing
the potential environmental impact of a nuclear facility. The popula-
tion dose that may be received from such incidents is dependent upon
planning procedures and protective measures; therefore, we believe it
extremely important to discuss details in the Environmental Statement
with respect to all arrangements that have been made with offsite

agencies who may respond to an emergency situation. The responsibilities
and authorities of all involved offsite agencies should also be clearly
stated.
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Dr. F. E. Cartrell - Page 2

We appreciate the opportunity to review and comment on the
potential environmental impact of the Watts Bar Nuclear Plant. If
we can assist you further in this matter, please let us know.

Sincerely yours,

George Marienthal
Acting Director,
Office of Federal Activities

ENVIRONMENTAL IMPACT REVIEW

WATTS BAR NUCLEAR PLANT

UNITS 1 and 2
Enclosure

Coordinated by
Office of Radiation Programs

ENVIRONMENTAL PROTECTION AGENCY
5600 Fishers Lane

Rockville, Maryland 20852

August 1971



PREFACE INTRODUCTION AND CONCLISIONS

The following report summarizes an evaluation of the environmental

impact of the Watts Bar Nuclear Plant and has been prepared by the

Environmental Protection Agency. The evaluation is based on a detailed

technical review of the design information for the facility as well as

the Draft Environmental Statement submitted by the Tennessee Valley

Authority pursuant to the requirements of the National Environmental

Policy Act of 1969. The radiological effects have been evaluated by

the Division of Technology Assessment of the Office of Radiation Programs;

this Division coordinates the review with other operating offices of the

Agency. Where possible and relevant, suggestions are made which, if

incorporated into the design and operating procedures for the facility,

will minimize the potential environmental impa:t associated with the

operation of the facility.

This evaluation is directly responsive to the'requirements placed on

Federal agencies by the National Environmental Policy Act of 1969 and

in addition, is intended to provide information to the State involved

for its use in developing and conducting environmental programs for the

particular nuclear activity.

The Watts Bar Nuclear Plant will be a two-unit pressurized water reactor

generating facility located on the Tennessee Valley Authority's Watts

Bar Dam Reservation at.Tennessee River Mile 528. Both units will be

manufactured by the Westinghouse Electric Co., and each will have a

generating capacity of approximately 1270 K~e. Unit I is scheduled to

go into full operation in 1976; Unit 2 is scheduled for the spring of 1977.

The evaluation is based on information presented in the applicant's

Preliminary Safety Analysis Report,(1) and Draft EnvironmentalStatement(2)

for Watts Bar Nuclear Plant, Units I and 2. In this evaluation particular

attention is given to radioactive waste treatment, expected levels of

radioactive waste discharges, potential-population radiation dose levels,

environmental surveillance, and emergency planning. The principgl

conclusions are:

I. The facility can be operated within current regulations of the Atomic

Energy Commission for discharges of radioactivity to unrestricted areas.

2. Certain tritium concentrations and operating procedures presented in

the Draft Environmental Statement are based on the periodic discharge of

tritiatediwater. In view of the decision to recycle tritium, several parametrrs

should be reevaluated, especially:

a. primary coolant tritium concentration

b. potential doses associated with the venting of steam generator

blowdown.
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3
c. potential doses due to evaporation of tritiated water which

has been discharged or which has resulted from leaking systems

in the plant.

d. contingency planning to dispose of primary coolant tritium

before and at the decommissioning of the plant.

3. In discussing the problem of primary to secondary leakage in a steam

generator, the statement does not describe in detail the procedures to

be taken regarding the treatment of air ejector gases, steam generator

blowdown, and the criteria used to initiate such procedures. Specifically,.

the activity levels of the steam generator blowdown and the-at-r ejector

gases at which secondary system waste treatment procedures are begun

should be determined and stated in the Final Environmental Statement.

In addition, with regard to primary to secondary leakag+!, it is noted

that the applicant intends to treat only the blowdown from the leaking

steam generator in the event of a primary to secondary leak. It should

be recognized that all steam generators become equally contaminated in

a short time in this situation, and blowdown from all generators should

be routed through the radwaste system.

4. The Draft Environmental Statement indicated that additional attention

will be given to the treatment and control of those liquid wastes

containing chemicals which could have an adverse effect.on organisms

in the river. We agree that additional attention is required and recommend

that the description of the control to be provided be submitted as an

amendment to the Draft Environmental Statement. It would be desirable

that the plans for controlling these chemical wastes be submitted for

review before the Final Statement so that any changes will not be

unduly difficult and expensive.

5. The environmental monitoring program while being very comprehensive,

does not include any provision for monitoring atmospheric tritium. With

increased concentration of tritium over the life of the plant, plans

should be made to monitor for atmospheric tritium.

6. Emergency plans were not presented in the Draft Environmental

Statement although such plans were discussed in the PSAR. In addition

to the clear recognition of the value of adequate planning expressed in

the PSAR, the statement should describe in detail all of the arrangements

that have been made with off-site agencies to respond to emergency

situation. The responsiblity and authority of these agencies should be

clearly described in the Final Statement.

7. If the conclusions of this review receive proper consideration, the

potential environmental impact of the radioactive waste discharges-from

the Watts Bar Nuclear Plant Units I and 2 will be reduced to the lowest

level practicable. On the basis of this low environmental impact, there

is no apparent need to develop alternate means to produce the proposed

amounts of electricity since no unreasonable commitment of environmental

resources need occur during operation of the plant.
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WASTE TREATMENT

It is stated in the Draft Environmental Statement that the gaseous waste

treatment system allows holdup of gaseous waste for 60 days in storage

tanks, followed by controlled release to the atmosphere. Use of this

extended decay time, which is longer than that stated in the PSAR should

reduce doses from gaseous waste to the lowest practicable level. Solid

wastes are drummed in 55 gallon drums at a facility on the site and

the solid wastes are shipped off-site for disposal.

Liquid waste is treated by filtration, ion exchange, and evaporation.

The main system evaporator has a capacity of 2 gallons per minute. In

addition, there is an auxiliary evaporator with a capacity of 15 gallons

per minute to treat steam generator blowdown in the event of a primary

to secondary leak. In discharging-processed liquid waste, the effluent

is diluted with at least a 30,000 gallon per minute dilution stream to a

holding pool. The contents of the holding pool are removed by flow

into the Tennessee River, the discharged water being made up by cooling

tower blowdown and river water intake, to maintain a volume in the pool;

The Draft Environmental Statement states that to reduce radioactive

discharge levels to the lowest level -practicable all water which contains

tritium will be recycled. It is noted that the waste treatment procedure

as described in the PSAR and Draft Environmental Statement differ in

that the PSAR states that tritiated water will be discharged amounting

to an estimated 1590 Ci of tritium released annually. In view of the

7-8-9

decision to recycle tritium, the concentration of tritium in the primary

coolant should be reevaluated. The concentration of tritium in the

primary coolant (2.42pCi/ml)presented in the PSAR was calculated using

a discharge of 1590 curies per year of tritium to the environment.

Tritium recycle will increase the quantity of tritium contained in the

primary coolant over the life of the plant; therefore, the concentration

2.4.1(1)(b)of tritium in the primary coolant should be recalculated. It would be

most useful to express the tritium concentration as a functi6n of the

number of fuel cycles or the number of recycled years. Also the total

mixing volume and the total amount of tritium stored as a function of

time should be stated.

We believe that the dose consequences of tritium in the atmospheLe.

both in-plant and outside of plant, should be estimated. The in-plant

atmospheric concentration of tritium should be examined taking into

account the anticipated release of coolant due to leaks and subsequent

2.4.1(1)(b)

Table 2.4-2 evaporation, and to evaporation of tritiated water du::ing a refueling

operation. If necessary, procedures should be developed tomeduce the

radiation exposure of personnel to atmospheric concentrations of

tritium during refueling.

Evaporation of tr:.tiated water from the holding pond, release of atmospheric

2.4.1(1)(a)tritium to the en'9ironment through the containment from souces in the2.4.1(1)(c)
2.1,.1(2)(a)plant, and venting of steam from steam generator blowdown should be

.Table 2.4-2
considered in evaluating the off-site doses. Results of these analyses

should be presented in the Final Environmental Statement.
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TRITIUM DISPOSAL

The committment to retain tritium implies that an alternative to the

discharge of the tritium has been or is being actively sought and that

the discharge of the tritiated coolant to the environment has been

determined to be an unacceptable practice. We concur in that determination

and would note that the retention of tritium also requires that a plan

be presented in the Final Statement for final disposal of the tritium

2.4.111)(b)and contingency plans for the timely action which will be taken if

tritium in the coolant reaches an undesirable level. The cont-ingency

plan should include a description of the method to be employed to lower

tritium levels such as the shipment of off-site portions of the

tritiated coolant. Plans for the final disposal of all tritiated water

at plant decommissioning,, and contingency plans-for disposal, as- maybe -

necessary during the life of the plant, should be described in the Final

Environmental Statement.

PRIMARY TO SECONDARY LEAK

The applicant has indicated an awareness of the problem of primary to

secondary leakage in PWR generating plants and has designed a waste

2 .4.1(1)(b)treatment system to include an auxiliary evapoiator to treat contaminated

2.4.1(1)(c)
Table 2.4-2secondary coolant. We believe that in view oi the decision to recycle

Table E-1
tritium, a more detailed reevaluation of the consequences of a primary

to secondary leak is required.

An evaluation of the consequences of a primary to secondary leak should

include a description of the exigency procedures that will be employed

and the criteria to be used to initiate such procedures. Specifically

the applicant should state the numerical value of the radioactivity level

at which safety procedures for primary to secondary system contamination

are initiated, when these activities are realized through monitoring of

the steam generator blowdown or condensqr air ejector gases. The

applicant should also specify what procedures are undertaken to minimize

2.4.1(2)(a)the contamination of the secondary system coolant and the resultant
.2.4.1(2)(a)

off-site doses.

The Statement indicates that in the event of a primary to secondary leak

in a steam generator, only blowdown from the leaking steam generator is

. .utid-to the radwaste system. Our study has shown, however, that all

generators become equally contaminated in a relatively short time when

a primary to secondary leak occurs in one generator. Therefore, in the

event of a primary to secondary leak in one generator, all generators

should be blown down to the radwaste system until the leak can be stopped

2.4.1(1)(cr isolated. In this situation at the Watts Bar Nuclear Plant, the
Table 2.4-2

waste treatment system may not be adequate to treat the total amount of

contaminated water. The total waste system evaporator capabilities

for both units of the plant is 17 gallons per minute. However, in the

ease of a primary to secondary leak with all blowdown being treated,

approximately a 40 gallon per minute evaporator capacity would be required

to adequately treat the blowdown volume. Without the capability to

treat all secondary system blowdown it may be necessary to release
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secondary system water containing radioactive contaminants usually

removed by evaporation. We believe that the potential problems of a

primary to secondary leak should be examined in some detail, particularly

since it has been decided to recycle tritium. The statement also mentions

that approximately 1/3 of the blowdown routed to the blowdown holding

tank flashes to steam and is vented to the atmosphere. The discharge

2.4.1(lCcof• ,, this steam could have an environmental impact depending upon the

amount of tritium in the secondary coolant. The dose consequences of the

venting should be estimated with doses expressed as a function of the

primary-to-secondary leak rates and blowdown rates. The results of such

a dose estimation may indicate whether consideration should be given to

condensing and retaining the steam.

In the event of a primary to secondary leak, non-condensable gases from

the air ejector could lead to significant dosimetric consequences if

not retained and treated by the gaseous waste system. Conservative

calculations by EPA Staff have indicated that for a one-gallon-per-

Table 2 4-2minute leak rate and 1% defective fuel, off-site dose rates on the order
Table F-2
Table F-3 of 10 mrem/hr can result. Estimates should be provided for the range of

off-site dose rates that can be expected from the radioactive off-gas

release which could occur in the event of a primary to secondary leak.

In the event of a primary to secondary leak air ejector gases may have

to be subjected to treatment for removal of certain radionuclides.

2.4.1(1)(b)The applicant has not stated whether secondary system water will be
2.4.1(1)(c)

Table 2.4-2discharged or recycled when this water coqtains tritium due to a leak.

It would seem that increased storage capacity for recycled tritiated

water would be required if secondary system water is retained. Such

increased storage capacity has not been indicated in the PSAR or Draft

Environmental Statement. If the applicant plans to discharge tritiated

secondary system water instead of recycling, this intent should be

stated, and dose estimates should be evaluated considering contributions

from this source. The Final Environmental Statement should state whether

secondary system water will be discharged or retained in the event of

a primary to secondary leak, and include dose estimates from discharges

if that procedure is chosen.

ENVIRONMENTAL IMPACT

In our opinion, the most significant radiological effect of the operation

of the station will be the population dose that results. The applicant,

in the draft environmental statement; has estimated, disregarding

the recyqling of all water containing tritium; that the whole body

dose at the site boundary would be 16.9 mrem/yr. This estimate which

is based on the design condition of 0.5 percent leaking fuel include~the

dose due to gaseous discharges and the dose due to drinking the undiluted

liquid discharged directly from the plant. The applicant has also

estimated a total annual population dose from 41il sources to persons

residing within 5 miles of the plant at 30.5 nin-rems per year. This

includes the effect of gaseous releases and assumes all 1805 people

residing within 5 miles of the site obtain their drinking water untreated

from the discharge pipe. These very conservative assumptions, when used

in calculating the doses, result in estimates that are much higher than
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would be expected to actually occur during the normal operation of the

facility. In order to compare the environmental impact of this facility

with other similar facilities, it would be useful in the Final Environmental

Statement included a population dose estimate, stated in man-rems, for
Table 2.4-2
Table E-3 the population surrounding the plant within a 50 mile radius and which
Table E-4

takes into account the recycling of tritium. Also a reevaluation of the

maximum individual dose taking into account the recycling of all water

containing tritium is indicated.

WATER QUALITY

It is noted that natural draft cooling towers will be employed to dissipate

waste heat. The cooling towers will be part of a closed condenser

cooling water system with the principal waste discharge from the system

being the blowdown. The blowdown is discharged to a holding basin

which in turn empties into the Tennessee River. The Statement recognizes

that discharge of chemicals in the blowdown and from other sources can

have a detrimental effect on the river and it is further stated that

the treatment to be given these chemicals had not been determined at the<.5.1

time the Statement was written. A description of the treatment given

those materials is essential to a complete evaluation of environmental

impact. For that reason it is recommended that the information be

provided by an amendment to the Draft Environmental Statement rather

than waiting for the Final Detailed Statement at which time changes in

treatment processes and equipment maY be unduly difficult and expensive

to make.

it
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Attention should also be given to the possible discharge and environ-

mental effect of metal ions, especially corrosion products from the

2.5.1(i) condenser materials. Also if zinc strips are to be used as sacrificial

corrosion inhibiting electrodes, the environisental effect of discharging

the dissolved zinc should be examined.

The Statement notes that the plant site is located about midway in a

three mile reach which has been designated by the State of Tennessee as

a mussel sanctuary. The effectsof discharges of heavy metals and
Table 2.4-2
Z.4(2) radiochemicals on these mussels, Asiatic clams and other aquatic life
2.7.1(4) should be examined. Mussels from areas of the Tennessee River are

commerically harvested and shipped to Japan. Potential radiologicalE.2
conseqtences of the use of these harvested mussels should be discussed.

2.7.1(6) Possible siltation and turbidity effects should also be discussed.

Treatment of domestic wastes is proposed by an extended aeration

treatment facility designed for a construction force of 2,000 persons

(peak level). This facility should provide adequate treatment during

construction, however, when the power plant is placed in operation only
2.5.4 170 permanent employees and an unknown number of visitors will be served

by the treatment facility. Under these conditions, the facility will

be receiving a I 1d--far below design and will probably not function

adequately. Discbarge of organics to-the extended aeration facility

should be provided..

2.4.1(1)(a~nclusion of cooling towers is anticipated to cause no long-term effects
2.5.1
2.6, 2(

6
.1on the aquatic ecology of Chickamauga Reservoir; however, insufficient

2.6,2(1)
2.6.4(1) information is presented to determine if short to moderate term effects
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may be encountered. Thermal criteria proposed by the State of Tennessce

have not been approved by EPA. Tennessee proposed an allowable rise of

1 0 F to a maximum rise of 3°F in impoundments at the extremities of a

mixing zone. Under approved sections of the Tennessee Water Quality

Standards, thermal (and chemical) limits must be met under all flow

conditions for an impounded stream. However only average stream flow

values are presented and used as a basis for discussions.

that some deleterious effects could occur during simultaneous operation

2.6.2(2) of both plants and that steps will be taken such as changing fuel, using

operating limitation, or temporarily shutting down, should adverse

conditions-exist.

Other considerations that should be made and presented in the Final

Environmental Statement are: existing levels of copper, zinc, and

2.5.1(1) other heavy metals in water due to mining, discharges, and leaking;

including nuclear plant discharges and future changes in existing

levels due to better treatment and control; diking of tankage for fuel

2.5.3 oil for auxiliary boilers, diesel generators, etc; a detailed evaluation

4.1 of alternative or concurrent use of pumped storage; and the Requirements

2.4.1(1)(a
2.5.1
2.6, 2.b.1 Information should also be presented on steam flow variations and
2.6.2(l)
2.6.4(1) possibility of extremely low flow or no-release conditions from Watts

Bar Dam. The resulting th&rmal, chemical and radio-chemical concentra-

tions and the possible effects of these concentrations, including the

required mixing zone size and characteristics should be evaluated. Low

flow effects on consumptive use, withdrawal races and kill of entrained

organisms should be presented. It is to be noted that discharges from

i.l.3(10)(c)Jatts Bar Dam are released from low-level intakes which are already

Table 2.6-1
2.7.1(3) low in dissolved oxygen and viable fish organisms. Seasonal and diurnal

temperature patterns should be discussed.

Erosion controls to be used during construction to minimize silt and

2.8.1(2)
2.8.2 turbidity additions to Chickamauga Reservoir should be presented in

greater detail.

Interactions between the existing fossil fueled power plant and the

2.6.2(2) cooling tower plume from the proposed nuclear units should be further

detailed. The possibility of sulfuric acid formation and resultant

effects from that acid should be considered. The applicant notes

1.3 for Section 10 and 13 from the Corps of Engineers.

ENVIRONMENTAL SURVEILLANCE

In general, the environmental monitoring program is quite complete.

The applicant has identified critical pathways and designed the

surveillance program to monitor all these critical pathways. However,

in order to adequately assess the effectiveness of the containment and

retention of tritium, there should be a tritium analysis performed on
2.i.3(2)

atmospheric samples. Since the environmental monitoring program is

designed to evaluate any t-:itium in the water environment, but does

not sample for the possibl.e tritiated releases to the atmosphere, it is

suggested that such a procedure be included in the environmental

monitoring program. With the exception of the above point, the Watts

Bar Nuclear Plant environmental program appears quite adequate for the

purpose of documenting the presence of environmental radioactivity due

to operation of the plant.

F-721
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EMERGENCY PLANNING

The Draft Environmental Statement does not discuss emergency planning

arrangements that have been made to assist and mitigate any radiological

contamination that may occur from incidents and we believe that it should.

Emergency planning is discussed in the PSAR in the context of the

licensing procedures under IOCFR50, however, a discussion of the potential

1.4, 2.3 environmental impact of the facility must include the potential for
D.9

environmental contamination and population exposure from radiation

incidents no matter how unlikely. Since the degree of population doses

received from such incidents is a function of planning procedures-and

protective measures related to-them, it is extremely important to discuss

some of the emergency planning details in the Environmental Statement.

In the PSAR, the applicant-indicated that the emergency 'lens for the

Watts Bar nuclear plant will be contained in the Site Emergency Plans

Manual. In the preliminary discussion of the emergency plan presented

in the PSAR, the applicant states that, "advance plans and arrangements

will be made in conjunction with State and local authorities, where

applicable, for warning the local populace of an emergency and possible

evacuation, evacuating the area around the plant site, preventing entry

of the public to g-'fected areas, medical care of injured or exposed

personnel, surve:;tng the affected areas for radioactivity, and

restricting use of water supplies and foods." The applicant's general

discussion of emergency plan shows a clear recognition of the value

of adequate planning. However, additional details should be provided

in the Final Environmental Statement with respect to all contacts that

15
7.8-19

have been made with off-site agencies who may respond to an emergency

situation. The responsibilities and authorities of all involved off-

*site agencies should also be clearly stated.

It should be recognized that the authority for control of all radiological

incidents which may affect public health and safety of the citizens of

1.4 the State is vested with the Tennessee Department of Public Health. A

written confirmation should'be made of the agreements between State

agencies and the Tennessee Valley Authroity for joint emergency action so

that prompt and effective action will be taken in the event of a reactor

incident.

F-12
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ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

REFERENCES o,.,€, a,

1. Tennessee Valley Authority, "Watts Bar Nuclear Plant, Units I and 2 - 25 MjY 1972

Preliminary Safety Analysis Report," AEC Public Document Room, AEC
Docket No. 50-390 and AEC Docket No. 50-391, May 14, 1971. Mr. Lynn Seeber

General Manager
2. Tennessee Valley Authority, "Draft Environmental Statement - Watts Tennessee Valley Authority

Bar Nuclear Plant, Units I and 2, May 14, 1971. Knoxville, Tennessee 37802

Dear Mr. Seeber:

The Environmental Protection Agency has reviewed the Draft
Environmental Statement and Supplement for the Watts Bar Nuclear

Plant Units 1 and 2.

We recognize the difficulty in determining the appropriate degree

to which an agency should go in developing and providing data to
support conclusions reached in;the impact' statement. It is our Judge-,
ment, however, that this statenent should contain additional information

in order to fully evaluate the environmental impact of the operation of

the Watts Bar Nuclear Plant.

The additional infornation which we believe should be included

in the final statement concerns evaluation of the radiological effects
due to sources such as in-plant coolant leakage and direct shine,

evaluation of the recycle capability based' on available tank storage

capacity, and futher information regarding assumptions used to evaluate

radioactive waste treatment systeMs.

Regarding the non-radiological water quality impact, we feel that

alternative cooling tower blowdown discharge systems ehould be discussed.
In addition, a cost-benefit analysis of the proposed plant should be

provided in the final statement.

We will be pleased to discuss our comnents with you or members
of your staff.

Sincerely yours,

Sheldon Myers

Director
Office of Federal Activities

F-D5
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INTRODUCTION AND CONCLUSIONS

The Environmental Protection Agency has reviewed the draft

environmental statement for the Watts Bar Nuclear Plant, Units 1 and 2,

prepared by the Tennessee Valley Authority and issued April 7, 1972.

Following are our major conclusions.

1. In order to achieve lowest practicable radwaste discharge

levels, the waste treatment systems should be utilized to their

full capabilities.

2. The assumptions or bases supporting the choice of values

for dose and effluent evaluation parameters including coolant

leak rates, iodine partition 'factors, and charcoal system

.efficiency should be included in the final statement since they

are vital to several analyses presented.

3. In developing the estimates of radioactive waste releases

and doses, two important sources were not considered: secondary

system coolant leakage and direct shine from outdoor coolant

storage tanks. The contribution of these sources to discharged

effluents and doses should-be included in the final statement.

4. The final statement should indicate how the objective of

tritium recycle can be achieved considering the storage tank

capacity for Watts Bar is significantly lower than that for other

similar pressurized water reactor plants.

5. An evaluation should be made of the capability of the liquid

waste treatment system to treat the contaminated secondary system

leakage and blowdown from both units 1 and 2.
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6. We comnend TVA for adopting the closed-cycle cooling system

for the Watts Bar plant. We believe this system will permit the

plant to operate in compliance with applicable water quality

standards and to adequately protect the aquatic environment.

The final statement, however, should include design, operational

and environmental information on the proposed diffuser system for

cooling tower blowdown. In addition, comparable information should

be provided on alternative discharge systems.

7. A comprehensive analysis of the costs vs. the benefits of

the proposed facility should be developed and included il tLhe

final statement.

Radioactive Waste N-L :rat

Throughout the draft environmental statement TVA repeatedly

indicates a policy to maintain environmental releases of radioactivity

to "low as practicable" levels. The statement indicates, however,,

that waste treatment equipment will be by-passed if the proposed

2.4 Appendix I criteria can be achieved without utilization of the

equipment. Furthermore, the evaluation of the ability to meet Appendix

2.4.1 I criteria failed to address secondary system leakage as a potential

input to the waste management equipment; assumed that leaking steam

2.4.1(1)(c6enerators exist in only one unit at a time; and assumed some parameters,

such as coolant leak rate, iodine partition factors, and charcoal filter
2.4.1

systcem efficiency, without providing bases or justification. Also, EPA

believes that the varlous systems (chemical and volume control, boron

2.4.1 mnanagement and waste treatment) in Watts Bar which relate to the quantity

of radioactive wastes discharged to the environmentashould be described

in the environmental statement.

The estimated releases of radioactive waste and the indicated

design capability of the shared liquid waste treatment system

apparently did not include consideration of potential sources from

secondary system liquid leakage nor contaminated steam generator
2.4.1
2.4.1(1)(c)blowdown from both units simultaneously. Operational data indicate

that the magnitude of secondary water leakage may be comparable to

the volume'of steam generator blowdown. Furthermore, there is no

apparent reason to expect that steam generator tube leakage will

exist in only one unit at a time.
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Therefore, the design capability of the liquid waste treatment

system and the expected releases of radioactive liquid waste should

be reevaluated to include secondary system liquid leakage inputs and

contaminated steam generator blowdown from both units.

The final stz 0"'7!d include a presentation of the
Table E-1

expected releases of radioa-rivity from steam generator blowdown

Fig 2.5-1 and should include a description of the effluent discharge system to
2.6.1
2.6.2(l) Chickamauga Reservoir (as described in Amendment 3 to PSAR). In

comparing the Watts Bar tankage capacity with those provided for other

plants of similar size, it appears that, even though Watts Bar is

recycling tritiated liquids, several tanks are sized substantially

smaller than those found in other facilities. For example, the

following table illustrates the proposed total capacities of various tanks

in Watts Bar compared with those in comparable plants (e.g., Sequoyah,

Zion, McGuire, and D.C. Cook).

7.8-27 5"

in the Watts Bar aad the adequacy of the Watts Bar components

to process radioactive waste to a level which can be considered as

low as practicable.

Whether or not the proposed waste management equipment had

adequate capacity to process the liquid radioactive waste, the system

should be utilized to its full capacity to minimize environmental releases.

According to the environmental statement, the auxiliary waste evaporator

is to be by-passed if Appendix I limits can be achieved. It is

2.4 difficult to rationalize that the release of radioactivity can be

construed to be "low as practicable" or minimized if existing waste

management equipment is by-passed. Therefore, EPA strongly encourages

TVA to make maximum use of the waste treatment equipment to minimize

releases, of radionuclides-

Apparently, significant operational information on fuel performance

has been developed since the original environmental statement was issued

in May 1971. According to the original statement (p. 61) "Operating

data from reactors with zircaloy-clad fuel suggest that fuel leakage

is approximately 0.5 percent." On the other hand, according to the

2.4.1 supplemental statement, TVA has concluded clad defects in fuel pins

which produce 0.25 percent of the core power is a reasonable number

on which to evaluate expected releases (based on operational data).

The bases for the differences in these numbers should be discussed

in the final statement. Furthermore, the rationale for evaluating

routine releases on 0.25% failed fuel and accident consequences

based on 0.5% failed fuel should be presented.

Capacity-Gallons

Watts BarTank Other Plants

Holdup 224,000 384,000 (Typical)
Monitor 18,000 86,400 (Typical)2.4.1(1)(a) Laundry and Hot Shower 1,200 10,000 (McGuire)
Waste Condensate 3,000 10,000 (McCuire)
Primary Waste StorageTank 224,000 374,000 (Sequoyah)

While McGuire station is also a tritium recycle plant, it

utilizes an ion exchange system to control the boron content of the

reactor coolant. Thus, much smaller volumes'of reactor coolant will

be passed than at a plant, such as Watts Bar, which utilizes an evaporator

to recover the coolant's boron. The final statement should address

the bases for the significantly smaller tank capacities

F-flG
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The gaseous releases are based on optimistic axpectations

regarding coolant leakage in the containment and the auxiliary buildings,

optimistic partition factors for iodine releases from the leaking
2.4.1

coolant, leakage of "cold coolant" in the auxiliary building, and

high efficiency for iodine removal by charcoal filters. The bases

for the assumed values should be presente d in the final statement.

EPA encourages TVA to utilize the plant filter systems to

minimize releases of particulate and halogen radioactivity by placing

2.4.1(2)(a) them on-line (if they are routinely on a by-pass) whenever there

is a measurable quantity of radioactivity being released from the

respective vents.

TVA should evaluate the potential release of iodines and particulates

from the gas decay tank system. The feasibility of providing particulate

and charcoal filtration of these discharges using existing planned
D.3(3)
2.4.1(2)(a) filters or by adding a new filter system should be discussed.
Table 2.4-2

131Table F-3 Furthermore, it is recommended that whenever there is I contamina-

tion in the secondary coolant.system, consideration should be given

to means of eliminating the iodine releases to the environment.

Tritium.Recycle . : ";

The environmental statement should be expanded to provide more

.. i definitive information regarding the environmental consequences of
2.1.3(l)

tritium recycle. Of particular interest are the expected frequency,

volume, and quantity (curies) ot low specific activity tritiated

7.8-29 7

wastes which will be shipped off-site fur burial. Furthermore,

environmental considerations regarding the method of transportation2.1.3(1)

should be evaluated. Once the wastes are at the ultimate disposal

site, there will be additional environmental considerations regarding

contamination of the environment, and these should also be addressed.

Tritium recycle will result in the accumulation of larger volumes

of contaminated reactor coolant quality water on-site than without

recycle, including "...much of the other radioactive material in the

Table 2.4-2 primary coolant..." The environmental statement should present
Appendix G

evaluations of the direct shine doses from outside storage tanks,

which will contain this contaminated liquid. Safeguards, such as

curbs, dikes, sumps, etc., provided to collect leakage, spillage u:

other releases from outside storage tank failures should be described.

According to the statement, TVA expects to ship off-site some

quantities of low specific activity tritiated liquids. Fowever,

apparently the section covering waste shipment (p. 2-12 of the
2.1.3(1)

supplement) does not include quantities (gallons and curies) of

radioactive waste to be shipped nor dose evaluations enroute. If

this material is to be shipped as a liquid, the statement should

address any special considerations (packaging, contamination of

water sources, etc.) which might be involved.

Dose Assessment

In making estimates of annual doses to individuals and populations,

Appendix F meteorological data from "...sites similar to the Watts Bar site..."

were grouped into three stability categories sod six wind speed ranges

F-227
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(1 to 13 meters/second). Since the six months of on-site meteorologic:l

data presented in the PSAR indicates very poor diffusion characteristics

at this site, it is important to clearly define and justify as applicable

Appendix F
the atmospheric dilution factors utilized in making whole body and

thyroid dose assessmstst. If a longer period of meteorological data

is available from the Sequnvah plant, which has the same regional

topographical and climatological characteristics as Watts Bar, use

of this data would provide more meaningful estimates of expected

Appendix F dispersion at Watts Bar than would data from other sites. The

relationship of the Watts Bar and Sequoyah meteorological data could

be determined by comparing the accumulated on-site data. Actually,

almost a complete year of record should now be available from the

Watts Bar meteorological station.

Transportation and Reactor Accidents

In its review of nuclear power plants, EPA has identified a

need for additional information on two types of accidents which

could result in radiation exposure to the public: (1) those involving

transportation of spent fuel and radioactive wastes and (2) in-

plant accidents, Since these accidents are common to all light-

water nuclear power plants, the environmental risk for each type of

accident is amenable to a general analysis. Although considerable

work on safety aspects of such accidents has been conducted for a

number of years, we believe that a thorough analysis of the

probabilities of occurrence and the expected consequences of such

accidents is necessary. A general study would result in a better

7.8-31 9

understanding of the environmental risks than would a less-detailed

examination of the questions on a case-by-case basis in individual

impact statements. For this reason, we have reached an understanding

with the AEC that they will conduct, concurrent with reviews of impact

statements for individual facilities, such general analyses with EPA

participation and will make the results public in the near future.

Thus, detailed comment on the Watts Bar analyses is not included

since TVA has elected to follow the general guidance given by AEC.

We believe that any changes in equipment 6r operating procedures for

individual plants required as a result of the inves'tigations can

be included without appreciably changing the overall plant design.

If major redesign of the plants to include engineering changes were

expected, or if an immediate public or environmental risk were being

taken while these two issues are being resolved, we would, of course,

make our concerns known.

In its consideration of accidents involving spent fuel, TVA

has apparently placed great reliance on the "mitigating effects of

proposed emergency actions" in concluding that exposure to the public

will be negligible and has not presented an evaluation of the potential

2.1.2(2)(b)dose consequences from the release of 1311. Since people charac-

teristically are attracted to the vicinity of accidents, it is

questionable that the potential dose consequences of an accident

involving spent fuel can be disregarded on the basis of emergency

actions. The potential dose consequences of this type of accident

should be presented as a function of distance. Reasonable emergency

2.l'l(2)(a)action can then be related to the ability to maintain individual
2.1.2(2)(a)
2.1.3(2)(a)
A.2
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2.1.{2)(a)ý doses to "negligible levels." in addition to the general population

2.l.2(2)(a)
2.1.3(2)(a) exposures, the dose consequences of transportation of radioactive

A.2
material should include effects on the vehicle operators.

TVA has concluded that "...the realistically estimated .radio-

logical consequences of the postulated accidents would result in

exposures of an assumed individual at the site boundary to concentra-

tions of radioactive materials within the Maximum Permissible Concen-

trations (CPC) of Table II of Appendix B of 10 CFR Part 20". Furthermore,

TVA concludes "...that the environmental risks due to postulated

radiological accidents are exceedingly small and constitute a negligible

hazard when compared to the benefits gained from the plant operation."

These conclusions are based on the standard accident assumptions and

guidance issued by the AEC for light-water cooled reactors as a proposed

annex to Appendix D to 10 CFR Part 50 on December 6, 1971. EPA

commented on this proposed annex in a letter to the Atomic Energy

Commission on January 13, 1972. These comments essentially stated

the necessity for a detailed discussion of the technical bases

of the assumptions involved in determining the various classes of

accidents and expected consequences. We believe that the general

analysis mentioned above will be adequate to resolve these points

and the results will apply to, all licensed commercial light-water-

reactor facilities.

NON-RADIOLOGICAL ASPECTS

Water Quality Effects

The Watts Bar nuclear power plant will employ a closed-cycle

cooling system using two natural draft cooling towers. We believe this

system, when fitted with a well designed blowdown discharge structure,

2.6.1 can be operated in compliance with water quality standards and in a

manner that will protect aquatic biota. We commend TVA for adopting a

closed-cycle cooling system for this plant and recommend that information

on the design and operational characteristics of the discharge structure

be made available as soon as practicable.

Although the draft environmental impact statement and the

supplement indicate that the discharge of cooling tower blowdown will

be accomplished using a diffuser system that has yet to be designed,

2.6.1 other alternative discharge systems should have been explored in greater

detail. The final statement should present an expanded discussion of

all practicable alternatives to the diffuser system indicating the

economic, operational and environmental characteristics of each. In

addition, the discussion should specify the engineering and operational

trade-offs with regard to limitations of the cooling tower system,

discharge structure characteristics, chemical treatment requirements,

make-up water supply factors., discharge treatment system possibilities,.

2.6.2(1) hydrological characteristics of the receiving waters, and other relevant

2.6.4(6)
factors. Of major importance, however, is a discussion of how these

engineering and operational factors relate to the ability of the Watts

Bar plant to meet thermal and other water quality standards and to

operate in a manner that will adequately protect the aquatic environment.
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The draft impact statement indicates that a concentration factor

(CF) of two will be maintained by regulating the blowdown discharge

rate to 70 cfs. This leads to approximately 200 mg/i of dissolved solids.

2.5.1(1)It is possible, however, to allow the CF to rise to 5 or higher, depending

on the discharge system employed, and still meet applicable water quality

standards of 500 mg/l dissolved solids. In addition to the requirement

to meet standards, the upper limit for the CF will depend on consideration

of corrosion rates, scale formation, and other factors.

There are several environmental advantages to increasing the

CF value. For example, reducing the discharge rate, in order to raise2.6.4(6)

the CF, would reduce the environmental impact of the heated blowdown

water-released. In addition, because less make up water.would be

required, the problem of entrainment of aquatic biota would be reduced.

In our opinion, these. advantages warrant further consideration of higher
2.7.1(5)

CF's and-the final statement should describe in detail the environmental

benefits of this type of operation.

Another advantage in planning, operation at reduced discharge

rates, particularly prior to selection of a discharge system, is that

other types of systems may: be- environmentally acceptable and, thus,2.4.1(l)(a)

2.6.1 would:be viable alternatives. For example, since the draft statement

indicates that there will be no blowdown discharges when the river

flow is less than 3,500 cfs, a side stream discharge might be employed.

This system, in addition to having a possible economic advantage, would

2.8.1(2) eliminate the need for dredging and other construction activities which

might destroy the mussel habitat that exists ir the river.

2.8.1(2) Such construction effects and the procedures to avoid or mitigate
J -

adverse environmental impacts should be addressed in the final statement.

As a part of the expanded discussion of alternatives, the final statement

should indicate the effect that operation at higher CF's would have
2.6.1
2.6.4(6) on the environmental aspects of each alternative discharge system. This

should include a prediction of plume characteristics, mixingzone

dimensions and other important aspects of each discharge system.

The draft statement indicates that intermittent chlorination will

be used for biological control. No information is given, however, as

to the frequency of application, amounts to be used, or procedures to

be employed for such chlorination. Since extensive residual levels
2.5.1(1)

of chlorine or other biocides can be extremely damaging to the aquatic

environment, it is important that biocide usage be closely regulated.

EPA has recommended in the past that levels of residual chlorine in the

receiving water should not exceed 0.1 mg/l for more than 30 minutes/day

or 0.05 mg/l for more than 2 hours/day. In addition to chlorine,

acrolein will be used periodically to cndtrol Asiatic Clams. In order

to adequately protect aquatic biota from significant toxic'effects, it2.5.1(2)

is recommended that'discharge concentrations do not' xceed ten percent

of the 96 hour, TLM5 0 for indigenous species. The final statement

2.5.1(1) should specify the procedures to be used to assure that the discharges

2.5.1(2) of chlorine, acrolein, and other chemical additives are below levels

that would cause significant environmental damage.
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MONITORING AND SURVEILLANCE

A comprehensive monitoring and surveillance program should be

developed for the environment affected by Watts Bar station. EPA

will be pleased to work with Federal and state agencies in developing

general guidelines which can be used by the applicant in preparing

a comprehensive plan.

The following specific areas should be considered in developing

the Watts Bar monitoring and surveillance plan:

1. Water temperature monitoring. Several continuous monitoring

2.6.2(1) stations, in addition to those currently proposed, will be

required to document compliance with the applicable water quality

standards.

2. Dissolved oxygen monitoring. This is necessary to ensure

2.7.2
that receiving waters remain within applicable standards.

3. Biological monitoring. The developing of this plan will

2.7.2 depend on established base-line biological data and demonstrated

needs as determined by information generated by other elements

of the monitoring system.

7.8-37 
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COST BENEFIT AINAIý.':"

The need for the power produced from this station has not been

established in the draft statement. Although projections of the energy
1.2

demand for the area should be supported, an extrapolation of current

demand does not suffice to establish the power needs.

Among the issues that should be addressed in the weighing of the

costs and benefits are the following:

1. The benefit of power. If the need for additional electric

8 power from this station is established, one approach to calculating
8.1

the benefit to society is to determine the difference in the sales

price to the consumer of power produced from this station compared

to that produced by the least costly alternative.

2. 'Environmental costs. The environmental costs should be

considered in view of the many alternatives including: site

selection to include the projected impact at each site, trans-

8.2 mission lines and right-of-ways, alternative effluent systems for

heat and radioactive materials, and the synergistic effects that

may ensue from interaction with other industries and power plants

existing or planned for the area.

The foregoing is considered necessary if one is to weigh the costs

and benefits of the proposed action. The WattsBar statement does not

present any of the costs/benefits, therefore, no evaluation can be

performed as to the necessity of the plant, nor. can it be established

whether adequate consideration has been given to minimize the environmental

impact.

I
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ADDITIONAL COMMIENTS

During the review we noted in certain instances that the

statement does not present sufficient information to substantiate

the conclusions presented. We recognize that much of this information

is not of major importance in evaluation the environmental impact

of the.Watts Bar Nuclear Plant. The cumulative effect, however,

could be significant. It would, therefore, be helpful in determining

the impact of the plant if the following information were included

in the final statement:

Radiological Aspects

1. TVA should provide the sensitivities of the radiation

monitors at the various effluent release points in terms of

2.h.l(l)(c) Ci/sec discharge rate for particulates, iodines, and noble gases.
2.4.1(2)(a)

Similarly, the monitor setpoints for alarm and actuation functions

should be provided.

2. The discharge path of the liquid radwaste should be described

2.4.1(1)(c) in a manner consistent with the recent changes in the PSAR.

3. Clarification should be provided regarding the characteristics

2.5.1(10) and the rate of chemical wastes passing through the radwaste

system.

2.4.1()(a) 4. The feasibility of treating radioactive detergent, or laundry

2.5.1(10) wastes in the sewage treatment facility should be discussed.

7.8-39 17

Non-Radiological Aspects

1. Ozone is an air pollutant which has been included in the

National Primary and Secondary Ambient Air Quality Standards,

therefore the production of ozone by the high voltage trans-

mission lines constructed to distribute electricity generated2.2.5(1)

at this facility should be discussed. Concentrations of ozone

in the vicinity of these lines should be estimated for various

atmospheric conditions, and related to potential effects on

man and wildlife.

2. Additional information concerning the emissions from the

auxiliary boilers utilized at this facility should be provided.

.2.5.5 For example, sulfur content of fuel, stack heights , and heat

input are some of the necessary parameters used to evaluate

emissions from s~uch sources.

3. A discussion should be included regarding the disposal of

solid waste that would be generated by the project. Land

clearing waste, construction and demolition debris, and

2.2.3 operational non-radioactive waste could present short-term

2.5.6 adverse environmental impacts unless disposed of in accordance2.8.3

with state and Federal solid waste management rules and

regulations. The discussion of solid waste disposal should

include the consideration of solid waste generated by the

construction of transmission lines.
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U
7.9-1

DEPARTMENT OF TRANSPORTATION

UNITED STATES COAST GUARD

4. The final statement should indicate the method and procedures for

disposal of transformer oils. These oils contain polychlorinated2,5.3

biphenyls which are very toxic to aquatic life and every effort

should be made to prevent them from entering surface waters.

5. The draft statement indicates that backwash from the water

treatment plant will be diverted to a lagoon area. This area should

2.5.1(3) be shown on the site map and information provided on size and

volume of the lagoon.

6. It is noted in the draft statement that ammonia will be

released from several sources. These include steam generator blow-

2.5.1(5)
2.5.1(8) down, auxiliary steam generator, and other sources. The final

statement should provide information on the amounts released

and the probable environmental effects.

7. Details should be provided on the weak cation-anion exchanger

MAILING ADDRESS,
U.S COAST GUARD(.AwL)
40 SEVENTH STREE SW.

WASHINGTON. D.C. 25591
PH.ONE202-426-2262

0 JUL 19I

2.5.1(4)
which will be used for wasteneutralization. Elements released

from this system, regenerant solutions to be used and/or possible

disposal methods should be discussed.

Dr. F. E. Gartrell, Director
Environmental Research & Development
Tennessee Valley Authority

Chattanooga, Tenn. 37041

Dear Dr. Gartrell:

This is in response to memorandum type letter of 20 May 1971 addressed to

Mr. Herbert R. De Simone, Assistant Secretary for Environment and Urban

Systems, DOT, concerning the draft environmental impact statement for the

Watts Bar Nuclear Plant to be constructed below the TVA Watts Bar Dam Re-

servation on the Tenmessee River in Rhea County, Tennessee.

The concerned operating administrations and staff of the Department of Trans-

portation have reviewed the draft statement. It is the determination of this

Department that the impact of this project upon transportation is minimal.

Noted from the Federal Railroad Administration review of the draft statement

was the following observation:

We take no general exception to the draft environmental state-

ment. It is noted, however, that the Watts Bar Steam Plant,

with a capacity of 240 MW, has been used at only 1% of its

1.1.3(2) capacity since 1945. The question is raised whether the

projected power needs that are used to justify the building

of Nuclear Units I and 2 might not also dictate the use of

this plant. From the statement, it would appear that full

capacity operation of the steam plant would materially alter

the environmental impact, particularly from the standpoint

of air pollution.

The Department of Transportation recommends that the project be constructed

at as early a date as possible.

The opportunity for this Department to review and comment upon the draft en-

vironmental statement for the Watts Bar Nuclear Plant Units 1 and 2 is appreciated.

Sincerely,

Rear OAdnral, U. S. Coast Gauard
Chief, Office of Public and Internatifonal Af fearg
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DEPARTMENT OF TRANSPORTATION

UNITED STATES COAST GUARD

7.9-3
MAILING ADDRESS:
U.S. COAST GUARD (WS/83)
4*00 SE'VENTH STREET SW.
WASHINGTON. D.C. 205-0

_ONE: (202) 426-2262

SA 0602

2 4 MAY 1972
Dr. F. E. Gartrell
Director of Environmental Research
and Development

Tennessee Valley Authority
Chattanooga, Tennessee 37401

Dear Dr. Gartrell:

This is in response to your letter of 10 April 1972 addressed to Mr. HerbertF. DeSimone, Assistant Secretary for Environment and Urban Systems, con-cerning the revised draft environmental impact statement on the Watts BarNuclear Plant, Units I and 2 in Rhea County, Tennessee.

The concerned operating administrations and staff of the Department of Trans-portation have reviewed the revised draft. Noted in the review by the Federal
Railroad Administration is the following:

"We are pleased that considerable attention has been given to theconfiguration of the new transmission line network. However, no
mention of possible proximity to existing railroad rights-of-way
was noted. As new and higher voltage transmission lines have

2.2. 5 (2 )been built, the railroad industry has experienced increasing
difficulty with such technological problems as inductive inter-ference with its signal and communication circuits. The Federal
Railroad Administration suggests that the final environmental
statement include a notation that either there are no railroads
involved or that this problem of inductive interference has been
resolved if it indeed represents a problem."

Reference is made to the Department's comments on the former draft statementas per our letter of 6 July 1971.

It remains this Department's determination that the impact of the Watts BarNuclear Plant upon transportation is minimal. We have no objection to the projectand other than to recommend that the concern of the Federal Railroad Admin-istration regarding possible inductive interference be addressed in the finalstatement, we have no further comments.

A copy of this letter is being sent to the U. S. Atomic Energy Commission asyou requested.

The opportunity to review and comment on the revised draft environmental impactstatement for the Watts Bar Project is appreciated.

Sincerely,

Vi. ii. "'Dit'

( ;ief, G•ice of arir• Env ro.0iofwl
and SystemlS

2
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STATE OF TENNESSEE

OFFICE OF URDAN AND FEDERAL AFFAIRS
.UITn to..

ANORrW JACKON UTATC OCFr¢C BUILDING
NACHVILLC 37210

July 26, 1971

LIO*N0O K. *AODL9Y

7.10-2

Mr. A. J. Cray
July 26, 1971
Page 2

(4) The present dam and hvdroplant at Watts Bar violate State waterquality standards for oxygen content during the surmer months.1.1.3(00(b) The proposed plant could worsen this situation. The Public Health
Dcpartsxnt wishes to have from Tennessee Valley Authority a cor-rection plan and timetable for, this •.i',altinn. "

(5) Is there a possibilit, that a cooling tower vapor plume could2.6.2(2) ever mix with the conventional plants sulfur dioxides, resulting
,n an acidic mist (iISOA) ?

Will the nearly highway ever suffer obscured visibility from2..( vapor plumes?

(7) The Public Health Department would like to see Tennessee Valley2.5.1 Authority engineering reports on facilities to be installed toprocess liquid effluents other than radioactive wastes.

Hr. A. J. Cray
Tennessee Valley Authority
Knoxville, Tennessee

Dear Hr. Cray:

As you and Rick discussed in telephone conversations last week, all
State agencies except The Radiological Health Division of the Departsent
of Public Health have concluded their initial review of the Tennessee
Valley Authority Environmental Impact Statement for the Watts Bar Nuclear
Power Plant. Questions were raised which require our further inquiry; but
hopefully, we can come up with the information necessary to formulate the
State comm.ent without going into conferences. The following is a summaryof the questions and requests that our State agencies have returned to us
for further exploration:

(1) The Environmental Impact Statement must contain an evaluation
of the proposed 26,480 c.f.s. discharge under "instantaneous2.6.2(1) minimum stream flow" conditions. Such an evaluation for plant
d--fr purooses is reauired by State Water Quality Standards.

(2) Within u month, we expect the Environmental Protection Agency
to arrangre0 an instate hearing to consider whether Tennessee's

2.6 )resent 10 standard for water temperature evaluation should2. lowered to 5'. Temnessee Valley Authority should be prepared
:0 re-evaluate the project in terms of this possible new,
itandard.

(3) The Watts Bar Safety Analysis documents(4 volumes) place a
$70,000/year value on the commercial mussel harvest in the
Came and Fish Co•m.:issioner-s mussel sanctuary in the 3-mile
stretch belo: Watts liar Dam, The Tennessee Valley Authority

2.7.1(6) Environnental Irpact Statement recognized that this shell-
fish habitat might be temporarily disturbed during the con-structiun period. The Public Health Department fears that the
disturbance (siltation and food chain alteration) could destroy
the habitat pernanentlv. It is requested that Tennessee Valley
AnthoritY furnish substantial proof' to the contrary.

(8)

1.4.3(7)(e)

A proposed Decatur-Spring City. Regional Water System intake isschleduled for TR. 523.1 (eastern shore, Chickamauga Reservoir).
The N-plant and subsequent industrialization could present ahazard to such an intake. Tennessee Valley Authority shottld
work with local interests and the area Developement District
to get any new water intakes sited upstream from the facility.

(9) It -is requested that Tennessee Valley Authority, furnish -pre-2.6.2(1) cise information on oredicted temperature elevations in the
river as a result of-the cooling tower discharge.

Enclosed for your use is a copy of the Tennessee Department of PublicHealth's I.ater Qualit•. Coetre! %ivision's re-arks on the Tenmessee ValleyAuthority state::cnt. The clearin!house will endeavor to ret-urn to TennesseeValley Authority the State Clearinghouse Comlments as raoidly as possibleafter State agencies consider Tennessee Valley Authority responses to thepoints listed above.

S4ncerely,

John L. il:ellborn

J JI: aw
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WALTER CRItEY, De.edew

June 21, 1971

Wr; John Wlellborn
Office of Urban and Federal Affairs
Suite 1025
Andrew Jackson State Office Building
Nashville, Tennessee 37219

Dear Mr. Wellborn:

The TVA Environmental Impact Statement on the proposed Watts Bar
Nuclear Plants has been reviewed by our staff. We find no significant
problems in this plan and are pleased that cooling towers are planned
for these plants (they are not planned for the Sequoyah plant downstrea4
Although it is stated that the plant's effluent will stay well within
the Stream Pollution Control Board proposed thermal standards, no antic-
ipated specific information is given in the report as to what temperature
elevations will occur in the Tennessee River. We would be interested in
some figures on this especially since Tennessee's proposed thermal stand-

2.6.2(1) ards have not been approved by the Environmental Protection Agency and
are almost certain to be upgraded before approval.

The Tennessee Game and-Fish Commission continues to prefer nuclear
power plant installations to fossil fuel plants where adequate measures
are taken to prevent thermal and radioactive pollution. We appreciate
the opportunity to comment on this statement.

Very truly yours,

TENIMESSF GAME AND FISH COMMSSION

A -itv,
/, . <'/.9- .~ 4

David 14. Goodrich
Director

Re: Watts Bar Nuclear Plant-Units I and II

Mr. Leonard K. Bradley, Director
Office of Urban and Federal Affairs
1025 Andrew Jackson State Office Building
Nashville, Tennessee 37219

Dear Mr. Bradley:

We have reviewed the above referenced project, and are pleased to see
that maximum precautionary measures against the environment and man
have been considered in this proposal. The proposed nuclear plant will
have no apparent effect on any present or proposed programs within the
Department.

However, we would like to emphasize that special consideration and planning
should be given to the Meigs County recreation area north of Watts Bar Dam,

.3(8)(0) the Yellow Creek Waterfowl Management Area approximately one mile southwest,
and the area known as Foochee Bend located on Watts Bar Reservoir. Mention
has been made of plans to transmit this area to the state for future de-
velopment as a state park.

Thank you for your consideration'in this matter.

Sincerely.

cc: Mr. Harold Varvol
Hr. Hudson Nichols
Mr. Robert Hatcher

I . Walter L. Criley

By_ * ( '16"
E 5'gErdrtýamL9
Project Administrator
741-2164

i¢•F::./I;E2S 0•: CO.'.t,','.ik ,;;3;.!

I. *.. I

Ct..,.
.- ,*.,e..
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WINKsLO DUNN " STATS OP T9NNSESiS

DEPARTMENT OF PUBLIC HEALTH

NAS*VILLC 3•aiS

hoso. W. F.,in&5. M.D. M.PM.H

July 7, 1971

Yr. John Wellborn
Office of Urban and Federal Affairs
Suite 1025
Andrew Jackson State Office Building
Nashville, Tennessee 37219

Re: Environmental impact of Watts Bar Nuclear Plant,
Units One and Two, Rhea County, Tennessee

Dear Mr. Wellborn:

The Tennessee Department of Public Health, Division of Water Quality Control,

has reviewed the Tennessee Valley Authority Draft of the Environmental Impact

Statement on the Watts Bar Nuclear Plant supplied by memorandum from you on

June 4, 1971. The evaluation by this Division is contained in this letter.

Evaluation by the Divisions of Air Pollution Control and Radiological.Health

are contained in separate letters.

Certain questions have arisen during the review of this TVA Draft and

questions and comments are grouped under the following headings: (1) Design

Criteria Proposed and Effect on State Water Quality Standards, (2) Effect of

Discharge Upon Proposed and Existing Water Uses.

Design Criteria Proposed and Effect on State Water Quality Standards

The design stream flow noted throughout the Draft refers to an average

discharge of 26,480 cfe. State Water Quality Standards require that-minimum
S " tream flows be used for design purposes. In the case of a regulated stream,

2.
6

'2(l)such as the Tennessee River below Watts Bar Dam, the instantaneous minimum

flow is the river flow to be used for design purposes. The TVA Draft is defi-

ien-t in its coverage of effects produced by the proposed effluent during

conditions of minimum stream flows and minimum channel velocities. We request

that the Tennessee Valley Authority thoroughly evaluate the effects of the dis-

charge under minimum flow conditions.

An existing TVA facility, Watts Bar Dam and Hydro Plant, causes violation

of Water Quality Standards in the Tennessee River during the summer months;

Tables 13 and 14_of the TVA Draft illustrate this. The dissolved oxygen in

the Tennessee River downstream from Watts Bar Dam (upper 35 miles of Chickama&-&a

7.10-6

Mr. John Wellborn
Pige 2
July 7, 1971

Reservoir) does not meet State Standards for required dissolved oxygen concen-
trations. Releases of low dissolved oxygen water from the Hydro Plant during

the summer months causes the dissolved oxygen in the Tennessee River to drop
below the 5.0 mg/l limit established for State waters. The addition of heat,
11 ven in small quantities, from the proposed Nuclear Plant, can serve only to

l•l"3(l)(baggravate the conditions which are already in violation of State Water Quality

Standards. The Tennessee Valley Authority is requested to eliminate the con-

ditions which violate existing Water Quality Standards due to discharges through

the Watts Bar Dam and Hydro Plant, and additionally the Authority is requested

to outline the method by which and the tine schedule under which the existing

discharge will be brought to comply with State Standards. Also, the Authority

is requested to re-evaluate the effect which waste heat, floated upon the surface,

will have upon dissolved oxygen concentrations in the Reservoir.

The temperature restrictions imposed by standards set by the State Water
Quality Agency, are, "The temperature of the water shall not exceed 930 F. and

the maximum rate of change shall not exceed 30 P. per hour. The maximum temper-

ature of recognized trout streams shall not exceed 68° F. In no case shall
2.6 the maxinmum temperature rise be more than 100 F. above the stream temperature

which shall be measured at an upstream control point." These standards still
have not been &pproved by the Environmental Protection Agency and a public
hearing is being planned within the month to discuss proposed revisions. It

appears that the proposed cooling facilities will allow existing State. temper-
ature standards to be met, but the Tennessee Valley Authority is requested
to re-evaluate proposed facilities with respect to any new temperature standards
which may be subsequently adopted.

The. chemical discharges listed on Page 38 of the Draft indicate that several

effluents will be discharged which will require treatment in some form or another,
in addition to cooling. The Tennessee Valley Authority is requested to provide

2.5.1 the beat available treatment for all effluents, including those from the sewage
treatment plant, water filtration plant, demineralizer, steam generator, cooling
tower basin drains, and radiological chemical wastes. The Authority is also

requested to provide additional information in the form of engineering reports
and plane and specifications for such treatment projects.

Effect of Discharge Upon Proposed and Existing Water Uses

The entire reach of the Tennessee River from 460.6 (mouth of Chattanooga
Creek) to mile 530.0 (Watts Bar Dam) has been classified by the State Water

Quality Control Agency for the following uses: Domestic Raw Water Supply;

Industrial Water Supply; Fish and Aquatic Life; Livestock Watering and Wildlife;

Recreation; Irrigation; and Navigation. Additionally, the Tennessee Game and
Fish Cemission on April 28, 1967, adopted Proclamation No. 153 establishing
a mussel sanctuary in the three mile reach of.the Tennessee River below Watts
BarD.
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Mr. John Wellborn
Page 3
July 7. 1971

Mr. John Wellborn
Page 4
July 7, 1971

The Tennessee Valley Authority Draft, on Page 12, did not acknowledge that
the Decatur-Spring City Regional Water System has proposed to locate an intake
at Tennessee River Yile 532 (Eastern shore of Watts Bar Reservoir) with a 16l.l.3(7)(c) inch submarine transmission main to Spring City crossing Chickamauga Reservoir
at Tennessee RiverMile 528.8 (Old Pinhook Ferry on Old Highway 68). The treat-
ment plant would have a capacity of 7.0 MGD. An alternate to the regional water
system is a Decatur independent system with an intake at Tennessee River Mile
523.1 (Eastern shore of Chickamzauga Reservoir). This treatment plant would have
a capacity of 4.0 MGD. The discharge from the proposed Watts Bar Nuclear Plant
and subsequent industrialization of the river bank area which will be brought
about as an indirect result of the plant could present a potential hazard to
the alternate Decatur independent system's proposed intake at Tennessee River
Mile 523.1, although the combined system's intake in Watts Bar Reservoir would
not be affected by the Nuclear Plant. The Authority is requested to re-evaluate
its discharge with respect to the possible effect upon the domestic water supplies
not coniderad in the Statement and the Authority is further requested to provide
assistance in the development of the Decatur-Spring City Regional Water System
with the proposed intake at Tennessee River Mile 532 in order to keep the drinking
water supply of area residents upstream from the discharge from the Nuclear Plant.
The Authority is further requested to evaluate the effects of the 16 inch sub-
marine transmission line to Spring City which is proposed to be located in
the area of the Nuclear facility.-

A mussel sanctuary has been established between Tennessee River Mile 529.9
and 526.9. Water usage by the Nuclear Plant will be in the vicinity of Tennessee
River Mile 528, approximately in the center of the mussel sanctuary.- There are
only two major mussel sanctuaries located on the Tennessee River system: The
one downstream from Watts Bar Dam and the other at Pickwick Dam. This particular
sanctuary is the only one in Chickamauga Reservoir and it is of commercial
importance because of harvesting downstream from the sanctuary area. No activ-
ity should be carried out which will interfere with the maintenance of the

2.7.1(6) mussel sanctuary. There appear to be many ýunanswered questions regarding what
effect the proposed Nuclear Plant will have on the future of the mussels in'
this area. The TVA Draft states, on Page 42, that "Construction activity may
temporarily disturb the mussel habitat in waters adjacent to the site." This
State Agency questions whether mussel habitats muy be temporarily disturbed
(by dredging or siltation) without being permanently destroyed. The Draft
states on Page 43 that "Since only a maximum of 0.5 per cent of the average
river flow passing the site will be withdrawn, any planktonic forms and fish
larvae killed by passage through the heat exchanger in the plant will not have
a significant effect on populations of aquatic forms in the Reservoir." This
State Agency believes that any alteration in the habitat may cause a drastic
alteration of mussel populations. The specific fish which serve as intermediate
hosts for the mussels must not be driven from the area, either through condi-
tions of temperature of lack of food which cause avoidance reactions or
conditions of temperature or abundance of food which cause competition with
other fish. This State Agency requests that the Tennessee Valley Authority
provide substantial proof that the proposed Nuclear Plant's operation will
not adversely effect the mussel sanctuary established in this reach of the
Tennessee River.

The Division of Water Quality Control, formerly the Division of StreamPollution Control of the Tennessee Department of Public Health does not object
to the construction and operation of the proposed Watts Bar Nuclear Plant,
Units One and Two, provided that the construction and subsequent operation
is carried out in accordance with the policies and requirements of the Water
Quality Control Act of 1971 of the State of Tennessee and the regulations and
requirements of the Tennessee Water Quality Control Board. The information
requested and the questions posed by this letter must be evaluated prior to
the construction of the facility'and the construction should only be undertaken
if the Tennessee Valley Authority can assure that State Water Quality Standards
will be met and that the beneficial uses established for the stream will not
be damaged.

Sincerely,

S. Leary Jones Director
Division of Water Quality Control

SLJ/EHH/jw

CC: Tennessee-Valley Authority
CC: Mr. John R. Thoman

Environmental Protection Agency
CC: Rhea County Health Department
CC: Mr. John A. Campbell

Division of Water Quality Control
Chattanooga, Tennessee

CC: Tennessee Game & Fish Commission
CC:( Division of Radiological Health
CC: Division of Air Pollution Control
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"ENNESS5Z DZýPA rMFENT OF PUrL;C -A .;-

OFFiC- CORRESPONDENCE

DATC:. July 12, 1971

Jnic

7.10-10

StTCT Or TLNNESSC(

DEPARTMENT OF PUBLIC HEALTH

NASHVILLE 31,21

,July 28, 1971

WINMLa DUN..
OOflftN,*

:U.0- W. Fow..l.., M., MP H,
IC-

7o: Mr. David Booth

FROM: James H. Cornwell

SUbJZCT: AIR POLLUTION ASPECTS OF THE PROPOSED WATTS
.BAR NUCLEAR POWER PLA"--

After studying Tennessee Valley Authority's environnental
statement on its proposed .atts Bar Nuclear Plant, I.feol
that there could be ai.r pollution Problems associated wit.`
this installation. Two of these are as follows:

2.6.2(2) 1. Since the plant will be close to a 'i -I.-ay,
I would certainly think that there could be
visibility problems resulting.from the vapor
plume from the cooling towers - particularly
during adverse meteorological conditions.

2.6.2(2) 2. I-understand that this plant will be ad-
jacehit to their fossi.lfuel- fired power plant

(presently in operation. The vapor from this
iplant could combine with the suliur ox'Ces emitted
(from the coal fired plant resulting in the rain-
Ing of sulfuric acid in that area.

,. . . ,*, ->'.

/10 "

cc: Mr. D. P. 'Roberts r .
Mr. E. H. Hockensmith, Stream Pollution Cortrol

Mr. John Wellborn
Office of Urban and Federal Affairs
Suite 125
Andrew Jackson State Office Building
Nashville, Tennessee 37219

ýDear Mr. Wellborn:

The Division of Industrial and Radiological Health, TennesseeDepartment of Public Health, has reviewed the Tennessee Valley Au-thority's draft of the Environmental Statement on the Watts BarNuclear Power Plant which was supplied through your office on June 4,1971. Our evaluation is presented herewith:

The State'of Tenness6e Regulations for Protection Agains~t Radi-ation, Appendix 1A, Part-2, contains the maximum permissible con-centrations for liquids and airborne radioactive wastes in terms ofspecific radioisotopes.

Based on the values stated in the draft for liquid release tothe holding pond (Page 54, third (3rd.) paragraph and Page 55, sec-ond (2nd.) paragraph) and the calculated annual dose for a personimmediately offsite (Page 61, second (2nd.) paragraph), it appearsthat appropriate state limits will be met.

In our evaluation of the Environmental Statement Draft, we havetaken into consideration TVA's intention of keeping radioactive ef-fluent discharges as low as practicable as provided for in the AECregulations 10 CFR Part SO. In view of TVA's definition of as lowas practicable to mean only a.few percent of 10 CPR Part 20 limits,we should like t6 call attention to a new proposed amendment to10 CFR Part 50, which provides numerical guides on the design ob-jective and limiting conditions for operation of light-water-coolednuclear power reactors. This proposed amendment was published inthe Federal Register on June 9, 1971. Should this proposed rule beadopted, it is our opinion that the Environmental Statement Draftshould be modified to conform to this rule.

The impact of the aforementioned amendment will be to establishstandards for release of radioactive material from light-water-cooled
?.4.2(3) power reactors based on a percentage of natural background radiation.le 2.4-3 The estimated percentage contribution to population exposure fromoperation of this plant as stated (Page 61 and Page 62) is based ona value different from that of natural background.
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Date: July 28, 1971 Page 2
John Wellborn
Office of Urban and Federal Affairs
Andrew Jackson State Office Building
Nashville, Tennessee 37219

We rshould a]ao like to make the fol]owing additional comments:

1. It would appear that 10 CPR Part 20 of AEC regulations,
as well as Part 2 of State regulations, specifies that
effluents concentration limits apply at the boundry of

2.4.3(4)(a) the restricted area. In this respect, TVA's statement on
page 47 specifying a monitoring point five hundred (500)
feet below the point of discharge would appear not to pro-
vide data sufficient to determine compliance with State or
Federal regulations.

7.10-12

"TATE OF TENNESSEE
DEPARTMENT OF HIGHWAYS

NASHVILLE 37219

July 27, 1971

IIELD DUNN. GOVERNOR

E.1

2. Exception is taken to TVA's statement on page 54 that
,Iodine-131 is the most significant radionuclide in the
plant effluent. According to Appendix B of 10 CFR Part 20
of AEC regulations and Appendix 1A, Part 2 of State regu-
lations, Strontium-90 is the most significant radionuclide
concentration-wise. The concentration limit for Iodine-131
is 3 x 10-7 microcuries per milliliter for the soluble frac-
tion and 6 x 10-5 microcuries per milliliter for the in-
soluble fraction. The concentration limit for Strontium-90
is 3 x 10-7 microcuries per milliliter for the soluble frac-
tion and 4 x l0-5 microcuries per milliliter for the in-
soluble fraction.

3. We question the advisability of releasing radioactive gases

2.4.1(2)(a) near the top of each reactor building as stated on page 56.
The possibility of such gases regaining access to the plant
buildings should be taken into consideration.

~.in ere ours,

Division o- Industrial and
Radiological Health

FPJ:mf

cc: S. Leary Jones
Don P. Roberts

ERT F. SMITH. COM.MISSIONE:R

MEMORANDUM

TO: Mr. Barry V'ick

FROM: E. R. Terr:[ '

SUBJECT: Draft Environmental Statement: Watts Bar Nuclear Plant, Units 1 and 2

We have reviewed the subject environmental statement and find that it is
well organized and most thorough.

There will be some significant impacts upon the operation of the highway

network, however, which were mentioned only briefly in the statement. Traffic
patterns will be affected first by trips generated during construction of the
project; and after completion, by trips of permanent employees and, more

importantly, recreational and educational trips to the facility.

State Route (SR) 68, providing an east-west connection between major

north-south traffic corridors (U.S. Highway 27, State Route 58; and, later,
Interstate 75) will be the major carrier of trips generated during and after
construction. State Route 68 is classified as a minor arterial route in the

Statewide Highway Functional Classification Plan for 1990;

It is mentioned in the environmental statement that the Tennessee Valley
Authority is exploring the feasibility of developing a. demonstration mobile
home project near Spring City to help alleviate the anticipated temporary
shortage of adequate housing during the construction phase of the project.

The percentage of the maximum construction force of 2000 employees (expected
to be reached by October, 1974) which this mobile home project would be
planned to accommodate was not specified in the statement. In any case, it

is apparent that there will be a substantial increase in the volume of traffic moving
through the SR-68 and U.S. Highway 27 (SR-29) intersection southwest of

Spring City. This intersection has poor alignment and poor sight distance for
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Mr. Barry Vickrey
Page 2
July 27, 1971

vehicles approaching the intersection on U.S. 27, and poor alignment for

vehicles approaching on SR-68. In the years 1965-1968 (inclusive) there

were thirteen (13) separate accidents on U.S. 27 in the vicinity of this

intersection. These 13 accidents resulted in ten (10) injuries and one (1)

death. There was also one (1) accident resulting in two (2) injuries on

State Route 68 in the vicinity of the intersection during this period..

Further, it is expected that construction activities will generate an

increase in rail traffic on the Southern Railroad spur line which serves the

Watts Bar Reservation and crosses U.S. Highway 27 at grade just south of

the SR-68 and U.S. 27 Intersection. The increased volumes of both rail

and motor vehicles traffic generated during and after construction of the

Watts Bar Nuclear Plant Project will create a significant increase in the

safety hazards at these points of intersection. This is a direct environmental

impact of the proposed project to which the Department of Highways should

address itself. The Traffic 2ngineering Section should be consulted to

develop possible engineering solutions at these problem points.

The general condition of the remainder of SR-68 between U.S. 27 and

Watts Bar Dam is adequate. From Watts Bar Dam to approximately 2.0 miles

east of SR-58, two-lane SR-68 has been improved to current standards. From

the end of this project to the proposed location of Interstate 75, an improvement of

the existing route (partially on new alignment) is currently under study. Increased

traffic volumes generated by the Watts Bar Nuclear Plant Project will provide

an added justification for improvements of this segment of SR-68.

ERT/vsl

r37. 7.10-14

DAVID M. GOODRICH. DIA.eCoR
VIIO.on AprilkuoiW C.tr., - P. 0. Bo. 40747 0 N.shrl6IT, T 3nn7so 2 M72m HAROLD G. WARV-11. 1 .o.

August 23, 1971

K

Mr. C. J. Chance
Fish and Wildlife Branch
Division of Forestry, Fisheries

f and Wildlife Development
Tennessee Valley Authority
Norris, Tennessee 37828

Dear Jack:

Thank you for your response to our questions concerning the
Watts Bar Nuclear Plant. We still have some question as to how

2.7 stream standards will be met with regards to temperature considering
minimum flows (your letter of June 25 discussed only average river
flow) from Watts Bar Dam and the probability of upgraded temperature
standards. These concerns as well as questions about the potential
disturbance of the significant mussel sanctuary located at the
proposed plant site are well presented by the Tennessee Water
Quality Control Division in their July 7 letter to the Office of
Urban and Federal Affairs (cc: TVA). We will be c,ýry interested
in TVA's answorn to those questions found in that letter which
affect the interests of the Game and Fish Commission,

Very truly yours,

TENNESSEE GANE AND F1 CO=2.SSION

.David M. Goodrich

Director

0IIDMS/Jk

Cc: Mr.
Mr.
Mr.
Mr.

Hudson Nichols
Robert Hatcher
John Wellborn
Ed Hockensmith

MEMBERS OF COMMISSION
0. W. H. tLACKSURN
G. L. LOWE
SM:TH HOWARD
JAMES J. ['LASLE¥
RHEA A. PRCWDEI

can',,,

Mii~h
HWman

10055RW. EVIISRDR.,WILL:A/ Cr. vuaustJY

Os, p1rFrc A. JEYTON
WIt LIAMd JENKInS

A1000ndria
H*ndoroo',vIr.

Mernee,
Jehnoen Cry

RoprowI 
2..
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rENNESSEE HISTORICAL COMMISSION
STATE UBRARY AND ATEDHIVES Ull D-NG

NASHVILLE, TENNESSEE 37219

....... . April 5, 1972

Mr. John Wellborn
Office of Urban and Federal Affairs
Andrew Jackson State Office Building
Nashville, Tennessee 37219

Dear Mr. Wellborn:

Reference is made to the Tennessee Valley Authority's
Environmental Statement concerning the Watts Bar Nuclear
Plant, dated May 14, 1971.

We concur in the statement made in section 2.1.11 that.
there are no properties on the National Register of His-
toric Places that would be affected by the construction
of-the Watts Bar Nuclear Plant.

Other environmental questions are addressed and we make
no attempt to concern ourselves with the adquacy of this
statement in regard -to them. However, we must state that
the Tennessee Valley Authority apparently assumes the
inevitability and "goodness" of an unspecified economic
growth and increased power consumption in this area.

'The Watts Bar Nuclear Plant presumably will spur that growth,
but -the question of the resulting cultural changes in the
lives of.-the residents of Rhea County anjd the Tennessee
River Valley are not considered.

That cultural environment includes physidal landsbape evidence
'of a historical link to the past in which the area was, to

1.1.3(11) qubte the statement itself, the "lands of the Cherokee,
Chickamauga, and Creek Indians." Sacrificing a portion of
this larger historical and cultural atmosphere is sometimes
essential for the economic improvement of the area and its
inhabitants, but that possibility nust be considered and
taken into account when planning. If the Tennessee Valley
Authority has studied such long range effects of this power
plant' it is' not evident in this Environmental Statement.

Sincerely, '.

Herbert 1. Ilarper J
Director of Programs

IflIl:jg

: TEN'NSSSEE STATE PLAr-T1"NG COVPL;ISSION Winfield Dunn
Governor

-Harry T. Burn
. :LIc 550. SEo50 ,WIE.m, 8roID 90 John F. CrabtreeCEI*DETI.E::41Charles W. Crow

V1. Ke it h 111cCord

a KIng W. RogersT En.lop-addressed to Tennessee Valley Authority, Knoxville, Tennessee] Jesse Salley
D. S. Sample

- .rri'.!, r jn nA. ý i T•2-EI E I"1AT M 1. V. W illiams

Harold V. Miller
Executive Director

TOD: • - John Wellbcrn, OfflCe of Urba lrd Federal AffairsVZOM: Jay 11. aivr;gs-con, Princinl -tlanner
DAT-"E: Kay IS, 1972

I? R,,nri, . Watts Bar convirommental Supplement

TVA has satiszactdrily answ~erd all questions that
tjis office eriminally raised. . Therefore, the lfatts
Sar Environnertal Suoalemant and addition ;nots with
cue full app}roval oZ this agancy.
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STATE OF TENNESSEE

OFFICE OF URBAN AND FEDERAL AFFAIRS
SUITE 1312

ANDRE W JACKSON STATE OFFICE BUILDING

NASHVILLE 37219

7.iO-18

WINPICUO flu,,,,

DEPART-ENT OF PUBLIC HEALTH

June 6, 1972GARY S. SASSIt
0CISlC r0of

015-741-2

June 8, 1972

Hr. A. J. Gray, Chief
Regional Planning Staff
Division of Navigation
Development & Regional Studies
Tennessee Valley Authority
Knoxville, Tennessee 37902

Dear Mr. Gray:

As I promised.in my letter of 7 June, enclosed
are the Radiological Health Division's comments on
your Watts Bar Supplement.

P cerely,

(John Wellborn

Mr. John Wellborn
Office of Urban and Federal Affairs
1312 Andrew Jackson State Office Building
Nashville, Tennessee 37219

Re: Tennessee Valley Authority Draft,
Environmental Impact Statement,
Supplements and Additions, Watts Bar
Nuclear Plant, Units 1 and 2

Dear Mr. Wellborn:

Here are our comments on the radiological aspects of the above
project:

Pa e 2-22.1.2 (1) (b )
There is some uncertainty concerning the form of uranium fuel.

On this page, the fuel is described as "uranium dioxide pellets
which have been sintered and compacted", while on Page 2-42, the
fuel is described as "high density ceramic UOD2 .

Pagas 2-7 and 2-5

Table entitled "Normal and Accident Shipping Requirements"-
Here are itemized the permissible releases of radioactive material
with contaminated coolant. This table appears to be a gross over
simplification df the requirements of 10 CFR Section 71.36 (a) (2)
(ii). An example follows which compares this Draft with the CFR.

Draft

10 Ci Iodine

10 CFR Section 71.36 (a)(2)(ii)

JW: ka

Enclosure

10 curies of Transport Group III
and 10 curies of Transport Group
IV (Groups III and IV as identi-
fied in Appendix C. 10 CFR Part
71, lists other radioactive materials
in addition to the isotopes of Iodine)

2.1.4(2)(b)
Also, as isotopes of iodine are fission products, it is not understood
why a higher leakage quantity of iodine is stated as permissible. As
may be noted in Appendix C, other fission products, as well as iodine,
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STATE OF TENNESSEE

OFFICE OF URBAN AND FEDERAL AFFAIRS
SUITE 1312

ANDREW JACKSON STATE OFFICE BUILDING

NASHVILLE 37219

June 7, 1972

Mr. John Wellborn
June 6, 1972
Page 2

are listed in Transport Groups III and IV. We question iodine being
singled out from other fission products for special treatment. The
leakage of fission products, per se, is restricted to 0.5 curie.

2.1.4(2)(b)
In addition, subparagraph (a) (2) of Section 71.36 states that releases
will not exceed values contained in items (i) or (ii). Item (i) limits
releases of radioactive material, with the coolant, to "0.1 percent of
the total radioactivity of the package contents". For small shipments,
the requirements of item (i).may prove more restrictive than those of
item (ii). In view of this possibility, it is uncertain why reference
to item (i) was omitted from the Draft.

Pages 2-15 and 2-16
2.l.t(2)(s) cociin rdraino

B.1(3) No details are given concerning the temperature or duration of
the hypothetical fire accident to which the LL-60-150 cask, designed
for high level solid waste, would be subjected. Unless this cask is
highly insulated, it does not seem reasonable to assume under accident
conditions involving a fire that the temperature of the lead shielding
would be limited a maximum temperature of about 150°F below its melting
point. (471.5

0
F).

Page 2-19 Ittem 3)

In detailing shipping safeguards for fuel and radioactive waste
material as per 10 CFR Section 71.35, the Draft omits certain words
which may be considered significant. The words omitted in the Draft
are underlined, in the following quote from Section 71.35:

GARY N. SASSE
... I.-VO

611-741-2714

Mr. A. J. Gray, Chief
Regional Planning Staff
Division of Navigation
Development & Regional Studies
Tennessee Valley Authority
Knoxville, Tennessee 37902

Dear Mr. Gray:

Enclosed are copies of State agency comments returned to us
on TVA's Supplements to the Watts Bar Environmental Impact State-
ment. Also enclosed is the Tennessee Highway Department's memorandum
of July 27, 1971, on the original TVA draft statement.

As we discussed by telephone today, the Public Health Department's
Division of Water Quality and Division of Industrial and Radiological
Health have not yet completed their reviews of the Supplement. They
anticipate doing so within a very few days. But in order to assist
you in meeting your licensing deadlines, I am sending you what we
already have and will forward other comments as they arrive.

Thank you for your cooperation in extending the allowable State
review period beyond the thirty day period ending May 15. I hope
that by June 15 we can forward to you all relevant agency remarks
still outstanding.

Sincerely,

John Wellborn

.JW:ks

Enclosure

2.1.4(3)(a)

10 CFR Section 71.35 (a)(3) "There will be
no mixture of gases or vapors in the package
which could, through any credible increase of
pressure or an explosion, significantly
reduce the effectiveness of the package".

Also, in detailing requirements of 10 CFR 71.35, the Draft refers
only to Paragraph (a) and subparagraph (b)(i) of this section and omits
other parts of Paragraph (b) and all of Paragraph (C).

From this review of the Draft, it appears that no modifications
were made in the original "Draft Environmental Statement" dated May 14,
1971,' as result of comments 1, 2, and 3 of our Division of Industrial
and Radiological Health's letter to you on July 28, 1971.

.j- _Very tr1

David H1. Dooth
Assistant Director
Bureau of Environmental Health Services

DHB: bah,
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6-19-72 STATE OF TENNESSEE

-'~ ~DEPARTMENT OF HIGHWAYS
L ~~NASHVILLE 37219 Pg

XR• (x Hr. Gary Sasse

NX">' -June 7, 1972

WINF-IELD DUNN. GOVERNOR June 7, 1972 Also, the location of transmission lines and the placement

HOSERT F. SMITH. COMMISSIONER of steel towers shou ld be located in such a way that a hazard will not
exist for out-of-control vehicles and the aesthetic quality of the

area will be detracted from as little as possible.

Mr. Gary Sasse S

Director of Urban and Federal Affairs

Office of Urban and Federal Affairs

1025 Andrew Jackson Building
Nashville, Tennessee 37219 E. R. TERRELLDirector of Planning and Programming

Subject: TVA Draft Environmental Impact Statement for Watts Bar NEC:ddc

Nuclear Plant, Units 1 and 2, Supplement

Dear Mr. Sasse: .

:We have reviewed the above subject statement which is a

supplement to the Draft Environmental Impact Statement distributed
on June 4, 1971. -

We submitted comments to you on July 21, 1971, in which

we discussed the conditions and accident data at the Intersection of

U.S. 27 (State Route 29) and State Route 68 which furnishes access
to the Watts Bar Reservation. We also provided information on the

proposed improvements to State Route 68 from approximately 2.0 miles

East of State Route 58 to near 1-75.

There are two minor problesms that should be recognized,

these being (1) the increase of,:fog and ice hazards to motorists of

the imrmediate locale, and (2) the temporary increase of traffic

flows on existing streets and highways generated by the influx of

construction personnel into the area. The significance of these
minor problems, however, is nil in comparison to the potential
importdnce which this plant will have on the economy of the State.

The supplement contained information on the transportation
of nuclear fuel and radioactive wastes and the transmission lines

proposed. We feel that tile date of shipments and the- routes prop-
osed to be used should be furnished our Maintenance Engineer or

Regional Engineer so that he may keep abreast of these shipments in

case of an accident or other emergency.
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- 2 -OF COMMERCE

June 7, 1972

Dr. F. E. Gartrell
Director of Environmental Research

and Development
Tennessee Valley Authority
Chattanooga, Tennessee 37401

Dear Dr. Gartrell:

The draft environmental statement for "Watts Bar Nuclear
Plant - Units I and 2, Supplements and Additions", which
accompanied your letter of April 10,1972, has been re-
ceived by the Department of Commerce for review and com-
ment.

In order to give you the benefit of the Department's analy-
sis, the following comments are offered for your considera-
tion.

In the draft environmental statement under section 2.1.3,
Environment of the Area, page 18, it would be helpful if2.7.1(5) section 2 on"'Firsh and other Aquatic Life" could be ex-
panded to include a specific listing of the organisms in-
volved; i.e., a listing for phytoplankton and zooplankton
similar to that already prepared for fish (Table 11).
These tables should include .specific identifications,
wherever possible, to allow a complete evaluation of the
flora and fauna in the area.

On page 20, inasmuch as the survey that was performed in-
l.l. 3 (9 )(b)dicated increased fish production during the period of

1969-70, it would be useful to include data for the com-
mercial catch more recent than that for 1965.

With regard to section 2.3.6, Biological Impact, page 43,
in view of the importance of the Watts Bar Dam tailwaters

2.7.1(5) (TRM 529.9) as a fish production area, and in view of the
location of the plant intake (TRM 528) 1.9 mile downstream,
it would seem premature, without additional information,

to say that the intake of 0.5 percent of the average riverflow and the subsequent loss of the entrained organisms2.7;1(5) will be insignificant. It would be desirable if a study
were conducted that would assess larval and fly densities
in the area during different hydro settings. In addition,

2.6.4(6) it would be desirable if some method of further reducing2.7.1(4) the intake of these organisms were investigated.2.7.1(5)

In section 2.3.7, Radioactive Discharges, on page 59, the
subject of radiation exposure to humans from external
sources and food-chain pathways is treated in the state-
ment, and the environmental radiological program (page
47) appears adequate to monitor radioactivity levels in
the aquatic environment. However, the estimated radia-

E.4(2) tion doses that will be received by the aquatic biota should
be discussed, including the possibility that fish eggs
on the bottom of the reservoir will be exposed to radia-
tion in excess of background levels.

Regarding section 2.3.8, Construction Effects, page 65,
2.8.1(2) the Florida Department of Transportation's "Diaper Tech-2.8.2 nique" may help minimize the problem of siltation and

turbidity referred to here.-

In 3.3, Environmental Effects: Damage to Life Systems on
page 68, the power plant cooling requirements are listed
as 0.3 and 0.5 percent of the average annual volume of
the river, but the requirements during low flow periods

2.7.1(5) are not mentioned. Tables should be included that show
these requirements with respect to time of year and river
flow; biological productivity and concentration or organ-isms varies with both these factors.

In the draft environmental statement - supplements and ad-
ditions, section 3.2.2, Heat Dissipation Alternatives, page
3-31, it is indicated that the blowdown from the cooling

2.6.2(1) towers will be returned to the river via a diffuser,not through the holding pool as indicated in the draft
environmental statement. It would seem desirable to utilize
both systems to take advantage of the additonal cooling
provided by the pool.

•/ Hutt, Art. "Limits in Siltation". Florida Conservation
and Engineering, 1971, pp. 2 6 - 2 7.
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FEDERAL POWER COMMISSION
WASHINGTON. D.C. 20426
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On page 3-49, in the section on Cooling Tower Blowdown, in-
formation should be supplied concerning the levels of resi-2.5.1(1) dual chlorine that are'expected in the blowdown during chemi-
cal defouling of the cooling system.

The text mentions that there is low tornado frequency in the
area. This is true and it is interesting to note that analy-
sis of the tornadoes in the United States show this general
area has the lowest probability east of the 100th meridian.

Since the cooling towers will be designed on patent authori-
zation from European patent holders, the design should be
well engineered. It should be indicated that recent exper-

2.6.2(1) ience in Europe indicates cases of destruction of the towers
by resonance rather than high winds. If the natural draft
towers should become inoperative, an overspill of excessive
heat into the river may occur.

Wehope these comments will be of assistance to you in the
preparation of the final statement.

Sincerely,

Sidey Gller
Deputy Assistant Secretary
for Environmental Affairs

cc: Mrý Lester Rogers, Director
Division of Radiological and

Environmental Protection
U. S. Atomic Energy Commission
Washington, D. C. 20545-

IN REPLY REFER TO:

Dr. F. E. •artrell
Director
Environmental Research and Development
Tennessee Valley Authority
Chattanooga, Tennessee 37401

AUG 19 1971

Dear Dr. Gartrell:

This is in reference to your letter of May 20, 1971, requesting
comments of the Federal Power Commission on the Draft Environmental
Statement prepared by the Tennessee Valley Authority for the proposed
Watts Bar Nuclear Units Nos. I and 2. These comments are in accordance
with the National Environmental Policy Act of 1969 and the Guidelines
of the President's Council on Environmental Quality dated April 23,
1971, and are therefore limited to a review of the need for the Watts
Bar Nuclear Units and the alternate sources of supply which normally
might have served as substitutes for the proposed units. We under-
stand that others-will analyze the environmental aspects of the plant
relating to air and water quality.

The site of the proposed plant is in Rhea County, Tennessee,
adjacent to the TVA Watts Bar Dam Reservation on the west shore of
the Chickamauga Lake about eight miles southeast of Spring City,
Tennessee; Unit No. i is scheduled for service in August 1976, and
Unit No. 2 in May 1977. Each unit is to have anet dependable
capacity of 1,170 megawatts.

The Need for Power

According to the Draft Environmental Statement, TVA expects to
have 29,765 megawatts of dependable capacity (including the No. 1
Unit and 2,060 megawatts of seasonal exchange capacity) available
during the winter peaking season of 1976-1977. During this period
the system peak is expected to reach 25,340 megawatts. If scheduled
generating capacity and peak loads develop as projected, the TVA
system would have 4,425 megawatts of capacity in excess of the winter
peak load, or a reserve margin of 17.5 percent.
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Dr. F. E. CartrellDr. F. E. Gartrell

During the winter peaking season of 1977-1978, TVA expects to
have 32,135 megawatts of dependable generating capacity (including
proposed Units Nos. I and 2 and 2,060 megawatts of seasonal exchange
capacity). During this period the peak load is expected to increase
to 26,890 megawatts. If these expectations materialize, TVA would
enter the 1977-1978 winter peaking season with a reserve capacity of
5,245 megawatts, or a reserve margin of 19.5 percent.

These reserve margins would be severely affected if the construc-
tion schedule of the Watts Bar Nuclear Units were to be hampered by
any one or more of the types of problems which have been experienced
in the construction of other nuclear units. If the No. I Unit-were
not to be available in the fall of 1976, the TVA system would enter
the 1976-1977 winter peaking-season with a reserve margin of 12.8
percent ratherthan 17.5 percent.- During the winter peaking season
of the following year, if the No. I Unit were to be available but
the completion of the No. 2.Unit were to be delayed, the anticipated
reserve margin would fall from 19.5 percent to 15.1 percent. If the
proposed project were to have more than its share of difficulties,
both units might be delayed beyond 1977. Such delays are not unprece-
dented in the history of the nuclear plant program. (If this should
occur, the TVA'system would face the 1977-1978 winter peaking season
with a reserve margin of 10.8 percent.

The preceding discussion is summarized in the following table:

Tennessee Valley Authority System

Based on data reported in the Draft Environmental Statement,
there seems to be no doubt about the need for the Watts Bar Nuclear
Units beginning in 1976 in order to provide needed reserve margins
for ordinary contingencies to be expected in day-to-day operation
of an electric system such as that represented by TVA.

Alternates to Proposed Units

If the Watts Bar Nuclear Units were not to be constructed, equiva-
lent generating capacity would have to be provided from other sources.
Practical considerations limit alternate sources to fossil-fuel
burning plants, hydroelectric installations, and the importation of
power from neighboring systems, if such systems have excess capacity
to sell. A choice between these alternate sources is usually deter-
mined by environmental and economic factors and by the technical
requirement of every electric utility system for a balance between
base load and peaking capacity.

A review of the alternate sources of power available to the TVA
system by the Commission's Bureau of Power leads to a confirmation
of TVA's conclusion that there are no practical alternates to the
capacity of the Watts Bar Nuclear Units. This conclusion is supported
by the current fossil-fuel supply situation, the lack of hydroelectric
sites suitable for base load generation, and by the particular technical
requirement of the TVA system for additional base load generating capac-
ity beginning in 1976 to maintain a practical ratio between base load
and peaking capacity.

While the TVA service area contains coal deposits and has access
to coal fields to the north and south, not enough low-sulfur coal at
a competitive price is available to assure that any coal burning
alternate generating facility would be acceptable from an economic
and air quality point of view.

A natural gas fired steam plant does not appear to be a practical
alternate because not enough natural gas is available in the TVA
service area to supply the requirements of gas fired generating capacity
equivalent to that of -the Watts Bar Units. Economic considerations on
the other hand appear to rule out the fuel oil steam plant as a reasonable
alternate. Low-sulfur fuel oil, even if it were to be generally
available in the future, would command a premium. Furthermore,
transportation of such fuel oil from deepwa~ter ports to the inland
TVA service area would introduce a cost handicap which would place
the fuel oil fired alternate plant beyond the competitive range of
a nuclear plant.

Dependable Capacity
Peak Load
Reserves - Megawatts

Percent

Assumed Delays

Reserves - Megawatts
Percent

Winter Peaking Season
1976-1977

29,765
25,340
4,425

17.5

Unit No. I

- 3,255
12.8

Winter Peaking Season
1977-1978

32,135
26,890

5,245-
19.5-

Unit No. 2 Both Units

4,075
15.1

2,905
10.8
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Dr. F. E. Gartrell

Conventional and pumped storage hydroelectric sites abound in the
TVA service area, but all are restricted with regard to water resources
and none are suitable for the kind of base load generating capacity now
needed nor large enough to serve as a substitute for the Watts Bar
Nuclear Units.

The reserve margins of systems elsewhere in the SERC area do not
appear to offer a practical substitute for the block of generating
capacity represented by the Watts Bar Nuclear Units. Even if these
reserve margins were of sufficient magnitude, the geographical dis,
persion of such reserves and the transmission requirements involved
would prevent economical use on the TVA system. Similarly, the
construction of a fossil-fuel generating station at a site outside
the TVA service area would introduce problems of transmission line
right-of-way costs, environmental considerations, and diminished
reliability.

Sincerely,

John N. Nassikas
Chairman

7.12-5

FEDERAL POWER COMMISSION

WASHINGTON, D.C. 20426

May 17, 1972 IN REPLY REFER TO:

IWR-ER

Dr. F. E. Gartrell
Director of Environmental Research

and Development
Tennessee Valley Authority
Chattanooga, Tennessee 37401

Dear Dr. Gartrell:

This is in reference to your letter of April 10, 1972, requesting

comments on the "Draft Environmental Statement, Watts Bar Nuclear Plant,

Units 1 and 2, Supplements and Additions" dated April 7, 1972.

Comments were previously made by the Federal Power Commission's

Bureau of Power on the need for the Watts Bar units in a letter dated

July 17, 1971. Those comments were based on the then scheduled commercial

service dates of August 1976 for Unit I and May 1977 for Unit 2. Since

that time the commercial service dates of the two units have been delayed

by nine months aid are now scheduled for May 1977 and February 1978

respectively.

The following comments by the Federal Power Commission's staff of

the Bureau ot Power are a revision of the comments dated July 17, 1971,

and take into account the new commercial service dates and the latest

available estimates of load, power resources, and reserves which are

expected to prevail during the summer and winter peaking seasons of

the period from summer 1977 through winter 1978-1979. Our comments are

based on data presented in-the Draft Statement Supplements and Additions

of April 7, 1972, which represent the latest information on expected

load and resources for this period. The load and capacity estimates are

presumed more current than those reported by the Southeastern Electric

Reliability Council in its FPC Order 383-2 report dated April 1, 1972.

(Information cut-off date December 31, 1971). The Council's report

does not take into account the recently announced nine-month delay in

the commercial service dates of the Watts Bar units.

Our comments are directed to the power supply as this is expected

to develop during the critical peaking periods of 1977, 1978 and 1979

and to the unfavorable consequences with respect to quality of electric

services and reliability of services to residential, commercial and

industrial customers within the service area if the new commercial

service dates of the Watts Bar units are further delayed one year. As

requested a copy of these comments is- being forwarded to the Director,

of the Division of Radiological and Environmental Protection, Atomic

Energy Commission.
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Dr. F. E. Gartrell Dr. F. E. Gartrell

The Need for Power

The importance of the Watts Bar units is indicated by the effect on
the power supply situation which would result from any -further delay in
the commercial service dates of the two units, and by the role of the
Authority as a source of emergency electric power and as a participant
in firm power interchanges in the Southeast Region.

The TVA service area usually experiences its annual peak load
between November and March, but because of seasonal interchange agreements,
the net obligations during the summer months are only slightly less than
the preceding winter peak load. As a consequence of these obligations,
any power shortage on the Authority's system could directly affect about
six million persons who are served by the 160 municipalities and rural
cooperatives, as well as 46 industrial installations and 11 Federal
installations served from the bulk power system. By virtue of the
26 interconnections with neighboring systems, TVA energy flows in any
emergency in support of the other interconnected systems.

The effect of a one year further delay of each Watts Bar unit upon
the projected reserve margin situation is summarized in the following
table:

Power Resources. Loads and Reserves

The Authority indicates the acceptability of the 18.2 percent to
21.6 percent range of reserve margins if current construction scheduled
are met, but states that if each unit be further delayed a year that,
except for the summer of 1978, the then resulting reserve margins are
inadequate to assure reasonable adequacy and reliability of service.

Electrical utility systems, in general, find it necessary to
maintain a planned reserve margin within the range of 15 to 25 percent,
depending on system electrical characteristics, types and size of
generating facilities, capabilities of interconnections and other
related system features. The staff of the Bureau of Power notes that
the Authority's planned capacity additions for the period preceding
the scheduled operation of the Watts Bar units includes the following
large units not yet in service: Nuclear -- Browns Ferry No. 1, No. 2,
and No. 3 (1,065 megawatts each) Sequoyah No. 1 and No. 2 (1,125
megawatts each) Fossil - Cumberland No. 2 (1,275 megawatts). The foregoing
comments relative to the 1977-1979 period and the Watts Bar units pre-
sume that the above large units, and the Cumberland No. I unit (1,275
megawatts) currently being brought into service, will be brought into
reliable operation on schedule. The staff of the Bureau of Power agrees
that the capacity of the Watts Bar units will be needed as scheduled
to maintain adequate reserve margins for the loads projected by the
Authority so as to insure against the contingencies which are inherent
in electric system operations, to avoid potential curtailments of
service, and to provide for an orderly process in the scheduling of
preventive maintenance.

Transmission Lines

The Watts Bar Nuclear Plant will require six new transmission lines
totaling 165 miles in length in order to integrate the plant into the
existing bulk power network. We understand that there will be minimum
environmental impact from these lines which are to be constructed-in
conformance with "Environmental Criteria for Electric Transmission
Systems" established by the U. S. Department of the Interior and U. S.
Department of Agricultural.

Very truly yours,

Chief, Bureau of P wer

cc: Director, of the Division of
Radiological and Environmental Protection
Atomic Energy Commission

Summer Winter Summer Winter
1977 1977-78 1978 1978-79

Watts Bar Units Available

Dependable Resources, Megawatts
Load Served by TVA, Megawatts
Reserve Margin, Megawatts

Percent

One Year Delay in Watts Bar Units
(1,170 megawatts each unit)

Reserve Margin, Megawatts
Percent

30,536
25,180
5,356

21.3

30,865
25,990
4,875

18.8

32,206
26,490
5,716

21.6

32,535
27,520
5,015

18.2

4,186 3,705 4,546 3,845
16.6 14.3 20.9 14.0
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8.0 BENEFIT-COST WEIGHING AND BALANCING

This section provides an overall assessment of the economic,

technical, and other benefits of the Watts Bar Nuclear Plant weighed

against the environmental costs, with the alternatives considered

which would affect the balance of values.

TVA from its very inception has been deeply committed to the

tasks of environmental improvement. The President in transmitting to

Congress in 1933 the bill that became the TVA Act said that TVA

should be charged with the broadest duty.of planning for the proper

use, conservation, and development of the natural resources of the

Tennessee River drainage basin and its adjoining territory for the

general social and economic welfare of the Nation." It is on the basis

of'these principles that TVA plans and conducts all its activities, be

they planning, constructing, and operating a nuclear power plant; plan-

ning, building, and operating a water control project; providing research

to develop a new fertilizer; setting aside areas for fish and wildlife;

developing improved hardwood tree strains; or seeking waysto utilize

the rugged scenic qua lities of some of the region's natural streams.

In all of these and many other varied resource development programs-, TVA is

deeply conscious of its responsibilities to the people in the TVA region

and in the Nation. This posture invariably calls for a balancing of a

variety of interests, and finally, decision and action in which

differences are reconciled insofar as possible to best serve the

needs of the greatest number over the longest possible time. Inherent

in this is the requirement of finding a balance between the needs of

man, including his need for useful employment, and the safeguarding of

his physical environment.

In TVA electric power is regarded as a tool for economic

development. Its use has been encouraged as a means for improving the

quality of life in the region. Fitted into a comprehensive, unified

development program, it has helped ease the burdens of drudgery,

provide more jobs and more productive employmenti bring the amenities

of life to an ever-increasing number of neople, and improve the health,

education, and living conditions of the people generally.

An ample supply of low-cost electric energy, integrated

with a total resource development program, has been a major factor in

the progress achieved by the TVA region since 1933. Employment,

income, and productivity have all increased with a shift from a

primarily agricultural to an industrial economy.

The uses of electricity are many. To the residential user

it provides lighting, refrigeration, cooking, washing and drying of

clothes, heating, air conditioning, and education and entertainment

via radioahd television, to name but a few, Most stores, banks, and

other commercial ventured are dependent upon electricity for conducting

business. In industry it is an essential-element by which productivity

has been increased with an attendant improvement in living standards.

While in most industrial activities the cost of electric power is a

small fraction of the total cost of production, without electricity

modern industry could not provide the Nation with the goods and services

it demands. In the aluminum, electrochemical, and metallurgical

industries, electricity is a significant component required in the

manufacture of these essential products. Also, electricity is of

central importance in solving a vast array of environmental control

problems including, for example, the disposal of sewage, recycling

of vastes, and mass transit.
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The addition of the Watts Bar Nuclear Plant to the TVA

system will enable TVA to continue to carry out its responsibility

to provide an ample supply of electricity for the TVA region. The

benefits of the plant include the value of the electrical power to be

generated, the potential for reduction of releases of combustion

products to the atmosphere which would be associated with a fossil-

fired station of equal capacity, the recreational and educational

value to visitors to the plant, increased payments to local govern-

ments in lieu of tax payments, and a stimulant to the economic growth

of the region by helping to assure an abundant supply of electrical

power and increased employment potentials.

The costs of the plant include the cosmmitment of 967 acres

of land for the lifetime of the plant; the rejection of about 1.56 x

10 Btu/h to the air directly and via Chickamauga Reservoir from

cooling tower blowdown; the consumptive use by evaporation of about

62 ft
3

/s of water; minor releases of radioactivity to the air and to

Chickamauga Reservoir; erosion of soil during construction; a very

low probability of releasing radioactivity due to an accident in the

plant or an accident during the transport of radioactive materials;

and the monetary costs to construct, operate, and maintain the plant.

TVA has attempted; insofar as practicable, to detail those

items covered in-the Atomic Energy Commission's draft guide for

benefit-cost analyses for new nuclear facilities in sections 8.1 and

8.2. The Weighing and balancing of benefits and costs of alternative

sites and subsystems is presented in section 8.3.

While various benefits and environmental costs have been

quantified, some are necessarily expressed in qualitative terms. For

example, the effect of natural draft cooling towers on aesthetics is

treated qualitatively. Moreover, of those factors subject to quanti-

fication, all cannot reasonably be expressed in monetary values.

Although the number of Btu's added to the cooling water blowdown can

be numerically quantified, translation of that number to a monetary

value is not reasonable in view of the wide range of variables

influencing the significance of the impact. Environmental impacts,

therefore, are quantified in commonly used terms such as numbers of

fish, gallons of water, and tons of earth.

In addition to analyzing the need for base-load electrical

capacity additions, the Watts Bar Nuclear Plant environmental review

included an analysis of the alternatives for limiting environmental

impacts during the construction of the project and the environmental

impacts which will result from operation of the plant. During this

environmental review, the design concepts for the plant have been chosen

so as to provide a plant which approaches a minimum impact plant.

Specific system design concepts were decided as follows:

Gaseous Radwaste - The gaseous radwaste. system is being designed

to provide a radioactive decay period of 60 days for radioactive

gases.

Liquid Radwaste - The liquid radwaste system is being designed

to permit recycling of tritiated water and to provide evaporators

for waste treatment.

Heat Dissipation - Heat dissipation will be by means of closed-

cycle natural draft cooling towers.
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With normal operation from the plant the maximum radiation

dose to the hypothetical individual will be 7 percent of that received

from natural backgrcund radiation and the dose commitment to the popu-

lation within 50 miles of the plant in the year 2000 is projected at

about 0.02 percent of the dose commitment from natural background

radiation. Therefore, radiation resulting from operation of the Watts

Bar Nuclear Plant will result in no undue risk to the health and safety

of the public.

With closed-cycle natural draft cooling towers the plant will

operate so as to meet Tennessee water temperature standards of 5.4
0
F

temperature change, a maximum temperature of 86.9*F, and a rate of

change not to exceed 3.60F per hour.

Conclusion - This environmental review has evaluated the

expected environmental impacts of the proposed project and has considered

alternatives which would lessen environmental impacts. After weighine

the environmental and monetary costs and the technical, economic,

environmental, and other benefits of the project and adopting certain

alternatives which affect the overall balance of costs and benefits by

lessening environmental impacts, TVA has concluded that the overall

benefits of the project far outweigh the monetary and environmental

costs.

8.1 Benefits - The benefits of the Watts Bar plant are detailed

below and are summarized in Table 8.1-1.

1. Electric power produced and sold - Watts Bar

Nuclear Plant includes two units with a dependable capacity of 1,170

MW electrical each, or a total plant capacity of 2,340 MW electrical.

The units are scheduled for commercial operation as follows: unit 1,

May 1977, and unit 2, February 1978. Since capacity is planned for on

a system basis and TVA has additional generating capacity scheduled for

commercial operation during this 2-year period, it is not possible

to identify the specific loads which the Watts Bar nuclear units will

serve. For the purpose of the benefit analysis, it has been assumed

that the plant serves loads based on the incremental increase in loads

for each class of customers estimated between F.Y. 1972 and F.Y. 1980.

The estimated peak load and sales for these years are identified in the

following table:

F.Y. 1972Percent
of

Load Total

F.Y. 1980Percent
of

Load Total

30,300

Inciease
Percent

of
Load Total

13,636Estimated Peak
Demand (MW)

Estimated Sales
(million kWh):

Residential
Commercial
Industrial
Government
Other Sales

TOTAL SALES

16,664

28,072
11,901
32,908
13,815

4,249

90,945

30.8
13.1
36.2
15.2
4.7

(100)

45,833
22,667
55,907
30,873

-7,320

28.213.9
34.4
19.0

4.5
(100)

17,761
10,766
22,999
17,058

3,071

71,655

24.815.0
32.1
23.8
4.3

(100)
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The value of a unit of electric energy to the user

varies widely depending on the availability and cost of alternative

energy sources. No attempt was made to identify such values in this

analysis. However, the price customers pay for electric energy pre-

sumably establishes a minimum value to the user. Based on the present

rate structures of TVA and the distributors of TVA power, the following

average prices to the ultimate consumer are estimated for F.Y. 1972:

ELECTRIC POWER PRODUC1D AND SOLD - WATTS BAR NUCLEAR PLANT

Levelized Annual Energy Generation (kWh)

Levelized Total Annual Losses (kWh)

Levelized Annual Energy Available for Sale (kWh)

Average Annual Value of Sales
Energy Available During Plant Life

For Sale - kWh 1972 Dollars

14,779 x 106

1,012 x 106

13,767 x 106

Average Annual
Value - Dollars

Residential
Commercial
Industrial
Government
Other

1.413 UIkWh
1.337 I/kWh
0.727 c/kwh
0.622 i/kwh
1.023 1/kWh

Energy Sold:

Residential
Commercial
Industrial
Government
Other

TotalSold

3,414 x i0o
2,065 x 106
4,419 x 106
3,277 x 106

592 x 10

13,767 x 106

562?T000,000
322,000,000
374,000,000
238,000,000
71,000.000

1,567,000,000

48,200,000
27,600,000
32,100,000
20,40o,000

134,400,000
For the purpose of estimating the present value of

the revenue received from the sale of this energy it has been assumed

that the Watts Bar plant will operate as shown in the following table

during its 35-year life:

Years

1-15
16-25
26-35

Capacity
Factor

80%
55%
40%

Annual
Net

Generation
(million kWh)

16,399
11,274
8,199

Total
Transmission

and
Distribution

Losses
(million kWh)

1,123
772
562

Annual
Energy

Available
For Sale

(million kWh)

15,276
10,502
7,637

Historically, electricity rates have declined until

the mid-1960's. Events of the more recent years have caused this trend

to reverse. Higher prices for fuels, higher interest rates, increases

in construction costs, and costs of pollution control equipment have

been: significant factors causing the increases in rates for electric

utilities. It was necessary for TVA to increase its rate schedules in

1967, 1969, and 1970. The effect of these rate increases has resulted

in the average cost of electricity to the consumer increasing by 49.0

percent. Thus, the use of current rates could significantly understate

the future sale price.

2. Payments in lieu of taxes - Estimates of pay-

ments in lieu of taxes includes estimates of payments to state and

local governments by TVA and by distributors of TVA electricity. Estimates

Using the energy available for sale and the average

1972 price paid for electricity shown above, a discount rate of 8 per-

cent, and the assumption that both units operate for the same time period,

a value of the sales from the plant was estimated and is presented in

the benefit description form. The results are summarized below:
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are based on current rates of payment related to the energy which will

be generated by the plant.

3. Regional gross product - Benefits of the Watts

Bar plant to regional gross product cannot be exactly quantified mone-

tarily. However, a correlation has been made of the average annual

dollar flow of gross product with the use of the Watts Bar electrical

power in the TVA power service region. This correlation is based on

using the average power generation and relationships between gross

product and kilowatt hours equivalent of all energy consumed. The

industrial gross product factor was obtained as a product of the

relationship between value added and kWh equivalent (Census of Manu-

facturers. 1967) and the relationship between gross product from

manufacturing and value added by manufacturing (Census of Manufacturers.

1967 and Survey of Current Business). The numerical value of the indus-

trial gross product factor was found by this method to be $0.o649 per

kWh. The commeicial gross product factor was obtained by comparing

gross product from commercial activities and an assumed electrical

energy output of 25 percent of total energy input to the commercial

sector (Energy in the American Economy. 1850-1975, Shurr and Netschert).

Numerical values of this factor were $0.187 per kWh for 1967 and $0.184

per kWh for 1969. Giving slightly more weight to the recent figure,

$0.185 per kWh was selected as the commercial gross product factor.

Industrial power consumed was assumed to include government use of

electrical energy. The resulting average annual'dollar flow of gross

product is estimated at about $880 million.

As noted above, no additional quantification to

arrive at a monetary benefit is considered possible. This is because

the comparison of dollar value of products produced and energy con-

sumed does not consider other variablesin the production of products,

such as wages of workers and efficiencies of individual production pro-

cesses. It should be noted that a plentiful energy source has long

been considered essential in the economic and industrial expansion of

any region. As required by the TVA Act, as amended, TVA maintains an

ample supply of electrical energy in the area in which it conducts its

operations. A comparison of statistics in the TVA region with national

statistics implies there are some beneficial effects of this plentiful

energy source. In 1960 gross regional product was 2.26 percent of

national; in 1970 this had increased to 2.69 percent. In 1960 personal

income in the region was 64 percent of the national value; in 1970

this had increased to 75 percent. TVA considers that the ample avail-

ability of electricity as an energy source has helped realize these

growth rates.

4. Recreation - The recreational benefits of the

Watts Bar plant are estimated at 4,000 visits per year. This estimate

of recreational visits is exclusive of the estimate of educational

visits to the plant, which is given below. At a value of $0.75 per

visit, the annual value of these visits is estimated to be $3,000.

5. Air quality - Since the Watts Bar plant is a

base-load plant, approximately 5.2 billion kWh will be available during

the base-load period to replace coal-fired generation which would

otherwise have consumed about 2.3 million tons of coal per year. This
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will result in annual reductions in particulate emissions of about

2,300 tons, SO2 emissions of about 27,500 tons, and NOx emissions of

about 16,900 tons when based on replacing coal-fired generation which

meets applicable standards.

6. Employment - Benefits to employment have been

listed as the average annual number of workers whose jobs could be

related to the consumption of electrical power produced by the Watts

Bar plant. An industrial employment factor, r•iating kWh equivalent

consumed in manufacturing to employment in manufacturing, was deter-

mined from national data from the Census of Manufacturers, 1967. .A

value of 5.4588 workers per million kilowatthours was obtained. A com-

mercial employment factor was. obtained by analysis of data from Energy

in the American Economy, 1850-1975, by Schurr and Netschert. For 1967

this relationship was 14.83 workers per million kWh; for 1969, 13.39

workers per million kWh. The intermediate value of 14 was chosen for

estimating the commercial portion of the employment value listed.

Based on the portion of the Watts Bar Nuclear Plant generation allocated

to commercial and industrial use, the potential exists for expanding

the number of new Jobs by about 70,920.

7. Education - The educational benefits of the

Watts Bar plant are estimated to be 60,000 visits per year after the

plant is operational. The annual value of these visits, at $0;75 per

visit, is $45,000. Educational visits by persons to the plant during

its construction are estimated to be about the same number as after

the plant is operational.

Table 8.1-1

WATTS BAR NUCLEAR PLANT - BENEFITS

Direct Benefits

Expected Levelized Annual Generation in Kilowatt Hours . 14,T79,000,00
Dependable Capacity in Kilowatts ................. .. 2,340,000
Proportional Distribution of Electrical Energy -

Expected Levelized Annual Delivery in Kilowatt Hours: h,h nA., n
Residential ... ........ . ...... ............
Commercial .- ................
Industrial ............. .....................
Government ... .. ........ .................
Other .......................

Annual Revenues from Electrical Energy Generated
in Dollars

Residential ............. .................... . .".
Commercial ......... ............. ....... ......
Industrial . . . .. . . . . . . . . . . . . . . . . . .
Government .. . . . . . . . ... ........ .. ...
Other ................. ..........................

Annual Indirect Benefits

In Lieu of Tax Payments (Local, State) in Dollars . . .
Regional Product . .. ..... ." ........... .....
Environmental Enhancement

Recreational-Dollars .. •..... ...............
Air Quality (Potential to Reduce Pollutants in Tons)

NO
Particulates. ......... ..................

Employment - Potential Jobs Provided .... ... . ......
Education - Dollars . a . . . . ............

2,065,000,000
4,419,000,000
3,277,000,000
.592,000,000

48,200,000
27,600,000
32,100,000
20,400,000
6,100,000

5,700,000

See Text

3,000

27,500
16,900
2,300

70,920
45,000
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8.2 Monetary and Environmental Costs - The monetary (generating)

and environmental costs of the Watts Bar plant for the minimum impact

and plant design combinations of subsystems are detailed below and

are summarized in Table 8.2-1. In addition, incremental generating

costs. and differences in environmental costs for alternatives for the

gaseous radwaste system and the heat dissipation system are summarized

in Table 8.2-2 and 8.2-3 respectively.

Generating costs - The generating costs for the

alternative combinations of subsystems have been computed using the

following assumptions: current plant capital cost estimates of $550

million (1972 dollars); a power generating cost of 2.2 mills/kWh ($0.0022/

kWh); a declining plant capacity factor as discussed in section 8.1-1;

incremental generating custs for alternative subsystems as listed on

Tables 8.2-2 and '8.2-3; an 8 percent discount rate; and an assumed plant

lifetime of 35 years. The results are summarized in Table 8.2-1.

1. Effects on natural surface water body -

(1) Cooling water intake structure -

Mortalities of fingerling and adult fish are not expected as a result

of the design of the cooling intake structure to provide a maximum

intake velocity through the openings of 0.4 ft/s. The maximum

intake channel velocity is less than 0.1 ft/s. Larval fish

mortalities are expected as a result of the passage of water through

the cooling water system. Estimates of the larval fish mortalities are

given in paragraph 2 below. Traveling screens at other TVA power plants

have caused no appreciable fish kills, and none are expected here.

(2) oasg hog h cone~nsers and

retention in closed-cycle coolingAvst-ems -

(a) Primary prqoducers and

consumers - Phytoolankton and zooplankton passing through the cooling

water system will not survive. Estimates of total daily quantities

(by weight) were made based on concentrationstaken during limited

sampling in 1970 and 1972, estimates of the withdrawal volumes, the

assumptions of uniform draw by the intake and uniformity of sample

distributions in horizontal and vertical cross sections, and estimates

of discharge quantities by the Watts Bar Hydro Plant turbines from

the middle of the-vertical profile in the forebay of Watts Bar

Dam. Additiohally, estimates ýof maximum phZjtoplankton standing

crop were made by converting the number of cells to equivalent

biomass.

" Plankton eftrainment estimates

for the summer season are 456 to 1,369 pounds/day (dry weight) of phyto-

plankton and 66,696 pounds/day (dry weight) of zoonlankton.

The inherent weaknesses in' the

estimates of plankton amounts are as follows:

1._ The samples are "grab" samples that are not replicated

throughout a day.

2. Phytoolankton cell numbers may double in as short an interval

as one day.

3. Zooplankton standing crop is estimated with limited numbers

of samples.

C
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4. Zooplankton standing crop may change drastically within as

short an interval as one week.

5. Communities of phytoplankton genera are measured and described--

not species populations and/or size and age groups within

species populations.

6. only indirect biomass estimates have been made to date.

7. Seasonal trends develop within phytoplankton stocks as the

result of changing solar energy values. The future monitoring

program would underestimate these trends during the winter

and spring quarters and overestimate in the fall quarter

since samples are to be taken during the first or second

week of the quarter. However, these sample schedules fit

existing flow or discharge cycles in the river.

(b) Fish - Larval fish which

pass through the plant in the cooling waterflow will be killed in the

closed-cycle cooling system due to the temperature rise in the condensers

and to mechanical shock. An accurate assessment of the effects on larval

fish populations cannot be made at this time. However, a conservative

estimate of withdrawal and entrainment of larval and young fish has

been made as follows:

At 60,000 GPM, 4.71 x 107 fish

At 25,000 GPM, 1.96 x 107 fish

Estimates are based, and should be viewed, upon the following considerations:

1. Estimates are for total withdrawal over a 91-day period

extending from April 27 through July 27.

8.2-h

2. No data are available for the Watts Bar site. It is judged

that larval and young fish susceptible to entrainment and

condenser passage would come from two sources:

a. those produced in the tailwater area of Watts Bar

Dam, and

b. those produced in Watts Bar Reservoir and which

pass through the dam via turbines, locks, and

spillways.

3. The tailwater areas are not as productive of larval fish as

are shallow embayments and littoral areas; furthermore,

turbine inlets draw from the deeper strata of Watts Bar

Reservoir. Thus, concentrations of fish would be less

than those noted for shoreline or surface locations sampled

in Wheeler Reservoir.

4. Therefore, calculations were based on the average concentrations

of larval fish taken in midchannel at a depth of five meters

at TRM 293 and TRM 298 (Wheeler Reservoir).

5. Given (1) the absence of knowledge of larval and young fish

in Watts Bar tailwater, (2) the absence of data regarding

passage through the dam, and (3) the judgment that Wheeler

Reservoir is one of the most productive of TVA's mainstream

reservoirs, (4) the relatively low intake velocities and

volumes of Watts Bar Nuclear Plant, it is judged that the

estimates are conservative, i.e., they overestimate actual

losses.
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(3) Discharge area and thermal plume-

(a) Physical water quality -

The maximum total plant heat rejection to Chickamauga Reservoir will

be 2.9 x 108 Btu/h from cooling tower blowdown. An exact estimate

of the mixing zone for the heated discharge can only be determined

after the design of the diffuser is finalized.

(b) Dissolved oxygen -

Observations of the dissolved oxygen levels in the water in the

natural draft cooling tower circuit at TVA' s Paradise Steam Plant

indicate that the aeration provided by the tower fill maintains

dissolved oxygen levels in the water near saturation levels.

Since the maximum expected temperature in the cooling tower

blowdown is 95°F and the saturation dissolved oxygen level at

this temperature is about 6.8 mg/l, no discharge of blowdown

water with a dissolved oxygen concentration of less than 5 mg/l

is anticipated at Watts Bar.

(c) Aquatic biota - It

is TVA's judgment that there is no basis for assuming irretrievable

loss of aquatic biota owing to thermal discharges of the plant.

(d) Wildlife - No effects

on any area wildlife forms are anticipated from the limited thermal

discharges to Chickamauga Reservoir.

(e) t igatory ofish -vIt

has been judged that a barrier, in the strict sense of preventing

or significantly decreasing or retarding fish migration, will not

result from the cooling tower blowdown discharge due to the limited

amount of heat discharged.

(4) Chemical effluents - As discussed

earlier in section 2.5, the concentrations of chemicals to be dis-

charged from the Watts Bar plant will be within water quality standards

prior to discharge. No significant environmental costs are expected

from the chemical discharges to Chickamauga Reservoir.

(5) Radionuclides discharged to

water body - Doses are calculated according to the methods described

in Appendix E. Doses for the alternative system are derived from

the numbers listed in Tables 3, 5, and 6 of Appendix E by using

the scaling factor 5.4 which corresponds to the treatment without

tritium recycle. Tritium doses are included for annual releases

of 100 Ci for the system withtritium recycle and 1,590 Ci without

tritium recycle. Maximum annual dose rates or dose commitments

for each annual intake are 'reported. Population doses are

estimated for the entire Tennessee Valley region.

(a) Aquatic organisms -

Dose rates (rads/yr) are for internal and external exposure of

benthic invertebrates living in the vicinity of the Watts Bar

Nuclear Plant.
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(b) People - external -

The external dose rate to people involved in abovewater activities

(skiing, fishing, boating), inwater activities (swimming), and

shoreline activities has been calc'4ted. The external dose to

people involved in shoreline acttyiM:s is expected to be very

small. A precise estimate would b• 4eendent upon a variety of

factors, such as the distance a Petson is from the edge of the

water, and would be very complex. If the simplifying assumption

is made that all persons participating in shoreline activities

receive the same dose rate as a person boating or skiing, the

maximum dose rate to an individual present continuously is

estimated to be 2.4 x 107 rem/yr to the skin, and the population

dose is 7 x 10"4 man-rem/yr. This estimated individual dose rate

exceeds the more realistic estimates for abovewater activities and

inwater activities. The total population dose rate for the skin

dose for abovewater activities, inwater activities, and shoreline

activities is 1.7 x 10-3 man-rem/yr.

(c) People - ingestion -

Maximum dose commitments to the ttqrqd for the water and fish

pathways are shown for both the in4ividual and the population.

(6) Consumption of water - Although

estimated evaporation and drift loss rates total about 62 ft
3

/s (123

acre-feet per day), no significant effects on either downstream water

supplies or irrigation supplies occur due to the insignificant size of

these loss rates relative to average streamflow (26,h80 ft 3/s). Yearly

evaporative losses would be a maximum of 45,000 acre-feet.

(7) Plant construction -

(a) Physical water quality -

During the construction period there will be some dredging of material

in Chickamauga Reservoir. The use of closed-cycle cooling towers with

relatively small makeup water and blowdown water requirements will

result in smaller cooling water intake and discharge facilities than

for once-through cooling. This will result in correspondingly smaller

dredgingrequirements. All construction activity will be conducted so

as to meet all applicable water quality criteria. Thus, no dilution

volume in Chickamauga Reservoir is required.

(b) Chemical water quality -

Chemicals used during construction, including but not limited to

chemical cleansing agents, water treatment chemicals, and chemicals

used in sewage treatment, will only be released to Chickemauga Reservoir

in solutions with concentrations which meet Tennessee water quality

criteria. Thus, no reservoir dilution volume is required.

(8) Other impacts - No other significant

environmental effects have been identified.

(9) Combined or interactive effects -

There is no evidence to indicate that the combined effects of a number

of impacts on any population-or resource is not adecuately indicated

by the measures of the separate impacts listed above.

F-SD
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(10) Net effect on Chickamaugn Reservoir -

The construction and operation of the Watts Bar Nuclear Plant, considering

the alternatives utilized.to minimize environmental effects, is not

expected to have any noticeable effect on Chickamauga Reservoir. Neither

is it expected to prohibit any of the normal uses.of the reservoir.

2. Effects on ground water -

(1) Raising or lowering of ground water

levels - Water withdrawals for the Watts Bar plant should have no

effect on local ground water levels since relatively small quantities

of water are withdrawn and since Chi kamauga Reservoir water levels

are maintained according to TVA's rqs@ryoir operating guides. Normal

fluctuations in water levels in the reservoir are from elevation 675

in winter to elevation 682.5 in late spring. Minor local ground water

disturbances may occur as a result of plant construction, but no

permanent ground water level changes are anticipated.

(2) Chemical contamination of ground

water - Chemicals discharged from the plant are at such concentrations

when discharged that water quality standards are met. Within the Plant

tanks, drains, Pirelines, and transfer and storage lines are isolated

from the ground by concrete and other barriers. Thus, no chemical

contamination of ground water is exnected.

(3) Radionuclide contamination ofg2round

water -

(a) People - Dose ccomitments

for the annual intake of ground watr re based on the calculations for

the ingestion of Tennessee >,.±ver water (Table 3 of Appendix E). It is

assumed that the radioactivity concentration in ground water within

0.5 mile of the Tennessee River is 100 percent of that present in the

river. A conservative estimate of the human population drinrzing ground

water irithin 0.5 mile of the river is 26,000 persons between Watts Bar

and Paducah, Kentuclzy. The maximum population dose commitment (thyroid)

for an annual release of 0.92 Ci in the liquid effluent is 0.16 man-rem.

This dose commitment DC is obtained as follows:

27

DC = 1 Pi x A* x DC,
P L i
i=l ATi

where
Pi = population of coiunty i,

A. = county area, (mile2),

A= county area within 0.5 mile of the Tennessee River,

(mile2),

DC. = individual thyroid dose commitment calculated for a

public water supply in or near county i, (rem).

The maximum individual dose commitment is obtained directly from Table 3

of Appendix E.

(b) Plants and animals -

.Calculations of doses to aquatic plants and animals living in the

Tennessee River near the Watts Bar Nuclear Plant are described in

Appendix E. It is assumed that ground water within 0.5 mile of the

Tennessee River contains 100 percent of the radioactivity concentration
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present in the river. Therefore, doses to nlants and animals resulting

from the radioactivity concentration in the ground water will not exceed

those shown in Table 6 of Appendix E. The maximum annual dose of 0.3

mrad does not include the dose to benthic organisms from sedimentation

which is not appropriate in this case.

(4) Other impacts on ground water - No

other significant impacts on ground water have been identified.

3. Effects on air -

(1) Fogging and icing caused by

evaporation and drift -

(a) Effects on local ground

transportation - The analysis of effects on local ground transportation

of fogging and icing of the heat dissipation alternatives is based on

the procedural methods described in section 2.6. As indicated in the

sane section, natural draft cooling towers are not expected to have

any effect on ground transportation. Closed-cycle mechanical draft

towers could affect ground transportation 455 hours per year.

(b) Effects on air transportation -

Analysis of Paradise power plant natural draft cooling tower plume

behavior shows that the maximum extent of plumes or fogs from cooling

tower systems is about 5 miles. Since the nearest airport is located

about 9 miles southwest of the Watts Bar site, no interference with

commercial airport operation is anticipated.

-. (c) Local effects on water

transportation - Natural draft cooling towers have no effects on water

transportation. Analyses of the effects of mechanical draft towers

on river fogging are based on the procedural methods described in

section 2.6. These analyses showed that river traffic could be affected

730 hours per year when operating on closed-cycle mechanical draft

cooling towers.

(d) Effects on plants -

Vegetation should not be damaged by fogs or plumes generated by the

alternative cooling systems because daily exposure to excessive
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moisture should be of short duration (5 hours or less for all alter-

native schemes) and should occur most frequently during predawn and

postdawn hours, periods when vegetation is normally exposed to naturally

occurring high relative humidities and dew.

(2) Chemical discharge to ambient air -

Resulting annual average ambient pollutant levels due to gaseous

emissions from the plant's auxiliary boilers have been estimated

assuming combustion of 4.8 x 106 gallons per year of fuel oil

with 0.5 percent sulfur content. Resulting ambient levels for

shorter averaging time periods assume a consumption rate of 727

gallons per hour. The maximum levels, as percents of the ambient

air quality standards, are listed below:

released to the air are computed as described in Appendix F. The

maximum external dose to any organ, including the whole body, is the

dose delivered to the skin. This dose rate is presented for all

alternatives.

(b) People - ingestion -

'Individual and -population thyroid doses from the ingestion of iodine

released to the air are computed as described in Appendix F. This

dose rate is presented for all alternatives.

(c) Plants and animals -

The dose rate to plants and animals from radionuclides expected to be

discharged to the air is assumed to be the same as the external dose

rate to people.

" (4) Other impacts on air - No other

significant impacts on the air have been identified.

4. Effects on land -

(1) Preemption of land - Site land

requirements are about 967 acres for the base plant. Feasible alter-

natives for heat dissipation do not require additional land.

(2) Plant construction -

(a) Noise effects on people -

Ambient noise levels due to construction of the Watts Bar plant are

not expected to pose any problems to the surrounding population.

The surrounding land has a low population density which will minimize

the effects of construction noise.

Pollutant

Particulates

Sulfur dioxide

Carbon monoxide

Hydrocarbons

Nitrogen oxides.

Percent of Secondary Ambient Emissions in

Air Quality Standard Tons per Year

0.15 25.6

0.06 25.1

1.45 x 10-5

0.12

o.14

0.1

6.4

252.0

No odor originating from normal operation of the plant should be

perceptible at any point offsite.

(3) Radionuclides discharged to ambient

air -

(a) People - external - Individual

and population external dose rates from the nuclides expected to be

F-2F3
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(b) Accessibility of

historical sites - No historical sites are affected by the plant or

its transmission system additions.

(c) Accessibility of

archaeological sites - Areas of potential archaeological significance

at the Watts Bar site were identified in a December 1970 survey by

the University of Tennessee Department of Anthropology. Explora-

tions were performed in the summer of 1971, with additional explora-

tion planned. These explorations should prevent irretrievable

loss of any items of archaeological significance. Accessibility

for archaeological exploration after plant construction should

not be required.

(d) Wildlife - No effects

on wildlife are expected except for the dislocation of wildlife in

the immediate site area.

(e) Erosion effects - The

average amount of soil displaced by erosion due to construction

activities at the Watts Bar site is estimated to be about 700 tons

per year throughout the construction period. This estimate includes

the effects of direct erosion of cleared land and also the displace-

ment of dredge material in Chickamauga Reservoir. Additions of

combined-cycle cooling facilities could be expected to contribute

significantly more quantities of land erosion since the addition of

diffusers would require significantly more dredging.

(3) Plant operation -

(a) Noise effects on people -

Operation of the plant is essentially noiseless at the site boundary

except for the very infrequent operation of the air blast circuit breakers.

(b) Aesthetic effects on

people - Aesthetics cannot be quantified. The design of the Watts

Bar Nuclear Plant has as one objective the creation of harmony between

plant and environment. The architectural design and site development

should provide an aesthetically pleasing appearance and mitigate the

transition in land use of the project area from agricultural to

industrial.

(c) Wildlife - No effects

on wildlife are expected except for the displacement of wildlife in

the immediate site area.

(d) Flood control - The Watts

Bar project has no implication for flood control.

(4) Salts discharged in drift from cooling

towers - During normal operation the cooling water chemical content will

be approximately double the chemical content of the makeup water. 'How-

ever, following periods of low or no streamflow when blowdown is withheld,

the concentration factor will increase to about 4. Even at this level,

total dissolved solids concentrations will not exceed about 400 mg/l.

At these levels the cooling water will meet Tennessee Water Quality

Control Board's criteria of 500 mg/1 for dissolved solids. No

significant effects are expected from drift discharges from the towers.

(5) Transmission route selection -

(a) Preemption of land -

The Watts Bar plant will require 165 miles of new transmission lines.

New land area required for transmission line right of way is estimated

to be 3,165 acres. This land is not purchased in fee and only some

restrictions are imposed by the easements.
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(b) Land use and land value -

TVA attempts to locate new transmission lines so as to minimize the

total effect of the lines on the environment. As planned at Watts Bar,

no visually sensitive areas or areas of high population density are

to be crossed.

At this time none of the

transmission line right of way easements for Watts Bar Nuclear Plant

site has been acquired. Because of the location of the site only

rural farm, some rural nonfarm, and minor lake resort property will

be affected by lines emanating frcm the plant. On the basis of

continuing studies, these transmission lines will have no unusual

impact an property values.

Recent investigations revealed

no discernible loss in value attributable to the transmission lines

outside the right of way proper. The only measurable damage occurs

within the right of way where buildings axe prohibited. Investiga-

tions in other agricultural, residential, and industrial areas through-

out the TVA power service area show similar land value behavior

characteristics, and TVA anticipates no adverse effects by transmission

lines on land values from the Watts Bar Nuclear Plant. TVA can find

no evidence that the presence of the transmission line system will

inhibit orderly land development and normal transition in highest and

best use from agricultural use to residential, commercial, and

industrial use when future demands require such transition.

(c) Aesthetic effects on

people - In the siting of new transmission lines for Watts Bar, the

minimum of undesirable features has been sought. Unavoidable state,

U.S., and interstate highway crossings will number 17 and.major

river crossings will number 10. However, no crest, ridge, or other

high point crossings are expected. Also, no long views of trans-

mission lines, either perpendicular or parallelto major roadways,

are anticipated.

(6) Transmission facilities construction

(a) land adjacent to rights

of way - No permanent access roads are normally installed in conjunc-

tion with transmission line construction. Some existing field roads

and lanes are improved and are left for use by the landowners. The

lengths of such improved roads cannot be determined until lines are

designed, right of way easements are acquired, and the possibilities

of such roadways are discussed with the individual landowners.

(b) Iand erosion - The removal

of existing trees and shrubs will increase the potential for erosion

until new ground cover is pl anted and is well established. TVA

minimizes this potential by a policy of minimum soil disturbance and

speedy ground cover replacement during the transmission line construc-

tion phase.

(c) Wildlife - As

indicated earlier in section 2.2, the interface between a trans-

mission line right of way and forested land will often produce

or attract more kinds and numbers of animals than would occur
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in either habitat alone. No lasting adverse effects on animal

species or populations are anticipated during the brief construction

period.

(7) Transmission line operation .

(a) Land use - Approximately

25 percent of the new transmission line rights of way are presently

under cultivation and can remain in this use if the individual owners

so desire. An additional 50 percent is uncultivated open land. The

remaining 25 percent is woodland generally in poor quality timber.

As indicated in section 2.2, various uses of cleared rights

of way are permitted. The percentage of rights of way for which no

multiple use activities are planned cannot be estimated since indi-

vidual landowners have this option on their individual land holdings.

(b) Wildlife - Section 2.2

provides a discussion of wildlife effects. In summary wildlife

habitat is increased because of the interface between differing types

of vegetation on and off the rights of way.

(8) Other land impacts - The only other

impact identified is the property value effect of the addition of the

plant. To ascertain the effects of the site on property values in

the area the investigation has been limited to activity within a

5-mile radius of the plant site. Data for this area are relatively

incomplete prior to the middle 1960's, but some real estate transactions

date back to 1963. Eigb'. ;eal estate transactions studied lie

within the 5-mile radius. Fourteen of these occurred prior to plant

site announcement. Because of the small amount of data no presumptive

statistical evidence can be offered. However, home sites and farms

have traded in the area and an analysis of all the facts of the sales

indicate no measurable depreciation or appreciation has occurred subsequent

to the plant site announcement.

Although no measurable impact on

property values has occurred since announcement of the site location,

past experience indicates that initiation of construction and the atten-

dant influx of construction employees will probably have some effect

during the construction period. This effect will probably be temporary,

however, and whqn construction is complete, property values are expected

to return to normal levels. Many of the construction workers will

probably live in the nearby communities of Spring City (population

1,756), Dayton (population 4,361), and Rockwood (population 5,259).

These communities also may experience minor upward movement in property

values during the construction period.

In a recently completed study for

Browns Ferry Nuclear Plant site, no depreciation and little appreci-

ation was discovered after five years of activity which included the

major construction period for the plant. •The Browns Ferry study was

based on an adequate number of transactions and a time element adequate

to measure trends.
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(9) Combined or interactive effects -

There is no evidence to indicate that the combined effects of a number

of impacts on any population or resource is not adequately indicated

by the measures of the separate impacts listed above.

(10) Net effects on land - The net

effect of the Watts Bar Nuclear Plant on the land resource is the

commitment of 967 acres of land for the use of power production

during the plant's lifetime and the restriction on the use of 3,165

acres of transmission line rights of way during the lifetime of

these lines.

5. Cross category effects -

(1) Transportation - In a normal year

Watts Bar will receive about 10 truck shipments of new fuel; will

make about 130 truck, or 13 by rail, shipments of spent fuel;

and will mske about 30 to 35 truck shipments of radioactive wastes.

In addition, deliveries of fuel oil and chemicals will require receiv-

ing about 486 tank-truck shipments. The transportation requirements

for offsite disposal of tritium would be about 13 tank-truck shipments

per year, after its disposal is required around the seventh to twelfth

year of plant operation. The environmental review has demonstrated that

the transportation shipments to and from the plant, considering normal

and accident conditions, can be accomplished with a minimum impact.

(2) Accidents - A spectrum of postu-

lated accidents ranging in severity from trivial to very serious have

been divided into 9 classes by AEC. This characterization of accidents

by classifications brackets the qualitative assessment of environmental

costs and benefits. Table 2.3-2 of section 2.3 gives a summary of the

radiological consequences of the postulated accidents. This environ-

mental risk for the range of postulated accidents considering the

probability of occurrence indicates that the annual potential exposure

to the population from all postulated accidents is a very small fraction

of the exposure of the same population from natural background radi-

ation and, in fact, is well within naturally occurring variations in

background radiation levels.
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Table 8.2-1

WATTS BAR NUCLEAR PLANT - GENERATING AND ENVIRONMENTAL COSTS
(continued)

Plant with Minimal Current PlantAlternative Environmental Impact Design

1.2 Passage through 1.2.1 Primary Producers
the Condenser and Consumers - See Text
and Retention in Pounds Der Year
Closed-Cycle 1.2.2 Fish Mortality
Cooling System of Poundsh prtarPounds per Year *.

as Adults

1.3 Discharge Area 1.3.1 Physical Water
and Thermal Plume Quality - Btu/h 2.9 x 10 2.9 x 10C

Heat Rejection o
Acre-Feet of
Water Affected - See Text See Text
5.4*F Isotherm

1.3.2 Oxygen Depletion -
mg/l Decrease from
Ambient Dissolved See Text
Oxygen Concen-
trations

1.3.3 Aquatic Biota See Text

1.3.4 Wildlife - Acres
Affected by 0 0
Thermal Discharge

1.3.5 Fish Migration No Thermal Barrier No Thermal Barrier

*At makeup flow rate of: 60,000 gal/min - 1,552 lb/yr

25,000 gal/mi - 742 lb/yr

Table 8.2-1

WATTS BAR NUCLEAR PLANT - GENERATING AND ENVIRONN.ENTAL COSTS

Plant with Minimal Current Plant
Alternative Environmental Impact Design

Subsystems

Cooling Closed-Cycle Natural Closed-Cycle Natural
Draft Cooling Towers Draft Cooling Towers

Gaseous Radwaste Treatment Gas Absortiona or 60-Day Holdup
Cryogenic Distillation

Liquid Radwaste Treatment Filtration and Filtration and
Evaporation Evaporation 00

Generating Total Value (1972 dollars) $929.25 x 106 928.-95 x 106
Cost Annualized $ 79.73 x 106 $ 79.70 X 106

Environmental Effects

1. Natural Surface Chickamauga Reservoir
Water Body

1.1 Cooling Water 1.1.1 Fish Mortality See Text
Intake Structure

a. Minimum system with respect to primary impact to offsite population due to plant gaseous releases.



Table 8.2-1

WATTS BAR NUCLEAR PLANT - GFMERATING AND ENVIRONMENTAL COSTS
(continued)

Plant with Minimal Current Plant
Alternative Environmental Impact Design

1.7 Plant Construction 1.7.1 Physical Water
Quality -. Dilution 0 0
Volume

1.7.2 Chemical Water

Quality - Dilution 0 0

Volume

1.8 Other Significant Impacts See Text

1.9 Combined or Interactive Effects See Text

1.10 Net Effect See Text

2. Ground Water

2.1 Raising/Lowering 2.1.1 People - Gallons
of Ground Water of Water Affected 0 0
Levels 2.1.2 Plants - Acres

Affected 0 0

2.2 Chemical Con- 2.2.1 People - Gallons of

tamination of Water Contaminated 0 0

2.2.2 Plants - Acres
Affected 0 0

2.3 Radionuclide 2.3.1 People

Contamination rem/yr 2.0 x 10-5 2.0 x 10-5
of Ground Water man-rem/yr 0.16 0.16

2.3.2 Plants and Animals See Text

2.4 Other Impacts on See Text
on Ground Water

5o01

U-_

Table 8.2-1

WATTS BAR NUCLEAR PLANT - GENERATING XJD EINTI-MOW•NTAL COSTS
(continued)

Plant with Minimal Current Plant

Alternative Environmental Impact Desipn

1.4 Chemical 1.4.1 Chemical Water

Effluents Quality - Dilution 0 0
Volume to Meet
Standards

1.4.2 Aquatic Biota -0 0
Affected Population

1.4.3 Wildlife - Acres
Affected by Chemical 0 0

Discharges

1.4.4 People - Lost User 0 0
Recreational Days

1.5 Radionuclides 1.5.1 Aquatic Organisms - 0.13 0.13

Discharged to rad/yr

Water Body 1.5.2 People, External 7.-7 .4 x 10
rem/yr 2.11 x 10 72117 x 10

3

man-rem/yr 1.7 x 10-3 1.7 x 10--

1.5.3 People, Ingestion - 55 x 10-5 5.5 x 10-5

rem/yr
man-rem/yr 12 12

1.6 Consumptive Use 1.6.1 People - Acre-Feet . 10
(Evaporative of Water Evaporated 4.5 x 10 4.5

Losses) per Year

1.6.2 Property - Acre-Feet Same as Same as
of Water Evaporated 1.6.1 1.6.1
per Year

CD

\J1



Table 8.2-1

WATTS BAR NUCLEAR PLANT - GENERATING AND ENVIRONMNTAL COSTS
(continued)

Plant with Minimal
Environmental Ismact

Current Plant
Des iznAlternative

4. Land

4.1 Preemption of
Land

4.2 Plant Construction

4.1.1 Land, Amount, in 967
Acres

4.2.1 People, Noise See Text

4.2'2 People, Accessibility See Text
of Historical Sites

4.2.3 People, Accessibility See Text
of Archaeological Sites

4.2.4 Wildlife See Text

967

10

4.2.5 Land, Erosion See Text

4.3 Plant Operation 4.3.1 People, Noise See Text

h.3.2 People, Aesthetics See Text

4.3.3 Wildlife See Text

4.3.4 Land, Flood Control See Text

4.4 Salts Discharged 4.4.1 People See Text
from Cooling 4.4.2 Plants and Animals,
Towers Acres Affected 0

4.4.3 Property Resources -

Effect in Dollars 0 0
Der Year

Table 8.2-1

WATTS BAR NUCLEAR PLANT - GENERATING A1l)D ENVIRONrETAL COSTS
(continued)

Plant with Minimal Current Plant
Alternative Environmental Imnact Design

3. Air

3.1 Fogging and Icing 3.1.1 Ground Transporta-
Caused by Heat tion - Hours per 0 0
Dissipation System Year
Evaporation and 3.1.2 Air Transportation
Drift Hours per Year

3.1.3 Water Transporta-
tion - Hours per 0 0

Year

3.1.4 Plants - Acres
Affected

3.2 Chemical Dis- 3.2.1 Air Quality, See Text
charge to Ambient Chemical
Air 3.2.2 Air Quality, Odor See Text

3.3 Radionuclides 3.3.1 People, External

Discharged to rem/yr 4.2 x 10-3 6.6 x 10-3

Ambient Air man-rem/yr 6.2 13

3.3.2 People, Ingestion
rem/yr 3.3 x 10- 3.3 x 10-
man-rem/yr 5,4 5.4

3.3.3 Plants and
Animals - rad/yr 4.2 x lO-3 6.6 x lo O

OD

CD

3.4 Other Impacts on See Text
Air
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Table 8.2-2

WATTS BAR NUCLEAR PLANT

ALTERNATIVES FOR GASEOUS RADWASTE SYSTEM

0.
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Alternative
Gaseous

Radwaste
System

Incremental
Generating
Cost
(thousands
of dollars)

45-Day* 60-Day
Holdup Holdup

base 100

Cryogenic Gas Hydrogen
Distillation" Absorption Recombiners

COSTS WHICH VARY FROW BASE PLUNIT

-.1 ON

0.
H

'-'C
a

(0

0
0

:j
0

0.
O0.
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0
0
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0
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aM I a 1I2a Ia
C3 13 H3

Caa

H
CD
14
H

C3

>4

'A
H

ON

'A

a0 C

P, ~

Dosage Rates
to People
from External
Contact

rem/yr 7.0x1O-
3 

6.6x10-3

man-rem/yr 14 13

Dosage Rates.
to People
from Ingestion

rem/yr 3.3x10-3 3.3x10-3

man-rem/yr 5.4 5.4

Dosage Rate
to Plants and
Animals

rad/yr 7.0xlO-
3

6.6x10-3

4.2xlO-
3  h.2xlO-3

6.2 6.2
6.6xi0-3

13

3.3x10-3" 3.3xlO-3 3.3x10-3
5.4 5.4 5.4

14.2xlO-3 4.2xlO-
3 6.6xlO7

3

*A 45-day radioactive gas holdun time period was originally proposed*

in the equipment to have been supplied with the nuclear steam supply
system, but in order to minimize radioactive releases, alternative
gaseous treatment systems were analyzed and 60-day holdup selected.

0
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Table 8.2-3

WATTS BAR NUCLEAR PLANT

ALTERNATIVES FOR HEAT DISSIPATION SYSTEM

COSTS WHICH VARY FROM BASE PLANT

Alternative
Heat Dissipation

System*

Estimated Incremental
Generating Cost
(thousands of dollars)

Reservoir Heat Input
(Btu/h)

Water Consumed
(acre-feet/day)

Transportation Affected
(h/yr)

Ground
Water

Additional Land

Required (acres)

Erosion (tons/yr)

Natural Draft
Cooling Towers
Closed-Cycle

41,6oo

2.9 x 108

123

0
0

0

700

Mechanical Draft
Cooling Towers
Closed-Cycle

42,600

2.9 x 108

123

44.5
730

0

700

Cooling
Lake

1.5 x 108

62

0
0

>2100

1000

8.3 Weighing and ,::>mncing of Alternative Generation. Alternative

Sites, and Alternative Subsystems - In planning for a power system

electrical capacity addition the alternatives which are usually available

are alternative forms of generating capacity, alternative sites for

locating the capacity addition, and alternative design concepts in

major plant systems.

1. Alternative generating capacity - An analysis

of the alternatives for generating capacity addition in the time

period when the Watts Bar plant is planned is given in section 4.i.

Based on this analysis, TVA decided that the nuclear generating capacity

addition was more acceptable from the standpoint of economic and

environmental impacts.

2. Alternative sites - An analysis of alternia-

tives to the Watts Bar site is given in section 4.2. A summary of the

pertinent physical features of the sites considered is given in Table

4.2-1.

The Watts Bar PSAR has been submitted to ABC and

other licensing procedures are underway and since no alternative site

has been found which is more suitable than the Watts Bar site for

the location of this plant TVA judges that there are no substantial

environmental risks associated with the Watts Bar site. Consequently,

TVA has concluded that the Watts Bar site is a suitable location for

this 2-unit plant and is the site which provides the best opportunity

for meeting TVA's power supply obligations in the late 1970's.

3. Heat Dissipation - At the outset of designing

the Watts Bar plant it was realized that there was a high probability

*Also considered were a spray canal and a once-through cooling system with
a diffuser discharge. These were daeow be infeasible early in the
environmental review process.

**Considerably greater than the other altrnatives. No detail cost
estimates available.
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that more stringent thermal water quality standards would be imposed

than the lOF temperature rise and 93°F maximum temperature then

proposed by the State of Tennessee. Additionally, it was realized

that the site's proximity to the Watts Bar Dam would result in some

periods of time with zero or near zero waterflow rates past the

plant. Thus a once-through cooling system with a diffuser was elimi-

nated due to infeasibility early in the-4n ¶~nmental review process.

The other alternatives given early consj¶pptIon were natural draft

and mechanical draft cooling towers, a spray canal, and a cooling lake.

Details on these alternatives are given in section 2.6.

Analyses were performed using the folloving factors

as a basis: feasibility, environmental considerations, and economic

considerations. The analyses were carried to the extent required to

determine the acceptability of each alternative when considering these

factors. This resulted in a complete analysis of only the cooling tower

alternatives.

Estimates of environmental impacts were made as

discussed above in section 8.2. The results are summarized in Table 8.2-3.

An investigation of a spray canal showed the only

location to be in an area restricted by a high ridge which would adversely

affect performance, thus it was concluded t the spray canal could only

be effectively utilized to augment a cool4ng lake.

The cooling lake concept required remote location

from the plant, which would have resulted in high environmental costs.

Thus this design concept was considered environmentally unacceptable.

A comparison of the closed-cycle natural draft

and mechanical draft cooling tower alternatives was made. The

principal disadvantages of the mechanical draft cooling towers when

compared to natural draft cooling towers are the possible higher

frequency for fogging and icing and higher noise levels and the

additional cost of one million dollars. Since construction is to be

concurrent with the remainder of the plant, the shorter construction

time of mechanical draft towers was not a significant factor in the

decision as to type of tower to be utilized. Thus TVA concluded

that the-natural draft cooling towers-offer the best alternative for

heat dissipation at Watts Bar.

4. Gaseous radwaste system - As discussed in

section 2.4, the initial nuclear steam supply system design cpncept

for the gaseous radwaste treatment system was to provide a 45-day

holdup period to permit decay of radioactive gases.i It was realized

that there were potentials for reducing expected dose rates by a

cnange in design concept. Thus during the environmental review

process the following alternatives were evaluated:

1. 45-day holdup

2. 60-day holdup

3. Cryogenic distillation

4. Gas absorption

5. Hydrogen recombiners

Table 8.2-2 presents an evaluation of these

alternatives. As shown in the table, the 60-day holdup system, at

a cost of $100,000 over the 45-day holdup system, assuming 0.25 percent

fuel defects, results in an external annual dose rate to people of

6.6 mrem, a reduction of 0.4 mrem from that of the 45-day holdup
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sy:3tem. The use of a cryogenic distillation system at a cost of

$6OO,OOO, or of gas absorption or hydrogen recombiner systems at

$40'),000 each, would result in dose rates of 4.2, 4.2, and 6.6

sirem, respectively. Neither the cryogenic distillation or gas

absorption systems has demonstrated performance and reliability in

nuclear plant service. The cryogenic distillation system, while

proven for industrial applications, is a complex system which could

experience operating problems and presents the potential for

ac.cidental release of concentrated waste to the environment. The

only experience to date with the gas absorption system has been.

with bench and pilot size systems. The hydrogen recombiner system,

as indicated above, gives no significant reduction in dose rates

over the 60-day holdup.

Based on this analysis TVA has concluded that the

20f-day holdup alternative, which results in a dose rate of 6.6 mrem

ner year, represents the best balance of economic cost, reduction in

en'-ronmental impact, and feasibility, TVA believes the benefits to

ne aisned by further reducing the radioactive gaseous releases are not

c-mmensu)rate with the cost associated with the reduction. The very

lour "fence post dose" of 6.6 mrem per year is less than the numerical

gusic.ce provided by the proposed Appendix I to 10 CFR Part 50. It

also represents only about 5 percent of the naturally occurring

h ckeground dose.

5. Liquid ra'dwaste treatment - As indicated in

cci 2.4, the use of tritium recycle and extended treatment of

steam generator blowdown will hold release of radioactive liquids

to the lowest practicable level. Table 8.3-1 indicates the different

doses expected as a result of either recycling or not recycling

tritiated water. As indicated in section 2.4, TVA is continuing

the analysis of tritium recycle and its potential for producing the

minimum environmental effect.
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Table 8.3-1

LIQUID RADWASTE SYSTFJ4 ALTER3ýITIVES

Radwaste System

Without 7 With
Tritium Recycle Tritium Recycle

Annual Doses from Radionuclides
Discharged to the Tennessee
River

Humans (external)
rem
man-rem

Humans (ingestion)
rem
man-rem

Aquatic Organisms
rad

2.7 x 10O
5.4 x 10-3

3.0 x 10-4
69

0.70

5.0 x 10-8
.0 x lO-3

5.5 x 105

12

0.13

9.0 CONCLUSION

This environmental statement reflects the manner in which TVA

has innorporated environmentat considerations into the decision-making

process for the Watts Bar Nuclear Plant.

The plant will interact with the environment in three principal

ways: (I) release of minute quantities of radioactivity to the air and

water, (2) release of minor quantities of heat to Chickamauga Reservoir

and major quantities to the atmosphere, and (3) change in land use from

farming to industrial. Alternatives to minimize adverse environmental

impacts have been considered, and changes have been made in heat dissipa-

tion and radioactive waste treatment systems to redu.ce impacts to a

minimum practical. level. In addition, construction methods will be

employed which minimi:e adverse impacts.

The plant as now designed closely approaches a minimum impact

plant and can be constructed and operated without significant risk to the

health and safety of the public.

Addition of the Watts Bar Nuclear Plant to the TVA system will

enable TVA to continue to carry out its statutory responsibility to provide

an ample supply of electricity for the TVA region.

After weighing the environmental costs and the technical, economic,

environmental, and other benefits of the project and adopting, alternatives

which affect the overall balance of costs and benefits by lessening environ-

mental impacts, TVA has concluded that the overall benefits of the project

far outweigh the monetary and environmental costs, and that the action

called for is the construction and operaton of the Watts Bar Nuclear Plant.

Annual Doses from Radionuclide
Contamination of Ground Water

Humans (ingestion)
rem
man-rem

1.1 x i0"4
0.93

2.0 x 10-5
o.16
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Appendix A

RADTOIOGICAL ANALYSIS FOR TRANISPORTATION

OF SPENT FUEL AND RADIOACTIVE WASTE

1. Normal shipment - The direct external radiation

dose from the normal shipment of irradiated fuel elements and radio-

active waste has been estimated.

Three cases are considered. These cases are:

(1) the dose rate versus distance from a stationary shipping container

under normal conditions; (2) the dose to an individual from the passing

shipping container; and (3) the population dose due to the passage

of the shipping container.

The dose rates and doses are estimated by considering

the source to be an isotropic point source located at the centerline

of the shipping container. The source strength, I, produces 10 mrem/h

at 6 feet + RN, where R. is the container half thickncss. The average

gamma-ray energy is calculated to be about 1 MeV.

The dose rate as a function of distance from the

shipping container is calculated by

DR = I e-ur B(E, Z, ir) (1)
R2

A-2

B(E, Z, tr) = linenr buildun factor for air and is given by

1 + Kur , (2)

where
UJ-Uen

Ven

and Ven is the linear energy-absorption coefficient.

The results of the dose rate calculations for a stationary shipning

container are shown in figure A-2.

The total dose delivered to an individual at a

given distance from the centerline of the right of way by a passing

shipping container is calculated by

(d) /DR Adt (3)

where

dt = L
v

and

where

I = source output, (memt)

r = source to receptor distance, (ft),

= linear attenuation coefficient, (ft'), = 2.5 x 10-3 ft-

x = the distance along the shipping route, (ft),
ft

v the velocity, F-

therefore,

D(d) 21
= 

T
o 7 B(E, Z, jpr)dx

where
source output f

II=

r = (x
2 

+ d
2

)1/2, (ft),

d = the distance normal to the centerline of the container's

line of travel at which a person is located, (ft),

B(E, Z, pr) and v are as defined for equation 1.

(4)
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The dose to an individual at varying distances, d, from a passing shinning

container is given below.

d (ft)

100
200
350
600

1,000
1,500
2,200

Dose (r aem)

2.9 x, lO_4
1.0 X 10
5.9 x I0-6
9.7 x l0-6

x 107

5.. x 10

The population dose within 1/2 mile of the route

of travel is calculated by considering the integrated dose at 6 intervals

between 100 and 2,6h0 feet from the right of way centerline. The comDu-

tation is based on the assumption that 100 people Der square mile are

uniformly distributed along the route of travel. Using these assump-

tions a population dose of 1.59 x 10-6 man-rem/mi per shinment is

calculated.

In these calculational estimates, the attenuation

due to manmade structures, trees, and other scatterers and/or absorbers

is not considered.

2. Transportation accident - The orincipal potential

environmental effects from an accident involving irradiated fuel are

those from direct radiation resulting from increased radiation levels

and from gaseous release of noble gases and iodine.

-The direct external radiation dose rate from a

transportation accident has been evaluated. Under accident conditions

the dose rate shall not exceed 1,000 mrem/h at 3 feet from the container

surface. The dose rate is estimated using equation l and a source'

strength which produces 1,000 mrem/h at 3 feet + R . The results are

shown in figure A-3.

It is assumed that there would be no gaseous

releases without a substantial quantity of decay heat in the shipping

container plus the addition of external heat such as from a fire. Thus,

it is assumed that the thermal currents surrounding the container carry

any released fission gases to a height of 10 meters before they are

dispersed in the environment. Doses to the whole body, skin, and thyroid

have been calculated and are plotted vs. distance in figure A-4. Thede

dose curves represent the envelope of the doses for Pasquill

stability conditions A through F with a wind speed of 1 m/sec.- For a

specific accident (with a wind speed of 1 m/see and for one particular

Pasquill stability condition) the maximum doses would be equal to the

"plateau" doses shown in figure A-4 but the "plateau" doses would not

prevail over the entire range of distance between 50 and 1,300 feet.

For wind speeds in excess of 1 a/sec the doses would be lower than

shown in figure A-4 by a factor equal to the reciprocal of the wind

speed.. Assuming a person stands 50 feet from the cask during the entire

accident, the resulting whole-body dose is about 2 mrem, the skin dose

is about 86 mrem, and the thyroid dose is about 5 rem. Assuming an

average population density of 100 persons per square 'mile, the whole

body dose due to gaseous releases is 0.07 man-rem, the population

skin dose is 2.5 man-rem, and the iodine inhalation population dose is

150 man-rem. TVA considers the average population to be the most

realistic number to use in analyzing transportation accidents because

of the small fraction of the total distance traveled in high population

density areas and because accidents in such areas generally occur at

lower speeds and therefore would be less severe.
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Doses to n truck driver :-,ho remains ;jear the tt,°uok

Aur'•ir a transportation accident are nbout 2 mrem to; the whole body,

about 86 millirems to the skin, end about 5 re.m to the thyroid. The

whole-body dose to the driver due to direct radiation from the shipping

cask can be estimated from figure A-3.

Consideration has been given to the radiological

impact of the shipment of tritiated water. The low-energy radiation

from tritium will be shielded by the shipping container and will not be

a source of radiation exposure during normal transportation. Calcula-

tions have been performed for an accidental release of the entire con-

tents of a 3,700-gallon container of tritiated water with a tritium

concentration of 2.5 uCi/cc. A conservative upper limit for the result-

ing radiation dose is computed by assuming that all of the tritium

evaporates into the atmosphere and is blown directly to an individual

who remains at the maximum dose point for the entire period of release

to the atmosphere. With these assumptions the maximum whole-body dose

is computed to be 260 mrem, which is less than the annual dose limit

to an individual in the general public specified in 10 CFR Part 20.

This dose decreases rapidly with distance, as shown in figure A-5, and

at 600 feet is 10 mrem. Figure A-5 has been prepared assuming Pasquill

stability condition F and a wind speed of 1 mi/sec. For Pasquill stability

condition A through E and wind speeds of 1 m/sec, the dose at 50 feet.

from the cask will be about the same as shown in figure A-5 (260 mrem) but

the doses at downwind distances beyond 50 feet would be lower than shown

in the figure. For wind speeds above 1 m/see, doses may be predicted by

multiplying the doses calculated for a wind speed of 1 msee by a factor

equal to the reciprocal of the wind speed. If a uniform average population

density of 100 persons per square mile is assumed, the population

dose within 50 miles is less than 0.050 man-rem.

250 f-t. 0 ft 100 ft - 2,5

SI hipping
Container

pulation Density9 tJ 0.1 mrem/h

Railroad
orVYYY

Highway.

When Container is moving at 20 mph:

Maximum Individual Exposure = 0.00029 mrem/trip
Average Individual Exposure 0.000016 mrem/trip

* Assume 100 persons/mi2 for spent fuel shipments and

for radioactive waste shipments.
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Appendix B

RELATION OF 10 CYR PART 71 ACCIDENT REQUIREMFNTS
TO ACTUAL SHIPPING ENVIRONMENT

1. Performance requirements of 10 CFR Section

71.36 - The domestic transportation of radioactive materials is regu-

lated at the Federal level by both the Atomic Energy Commission and

the Department of Transportation. The primary aim of the regulations

is, of course, to protect the public by rigorously restricting the

amount of radiation to which people are exposed. The regulations given

in 10 CFR Section 71.36 are written in terms of performance specifica-

tion requirements for hypothetical accident conditions.

The question has been raised as to the adequacy of

the 10 CFR Part 71 accident requirements in simulating the actual condi-

tions to which a container might be subjected as a result of an accident

under transport conditions. The following discussion, is directed toward

relating thd 10 CFR Part 71 accident conditions to similar conditions

which might be experienced as a result of a transportation accident.
1

Although this discussion is concerned with the IF-300 shipping cask

which will be used at the Browns Ferry Nuclear Plant, either the IF-300

or a cask capable of meeting identical criteria will be used at Watts

Bar Nuclear Plant.

It should be noted that there is a wide margin of

safety in the container design itself. The container is required to

withstand the accident conditions imposed pursuant to 10 CFR Part 71

with only relatively minor damage to the container and no release of the

contents except for a small amount of coolant and a. small quantity of

noble gases. For example, the IF-300 shipping cask is designed to absorb

the total effects of the impact with only minor deformation of the outer

fins that have been provided for impact protection. No credit is taken

B-2

for deformation of the outer steel shell. Thus, because of the relative

strength of the shell as opposed to the impact energy absorbing fins,

there.is a wide margin between the damage that would bd experienced by

the cask in absorbing the energy of the 30-foot free fall and that which

would be required to breach the container such that there could be a

release of the radioactive contents. It is estimated that the amount

of energy involved to sustain a significant breach would be from five

to ten times that which the cask experiences in a 30-foot free fall.

Thus, as pointed out below, it is unlikely that the.

casks will experience conditions as severe as those imposed by the 10 CFR

Part 71 requirements and, in any event, conditions far more severe than

those would be required to result in a substantial breach of a container.

As shown in the analysis below, the proposed tests are representative of

conditions at least as severe as those which would be experienced by

containers in transport. Further, since the tests are required to be

applied to the containers in sequence, the cusulative severity of

conditions to which the containers are subjected in all probability

far exceeds that to which the containers would ever be subjected as

a result of an accident in the course of transportation. It is highly

improbable that a container would be subjected to conditions as severe

as even one of these conditions, let alone all three, in the sequence

provided for in the test.

(1) 3d-foot free fall - The shipping cask

is required to withstand a 30-foot free fall onto an essentially unyielding

surface. This requires that all the energy of the impact be absorbed by

deformation of the container. In addition, the container impact must be
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considered from all possible orientations to assure that the impact

protection provided is adequate regardless of the orientation of the

fall. Based on previous design experience, it is estimated that a

shipping cask will decelerate (stop) upon impact within a distance of

2 to 8 inches. To provide a basis for this comparison it has been

assumed that a shipping cask would decelerate completely within 6 inches

after impact with the unyielding surface. Table B-1 shows a comparison

of the various forces whici would be generated by the stopping of the

shipping cask, an overweight truck, or an automobile traveling at

various speeds upon striking an unyielding surface.

As indicated in the table, a 45,000-lb

shipping cask traveling at 30 mi/h, which is the terminal velocity

following a 30-foot free fall, would create 2,700,000 pounds of force

if stopped within a distance of 6 inches. A 130,000-lb cask, which is

equivalent to the IF-300, would generate about 7,800,000 pounds of

force. A loaded truck, weighing 75,000 lb and traveling at 60 mi/h,

coaing in contact with the unyielding surface is assumed to decelerate

within 10 feet. Under these conditions, the truck would generate a

maximum of 900,000 pounds of force, or about one-third of the force

that would be generated by the 45,000-lb 'cask as a result of the .30-foot

free fall. Likewise, a 5,000-lb automobile traveling at 80 mi/h hitting

an unyielding surface is assumed to stop in only 5 feet which would

generate about 220,000 pounds of force. Thus, it is seen that typical

objects which the cask might encounter would generate substantially

less force than the shipping cask because of the relatively weaker

sections of their structures and the greater distance required to

decelerate those bodies.

second area of concern is the shipping

cask colliding with stationary objects such as bridge abutments, etc

In this regard, it should be noted that even heavily loaded trucks

contacting such stationary objects generally severely damage the object

and displace it by some measurable amount. Therefore, these stationary

objects generally cannot be considered as unyielding surfaces for the

purposes of assessing the effects of a shipping cask impact. As

demonstrated in Table B-1, the force developed by the shipping cask

would be far greater than that developed by even a loaded truck, and

thus the displacement of the "stationary objects" would be even greater
than that encountered in a truck type accident. Additionally, these

impacts with the shipping cask assume that the shipping cask contacts

the surface with the center of gravity directly behind the point of

impact and in the line of travel such that the maximum force is exerted

on the cask. In all likelihood, a shipping cask contacting such surfaces

would strike a glancing blow in which case the energy required to be

absorbed by the shipping cask would be greatly diminished over that

which would result from a direct impact.

The required analysis of a 30-foot drop
onto an essentially unyielding surface adequately provides for force

to which a cask might be subjected as a result of a transportation

accident. Therefore, as a result of these conditions and the ruggedness

of the cask, the possibility of encountering a transportation accident

of sufficient severity to result in rupture of the container has an
extremely low, if not incredible, probability.
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(2) 40-inch drop test - The [10-inch puncture

test requires that the cask be dropped from a height of 40 inches, with

the center of gravity directly above the point of impact, onto a 6-inch

diameter pin of sufficient length to puncture the container but without

allowing the puncture of even the outer shell of the vessel. The formula

for analysis of this condition was developed at Oak Ridge National

2
Laboratories and other places based on extensive testing of steel

and lead shipping containers.

In regard to the relationship of this

test to the transportation environment, it was originally intended that

the 6-inch diameter pin would approximate that of the end of a rail

for rail transportation accidents. It should be noted that the puncture

so specified would require that the cask hit the pin exactly perpendicular

to the cask surface. Any deviation from this would result in a substantially

reduced loading on the side of the cask and enhance chances of deflection.

'Further, the pin must be long enough to penetrate through the walls of

the container, which would require damage to the contents. In most cases.

this would require that the pin be approximately 12 to 18 inches in

length. However, if the pin is much longer than this, it becaues

doubtful that the column strength of the pin is sufficient to rupture

the container without buckling of the proposed pin.

It should be noted that the containers

are required to pass the puncture test without rupture of even the

outer shell. As generally, there ,4is a heavy outer shell backed up

by several inches of shielding material followed by an inner steel

shell, there is a wide margin between the damage that the container

B-6

would sustain as a result of the requiied puncture test and that which

would be required to rupture the inner vessel such that there could

be dispersal of the radioactive contents. This test prdvides conditions

at least as severe as those to which a container would be subjected as

a result of a transportation accident.

(3) 30-minute fire test - The 30-minute

fire test was proposed as that to which a container would be subjected

as a result of large open burning of petroleum such as diesel or jet

fuel. In this regard it should be noted that the test conditions require

that it be assumed that the cask is perfectly surrounded by a uniform

heat flux corresponding to a thermal emissivity of 0.9 at a temperature

of 1475
0
F. In actuality, the cask will most likely by lying on the

ground near the cooler part of the flames such that it is not surrounded

completely by the fire environment. Further, while there may be individual

flame -temperatures hotter than the proposed 1475°F, the average flame

temperatures will not exceed these values. As evidenced from pictures

of large fires, it is unlikely that a container the size of a large

shipping cask would be completely engulfed in flames due to lack of

the required quantities of combustible materials, winds which tend to

blow the flames away from the container, and other factors which act

to reduce the idealized conditions assumed for compliance with the

10 CFR Part 71 requirements. It is felt that the test conditions

proposed in the regulations provide adequate, if not more severe,

simulation of the fire conditions to which a container might be

subjected during the course of transportation.

(4) Conclusion - In summary, the casks

are designed to meet the requirements of applicable regulations, and

it is unlikely that accident conditions more severe than those postulated

in the regulations would be encountered.
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Table B-i

IMPACT ACCIDENT COMPARISON

Appendix C

Initial Stopping Deceleration OZONE PRODUCTION AND ITS POTENTIAL EFFECTS

Weight Velocity Distance Force

ObJect (1b) (mi/h) (ft) Gs(1b)

Cask 45,000 30 0.5 60 2,700,000 This report summarizes and references the literature on the

Cask 130,000 30 0.5 60 7,800,000 characteristics of ozone and its potential effects on plants, animals,

Truck: 75,000 60o 10.0 12 900,000 and man. Natural sources of ozone are compared with reference values

Car 5,000 80 5.0 44 220,000 of the quantities measured during tests on EHV transmission lines.

Ozone quantities are also compared with the "Community Air Quality

Guides"
1 

and the "National Primary and Secondary Ambient Air Quality

Standards"'
2 

for oxidants.

1. Ozone characteristics and potential effects

on plants, animals, and man - The characteristic pungent odor of ozone

can be detected at very low concentrations (0.02 to 0.05 ppm depending

on individual acuity). At somewhat higher concentrations (0.05 to

0.10 ppm) the odor becomes more pronounced and disagreeable. Ozone

is one of the most powerful oxidizing substances known and combines

readily with many materials.

Ozone is not considered to be injurious to vegeta-

tion, animals, and humans unless concentrations exceed about 0.05 ppm

over prolonged periods.1 Extremely sensitive varieties of tobacco

can be injured after about 8 hours of exposure of 0.05 ppm ozone or

a 1-hour exposure of 0.07 ppm.
1

'
3 

Most other vegetation, however,

can withstand exposures exceeding 0.10 ppm for 8 hours without injury.
1

'
3

Mice exposed to ozone levels of 0.08 ppm in the laboratory for 3 hours

which were then infected with streptococcus experienced a 23 percent

increase in mortality rate.4 TVA is not aware of any similar
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correlation studies of reduced tolerance to diseases versus ozone

exposure which may have been made for humans. Most humans generally

experience discomfort from ozone's unpleasant odor by the time con-

centrations approach 0.05 ppm.4 Spectrograph operators who have

experienced intermittent exposures of ozone concentrations in the

range of 0.10 to 1.00 ppm over ' 2-week period complained of shortness

14
of breath and continuous headaches. The visual acuity of humans can

be reduced by prolonged exposures of 0.20 to 0.50 ppm.
3 

Technical

literature dealing with possible ozone-induced chromosome aberrations

extrapolated from animal studies indicated that presently permitted

ozone exposure would be expected to result in break frequencies that

are-orders bf magnitude greater-than those resulting from permitted

radiation eiposures.5' The recent "Community Air Quality Guide"
1 

issued

for ozone by the'American'Industrial Hygiene Association after con-

sideration of the radiomimetic nature of ozone and the heed for a

realistic limit recommended an upper concentration limit of 0.05 ppm

for not more than 1 to 2 hoýrs per day to protect very sensitive

plants and an exposure limit-df 0.1 ppm/h/d on the average during any

year if human health is not to 'be significantly impaired during a

lifetime 6f exposure. By'projecting observed impacts from experi-

mental ozone exposures of Chirese hamsters, one observer estimates

that even these levels could possibly produce about 1,270 times more

lymphocyte chromosome breaks'than the maximum permitted occupational

radiation exposure•5.

2. Natural ozone sources - Ozone is formed in

nature-by the dissociation action of solar ultraviolet radiation below

2,450A on the oxygen molecules present in the atmosphere. Peak

natural-formed concentrations of ozone as high as 11 ppm or more have

been measured in the stratosphere; however, chemical, photochemical,

and catalytic reactions tend to destroy the major portion of the ozone

at ground levels where peak natural-formed concentrations would be

expected to exceed 0.05 ppm only under rare circumstances, i.e., about

1 percent of the time. Average ground-level concentrations of

naturally formed ozone is estimated to be about 0.01 ppm in the United

States.4

The actual instantaneous values for any specific

location can vary from less than 0.01 ppm to over 0.05 ppm, depending

on altitude, meteorological factors, geographical latitude, time of

day, and time of year. Figure C-1 illustrates how ozone concentra-

tions vary with altitude; however, vertical air currents constantly

change the distribution, pattern, and magnitude of peak concentrations

from those indicated. Similarly, figures C-2 and C-3 illustrate

the magnitude of the diurnal variations which can occur between day-

time ozone levels produced by the sun and nighttime levels when ozone

tends to dissociate to its original oxygen form. The implications of

figure C-2 will be discussed in greater detail later as it relates

to theenvironmentally insignificant levels of ozone produced by

transmission lines. Lightning is another natural phenomenon which

produces large instantaneous quantities of extremely localized ozone;

however, this accounts for very little of the total ozone existing in

nature.
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3. Ozone generation by transmission facilities

and other potential sources - Ozone may be generated by any corona or

electrical discharge in air or other oxygen medium. Quantities pro-

duced are dependent on the severity of the discharpe and the quantity

of oxygen in the energy envelope. Ozone may, therefore, be generated

in undetermined quantities by motors, circuit breakers, electric

welding torches, plasma sources, ultraviolet and fluorescent lamps,

appliances, switches, transmission lines, or any other device which

produces corona or electrical discharges.

Corona discharges can increase as a result of

abrasions, foreign particles or sharp points on electrical conductors

and electric equipment, or incorrect design which produces excessively

high potential gradients. However, the design and construction of

TVA transmission facilities minimize corona discharges and arcing.

TVA specifications require that transmission line hardware and elec-

trical equipment for operation at 500,000 volts be factory tested to

assure as near corona-free performance as possible up to maximum

operating voltage levels.

An extensive field-test program of detection of

ozone in the vicinity of 765-kV lines has recently been completed,

and full details and conclusions were incorporated in papers

submitted for presentation at the 1972 IEEE Summer Power Meeting, San

Francisco, July 1972.697 Tests were conducted by Battelle Memorial

Institute at 20 locations and under a variety of meteorological con-

ditions, including several tests in which the instruments were placed

as close as 6 meters downwind from the energized 765-kV conductors,

at the conductor height. Ozone, NO., and Corona-loss measurements

were simultaneously conducted under contract to AEP at the Westinghouse

EHV Laboratory at Trafford to measure the rates of ozone and NOx pro-

duction from full-scale conductor bundles which could be operated at

765 kV.8 Diffusion models developed from these tests agreed closely

with the actual transmission line measurements. No ozone contribution

to the natural ozone levels was detected which could be attributed to

the transmission lines.

Under these tests sponsored by the Electric

Research Council and jointly financed by the Edison Electric Institute

and the Bonneville Power Administration, the General Electric Company9,10l112

is conducting transmission research in the 1,000-kV to 1,500-kV range.

As a result of questions posed about the possible levels of szone

generation from the UHV configurations, ozone was monitored at the

project. Figure C-2 shows ozone concentrations during the time the

UHV test line was energized and deenergized over a 2-week period and

graphically illustrates the following conclusions:

"From the results, it was evident that sunlight on a clear
day is a more efficient producer of ozone than UHV lines,
and any amounts created by the lines were so small that they 13
were lost in the background produced by the sun's radiation."

h. Conclusion - No significant adverse effects

on vegetation, animals, or humans (including any significant increase

in chromosome aberrations) are expected to result from possible levels

of ozone production attributable to transmission facilities for trans-

mission voltages up to 765 kV. It is concluded that any levels of
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ozone that can reasonably be expected to be generated by TVA's trans-

mission facilities (500-kV maximum voltage), either resulting from

normal transmission operations or following breaker or switching opera-

tions for the periods and the levels that they could be expected to

persist, are environmentally inconsequential to humans, animals, or

vegetation.
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Appendix D

OUTLINE OF ACCIDENT ANALYSES

1. Introduction - This appendix describes the

evaluation of the environmental impact of postulated occurrences and

accidents for the Watts Bar Nuclear Plant. This evaluation follows the

guidelines given in the AEC document, "Scope of Applicants' Environmental

Reports with Respect to Transportation, Transmission Linvs, and Accidents,"

issued on September 1, 1971, and the guidance provided by the AEC for the

consideration of accidents in December 1971. As shown in Table D-1, the

results of this evaluation demonstrate that the consequences of the postu-

lated accidents and occurrences have no significant adverse environmental

effects.

The postulated events are divided into the nine

accident classes as shown in Table 2.3-1. The events analyzed in each

class are those identified in Reference 1. Assumptions not specified

in Reference 1 have been selected on the basis of using the most

realistic values consistent with the present state of knowledge.

In the following pages, the individual events are

described with emphasis on the routes of escape of activity to the

environment, and the equipment and structures which contain the activity.

Indications of the probable frequency or probability of occurrences

of the postulated events are provided to the degree possible. Detailed

description of critical equipment and structures is provided in the

preliminary safety analysis report (as amended), which also contains

descriptions of very conservative analyses of many of these same events.

2. Evaluation of Class 1 and 2 events - Class 1

events are trivial incidents involving small releases due to normal
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operations. Cix:_s 2:2n, ,fo smriall reijnases outside contc1arnent

such as valve leakage, spills, etc. The releases from both Class 1

and Class 2 events are considered in the ivaluattion of routine releases.

3. Analysis of Class 3 events - Class 3 events

include releases of radioactivity from the waste disposal systems as a

result of equipmen: malfunction or a single operator error. The waste

disposal system has been designed to collect, monitor, treat, and dis-

charge or package for disposel liquid, solid, and gaseous wnstes.

Operations will be conducted in accorea.nce with adiainistrative procedures.

Waste releases and shipments are made on a batch

basis which permits knCowledge and control of anticipated releases before

any action is undertaken to make the actual release. For the liquid and

gaseous cases, the actual release is monitored by readiation detectors,

and a. permanent record of the activity release is recorded.

(1) Liquid radwaste - The bul]k of tie

radioactive liquids discharged from the reactor coolant system are pro-

cessed and retained inside the plant by the chemical and volume control

system recycle train. This minimizes liquid input to the waste disposal

system which processes relatively small quantities of generally low-

activity level wastes. The processed w.ater from waste disposal, which

contains relatively little radioactive material, is discharged through

a monitored line into the waste discharge pipe.

At least two valves must be manually

opened to permit discharge of liquid or gaseous waste from the iaste

disposal system. One of those valves is norrmlly locked closed and

the other is interlock:ed with a floTmieter in the discharge pipe so that

it c c_ be oaneO eQ. c n y if thle flio: rathe exceeds 28,000 gal/m n. A

conro "alve will trim closed on a high effluent ra•dioactivity level

signa,!.

The systei: is controlled from c. central

panel in the au;iliaJry building. 1.
1

E.Inunction of the system actuates an

a--*ri in the an,:iliar. building, and annu•ici.ates in 'he control room.

ill system equipnnient is located in or near the au-xiliary building,

except for the reactor coolant drain ata%-. and drain tank pumps, and

floor ,nd. equiplm'ent drain suti and -ounps which are located in the

oon[;rizneait buildings.

Leak:age of liquid radwaste from tarns is

caou5-i:t in suis;s in the :'uxiliary building. Therefore, learkaae or

runaUnn.e of a. ra'dvamst;e ta-n does not lead to a significant release to

the river. Gaseous activity from such a, spill would be picked up by

the auxiliarxy building ventilation system.

The above notw-rithstanding, an unplanned

release of 1 curie of radioactive nroterial (havinxg the sone isotopic

distribution as the none.al liquid releases) wras assussed to be released

insdvertantly to the river during conditiono when the river dilution

flow •,na 50 percent of the average flow.

(2) Solid raedwaste - Because of the

nature of solid radioactive wastes and specialized procedures and equip-

ment provided for prckaging and hIandling these wastes, significant

accidental releases of radioactivity from solid wastes is considered

extremely unlikely.
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(3) Gaseous radwaste - Several postulated
Class 3 accidents were analyzed, and a major leak in a Gas waste holdup

tank was found to yield the greatest potential for release to the

environment. Operating experience at Yankee-Rowe and Saxton indicates

th't the activity stored in the gas holdup tan% consists of the noble

gases released from the primary coolant and only negligible quantities

of the less volatile isotopes. Any major leakage from these tankcs

would be orocessed through the filtration system in the auxiliary

bu.ilding ventilation systems to further reduce any potential release

of particulates and iodines.

(4) Evaluation - The potential for

environmental effects from Class 3 events is based on releases from

a gaseous decay tank for gaseous releases and from a hypothetical

1-curie liquid release.

The inventory in the gaseous radwaste

tan]k, is based on the accident occurring to the tank immediately after

the coolant had been degassed during a reactor shutdown. The average

inventory in each of the nine gaseous decay tanks will be much less

than this.

Leakage from the gaseous radwaste system

might be expected to occur during the lifetime of the plant. Complete

failure of a radwaste tank, (gas or liquid) is not expected to occur

during the lifetime of the plant.

4. Analyris of Class 4 events - Class 4 accid~nts
are events that release radioactivity into the primary coolant, including

anomalous fuel failures as well as fuel failures which might result in

an increased prim,.ry coolant activity whaich increases the activity of

the fluids processed by the waste disposal system.

The fuel rods consist of uranius dioxide ceramic

pellets contained in slightly cold-worked Eircaloy-4 tubing which is

plugged and seal-welded at the ends to encapsulate the fuel. The

rnnufacturing process is subject to an extensive quality assurance

progravnm which provides assurance that the resulting fuel rods satisfy

the manufacturing tolerances and design specifications. Excessive

heating or pressurization of the fuel rods could possibly cause perfora-

tion of the fuel element cladding and subsequent fission product release.

Consequently, very conservative design margins are used for the fuel

to ffurthcr reduce the possibility of fuel damage. -

Operating experience with Zircaloy cladding has

demonstrated that the extent of enomalous fuel rod failures during

normal operation will be less than 0.5 percent failed fuel* with

adsinnxntrative controls. Therefore, 0.5 percent failed fuel is a con-

servative bacis for evaluation of accidental releases. A failed fuel

level of 0.25 percent is used for routine releases since the releases

occur over a long period of timne.

Without protective systems, fuel failures are also

possible as a result of certain abnormal operating tr'nsients. Howi-

ever, the plant design incorporates a reactor protection system which

limits the postulated tronsients so that the design limits for the fuel

will not be exceeded. Therefore, the fuel will not be damaged, and

no activity will be released to the primary coolant as a res ult of an

abnormal onerating transient.

*0.5 percent failed fuel is defined as small clad defects (holes) in
fuel pins which produce 0.5 percent of the total core non:er.
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5. Analysis of Cla.ss 5 accidents - Class 5 accidents

are events which result in the release of radioactive mW.terial to the

environieent via any secondary plant system. Prbcary protection against

Class 5 accidents is afforded by coolant chemistry control and good

stesami generator design. With the exception of the steam generator

blo':do•-s, the plant fluid systems are designed with an intermediate
@

water system between any radioactive fluid and any water that is con-

tin,.ally discharged to the environment. For examiple, the component

cooling water systeu cools all of the heat exchangers which conta,.n

primary coolant, arnd the comoonent cooling water is in turn cooled by

raw cooling water in a separate heat exchanger. Consequently, a highly

unilikely simultaneous failure of two heat exýchangers would be required

in order for the prrlmary coolant to reach the environment. As an added

precaution, the component cooling nwater loop is continuously monitored

for radioactivity, providing timely indication of a leak into the

component cooling water system from the primary system.

The other source of possible radioactiwe release

is a pr:inary to secondary leae. in a steam generator which transports

the fission products, released by cladding failures, into the main

steanil system. Indication of the occurrence will be afforded by:

1. A radiation monitor in the effluent line of the vacuum pump

which monitors the activity of the noncondensable gases

leaving the main condenser, When a predetermined activity

level is reached, the monitor actuates an alarm in the

control room.

2. The steam generator blowdown samples are monitored and when

a predetermined activity level is reached, the blowdown valves

are closed automatically.

If a subsequent chemical analysis indicates that a

steam generator is indeed contaminated, the blowdown is then directed

into the radwaste disposal system for processing. Processing of steam

generator blowdown is discussed in more detail in section 2.h. The

most important environmental consequence of this event is the release

of noble gases and iodines which are removed from the main condenser

by the vacuum pump, and exhausted via a vent on the turbine building

roof after passing through charcoal filters which remove most of the

iodines. Releases due to steam generator tube leakage are included

in the radioactive discharge section.

A hypothetical release due to an offdesign transient

has been analyzed using the assumptions specified in Reference 1. No

credit was taken for filtration of condenser air ejection releases.

The steam generator tube rupture accident is

defined as a complete severance of one steam generator tube. The

accident results in an increase in the contamination of the secondary

(steam) system.

The operator must identify, and isolate the faulty

steam generator in order to reduce the release of radioactivity to

the atmosphere. The following characteristics of a tube rupture

will enable the operator to rapidly identify the accident:
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1. The pressurizer low-pressure and low-level alarms are

actuated, and prior to tie plant trip, charging pump flow

increases in an attempt to maintain pressurizer level.

2. A steam flow/feedwater flow, mismatch will exist as feed-

water flow to the affected steam generator will be reduced.

3. The stemxi tenerator blowdown liquid monitor and the vacuum

puma radiation nonitor will alarm indicating a sharp increase

in radioactivity in the secondary system, and the blowdcqrn

valves will close.

The plant design incorporates the following features

to protect the reactor during and following the postulated accident:

1. The reactor will trim on a low pressurizer pressure signal,

2. The safety injection signal is actuated by coincident lo1

pressturizer pressure and level signals, and

3. The safety injection signa-l actua•tes the auxiliary feedwater

sys tem.

Plant recovery can be achieved and noesal shutdown

initiated in 30 minutes.

The r*oture of a steam generator tube w-Fould allow

fission products th't n ighit be in the pris.eary coolant to conteminate

tce secondarj coolant, loading to releases of activity to the enriron-

ment viea the condenser offgas. Thie results of this nostulated event

are evaluatýed based on the release of 15 perceie' of thic --ri
7 

l:ay coolant

to thie secondear'r side of the sterna generator. The -ctiaity in the

seconda-r-y systeýi before rutubire of the tuibe is bu'sed on a primary to

secondcary- lea?; rate of 20 gallons per day per iJ.t c.nd a bloudoeb rate

of 10 gal/rain per unit. All noble gases and 0.1 percent of the iodines

in the secondary- system are assumed to be released to the environment.

The events analyzed in this class (offdesign

transient a.nd stem•i-gcnerator. tube rupturc) are not expected to occur

during the lifetiec of the plant; however, etemi-generator tube le:ahege

nay occur for short tine periods several times durin•g the plant life-

time, and therefore, it is included as part of the routine radioactive

releases.

6. Anal-sis of Class 6 events - Included in this-

class of accidents are fuel failures from any cause that occur during

reiuelin- onertiions inside tie crb:a• containment.

The reactor is refueled with equipment specially

desi-gned to handle the spent fuel undenr-.ster from the time it leaves

t;he reactor vessel imall i j.:; placed in a cask for shipment from the

ci;e. lUndenrater tr'ansfer of spent fuel provides an effective radiation

shield,-;.us well as ensuring adequate cooling for the removal of decay

heat. Boron added to the water as a neutron absorber ensures subcritical

neutron multiplication during refuelirng.

The various caseonents of the fuel-handling equip-

ment are designed for failsafe operation utilizing interlocks and

limit switches designed to preclude any occurrence which might damage

a fuel assembly. Adm.inistrative procedures will ensure that the

integrity of the equipment is maintained.

Detailed refueling procedures will be used to

ensure a safe and orderly refueling. When fuel is being inserted,

removed, or rearranged in the -reactor core, licensed operators will
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be in the control room rnd on the refueling floor sunervising the

operations.

Detailed descriptions of fuel-handling ecuipment

are given in the W---atts Bar Nuclear Plant PEA•]R.

Accidents involving spent fuel after it has left

the transfer tube are discussed in the following section as part of

the Class 7 accidents.

In the event of an accident the containment 'ventila-

tion systems w.!ill be isolated upon high containment activity. This

effectively precludes the release of significant amounts of "fission

products to-the environment since:

1. This accident is not accompanied by any containment pressure

increase which could serve as a driving force Dor les--age.

2. Any leakLage that does occur can be treated by the emergency

gas treatment system.

Two events in this class are described by Reference

1. Tb> has analyzed these events using the assumptions of Reference 1.

It is assumed, however, that all activity released from the pool is

exhausted to the purge exhaust filters where 99 percent of the iodines

is removed.

Fuel-handling accidents have occurred in the past

with both new and irradiated fuel. However, none has resulted in a

substantial release of radioactivity to the environment. Therefore,

while fuel element drops or other minor events may occur during the life

of the plant, a fuel-handling accident leading to a significant release

of activity from the fuel is not expected to occur during the lifetime

of the plant, or in fact during several plant lifetimes.

\ý 7. Analysis of Class 7 accidents - Class 7 accidents

are events initiated during refueling operations outside the primary

containment or storage of spent fuel which result in a release of

radioactivity to the environment.

The movement of the spent fuel is accomplished in

accordance with strict adesinistrativa procedures to reduce the possibility

of an accident to a minimal level. In fact, in over 50 reactor years

of industry operating experience with Westinghouse PWR's, there has

not been a single fuel-handling incident in which either a new or

spent fuel rod has sustained a raladding rupture. This is a result of

conscientious fuel transport procedures and thorough engineering design

of the fuel-handling equipment and facilities, 'such as:

1. The[ fuel pit is designed to ensure that the stored fuel is

submerged in water end placed in a subcrritical array at

--all times.

2. The spent fuel pit water is cooled to remove decay heat

and purified to remove metallic ions which could cause

corrosion of the fuel assemblies, and fission products

which may leak into the water.

3. Safety features incorporated into the fuel-handling crane

which preclude dropping of the fuel shipping cask.

4. The spent fuel pit area is normally ventilated with outside

air at the rate of five volume changes per hour and maintained

at a slight negative pressure. The exhaust is routed via

the auxiliary building exhaust vent system which contains

radioactivity monitors -nd filter trains which are automatically
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aligned in the event of an accident. These filters remove

essentially all particulates and at least 99 percent of the

iodines.

The three events analyzed in this class are (1)

fuel element drop, (2) heavy object dropped onto fuel storage rack,

and (3) fuel cask drop accident. The releases from the fuel element

drop accident are based on the release of 1 percent of the fission

product activity in 15 fuel pins (one row) after 7 days' decay time.

The releases from the heavy object drop accident are based on the

release of fuel pins (one fuel assembly) after 30 days' decay time.

For both these events, 99.8 percent of the iodines is assumed to

remain in the spent fuel pool water.

The results of the fuel cask drop accident have

been estinated assuming one fuel assembly is damaged releasing 1 per-

cent of the contained noble gas activity inside the auxiliary building.

In all three events, it is assumed thý-t 99 percent of the iodines in

the exdaust from the building is removed by charcoal filters. Because

of the design of the fuel cask and cask-handling equipment, no signifi-

cant releases of radioactivity to the environment are expected, nor

is fuel damage a likely result of a hypothetical cask drop. However,

the results for damage to one assembly are presented for illustrative

purposes. The number of assemblies carried in a cask depends on the

specific cask design as well as the mode of transportation.

With the exception discussed above, events in this

class are expected to have the same probability as those discussed for

Class 6.

D-13

8. Class 8 accidents - Those accidents chosen

as design basis accidents are included in Class 8. The postulated

accidents considered in this class are:

1. Loss-of-coolant accidents

2. Control rod ejection accident

3. Steamnline rupture accidents

These accidents have a very low probability of

occurring: however, several engineered safety features are incorporated

in the plant design to minimize any significant radioactivity release

associated, should any of the accidents occur. Each of the design

basis accidents is discussed below.

(1) Loss-of-coolant accident - A loss-

of-coolant accident may result from a rupture of a reactor coolant

system (RCS) component or of any line connected to th-It system up to

the first closed valve which results in loss of coolant at a rate

which exceeds the capability of the makeup system.

Tbr severity of the accident is a function

of the primary coolant leakage rate and consequently the size of the

pipe rupture. The most severe postulated accident is a result of the

hypothetical "double-ended" rupture of the largest RCS pipe.

The design of the plant includes several

safety features designed to minimize the effects of a loss-of-coolant

accident. These features include:

1. A free-standing steel primary containment vessel suzrounded

by a concrete shield building to prevent the leakage of

fission products (double containment).
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2. The ice condenser system which prevents a high pressure

in the containment and thus reduces the potential for the

escape of fission products from the containment. The ice

melt, which contains sodium borate, also removes iodines

from the primary containment atmosphere.

3. The ecxergency core coolin" system w.hich provides core

cooling founITing the '.ccident to nini~nJize fuel elenlent

xailurxe.

-, Toe emergenctgc_,s trentwcn-'& systcon hich filters the lealage

-ron the oriury contnoent bcf:ore relcasing it to the

olant ven'.

5. The sauxiliary -swil•ing gte trevtet systso rh:ch filters

ano . e n e P'1&-l'.ry building before release to the

if a postulated loss-of-coolant accident should

occur, the pCS will ranpdly dcroseui7ze. The reaýct-or 7*M wifl actuat;e

:.hon thle oreeueer lo:,-io'- os o" se' po)in.t is reo:.coed. The ener-'ency

core coon'.:C tg pseeri is cc.* U<eod by *he press-orizer low-pressuro or

by the iuigk-coniafrnent pressure si' ~al. These counternecenres v.ill
lani-'Gsie cooseqnecce =s o', ec c . 0a s

1. "_e-so.' -:r4'a an e. "-r noeti 01 by the esionresncy

core coo'in- syst'e sunnl noi ,o'-o.( cren I. calsin'---.

r o re dc.-O on 0h, c' on clcoi r "'else." e t's o -, res:idual level

corro's:ondii,-o :i ' :2ission Proict''r n1cay hea-t.

2. ce-'on o 'e' "crcuoe -s'fiint fleood"< of

tue core :e o -0ravesit e"ie m ' -, b t-es.
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Por short-ter: core cooling, passive pro-

tection is provided by four accunl-a_'cod tanks pressurized with nitrogen

which r""ndly" d ischarge their borated vester to the RCS when the ICS

urcess.re deccrerses below -the acevau"ator Dressuire. in addition, boerated

cool'•-a ' "', s -Iscd by high-head charging pinps anid low-head

sa'fet- sijecieon rumnes.

For long-tone core cool••ig, water spilled

from the rintiu-ed reactor coolaýnt system and containment spray and ice

condenser d-raiinage are collected, cooled, and recireulated through the

core. This recireulated water is delirered by 1ow,-hesd pm•:ps when the

reactor systex pressure is lown.

The decay heat generated in the core is

renoved :-:or an inlefinite period of tine by this recirculation flew

whisk is cooled by two residual heat exchangers.

Fission products which are released from

failed fuel as a result of a loss of coolant are released to the

princxy coolant where some of the iodines and most of the particulate

fission products are trap-ed. Of the iodine relea, sed to the pririary

containment, mosn is removed frorn the containuent atmosphere by the

ice bed and melt water.

Piesion products lea~ing frcme the prizcay

eontýaie-miut to toe annulns (ret-ion between prrk-ary containment and

shield building) are held r) f.or a long period of t-uoe. The release

fron this volome is through the filters of the emergency gas treatment

system to altnMosphere. The assumiptions specified in Reference 1 were

used to estimate releases.
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(2) Control rod ejection accident - The

design basis reactivity transient is the postulated ejection of a rod

control cluster assermhly (RCCA). Such an ejection could result from

a cooplete rupture of a control rod mechanism housing. The possibility

of such an ejection is minimized by:

1. 511o testing each housing at 4,100 lb/in
2 

and again at

23,750 lb,/in IuMon installation. (uorraal primary system

pressure is 2,250 lb,/in 2.)

2. The housings are designed to withstand plant transients

and the design basis earthquake.

If the nostulted accident should occur,

a power transient would result, causing a reactor scram; fuel failures

may occur as a result of this transient. The fission products in the

coolant as a result of 0.5 percent failed fuel are assumed excelled

from -the reactor vessel through the broken control rod housing into

the primary containment. Some iodines are removed from the contain-

ment by melted ice in the ice condenser and by the containment spray

water. The airborne and gaseous fission products, along with the

remaining iodines, may leek into the secondary containment (shield

building) after which they are exhausted via.. the emergency gas treat-

nient systen where further filtration reduces the iodine concentration.

As far as attivity releases are concerned, this event is a small loss-

of-coolant accident and is analyzed according to the guidance in

Reference 1.

(3) Main steanline rupture accident -

A rupture of a steamline would result in an uncontrolled steam release

from a steam generator. However, this only results in a significrvnt

radioactive material release when the reactor is being operated with:

(a) primary to secondary leekl in a steamn generator, and (b) fuel

failures (cladding perforations).

The accident is initiated by a postulated

failure in the main steamnline system outside the containment which

could cause depressurization of the steam generator in that loop. The

follow•ing plant systems mitigate the consequences of a steam pipe

rupture:

1. HEergency core cooling activation from one of several

signals

2. The overpower reactor trips

3. Redundant isolation of the main feedwater lines

4. Trip of the fast-acting main steamiline stop valves

The analysis of a steamline rupture does

not yield any core damage so that the radioactivity release will be

a function of the secondary system activity at the time of the accident.

The initial secondary system activity

is based on a primary to secondary leah rate of 20 gallons per day per

unit, and a 10 gal/min per unit blowdown rate. The guidance given in

Reference 1 is followed in the analysis. However, since the halogen

reduction factor for releases from the primary system is taken to be

0.5 for both the "large" and "small" break, the two accidents yield

identical calculated results.
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9. Evaluation of Class 9 accidents - Class 9

accidents are described as hypothetical sequences of successive failures

irhich are more severe than those postulated as design-basis accidents

whose results are suirmarized in safety analysis reports by applicants

requestinca construction permits and operating' licenses from AEC for
nuclear power plants. Although the consequences of Class 9 accidents

co-ld be severe, the probability of their occurrence is so small

that their environmental rish is extremely low.

These accidents would recuire the occurrence of

multiple failures of the plant's engineered safety features with. each
failure even more scverc than the postulated design-basis accidents,

vh ichi- have extremely low probabilities of occurrence.

Conservative design; diverse and redundant physical

barriers, protection systems, and engineered safety features; extensive--

ou~nli byassun•.ncee and control of operations dictate such a probability

of occurrence that the environimentag risk associated with Class 9

accidents is negligible as com-arod -o that of the other classes of

accident'.

10. Dispersion conditions - TVA has a site meteorological

investigation pro:uTs under way at the ýiatts Bar site. The date, taken

over abouwi a 1-year period, has been analyzed and is reported in an

aereandmentr to the PSAR. ThiFs data shows that dispersion conditions more

severe than a Fasquil tye C and a wind speed of 0.25 neters per second

occur' less than 5 percent of the tiue. This dispersion condition

(which rees:lts in disocrsion values ab•out 10 tines higher thhan those

givenn in r•.C Safety Guide [o. 4 (Gecerence 4)) is used to calculate

design basis accident_' -. ,es for the P059 (see Amiendment 11). Reference

1 suggests that dispersion values a factor of 10 lower than those

in the Safety Guide H;o. 4 be used to assess the envirornmental effect

of accidents. .is a result of the neteoroloiceal invest-igations at

the site, TV1", has concluded that use of the Safety Guide Ho. 4 disper-
psion condition: without any modifing factor is an appropriate basis for

estimtZing environmental effects and is consistent with the approach

used hy the Atomic hner9r Commnission and others.

FigCure D-1 gives the dispersion values used as a

-uc tion ef distance for the tine periods used in the analyses. For

a, elanation of these values see Reference 2. Table D-2 gives the

nd dir'ection f`reetencices used in the analysis. FiGure 1.1-2 is a map

of tne si-e area w.ith the r1inir•nru enclusion dis-tance of 1,200 meters
sho-,jl.

11. Population densities - The population e4oosures

from each postulated event have been estia•oted using projected popula-

tion in:-ors.;ation _'or* the year 2000. The popnlation distribution used

is Shorn• in Table D-3. Population doses are based on doses to persons

residing w1itIdn 50 miles of the.pl•nt site.

12. C valuation of environmental isio-ct of postulated

accident's - The principal effect of accidents on the environment is

the increased e-oosure to man which might result from the release of

radioacrive material. This exoosure is sumsmarized in Table D-1 for

the principle accidents analyzed. The analysis of this information

shows that no accident or class of accidents are environmentally

significant.
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Table D-i (Contimu)

SUMMARY 01 RADIOLOGICAL O O POBTULA D AGCD
IRDIVIDUAL DOSES AT THE SITE BOUNDARY (rem) DOSE C(3O(1IIEET TO PMWAIM1LnO (.an-reia)

Geana
Gamma Beta Plus

Fraction
Iodine of - Gamm Beta Iodine

Class Event Radiation

5.2 Offdesign transients
that induce fuel
failure above those
expected and steam
generator leak 6.5xl0-

5.3 Steam generator tube
rupture 5. 2x10-

6.0 Refueling accidents

6.1 Fuel bundle drop 1.2x10-3

6.2 Heavy object drop
onto fuel in core 2.5X102

7.0 Spent fuel handling
accident

7.1 Fuel assembly drop
in fuel storage
pool 1.210-3

7.2 Heavy object drop
onto fuel rack 8.7x0-

7.3 Fuel cask dropd i.2xi05

8.0 Accident initiation
events considered in
design tasis evalua-
tion in safety analy-
sis rcport

Anaaoalun m n aion M FAm nalaslOm sfýlf nasatloa ,vr.a z

1i. 3310-3

T.310a-2

2.6xi0-3

5.7lO.2

2.6/0o-3

3.2•xl0-3

1.2Xl0-3

1. 9X10-3

3.8l0I-3

8.2X,0-2

3.8X10-3

4. .io-3

1. 2x,073

1.6 o"3

2.1z10"2

5.6"10"-4

1. lX6z-2~

5.6iao -4

l. 26-3

2. •XI0"'

5.0X10"3 7.8./0 -2

2.6x10-1 6.2.100

8.0X10"3 i. 4x/0"I

1.7110-1 3.01 00

8.7*/o-3 i.4xlodl

•8.9,1o-3 l.G~jlo-l

2.7Xl0-3 1. z,*io3

l.6ao-

8.7Z100

3.2X10-1

6.8.100

3.2-a0_1

3.8x101

1 .5110e

l.91O-1

2.5x100

6.7T10-2

1. 31100

6.7110-2

1. 4zio-1

2.9W0-2

4.3,071-

1.7X10+1

5.2x10-I

.i.ix10÷I,

5.21101~

6.2xl0-1

1.8,1-10

L-

Table D-1

SUM4ARY OF RADIOLOGICAL CONSEQUENCES OF POSTU•LATED ACCIDENTS

INDIVIDUAL DOSES AT THE SITE BOUNDARY (rem) DOSE COMMITMENT TO POPULATIONa (man-rem)

Gamma Fraction
Gamma Beta Plus Iodine of Gamma Beta Iodine

Radiation Radiation Beta Inhalation Limitb Radiation Radiation Inhalation Total

5 ~ ~ 5 555

Class Fvent

1.0 Trivial incidents

2.0 Small releases
I outside contain-

3.0 Radwnatt' system
friluzes

3.1 Equic!;ent leakage
or ialfunction 2.2xi0-

3.2 F•tlane of waste
nas storage

tunk contents 8.8xi0"2

3.3 Relcare of liquid
waste storage
tank contents ---

4.0 Fissicon products to
primary system (BWR) NA

5.0 Fission products to
prin•ry and second-
ary systems (PWR)

5.1 Fu,2 c].adding
d, ,cts and
ste:e generator
leaku

8.0x.10-2 NEG 1.6XO-2 2.61100 7.0x100

NEG 6.4xl072 1.0X10+1 2.8110+1

NEG 9.6x10°

NEG 3.8x10÷!2.3xlO-0 3.2x10-1

NA NA KA

1. 3U102

RA NA NA KA

9.0•10-

NA
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Annual Wind Direction Frequency

P

to
to

-P
0
P

to
P
0.

-P

P

0

P

1 R
-a.

-0

P

C
to
H

to
Ca

I
8

0•

H

Wind Direction

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NN5W

Percent of Time WindBlows From Direction
Indicated

6.71

6.94

11.29

6.23

2.36

1.96

2.85

3.41

8.13

10.52

7.18

4.6o

5.25

5.17

8.91

9.27
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APPENDIX E

RADIOLOGICAL IMPACT OF LIQUID EFFLUENTS

are calculated for organisms other than man. Population doses are

estimated for the year 2000 based on the current populations multiplied

by 1.5. The factor 1.5 is the projected increase for a 125-county

area in the Tennessee River basin.

1. Doses to man from the ingestion of water -
The calculation of radiation doses to-organisms that are

exposed in a natural or incompletely controlled environment is a

difficult task. Because of the complexity of biological functions and

the interrelationship between organisms and their environments, it is

necessary to develop simplified dose models that can predict the more

important characteristics of the system under analysis. It is further

necessary to apply assumptions that are descriptive of average behavior

and average conditions of the ecosystems. While these models cannot

predict the detailed variances of a system and while the results of an

analysis cannot be applied equally to all members of a population,

assumptions are chosen so that the radiation doses are conservative,

i.e., overestimated. Only the basic assumptions are given in this

appendix, along with a brief outline of the models and methods of

calculation.

Doses are calculated for the radionuclides listed in Table E-1

which are expected to be released during normal operation of the Watts

Bar Nuclear Plant.

Tritium doses are considered separately and are based on a

normalized release of 1 Ci per year. The tritium dose can be computed

by multiplying this normalized value by the annual tritium release in

curies.

Calculations of doses to humans include doses to bone, G.I.

tract, thyroid, skin tissues, and the total body. Total body doses

I

Calculations of dose commitments from the consumption of Tennessee

River water use data for the public and industrial water systems listed

in Table E-2. It is assumed that the plant effluent is mixed with

the entire riverflow within the 24-mile reach between the nuclear

plant site and the first water supply intake.

Dilution is calculated using average annual

flow data for the Tennessee River as measured during 1899-1968.

The average flow ranges from approximately 28,000 ft
3

/s at the

nuclear plant site to 65,000 ft
3

/s at the mouth of the river near

Paducah, Kentucky.

Radioactive decay and the buildup of daughter

activity are based on estimates of the transport time using data for

water velocities which vary between 0.1 and 3-5 ft/s within the reach

from the nuclear plant site to the mouth of the river. No radioactive

decay is considered between the time of intake in a water system and

the time of consumption. It is assumed that each individual consumes

2,200 ml of water per day (the average daily adult ingestion from all

sources including drinking water, food, bottled drinks, etc.).

Due to a lack of definitive data, no credit is

taken for removal of activity from the water through adsorption on
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solids and sedimentation, by deposition in the biomass, or by processing

within water treatment systems.

Internal doses, Dij, for the jth organ from the

ith radionuclide are calculated using the relation

Dij = (DCF)ij x Ii, (1)

where (DCF) = the dose commitment factor for an average adult

assuming that the dose can be accumulated over a

50-year interval, (mrem/uCi),

I = the activity of the ith radionuclide taken into the

body annually via ingestion, (WCi).

The dose commitment factors were derived from data

given in the references listed1,2,3,4 and are defined in units of

(mrem/aCi) by the equation

51.2 x 103 f c11 (l-exp(-Xi T)) (2)
(DCF) -wij ij

*ij m A

3 grad) /disintegrations) me
where 51.2 x 10 Mev p UCi-day / re

f wj = fraction of the ith radionuclide taken into the

body by ingestion that is retained.in the jth organ,

(dimensionless),

-Cij = effective energy absorbed in the jth organ per

disintegration of the ith radionuclide including

daughter products, (MeV-rem/dis-rad),

A = the effective decay constant of the ith radionuclide

in the jth organ, (day- ),

T = integration time, (18,250 days),

M4 = mass of the jth organ, (g).

In the absence of a detailed knowledge regarding solubility character-

istics of the radionuclides, the dose for the G.I. tract is overestimated

using the assumption that none of the radionuclides is removed from

the G.I. tract by absorption. Estimates of the doses to bone, thyroid,

and total body are based on fractional uptakes given byQthe International

Commission on Radiological Protection. The maximum dose from a single

radionuclide is the thyroid dose due to Iodine-131 ingestion. Tables

E-3 and E-4 show a detailed breakdown of the dose commitments at each

public water supply intake.

For comparison, dose commitments are also calculated

for a hypothetical individual whose entire yearly water supply is

obtained from the plant discharge conduit prior to dilution in the

Tennessee River. These estimates are upper limits based on a continuous

discharge flow rate of 28,000 gal/min which corresponds to the minimum

effluent flow rate. Average annual concentrations of radionuclides

in the liquid effluent can be obtained by dividing the releases shown

in Table E-1 by the annual discharge flow.

Doses to humans from ingestion of Tennessee River

water affected by slug releases can be estimated using the data in

section A of Tables E-3 and E-4 provided (1) the distribution of activity

is essentially the same as that given in Table 1, (2) the total activity

of the slug release is known, and (3) the river velocities and dilution

factors are not grossly different from the average values on which the

routine dose estimates are based.

2. Doses to man from the consumption of fish -

Current estimates of Tennessee River annual fish harvests are 15.2 lb/acre
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sport fish5 and 13.7 lb/acre edible commercial fish.6 It is assumed

that these rates will increase with the population expansion, so that

the dose calculations are based on harvests of 23 lb/acre sport fish

and 20 lb/acre commercial fish in the year 2000. The Tennessee River

is segmented into 17 reaches in order to facilitate the calculations

of fish harvests and radioactivity concentrations. The radioactivity

levels in the fish from each reach are estimated by the product of an

average activity concentration in the reach and a concentration factor

for each radionuclide.8'9 It is assumed that the maximum annual con-

sumption of fish by an individual is 45 lbs. The population dose is

calculated using the assumption that all of the edible fish harvested

are consumed by humans. Radioactive decay is not considered between

the time the fish is removed from the water and the time of consumption,

and the entire mass of the fish is assumed to be eaten.

Dose commitments are calculated with equations 1

and 2 which are discussed for water ingestion in the previous section,

and the results are shown in Tables E-3 and E-4.

Calculations indicate that there would be no sig-

nificant radiological impact from human utilization of shellfish.

Shellfish are not now being harvested commercially in the Tennessee

River, and consumption of shellfish by humans is assumed to be negligible.

3. Doses to man due to water sports - Estimates

of the doses from immersion in the Tennessee River are calculated for

each radionuclide using the following relations. For the dose rate to

the skin,

E-6

=i 103 ., 2 + E mr~e-

i 51.2 x 103 Cvi +E i day

For the dose rate to the total body,

(3)

Ri 51.2 x 103 Cwi E mrem (4)3 e__ day

where 51.2 x 103 = (see equation 1),

Cwi = water concentration for the ith radionuclide, (iCi/g),

Eyi or (K,/2 + E Y)i = average effective energy emitted by

the ith radionuclide per disintegration,

(MeV-rem/dis-rad).

Dose rates for those activities such as boating

are assumed to be given by equations 3 and 4 divided by 2. Water con-

centrations are calculated for 17 reaches between the nuclear plant

site and Kentucky Dam (TRM 22.4). Doses to the population are calculated

using estimates for abovewater visits and invater visits for the resnec-

tive reaches based on current information given in reference 9 multiplied

by the predicted population growth factor of 1.5.

The maximum individual doses for abovewater use of

the river are estimated for a commercial fisherman who is not a water

sport enthusiast but who might be exposed for 300 days per year at 5

hours per day. The maximum individual doses for inwater activities are

estimated for a person who swims 918 hours per year (6 hours per day

for the 5 warm months) at a location just below the Watts Bar site.

In order to estimate the maximum possible tritium dose to a swimmer,

continuous immersion in the Tennessee River just below the Watts Bar

site is assumed.
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4. Doses to organisms other than man - A compre-

hensive analysis of the radiation doses to species other than humans

would require many man-years of effort that could be justified only if

a significant radiological impact on a particular species were antici-

pated. After consultation with professionals in the health physics

and radioecology fields, a decision was made by TVA to restrict the

analyses to those organisms living on or near the Watts Bar site that

would most likely receive the greatest doses. These include terrestrial

vertebrates, aquatic plants, aquatic invertebrates, and fish.

(1) Terrestrial vertebrates - Radio-

activity contained in nuclear plant liquid effluents is concentrated

in fish, invertebrates, and plants by factors that range from less than

1 to greater than 105 depending on interrelated physical, chemical, and

biological factors. Terrestrial vertebrates will receive a radiation

dose from liquid effluents if their food chain includes aquatic organisas

that have concentrated radionuclides. In general, aquatic plants such

as green algae concentrate trace elements to a greater extent than do

fish and invertebrates.
7 

Therefore, internal dose estimates have been

made for ducks and muskrats with the conservative assumption that their

diet consists entirely of green algae from algal masses growing near

the Watts Bar discharge. Equations 1 and 2 from section 1 are used

for estimating the annual internal total body dose. It is assumed that

the duck or muskrat has a mass m of 1,000 g, an effective radius of

10 cm, and consumes 333 g of green algae per day. Long-lived radio-

nuclides such as Sr-90 can deliver significant portions of the total

dose commitment long after the time of ingestion. Therefore, a period

of 5 years was chosen for the integration interval T. In the absence

of data specifically applicable to ducks or muskrats, ICRP data2 are

used for the fractional uptake in the total body and for the biological

half-life of parent radionuclides. The use of human data for the bio-

logical half-lives is conservative because, in general, warm-blooded

vertebrates that are smaller than man exhibit more rapid elimination

rates. Equation 5 is a combination of the above assumptions with

equations 1 and 2.

Di = 51.2 x 103 Ii fwi Ci (l-exp(-xiT))/Xim mrad (5)

where
d

I* = 333-E x Cwi Fpi x 3
6
5-, (uCi/y),

i - d wii y

Cwi = water concentration, (uCi/g),

Fpi = concentration factorT78 for aquatic plants,

(dimensionless).

T = 1,825 days

m = 1,000 g

External doses are estimated with equation

4 using the conservative assumption that the duck and muskrat are

exposed continuously by full immersion in the water.

Table E-5 shows the estimates of the

doses to a duck or muskrat.

(2) Aquatic plants, invertebrates, and

fish - Radionuclide activity internally deposited in these organisms

is estimated from the concentration in the water in the Tennessee River

just below the liquid effluent discharge, assuming complete mixing,

multiplied by the applicable concentration factors.]'
8 

! Doses are esti-

mated for organisms having effective radii of 3 cm and 30 cm. Although
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estimates for both geometries are reported, an effective radius of 30

cm could represent organisms weighing up to 250 pounds. This geometry

probably results in overestimates of the doses. In the absence of a

detailed knowledge of the dynamic behavior of daughter products that

are produced from internally deposited parents, the conservative assump-

tion is made that all daughter products are permanently bound in the

organisms and every daughter in a decay chain contributes energy at an

equilibrium disintegration rate for each disintegration of the parent.

The annual doses from the ith radionuclide are calculated using the

relation:

Di = 51.2x 10 3 Cfi i x 365 mrad (6)

where Cfi = radioactivity concentration in the organism

= Cwi x Fi, (PCi/g),

Cwi -water concentration, (uCi/g),

F. = concentration factor, (dimensionless).

External doses for organisms surrounded

by water are calculated using equation h. Benthic organisms such as

mussels, worms, and fish eggs may receive higher external doses if

significant radioactivity is associated with bottom sediments. Accurate

prediction of the accumulation of activity in sediment requires a

detailed knowledge of a number of physiochemical factors including

mineralogy, particle size, exchangeable calcium in the sediment, chan-

nel geometry, waterflow patterns, and the chemical form of the radio-

compounds. Many of these factors must be obtained from extensive field

experiments. In the absence of detailed knowledge, the doses are cal-

culated using the following assumptions.

1. Two-tenths of the activity in the liquid effluent is

deposited uniformly in a sediment bed having dimensions

of 10 cm x 100 m x 10 km.

2. The radioactivity concentration in the sediment is calculated

assuming a buildup over the plant life of 35 years at a

constant rate of deposition.

3. Beta doses are based on a 4-n geometry and gamma doses

assume a 2-w geometry.

The doses calculated using these assump-

tions are probably overestimated. Table E-6 lists the dose estimates

for these organisms.
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Table E-1
Table E-2

TENNESSEE RIVER DRINKING WATER SUPPLY INTAKES

DOWNSTREAM FROM THE WATTS BAR NUCLEAR PLANTESTIMATED ANNUAL RELEASES OF NUCLIDES IN LIQUID EFFLUENTSa

Nuclide

Cr-51
Mn-54
Mn-56
Fe-55
Fe-59
Co-58
Co-60
Br-84
Rb-88
Rb-89
Sr-89
Sr-90
Sr-91
Sr-92
Y-90
Y-91
Y-92

Zr-95
Nb-95
Mo-99
Te-132
Te-134

1-131
1-132
1-133
1-134
1-135

Cs-134
Cs-136
Cs-137
Cs-138
Ba-140
La-140
Ce-141
Ce-144
Pr-144

. Release
(microcuries)

6.7 ( 2 )b

7.5 (2)
1.5 (2)
6.7 (2)
8.3 (2)
2.2 (4)
8.5 (2)
1.3 (1)
6.0 (2)
1.4 (1)
7.7 (2)
3.4 (1)
1.0 (1)
1.1 (0)
5.4 (0)
1.3 (3)
1.4 (0)
1.9 (2)
2.2 (2)
1.8 (5)
1.0 (4)
1.2 (1)
2.3 (5)
1.1 (3)
4.3 (4)
9.0 (2)
7.5 (3)
6.5 (4)
2.1 (4)
3.3 (5)
2.8 (2)
5.3 (2)
2.8 (1)
1.2 (1)
1.4 (2)
9.9 (-2)
9.2 x i0• liCi

System

Watts Bar Nuclear Plant
Dayton
Savannah Utility District
Atlas Chemical Industries
Farmers Chemical Corp.
E. I. DuPont
Chattanooga
South Pittsburg
Bridgeport
Widows Creek Steam Plant
Scottsboro
Sand Mountain Water Authority
Christian Youth Camp
Guntersville
N. E. Morgan Co. Watet and Fire
Huntsville
Decatur
U.S. Plywood - Champion Papers
Wheeler Dam
Reynolds Metals
Muscle Shoals
Wilson Dam
Sheffield
Colbert Steam Plant
Cherokee
Tri-County Utility District
Clifton
New Johnsonville
Camden
Foote Mineral
Johnsonville Steam Plant
Bass Bay Resort
Paris.Landing State Park
Grand Rivers
Paducah

Location Distance Populations Served
(TRM) (miles) 1970 2000

528.0
503.8
484.6
473.0
473.0
470.5
465.3
418.0
413.6
407.6
385.8
382.1
368.2
358.0
334.4
334.2
306.0
283.0
274.9
260.0
259.6
259.5
254.3
245.0
239.3
193.5
158.0
100.5
100.4
100.0
100.0

79.5
66.3
24.0
0.1

0.0
24.2
43.4
55.0
55.0
57.5
62.7

110.0
114.4
120.4
142.2
145.9
159.8
170.0
193.6
193.8
222.0
245.0
253.1
268.0
268.4
268.5
273.7
283.0
288.7
334.5
370.0
427.5
427.6
428.0
428.0
448.5
461.7
504.0
527.9

-0
4500
1600
2000
230

3000
290000

5600
3100
460

11000
8200

130
6600
3600

150000
41000

500
50

5000
7500
2500

14000
350

2700
1700
1000

950
3100

170
380
120
100
640

63000

0
6700
2400
3000
340

4500
430000

8300
4600

690
16000
12000

190
9800
5400

220000
61000

750
74

7500
11000

3700
21000

520
4000
2500
1500
1400
4500
250
560
180
150
950

94000
Total

a. Releases of O.46 Ci in steam generator blowdown due to a primary-
to-secondary leakage of 20 gallons per day in each unit are
included. Tritium releases are not included.

b. 6.7 x 10'

f
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Table E-3

DOSES' TO IALNS FROM WATER CONTAINING A MIXTUREh OF RADIONUCLIDES
Table E-3 (continued)

A. Ingestion of Tennessee River Waterc

Location

Watts Bar Site
(for comparison)
Dayton

Savannah Utility District

Atlas Chemical Industries

Farmers Chemical Corp.

E. I. DuPont

Chattanooga

South Pittsburg,

Bridgeport

Widows Creek Steam Plant

Scottsboro

Sand Mountain Water
Authority

Christian Youth Camp

Guntersville

N. E. MorganCo. Water
and Fire

Huntsville

Decatur

U.S. Plywood - Champion
Papers

Wheeler Dam

Reynolds Metals

Bone

1.2 (- 3 )d

1.2 (-3)
7.7 (-3)
9.5 (-4)
2.3 (-3)
9.4 (-4)
2.8 (-3)
9.4 (-4)
3.2 (-4)
9.4 (-4)
4.2 (-3)
9.2 (-4)
4.0 (-1)
8.7 (-4)
7.2 (-3)
8.6 (-4)
4.0 (-3)
8.6 (-4)
5.9 (-4)
8.4 (-4)
1.4 (-2)
8.4 (-4)
1.0 (-2)
8.3 (-4)
1.5 (-4)
8.0 (-4)
7.9 (-3)
7.6 (-4)
4.1 (-3)
7.6 (-4)
1.7 (-1)
7.4 (-4)
4.5 (-2)
6.6 (-4)
4.9 (-4)
6.6 (-4)
4.8 (-5)
6.3 (-4)
4.7 (-3)

G.I. Tract Thyroid Total Body

1.3 (-3)

1.1 (- 3)
7.6 (-3)
8.5 (-4)
2.0 (-3)
7.8 (-4)
2.3 (-3)
7.8 (-4)
2.6 (-4)
7.7 (-4)
3.4 (-3)
7.5 (-4)
3.2 (-1)
6.3 (-4)
5.3 (-3)
6.2 (-4)
2.9 (-3)
6.2 (-4)
4.2 (-4)
5.8 (-4)
9.5 (-3)
5.8 (-4)
7.0 (-3)
5.5 (-4)
1.0 (-4)
5.3 (-4)
5.2 (-3)
4.9 (-4)
2.6 (-3)
4.9 (-4)
1.1 (-1)
4.7 (-4)
2.9 (-2)
4.1 (-4)
3.1 (-4)
4.0 (-4)
2.9 (-5)
3.8 (-4)
2.8 (-3)

2.0 (-2) 6.6 (-4) mrem

)

1.7 (-2)
1.2 (-1)
1.3 (-2)
3.0 (-2)
1.1 (-2)
3.4 (-2)
1.1 (-2)
3.8 (-3)
1.1 (-2)
4.9 (-2)
1.1 (-2)
4.6 (0)
8.0 (-3)
6.7 (-2)
7.9 (- 3)
3.6 (-2)
7.7 (-3)
5.3 (-3)
6.7 (-3)
1.1 (-1)
6.5 (-3)
8.0 (-2)
5.9 (-3)
1.1 (-3)
5.3 (-3)
5.2 (-2)
4.5 (-3)
2.4 (-2)
4.5 (-3)
1.0 (0)
4.0 (-3)
2.5 (-1)
3.1 (-3)
2.3 '(-3)
2.5 (-3)
1.9 (-4)
1.9 (-3)
1.4 (-2)

6.5 (-4) mrem
4.3 (-3) man-remn
5.3 (-4) mrem
1.3 (-3) man-rem
5.2 (-4) mrem
1.6 (-3) man-rem
5.2 (-4) mrem
1.8 (-4) man-rem
5.2 (-4) mrem
2.3 (-3) man-rem
5.1 (-4) mrem
2.2 (-1) man-rem
4.8 (-4) arem
4.0 (-3) man-ren
4.8 (-4) mrem
2.2 (-3) man-rem
4.7 (-4) mrem
3.3 (-4) man-rem
4.6 (-4) mrem
7.6 (-3) man-rem
4.6 (-4) mrem
5.7 (-3) man-rem
4.6 (-4) mrem
8.5 (-5) man-rem
4.4 (-4) mrem
4.4 (-3) man-rem
4.2 (-4) mrem
2.3 (-3) man-ren
4.2 (-4) mrem
9.2 (-2) man-rem
4.1 (-4) mrem
2.5 (-2) man-remi
3.6 (-4) mrem
2.7 (-4) man-rem
3.6 (-4) arem
2.7 (-5) man-rem
3.5 (-4) mrem
2.6 (-3) man-rem

Location

Muscle Shoals

Wilson Dam

Sheffield

Colbert Steam Plant

Cherokee

Tri-County Utility District

Clifton

New Johnsonville

Camden

Foote Mineral

Johnsonville Steam Plant

Bass Bay Resort

Paris Landing State Park

Grand Rivers

Paducah

Total Population Dose.
Commitments

Bone

6.3 (-4)
7.1 (-3)
6.3 (-4)
2.4 (-3)
6.3 (-4)
1.3 (-2)
6.3 (-4)
3.3 (-4)
6.3 (-;4)
2.5 (-3)
6.0 (-4)
1.5 (-3)
5.9 (-4)
8.7 (-4)
5.2 (-4)
7.4 (-4)
5.2 (-4)
2.4 (-3)
5.2 (-4)
1.3.(-4)
5.2 (-4)
2.9 (-4)
5.2 (-4)
9.2 (-5)
5.1 (-4)
7.6 (-5)
5.0 (-4)
4.8 (-4)
5.0 (-4)
4.7 (-2)

3.7 (-4)
4.2 (-3)
3.7 (-4)
1.4 (-3)
3.7 (-4)
7.8 (-3)
3.7 (-4)
1.9 (-4)
3.7 (-4)
1.5 (-3)
3.5 (-4)
8.5 (-4)
3.4 (-4)
5.0 (-4)
3.0 (-4)
4.2 (-4)
3.0 (-4)
1.4 (-3)
3.0 (-4)'
7.3 (-5)
3.0 (-4)
1.7 (-4)
2.9 (-4)
5.2 (-5)
2.9 (-4)
4.3 (-5)
2.8 (-4)
2.7 (-4)
2.8 (-4)
2.6 (-2)

1.9 (-3)2.1 (-2)
1.9 (-3)
6.9 (-3)
1.8 (-3)
3.8 (-2)
1.8 (-3)
9.3 (-4)
1.7 (-3)
7.0 (-3)
1.3 (-3)
3.2 (-3)
1.2 (-3)
1.8 (-3)
9.6 (-4)
1.4 (-3)
9.6 (-4)
4.4 (-3)
9.5 (-4)
2.3 (-4)
9.5 (-4)
5.3 (-4)
8.6 (-4)
1.5 (-4)
7.9 (-4)
1.2 (-4)
5.3 (-4)
5.1 (-4)
5.0 (-4)
4.7 (-2)

3.5 (-4) mrem3.9 (-3) man-ren
3.5 (-4) mrem
1.3 (-3) man-rem
3.5 (-4) mrem
7.2 (-3) man-rem
3.4 (-4) arem
1.8 (-4) man-rem
3.4 (-4) mrem
1.4 (-3) man-rem
3.3 (-4) mrem
8.0 (-4) man-rem
3.2 (-4) mram
4.8 (-4) man-rem
2.8 (-4) mrem
4.0 (-4) man-rem
2.8 (-4) mrem
1.3 (-3) man-rem
2.8 (-4).mrem
6.9 (-5) map-rem
2.8 (-4) mrea
1.6 (-4) man-rem
2.8 (-4) mrea
5.0 (-5) man-rem
2.8 (-4) mrem
4.1 (-5) man-rem
2.7 (-4) mrem
2.6 (-4) man-rem
2.7 (-4) mrem
2.5 (-2) man-rem

G.I. Tract Thyroid Total Bodv;

7.6 (-1) 5.6 (-1) 6.6 (0) 4.2 (-1) man rems
B. Ingestion of Nuclear Plant Effluente

Prior to Dilution in the Tennessee River
Indidividual Dose

Commitments 0.54 0.59

C. Eating Fish Taken from the Tennessee River

Maximum Individual Dose
Commitment

Population Dose
Commitment

9.0 0.30 mrem

3.5 (-2) 1.6 (-2) mrem

5.2 3.7 man-rem

2.8 (-2) 1.7 (-2)

6.5 3.8
a. Estimates for parts A, B, and C are internal dose commitments for each annual

intake of radioactivity. Estimates for part D are external doses for each
annual exposure.

b. Excluding tritium.
c. Based on the estimated population in the year 2000.
d. 1.2 x 10-'

e. Assuming a continuous discharge of 28,000 GPM.
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Table E-3 (continued)

D. Use of the Tennessee River for Water Sports

Table E-h

_DSESa TO HUMANS FROM WATER CONTAINING TRITIUMb

A. Ingestion of Tennessee River Water 0
Above Waterf

Skin Total Body

4.0 (-5) 3.3 (-5)

In Water8
Skin Total Body

5.0 (-5) 4.1 (-5) mrem
Maximum Individual

Dose

Population Dose 7.9 (-4) 6.8 (-4) 3.0 (-4) 2.6 (-4) man-re! Watts Bar Nuclear Plant
(for comparison)

Dayton
Savannah Utility District
Atlas Chemical Industries
Farmers Chemical Corp.
E. I. DuPont
Chattanooga
South Pittsburg
Bridgeport
Widows Creek Steam Plant
Scottsboro
Sand Mountain Water Authority
Christian Youth Camp
Guntersville
N. E. Morgan Co. Water and FireHuntsville
Decatur.

U.S. Plywood - Champion Papers
Wheeler Dam
Reynolds Metals
Muscle Shoals
Wilson Dam
Sheffield
Colbert Steam Plant
Cherokee
Tri-County Utility District
Clifton
New Johnsonville
Camden
Foote Mineral
Johnsonville Steam Plant
Bass Bay Resort
Paris Landing State Park
Grand Rivers
Paducah

Population Total

Individual
(mrem)

3.6 (- 6 )d

3.5 (-6)
2.9 (-6)
2.9 (-6)
2.9 (-6)
2.9 (-6)
2.8 (-6)
2.7 (-6)
2.6 (-6)
2.6 (-6)
2.6 (-6)
2.6 (-6)
2.6 (-6)
2.5 (-6)
2.4 (-6)
2.4 (-6)
2.3 (-6)
2.1 (-6)
2.0 (-6)
2.0 (-6)
2.0 (-6)-
2.0 (-6)
2.0 (-6)
2.0 (-6)
1.9 (-6)
1.9 (-6)
1.8 (-6)
1.6 (-6)

'1.6 (-6)
1.6 (-6)
1.6 (-6)
1.6 (-6)
1.6 (-6)
1.6 (-6)

Population
(man-rem)

2.4 (-5)
7.0 (-6)
8.6 (-6)
9.6 .(-7)
1.3 (-5)
1.2 (-3)
2.2-(-5)
1.2 (-5)
1.8 (-6)
4.2 (-5)
3.2 (-5)
4.7 (-ý7)
2.4 (-5)
1.3 (-5)
5.1 (-4)
1.4 (-4)
1.5 (-6)
1.5 (-7)
1.5 (-5)
2.2 (-5)
7.3 (-6)
4.1 (-5)
1.0 (-6)
7.8 (-6)
4.6 (-6)
2.7 (-6)
2.3 (-6)
7.4 (-6)
4.0 (-7)
9.0 (-7)
2.9 (-7)
2.4 (-7)
1.5 (-6)
1.5 (-4)
2.3 (-3) man-reins

annual intake of tritium

0

f. Boating and fishing, for example
g. Swimming and water skiing, for example

a. Estimates are internal dose commitments for eachb. Normalized to 1.0 Ci total annual releasec. Based on the estimated population in the year 2001d. 3.6 x 10 -6
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Table E-4 (continued)
Table E-5

B. Ingestion of Nuclear Plant Effluente Prior to Dilution in the Tennessee

River

Individual Dose Commitment 1.6 (-3) mrem

C. Eating Fish Taken from the Tennessee River

Maximum Individual Dose Commitment 8.3 (-8) mrem

Population Dose Commitment 1.9 (-5) man-rem

D. Use of the Tennessee River for Water Sports

Maximum Individual.Dosef 7.9 (-6) mrem

DOSESa TO DUCKS AND MUSKRATS LIVING NEAR THE WATTS BAR NUCLEAR PLANT

Internal

External

Total

0.92 Ci Mixture

1.1 mrad

2.4 (-4),mrad

1.1 mrad

1.0 Ci Tritium

3.5 (-5)b mrad

0

3.5 (-5) mrad

a. Internal dose commitments for each annual intake and external

doses from each annual exposure
b. 3.5 x 10-O

e. Assuming a continuous discharge of 28,000 GPM
f. Assuming continuous immersion
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APPENDIX F

Table E-6 RADIOLOGICAL INPACT OF GASEOUS EFFLUENTS

DOSES TO AQUATIC ORGANISMS LIVING IN THE TENNESSEE RIVER

NEAR THE WATTS BAR NUCLEAR PLANT

A. Doses from an Annual Release of a 0.92 Ci Radionuclide Mixturea-•

Internal
(mrad) External

3
-cm 30-cL m (mrad)

Plants 0.041 0.093 4.8 (- 4 )b

Invertebrates 0.12 0.27 4.8 (-4) suspended

130 benthic

Fish 0.11 0.25 4.8 (-4)

B. Doses from an Annual Release of 1.0 Ci Tritium

Plants, invertebrates, 7.3 (-6) mrad (internal)

and fish

Estimation of doses due to gaseous effluents from the Watts Bar

Nuclear Plant is an important consideration in assessing the environmental

impact of the plant. The methods of calculation and the results presented

in this appendix should provide a realistic estimate of the impact from

radionuclides released in gaseous effluents during normal operation.

Where assumptions are necessary in developing these methods of calculation,

they are chosen to yield conservative results. The following doses to

humans are calculated for the routine releases of radionuclides listed in

Table F-1.

1. external beta doses

2. external gamma doses

3. thyroid doses due to inhalation of radioactive iodine

4. thyroid doses due to concentration of radioactive iodine in

milk.

The doses which appear in Tables F-2 through F-4 are calculated assuming

operation of two units for one year at full power with 0.25 percent failed

fuel.

Radionuclides will be released from the Watts Bar Nuclear Plant

through vents located near the top of various plant buildings. To calculate

downwind, ground level air concentrations of these radionuclides a ground

level, volume-source dispersion equation is used (equation 1). It is

assumed ýthat the gaseous effluents are initially diluted in the turbulent

wake downwind of the building.

a. Excluding tritium
b. 4.8 x 10-4
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3 6

Xk2 °Yim Qfyijk exp '(k)

- y ( jyimO.im+cA) uex. U

where

Xkm= average annual, ground level concentration of a radionuclide

in sector k at distance'x, (Ci/m'),

fijk = fraction of the release period during which the wind

blows in direction k, with speed j, and atmospheric

stability condition i,

Q = release rate of a particular radionuclide, (Ci/sec),
I

Oyim - horizontal standard deviation of the plume for stability

condition i at distance Xm, (m),

Gzim = vertical standard deviation of the plume for stability

'condition i at distance Xm, (m),

c = a parameter which relates the cross-sectional area of the

building to the size of a pressure wake caused by the building,

A.= cross-sectional area of the reactor building,(m3),

x, = downwind distance at which the radionuclide concentration is

calculated, (m),

Uj = wind speed j,(m/sec),

o = sector width, (radians),

X = radioactive decay constant for a particular nuclide, (sec-').

Equation i is used to predict the average annual, ground level

concentration of the radionuclides across a 22.50 sector. In equation 1,

c is assumed to be 0.5 and A is assumed. to be 1,630 m2 which is the

For these calculations Pasquill plume standard deviations,
1 

ayim

and azin, are used. The frequencies, fijk, in equation I are determined

by TVA meteorologists using data collected at the Watts Bar site. The

data are grouped for seven stability conditions (Pasquill stability

conditions A through G) and for seven wind speed ranges (0.0.5, 0.6-3.4,

3.5-7.4, 7.5-12.4, 12.5-18.4, 18.5-24.4, >24.5 mph). The meteorological

data are collected at a point where relatively high frequencies of stable

atmospheric conditions with calms and low-wind speeds are measured. TVA

meteorologists believe that the data collected at this particular point

portrays a more restrictive dispersion regime than will exist at the

reactor complex. Consequently, it is believed that the radiation doses

and iodine concentrations presented in this appendix are higher than would

be experienced during reactor operation.

1. External beta doses - Beta doses to individuals are

computed using an immersion dose model described by the equation:

Do = 4.64 x 109 E0 y, . (2)

where

Do = external beta dose due to immersion in a cloud, (mrem/yr),

4.64 x 10' = a constant used in calculating external beta dose;
(mrem/yr

\Ci-MeV/dis-m ,

ER= average beta energy of nuclide being considered, (MeV/dis),

X = average-annual, ground-level radionuclide concentration as

calculated by equation 1, 1Ci.

minimum cross-sectional area of the reactor building.
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In this equation, a correction factor of 0.64 is included

to account for cloud geometry and a correction factor of 0.5 is included

to account for self-shielding by the human body.

The X in equation 2ýis the same as Xkm in equation 1.

To compute the total beta dose from a mixture of radionuclides equation 2

is applied for each nuclide and the resulting doses are summed. The

average beta energies for the nuclides are calculated from information

contained in reference 2.

In computing the beta dose to the population within 50

miles of the Watts Bar Nuclear Plant, the area is divided into 16

directional sectors and 11 concentric rings, i.e., 176 small area elements.

A beta dose computed at the center of each element is multiplied by the

number of people residing in that element. A summation of these products

over all elements gives the total population dose within 50 miles of the

plant. The projected population for the year 2000 is used in calculating

population dose.

For each source of gaseous effluents, the annual releases

of the radionuclides are listed in Table F-1. The corresponding individual

and population external beta doses are reported in Table F-2.

2. External gamma doses - Gamma doses to individuals are

computed using an. immersion dose model described by the equation:

DY = 7.21 x 10' E X, (3)
Y

where

Dy external gamma dose due to immersion in a cloud, (mrem/yr),

7.21 x 10' = a constant used in calculating external gamma dose,
.... re/;r 1

)iMVdi-r

= average gamma energy of nuclide being considered, (MeV/dis),

X = average-annual, ground-level radionuclide concentration as

calculated by equation 1, (Ci/m
3
).

In this equation, a correction factor of 0.5 is included

to account for cloud geometry.

The X in equation 3 is the same as Xkm in equation 1.

When several nuclides are released, the dose due to each nuclide is computed

and a summation is executed to obtain the total external gamma dose. The

average gamma energiesused in calculating external gamma doses are computed

from data contained in reference 2.

The total population gamma dose within 50 miles of the Watts

Bar Nuclear Plant is calculated using the method described for the population

beta dose. The annual individual and population external gamma doses for

each source of gaseous effluents are reported in Table F-2.
r

3. Thyroid doses due to iodine inhalation - The equation

used in calculating inhalation doses for routine releases of radioiodine

from the Watts Bar Nuclear Plant is:

D = 8.76 x 10' X (BR) (DCF), (4)

where

D = thyroid dose committed, (mrem committed/yr),

8.76 x 103 = hours per year,

X = average-annual, ground-level radionuclide concentration as

calculated by equation i, (Ci/m%),

BR = breathing rate, (m
3
/hr),

DCF = dose commitment factor for iodine inhalation, (mrem/Ci inhaled).
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Maximum individual thyroid dose due to intake of radioiodine

are calculated for a one-year-old child in accordance with the recommendations

of the Federal Radiation Council.
3 

Population doses are calculated using

adult parameters and the same method described for calculating population

beta doses.

The breathing rate assumed for a one-year-old child is 0.29

m
3

/hr 
4

and for an adult is 0.83 m3/hr.5 The iodine inhalation dose commitment

factors for the one-year-old child and for the adult are obtained from

reference 6.

The calculated annual individual and population iodine

inhalation doses for each source of gaseous effluents are reported in Table F-3.

4. Thyroid doses due to iodine ingestion - The equation used

in calculating the thyroid doses due to iodine ingestion through the milk

food'chain is:

D = 3.15 x 107 Wx) (vg) (M) (CR) (DCF) (5)

where

D = thyroid dose committed, (mrem committed/yr),

3.15 X 107 = seconds per year, -

X = average-annual, ground-level radionuclide concentration as

calculated by equation 1, (Ci/m
3

),

-Vg = radioiodine deposition velocity, (m/sec),

M = empirically determined value for concentration of radioiodine

in milk per unit deposition rate, ;Ci/liter

\CEi/m'--day.

CR = milk consumption rate, (liter/day),

DCF = dose commitment factor for iodine ingestion, (mrem/Ci ingested).

Only Iodine-131 and 133 are considered in calculating milk

ingestion doses due to routine releases of radioiodine. Iodine-132, 134,

and 135 have short half-lives (<7 hours) and will have essentially

disappeared due to decay before significant concentration in the milk occurs.

The one-year-old child is assumed to be the critical receptor

in calculating the maximum dose to an individual drinking milk produced at

the nearest dairy farm (1.2 miles SSW of the plant). Population doses to

persons within 50 miles of the plant are calculated using adult parameters.

The assumption is made that all milk produced within 50 miles of the Watts

Bar Nuclear Plant is consumed within this area, and cows are assumed to

graze the pastures during the entire year. County milk production data

for the year 1969 is used in computing milk ingestion population doses.

The numerical values used for the parameters vg, M, CR, and DCF are taken

from references 6,7,8, and 9.

The individual and population milk ingestion doses are

reported in Table F-3.

5. Maximum average-annual radioiodine concentration -

The maximum average-annual radioiodine concentration occurs in the SW

sector at the site boundary (790 m). The maximum concentrations for each

iodine isotope and for each source of gaseous release are calculated using

equation 1 and are reported in Table F-4.
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Table F-2

ESTIMATED ANNUAL EXTERNAL GAMMA AND BETA DOSES FROM NUCLIDES RELEASED IN GASEOUS EFFLUENTS'

Source of Release

Routine Release Sources

Auxiliary
Building
Release

Vacuum Pump Steam Purge
Release Leakage Release

Waste
Treatment

60-Day
Holdup

Alternate Waste Treatment Systems
Waste Waste

Waste Treatment Treatment
Treatment 45-Day Gas Removal

Recombiners Holdup Systems

Maximum Individual
Gamma Dose at
Site Boundary

(mrem)

Maximum Individual

Beta Dose at
Site Boundary

(mrem)

Total Population
Gamma Dose
Within 50 miles

(mafi-rem)

Total Population
Beta Dose
Within 50 miles

(man-rem)

7. 1 (-)b 1.3 1.6 (-5) 1.3 (-2) 5.5 (-2)

7.8 (-1)

8.7(-1)

1.3

1.4 5.3 (-6) 3.5 (-2) 2.4

1.6 2.1 (-5) 2.7 (-2) 1.4 (-1)

2.4 7.4 (-6) 8.5 (-2) 6.9

3.1 (-2) 1.7 (-1)

2.3 2.6

9,0 (-2) 3.8 (-1)

- 6.8 -7.3

a. For operation of two units at full power with 0.25 percent failed fuel.

b. 7.1 x 10"'

Table F-1

ESTIMATED ANNUAL RELEASES OF NUCLIDES IN GASEOUS EFFLUENTSa

Source of Release

L

Routine Release Sources

Isotope

1-131
1-132
1-133
1-134
1-135

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138

Auxiliaryb
Building
Release
(Ci/yr)

1.6 (-4)f

3.5 (-5)
2.3 (-4)
2.5 (-5)
1. 1 (-4)
1.8
1.3 (+1)
2.4 (+1)
7.1
2.1 (+1)
4.9 (-1)
1.4 (+1)
1.7 (+1)
1.4 (+3)
9.2 (-1)
1.1 (+2)
7.7 (-1)
3.1

Vacuum Pm

Release
(Ci/yr)

1.8 (-3)
2.3 (-5)
9.8 (-4)
6.5 (-6)
1.9 (-4)
3.2
2.4 (+1)
4.2 (+l)
1.3 (+1)
3.7 (+l)
8.8 (-1)
2.5 (+1)
3.1 (+1)
2.6 (+3)
1.6
2.0 (+2)
1.4
5.6

Steamc,d Purgee

Leakage Release
(Ci/yr) (Ci/yr)

3.3 (-3) 3.5 (-5)
4.3 (-5) 2.6 (-9)
1.8 (-3) 3.8 (-6)
1.2 (-5)
3.6 (-4) 2.5 (-7)

6.6 (-4)
1.5 (-2)
1.8 (+1)
2.4 (-3)
1.5 (-2)
6.8 (-6)
1.1
2.5 (-1)
4.7 (+1)
6.1 (-5)
2.7 (-1)
1.3 (-5)
2.3 (-4)

Waste
Treatment

60-day
Holdup

(Ci/yr)

1.1 (-5)

Alternate Waste Treatment Systems
Waste Waste

Waste Treatment Treatment
Treatment 45-day Gas Removal
Recombiners Holdup Systems

(Ci/yr) (Ci/yr) (Ci/yr)

4.0 (-5)

2.8 (+3)

5.2 (+1)
3.0 (-5)
6.5 (+l)

2.8 (+3) 2.8 (+3) Si

1.3 (+2)
3.0 (-3)
4.7 (+2)

a. For operation of two units at full power with 0.25 percent failed fuel.
b. Based on leakage of 10 gallons per day per unit.
c. Based on primary to secondary leakage of 20 gallons per day per

unit and a 6-gallon per minute blowdown rate per unit.
d. Includes the effect of venting tanks which contain blowdown.
e. Based on two full purges per year per unit and primary coolant

leakage of 50 pounds per day per unit.

f. 1.6 x 10-'.



Table F-4

ESTIMATED MAXIMUM ANNUAL IODINE CONCENTRATIONS FROM RELEASES IN GASEOUS EFFLUENTS
5

Max. Annual Cone. of
1131, 1jCi/cc

Max. Annual Cone. of
1-132, lCi/ct

Max. Annual Cone. of
1-133, lCi/cc

Max. Annual Conc. of
1-134, Cid/cc

Max. Annual Cone. of
1-135, lCi/cc

Source of Release

Routine Release Sources Alternate Waste Treatment Systems
Waste Total, Waste WasteAuxiliary Treatment All Waste Treatment TreatmentBuilding Vacuum Pump Steam Purge 60-day Routine Treatment 45-day Gas Removal

Release Release Leakage Release Holdup Sources Recombiners Holdup Systems

1.2 (-16)b 1.2 (-15) 2.4 (-15) 2.6 (-17) 8.2 (-18) 3.8 (-15) 3.0 (-17)

1.9 (-17) 1.2 (-17) 2.3 (-17) 1.4 (-21) 5.4 (-17)

1.6 (-16) 7.0 (-16) 1:3 (-15) 2.7 (-18) 2.2 (-15)

8.7 (-18) 2.2 (-18) 4.2 (-18) 1.5 (-17)

7.3 (-17) 1.3 (-16) 2.4 (-16) 1.7 (-19) -4.3 (-16)

a. For operation of two units at
b. 1.2 . 10-"

full power with 0.25 percent failed fuel.

L-

Table F-3
ESTIMATED ANNUAL THYROID DOSE COMMITMINTS FROM RADIOIODINE

RELEASED IN GASEOUS EFFLUENTSa

Source of Release

Routine Release Sources

Auxiliary
Building Vacuum Pump Steam Purge
Release Release Leakaie Release

Iodine Inhalation

Maximum Individual
Thyroid Dose b

at Site Boundary 5.3 (-3) 4.2 (-2) 7.8 (-2) 6.9 (-4)
(mrem)

Total Population
Thyroid Dose Within 4.4 (-3) 4.4 (-2) 8.2 (-2) 8.5 (-4)

50 miles
(man-rem)

Iodine Ingestion via Milk

Maximum Individual
Thyroid Dose at

Nearest Dairy Farm 1.0 (-1) 1.1 2.1 2.2 (-2)(irem)

Total Population
Thyroid Dose

Within 50 miles 1.7 (-1) 1.8 3.4 3.6 (-2)
(man-rem)

a. For operation of two units at full power with 0.25 percent failed
b. 5.3 x 10-'

Waste
Treatment

60-day
Holdup

Alternate Waste Treatment Systems
Waste Waste

Waste Treatment Treatment
Treatment 45-day Gas Removal
Recombiners Holdup Systems

I-.
02.1 (-4)

2.6 (-4)

7.4 (-4)

9.5 (-4)

6.9 (-3)

1.1 (-2)

fuel.

2.5 (-2)

4.1 (-2)
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APPENDIX G

RADIOLOGICAL IMPACT OF E XTERNAL DOSE

FROM REFUELING AND PRIMARY MAKEUP WATER STORAGE TANKS

The direct gaimmaradiation dose rate at the site boundary

from two refueling water storage tanks and two primary makeup water

storage tanks has been calculated. The assumptions used in performing

these analyses are given below.

1. The dose rate model considers the tanks to be cylindrical,

"self-absorbing" volume sources surrounded by a thin iron

slab.

2. The physical dimensions and volume of the tanks are:

Refueling Water Storage Tank: 43'6" dia. x 32'0" high,

350,000 gallons/tank; Primary Makeup Water Storage Tank:

32'6" dia. x 30'9" high, 187,000 gallons/tank

3. The tank is filled with pure water.

4. The isotopic distribution of the radioactivity in each

tank is shown in Table G-1. The specific activity in each

tank is 0.0011 uCi/ml. The total activity, exclusive of

tritium, in each refueling water storage tank is 1.52 Ci

and in each primary makeup water storage tank is 0.81 Ci.

5. Decay of the isotopes is not considered in the calculation.

6. The isotopic mixture is considered uniformly distributed

in the tank.

7. Only those gamma rays of significant energy and intensity

(number per disintegration) were used in the calculations.

8. The average gamma energy and number of gammas per dis-

integration for the mixture of isotopes given in Table G-1

are calculated to be 0.56 MeV and 0.87 respectively.

9. The contribution from each nuclide to the total dose rate

is weighted according to its fraction of the total activity.

10. Attenuation and buildup factors for 790 meters of air, for

the 5/16-inch steel tank wall, and for the water in the

tanks are considered in the calculations. Self-absorbtion

due to the water is considered.

11. No credit for the air-earth interface scattering and

absorbtion effect is taken in the calculations.

Using these assumptions, the direct gamma dose rate at the

site boundary (790 m) from activity contained in each refueling water

storage tank is calculated to be 0.011 mrem/yr. For each primary

makeup water storage tank, the direct gamma dose rate is 0.014 mrem/yr.

The total direct gamma dose rate at the site boundary from the two

refueling water storage tanks and the two primary makeup water storage

tanks is calculated to be 0.050 mrem/yr.

I
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Table G-I

ISOTOPIC DISTRIBUTION OF ACTIVITY IN REFUELING AND

PRIMARY MAKEUP WATER STORAGE TANKSa

Appendix H

CUMULATIVE RADIOLOGICAL IMPACT FRCM OPERATION-OF

WATTS BAR AND SEQUOYAH NUCLEAR PLANTS

Isotope

Sr-89

Zr-95

Nb-95

Mo-99

1-131

Cs-134

Cs-136

Cs-137

Ba-14o

Ce-14 4

Mn-54

Co-58

Co-6O

Fe-59

Total

Refueling Water
Storage Tank

Contents, Curie

2.17 x 10-3

4.74 x I0-4

3.89 x 10-4

5.91 x lO-2

4.44 x l01-

1.58 x 10-1

3.88 x 10-2

8.oo x 10-1

3.88 x 10-4

2.08 x 10-4

4.98 x l0-4

1.42 x 10-2

14.89 x 10-4

5.49 x lo-4

1.51

Primary Makeup Water
Storage Tank Contents,

Curie

1.16 x 10-3

2.54 x 0o-4

2.09 x 10-4

3.17 x 10-2

2.38 x 10-1

8.48 x 10-2

2.08 x 10-2

4.29 x 10-1

2.08 x 10-4

1.12 x 10-4

2.67 x 10-4

7.62 x 10-3

2.62 x 10-4

2.94 x 10-4

0.81

Fraction of Total
Activity for Each

Tank

1.41 x 10-3

3.11 x 10-4

2.56 x 10-4

3.90 x 10-2

2.91 x 10-1

1.04 x 10-1

2.55 x 10-2

5.27 x 10-1

2.55 x 10-4

1.37 x 10-4

3.28 x loi

9.35 x 10-3

3.23 x 10-4

3.61 x 10-4

TVA has calculated the expected cumulative radiation doses

to man and species other than man resulting from radionuclides in liquid

effluents released by the Watts Bar and Sequoyah Nuclear Plants to

Chickamauga Reservoir. A summary of these calculations is given in

Tables H-1 and H-2.. Estimated doses for the radionuclides released from

the Watts Bar and Sequoyah Nuclear Plants are listed for individual

drinking water supplies as far as Chattanooga. Estimates of the doses

frcm these releases are less for supplies farther downstream.

Doses are calculated using the models and assumptions described

in Appendix E. The distribution of radionuclides released in liquid

effluents from the Sequoyah Nuclear Plant is expected to be the same

as that for the Watts Bar Nuclear Plant, but the activities are

estimated to be 25 percent greater than the releases shown in Table E-1

of Appendix E. The maximum doses to an individual from the cumulative

releases of radionuclides in liquid effluents is calculated to be

0.15 mrem per year which is only 0.1 percent of the total dose that

an individual receives from natural background radiation. The cal-

culated doses for the nuclear plants are much less than the variations

in the doses from naturally occurring background radiation.

It is concluded that the combined doses resulting from the

normal operation of the Watts Bar and Sequoyah Nuclear Plants will

present no significant risk to the health and safety of the public.

a. Excluding the doses from tritium.

a. Exclusive of tritium. I
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Table H-I

RADIOLOGICAL IMPACT OF THE LIQUID EFFLUENTSa FROM THE

WATTS BAR AND SEQUOYAH NUCLEAR PLANTS

Table H-2

RADIOLOGICAL IMPACT OF TRITIUMa IN THE LIQUID EFFLUENTS

FROM THE WATTS BAR AND SEQUOYAH NUCLEAR PLANT

Watts Bar Sequoyah Total

0.92 Ci 1.2 Ci 2.1 CiActivity Released Annually

A. Doses to Humans

Ingestion of Tennessee River

water (thyroid dose commitment)

Atlas Chemical Industries
1. individual
2. population

Farmers Chemical Corp.

E. I. DuPont

Chattanooga

Eating Fish Taken from the
Tennessee River

Chickamauga Lake below the
Sequoyah Nuclear Plant
1. maximum individual
2. population

Use of the Tennessee River
for Water Sports

Chickamauga Lake below the
Sequoyah Nuclear Plant (skin
doses)
1. above water
2. in water

B. Doses to Organisms Living
near the Sequoyah Nuclear
Plant Site

Terrestrial vertebrates

Aquatic organismsc
1. plants
2. invertebrates
3. fish

Watts Bar Seguoyah Total

1.1 (- 2 )b

3.4 (-2)

3.8 (-3)

4.9 (-2)
4.6

3.5 (-2)
1.0 (-1)
1.2 (-2)

7.7 (-2)

7.1

4.6 (-2) mrem
1.3 (-1) man-rem

1.6 (-2) man-rem

1.3 (-1) man-rem

12 man-rem

A. Doses to Humans

Ingestion of Tennessee
River Water

Atlas Chemical Industries
1. individual
2. population

Farmers Chemical Corp.

E. I. DuPont

Chattanooga

Eating Fish Taken from
the Tennessee River

Chickamauga Lake below
the Sequ6yah Nuclear Plant
1. maximum individual
2. population

B. Doses to Organisms Living
near the Sequoyah Nuclear
Plant

Terrestrial vertebrates

Aquatic organisms

2.9(-6)b
8.6 (-6)

9.6 (-7)

1.3 (-5)

1.2 (-3)

5.8.(-6)
1.7 (-5)

1.9 (-6)

1.3 (-5)

1.2 (-3)

8.7 (-6) mrem
2.6 (-5) man-rem

2.9 (-6) man-rem

2.6 (-5) man-rem

2.4 (-3) man-rem

2.6 (-2), 7.2 (-2) 9.8 (-l) mrem
3.5 (-1) 9.8 (-l) 1.3 man-rem

1.o (-4) 3.0 (-4) 4.0 (-4) man-rem
4.0 (-5) 1.1 (-4) 1.5 (-4) man-rem

8.5 (-1) 2.1 3.0 mrad

6.8 (-,2) 1.9 (-1) 2.6 (-1) mrad
2.1 (-1) 5.6 (-1) 7.7 (-1) mrad
1.9 (-1) 5.1 (-1) 7.0 (-1) mrad

6.8 (-8) 1.4 (-7) 2.1 (-7) mrem
9.2 (-7) 1.9 (-6) 2.8 (-6) man-rem

2.9 (-5) 5.7 (-5)

5.9 (-6) 1.2 (-5)

8.6 (-5) mrad

1.8 (-5) mrad

a. Normalized to 1.0 Ci
b. 2.9 x 10-6

a.
b.
c.

Excluding tritium.
1.1 x 10-2
Excluding doses from activity accumulated in sediment.
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TERRESTRIAL AND AMPHIBIOUS VERTEBRATES OF THE
WATTS BAR NUCLEAR PLANT AREA

APPENDIX I

TERRESTRIAL AND AMPHIBIOUS VERTEBRATE SURVEY

AND

VEGETATION SURVEY AND ANALYSIS

Introduction

Detailed lists of terrestrial and amphibious fauna of the Watts Bar plant area

are not available, thus necessitating the compilation of species lists based on

scientific ecological and taxonomical studies from other areas which are to a

significant dcgree similar to the Watts Bar environs. Lists of mammals, birds

and reptiles from the Oak Ridge, Tennessee, area and Knox County, Tennessee,

are given in Tables I, II, III. Oak Ridge and Melton Valley are 35 miles upstream

from Watts Bar Dam on the Clinch River. Knox County lies a similar distance

upstream on the Tennessee River. In both areas physiographic, vegetational

and edaphic features are similar to the Watts Bar area. The distributional limits

of all species listed in the Tables encompass the Watts Bar area.

No lists of insects or microfauna are available from any Tennessee counties

and a state list has never been compiled.

Endangered Species

A careful review of fauna suspected to inhabit or migrate through the Watts Bar

area and those animals whose distributional limits encompass the site indicated that

several species listed by the Department of the Interior as threatened with extinction

might be found in the a'rea at certain times of the year. The Southern.Bald Eagle

(Haliaeetus 1. leucocephalus) is a relatively common visitor to Watts Bar and

Chickamauga Lake. The American Peregrine Falcon (Falco peregrinus anatum)

and Northern Red-Cockaded Woodpecker (Dendrocarpers borealis borealis) are two
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endangered avian species that have been observed in Knox County. Dr. J. C. Howell

of the University of Tennessee Department of Zoology recently sighted a pair of

Red-Cockaded Woodpeckers in Campbell County. Bachman's Warbler (Vermivora

bachmanii) and Kirtland's Warbler (Dendroica kirtlandii) may migrate through parts

of east Tennessee but neither has been recorded. The threatened Indiana Bat

(Myotis sodalis) is a cave dweller. There are no known caves on the Watts Bar

plant site.

Mammals

Based on comprehensive vegetation analyses completed on the Watts Bar site,

knowledge of past land use practices, and review of a list of mammals found in

Melton Valley, a fairly accurate assessment of mammal population of the area can

'be made. Mammals found in Melton Valley by Howell and Dunaway are listed in

Table I along with those whose distributional limits include the Watts Bar area.

The White-tailed Deer (Odocoileus virginianus) is an important resident, albeit

few in numbers. The Gray Fox (Urocyo cinereoargenteus), Raccoon (Procyo lotor),

Gray Squirrel (Scufirus carolinensis), Woodchuck (Marmota monax), Red Fox

(Vulpes 1ula, Opossum (Didelphi marsupialis) and Cottontail Rabbit (Sylvilagus

floridanus) are other mammals that'probably reside on or near the plant site. The

variety of habitats including pasture areas, various stages of old field succession,

and over 250 acres of second growth hardwoods, pines, and mixed pine-hardwood

forests provide a wide range of food and habitat• situations and a large ecotonal

system. Habitat conditions are generally favorable to most of the larger mammals

indigenous to the Ridge and Valley region as well as a variety of

smaller mammals such as the Short-tailed Shrew (Blarina brevicauda),

Pine Mouse (Bitymys pinetorun), Rice Rat (Oryzomys polstris,

White-footed Mouse (Peromyscus leucopus), Golden Mouse (Peromwscus

nuttalli) and Harvest Mouse (Perthrodontomys hummulis). The Little-

Brown Bat (Myotis lucifugur) and Red Bat (Lasiurus borealis)

probably frequent the plant site. Muskrat (Ondatra zibethica)

and Mink (Mustela vison) inhabit littoral zones with the muskrat

being more abundant.

Reptiles and Amphibians

The diversity of habitat types undoubtedly supports varied and

abundant populations of snakes, frogs, salamanders and other herptiles.

An extensive list of those species likely to occur on the area and

those whose range includes the area are given in Table II. Those

species recorded by Dr. J. C. Howell in the Oak Ridge area doubt-

less closely mirror the list one would compile from intensive

investigation of the Watts Bar site. Several species not

found at Oak Ridge but probably occurring in the area are:

Wood Frog (Rana sylvatica), Smooth Green Snake (Opheodrys vernolis),

and the Bull Snake (Pituophis sayi). Other species to be
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expected would be Hellbender (Cryplotranchus alleganiensis), Red-Backed

Salamander (Plethodon cinereus), Spring Salamander (Gyrinophilus porphyriticus),

Slender Glass Lizard (Ophisourus attenvatus), Hognose Snake (Heterdon platyrherios),

and possibly th e Timber Rattlesnake (Crotalus horridus).

Birds'

The list of birds given in Table III is a composite listing of species which

likely nest and winter on the Watts Bar area and those that migrate through Rhea

County. Some dominant year-round residents include the Crow (Corvus brachyrhynchos,

Blue Jay (Cyanocitta cristata), Cardinal (Richmondena cardinalis), Red-tailed Hawk

(Buteo jamaicensis), Sparrow Hawk (Falco sparverius), Mourning Dove (Zenaidura

macroura), Screech Owl (Otus asio), Belted Kingfisher (Megaceryle alcyon), Pileated

Woodpecker (Dendrocopus ileatus), Downy Woodpecker (Dendrocopus pubescens),

Tufted Titmouse (Parus bicolor), Starling (Sturnus vulgari ) and Field Sparrow

(Spizella pusill). The variety of wooded and open areas and extensive edge create

favorable habitats for a wide variety of avian species.

A species commonly seen on Watts Bar and Chickamauga Lakes is the Osprey,

or Fish Hawk (Pandion haliaetus). This bird is not listed as rare or endangered by

the Department of the Interior at the present time but'is rapidly decreasing in numbers

and may well be placed on the list of threatened species within the next few years

(personal communication with Mr. Eugene Ruhr of the Office of Rare and Endangered

Species, U. S. Fish and Wildlife Service, Department of the Interior). There is an

osprey nest on the 
9 6

7-acre plant site. The nest appears to be an active structure

and is located'in the top of a large dead hardwood tree about a mile south of the actual

location of the plant. Ospreys have been known to nest on channel marker buoys

in Watts Bar and Chickamauga Lakes which might suggest a lack of natural nesting

sites.

Waterfowl are an important resource of the immediate area of the Watts Bar

site. The Yellow Creek Waterfowl Management Area operated by the State of

Tennessee Game and Fish Commission abutts the southern boundary of the site.

Its location, 27 river miles north of the pi incipal waterfowl refuge area (Hiwassee

Island, TRM 501) enhances its significance in attracting waterfowl flights upstream

from the principal refuge, thus contributing to more successful hunting on all

waterfowl management units between Hiwassee Island and Watts Bar. Dam. The

Yellow Creek arba accommodated approximately 25 percent of total duck hunting

recreation and duck kill on the reservoir in 1971; data on hunting use and kill

success over the five-year period 1966-1971 indicate that Yellow Creek has furnished

one-fourth of hunting recreation on Chickamauga Reservoir, and has, through its

influence on other management areas, accounted for approximately 58 percent of

ducks harvested.

Wood Ducks (Aix sponsa) nest within the 967-acre area. Migrating waterfowl

probably use the small farm pond located in the southern half of the area and are

commonly seen around the area. Canada Geese (Branta canadensis), Mallard (Anas

platyrhynchos), Black Duck (Anas rubripes), and Wood Ducks are migrant waterfowl species

common to the area.

Environmental Impact on Terrestrial and Amphibious Fauna

Alteration of ground cover and resulting habitat modification will have direct

and indirect effects on numerous faunal species. The loss of 53.5 acres of hardwood
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and pines and associated understory species will eliminate this as forest habitat

for wildlife. Land around the plant structure will be cleared and landscaped in

such a way that the habitat for some wildlife species will be enhanced.

The bulk of the 967-acre area will not be directly disturbed by construction

activities. These areas may be brought under a systematic plan for wildlife

habitat improvement and recreation development.

Noise levels and vibrations from trains, machinery snd equipment during

and after construction will be more diverse and intense than during the pre-

construction period. There are no known species on the area that would suffer

direct adverse effects from noises.

Plant structures and most land-use changes are not likely to severely interfere

with resident bird and mammal movement and should not adversely affect flight

patterns of migrant species. Waterfowl movements up and down Watts Bar and

Chickamauga L4kes and to and from Yellow Creek should not be seriously threatened.

Transmission lines cutting through forested areas create new habitat situations

150 to 250 feet wide and many miles in length. New plant successional changes thus

occur benefiting species that utilize and depend on edge and/or open areas. With the

provision of food and cover regimes properly developed and managed the new habitat

situations can provide for numerous species of animals.

I-7
Table 1

MAMMALS WITH RANGES ENCOMPASSING
THE WATTS BAR NUCLEAR PLANT SITEI

Common Name Scientific Name

Virginia opossum* Didelphis virginiana
Eastern mole* Scalopus aquaticus
Least shrew Cryptotis parva
Shorttail shrew* Blarina brevicauda
Southeastern shrew* Sorex longirostris
Small short-tailed shrew* Cryptotis parva
Smokey shrew* Sorex fumeus
Keen myotis Myotis keeni
Little brown msotis* Myotis lucifugus
Indiana myotis= Myotis sodalis
Southeastern bat* Myotis austroriparius
Gray myotis Myotis grisescens
Evening bat Nycticeius humeralis
Eastern pipistrel Pipistrellus subflovus
Big brown bat Eptesicus fuscus
Red bat* Lasiurus borealis
Hoary bat Lasiurus cinereus
Silver-haired bat Lasionycteris noctivagans
Eastern big-eared bat Corynorhinus macrotis
Raccoon* Procyon lotor
Longtail weasel Mustela frenata
Shorttail weasel Mustela erminea
Mink* Mustela vison
River otter Lutra canadensis
Spotted skunk Spilogale putorius
Striped skunk* Mephitis mephitis
Red fox vulpes fulva
Gray fox* Urocyon cinereoargenteus
Bobcat* Lynx rufusWoodchuck* Marmota monax
Eastern chipmunk* Tamias striatusEastern gray squirrel* Sciurus carolinensis
Eastern fox squirrel Sciurus niger

Southern flying squirrel Glaucomys volans
Beaver* Castor canadensis
Eastern harvest mouse

4  
Beithrodontomys htzaulis

White-footed mouse* Peromyscus leucopus
Golden mouse* Peromyscus nuttalli
Cotton mouse Peromyscus gossypinus
Rice rat* Oryzomys palustris
Hispid cottonrat Sigmodon hispidus
Eastern woodrat Neotoma floridana
Southern bog lemming Synaptomys cooperi
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Table I
(continued)

'-9
Table 2

AMPHIBIANS AND REPTILES WHOSE RANGES INCLUDE
THE WATTS BAR NUCLEAR PLANT SITE

Common Name Scientific Name

Pi• e vole'
Mu s krm

Novrwy rat*
Cotton rat'
Black rat
House mouse

4

Eastern cottontail*
WIhitetail deer

5

Feral domestic dog-
Feral do)mestic eat

Pitymys pinetorum
Ondatra sibethica
Rattus norvegicus
Sigmodon hispidus
Rattus rattus
Mus musculus
Sylvilagus floridanus
Odocoileus virginianus
Canis familiaris
Felis domestica

Common Name Scientific Name

Pickerel frog-
Green frog*
Bullfrog*
Northern cricket frog*
Upland chorus frog*
Spring peeper*
Eastern gray treefrog*
Northern leopard frog
Eastern narrow-mouthed toad*
American toad*
Fowler's toad*
Eastern spadefoot toad*
Southern leopard frog*
Spotted salamander*
Marbled salamader
Eastern tiger salamander
Red-spotted newt*
Northern dusky salamander*
Red-backed salamander
Slimy salamander*
Four-toed salamander
Northern red salamander*
Northern two-lined salamander*
Long-tailed salamander
Cave salamander*

Common snapping turtle*
Smooth softshelled turtle
Eastern spiny softshelled turtle*
Eastern mud turtle
Eastern painted turtle*
Map turtle*
Pond slider*
Eastern box turtle*

Northern fence lizard*
Ground skink*
Broad-headed skink*
Five-lined skink*
Six-lined racerunner*

Northern water snake*
Queen snake*
Diamond-backed water snake*
Eastern garter snake*

Rana palustrisRana clamitans melanota
Rana catesbeiana
Acris crepitans crepitans
Pseudaecris triseriata feriarum
Hyla crucifer
Hyla versicolor versicolor
Rana pipiens pipiens
Gastrophryne carolinensis
Bufo terrestris americanus
Bufo woodhousei fowleri
Scaphiopus holbrookii holbrookii
Rana pipiens sphenocephala
Ambystoma maculatums
Ambystoma opacus
Ambystoma tigrinun tigrinum
Diemictylus viridescens viridescens
Desmognathus fuscus fuscus
Plethodon cinereus cinereus
Plethodon glutinosus glutinosus
Hemidactylium scutatum
Pseudotriton ruber ruber
Eurycea bislineata bislineata
Eurycea longicauda longicauda
Eurycea lucifuga

Chelydra serpentina serpentina
Trionyx muticus
Trionyx spinifer spinifer
Kinosternon subrubrum subrubrum
Chrysemys picta picta
Graptemys geographica
Pseudemys scripta
Terrapene carolina carolina

Sceloporus undulatus hyacinthinus
Lygosoma laterale
Eumeces laticeps
Eumeces fasciatus
Cnemidophorus sexlineatus

Natrix sipedon sipedon
Natrix septemvittata
Natrix rhombifera rhombifera
Thamnophis sirtalis sirtalis

/

1. Species determinations based on information taken from A Field Guide
to the Mammals by Bent and Long-Term Ecological Study of the Oak

i Ares: !I. Observations on the Mannals with Special Reference
to Meltoni Valley by ,. C. Howell and P. B. Dunaway.

2. FfAaninev,' species as listed by US7PS, Office of Rare and Endangered
Species.

, is Jenotes those species found in the Oak Ridge, Tennessee area.
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Table 2
(continued)

Common Name Scientific Name

FOOTNOTES

1. Species list compiled from The Herpetofauna of the Oak Ridge Area by R. M.

Johnson and A Field Guide to Reptiles and Ampjhibians by Conant.

Those species annotated with an asterisk were found in the Oak Ridge,
Tennessee area.

Eastern worm snake*
Midland brown snake*
Northern red-bellied snake*
Rough earth snake
Southern ringneck snake
Northern ringneck snake*
Southeastern crowned snake
Northern black racer*
Eastern milk snake*
Red milk snake
Prairie kingsnake
Mole snake*
Northern pine snake
Corn snake*
Gray rat snake*
Rough green snake*
Eastern hognose snake
Northern copperhead*
Timber rattlesnake

Small-mouthed salamander
Mole salamander
Ocoee salamander
Seal salamander
Zigzag salamander
Northern spring salamander
Tennessee cave salamander
Midland mud salamander
Green salamander

Midland painted turtle
Stripe-necked musk turtle*
Ouachita map turtle*
Cumberland turtle
Red-eared'turtle
Slider turtle*
Stinkpot turtle*

Eastern earth snake*
Mississippi ringneck snake
Midwest worm snake
Black rat snake
Black kingsnake
-Scarlet snake*

Green anole
Southeastern five-lined skink
Coal skink

Carphophis axoenus amoenus
Storeria dekayi wrightorum
Storeria occiptomaculata occipitomaculata
Haldea striatula
Diadophis punctatus punctatus
Diadophis punctatus edwardsi
Tantilla coronata coronata
Coluber constrictor constrictor
L. doliata triangulum
L. doliata syspila
L. calligaster calligaster
L. calligaster rhombomaculata
Pituophis melanoleucus melanoleucus
Elaphe guttata guttata
Elaphe obsoleta spiloides
Opheodrys aestivus
Heterodon platyrhinos
Agkistrodon contortrix mokeson
Crotalus horridus horridus

Ambystoma texanum
Ambystoma talpoideum
Desmognathus ocoee
D. monticola
Plethodon dorsalis dorsalis
Gyrinophilus porphyriticus porphyriticus
G. palleucusw
Pseudotriton montanus diastictus
Aneides aeneus

Chrysemys picta marginata
Sternothaerus minor peltifer
Graptemys pseudo-geographica ouachitensis
Pseudemys scripta troosti
Pseudemys scripta elegans
Pseudemys concinna hieroglyphica
Sternothaerns odoratus

Haldea valeriae valeriae
Diadophis punctatus stictogenys.
Carphophis amoenus helenae
Elaphe obsoleta obsoleta
L. getulus niger
Cemophora coccinea

Anolis carolinensis carolinensis
Eumeces inexpectatus
Eumeces anthracinus

Footnotes on page 3.
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Table 3

A CHECKLIST OF BIRDS CF KNOX COUNTY, TENNESSEE

Kte 3 (continued)

Common Name S S F Scientific Name

Common Name S S F W Scientific Name

Common loon
Red-throated loon
Horned grebe
Pied-billed grebe
White pelican

Double-crested cormorant
Great blue heron
Green heron*
Little blue heron
Common egret

Cattle egret
Black-crowned night heron*
Yellow-crowned night heron
Least bittern
American bittern

Wood ibis
White ibis
Whistling swan
Canada goose
Snow goose

Blue goose
Mallard
Black duck

-Gadwall

Pintail

Green-winged teal
Blue-winged teal
American widgeon
Shoveler
Wood duck*

Redhead
Ring-necked duck
Canvasback
Greater scaup
Lesser scaup

Common goldeneye
Bufflehead
Gldsauaw
White-winged scoter
Common scoter

Ruddy duck
Hooded merganser
Common merganser
Red-breasted. merganser
Turkey vulture*

u u
x x
u u f
u xu f
x x

o 0 0
f u f f
f c f X
x 0 0
0 0 o x

xxooo

o0 0 0

x
x

x

u u u
o noo

o no-o
fxfc
f X f c

f f f
uxu f

u u u
f f u
f f f
f fo
fu fu

u u u
f f c
U 6 u
o u
f x f c

u f
u u u

0
x o

x

u u
u u u
o 0 0
o 0
fu fu

GaVia iamer
Gavia stellata
Colymbus auritus
Podilymbus podiceps podiceps
Pelecanus erythrohynchos

Phalacrocorax auritus
Ardea herodias
Butorides virescens virescens
Florida coerulea coerulea
Casmerodis albus egretta

Bubulcus ibis
Nycticorax nycticorax
Nyctanassa violacea
Ixobrychus exilis exilis
Botaurus lentiginosus

Mycteria americana
Guara alba
Cygnus columbianus
Branta canadensis
Chen hyperborea

Chen caerulescens
Anas platyrhynchos platyrhynchos
Anas rubripes
Aras strepera
Anas acuta

Anas carolinensis
Anas discors
Mareca americana
Spatula clypeata
Aix sponsa

Aythya americana
Aythya collards
A.rthya valisineria
Aythya marila nearetica
Aythya affinis

Glaucionetta clangula americana
Glaucionetta albeola
Clangula hyemalis

Erismatura jamaicensis rubida
•Lophodytes cucullatus
Mergus merganser americanus
Mergus serrator
Cathartes aura

Black v-nlture*
Sharp-shinned hawk
Cooper's hawk*
Red-tailed hawk*
Red-shouldered hawk

Broad-winged hawk*
Rough-legged hawk
Golden eagle
Bald eagle

2

Marsh hawk

Osprey

Peregrine Falcon (*formerly)
Pigeon hawk

Sparrow hawk*

Ruffed grouse
Bobwhite*
Sandhill crane
King rail*
Virginia rail
Sora

Yellow rail

Purple gallinule
Common gallinule
American coot
Semipalmated plover

Piping plover
Killdeer*
Golden plover
Black-bellied plover
Ruddy turnstone

American woodcock*
Common snipe
Upland plover
Spotted sandpiper
Solitary sandpiper

Willet

Greater yellowlegs
Lesser yellowlegs
Pectoral sandpiper
White-rumped sandpiper

Least sandpiper
Dunlin
Short-billed dowitcher
Long-billed dowitcher
Stilt sandpiper

o u u uu uu
uuuu
f f f
u uu

fff

X

,u 0 0 u
u uu

uxu;
x xx
x xx
f f f f

eccc
o ox
ouox
o 0

u u

x

x x

xxx

u ux

x

u u

u
x

uuuu

f u f
o 0
fu f

x x
-u - u
u ux
u u

x

f f

x x
x
0 0
o

Coragyps atratusAccipiter striatus velox
Accipiter cooperii
Buteo jamaicensis
Buteo lineatus

Buteo platypterus platypterus

Aquila chrysaetos canadensis
Haliaeetus leucocephalus
Circus cyaneus hudsonius

Pandion haliaetus carolinensis
Palco peregrinus
Falco columbaris columbaris
Falco sparverius
Bonasa umbellus

Colinus virginianus
Grus ceanadensis
Rallus elegans elegans
Rallus limicola limicola
Prozana carolina

Coturnicops noveboraecensis

noveboraecensis
Porphyrula martinicea
Gallinula chloropus caechinnans
Fulica americana
Charadrius hiaticula semipalmatus

Charadrius melodus
Charadruis vociferus vociferus
Pluvialis dominica dominica
Scuatarola scuatarola
Arenaria interpres morinella

Philohela minor
Capella gallinago delicata
Bartramia longiceauda
Actitis maecularia
Tringa solitaria solitaria

Catoptrophorus semipalmatus
Totanus melanoleueus
Totanus flavipes
Erolia melanotos
Erolia fuscicolis

Erolia minutilla
Erolia alpine pacificea
Limnodromus griseus
Limnodromus scolopaceus
Micropalama himantopus
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Table 3 (continued)

Common Name S S F T Scientific Name

Table 3 (continued)

Common Name S S F W Scientific Name

Semipalmated sandpiper
Western sandpiper
Buff-breasted sandpiper
American avocet
Wilson's phalarope

Herring gull
Ring-billed gull
Laughing gull
Bonaparte's gull
Forster's tern

Common tern
Sooty tern
Least tern
Black tern
Rock dove*

Mourning dove*
Yellow-billed cuckoo*
Blaeckbilled cuckoo
Barn owl*
Screech owl*

Great horned owl*
Barred owl
Long-eared owl
Short-eared owl
Chuck-will's-widow*

Y4hip-poor-will*
Common nighthawk*
Chimney swift*
Ruby-throated hummingbird*
Belted kingfisher*

Yellow-shafted flicker*'
Pileated woodpecker
Red-bellied woodpecker*
Red-headed woodpecker*
Yellow-bellied sapsucker

Hairy woodpecker*
Downy woodpecker*
Red-cockaded woodpecker

2

Eastern kingbird*
Great crested flycatcher*

Eastern phoebe*
Yellow-bellied flycatcher
Acadian flycatcher*
Traill's flycatcher*
Least flycatcher

f f
x
x
x
x

u u f
f fc

x
u u x
u u

u u
x

x
x u u
f f f f

c c c c
f c f
u u

f fff

u u u u

x
x

f f f

f f f
f fff

e a c
f f f

f f f f

c f c f

f f f f
f f f f

f f f

u u u u
f f f f

x
f f f
f ff

f f f u
f x

f f f

u u

Ereunetes pusillus
Ereunetes mauri
Tryngites subruficollis
Recurvirostra americana
Steganopus tricolor

Larus argentatus
Larus delawarensis
Larus atricilla
Larus philadelphia
Sterna forsteri

Sterna hirundo hirundo
Sterna fuscata fuscata

Sterna albifrons
Childonias niger surinamensis
Columbia livia

Zenaidura macroura
Coccyzus americanus americanus
Coccyzus erythropthalmus
Tyto alba pratincola
Otus.asio

Bubo virginianus
Strix varia
Asio otus wilsonianus
Asio flammeus flammeus
Caprimulgus carolinensis

Caprimulgus vociferus
Chordeiles minor
Chaetura pelagica
Archilochus colubris
Megaceryle alcyon alcyon

Colaptes auratus
Dendrocopus pileatus
Centurus carolinus
Melanerpes erythrocephalus
Sphyrapicus varius varius

Dendrocopus villosus
Dendrocopus pubescens
Dendrocopus borealis
Tyrannus tyrannus
Myiarchus crinitus

Contopus virens
Empidonax flauiuentris
Empidonax virescens
Empidonax trailli trailli

Empidonax minimus

Eastern wood pewee*
Olive-sided flycatcher
Vermilion flycatcher
Horned lark*
Tree swallow

Bank swallow
Rough-winged swallow*
Barn swallow*
Cliff swallow*
Purple martin*

Blue Jay*
Common crow*
Carolina chickadee*
Tufted titmouse*
White-breasted nuthatch*

Red-breasted nuthatch (erratic)
Brown creeper
House wren*
Winter wren
Bewick's wren*

Carolina wren*
Long-billed marsh wren
Short-billed marsh wren
Mockingbird*
Catbird*

Brown thrasher*
Robin*
Wood thrush*
Hermit thrush
Swainson's thrush

Gray-checked thrush
Veery
Eastern bluebird*
Blue-gray gnatcatcher*
Golden-crowned kinglet

Ruby-crowned kinglet
Water pipit
Cedar waxwing* (erratic)
Loggerhead shrike*
Starling*

White-eyed vireo*
Yellow-throated vireo*
Solitary vireo
Red-eyed vireo*
Philadelphia vireo

fc f
o 0

x

fu f c
u x u

f f
fff
eec
'u-u u
f ff

0COc

ceocc
eeocc

uuuu

u uu
u uu
uuu
u uu

0000

cccc
o U
o u

ceQc c

fffo

ccfu
easae
act
u uu

iff

u u

u - o

ifff
fiff
f ff

u uu

cocouu f f

sasa
f f

uuu
u u

cec
0 u

Contopus virens
Nuttallornis borealis
Pyrocephalus rubinus mexicanns
Eremophila alpestris
Iridoprocne bicolor

Riparia ripariariparia
Stelgidopteryx ruficollis
Hirundo rustica erythrogaster
Petrochelidon pyrrhonota
Progne subis subis

Cyanocitta cristata
Corvus brachyrhynchos
Parus carolinensis
Parus bicolor
Sitta carolinensis

Sitta canadensis
Certhia familiaris
Troglodytes aedon
Troglodytes troglodytes
Thryomanes bewiekii

Thryothorus ludovicianus
Telmatodytes palustris
Cistothorus platensis stellaris
Mimus polyglottos polyglottos
Dumetella carolinensis

Toxostoma rufum rufum

Turdus migratorius
Hylocichla mustelina
Hylocichla guttata faxoni
Hylocishla ustulata swainsoni

Hylocichla minima
Hylocichla fuscescens
Sialia sialis
Polioptila ceaerulea ceaerulea.
Regulus satrapa satrapa

Regulus calendula calendula
Anthus spinoletta rubescens
Bombycilla cedrorum
Lanius ludovicianus
Sturnus vulgaris vulgaris

Vireo griseus
Vireo flavifrons
Vireo solitarius
Vireo olivaceus
Vireo philadelphicus
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Table 3 (continued)
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Table 3 (continued)

Common Name S S F W Scientific Name

Warbling vireo*
Black-and-white warbler*
Prothonotary warbler*
Swainson's warbler (tower kill)
Worm-eating warbler*

Golden-winged warbler
Blue-winged warbler

.Tennessee warbler
Orange-crowned warbler
Nashville warbler

Parula warbler*
Yellow warbler*
Magnolia warbler
Cape May warbler
Black-throated blue warbler

Myrtle warbler
Black-throated green waibler.
Cerulean warbler*
Blackburnian warbler
Yellow-throated warbler*

Chestnut-sided warbler
Bay-breasted warbler
Blackpoll warbler
Pine warbler*
Prarie warbler*

Palm warbler
Ovenbird*
Northern waterthrush
Louisiana waterthrush*

Kentucky warbler*

Connecticut warbler
Mourning warbler
Yellowthroat*
Yellow-breasted chat*
Hooded warbler*

Wilson's warbler
Canada warbler
American redstart*
House sparrow*
Bobolink

Eastern meadowlark*
Western meadowlark
Red-winged blackbird*
Orchard Oriole*
Baltimore Oriole*

uuuf f f
u u u

x
f f f

u u
u u
u c
u o
u u

uuu
f f f
u f
u u
u u

c c c
f f
f uu
f x f
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f f u

u 0
u u
f u f

cacf

c c

a a a a

x

a a a a
c cu
fo fx

Vireo gilvus gilvus

Maiotilta varia
Protonotaria citrea
Limnothlypis swainsonii
ielmitheros vermivorus

Vermivora chrysoptera
Vermivora pinus
Vermivora peregrina
Vermivora celata celata
Vermivora ruficapilla ruficapilla

Parula americana
Dendroica petechia

*Dendroica magnolia
Dendroica tigrina
Dendroica caerulescens

Dendroica coronata coronata
Dendroica virens
Dendroica cerulea
Dendroica fusca
Dendroica dominica

Dendroica pensylvanica
Dendroica castanea
Dendroica striata
Dendroica pinus
Dendroica discolor

Dendroica palmarum
Seiurus aurocapillus
Seiurus noveboracensis
Seiurus motacilla
Oporornis formosus

Oporornis agilis
Oporornis philadelphia
Geothlypis trichas
Icteria virens virens
Wilsonia citrina

Wilsonia pusilla pusilla
Wilsonia canadensis
Setophaga ruticilla
Passer domesticus domesticus
Dolichonyx oryzivorus

Sturnel'la magna
Sturnella neglecta
Agelaius phoeniceus
Icterus spurius
Icterus galbula

Common Name S S F W Scientific Name

Rusty blackbird u u u Euphagus carolinus

Common grackle* a a a a Quiscalus quiscula

Brown-headed cowbird* c c c c Molothrus aterater

Scarlet tanager* u u u Piranga olivacea

Summer tanager* f f f x Piranga rubra rubra

Cardinal* a a a a Richmondena cardinalis

Rose-breasted grosbeak f f x Pheucticus ludovicianus

Blue grosbeak* u u u Guiraca caerulea caerulea

Indigo Bunting* c a c Passerina cyanea

Dickcissel* u u u Spiza americana

Evening grosbeak (erratic) u u Nesperiphona vespertina

Purple finch f f f Carpodacus purpureus purpureus

Common redpoll x Acanthus hammea-

Pine siskin (erratic) u u u Spinus pinus pinus

American goldfinch* c c c c Spinus tristis tristis

Red crossbill (erratic) o o Loxia curuirostra

White-winged crossbill x x Loxia leucopter leucoptera

Rufous-sided towhee* c c c c Pipilo erythropthalmus

Savannah sparrow, f f f Passerculus sandwichensis

Grasshopper sparrow* u u u x Ammodramus savannrum

LeConte's sparrow x x Passerherbulus caudacutus

Henslow's sparrow (tower kill) x Passerherbulus henslowii

Sharp-tailed sparrow x Ammosplza caudacuta

Vesper sparrow f f Pooecetes gramineus gramineus

Lark sparrow x x Chondestes grammacus

Bachman's sparrow* o o o Aimophila aestiualis

Slate-colored junco a c a Junco hyemalis

Oregon junco x Junco oreganus

Tree sparrow o o Spizella arborea arborea

Chipping sparrow* c c c o Spizella passerina passerina

Field sparrow* a a a a Spizella pusilla pusilla

White-crowned sparrow u u u Zonotrichia leucophrys

White-throated sparrow a a a Zonotrichia albicollis

Fox sparrow u u u Passerella iliaca iliaca

Lincoln's sparrow o o x Melospiza lincolnii lincolnii

Swamp sparrow f f f Melospiza georgiana

Song sparrow* a a a a Melospiza melodia

Lapland longspur x Calcarius lapponicus lapponicus

* Those birds marked with an asterisk have been found nesting in the county.

**Season Abundance

S - March-May a - Abundant; over 25 individuals on a given day.

S - June-August c - Common; 5-25 individuals per day.

F - September-November f - Fairly common; at least one individual/day.

W - December-February u - Uncommon; at least one individual per season of

**a species listed as occurrence or several individuals/year.

occurring in a season o - Occasional; one individual/year or less.

may not be present for x - Nare; has occurred in the county previously
the entire season. at least once, but is not to be expected.

2- Birds classed as threatened species by Office of Rare

and Endangered Species of USF&WS.
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1. Summary

Major Vegetation Types

Cultivated land

Old fields

Oak-hickory

Virginia pine

Yellow pine-hardwoods

Oak-gum

Sumac shrub

No vegetation (water, roads, houses, etc.)

Approximate Acreaae

365

285

162

52

43

32

15

13
VEGETATION SURVEY AND ANALYSIS

The cultivated land includes mostly fields of fescue and clover which

have been cropped this year. The old field category includes a few small

acres of marsh land along drainage strips, abandoned fescue meadows over

a year old, one-year-old fields dominated by horseweed (Erigeron canadensis),

and two-year-old fields dominated by a variety of forbs. Because of the

mosaic pattern of the old field types it proved impractical to provide

acreages for each type in the above table.

The sumac shrub is forest land which was cleared and abandoned

approximately three years ago.

The forest land consists of five major tracts plus some wooded areas

along watercourses and around home sites. For the purposes of the forest

inventory analysis, woodland was divided into two major areas: a lowland

I
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section adjacent to the river comprising 127 acres, and a moist upland

section comprising 162 acres. The lowland section contains an average

growing stock of 1,900 cubic feet of merchantable timber per acre and

5,200 board feet of merchantable sawtimber per acre (see Tables 1 to 6

for a breakdown by hardwoods, softwoods, species, and diameter class).

The moist upland section contains an average growing stock of approximately

1,330 cubic feet of merchantable timber per acre and 3,130 board feet of

merchantable sawtimber per acre. The average per acre volumes for the

two sections combined are approximately 1,580 cubic feet of growing stock

and 4,050 board feet of sawtimber. These volumes are well above the average

of 900 cubic feet and 3,230 board feet respectively for the Tennessee

River Valley (Ref. 3).

The shrub stratum of all stands is relatively open although occasionally

tangles of vines make passage through the woods difficult. The similarity

between different types can be seen below in the list of average cover for

all shrub stratum species in each type.

Type Average Bercent Shrub Cover

Oak-hickory 34

Oak-gum 31

Yellow pine-hardwoods 31

Virginia pine 29

Average cover for all ground cover species in each type was also

determined, and these figures are given in the discussion of each separate

type. It should be noted, however, that the ground cover vegetation is

highly variable seasonally both as to species composition and percent

cover. Thus, the species and figures given in this report are applicable

only to a given time of year, i.e., late summer.

2. Objectives

There are three main objectives of this study:

1. To provide factual material on the present species frequency,

distribution, percent cover, and vigor of trees, shrubs, and

ground cover in the impact area;

2. To determine the presence of any rare or endangered plants

or plant communities;

3. To provide a system for monitoring future changes in the

vegetative cover and related wildlife food and habitat effects.

3. Achievements

The major achievements of the vegetation analysis can be summarized

as follows:

1. The major plant communities on the proposed Watts Bar Nuclear

Plant site have been described;

2. Frequency of occurrence and percent cover of all shrub stratum

and ground cover species have been determined;

3. Frequency, density, basal area, and volume for all tree species

have been determined;

4. An importance value has been determined for all sampled species;

5. Distributions of rare and endangered plants on the nuclear

plant site have been noted.

4. Limitations

The vegetation survey has provided basic first-order information

on the patterns of distribution of the major species found on the proposed

nuclear site. The present survey was made over a two-week period in late

.i
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summer when the herbaceous plants were very different from those in mid-

spring. Additional surveys throughout the growing season would be needed

to get a season-by-season picture of the ground cover vegetation.

5. Monitoring Program

Following construction of the nuclear plant, the impact area will

be resurveyed periodically to assess vegetational changes. Some vegeta-

tional change is inevitable from the normal process of succession. The

vegetation surveys planned as part of the scheduled monitoring program

are expected to reveal these changes, together with those associated

with plant operation, if any.

6. Site Description

The proposed Watts Bar Nuclear Plant site lies on a 9
6
7-acre

tract adjacent to Chickamauga Reservoir. The topography is mostly

rolling river terrace with one ridge along the northwestern boundary.

The elevation ranges from 683 feet at reservoir level to 880 feet

along the ridge crest. Prior to TVA acquisition the land was primarily

used for agriculture.

Soils are alluvial except in the vicinity of the ridge where they

are colluvial or derived from residuum weathered in place. The soils

range in texture from silt loam to fine sandy loam and are poorly-to-

well drained. Parent material is sandstone, shale, or limestone.

Productivity typically ranges from poor to moderate.

Soils are discussed more fully under each of the forest or shrub

vegetation types. In the open areas, however, because of the mosaic

pattern of the vegetation and the size of the sampling, no attempt

was made to correlate vegetation and soils. In general, the open

.areas are found on soils ranging over the full gamut of characteristics

mentioned above.
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7. Field Procedures

A square grid was laid over the study area so that circular 1/5-

acre plots were located at 660-foot intervals. Only plots falling in

forest or abandoned fields were used. Thus, over the 967 acres of

59 plots were sampled. Forested plots were permanently located so

that the exact spot could be resurveyed at later dates during the

monitoring program. It proved too impractical to attempt to

permanently mark old field plots, however, so their locations are

noted only by the intersections of the transect lines. Pole, saw-

timber, and reproduction data were collected according to the methods

described in Ref. 4. Four 1/100-acre subplots were located at the

cardinal points around the periphery of each i/5-acre plot. In

each subplot all small trees (less than one inch in diameter at

4.5 feet above ground but more than 18 inches tall) and all shrubs

over 18 inches tall were noted. (These two groups make up the "shrub

stratum" class used throughout this report.) Percent cover was recorded

for each species according to the following code:

1 -- less than 5 percent

2 -- 5 to 25 percent

3 -- 26 to 50 percent

4 -- 51 to 75 percent

5 -- 76 to 95 percent

6 -- over 95 percent

In addition, the general condition of the dominant species collectively

was noted with a small description given of any unusual or unhealthy

patterns developing.

Beginning at the four cardinal points and moving toward the center

of each plot, quadrats 10.75 feet long by one foot wide were established.
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In these quadrats the ground cover (including all tree and shrub species

less than 18 inches high) was recorded by species and percent cover, and

the general condition of all species was noted (as was done for shrubs

and small trees).

A vegetation type was subjectively determined-for each plot in

the field.

Data on soils were collected from Ref. 5.

8. Data Analysis

Plots were grouped according to the vegetation types established

in the field. Within each type, frequencies were established for all

species to estimate the importance of their occurrence in the type.

Data from all plots in all types were then combined, and an importance

value index was established for each specieswithin each of the three

vegetation strata (i.e., trees, shrub stratum, and ground cover). The

importance value (IV) was measured in two ways. For the trees:

IV = Relative Density + Relative Frequency + Relative Basal Area

where

Relative Density = Number of trees of a single species 100,
Total number of all trees 0

Relative Frequency Number of occurrences of a single species x 100,
Total number of occurrences of all species

Relative Basal Area = Basal area of a single species x 100.
Total basal area of all species

The maximum IV for trees is thus 300.

For shrub stratum and ground cover:

Thus the maximum IV for shrubs stratum and ground cover species is 200.

Tables 7to 9 list all of the species and their IV's in the order of

the IV's for each of the three vegetation strata. These IV's will provide a
simple index of change in species composition between surveys.

9. Community Types

Below is a full description of each community type. See Figure 2.7-6 for

a map of the stand locations.

Oak-Hickory--The oak-hickory forest type' consists mainly of oaks and

hickories with the more common associates including red maple, sweetgum,

yellow poplar, and black cherry. Twenty-seven percent of the 15 plots

sampled in this vegetation type are in the large sawtimber stand size class,

40 percent are in small sawtimber, and 33 percent are pole size stands.

Soils are generally very fine sandy loams derived from sandstone or shale,

although there is one small stand found on a limestone silt loam. Drainage

is from poor to good. The forest tree species and frequencies of occurrence

in the plots are listed below.

Scientific Name

Liquidambar styraciflua

Liriodendron tulipfera

Quercus alba

Carya a.

Acer rubrum

Prunus serotina

Nyssa sylvatica

Quercus coccinea

Quercus falcata

Quercus stellata

Iluercus velutina

Common Name

Sweetgum

Yellow Poplar

White Oak

Hickory

Red Maple

Black Cherry

Black Gum

Scarlet Oak

Southern Red Oak

Post Oak

Black Oak

%-Frequency

66.7

60.o

60.o

53.3

46.7

40.0

33.3

33.3

33.3

33.3

33.3

IV = Relative Frequency + Relative Cover

where relative frequency is the same as that for trees and

Relative Cover = Average percent cover of a single species in
all subplots or quadrats
Sum of the average percent covers of all
species in all subplots or quadrats

x 100.
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Scientific Name Common Name % Frequency

Cornus florida Flowering Dogwood 20.0

Oxydendrum arboreum Sourwood 20.0

Juniperus virginiana Eastern Red Cedar 13.3

Pinus echinata Shortleaf Pine 13.3

Pinus virginiana Virginia Pine 13.3

Quercus phellos Willow Oak 13.3

Carpinus'caroliniana Blue Beech 6.7

Fagus grandifolia American Beech 6.7

The shrub stratum is dominated by black gum, hickory, red maple, sweetgum,

and sourwood. The ground cover vegetation is dominated by assorted grasses,

sawbrier, muscadine, Virginia creeper, and numerous tree seedlings. The

total cover for the ground vegetation in all the plots sampled in the oak-

hickory type averaged 28 percent. Below are listed the more common shrub

stratum and ground cover species along with their percent frequencies of

occurrence.

Scientific Name Common Name % Frequency

Scientific Name

Shrub Stratum (cont'd)

Cornus florida

Vaccinium corymbosum

Liriodendron tulipfera

Ground Cover:

Smilax glauca

Poaceae

Vitis rotundifolia

Parthenocissus quinquefolia

Lonicera japonica

Cary• a.

Acer rubrum

Fuonymous americana

Prunus serotina

Duercus alba

Smilax rotundifolia

Desmodium spj.

HX3Ba sylvatica

Cmmmn• N•mP ~,Fr-p-me
Common Name

Flowering Dogwood-

Highbush Blueberry

Yellow Poplar

Sawbrier

Grasses

Muscadine

Virginia Creeper

Japanese Honeysuckle

Hickory

Red Maple

Strawberry Bush

Black Cherry

White Oak

Common Greenbrier

Beggar's Lice

Black Gum

25

23

23

55

47

33

30

28

27

25

22

22

22

20

20

18

Shrub Stratum:

Nyssa sylvatica

Carya sp.

Acer rubrum

Liquidambar styraciflua

Oxydendrum arboreum

Quercus alba

Carpinus caroliniana

Prunus serotina

Black Gum

Hickory

Red Maple

Sweetgum

Sourwood

White Oak

Blue Beech

Black Cherry

55

48

45

43

42

33

30

25

Yellow Pine-Hardwoods--Roughly one-third of the timber in the yellow

pine-hardwoods type is Virginia and shortleaf pine. Sweetgum and oak are

the dominant hardwoods. All the stands are located on moist upland topo-

graphic sites on well-drained soils. Of the four plots sampled, three

were small sawtimber stands and one was a pole-size stand. Soils typically

are fine to very fine sandy loams from shale and sandstone. Drainage is

good.. The species found within the plots and their frequencies of occurrence

are listed below.
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Scientific Name

Pinus virginiana

Liquidambar styraciflua

Quercus stellata

Carya sp.

Pinus echinata

Quercus alba

iýuercus coccinea

Quercus falcata

Cornus florida

Fagus grandifolia

Liriodendron tulipfera

Platanus occidentalis

Quercus rubra

Q'uercus phellos

Quercus velutina

Acer rubrum

Commnon Name

Virginia Pine

Sweetgum

Post Oak

Hickory

Shortleaf Pine

White Oak

Scarlet Oak

Southern Red Oak

Flowering Dogwood

American Beech

Yellow Poplar

Sycamore

Northern Red Oak

Willow Oak

Black Oak

Red Maple

% Frequencv

100

75

75

50

50

50

50

50

25

25

25

25

25

25

25

25

Scientific Name

Shrub Stratum (cont'd)

Acer rubrum

Cornus florida

Carya sp.

Liqsidambar styraciflua

Otospyros virginiana

Ground Cover:

Smilax glauca

Chimaphila maculata

Acer rubrum

Prunus sergtina

Nyssa sylvatica

Poaceae

Parthenocissus suinsuefolia

Smilax rotundifolia

Vitis rotundifolia

Desmodium sp.

Vaccinium corymbosum

Cornus florida

•mmnn N•m•
Common Name 14 Preýuenc

Frennenrv

Red Maple

FRovering Dogwood

Hickory

Sweetgum

Persimmon

Sawbrier

Pipsissewa

Red Maple

Black Cherry

Black Gum

Grasses

Virginia Creeper

Common Greenbrier

Muscadine

Beggar's Lice

Highbush Blueberry

Flowering Dogwood

44

38

38

31

25

63

56

44

44

38

25

25

19

19

19

19

19

The most common shrub stratum species are black gum, sourwood, and

red maple. The dominant ground cover species are sawbrier, pipsissewa,

and assorted tree seedlings. Average cover for all ground cover species

in the four plots is 13 percent. Below are the common shrub stratum and

ground cover species in the order of their frequencies.

Scientific Name

Shrub Stratum:

Nssa sylvatica

Oxyj!dendrum arboreum

Common Name % Frequency

Virginia Pine--Virginia and shortleaf pine dominate these stands which

were originally cleared and will eventually revert to the oak-hickory type

if left alone. Approximately 60 percent of the type is in small sawtimber

while the remaining 40 percent is in pole-size stands. Soils range from

silt loams to fine sandy loams derived from sandstone and shale. Drainage

grades from eoor to well drained. Six plots were located in this type,

Black Gum

Sourwood

69

56
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but tree data were recorded for only five of the plots, the trees in the

sixth plot being too small to qualify for tally according to the adopted

methodology (see Ref. 4).

Scientific Name Common Name % Frequency

Pinus virginiana

- Pinus echinata

Cuercus stellata

Acer rubrum

Quercus alba

Quercus falcata

Onercus marilandica

Quercus velutina

Virginia Pine

Shortleaf Pine

100

6o

4oPost Oak

Red Maple

White Oak

Scientific Name

Shrub Stratum:

Ulmus alata

Cornus florida

Liquidambar styraciflua

Acer rubrum

Nyssa sylvatica

Quercus alba

Ground Cover:

Smilax ffa

Rhus radicans

Icnicere japonic

Chimaphila maculata

Poaceae

Prunus serotina

Quercus alba

Quercus phellos

Smilax rotundifolia

Acer rubrum

Southern Red Oak

Blackjack Oak

Black Oak

20

20

20

20

20

Frelenev
Common Name

Winged Elm

Flowering Dogwood

Sweetgum

Red Maple

Black Gum

White Oak

Hickory

Sawbrier

Poison Ivy

Japanese Honeysuckle

Pipsissewa

Grasses

Black Cherry

White Oak

Willow Oak

Common Greenbrier

Red Maple

46

46

46

46

42

33

29

46

42

33

33

33

33

29

25

25

25
Winged elm, dogwood, sweetgum, and red maple are the most common

shrub stratum species. Sawbrier, poison ivy, and Japanese honeysuckle

dominate the ground cover vegetation. The average cover for all the ground

flora species in all plots was 32 percent. Below are listed the more

common species in the order of their frequencies:

Oak-Gum--Three plots were taken in one small stand of bottomland oak-gum

along Yellow Creek. Approximately two-thirds of the stand is typically

flooded during the winter months. The stand is mature and is classed in

the large sawtimber stand size. Sweetgum, black gum, and oaks are typical

dominants. Soils typically are poor to moderately drained silt loams

derived from limestone. As the vegetation type moves up slope to the
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drier oak-hickory type, however, the soils change

sandstone and shale derived, fine sandy loam.

Scientific Name

Carpinus caroliniana

Fraxinus sp.

Ulmus americana

Betula nigra

Carya sp.

Celtis sp.

Cercis canadensis

Liguidambar styraciflua

Liriodendron tulipfera

H sylvatica

Platanus occidentalis

Prunus serotina

Quercus ohellos

Common Name

Blue Beech

Ash

American Elm

River Birch

Hickory

}ackberry

Eastern Rcdbud

Sweetgum

Yellow Poplar

Black Gum

Sycamore

Black Cherry

Willow Oak

to a well drained,

% Freauencv

66

66

66

33

33

33

33

33

33

33

33

33

33

Scientific Name Common Name % Frequency

Shrub Stratum (cont'd)

Carpinus caroliniana Blue Beech 33

Arundinaria gigantea Cane 17

Celtis sp. Hackberry 33

Quercus alba White Oak 33

Quercus muehlenberaii Chinquapin Oak 33

Rubus sp. Brambles 17
Ground Cover:

Poaceae Grasses 83

Rhus radicans Poison Ivy 83

Lonicera Japonica Japanese Honeysuckle 50

Parthenocissus quinquefolia Virginia Creeper 33

Smilax rotundifolia Common Greenbrier 25

Asimina triloba Pawpaw 25

Impýtiens capensis Jewel 'eed 17

Sumac Shrub--There is one area of about 15 acres that was cleared of

timber approximately two to three years ago. The underlying soil is a

well-drained, very fine sandy loam derived from sandstone and shale alluvium.

The area has grown back in shrubland with winged sumac being the most

important dominant. Other important species include smooth sumac,

persimmon and brambles. Assorted grasses, lespedeza, and sawbrier are

the most important ground cover species. Two plots were taken in the area.

The average cover for all shrubs in the two plots was 38 percent, while the

average cover for all _round species was 82 percent. Below are listed the

most common shrub and ground cover species along with their frequencies of

occurrence.

Pawpaw is the most important shrub stratum species although cane

dominates the wettest sites. Grasses and vines of poison ivy, Japanese

honeysuckle, and Virginia creeper make up the bulk of the ground cover.

The average cover for all ground cover species in the three plots was 54

percent. Below are the more common shrub stratum and ground cover species

sampled, along with their frequencies.

Scientific Name Common Name Freauencv

Shrub Stratum:

Asimina triloba

Lonicera japonica

Pawpaw

Japanese Honeysuckle

50
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Scientific Name

Shrubs:

Rhus copalina

Rhus glabr

Diospyros virginiana

Rubu____s sa.

Pinus virginiana"

Prunus serotina

Quercus falcata

Quercus stellata

Acer rubrum

Liquidambar styraciflua

Oxydendrum arboreum

Smilax glauca

Ground Cover:

Poaceae

Lespedeza .

Smilax glauca

Rubus sp.

Cassia fasciculata

Commo- Nnmo
d Frequency

Winged Sumac

Smooth Sumac

Persimmon

Brambles

Virginia Pine

Black Cherry

Southern Red Oak

Post Oak

Red Maple

Sweetgum

Sourwood

Sawbrier

Grasses

Lespedeza

Sawbrier

Brambles

Partridge Pea

100

88

63

50

38

38

38

38

38

25

25

25

100

88

50

50

38

Scientific Name

Poaccae

Ambrosia sp.

Trifolium

Aster ilosus

Eri[geron strigosus

Lespedeza a.

Plantaro a.

Solanum carolinense

Rubus sp.

Campsis radicans

Ipomosa 22.

Diodia virginiana

Rumex a.

So-idaFo.

Oxalis stricta

Smilax g]auca

Common Name

Grasses

Ragweed

Clover

Frost Aster

Fleabane

Lespedeza

Plantain

Horse-nettle

Brambles

Trumpet Creeper

Morning-glory

Buttonweed

Dock

Goldenrod

iWood Sorrel

Sawbrier

% Frequency

88

6o

56

35

33

27

25

19

17

17

15

13

13

13

10

10

Early Old Field--Twelve plots having the total cover for all species

average 83 percent were classified as early old field. These are fields

which have been abandoned for about two years, but which were not sown

in fescue shortly before being abandoned. The type is really a mosaic of

several types in which one or more species dominate over a particular site.

The more common species are listed below in the order of their frequencies

of occurrence in the sampled quadrats;

Horseweed T1pe--Thc horseweed type includes fields and garden sites

which have lain fallow for approximately one year. Prior to being abandoned

the areas were not sown in fescuc. These areas are dominated by horseweed

with crab grass (Digitaria sanguinalis), lespedeza, sawbrier, and assorted

other forbs and woody species rounding out the community. Six plots were

taken in the horsewecd vegetation type. Listed below are the most common

species in the order of frequency of occurrence in quadrats. All the grasses

are lumped together. The total cover for the six plots averaged 81 percent.
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Scientific Name Common Name L Frequency

Poaceae Grasses 96

Erigeron canadensis Horccweed0 92

Lespedeza sp Lespedeza 63

Smilax glauca Sawbrier 58

Rubusp . Brambles 50

Campsis radicans Trumpet Creeper 46

Allium sp. Wild Onion 33

Trifoliumsp. Clover 29

Ambrosia R. Ragweed 17

Desmodiumsp Beggar's Lice 17

Gnaphalium obtusifolium Rabbit Tobacco 13

Plantao . Plantain 13

Solanum carolinense Horse-nettle 13

Fdscue Meadow--The fescue meadow type includes all those fields generally

over one-year old which were sown in fescue prior to being abandoned.

Fescue is by far the dominant plant with assorted other grasses, forbs,

and woody plants playing relatively minor roles. Four and one-half plots

fell in the fescue meadow type. Below are the more common plants found

on the plots, listed according to their frequencies of occurrence in the

quadrats. The total cover for all plants in the plots averaged 91 percent.

Scientific Name Common Name % Frequency

Festuca sD. Fescue 100

Smilax glauca Sawbrier 56

Poaccae Grasses other than fescue 50

Lespedeza Lespedeza 50

Scientific Name

(Continued)

Rubus sp.

Trifolium s.

Erigeron strigosus

Solanum carolinense

Plantaro sp.

Ambrosia s.

Allium sp.

Cassia fasciculata

Polymnia uvedalia

Common Name Freauencv

Brambles

Clover

Fleabane

Horse-nettle

Plantain

Ragweed

Wild Onion

Partridge Pea

Bearsfoot

28

28

11

11

11

_11

11

11

11

Marsh--Marshes comprise a minor portion of the total nuclear plant

site area. Only one and one-half plots actually fell in marsh areas. The

two marshy areas sampled were parallel drainage ditches. .The average

ground cover for all species found in the plots was 87.5 percent. Below

are the more common plants found in the plots, listed according to their

frequencies of occurrence.

Scientific Name Common Name % Freauency

Polyganum sp.

Poaceae

Impatiens capensis

Juncus so.

Festuca s.

Ambrosia s.

Numx sp.

Verbesina occidentalis

Knotweed

Grasses other than fescue

Jewel Weed

Rush

Fescue

Ragweed-

Dock

Crown Beard

50

50

33

33

33

17

17
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Scientific Name Common Name F frequencr

(Continued)

Carex

Lespedem a

Smilax rotundifolis

Sedge

Lespedeza

Common Greenbrier

17

17

17

10. Rare of Endangered Species

The spider-lily (Hymenocallis occidentalis) was the single

plant species found in the study area that is considered rare or

endangered. The species is found on the U.S. Forest Service -

Southern Region list of rare and endangered species (Ref. 1).

It is also listed in several floral manuals as being rare

(cf. Ref. 7). The plant has the added distraction that its

ostentatious flowers are highly'tempting for the over-enthusiastic

.collector. Several spider-lilies were found in the proposed nuclear

plant site area, but none was found in the areas to be cleared or

altered for construction. Thus the population should not be

threatened by any direct impact of the nuclear plant.

11. Projected Impact of the Watts Bar Nuclear Plant

There are two major kinds of effects that the proposed plant

will have on the vegetation. The first are the direct effects

attributable to construction, landscaping, and reforestation.

The second are the indirect effects caused by the presence and

operation of the nuclear plant.

Direct Effects - Of the approximately 289 acres of standing

timber about 54 acres will be cleared for construction. The 54

acres represent a total volume of 89,560 cubic feet of growing

stock and 274,500 board feet of sawtimber. All merchantable

timber will be sold. The remaining 235 acres will remain in

timber but will not be utilized as commercial forest land. The

forested land will provide a visual screen for the nuclear plant,
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maintain a forest wildlife habitat, and serve as an environmental

study area.

Indirect Effects - Vegetation surveys planned as part of

the scheduled monitoring program are expected to reveal changes,

if any, associated with plant operation.

12. Glossary

The following definitions are provided to define technical

terms as they are used only in this report.

Association: any collection of plant species occupying- the

same general area.

Basal Area: the total cross-sectional area of all trees of

a given species measured at 4.5 feet above ground,

expressed on a cross-sectional area per unit area

of land basis.

Cover: the area occupied by a plant or group of plants.

Percent cover is determined by visually projecting

the total area of a plant onto a horizontal plane

surface (such as the ground) of fixed dimensions

and then estimating what percentage of that plane

is occupied by the aerial projection.

DBH: the diameter of a tree measured at 4.5 feet above ground level.

Density: the number of stems of a particular species per unit area.

Distribution: the range of area occupied by a particular species.

Dominant: a plant species playing a major role in a community, determined

by its relatively high cover or basal area.

Food chain: the complex transfer network of food energy in an ecosystem--

who eats whom.

Rorb: ano herbaceous plant that is not a grass.

Frequency: the number of plots or quadrats in which a species is found

divided b-; the total number of plots or quadrats sampled. Percent

frequency = frequency x 10G. Thus frequency usually is relative only to

the plots within a type; in the case of calculating the importance value

index , nowever, frequency refers to all plots in all types.

Ground cover: all of the herbaceous plants and all woody plants less than

18 inches high within a given area.

Growing stock: the total volume per acre of all merchantable trees 5 inches

DBH or larger.

Merchantable timber: all sound, commercially valuable trees. In the study

area this excludes blue beech and redbud.

Moist upland topographic site: primarily a moist or shaded area consisting

of coves, ravines, upper bottomland, and the lower 1/4 of SE, S, SW,

and W facing slopes and the lower 3/4-of NW, N; NE, and E facing slopes.

Parent material: the material from which a soil was derived.

Shrub stratum: the total of all woody vines and shrubs over 18 inches hids

and all trees over 18 inches high but less than one inch DBH within a

given area.

Soil texture: the percent of clay, silt, and sand in a given soil.
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Stand size: a classification system describing the volume of all timber

in an acre area around the sampling site. There are four classes:

1. Large sawtimber: stands of sawtimber trees containing a minimum

of 1,500 board feet volume per acre in living merchantable trees

with more than 50 percent of the net board foot volume in trees

15 inches DBH or larger.

2. Small sawrimber: stands of sawtimber trees containing a minimum

of 1,500 net board feet per acre in living merchantable trees

with 50 percent or less of the board foot volume in large trees

15 inches DBH and up.

3. Poletimber: stands with less than 1,500 board feet per acre

having at least 30 sound trees 5 inches DBH or larger per acre.

4. Seedlings and saplings: stands with less than 1,500 board feet

or 30 trees 5 inches DBH or larger per acre, but with at least

100 seedlings or saplings per acre.

Succession: the natural, orderly, noncyclic process of change in species

composition over time in a given area. For example, an abandoned

pasture may become a pine forest and later an oak-hickory forest.

Tree diameter class: a classification system used in measuring the wood

volume in either cubic or board feet of a particular species. Each

class represents a 2-inch range in DBH. Thus, for example, the 12-

inch diameter class includes all trees between 11 and 13 inches DBH.

Tree size class: a classification system used in measuring the volume

in cubic feet of wood of a particular species. There arc two classes:

1. Pole: applies to all hardwood species between 5 and 11 inches

DBH and all softwoods between 5 and 9 inches DBH.

2. Sawtimber: applies to all hardwood species 11 inches or over

in DBH and all softwoods 9 inches or over in D03H.

Type: ! n association of dominant plant species normally occurring together.

Vegetation: the totality of all plants within a given area.

Volume: the total volume per acre of merchantable wood in all trees

measured in cubic feet for trees 5 inches D03H and larger or in board

feet for softwoods 9 inches DBH and larger and hardwoods 11 inches

DBH and larger.

13. Nomenclature

Scientific nomenclature throughout this report for trees follows

that of Little (1i53), for other flowerini. plants that of Radford, Ahlcs,

and Bell (1969), and for ferns and clubmosses that of Fernald (1i50).
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Table 2. Volume of Merchantable Sawtimber by Species and Tree Diameter Moist Upland Stratum (Fifteen
Plots) Expressed on an Acre Basis.

Species or Tree Diameter Class in Inches
Species Group iO 12 14 16-Larger All Diameters

- ------------------------------- Board Feet- - --------------

Shortleaf Pine 125 117 151 - 394
Virginia Pine 585 349 291 400 1,624

All Softwoods 711 466 442 400 2,018

Black Oak - 45 - - 45
Southern Red Oak - 87 91 46 224
Blackjack Oak - 8 - - 6
Scarlet Oak - 34 - - 34
Post Oak - 49 36 137 222
White Oak - 53 23 - 76
Yellow Poplar - - 31i 58 89
I: ckorr - 93 320 - 41.2

All. Hardwoods * 367 -501 241 1,109

All Species 711 833 943 641 3,127

Percent 23 27 30 21

*Board foot volume for hardwoods does not include this diameter class.
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Table 3. Cubic Volume of Merchantable Trees by Species and Diameter Bottomland Stratum (Thirteen Plots)

Expressed on an Acre Basis.

Species or Tree Diameter Class in Inches

Species Group 6 8 10 12 14 16-Larger All Diameters

- ------------------------ Cubic Feet - - - ,-

Shortleaf Pine 15 8 - - 24

Virginia Pine - 11 21 7 42 82
Eastern Red Cedar 3 - 15 - -18

All Softwoods 3 26 44 7 42 - 123

Black Oak - - - - 20 39 59

Northern Red Oak - - 14 14

Southern Red Oak 11 6 7 10 35

Scarlet Oak - - - 9 42 51

Willow Oak 6 - 17 31 23 76 152

Post Oak -- - 16 - 16
White Oak - 14 17 32 " 38 161 262 H

Black Gum 7 35 18 12 - - 72

Sweetgum 16 52 40 50 - 58 216

Sed Maple 11 - 12 . 18 - 41 82

Yellow Poplar 4 54 69 43 48 106 325

Ash spp. - - 8 - 14 22
Beech 4 - 4
Black Cherry 27 61 54 143

Dogwood 2 -4 2

Elm - 1-3 23 - 27 41 103

Hickory spp. 17 - 17 7 10 12 62

River Birch - - - - 34 34

Hackberry 3 - 3 5
Sourwood 1-7 12 - 4 - - 34

Srcamore - - 18 - 11 31 59

All Hardwoods 127 241 284 216 214 678 1,760

All Species 129 267 328 223 257 678 1,882

Percent 7 14 17 12 14 36

Table 2. Volume of Merchantable Sawtimber by Species and Tree Diameter Moist Upland Stratum (Fifteen

Plots) Expressed on an Acre Basis.

Species or Tree. Diameter Class in Inches

.Species Group 10 12 14 16-Larger All Diameters

- ------------------------------ - Board Feet- - --------------

Shortleaf Pine '125 117 151 - 394

Virginia Pine 585 349 291 400 1,624

All Softwoods 711 466 442 400 2,018

Black Oak - 45 - - 45

Southern Red Oak - 87 91 46 224

Blackjack Oak - 8 - - 8

Scarlet Oak - 34 - - 34

Post Oak - 49 36 137 222 -o

White Oak - 53 23 - 76

Yellow Poplar - 31 58 89

Hickory - 93 320 - 4].2

Ail Hardwoods * 367 501 241 1,109

All Species 71-1 833 943 641 3,127

Percent 23 27 30 21

*Board foot volume for hardwoods does not include this diameter class.



Table 5. Volume of All Merchantable Trees bySpecies and Tree Size Class Bottomland Stratum.(Thirteen Plots)
Expressed on an Acre Basis

Species or Tree Size Class
Species Group Pole Sawtimber All Classes

-- -------------------------------- Cubic Feet ....-...- -.--------------

Shortleaf Pine 15 8 24
Virginia Pine 11 71 82
Eastern Red Cedar 3 . 15 18

All Softwoods 28 94 123

Black Oak - 59 59
Northern Red Oak. - 14 14
Southern Red Oak 11 24 35
Scarlet Oak' 51 51
Willow Oak 23 129 152
Post Oak 16 16
White Oak 31 231 262
Black Gum 60 12 72
Sweetgum 108 108 216
Red Maple 23 59 82
Yellow Poplar 128 197 325
Ash spp. 22 22
Beech 4 14
Black Cherry 143 - 143
Dogwood 2•- 2
Elm 35 68 103
Hickory spp. 33 29 62
River Birch 34 34
Hackberry 3 8 11
Sourwood 29 4 34
Sycamore 18 42 59

All Hardwoods 652 1,108 1,760

All Species 680 1,202 1,882

Percent 36 64 100

Table 4. Cubic Volume of Merchantable Trees by Species and Diameter Moist Upland Stratum (Fifteen Plots)
Expressed on an Acre Basis

'0

LL.

Species or Tree Diameter Class in Inches

Species Group 6 8 10 12 14 16-Larger All Diameters

- - -------- --------------- Cubic Feet ....................

Shortleaf Pine 5 7 35 27 31 - 106
Virginia Pine 73 1114 176 86 65. 80 592

All Softwoods 78 121 211 113 96 80 698

Black Oak 3 9 - 14 - - 26

Southern Red Oak 5 15 18 28 23 11 100

Blackjack Oak - - 2 - - 2

Scarlet Oak 16 16 - 11 - - 43
Post Oak 15 - - 13 9 29 66

White Oak 28 33 32 17 6 - 116

Sweetgum 27 39 15 - - 81

Red Maple 8 6 - - - 13

Yellow Poplar - - 8 12 20

Black Cherry 6 - - 6

Dogwood 9 - - 9
Hickory spp. 3 17 21 27 79 - 147

All Hardwoods 120 134 86 113 124 53 629

All Species 198 255 2297 226 220 132 1,327

Percent 15 19 22 17 17 10
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Table 7 . Tree Species Found in the Watts Bar Nuclear Plant Site Vegetation Survey,
Arranged According to Importance Value Index.

Importance
Scientific Name Common Name Value Index

Pinus virginiana Virginia Pine 46.1

Quercus alba White Oak 30.2

Liquidambar styraciflua Sweet Gum 25.5

Liriodendron tulipfera Yellow Poplar 25.2

Carya sp. Hickory 22.1

,uercus stellata Post Oak 17.0

Quercus falcata var. falcata Southern Red Oak 16.6

Acer rubrum Red Maple 12.8

Quercus phellos Willow Oak 11.3

Prunus serotina Black Cherry 11.3

'iercus velutina Black Oak 10.7

Pinus echinata Shortleaf Pine 10.6

Quercus coccinea Scarlet Oak 10.3

Nyssa ylvatica Black Gum 8.5

Ulmus americana (also U. rubra) Elm 6.6

Oxydendrum arboreum Sourwood 5.7

Fagus grandifolia Beech 4.4

Cornus florida Dogwood 4.o

Platanus occidentalis Sycamore 3i6

Carpinus caroliniana Blue Beech 3.4

Celtis occidentalis (also C. Hackberry 2.8

laevigata)

Fraxinus sp. Ash 2.7

Betula niEra River Birch 2.6

Juniperus virginiana Eastern Red Cedar 2.1

Quercus rubra Northern Red Oak 1.6

'Quercus marilandica Blackjack Oak 1.2

Cercis canadensis Redbud 1.1
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Table 8 (continued)

Table 8. Shrub and Urderstory Species Found in the Watts Bar Nuclear Plant Site
Vegetation Survey, Arranged According to Importance Value Index.

Importance
Scientific Name Common Name Value Index

Nvssa sylvatica Black Gum 17.70

Lonicera .aponica Japanese Honeysuckle 12.22

Liquidambar styraciflua Sweet Gum 11.96

Acer rubrum Red Maple 10.51
ilercus alba White Oak 9.43

Oxydendrum arboreuma Sourwood 9.37

Carym sp. Hickory 9.32

Cornus florida Flowering Dogwood 3.02

Carpinus caroliniana Blue Beech 8.01
Asimina triloba Pawpaw 6.46

Liriodendron tulipfera Yellow Poplar 5.76

Smilax glauca Sawbrier 5.60
Vaccinium corymbosum Highbush Blueberry 5-37
Rhus copallina Winged Sumac 5.13

Vaccinium arboreum Sparkleberry 5.12

Smilax rotundifolia Common Greenbrier 4.87
Prunus serotina Black Cherry 4.13

Ulmus alata Winged Elm 4.13

3uercus falcata Southern Red Oak 3.85

Rubussp. Brambles 3.63

Rhododendron nudiflorum Pinxter-flower 3.49

Vitis rotundifolia Muscadine 3.34
Diospyros virginiana Persimmon 3.23

Alnus serrulata Common Alder 3.11

Berchemia scandens Supplejack 2.82
Arundinaria gtgantee Cane 2.80

Sassafras albidum Sassafras 2.78
Quercus velutina Black Oak 2.71

Rhus glabra Smooth Sumac 2.71

Importance
Value IndexScientific Name Common Name

Juniperus virginiana

Quercus phellos

Pinus vir'iniana

Fagus grandifolia

Guercus coccinea

Viburnum nudum

•uercus muehlenbergii

Pinus strobus

Celtis f2.

Amelanchier laevis

Campsis radicans

Ruonymous americana

Quercus stellata
r

svpericum a.

Fraxinus s.

Ligustrum E.

Lvonia fl.

Morus rubra

Parthenocissus quinquefolia

Acer negundo

Rhus radicans

Aristolochia macrophylla

Cercis canadensis

Crataegus a.

Pinus echinata

Pinus taeda

-Quercus rubra

Salix nigra

Vitis a.

Eastern Red Cedar

Willow Oak

Virginia Pine

American Beech

Scarlet Oak

Southern Witherod

Chinquapin Oak

White Pine

Hackberry

Serviceberry

Trumpet Creeper

Strawberry Bush

Post Oak

St. John's-wort

Ash

Privet

Maleberry

Mulberry

Virginia Creeper

Box Elder

Poison Ivy

Dutchman's Pipe

Redbud

Hawthorn

Shortleaf Pine

Loblolly Pine

Northern Red Oak

Black Willow

Grape

2.20

2.08

1. 6

1.93

1.74

1.41

1.37

1.10

1.02

.90

.86

.68

.68

.56

.51

.40

.40

.34

.34

.29

.29

.17

.17

.17

.17

.17

.17

.17

.13

F-3'6



1-55
Table 9 (continued)

Table 9. Ground Cover Vegetation Found in the Watts Bar Nuclear Plant Site

Vegetation Survey, Arranged According to Importance Value Index.
Importance

Scientific Name Common Name Value Index

Scientific Name
Importance
Value IndexCommon Name

Poaceae

Trifolium sp.

TLespedeza sp.

Lonicera leponic

Smilax glauca

Ambrosia sp.

Erigeron canadensis

Festuca sp.

Rubus sp.

Hhus radicans

Plantago • .

VItis rotundifolia

Parthenocissus quinquefolia

Erigeron strigosus

Acer rubrum

Aster pilosus

Campsis radicans

Prunus serotina

Bryophyta

Smilax rotundifolia

Desmodium sp.

Quercus elba

Chimhila maculata

Impatiens capensis

Carya sp.

Liquidambar styraciflua

Solidgo sp.

Carpinus caroliniana

NHess_ sylvatica

Solanum cerolinense

Polyg.num p.

Grassds

Clover

Lespedeza

Japanese Honeysuckle

Sawbrier

Ragweed

Horseweed

Fescue

Brambles

Poison Ivy

Plantain

Muscadine

Virginia Creeper

Fleabane

Red Maple

Frost Aster

Trumpet Creeper

Black Cherry

Mosses

Greenbrier

Beggar's Lice

White Oak

Pipsissewa

Jewel-weed

Hickory

Sweet Gum

Goldenrod

Blue Beech

Black Gum

Horse-nettle

Knotweed

38.20

li.68

10.49

9.52'

9.16

8.62

8.15

6.91

3.95

3.79

3.55

3.53

3.50

3.42

3.29

3.17

3.14

2.88

2.78

2.67

2.60

2.60

2.51

2.07

1.98

1.93

1.88

1.72

1.62

1.51

1.50

Rumex sp.

Pinus virginiana

Cornus florida

Ipomosa a.

Quercus falcata

Evonvmous americana

Polypodiaceae

Allium so.

Cassia fasciculata

Quercus phellos

Juncus sp.

Diodia virginiana

Liriodendron tulipfera

Lobelia inflate

Oxalis stricta

Acer negundo
Potentilla ER.

Cerexsp.

Medeola virginiana

Quercus velutina

Asimina triloba

Lactuca a.

Gnaphalium obtusifolium

Polygonatum biflorum

Vaccinium corymbosum

Viburnum nudum

Oiospyros virginiana

DQuercus coccinee

Sassafras albidum

Hexastylis arifolia

Oenothera blennis

Platanus occidentalis

Dioscorea villosa

Dock

VirginiaPine

Flowering Dogwood

Morning-glory

Southern Red Oak

Strawberry Bush

Ferns

Wild Onion

Partridge Pea

Willow Oak

Rush

Buttonweed

Yellow Poplar

Indian Tobacco

Wood Sorrel

Box Elder

Cinquefoil

Sedge

Indian Cucumber-Root

Black Oak

Pawpaw

Wild Lettuce

Rabbit Tobacco

Solomon's Seal

Highbush Blueberry

Southern Witherod

Persimmon

Scarlet Oak

Sassafras

Little Brown Jugs

Evening Primrose

Sycamore

Wild Yam

1.48

1.41

1.36

1.33

1.27

1.25

1.25

1.17

1.17

1.17

1.16

1.14

1.07

1.02

1.02

1.01

-95
.77

.77

.69

.63

.61

.57

.57

.57

.49

.48

.48

.48

.47

.47

.46

.39
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Table 9 (continued)

Imnortance
Scientific Name Common Name Value Index

Rhus coallina Winged Sumac .39
Oxydendrum arboreum Sourwood .38

Alnus serrulata Common Alder .35

Boehmeria cylindrica False Nettle .30

Polmnia uvedalia Bearsfoot .30

Ranunculus sp. Crowfoot .30

Ulmus elate Winged Elm .30

Vaccinium arboreum Sparkleberry .30

Arundinaria _igantea Cane .27

Asclepias sp. Milkweed .27

Lye.°opodiaceae Clubmosses .27

Quercus stellata Post Oak .27

Agrimo na pubescens Agrimony .18

Berchemia scandens Supple'ack .18

-Crataegusp. Hawthorn .18

Crotalaria sp. Rattlebox .18

Da~ucus carota Queen Anne's Lace .18

Mitchella repens Partridge Berry .18

Rhododendron nudiflorum Pinxter-Flower .18

Vaccinium vacillans Lowbush Blueberry .18

Verbesina occidentalis Crown Beard .18

Viola sp. Violet .1-8

Achillea millefolium Yarrow .10

Amelanchier laevis Serviceberry .10

Aristolochia macrophylla Dutchman's Pipe .10

Aureolaria flava False Foxglove .10

Dentaria sp. Toothwort .10
EuPetorum maculatum Joe Pye Weed .10
Eupatorum rugosum White Snakeroot .10

Euphorbia sp. Spurge .10

N spericum s. St. John's-wort .10

Lindera benzoin Spice' Bush .10

Morus rubra Mulberry .10

Pinus echinata Shortleaf Pine .10

1-57

Table 9 (continued)

Importance
Scientific Name Common Namq Value Index

Prunus persica Peach .10

Sambucus canadensis Elderberry .10

Scutellaria sp. Skullcap .10

Senecio a. Ragwort .10

Tilia s. Basswood .10

Celtic s . Hackberry .10

F-348
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