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1. [ X 1 Administrative action [ ] Legislative action 

2, This action is the construction and operation of a 2-unit nuclear 
power plant in ~kmilton County, Tennessee. 

3. F~vironmental impacts associated with the construction and operation 
of the Sequoyah Nuclear Plant include: 

a. Minute additions of radioactivity to the air and water. 
b. Release of large quantities of heat to the environment. 
c. Change in approximately 525 acres of land for the plant 

site from rural nonfarm or agricultural. to industrial use 
and easements on 2,700 acres of land for transmission lines. 

d .  Release of small quantities of nonradioactive materials to 
the air and water. 

e. Temporary stress on social infrastructure (schools, roads, 
housing, and similar services ) . 

.c f . Stimulus to area economic development (jobs, attraction of 
visitors, etc. ) . 

g .  Some loss of aquatic organisms due to entrainment in the 
condenser cooling water. 

h. Operation of the cooling towers will result in evaporation 
of water and in occasional local fog and ice' and some visual 
obstruction. 

No significant adverse environmental effects are expected to occur 
as a result of these impacts. 

I .  To meet projected peak loads, TVA considered the following alterna- 
t ives : (1) base-loaded coal-f ired units and (2 ) nuclear-heled 
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. 



SUMMARY SHEET ( continued ) 

I Alternative heat dissipation systems considered in addition to 
the originally planned diff'user system included: 

a, Mechanical draf't cooling towers. 
b. Natural draft cooling towers. 
c. Spray canal system, 
d. Cooling lake. 

Considering feasibility, environmental impact, and cost, the natural 
draft cooling towers represent the best balance and will be added 
to supplement the original plant design to meet the recently adopted 
water t emperature standards. 

Alternatives considered in addition to the original 45-day holdup 
system to flurther reduce gaseous radioactive emissions included: 

a. 60-day holdup system. 
b. Hydrogen recombiners. 
c. Solvent absorption system. 
d. 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 a reverse osmosis unit and an evaporator were adopted 
to reduce radioactive liquid discharges. Consideration of feasi- 
bility, environmental benefit, and cost shows that these systems 
represent the best balance, and TVA is proceeding to install these 
alternatives. 

I 5. Comments have been received from the following agencies: 

Atomic Energy Commission 
Environmental Protection Agency 
Federal Power Commission 
Department of Agriculture 
Department of Commerce 
Department of Defense 
Department of Health, Education, and Welfare 
Department of the Interior 
Department of Transportation 
Office of Urban and Federal Affairs, State of' Tennessee 
Tennessee Department of Public Health 
Tennessee Game and Fish Commission 
Tennessee liistorical Commission 

Chattanooga-Hamilton County Regional Planning Commission 

6 .  The draft statement was sent to the Council on Environmental Quality 
and made available to the public on October 19, 1971. The final 
statement was sent to the Council and made available to the public 
on February 13, 1974 . 
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PREFACE 

This detailed statement of environmental consideretions, 

prepared by the Tennessee Valley Authority, evaluates the  effects an 

the  environment of the  construction and operation of the  Sequaysh Nuclear 

Plant (AEX Docket Nos. 50-327, 50-328) and i s  Bade i n  accorUance with 

the National Environmental Policy Act of 1969 (NIWA; 42 U-S .C. Section 

4331 e t  seq) . 
TVA, a corporate agency of the  Federal Government, and the  

Atomic Energy Commissior a regulatory agency of the  Federal. brermaent, 

have agreed that TVA f s  the  lead agency fo r  the  preparation and circula- 

t ion of the  detailed statement of environmental considerations for  the  

Sequoyah Nuclear Plant. A draf't statement fo r  the  Sequoyah plant was 

circulated for review and colmnents by other Government agencies on 

October 19, 1971. 

I n  accordance with the  lead agency agreement, TVA has 

consulted AEC i n  the preparation of t h i s  f i n a l  detailed environmental 

statement. Copies of AECts  comments on t h i s  statement and TVAts responses 

are included i n  Section 7.0. 

The information contained i n  the  draft  statement as well as the  

agency comments on the  draft  statement and TVAts  response thereto have 



1.0 INTRODUCTION 

TVA is a corporate agency of the United States created by 

the Tennessee Valley Authority Act of 1933 (48 Stat, 58, as amended, 
1 

16 U.S.C. 15 831-831dd (1970) ) . 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 

service by TVA to certain industrial customers and Federal installations 

with large or unusual power requirements, TVA power is supplied to the 

ultimate consumer by 160 m, nicipalities and rural electric cooperatives 

which purchase their power requirements from TVA. TVA is interconnected t 

e. 

at 26 points with neighboring utility systems. 
? 

The TVA generating system consists of 29 hydrogeri@ating 

plants and J.2 fossil-fueled steam-generating plants now in operation, I 

In addition, power from Corps of Ehgineers' dams on the Cumberland River 

and dams owned by the Aluminum Company of America on Tennessee River 

I 
tributaries is made available to TVA under long-term contracts. Figure 

I 

I 

1.0-1 shows the location of TVAts present generating facilities and 

those under construction. 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 future. In order 

to keep pace with the growing demand it has been necessary to add sub- 

stantial capacity to the generating and transmission system on a regular 

basis. The TVA system capacity as of June 30, 1973 is shown in Table 1.3-1. 

I 



1.0-2 

As part of TVA's construction program designed to meet increased 

requir~ents for generation, in August 1968 the TVA bard authorized 

the construction of the Sequoyah Nuclear Plant. An application to can- 

struct the plant was filed with the Atomic Faergy Commission (AEc) on 

October 15, 1968. After extensive review of the suitability of the 

site and the plant design by the AEC regulatory staff and the independent 

Advisory Committee on Reactor Safeguards, an Atomic Safety and Licensing 

Board granted a provisional construction pemnit on May 27, 1970. The 

Final Safety Analysis Report and a request for authorization to operate 

the 2-unit plant will bc submitted to AEC at a later date. Under the 

current schedule, TVA expects to be permitted to load the nuclear fie1 
c 

for unit 1 in December 1975. Nl-load operation of unit 1 is expected 

in June 1976; unit 2 is expected to go into full-load operation in 

February 1977. 

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 and enhance 

a quality environment. As a result of this policy, TVA has long con- 

sidered 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 environmental 

considerations relating to the Sequoyah Nuclear Plant has been sent to 

state and Federal agencies for review and comment pursuant to lJEPA as 



implemented by guidelines issued by the Council on Environmental Quality 

(CEQ) and Office of Management and Budget Circular A-95. 

The Sequoyah Nuclear Plant was initiated by TVA before enactment 

of NEPA, and the TVA Board of Directors has determined that it is not 

practicable to reassess the basic course of action in the design and 

construction of this plant. TVA has continued to study the plant design, 

however, so as to minimize the adverse environmental consequences which 

could result from the construction and operation of the plant. For 

example, through a continuing study of alternate methods to reduce the 

release of radioactivity tc the environment, TVA has decided to provide 

additional holdup for gaseous radwaste and additional processing for the 

liquid radwaste. These systems will reduce the amount of radioactivity 

released to the environment substantially below the level which woud 

have resulted from the plant design as approved by AEC for construction. 

In addition, although the plant was designed to meet the water quality 

standards which were proposed at the time, more stringent water quality 

standards have subsequently been adopted, and WA will backfit natural 

draft cooling towers in order that the plant will meet the new temperature 

requirements for the receiving water. 

It should be noted that although the two units will begin 

operation at different times, this environmental statement considers 

the plant as operating with both units, in order to accurately assess 

the impact of the plant on the environment and so that consideration 

of the cumulative effects of the plant can be assured. 

This environmental statement provides a baseline inventory 

of environmental information and covers the environmental considerations 



set out in Section 102(2) (c) of NEPA, as implemented by the CEQ and I 
AEC guidelines. After weighing and balancing the environmental costs I 
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 environmental impacts, TVA has con- 

cluded that the overall benefits of the project far outweigh the mone- 

tary and environmental coats, and that the action called for is the 

completion of construction and operation of the Sequoyah Nuclear Plant. 
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1.1 General Information - This section provides a basic 
knowledge of the important characteristics of the Sequoyah plant in 

order to establish a basis for consideration of the environmental 

impact of the facility. 

1. Location of the facility - The Seqwyah site 
is located on a tract of land consisting of approximately 525 acres, 

owned by WA, on a peninsula at Tennessee River mile (TRM) 484.5 on 

the west shore of Chickamauga Lake about 18 miles northeast of downtown 

Chattanooga, Tennessee. The site lies in the Great Valley of east 

Tennessee, which separates the Blue Ridge Mountains on the east from the 

Cumberland Plateau on the west. The proximity of the site to local towns, 

rivers, and state boundaries is indicated on the vicinity map, figure 

1.1-1. 

2. Physical characteristics of the facility_ - The 
plant will have the following principal structures on the site: two 

reactor containment buildings, turbine building, auxiliary building, two 

natural draft cooling towers, diesel generator building, service building, 

transformer yard, 500-kV and 161-k~ switchyards, intake structure, con- 

densing water pumping station, and condensing water discharge and diffuser 

system. Figure 1.1-2 shows the general arrangement of these facilities. 

Figures 1 .l-3 and 1.1-4 show the status of construction during the 

summer of 1973. 

The two reactor containment buildings each house a 

pressurized water reactor designed and manufactured by Westinghouse 

Electric Corporation. The 2-unit plant will have a total nameplate 

electrical generating capacity of approximately 2,441 megavatts. The 



nuclear steam supply system for  each unit  consists of a reactor 

and four closed-reactor coolant loops connected i n  para l le l  t o  the 

reactor vessel. Nuclear fue l  i s  contained inside each reactor 

vessel. The reactor and primary coolant system fo r  each unit  w i l l  

be housed i n  a cylindrical containment building designed t o  minimize 

the escape of any leakage from the  primsry system t o  the environment. 

The fuel  is i n  sealed metal tubes and consists of s l ight ly  enriched 

uranium dioxide pellets.  The f ission process i n  the  fuel  produces 

heat. Water serves as  both the  moderator of the f iss ion process and 

the  coolant. The primary coolant water i s  pumped through the reactor 

from below the  fue l  and i s  heated by contact with the  fuel element tubes. 

The heated coolant flows i n  four closed-loop c i rcu i t s  through tubes i n  

steam generators and then i s  pumped back in to  the  reactor. In each 

steam generator a separate body of water flows i n  contact with the  outside 

surface of the  tubes and absorbs heat *om the  reactor coolant, producing 

steam t o  power the  turbine generator. The e lec t r i ca l  power thus produced 

by the  turbine generator is distributed t o  meet the  power needs of the  

TVA system. The reactor power is  controlled by control rods, lumped 

burnable poison rods, and neutron-absorbing boric acid solution. Flaked 

ice ,  manufactured at the  s i t e  and stored i n  baskets i n  the  i c e  condenser 

i n  the reactor building, w i l l  be used t o  quench any rapid buildup of 

heat and pressure if steam should escape within the  containment vessel. 

A more detailed description of the  plant f a c i l i t i e s  appears i n  the  

preliminary safety analysis report. 

TVA also plans t o  construct on the  s i t e  a power plant 

training center. The training center w i l l  be used t o  implement a t raining 

program fo r  power plant operators and w i l l  consist of nuclear reactor 

and foss i l  uni t  simulators. 



The principal ways the plant will interact with 

the environment, discussed later in detail, are: 

1. Releases of minute quantities of radioactivity to the air 

and water; 

2. Release of large quantities of heat and water vapor to 

the environment; and 

3. Change in land use from fanning to industrial. 
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1.2-1 

1.2 Environment of the Area - The following description 
provides a baseline inventory of the important characteristics of the 

region. 

History - The Sequoyah Nuclear Plant site is 
in Hamilton County, Tennessee, about 18 miles upstream of downtown Chattanooga. 

Hamilton County, named in honor of Alexander Hamilton, was created by 

an act of the General Assembly of the State of Tennessee on October 25, 

1819, from part of the area of Rhea County. The first county seat was 

at the frontier town of Dallas. In 1840,.the seat was moved to Vanville, 

which was later absorbed b,- Harrison. Subsequently, the county seat 

was moved to Chattanooga, where it remains today. 

The nuclear plant is named for Sequoyah, a Cherokee 

scholar and inventor born around 1760 at the Cherokee town of Ta~kigi. 

He is noted for the invention of the Cherokee alphabet, which was 

adopted by the Cherokee Nation in 1821. 

2. Topography - The Sequoyah site is a moderately 
wooded area on a peninsula extending into Chickamauga Reservoir. The 

nuclear plant is being built west of a natural tree cover. On the site, 

the land rises from the water surface (normal maximum iunrmer level elevation 

682.5 feet above mean sea level) to a small hill crest approximately 

750 feet above mean sea level. Across the river, a ridge of small 

hills rises to approximately 900 feet above mean sea level. 

3. Geoloa - Geological studies of the bedrock at 
the site show that it is primarily overlain by approximately 45 feet 

of unconsolidated terrace deposits laid down by the Tennessee River 

when flowing at a higher level. Drilling has shown that this material 

consists predominantly of reddish-brown sandy clay in which are embedded 



nearest known damaging quake (blM VI) waa centered approximtely 150 

miles east of the site. The intensity felt at the site from the latter 

quake was at most MM 111. Accelerations at the site from a recurrence 

of these shocks would be far less than the proposed design accelerations. 

Further details of the seismic history of the site are presented in the 

Sequoyah Nuclear Plant Preliminary Safety Analysis Report, 

5. Climatology and meteorol. - This section 
summarizes the climatology and meteorology of the area. Appendix A 

contains detailed information for the region and the Sequoyah site 

and a description of t,le onsite meteorological program. 

The Sequoyah 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 shown in the 

annual normal sea level pressure distribution (figure 1.2-2) .l This 

circulation over the southeastern United States is most pronounced in 

the fall and is accompanied by extended periods of fair weather and 

widespread atmospheric stagnation .2 In the winter, the normal circulation 

pattern becomes diffuse as the eastward moving migratory high- and 

low-pressure systems, associated with the midlatitude westerly current, 

bring alternating co3.d and warm air masses into the area with resultant 

changes in wind direction, wind speed, atmospheric stability, pre- 

cipitation, and other meteorolo8ical 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 and the Gulf of Mexico. 

The predominate air masses affecting the 

Sequoyah site may be described as interchangeably continental 

and maritime in winter and spring, predominantly maritime. 



area not mantled by terrace deposits, bedrock is overlain by varying I 
thicknesses of residual silt and clay derived from the total weathering 

of the underlying shale and limestone. 

Beneath the terrace cover are the interbedded lime- 

stone and shales of the Conasauga Formation of Middle Cambrian Age 

( figure 1.2-1) . Stratigraphically, the Conasauga is overlain to the south- 
east by 2500 to 3000 feet of massive limestone and dolomite of the 

Knox Group and is underlain to the northwest by 800 to 1000 feet of 

sandstone and shale of the Rome Formation. During the geologic past, 

folding and faulting has compressed the Conasauga Formation between the 

more competent overlying Knox and underlying Rome Formations. 

The Conasauga Formation will provide a satisfactory 

and competent foundation for the plant structures. Cores from holes 

drilled in the plant area indicate no evidence of weathering below the 

upper five feet of the rock which will be removed under normal construc- 

tion procedures. 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 ha.s no known 

areas of unique paleontologic significance. 

4 .  Seismology - The site lies within the borders 
of the Southern Appalachian seismotectonic province. Figure 1.2-1 locates 

the nearest faults in the region, all of which are tectonically inactive. 

The nearest local quake with a Modified Mercalli 

intensity of V was centered about 20 miles southwest of the site. The 



thirty-year period a t  the  Chattanooga airport  indicate the  average I 
annual temperature i s  61.2'~. , with monthly averages ranging fram 

41.7OF. i n  January t o  80.T°F. i n  July. The am* rwe 9 

from 106'~. i n  July t o  -7'F. i n  January, is  113OF. Detailed tempera- I 
ture  data fo r  Chattanooga are shown i n  Table 1.2-1. Table 1.2-2 

shows the  air temperature data collected a t  the Sequoyah Environmental 

Data Station from April 1971 t o  March 1972. 

The probability of tornado occurrence a t  the  site 

is extremely low. For about a half-century, 1916-1972, there have 

been no tornadoes recorded i n  Hamilton County. 39499 Tornadoes i n  the  area 

generally moved northeastward up the  valley, cavering an average 

surface path 5 miles long and 100 yards wide.3 Severe windstorms 

may occur several times a year, particularly during winter, spring, and 

summer, with winds reaching 35 mi/h and on occasion exceeding 60 mi/h. 

High wind may accompany moderate-to-strong cold frontal  passages 20 t o  

30 times a year, with maximum frequency i n  March and April. High winds 

may also accampany thunderstorms which occur approxi~ate ly  56 times a 

year, with maximum frequency i n  July. 4 

About 60 percent of the  annual average precipitation 

i n  the  s i te  area results from migratory storms i n  l a t e  November through 

April with March usually having maximum amounts. Minimum precipitation 

is normally i n  October. Detailed precipitation information is shown i n  

Table 1.2-3. Table 1.2-4 contains snowfall data. 

Table 1.2-5 shows the  frequency of fogs fo r  Chattanooga 

and indicates that heavy fogs ( v i s i b i l i t y  equal o r  l e s s  than 1 /4  mile) 

occur on 36 days annually with a maximum of 6 days i n  October and a mini- 

mum of 2 days from February through July. 



The data for the first year of onsite meteorological 

I monitoring identify reasonably well the expected wind conditions in 

I the plant site area (~ables 1.2-6 and 1.2-9) . Normal vs. extreme 
conditions cannot be precisely determined from a single year of 

data, but subsequent onsite data support the wind patterns found 

in the first year. Comparative data from Chattanooga and Knoxville 

airports, Kingston Steam Plant, and Oak Ridge National Laboratory 

show a predominant northeast-southwest wind direction alignment. 

These data are considered indicative of local wind patterns. 

Representative data also i-dicate that the highest occurrence of 

directional persistence is with southwest winds, in agreement with 

I data for the Sequoyah site in Table 1.2-6. A spring wind speed of 

7-9 mi/h and a fall wind speed of 5-6 mi/h are indicated in Tables 

I 1.2-7 and 1.2-8 (data from Chattanooga and Knoxville, respectively) . 
The Sequoyah data show the predominant northeast-southwest wind 

direction alignment, with a tendency toward north-northeast and 

south-southwest. Additional data are contained in Appendix A. 

A breakdown of the estimated occurrence of the 

individual stability categories, A through G, with respect to wind 

direction and wind speed is shown in Appendix A. Most significant 

is the Percent occurrence of the 0-3.4 mi/h wind speed range for the 

F and G categories which are usually identified with the most adverse 

onsite atmospheric dispersion conditions. The respective values are 

about 13 and 6 percent. 

6 .  Hydrology and water quality 

(1) Ground water - Ground water at 
Sequoyah is derived principally from precipitation which, over the 

past 20 years of record, has averaged 58 inches per year, There is 



no distinct aquifer in the Cbnasauga Formation at the Sequoyah site. I 
The shhes and limestones are essentially impervious and the majority 

of the ground water flows &rough the terrace deposits overlying u 

bedrock with some flow through fractures and cracks in the rock surface. 

Water level readings made in the exploration holes show that the 

water table stands approximately 20 feet above rock in the terrace 

material. The gradient of the water table slopes toward the reservoir. 

Thus, ground water movement in the area is from the plant site to the I 
Tennessee River. Drilling of exploratory holes in the site area disclosed 

no indication of extensive ~avities or solution channels in the Conasauga 

Format ion. ~ 
(2) Surface water - Surface water is derived 

from precipitation remaining after losses due to evaporation and transpiration. 

It can be generally classified as local surface runoff or streamflow. 

(a) Reservoir description - The 
site is located about 13 miles upstream of Chickamauga Dam. The Tennessee 

River at Chickamauga Dam has a drainage area of 20,790 square miles. Chickmu65a 

Reservoir is TVA's sixth largest reservoir by area at normal full pool elevation 

of 682.5 feet. At this elevation the reservoir is 58.9 miles long on the 

Tennessee River and 32 miles long on the Hiwassee River, with an area of 35,400 

acres, s volume of 628,000 acre-feet , a shoreline length of 810 miles, and a 

width which ranges from 700 feet to 1.7 miles. At the site, it is about 3,000 

feet wide, with cross-sectional depths ranging up to  50 feet a t  normal pool 

elevation (see figure 2.6-2) . Wavigation is provided by maintaining a minimum 
channel depth of nine feet. Flow is in a general southwesterly direction. 

(b) Streamflow - Records 
maintained at Chickamauga Dam for 1940 to 1970 show an average discharge at 



3 the  dam of 32,800 f t  /s. Flow data for  water years 1951-1972 indicate  

3 an average flow of about 27,600 f t  /s during the s m e r  months (May -  

October) and about 38,500 f t3 / s  during the  winter months (~ovember- 

3 Apri l ) .  The maximum da i ly  discharge was 219,000 f t  /s on March 18,  1973. 

Except for  two special  operations on March 30 and 31, 1968, when discharge 

3 was zero t o  control  mi l fo i l ,  t he  minimum da i ly  discharge was 700 ft /s 

on November 1, 1953. Flow durations based upon mean dai ly  discharges from 

Chickamauga Dam for  t he  period 1951-72 a r e  tabulated below. 

Percent of Days 
Mean Daily 3- Mean Daily Discharge Is 

Discharge, ft /s Equaled o r  Exceeded 

The frequency of hourly flows and the  duration of zero flow per'lods for  

t h e  Watts Bar Dam (upstream of t he  s i t e )  and the  Chickamau~a Dam (downstream 

of t he  s i t e )  a r e  shown by f igures  1.2-3 and 1.2-4 and by Table 1.2-10. 

Channel ve loc i t ies  a t  t he  plant 

s i t e  average 0.6 foot per second under normal winter flow conditions and 

0.3 foot per second under normal summer conditions. 

( c )  Water qual i ty  - A yearlong 

water qual i ty  survey of Chickamauga Reservoir was made by TVA b e g i ~ i n g  i n  

May 1960. Detailed discussions of t he  sampling locat ions ,  frequency and 

the  r e su l t s  a r e  included i n  the  report  "Quality of Water i n  Chickamauga 

~ e s e r v o i r . " ~  Although the  data i n  t h i s  report  were collected i n  1960 and 1961, 

there  have been no upstream developments t h a t  would have s ign i f ican t ly  a l te red  



the 1960-61 data still accurately reflect the present water quality 

characteristics that would be expected in Chickamauga Reservoir. The 

results of the 1971 yearlong water quality survey of Fort L o d u n  Reservoir, 

the second reservoir upstream of Chicksmauga Reservoir, support this 

conclusion. 

In general, the bacteriological 

quality of water in Chickamauga Reservoir was found to be good. The water 

at Hamilton County Park, 5 river miies 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 I 
the reservoir to be relatively low in organic content. Color and odor 1 
concentrations were also low. The mineral quality of water in Chickamauga 

Reservoir was determined by monthly samples collected f r o m  four locations 

in the reservoir. Tbe water in the main stem of the Tennessee River portion 

of Chickamauga Reservoir during the sampling period was moderately hard 

(about 60 to 80 mg/l) but satisfactory for practically all industrial uses. 

The water quality data observed at a sampling point 12 miles downstream from 

the plant site are shown in Table 1.2-11. 

TVA and the Tennessee Division of 

Water Quality Control monitored Chickamauga Reservoir for mercury in the 

summer and fall of 1970, respectively. Of a total of 55 samples, 54 had 

mercury levels less than 0.5 vg/l (one-tenth the maximum allowable 

concentration in drinking water). One TVA sample showed a mercury con- 

centration of 3.8 &l. A subsequent sample at the same location about 

a month later yielded a mercury concentration of less than 0.5 w/1. 



The concentrations of heavy 

metals that have been observed to occur in the waters of Chickamauga 

Reservoir at the location of the Sequoyah water intake (TRM 484.1) 

are shown in Table 1.2-12. 

Results of radiological analyses 

for January and April 1971 showed that gross beta activity upstream at 

Watts Bar Dam discharge was 3.9 pCi/l and 3.7 p~i/l, respectively. 

Downstream at Guntersville Dam for the same period the values were 

3.2 pCi/l and 4.1 p~i/l, respectively. Radioactivity was well below 

the safe levels for drinlri-~g water recommended by the U.S. Public 

Health Service. 

Water temperature observations 

at selected Tennessee River stations were included in the data collected 

during the water quality surveys. These observations indicate that 

Chickamauga Reservoir is weakly stratified during summer months. Table 

1.2-13 summarized the water temperatures recorded at the thermal monitor 

installed to collect preoperational data. Water temperature and dissolved 

oxygen observations from an early survey are shown in Table 1.2-11. 



Since 1960, TVA has been 

monitoring on a weekly basis, the dissolved oxygen concentrations in the I 
releases from its hydro projects. Observations of DO concentrations I 
in the Chickamauga Reservoir above and below the Sequoyah site indicate 

that in the s m e r  months DO concentrations are not at saturation. 

Minimum dissolved oxygen concentrations in the releases from Chickamauga 

Reservoir of less than 5.0 mg/l have been observed to occur during six 

of the years during the period 1960-1972. During two of these six 

years, the lowest DO concentrations were less than 4.0 mg/l (3.2 mg/l 

in 1969 and 3.5 mg/1 in 1966). The periods of DO less than 5 mg/l 

ranged in length from a minimum of 2 consecutive days (1971) to a 

maximum of 44 consecutive days (1969) and averaged about 13 consecutive 

days. 

The DO concentrations of the 

releases from Hales Bar Dam located downstream from Chattanooga were 

less than 5 mg/l during seven of the years between 1960 and 1967. The 

lowest DO concentration of 3.2 which occurred in 1966 corresponds to a 

period of low DO concentrations (lowest observed 3.5 mg/l) in the 

releases from Chickamauga Dam. 

In late 1967, Hales Bar Dam 

was replaced by Nickajack Dam, located about six river miles downstream 

from Hales Bar Dam. The DO concentration in the releases from Rickajack 

Dam were below 5 mg/l during three of the five years 1968 through 1972. 

The lowest observed DO concentration in Nickajack releases was 4.5 mg/l. 

The principal reasons for the 

low dissolved oxygen concentrations (below 5 mg/l) occurring in the Hales Bar 



Reservoir (now Nickajack ~eservoir) are: (1) inadequate waste 

treatment of organic waste discharges originating from the metropolitan 

~hattanooga area, and (2) the release of water having less than 

5 mg/l DO from Chickamauga Reservoir. In 1964, the total 'organic 

waste load discharged to surface streams in the Chattanooga area was 

about 53,000 pounds of f ive-day 20°c BOD (about 318,000 population 

6 equivalents). With the installation of secondary treatment in 1971 

by the city of Chattanooga and improved levels of industrial waste 

treatment made in the area in recent years, this load has been reduced 

to about 25,000 lbs. BOD per day. TVA is now investigating methods of 

increasing the DO levels in the releases from its headwater reservoirs. 

( 3) Water use - From its head near 
Knoxville to Kentucky Dam near its mouth, the Tennessee River is a 

series of highly controlled multiple-use reservoirs. This chain of 

reservoirs provides flood control, navigation, generation of electric 

power, sport and commercial fishing, industrial and public water supply, 

waste disposal, and recreation. 

There are four public water supplies taken 

from Chickamauga or NickaJack Reservoirs within the reach from Dayton, 

Tennessee, 15.8 miles upstream of the site, to Chattanooga, 19 miles 

downstream of the site. The present water supply intake for theTennessee-American 

Water Company, which serves a population of about 290,000 in the metropolitan 

Chattanooga area, is located in the headwaters of Nickajack Reservoir 

approximately 19 miles downstream from the site and 6 miles downstream from 

Chickamauga Dam. The Daisy-Soddy-Falling Water Uti l i ty  District,  which serves 

about 8,000 people, has a water intake on Soddy Creek embayment of Chickamauga 



Reservoir above the plant site. The closest water supply is Savannah 

Valley Utility District at TRM 483.6, essentially across the reservoir 

from the plant. This intake will be relocated prior to operation 

of the plant. The East Side Utility District had developed plans 

to locate a surface water supply intake on the Wolftever Creek embayment 

of Chickamauga Reservoir about 9 miles downstream from the site. However, 

the district has subsequently decided to continue using its present 

ground water supply (wells) and has abandoned any definite plans to 

develop a surface water supply .in the foreseeable f'uture. In May 1973, 

approximately 67 percent of the East Side Utility District distribution 

system was purchased by the Tennessee-American Water Company of Chattanooga. 

There are eight public ground water supplies within a 2O-mile radius of the 

proposed site. Public water supply information is included in Table 1.2-14 

and the locations are shown on figure 1.2-5. 

There are six industrial water supplies 

taken from Chickamauga or Nickajack Reservoirs near Chattanooga be- 

tween Tennessee River mile 473 and mile 454.2. In addition, three 

industrial water supplies are taken from surface streams and ponds, 

and 24 industrial water supplies are taken from wells within a 20-mile 

radius of the plant site. Industrial water supplies are shown in 

Table 1.2-15. Those industrial supplies marked with a triple asterisk also 

use the supply for potable water within the plant. All other industrial 

users purchase potable water and water added to consumer products from 

public utilities. 



7. Land use - The site is within the suburban 
fringe developing around the metropolitan Chattanooga area. Figure 1.2-6 

shows the land use characteristics in the area of the Sequoyah site. 

North and east of the plant site, development is sparse and would 

generally be classified as "rural nonfarm." Figure 1.2-7 shows the scope 

and type of development anticipated in the area around the plant by 

the year 2000. The map is based on land use plans prepared for Hemilton 

and Bradley Counties by the Chattanooga-Hamilton County Planning 

Connnission and the Tennessee State Planning Commission, respectively. 

TVA consulted with these absncies in adjusting their planning horizon to 

the year 2000. Specific land uses in the surrounding area are discussed 

below. 

(1) Industrial operations - No signifi- 
cant industrial development is located in the immediate vicinity of the 

Sequoyah plant site. Chattanooga is an industrial center southwest of the 

site, and Cleveland, 13 miles to the east-southeast, is a diversified light 

industrial center. One of the nearest larger industrial operations in 

the area is the Volunteer ArplOr Ammunition Plant, with an 8000-acre site 

and employment of around 2500 people. It is located northeast of 

Chattanooga and approximately 10 miles southwest of the plant site. 

(2) Farming - According to the 1969 
Census of Agriculture, 21.9 percent of the land in Hamilton County 

was in farms. The average size of the 679 farms was 113 acres and 

only 2 were 200 acres or more. Gross sales from farm products were 

approximately $5.9 million for an average of about $8700 per farm. 

No type of farm specialization -8 

apparent since 62 percent were grouped under "Miscellaneous and 
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Unclassified   arms." Four-hundred sixteen farm operators reported 

working off the farm for 100 days or more. 

( 3 )  Transportation - A highway parallels 
each side of the Tennessee River. U.S. Highway 27 to the west and 

Tennessee Highway 58 to the east are both within 5 miles of the plant 

site, The Southern Railway runs adjacent to U.S. 27. The nearest 

major airport is in Chattanooga about 15 miles southwest of the site. 

Barge traffic on Chickamauga Reservoir is discussed below. 

(4) Recreation - Chickamauga Reservoir 
attracts water-based recre.-tion, particularly from April to October. 

Recreational facilities include Harrison Bay and Booker T. Washington 

State Parks; Hamilton County Park; Ilayton and Soddy municipal parks; 

several commercial marinas, boat docks, and resorts; private and public 

clubs; and a system of public assess areas. Four private clubsites, situated 

on the shore of Chickamauga Lake, are within one mileof the plaat site* 

A public use area with minimum facilities (boat launching ramp and parking 

area) is located just across the lake from the site. 

(5) Wildlife preserves - The Sequoyah 
site is approximately three miles downstream of the Soddy Creek water- 

fowl management area. It is also approximately 15 miles downstream of 

the Hiwassee Island Refuge, the principal waterfowl unit on Chickaxnauga 

Reservoir. 

( 6 )  Population distribution - Much of 
Chattanooga's suburban growth has been toward the plant site along 

existing highways and the reservoir shoreline. On the northwest side 

of the reservoir, scattered subdivisions extend out to within 2 miles 



of the plant site. On the other side much denser development has 

occurred between the Volunteer Army Ammunition Plant and Chattanooga's 

city limits. 

To the north and west, the area is rural 

in nature and is characterized by scattered individual homes. Tables 1.2-16 

and 1.2-17 show the detailed distribution of the 1970 population within 

10 miles and 50 miles of the plant site respectively. Figure 1.2-8 shows 

the major population areas near the plant site. Tables 1.2-18 through 1.2-25 

show the projected population distributions within both 10 miles 

and 50 miles of the plant -ite for the years 1980, 1990, 2000, and 2010. 

(7) Waterways - Tennessee River traffic, 
measured at the Chickamauga Lock, amounted to 756 thousand tons in 1969, 

exclusive of sand and gravel. In 1970 barge traffic had increased 2 

percent to 769 thousand tons. Total tonnage for the Tennessee River in 

1969 was 24.5 million tons, with 1970 tonnage estimated to be 25.4 

million tons. Estimates indicate that Tennessee River traffic will 

experience an average growth rate of about 4.8 percent annually to 1980, 

when it will reach 40.5 million tons. 

(8) Government reservations and installa- 

tions - Approximately 13 miles southwest of the Sequoyah plant site is - 
the Chickamauga Dam and Reservation. The Mickajack Dam and Reservation 

is approximately 35 miles southwest of the site. Approximately 32 miles 

north of the plant site is the Watts Bar Reservation, which includes the 

Watts Bar Dam and Steam Plant, and Watts Bar Nuclear Plant (under con- 

struction). Ten miles southwest of the site is the Volunteer Army Ammunition 

Plant. 



8. Ecology - The site environs provide a diversity 
of habitat situations which support a variety of terrestrial and aquatic 

fauna and flora. A more complete discussion of ecological data, species 

lists, and sampling information appears in Appendices B and C. No rare 

or endangered species are known to nest on the area or are expected to be 

threatened by plant construction and operation. 

(1) Aquatic Ecology - The reservoir in the 
vicinity of the site includes areas of varying depth, blind nonflowing 

embayments, tributary streams, peninsulas, inundated reservoir shallows, 

and the navigation channel (old riverbed). The area is characterized by 

embayments and shallow overbanks which alternate between right and left 

banks as the channel changes course. There are extensive shallow areas 

approximately two to four miles downstream frora the plant site. 

There are a variety of benthic substrates 

in the area. They range from bedrock to fine organic leaf fragments. 

The substrate of greatest arealextent is composed of mixed sand, clay, 

and silt. 

(a) Fish - Fish sampling in 
Chickamauga Reservoir has been conducted intermittently since 1942. Preopera- 

tional monitoring was begun in 1970 and has continued to present. Current 

results of the fish monitoring program are analyzed elsewhere (Appendix B) 

along with a cursory discussion of some historical data. Although larval 

fish sampling was begun in March 1973, no analyses have yet been performed. 

Estimations of larval fish-abundance, therefore, were made using data 

from Wheeler Reservoir (Appendix B). Prior to impoundment of the large 



cove which will be used as a discharge pond at the Sequoyah Plant, 

all fish were removed and enumerated by TVA fisheries biologists. 

These results are also discussed in Appendix B. 

The piscine community of 

Chickamauga Reservoir is dominated by gizzard and threadfin shad, 

as expected in Tennessee River main stream impoundments. Rough fish, 

particularly carp, drum, and small buffalo, also contribute significantly 

to standing crop (biomass) estimates. Among the sport fish, largemouth 

and spotted bass, bluegill, redear, and longear sunfish are abundant, 

but smallmouth bass and walleye are rare. Latest available TVA data 

(1972) indicate a commercial harvest of 373,000 pounds of fish, primarily 

catfish, buffalo, and carp. 

(b) Mussels - In the past mussel 
harvests have been an important river harvest, but there have been no 

harvests from Chickamauga Reservoir since 1970 when about $3,000 worth 

of pigtoe mussel shells were harvested. A 3-mile stretch of the river 

has been designated a mussel sanctuary by the State of Tennessee but this 

area is over 40 river miles above Sequoyah. The closest area to the Sequoyah 

site harvested for mussels in recent years is 24 miles upstream (TRM 509). 

(c) Other aquatic life - 
There is an abundance of other aquatic life in the reservoir. The dominant 

spring and fall phytoplankter is typically a species of Melosira. The 

summer flora is dominated by two or three species of green algae. Blue 

green algae are represented but are not abundant. A large portion 

of zooplankton density is comprised of rotifers. However, calanoid 

copepods and cladocerans are also plentiful. Lists of plankton and 



macrophytes are available from TVA'sDivision of Environmental 

Planning, Chattanooga, Tennessee. 

As a rule, bottom fauna 

communities are not diverse and species populations are small. An 

exception is the Asiatic clam (~orbicula), which achieves densities of 

2 
2,00O/m downstream in limited areas. Densities are much less in the 

other areas of the reservoir. The most abundant insects are the 

burrowing mayfly Hexagenia bilineata and midges of the family Chironomidae. 

(d) Aquatic macrophytes - 
Native, rooted, vascular aacrophytes are not extensively represented 

in Chickamauga Reservoir. The reservoir reach above the plant site and 

some of the adjacent embayments have scattered colonies of coontail, 
5 

potantogetons, and cattails. An ]Eurasian watermilfoil chemical control 

program was last conducted in 1966 on portions of the upper pool of 

Chickamauga Reservoir but no subsequent problems with this invasion 

species have been encountered. Very few submersed or emergent macrophytes 

occur in the immediate area of the Sequoyah site. 

(e) Waterfowl - The Sequoyah 
site is approximately three miles downstream from the Soddy Creek 

Waterfowl Management Area. The site is also approxinately 15 miles 

downstream from the principal waterfowl unit on the reservoir, Hiwassee 

Island Rewe. Macrophyte food and overhanging and emergent plant 

cover are not abundant at the plant site and few waterfowl are observed 

at the site. 

The average daily number of 



1969-1970 was 3,560 ducks and 2,730 Canada Geese. A midwinter inventory 

( ~ a n u a r y  1970) t a l l i e d  6,120 ducks and 5,400 geese. The waterfowl resource 

furnishes approximately 5,000 man-days, of hunting recreation annually. 

(2)  Ter re s t r i a l  ecology - Approximately 60 

percent of t h e  county i s  forested,  25 percent i s  unspecified farming 

with t h e  majority of land pastured, 6 percent is  covered by water, and 

9 percent is urban associated development, transportation corr idors ,  

u t i l i t y  right-of-ways, o r  unclassified.  Much of t he  county t e r r a i n  i s  

rugged or  lacks  good access. Evaluation of habi ta t  fo r  game animals i n  

t he  Bradley-Hamilton Count;- un i t  fo r  seven species is  shown i n  Table 1.2-26. 

Evaluations were based on several  factors ,  including type, d i s t r ibu t ion  

and qual i ty  of food and cover, and ava i l ab i l i t y  of nesting habi ta t  and 

den s i t e s .  The la rges t  deer populations a r e  located along the  western 

border of Hamilton County ( ~ a l d e n s  Ridge) and i n  t he  northwestern corner 

of Hamilton County near t he  junction of t he  Hiwassee and Tennessee Rivers. 

Good squi r re l  populations occur i n  large stands of hardwoods, while 

raccoon and rabbi t s  a r e  most common i n  t he  wide, ro l l i ng  valleys 

between t h e  ridges. 

The mixture of forest  and open vegetative 

types and la rge  degree of openness within the  fores t  provide an abundance 

of niches favoring a diverse b i rd  population. The diverse habi ta t  types 

surrounding t h e  plant s i t e  support varied and abundant populations of 

snakes, frogs,  salamanders, and other herpt i les .  

A 1969 survey7 of the  Brad1ey;Harrilton 

County un i t  indicates t h a t  approximately 60 percent of the  land area i s  

forested,  34 percent was nonforested, and 6 percent was covered by water. 



Extent and type of forest cover is shown in figure 1.2-9. Hamilton 

County contained 209,100 acre8 of forest. Volume of growing stock 

was estimated to be 233.7 million cubic feet, with 46.5 percent softwoods 

and 53.5 percenthardwoods. Appendix C provides a description of onsite 

vegetation before and af'ter construction. 

(3) Rare and endawered species - It is 
conceivable that several species listed by the Department of the Interior 

8 Office of Rare and Endsngered Species as threatened (rare and endangered) 

could be found in the area at certain times of the year. The Southern 

Bald Eagle is occasionally seen on Chickamauga Lake. The American 

Peregrine Falcon and Northern Red-Cockaded Woodpecker are two endangered 

avian species that have been observed in east Tennessee. A species 

cormonly seen which is not listed as rare or endangered by the Department 

of the Interior, but is rapidly decreasing in numbers is the Osprey. 

Ospreys have been known to nest on channel marker buoys in Chickeunauea 

Reservoir. 

9. Historical and archseolo~ical siunificance of the 

site - The project has been reviewed by the Tennessee Historical Cormnission - 
and no properties on the National Register of Historic Places that would be 

affected by the Sequoyah Nuclear Plant were identified. 

Unfortunately, due to an oversight, an archaeological 

survey was not conducted prior to the initiation of construction activities. 

Investigations to determine the archaeological significance of the site 

were conducted after construction was under way and are discussed in Section 

2.9, Other Impacts. 
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Table 1.2-1 

Month - 
Dee . 
Jan. 
Feb . 

A I R  TEMPERATURE DATA* 

CHATTANOOGA 

Average Average Extreme Extr-came 
Average Max. Min . Max. Min . 
~emp. (1) Temp. (1) T-P. (1) ~emp. (2)  ~emp. (2 )  

O F  O F  O F  F O F  

Winter 42.9 51.2 

W c h  51.2 61.1 
April 60.9 72.0 
May 70.1 80.9 

June 
July 
Aug , 

Sept . 
Oct . 
Nov. 

Spring 60.7 71.3 - - - 
78.1 88.3 
80.7 90.0 
79.8 89.3 

Summer 79.5 89.2 

F a l l  61.8 72.2 

Annual 61.2 71.0 

* "Local Climatological Data with Cornparat ive Data," 1972, Chattanooga, Tennessee, 
U. S . Department of Commerce, NOAA, EDS . 

( 1 ) Climatological Standard Normals (1931-60 ) 

( 2 )  Period of Record, 1940-72 

( 3 )  July 1952 

January 1966 



Table 1.2-2 
* 

A I R  TEMPERATURE DATA* 

SEQUOYAH NUCLEAR PLANT 

APRIL 2, 1971-MARCH 31, 1972 

Month - 
Dee . 
Jan  
Feb. 

Winter 

Mar. 
Apr . 
May 

Average 
Temp. 
O F  

49.0 
42.7 
40.1 

43.9 

Aver age 
Maximum 

Temp. 
O F  

56.2 
52.2 
49.7 

52.7 

Average 
Minimum 

Temp. 
O F  

42.3 
33.5 
30.8 

35.5 

Extreme 
Maximum 
Temp. 
O F  

Extreme 
Minimum 

Temp. 
O F  

Spring 57.5 69.3 46,2 86.0 26.4 

June 
July 
Aug . 

I Summer 75.4 85.4 67.7 96.3 55.3 

Sept . 72.4 82.8 63.6 95 .1 53.4 
Oct. 64.7 74.9 57.3 87.0 43.1 
Nov . 48.8 58.8 41,0 78. 0 29.2 

I Fa l l  61.9 72.1 53.9 95.1 29.2 

Annual 59.7 69.8 50.8 96.3 2.9 

* Temperature instrument 4 fee t  aboveground 



Month 

Dec . 
Jan. 
Feb . 

Table 1.2-3 

PRECIPITATION DATA" 

Average 
No. of Extreme 

Days w i t h  Monthly Monthly 
0.01 inch Average Average 

or  more (inches) (inches) 

Extreme 
Mont bly 
Minimum 
( inches ) 

0.82 
2.35 
2.43 

Max, i n  
24 &s. 

(inches) .% 

3 -02 
3.88 
3.08 

Winter 3 3 17.21 

March 12 6.76 15.22 2.60 6.08 
April 10 4.70 10.88 1.18 2.62 
May -2 3.87 7 53 1.41 2.75 

Spring 31 15 33 

June 9 4.16 7.20 0 . 59 2-60 
~ u l y  11 5.34 11.31 0-74 2.98 
A% - LQ - 3.91 8,Ol 1.90 7 * 56 

Summer 30 13.41 

Sept . 7 4.02 15.40 0.83 4.27 
O C ~  . 7 2.86 9.63 0.09 2.24 
NOV . -2 - 4.86 16,58 0.95 3.21 

F a l l  2 3 11.74 

hnnual 117 57-69 

* TVA Raingage Station 685, Friendship School, Tennessee, located about 
2% miles north-northeast of Sequoyah site; period of record 20 years 
since s ta t ion  activation A p r i l  30, 1948. 



Table 1.2-4 

SNOWFALL DATA* 

( 1931-1972 ) 

Month - 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Snowfall ( inches ) 
Maximum 

Mean Maximum Total in 
Total - Tot a1 24 Hours 

* "Local Climatological Data with Comparative ~ata," 1972, Chattanooga 
Tennessee, U.S. Department of Commerce, NOAA, EDS. 



Table 1.2-5 

HEAVY FOG* 

CHATTANOOGA, TE%IWSSEE 

1931-72 

Mean No. of Days 
Month With Heavy Fogr* 



Table 1.2-6 

WIND DIRECTION PERSISTENCE DATA 

Sequoyah Nuclear Plant 

April 2, 1971-March 31, 1972 

Number of Occurrences - Wind Direction Persistence Periods   ours ) 
Direction 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 >25 - -  - - - - - - - - - - - - - - -  
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ssw 
sw 
wsw 
W 
WNW 
NW 
m 

Total 
- 

> Acc. 
Total 1391. 826 550 368 252 187 130 96 78 55 40 33 24 20 17 11 9 5 4 2 1 1 1 1 

Note: Persistent wind is defined in this analysis as a wind blowing continuously from one of the named 22-1/2' 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 dirrectional 
persistence. 



Table 1.2-7 

AVEBAGE WlCND SPEED DATA* 

Average Wind Speeds (mph) 

% 
Month N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW MW 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 4.0 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 

I-' 
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 1 8 . 4 b  

I 
rU 

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 1 3 . 2 ~  
Apr i 1 8.7 8.7 7.1 5.9 4.8 5.5 6.7 10.5 10.0 10.0 8.9 11.5 10.3 11.9 10.8 9.8 7.8 17.8 
Mw 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 11.1 10.0 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 
J U ~ Y  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 
A U ~  . 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 

Sept . 6.8 7.6 6.9 5.4 4,4 4.7 5.0 7.3 7.0 6.6 5.2 3.4 6.2 6.5 5.9 7.3 4.7 30.1 
O C ~  . 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 
&v. 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 

Annua18.1 7.9 6.8 5-35 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 

Wlimatography of the United States No. 82-40, Decennial Census of Uni ted States Climate - Summary of Hourly Observations, 
Chattanooga, Tennessee, Love11 F i e l d ,  1951-1960, U. S . Department of Commerce, Weather Bareau. 

i 6". 
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Table 1.2-10 

DURATIONS OF ZERO-FLOW PERIODS 

AT WATTS BAR AND CHICKAMAUGA DAM FOR 

THE PERIOD 1959-1968 

Duration (hours) 
No.  of Occurrences 

Watts B a r  Chickrunauga 
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Table 1.2-11 (continued) 

TENNESSEE RIVER MILE 472.3 

5-i=+Y Bpac. nitr1t.e + 
nitrats 

Solid. 
IDcation Total P ' C  . Ruimt- 

Date inStresa Dapth Califowe D.O. BOD Color m b .  odor .rice C 1  2 Ils K h. Total  mtrcsen A Sue. Ms. Cq -- 
1961 tt. m/l00 al -c. 1 1 m m no. dl dl e/l ah.. dl .g/l dl dl dl dl dl dl 41 dl dl dl 

1-19 3:- p. lltddle Surf. 70,000 6.0 U.35 1.34 15 9.4 1+ 0.00 46.0 64.0 7.3 5,630 13.6 18.8 4.72 7.50 0.85 0.29 0.22 7.00 18.2 19 75 S* 
5 6.0 11.36 - 

lo 6.0 u.35 - 
P 6.0 11.9 - 
30 6.0 11.35 1.36 15 u i+ 0.00 45.0 62.9 - 5,600 13.6 19.2 4.09 6.90 0.85 0.21 0.32 6.64 16.4 14 75 89 
40 6.0 u.54 
48 6.0 U.42 7.3 

2-21 j:40p. ~ldd.le Surf. 8.3 12.14 1.73 20 14 none 0.00 55.4 76.2 7.5 4,800 15.2 22.6 5.41 7.90 0.9 0.19 0.22 6.48 P.9 16 14 *3 
5 8.3 12.12 - 

10 8.3 u.9 - 
20 8.3 l2.12 - 
30 8.3 u . g g i . 9  15 14 2 0.00 56.076.2 7.54,800 15.4 22.75.35 7.500.85 0.25 0.28 6-28 20.9 33 93 1.26 
40 8.3 11.02 - 
50 8.3 12.05 

3-21 4:mp. lltdbl. Surf. 1 ,  11.3 9.68 1.12 10 30 ncm 0.00 45.8 58.7 8.1 6,600 5.84 17.6 2.86 3.50 1.00 1.88 0.28 7.90 30.4 11 3.03 114 
10 11.3 9.62 8.1 
P 11.3 9.54 8.1 N 
30 11.3 9.54 1.58 15 29 1+ 0.00 46.5 59.2 8.0 6,600 5.84 17.1 3.32 3.00 0.95 1.58 0.22 8.40 30.4 ll 109 GQ ' 
40 11.3 9.61 8.0 
50 3 9.59 7.9 

k 
4-18 5:15p. mddle m. 14.0 10.17 1.44 15 P llclle 0.00 40.8 59.1 8.0 7,200 7.42 14.9 4.31 4.30 0.85 0.64 0.18 5.92 13.6 6 80 86 

5 14.0 10.P 8.0 
10 14.0 10.07 8.0 
P a .0  10.07 7.9 
30 14.0 lo.01 7.9 
40 1 . 0  9.93 1.36 15 23 ~aze 0.00 41.4 58.3 7.9 7 , m  7.56 15.2 4.43 4.50 0.80 0.77 0.18 6.02 13.6 4 72 76 z 14.0 10.00 7.8 

13.3 l0.W 7.8 

5-16 5:Wp. Wddle smi. 6.0 2l.O 9.08 1.14 10 5.0 1+ 0.00 44.9 55.6 7.9 7,700 4.30 16.9 4.03 4.64 0.95 0.08 0.00 5.P 11.8 26 66 9 
5 20.8 9.10 - 

10 20.6 9.03 - 
a3 19.6 8.80 

E 18.6 8.31 - 
17.8 8.57 1.53 15 17 1+ 0.00 46.0 9.1 7.7 7,300 4.50 17.8 2.96 4.20 0.80 0.12 0.10 6.44 27.9 6 85 91 

55 17.4 8.21 - 
6-14 5:P p. H d d b  Surf. 2.6 26.2 8.40 1.40 15 5.0 none 0.00 48.9 63.6 8.8 7,- 6.99 19.4 5.85 4.55 0.9 0.01 0.10 4.74 12.8 29 90 u 9  

5 26.2 8.42 8.8 
lo a5.7 8-53 8.6 
20 23.7 7.82 6.5 

c 22.6 6.170.86 15 u n- 0.00 48.863.6 8 . 0 6 , ~  7.0918.25.41 4.350.90 0.15 0.15 5.40 12.8 16 71 87 
22.1 5.26 7.9 

50 21.9 4.97 7.8 

v a .  70,000 29.1 12.14 2.94 20 j~ 2 0.00 56.0 78.3 8.8 7,700 '21.6 23.4 8.60 11.0 1.00 1.88 0.48 8.40 30.4 % 128 147 

#niatn vahan 2.6 6.0 3.50 0.77 5 3.8 0.00 40.8 54.1 7.3 4,500 4.30 14.9 2.86 3.00 0.80 0.01 0.00 0.80 u .8  4 66 '6 
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Table 1.2-13 

OBSERVED MONTHLY MAXIMUM AND MINIMUM TEMPEXATURES 

CHICKAMAUGA RESERVOIR - TENNESSEE RIVER MILE 485.7 

Temperature a t  Elev. 677 ( ~ e p t h  at Summer Pool: 6 ft.), OF 

1969-1972 

1969 
Max. Min. 

1970 1971 1972 
Mine % -  Max. -- Min. Min . Max.- 





Table 1.2-15 

INDUSTRIAL WATER SUPPLIES WITHIN 20-MILE RADIUS OF PLANT SITE 

AND THOSE TAKEN FROM TENNESSEE RIVER BETWEEN WATTS BAR AND NICKAJACK DAMS* 

Distance Number of Average 
Water Supply From Si te* * Ibployees Daily U s e  Source 

Miles Gallons 

lalhoun  o ow at e r  s Southern 
'aper Corporation ) 19.5 1,300 74,000,000** * Surface (HRM 22.7) 

:harleston (Olin Mathieson 
!hemica1 company ) 19.4 217 7,2OO,OOO** * Surface (EIRM 22.3) 

!hattanooga (Alco Chemical 
:orporat ion) 13.2 22 75,000 Ground, well  

:hattanooga (~mer i can  
Jyanamid company) 18.5 18 5O,OOO*** Ground, wells  

Jhattanooga ( ~ t l a s  Chemical 
Industries , Inc . ) 11.5**** 2,000 50,000,000*** Surface (TRM 473.0) 

:hattanooga (Chattanooga 
lendering company) 19.8 7,000 Ground, wells  

Jhattanooga (Chattem 
Jhemicals) 20.0 244 714,000 Ground, wells  

Jhattanooga ( Combustion 
Zngineering company ) 19.0 5,200 120,000 Ground, well 

:hattanooga ( Container 
2orporation of ~ m e r i c a )  18.2 130 840,000 Ground, well  

Zhattanooga ( Cumberland 
2orporat ion) 17.0 400 68,000 Ground, well  

Zhattanooga ( Cutter 
Laboratories ) 16.0 700 46,000 Ground, w e l l  

Zhattanooga (Dave L. Brown 
Zompany ) 19.5 75 12,000 Ground, well 

Chattanooga ( ~ e s o t o ,  Inc . ) 15.0 300 72,000 Ground, well 

Chattanooga (Dixie Sand 
and Gravel company) 21.5*** 4 5 480,000 surface (TRM 463.0) 

Zhattanooga (Dixie 
Yarns, Inc . ) 13.0 680 83,500*** Ground, wells  



Table 1.2-15 ( Continued) 

Distance Number of Average 
Water Supply From Site** Ehployees Daily Use Source 

Miles Gallons 

Chattanooga (E. I. 
du Pont and company) 14.0**** 3,700 7,8OO,OOO** * Surface (TRM 470.5) 

Chattanooga (Farmers 
Chemical ~ssociation ) 11.5 **** 230 2,000,000** * Surf ace (TRM 473.0) 

Chattanooga ( General 
Portland Cement Co. ) 30.3**** 146 

53.4**** 

Surface (TRM 454.2) 

Surface (TRM 431.1) 

Chattanooga ( ~amilton 
Concrete Products , Inc . ) 2010 75 2,500 Ground, spring 

Chattanooga (~ay ' s Ice 
Cream, Inc . ) 17 .O 17 35,000 Ground, well 

Chattanooga (Olin 
Conductors ) 18.2 350 i.Z2j5iOO Ground, well 

Chattanooga (Scholze 
Tannery ) 19.5 185 297 , 000 Ground, wells 

Chattanooga ( Selox , Inc . ) 11.5 10 25,000*** Ground, well 

Chattanooga ( Sherman 
Reilly , Inc . ) 17.6 35 7,000 Ground, well 

Chattanooga ( Southern 
Machine Company) 19.0 12 5 11,700 Ground, well 

Chattanooga (Stainless 
Metal Products , Inc . ) 13.0 7 5 10,000** Ground, well 

Chattanooga (~ennessee 
Paper Mills) 18. o**** 215 289, 000 Ground, well 

21.0 249,000 Surface (TRM 463.5) 

Chattanooga (~ulcan 
Materials company) 16. 0 37 10,000 Ground, wells 

18 .O 3 115,000 Surface (Dollar Pond ) 

Cleveland ( Bradley Limestone 
Company, Inc . ) 19.0 4 2 180,000 Ground, well 



Table 1.2-15 (Continued) 

Distance Number of Average 

- Water Supply From Site** hp loyees  Daily Use Source 

Miles Gallons 

30. Cleveland  levelan and- 
Tennessee (~namel  Co . ) 61,600 Ground, wells 

31. Cleveland ( ~ a g i c  Chef, Inc .) 13.0 1,400 210,000 Ground, spring 

32. 1)ayton (zeni th  IIosiery M i l l )  19.5 75 30 Ground, well 

33. Sale Creek (Modulon carpets)  13.5 160 5OO***Ground, well 

*Source of data: 1970 Water Resources Inventory, Tennessee Department of 
Conservation and TVA Division of Environmental Planning f i l e s  

**Radial distance t o  a l l  supplies except those t h a t  take water d i r ec t ly  from 
the Tennessee River which a r e  shown as  r i v e r  m i l e  distance from m.1 484.5 

***Water supply i s  a l so  used f o r  potable water within t he  plant  

#***Distance shown i s  by r ive r  miles 



TABLE 1.2-16 

1970 POPULATION DISTRIBUTION WITHIN TEN MILES OF SITE 

Miles from Site 
Total 0-1 1-2 2-3 3-4 4-5 5-10 

Population 

N 890 - 15 5 0 10 5 810 
m 54 5 - - 60 - - - 8 5 4 5 355 
NE 390 45 3 0 - 31 5 
ENE 650 15 - 100 130 - 405 
E 540 2 5 20 85 7 0 340 P . 
ESE 1,225 1 0  6 5 65 135 80 870 IU 

I 
SE 965 5 190 25 8 5 8 5 57 5 C 

0 

SSE 1,275 - 35 115 335 - 105 
S 

685 
1,570 8 o 5 190 265 1,030 

SSW 3,425 - 55 5 5 205 11 5 2,995 
SW 2,535 - - 45 175 45 2,270 
wsw 6,475 5 65 335 650 615 4,805 
W 3,430 5 35 115 27 5 200 2,800 
W P ~ W  3,030 - 2 5 14 5 405 285 2,170 
NW 3,965 10 4 o 183 210 200 3,320 
NWW 1,235 10 - 8 o - - 15 - - 145 - 945 40 

Total 32,145 45 725 1,235 3,030 2,420 24,690 

-- 



Table 1.2-17 

Total  

1970 POPULATION DISTRIBUTION WITHIN FIFTY MILES OF SITE 

Miles from Si te  
0-10 10-20 20-30 30-40 40-50 

Population 

N 14,550 
NNE 19,970 
IJE 22,025 
ENE 41,510 
E 19,690 
ESE 43,600 
SE 13,265 
SSE 48,495 
S 47,810 
SSW 137,590 
m 146,185 
WSW 48,275 
W 17,075 
WNW 14,545 
NW 14,320 
NNW 10,110 

Total  659,015 



Table 1.2-18 

1980 POPULATION DISTRIBUTION WITHIN TEN MILES OF SITE 

Miles from Site 
Total 0-1 1-2 2-3 3-4 4-5 5-10 

Population 

N 730 - 15 4 o 10 5 660 
NNE 440 - - 50 6 5 4 o 28 5 

a NE 315 - - - 4 0 2 5 250 
ENE 555 - 15 - 8 0 105 355 
E 505 - 20 15 70 5 5 34 5 
ESE 1,195 10 50 50 110 6 5 910 I-' 

580 SE 900 5 155 20 70 70 IU 

SSE 1,045 - 2 5 9 5 27 0 85 570 4= 
t 

s 1,275 - 65 5 155 21 5 835 
10 

SSW 2,785 - 45 4 5 170 9 5 2,430 
sw 2,860 - - 4 o 140 3 5 2,645 
wsw 6,785 5 50 270 530 500 5,430 
w 3,845 5 3 0 9 5 220 180 3,315 
WNW 3,385 - 20 120 325 375 2,545 
NW 4,930 10 3 5 150 1-65 220 4,350 
m 1,160 - 10 - 60 10 3 5 - 160 - 885 
Total 32,710 4 5 585 1,005 2,455 2,230 26,390 



Total 
Population 

N 715 
NNE 430 
NE 305 
ENE 54 5 
E 500 
ESE 1,190 
SE 890 
SSE 1,020 
s 1,245 
SSW 2,720 
SW 3,230 
wsw 7,380 
w 4,810 
WNW 4,225 
NW 6,520 
NNW 1,300 

Total 37,025 

Table 1.2-19 

1990 POPULATION DISTRIBUTION WITHIN TEN MILES OF SITE 

Miles from S i t e  
0-1 1-2 2-3 3-4 4-5 5-10 



Table 1.2-20 

2000 POPULATION DISTRIBUTION WITHIN TEN MILES OF SITE 

Total 
Miles from Site 

0-1 1-2 2-3 3-4 4-5 5-10 
Population 

N 700 - 10 4 o 10 5 635 
m 420 - - 45 6 5 35 275 
NE 300 - - - 35 25 240 
ENE 530 - 15 - 7 5 100 340 
E 490 - 20 15 6 5 55 335 
ESE 1,165 5 5 0 5 0 105 65 890 I-' 

875 20 65 6 5 570 SE 5 150 
. 
IU 

SSE 1,000 - 25 90 260 80 54 5 I 
P 

s - 6 o 5 150 205 800 
& 

1,220 
ssw 2,655 - 45 4 o 160 90 2,320 
sw 3,600 - - 3 5 135 35 3,395 
WSW 7,975 5 5 0 260 505 475 6,680 
W 5,710 5 3 0 90 210 200 5,235 
WNW 5,065 - 20 115 310 64 5 3,975 
NW 8,100 5 3 0 145 160 335 7,425 
NNW 1,435 - 10 - 60 - 10 - 3 0 - 235 1,090 

~otal 41,300 35 565 960 2,340 2,650 34,750 

-- 



Table 1.2-21 

Tot a1 
Population 

N 680 
NNE 410 
NE 290 
ENE 520 
E 475 
ESE 1,140 
SE 855 
SSE 975 
s 1,185 
ssw 2,585 
SW 3,970 
wsw 8,565 
w 6,785 
WNW 5,955 
NW 9,775 
NNW 1,575 

Total 45,740 

2010 POPULATION DISTRIBUTION WITHIN TEN MILES OF SITE 

Miles from Site 
0-1 1-2 2-3 3-4 4-5 5-10 



Table 1.2-22 

1980 POPULATION DISTRIBUTION WITHIN FIFTY MILES OF SITE 

Miles from Site 
Tot a1 0-10 10-20 20-30 30-40 40-50 

Population 
N 15,605 730 3,560 2,030 2,535 6,750 
NNE 20,805 440 6,485 4,120 4,705 5,055 
NE 23,270 315 1,230 2,860 7,615 11,250 
W E  46,035 555 3,900 6,200 24,740 10,640 
E 21,920 505 11,930 3,380 2,005 4,100 P 
ESE 51,'760 1,195 34,815 3,350 1,075 11,325 IU 

SE 15,040 900 6,835 3,140 1,795 2,370 I e 
SSE 56,420 1,045 6,840 9,005 36,080 3,450 m 

s 51,060 1,275 9,565 9,895 22,290 8,035 
ssw 156,825 2,785 90,575 42,330 14,695 6,440 
sw 162,260 2,860 115,955 29,725 8,655 5,065 
WSW 54,975 6,785 23,310 4,595 11,440 8,845 
w 17,480 3,845 1,470 4,820 3,705 3,640 
WNW 14,875 3,385 2,645 3,160 3,835 1,850 
NW 17,880 4,930 1,050 1,460 765 9,675 
NNW 10,060 1,160 510 2,725 1,555 4,110 

Total 736,270 32,710 320,675 132,795 147,490 102,600 

- 



m
0

l
n

0
0

l
n

l
n

l
n

"
o

0
"

l
n

0
0

"
 

In
 

c
O

C
O

C
U

U
.

~
M

~
~

~
-

~
~

C
U

W
W

V
I

M
~

~
O

 
M

 

~
O

m
'U

,~
m

P
-,y

~
M

,%
k
M

,Y
L

n
n

%
C

!" 
*m 

M
f
-
r
lM

M
m

0
3

0
3

O
f
C

U
W

r
lC

U
r
l 

0
 

r
l
f
 

r
l0

m
C

U
 

t- 
r
l r

l 
M

 



Table 1.2-24 

2000 POPULATION DISTRIBUTION WITHIN FIFTY MILES OF SITE 

Miles from Si te  
Total  0-10 10-20 20-30 30-40 40-50 

Populat ion 

N 18,950 700 4,425 2,490 2,535 8,800 
NNE 22,990 420 7,695 4,555 4,670 5,650 
NE 24,640 300 1,225 2,780 7,120 13,215 
ENE 55,930 530 3,795 7,385 32,385 11,835 
E 27,045 490 15,490 3,540 3,225 4,300 

I-' 

ESE 69,450 1,165 51,855 3,560 1,150 11,720 IU 
I 

SE 18,620 875 10,420 3,160 1,795 2,370 e 
m 

SSE 76,855 1,000 9,395 9,480 53,525 3,455 
s 62,370 1,220 11,955 10,070 30,940 8,185 
ssw 207,430 2,655 120,825 60,835 16,670 6,445 
sw 209,255 3,600 151,815 38,860 9,845 5,135 
WSW 70,950 7,975 29,745 5,120 15,270 12,840 
w 20,410 5,770 1,590 5,370 3,895 3,785 
WNW 17,120 5,065 3,020 3,365 3,835 1,835 
NW 25,860 8,100 1,170 1,610 825 14,155 
NNW 10,555 1,435 505 2,730 1,600 4,285 

Total  938,430 41,300 424,925 164,910 189,285 118,010 



Table 1.2-25 

2010 POPULATION DISTRIBUTION WITHIN FIFTY MILES OF SITE 

Total  
Population 

N 20,855 
NNE 24,405 
NE 25,645 
ENE 62,615 
E 29,210 
ESE 78,415 
SE 20,390 
SSE 89,255 
S 69,140 
ssw 238,075 
sw 238,150 
WSW 79,810 
W 22,025 
WNW 18,300 
NW 29,860 
NNW 10,860 

T d t a l  1,057,010 

Miles *om S i t e  
0-10 10-20 20-30 30-40 40-50 

680 4,865 2,725 2,535 10,050 
410 8,315 4,770 4,635 6,275 
290 1,220 2,765 7,000 14,370 
520 3,715 8,470 37,275 12,635 
47 5 17,245 3,625 3,450 4,415 

1,140 60,490 3,660 1,190 11,935 
855 12,205 3,165 1,795 2,370 
97 5 10,085 9,950 64,775 3,470 

1,185 12,560 10,250 36,795 8,350 
2,585 139,250 72,170 17,640 6,430 
3,970 174,125 44,450 10,435 5,170 
8,565 33,710 5,435 17,105 14,995 
6,785 1,655 5,700 4,005 3,880 
5,955 3,210 3,465 3,835 1,835 
9,775 1,235 1,680 870 16,300 
1,575 505 2,725 1,635 4,420 

45,740 484,390 185,005 214,97 5 126 ,goo 



Table 1.2-26 

Habitat Evaluation f o r  Seven Game Species 

( ~ r a d l e y  and Hamilton Counties ) 

Species 

White-tailed deer 

Gray squ i r r e l  

Raccoon 

Wild turkey 

Ruffed grouse 

Cot tonta i l  r abb i t  

Bobwhite quai l  

Habitat Rating 
Good - Average Poor Nonhabitat - - - -percent of t o t a l  land a rea  - - - - 



SECTION A -A  

NOTE: 
this drowinp supersedes drawing 45-  GE- 4 - 822N1776. 
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Scole 1:24 ,000 

Cambrian 

- MOJW thrust foult. 

- Formotion contact. 
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SURFACE WATER SUPPLY 

A GROUND WATER SUPPLY 

I INDUSTRAL WATER SUPPLY 
USED FOR POTABLE WATER 

NOTE: THE NUMBER ASSOCIATED WITH 
THE TYPE OF SUPPLY CORRESPONDS 
TO THE NUMBERING IN TABLES 
8 AND 9 

Figure 1.2-5 
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Figure 1.2-8 
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1.3-1 

1 . 3  E l e c t r i c  Power Supply and Demand - TVA i s  t h e  power suppl ier  

f o r  an area  of approximately 80,000 square miles containing about s i x  

mi l l ion  people. TVA genera tes ,  t ransmits ,  and s e l l s  power t o  160 

munic ipal i t ies  and r u r a l  e l e c t r i c  cooperatives which, i n  t u r n ,  r e t a i l  

power t o  t h e i r  own customers. The approximate a rea  served by these  

d i s t r i b u t o r s  is  shown i n  f igure  1.0-1. These d i s t r i b u t i o n  systems, 

which purchase t h e i r  power requirements from TVA, serve more than two 

mil l ion  e l e c t r i c  customers, including homes, farms, businesses,  and 

most of t h e  region 's  indus t r i e s .  TVA a l s o  supplies power d i r e c t l y  t o  

46 i n d u s t r i e s  which have l a r g e  o r  unusual power requirements and t o  

11 Federal i n s t a l l a t i o n s ,  including t h e  Atomic Energy Commission p lan t s  

a t  Oak Ridge, Tennessee, and Paducah, Kentucky. 

The importance of an adequate supply of power on t h e  TVA 

system i s  by no means l imi ted  t o  e l e c t r i c  consumers i n  t h e  TVA area .  

The TVA power system, which with 21.9 mi l l ion  ki lowat ts  of  i n s t a l l e d  

generat ing capacity i s  t h e  Nation' s l a r g e s t ,  i s  interconnected a t  26 

points  with neighboring systems with which TVA exchanges power. The 

TVA system i s ,  i n  e f f e c t ,  p a r t  of a l a r g e  power network. I n  a time of 

power emergency, operat ion of t h e  TVA power system could hove a d e f i n i t e  

impact on power supply condit ions from t h e  Great Lakes t o  t h e  Gulf of 

Mexico, and from New En~lctnd t o  Oklahoma and Texas. 

During t h e  pas t  20 years ,  loads on t h e  TVA power system have 

increased approximately 7 percent per year. This r a t e  of growth i n  

power requirements has meant t h a t  t h e  capacity of t h e  generating and 

transmission system has been doubled every 10 years.  U n t i l  t h e  end of 

World War 11, most of TVA's generat ing capacity was hydroelec t r ic .  By 



1.3-2 

t h a t  t i m e ,  however, most of t h e  s u i t a b l e  hydroelec t r ic  s i t e s  had been 

developed, and beginning i n  1943 s u b s t a n t i a l l y  a11 of t h e  capacity 

increases were met by t h e  construction of foss i l - fueled  plants .  I n  

t h e  middle 1960's  large-scale nuclear  p lan t s  had become f e a s i b l e ,  and 

WA began t o  t ake  s t eps  t o  add nuclear capacity t o  i ts  system. TVA 

has a l s o  begun providing pwnped-storage and gas tu rb ine  capaci ty  t o  

meet system peak loads. Table 1.3-1 shows t h e  TVA system capacity 

makeup as of June 30, 1973. 

The amount of e l e c t r i c i t y  generated i n  1965 t o  meet customer 

requirements fo r  power was 74.5 b i l l i o n  kilowatthours. By 1970 annual 

e l e c t r i c  generat ion f o r  customers' needs had reached 92.7 b i l l i o n  k i lo -  

watthours. Generating needs a r e  expected t o  reach 135 b i l l i o n  k i l o m t t -  

hours by 1975. 

Estimates of fu tu re  TVA loads  a r e  prepared by projec t ing h i s t o r i -  

c a l  t r ends  f o r  a number of geographic and c l a s s  of se rv ice  ca tegor ies ,  

taking i n t o  account changes and f a c t o r s  a f f e c t i n g  use. Other forecas t ing 

techniques a r e  used, where poss ib le ,  t o  provide a system of checks on t h e  

i above method. Foreca,ting is  preceded by ana lys i s  and adJustment of h i s t o r i -  

c a l  d a t a  and background preparat ion including a review of indust ry  condi- 

t i o n s ,  a review o f  current  appliance s a l e s  and housing t r ends ,  a study of 

possible new loads ,  and o the r  f a c t o r s  such a s  t h e  o~r t look f o r  t h e  n s t i o n a l  

and regional  economies. 

Peak load energy fo recas t s  of l a r g e  commercial and i n d u s t r i a l  

loads  served by munic ipal i t ies  and cooperatives a r e  individual ly  p r e ~ a r e d  

on t h e  bas i s  of f ac to r s  such a s  past  h i s t o r y ,  s t a t e d  p lans  f o r  operat ing 

l e v e l s ,  type of product,  and contrac t  demand. 



Large i ndus t r i a l  and Federal loads which a r e  d i r ec t l y  served 

by TVA a re  a l so  forecast  on an individual bas i s .  Indus t r ia l  loads a r e  

~:rouped according t o  industry type,  and known expansion and allowance 

for  growth a re  considered. 

1. Power needs - The TVA power system i s  a winter 

and. summer peaking system with t h e  highest annual peak loads i n  t he  TVA 

service area usually occurring between I?ovember and March. Due t o  

seasonal exchange arrangements with other  power systems, however, t he  

loads which t h e  TVA generating capacity must ac tua l ly  serve during t h e  

remainder o f  t h i s  decade w i l l  be greater  i n  t h e  summer than i n  t h e  

preceding winter. Table 1.3-2 indicates  TVA's expected power supply 

outlook during t h e  1974-82 peak load seasons based on t h e  current 

capacity i n s t a l l a t i on  schedules ( ~ u n e  1376, Sequoyah Unit 1; 

February 1377, Sequoyah Unit 2 ) . 
S'he power supply s i t ua t i on  of t h e  peak periods i n  

the  interim from summer 1976 through summer 1980 i s  expected t o  be only 

marginally adequate t o  supply TVAts firm load with t h e  current i n s t a l l a t i o n  

schedule. In t he  l a t e  1970's TVA1s  power supply i s  expected t o  have 

def ic iencies  a s  shown i n  t he  following tabulat ion:  

fjlargins 
D e s i r e d  Available Deficiencv 

Period 

summer 1976 4779 20.6 4349 18.7 430 

Summer 1377 5028 20.7 4454 18.4 574 

winter 1977-70 5091 20.9 It183 17.2 908 

Winter 1979-80 5573 20.5 1+793 17.6 786 



Additional unit delays in the 1976 to 1980 period would create an 

extremely critical power supply. 

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. TVA1s planning criteria require 

maintenance of a desired reserve margin within a reliability risk level 

of one day in 10 years and any reduction below these margins increases 

the risk that firm load cannot be served. 

2.  Consequences of delays - Any delay in operation 
of the Sequoyah units could result in the inability of the TVA system to 

adequately meet its obligations during the 1976 and 1977 summer peak periods 

and the 1976-77 and 1977-78 winter peak periods. The total consequences 

of such delays of the Sequoyah Nuclear Plant would be determined by 

the extent of these delays and the date when such delays were identified. 

The following tabulation indicates the amount by 

which reserves on the TVA system will be inadequate during various peak 

load periods between 1975 and 1977, postulating a delay of 6 months for 

each of the Sequoyah units from their current schedule. (A delay of 

unit 1 results in an equal delay in unit 2 since the construction is 

sequential. ) 

TVA System lieservea 
Deficiencies from Desired )hrgins 
Due to Unit Delays of 6 Months 

megawatts 

Winter 1375-76 327 

summer 1976 

Winter 1976-77 

Summer 1977 

a. Any Gequoyah unit delays would result in n serious deficiency 
of margins available for scheduled maintenance for all TVA 
generating units during the period of delay. 



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 peak oc- 

currance. The winter peak has occurred as early as November and the 

summer peak as early as June. 

The following tabulation indicates the expected reserve 

deficiencies on the TVA system during various peak load seasons between 

1 ~ 6  and 1978, postulating a delay of 12 months for each of the Sequoyah 

units from their current schedule. 

TVA System Reserve Deficiencies 
from Desired Margins 

Due to Unit Delays of 12 Months 
megawatts 

winter 1975-76 327 

summer 1976 1,461 

Winter 1976-77 

Summer 1977 

Winter 1977-78 

With a 12-month delay in Sequoyah units and the resulting 

deficiencies identified above, TVA would be unable to maintain a reliable 

supply of bulk power to serve firm load during the 1976-78 period. The 

magnitudes of the deficiencies for this period are more than could be 

covered by assistance from neighboring utilities, particularly the 

summer 197G and summer 1977 peak period since neighboring utilities are 

summer-peaking systems. 





during t h e  1976-77 period, while replacement energy which would be used 

i n  l i e u  of t h i s  nuclear energy i n  t h e  event of delays would cos t  from 

3.5 t o  10 m i l l s  per IcWh, depending on t h e  source of t h i s  replacement 

energy. Studies  of t h e  e f f e c t s  of Sequoyah un i t  delays ind ica te  t h a t  

each month's delay on these  u n i t s  would r e s u l t  i n  increased production 

expenses on t h e  TVA system of approximately $2.9 mi l l ion .  

I n  addi t ion  t o  these  economic c o s t s ,  each month's 

delay on t h e  two Sequoyah nuclear  u n i t s  could requ i re  t h a t  ap~rox imate ly  

590,000 tons  of add i t iona l  coa l  and 7 mi l l ion  gal lons  of o i l  be burned 

i n  p lan t s  on t h e  TVA system o r  o the r  systems t o  replace  t h e  l o s t  nuclear 

energy. This could have an adverse environmental i m ~ a c t  i n  terms of 

increased emissions of p a r t i c u l a t e s ,  s u l f u r  dioxide, and o the r  mate r i a l s  

t o  t h e  atmosphere. 

I n  summary, delays of t h e  Sequoyah Nuclear Plant  

w i l l  have a twofold e f f e c t  on t h e  TVA power system: 

1. Costs t o  TVA's customers would be increased by at least 

$2.9 mi l l ion  f o r  each month of delay ,  assuming t h e  delay 
t 

d i d  not r equ i re  t h e  i n s t a l l a t i o n  of combustion tu rb ines  o r  

combined-cycle u n i t s .  If add i t iona l  generat ing capaci ty  

were required t o  o f f s e t  de f i c ienc ies  due t o  Sequoyah delays,  

c o s t s  t o  TVA's consumers over and above those  shown above 

could be increased by $31 mil l ion .  These cos t s  could t o t a l  

about 866 mil l ion  f o r  a 12-month delay. 

2. I n c r e ~ s e d  onerat ion of TVA's o lde r ,  higher cos t  f o s s i l -  

f i r e d  u n i t s  would be required during t h e  period of f u r t h e r  

Sequoyah delays. Such increased operat ion would r e s u l t  i n  



t h e  increased emission of p a r t i c u l a t e s ,  s u l f u r  dioxide, and 

o the r  mate r i a l s  i n t o  t h e  atmosphere. 

The analys is  shown shows t h a t  TVA cannot ca r ry  out  

i t s  s t a t u t o r y  ob l iga t ion  of providing an  ample supply of e l e c t r i c i t y  

f o r  t h e  WA region without t h e  Sequoyah Nuclear P lan t .  Without t h e  

p lant  t h e  r e l i a b i l i t y  r i s k  l e v e l  would be increased t o  a l o s s  of load 

probabi l i ty  of near ly  one day per year ,  which is c l e a r l y  unacceptable, 

when t h e  accepted planning; c r i t e r i a  is  one day i n  10 years.  



Table 1.3-1 

TVA SYSTEM CAPACITP 

(as of June 30, 1973) 

Number 
of 

Units 
Nameplate Capacity-kW 

Units Total Plant 

NA Thermal 

omas H. ~ l l e n ~  
homas H. Allen (Gas Turbines) 
u l l  Run r 

Colber t 

Colbert (Gas Turbines) 
Cumber land 
Gallat i n  

John Sevier 

Johnsonville 

Kings ton 

Paradise 

Shawnee 
Gjtltts Bar 
Widows Creek 

TVA Hydro 

Apalachia 
Blue Ridge 
Boone 
Chatuge 
Cherokee 
Chic kamauga 
Douglas 
Fontana 
Fort Loudoun 
Fort Patr ick Henry 
Great Fa l l s  
' r t e r s v i l l e  
Hiwassee 

a. Leased January 1, 1965, from Memphis, Tennessee, Light, G a s  and Water Division. 



. Table 1.3-1 
(cont hued )  

TVA SYSTEM CAPACITY 

(as of June 30, 1973) 

Number 
of 

Plant Units 

TVA Hydro (cont . ) 
Kentucky 
Melton H i l l  
Nicka j ack 
Norris 
Not t e l y  
Ocoee No. 1 
Ocoee No. 2 
Ocoee No. 3 
P i c h i c k  
South Holston 
T i m s  Ford 
Wa tauga 
Watts Bar 
Wheeler 
Wilbur 
Wilson 

Nameplate Capacity-kW 
Units Total  

Alcoa Hydro 

Bear Creek 
Calderwood 
Cedar Cl i f f  
Cheoah 
Chilhowee 
Nantahala 
Santeetlah 
Tennessee Creek 
Thorpe 
Minor Alcoa Plants  

Corps of Engineers Hydro 

Barkley 
Center H i l l  
Cheat ham 
Dale Hollow 
Old Hickory 
J. Percy P r i e s t  
Wolf Creek 



Table 1.3-2 

Interchange 
Estimated Delivered 

Peak Demand or Load Served Dependable 
Period TVA System-MW Received-MW by TVA-MW Capacity-MW 

linter 1973-74 20,750 -2,360 18,390 22,963 

iummer 1974 17,990 +2,060 20,050 23,174 

linter 1974-75 21,325 -2,060 19,865 24,378 

iummer 1975 19,920 +2,060 21,980 26,604 

iummer 1976 21,170 +2,060 23,230 27 , 579 

linter 1976-77 25,150 -2,060 23,090 27,398 

iummer 1977 

linter 1977-78 

iummer 1978 

dinter 1978-79 

3ummer 1979 

dinter 1979-80 

Summer 1980 

dinter 1980-81 

Summer 1981 

Winter 1981-82 

Summer 1982 

Margin 
Mw - X - 



1.4 Environmental Approvals and Consultations - In addition to 
its own standards, TVA as a Federal agency is subject to comprehensive 

and broad-scale environmental procedures and Federal and state consulta- 

tion and coordination requirements of the National Environmental Policy 

Act of 1969, 42 U.S .C . § § 4321 et seq (1970) (as implemented by Executive 

Order 11514 (35 Fed. Reg. 4247). In addition, W A  is subject to Executive 

Order 11507 (35 Fed. Reg. 2573), and Office of Management and Budget 

Circulars A-78 and A-81, relating to the prevention, control, and abate- 

ment of air and water pollution in Federal facilities, as well as certain 

provisions of the Clean A i r  Act, as mended, 42 U .S .C .A. § 1857 (19701, 

and the Federal Water Pollution Control Act Amendments of 1972 (public Law 

92-500), which relate to the applicability of various Federal, state, 

interstate, or local air and water quality standards. In addition, TVA is 

subject to the requirements of Office of Management and Budget Circular 

A-95 which insure that major generating and transmission projects are 

coordinated from the point of view of c o m i t y  impact and land use 

planning with state and local agencies. 

Public announcement of the Sequoyah Nuclear Plant construction 

was made on August 7, 1968. On October 10, 1968, WA's Regional Planning 

Staff met with the staff of the Chattanooga-Hamilton County Regional 

Planning Commission (CHCRPC) to discuss the plant's impact. The discussion 

covered both temporary construction effects as well as the long-range 

impact on the development pattern. 

Access to the plant site was one topic discussed at a meeting 

concerning the Chattanooga Beautification Plan held on Jan- 31, 1969. 

TVA agreed to coordinate arrangements for access with the CHCRPC. As a 



followup, preliminary designs were sent on June 4, 1969. Background 

information was sent to the Southeast Tennessee Development District 

on December 10, 1969, 

Representatives of TVA's Division of Environmental Research 

and Development (now the Division of Environmental Planning) participated 

in a series of meetings concerning expected environmental effects of 

the Sequoyah Nuclear Plant. 

1. A general review of the environmental impact expected as a 

result of construction and operation of the Sequoyah Nuclear 

Plant took place on February 13, 1970, with Dr, Marion Young, 

Director of the Chattanooga-Hamilton County Health Department. 

2. On March 10, 1970, a discussion of environmental aspects of 

the Sequoyah plant was conducted with personnel from the 

Tennessee Department of Rrblic Health. Of particular concern 

were considerations regarding review of TVA plans for control 

of heated water discharges and potential radiological and 

toxicological problems expected. 

3. On March 17, 1970, a meeting was held with representatives of 

the Tennessee Game and Fish Commission and the U.S. Fish 

and Wildlife Service. Points of discussion included the plant's 

expected impact on the aquatic environment, thermal discharge 

effects, radwastes, and proposed monitoring surveys, particularly 

as related to fish and other aquatic life, 

TVA has consulted with the Fish and Wildlife Service, U.S. 

Department of the Interior, and the Tennessee Department of Conservation 

in developing plans for environmental monitoring for the Sequoyah plant. 



In addition, TVA has discussed environmental monitoring plans with 

the Tennessee State Health Department, the Tennessee Division of Water 

Quality Control, the Bureau of Sport Fisheries and Wildlife, and NOAA. 

Preparation of the maps showing existing and anticipated 

development in the vicinity of the plant site was coordinated with 

CHCRPC and the Southeast Tennessee Section of the Tennessee State 

Planning Office in late July and early August 1972. 

The state and regional A-95 clearinghouses have been advised 

of the Sequoyah Nuclear Plant; the draft environmental statement has 

been submitted for their review, and their comments are incorporated 

into this document. In addition, the State Liaison Officer of Tennessee 

(Tennessee Historical  omm mission) was contacted and concurred that there 

are no properties on the National Register of Historic Places that would 

be affected by the construction of the Sequoyah Nuclear Plant. 

The new transmission line routes for Sequoyah Nuclear Plant 

were closely coordinated with the following officials, commissions, 

departments, and agencies: 

Tennessee State Planning Commission 
Tennessee Recreation Department 
Tennessee Department of Conservation 
Southeast Tennessee Development District 
Sequatchie Valley Planning and Development Agency 
Chattanooga-Hamilton County Regional Planning Commission 
Hiwassee Land Company 
Soddy-Daisy City Manager 
Grundy County Judge 
Upper Duck River Development Association 
Coffee County Judge 
Moore County Planning Commission 
Franklin County Judge 
Bedford County Judge 
Franklin County Planning Commission 
Bradley County Planning Commission 
Tennessee State Highway Department 
National Park Service 
Federal Aviation Agency 
U.S. Corps of Engineers 



In  addition t o  the recorded consultations outlined above, 

TVA will continue t o  discuss the Sequoyah project with local officials 

and organizations t o  minimize impacts. No unresolved problenna or 

ob3ections have resulted l b m  t h i s  series of neetings. 

Application forms for National Pollutant DiscWge Elimination 

System permits for construction waste treatment facilities were f i led  

with the  Region N Environmental Protection Agency office on April 16, 1973. 



1.5 Emergency Plannirq - TVA has developed a Radiological Emergency 
Plan (REP) which sets forth the policies, purposes, delegations, stand- 

ards, guidelines, and, where feasible, specific instructions necessary 

for TVA to discharge its responsibilities during a radiological uaer- 

gency in order to comply with pertinent directives applicable to the 

protection of the health and safety of the public and !WA personnel, 

plants, and properties. 

The REP consists of the basic document and annexes that recognize 

different levels of accidents and their consequences and corresponding 

actions taken. 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 

Ebergency Medical Assistance Plan for dealing with employees who miat be 

injured during an accident. A site radiological emergency plan has been 

prepared for the Sequoyah Nuclear Plant. 

For the Sequoyah Nuclear Plant, emergency medical assistance 

to receive contaminated patients has been arranged with Eklanger 

Hospital, Chattanooga, Tennessee. Agreement has also been reached with 

the Oak Ridge Associated Universities Hospital to receive highly 

irradiated patients. 

TVA is coordinating all aspects of the REP with the appropriate 

state agencies, such as the Departments of Arblic Health and Public 

Safety. The Sequoyah 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 for determining emergency situations and the procedures 

used during an emergency are consistent with regulatory programs of 

state and other Federal agencies. To ensure that their latest recom- 

mendations are considered, TVA maintains liaison with these agencies. 

In developing the Radiological Rnergency Plan, meetings have 

been held with the State Health Departments of Alabama, Georgia, South 

Carolina, and Tennessee to ensure worksbility of the plan and delegation 

of responsibility, authority, and emergency assigrrments. In addition, 

the State Health Departments of Kentucky, Illinois, Indiana, and North 

Carolina have been contacted and arrangements made for participation in 

the event of a transportation accident. 

Esch 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 jurisdic- 

tion. These plans have been or will be obtained and incorporated 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 A t d c  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 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 responsibilities. 
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The individual states' health department radiological assistance plans 

will be incorporated as an annex to the TVA Radiological Emergenc~r Plan. 

1. Meetings with outside agencies - Representatives 
of TVA have met or will meet with representatives of the following states 

to discuss the plans for radiological emergencies which might result as 

a consequence of the operation of the Sequoyah Nuclear Plant: Georgia, 

South Carolina, Tennessee, Kentucky, North Carolina, Alabama, Indiana, 

and Illinois. Other agencies, such as the Environmental Protection Agency 

and the Atomic Energy Commission, will be contacted where necessary. 

2. E~ponsible agencies to be notified in case of a 

transportation accident - The shift engineer shall receive notification of 
transportation accidents. If there has been a leakage of radioactive 

material, he will notify the Central Rnergency Control Center director 

through the TVA load dispatcher. The director will then alert the TVA 

radiological monitoring team and notify appropriate key persons in the 

states involved, as well as Federal agencies such as EPA, AEC, and DOT. 

If there is definitely no leakage, the shift engineer will notify the 

plant superintendent. 



ENVIRONMENTAL IMPACT OF THE PROPOSED FACILITY 

The Sequoyah Nuclear Plant will interact with the environment 

during its construction and connection with TVAts power transmission 

system and the subsequent operation of the plant. Construction of 

the plant is resulting in a physical alteration of a portion of the 

site area and results in some erosion, noise, dust, and smoke during 

the continuing phases of construction. Connection of the plant to 

TVA's power transmission system will result in easement restriction 

on new transmission line rights of way, minor construction effects, 

and limited impacts on aesthetics. 

It is !FVAVs policy to keep 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 existing 

technology, within reasonable economic limits. In keeping with this 

policy, TVA did evaluate, from both a performance and an economic standpoint, 

alternative methods for reducing the impact on the environment of the 

discharges from the Sequoyah Nuclear Plant. As a minimum, these 

alternatives would result in discharges which would meet the applicable 

environmental limits. Nevertheless, operation of the plant will result 

in minor releases of chemicals, radioactive liquids and radioactive 

gases and in the release of large quantities of heat to the environment. 

These impacts have been evaluated considering the environment of the 

area as described in Section 1.2, Environment of the Area. 

The interactions and impacts discussed in sections 2.1 through 

2.9 have been examined for their potential effects on land, water, and 

air uses, including industrial operations, transportation, farming, 

forestry, recreation, wildlife preserves, waterways, government 



reservations, and water supplies. No adverse impacts on these uses 

other than those identified in the following sections are anticipated 

and no other commitment of use of land, water, and air is expected 

to occur. 



Transportation of Nuclear Fuel and Radioactive Wastes 

About 100 tons of nuclear fue l  w i l l  be shipped annually t o  

and from the  plant ,  and packaged radioactive waste t o t a l i ng  about 400 

tons w i l l  be shipped annually from the  plant  t o  AEC-licensed disposal  

areas.  These two types of radioactive materials  w i l l  be shipped i n  

accordance with applicable Federal and s t a t e  regulations.  Packaging 

and t ransport  of radioactive materials  are regulated a t - t h e  Federal 

- l e v e l  by both t he  Atomic Energy Commission (AEC) and t h e  Department of 

Transportation (DOT). In  addit ion,  ce r ta in  aspects,  such a s  l imi ta t ions  

on gross weight of t rucks ,  a r e  regulated by the  s t a t e s .  

The protection of the  public from radiat ion during t h e  shipment 

of nuclear fue l  and radioactive waste depends on t h e  l imi ta t ions  on t he  

contents, t h e  package design, t he  external  radia t ion leve ls  a s  well a s  

t h e  method, rout ing,  and safeguards t o  be followed i n  t ransport .  These 

fac tors  a r e  discussed below i n  regard t o  t h e  shipment of new fuel,  spent 

fue l ,  and radioactive wastes. 

1. New fue l  shipment - R e 1  elements f o r  t he  plant 

require an annual commitment of about 200 tons of natural  uranium i n  t he  

form of U 0 fo r  each reactor .  However, some of t h i s  uranium may come 
3 8 

from reprocessed spent fue l .  

New fue l  f o r  t h e  plant i s  made of s l i gh t ly  enriched 

uranium dioxide pe l l e t s  which have been s intered and compacted t o  form 

very dense p e l l e t s  having high s t rength and high melting points.  The 

pe l l e t s  a re  0.3225 inch i n  diameter by 0.6 inch long and a r e  stacked 

ins ide zircaloy tubing with space l e f t  a t  t he  end of t he  tubing 

Lo provide fo r  col lect ion of gas generated during the  f i s s ion  process. 

These tubes a r e  welded shut a t  both ends, forming a fue l  rod, and a r e  



subjected t o  r igorous qua l i ty  con t ro l  t o  ensure t h e i r  i n t e g r i t y .  These 

rods a r e  included i n  a 17 rod by 17 rod a r ray  t o  f o m  a fue l  assembly. 

TVA w i l l  apply f o r  a spec ia l  nuclear  mater ia l  l i c e n s e  

t o  provide f o r  r e c e i p t ,  possession, and s torage  of f u e l  elements before 

t h e  i n i t i a l  core of t h e  reac to r  i s  shipped t o  t h e  p l a n t .  I n  addi t ion ,  

dl f u e l  assemblies w i l l  be del ivered t o  t h e  TVA p lan t  s i t e  i n  accordance 

with ship pin^ procedures and arrangements authorized f o r  use by t h e  f u e l  

f abr ica to r  under spec ia l  nuclear mate r i a l  l i cense  i n  accordance with 

U C  regulations. '  Fuel w i l l  be shipped i n  shipping conta iners  which 

w i l l  have been demonstrated t o  provide s a f e t y  from c r i t i c a l i t y  under 

both normal and accident  condit ions.  

( 1 )  Method and frequency of shipment - 
Westinghouse i s  t h e  fabr ica to r  of t h e  i n i t i a l  core f u e l  assemblies 

nnd i s  responsible f o r  shipment of these  f u e l  assemblies t o  t h e  r e a c t o r  

si te.  Westinfl;house present ly  has f u e l  f abr ica t ion  p l a n t s  a t  Cheswick, 

Pennsylvania, and Columbia, South Carolina. This f u e l  w i l l  most l i k e l y  

be shipped by t ruck  t r a i l e r s  i n  q u a n t i t i e s  up t o  seven shipping conta iners  

per load,  each contain ins^ two f u e l  assemblies, thereby providing a 

maximum of fourteen f u e l  assemblies per t ruck  shipment. About t e n  such 

shipments by t ruck w i l l  be received a t  t h e  p lant  annually (about 1 4  

shipments i n  t h e  i n i t i a l  core f o r  each u n i t ) .  

( a )  Shipping routes  - It i s  --- 
assumed t h a t  Westinghouse w i l l  sh ip  t h e  i n i t i a l  core assemblies by 

t ruck  from i t s  fabr ica t ion  plant  i n  Columbia, South Carolina, t o  t h e  p l a n t .  



'The ma,jor population cen te r s  encountered over an assumed 375-mile rou te  

ixlclude t h e  following: 

Density 
C ia - 1970 Population ~ e r s o n s / m i l e ~  

1. Columbia, SC, by way of I-2G t o  113,5jt2 6,343 
2. Spartanburg, SC, by way of 1-26 t o  44,546 2,837 
3. Ashevil le ,  NC, by way of 1-40 t o  57,681 2,658 
l r .  Knoxville, TI?, by way of 1-40 t o  124,587 2,267 
5. liarriman, Tv?, by way of US-27 t o  8,734 '1,159 
6 .  Sequoyah Nuclear Plant  

(b) Shipment a c t i v i t y  - ReLa- -- 
t i v e l y  low l e v e l s  of r a d i a t i o n  a r e  emitted from un i r rad ia ted  new f u e l  

assemblies. Because t h e  type of r ad ia t ion  emitted by uranium i s  reduced 

by even t h i n  l a y e r s  of metal and t h e  se l f -sh ie ld ing p roper t i e s  of t h e  

f u e l  reduce t h e  cumul.ative e f f e c t ,  no add i t iona l  gamma o r  be ta  sh ie ld ing 

is required i n  shipping packages f o r  new f u e l .  The following p roper t i e s  

of t h e  fabr ica ted  new f u e l  l i m i t  t h e  r ad io log ica l  impact on t h e  environ- 

ment t o  n e g l i g i b l e  l e v e l s  : 

. No r ad ioac t ive  f i s s i o n  products. 

. 20 rad ioac t ive  gases. 

. IIiflh meltinp: noint .  

. 1nsolubl.e s o l i d .  

. Zircaloy clad.  

. Fuel ~ s n e ~ b l i e s  w i l l  not  d i s rup t ive ly  r e a c t  o r  decompose 

under expected o r  pos tu la ted  thermal condit ions.  

(2 )  Environmental e f f e c t s  - The popula- 

t i o n  exposure r e s u l t i n g  from t h e  normal shipments of  new f u e l  has been 

c v ~ l u a t e d  f o r  t h e  people who r e s i d e  on e i t h e r  s i d e  of t h e  t r anspor t  

route.  The r ad ia t ion  dose a s  a  function of d is tance  from a s h i p ~ i n p  
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container drops off q u i t e  rapidly .  Because t h e  container w i l l  be 

s t a t ionary  f o r  only b r i e f  i n t e r v a l s  and because of t h e  low a c t i v i t y  

l e v e l  of new f u e l ,  t h e  t o t a l  exposure t o  an individual  l i v i n g  along 

t h e  t r anspor t  route  w i l l  be an ins ign i f i can t  f r a c t i o n  of t h e  exnosure 

from na tu ra l  background rad ia t ion .  

(a) Normal shipments - Because 

of fhe  estimated low dose r a t e s  due t o  new f u e l  a t  t h e  time of shippent 

( <  O.lmrem/h a t  6 f e e t  from t h e  con ta ine r ) ,  t h e  only exposure f ron  rou t ine  

shipments of new f u e l  i s  t o  persons alone; t h e  t r anspor t  rou te  during t h e  

b r i e f  period such a  shipment i s  i n  d i r e c t  view and t o  t h e  individual  

t ruck d r i v e r s  dr iv ing t h e  t rucks .  For example, a member of t h e  general  

public who spends 3 minutes at  an average dis tance  of 6 f e e t  from t h e  

container would receive  a  dose not exceeding 0.005 mrem. If 1 0  persons 

were so  exposed per shipment, t h e  t o t a l  annual dose f o r  t h e  1 0  shipments 

of new f u e l  would be about 0.0006 man-rem. 

Based on an estimated r a d i a t i o n  

l e v e l  i n  t h e  cab of t h e  t ruck  of 0.1 mremlh, exposure t o  t r anspor ta t ion  

personnel is  estimated t o  be less than 1 m r e m  per  shipment. A t o t a l  

dose t o  a l l  d r i v e r s  f o r  a  given year,  assuming two dr ive r s  per vehic le ,  

would not exceed 0.02 man-rem. 

It is concluded t h a t  t h e r e  a r e  

no environmental r i s k s  from rad ia t ion  associa ted  with t h e  normal shipment 

of new fuel .  

(b )  Accident occurrences - The 

problems which might r e s u l t  from a  t r anspor ta t ion  accident  equivalent  t o  

t h a t  speci f ied  i n  1 0  CFR Par t  71 would cons i s t  of t h e  physical  damage 



of the impact and the interference associated with having to send the 

fuel back to the fabricator for inspection. A subsequent determination 

would then be made to determine whether there had been demage which 

would affect the 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 - Spent fuel removed from 
the two reactors during the annual refuelings is expected to contain, 

on a weight basis, in excess of 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 both a radiation shield and 

coolant while the short-lived fission products decay. At the end of a 

storage period of about 3 to 4 months, the spent fuel is loaded into 

ruggedly built shielded containers for shipment to a fuel reprocessing 

plant. There 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) Method and frequency of shipment - 
All the equipment and services for spent fuel transportation and 

reprocessing are to be provided to TVA by contract. This includes trans- 

port 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 snd in 



accordance with AEC and the 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. 

There are several possible shipping methods 

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 capa- 

cities from 3.2 to 5.0 metric tons of uranium at a time. Water transporta- 

tion of spent fuel with about 5 metric tons.of uranium could also be used. 

Truck shipment of spent fuel from Sequoyah 

would require 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 truck load 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 about 10 fuel assemblies. If necessary, 

fuel assemblies which have identified clad perforations will be seaed 

in special containers before being loaded into the spent fuel cask. 

Since it will not be necessary to ship spent 

fuel from Sequoyah to a reprocessing plant until approximately 1977, TVA 

has not entered at this time into a contract for shipment of spent fuel 

from this plant. Even though the exact mode of transportation and other 

details related to spent fuel shipments have not yet been defined, rail 

shipments have been assumed for purposes of routing and estimating the 

environmental effects. 



( a )  Spent Fuel  Shipping R o i l t e ~  - 
It i s  assumed t h a t  t h e  spent f u e l  from Sequoyah fJuclear Plant  m u l d  be 

shipped about 375 miles by r a i l  t o  t h e  c loses t  f u e l  reprocessing pla.nt 

which i s  a t  Barnwell, South Carolina. The major population centers  

encountered a re :  

City 
Densi 

1370 Population ~ e r s o n s y $ i l e ~ -  

1. Sequoyah lJuclear Plant  - by 
way of Southern t o  

2. Chattanooga, TPJ - by way of 119,083 2,117 
Southern t o  

3. At lanta ,  GA - by way of 496,973 3,773 
Southern t o  

4. Seneca, sc - by way ,f 6,382 1,877 
Southern t o  

5. Anderson, SC - by way of 27,556 2,551 
Southern t o  

6 .  Greenwood, SC - by way of 21,069 2,926 
Southern t o  

7. Barnwell, SC (AGFS s i t e )  4,439 562 

(b )  Shipment a c t i v i t y  - Fuel 

elements which a r e  removed from t h e  reac to r  w i l l  he e s s e n t i a l l y  unchanged 

i n  outward appearance. However, i n  addi t ion  t o  a por t ion  of t h e  o r i g i n a l  

useful  uranium f u e l ,  these  f u e l  elements w i l l  contain some reactor-  

generated plutonium and an accumulation of f i s s i o n  products. This 

i r r a d i a t e d  spent f u e l  i s  subsequently shipped t o  a reprocessing p lan t  

f o r  recovery of i t s  unused f u e l  content (uranium and plutonium). 

The estimated inventory of f i s s i o n  

product a c t i v i t y  and decay heat  of t h e  Sequoyah spent f u e l  a t  t h e  time 

of shipment is  given i n  Table 2.1-1. It should be noted t h a t  e f f e c t i v e l y  

a l l  of t h i s  contained r a d i o a c t i v i t y  is  t i g h t l y  bound within t h e  insoluble ,  

high-melting-point uranium dioxide p e l l e t s .  Therefore, even i f  t h e  ship- 

ping cask should be breached i n  an accident  and t h e  f u e l  cladding should 



be ruptured, t h e r e  i s  s t i l l  no ready mechanism f o r  d i s ~ e r s i n g  any sub- 

s t a n t i a l  f r a c t i o n  of t h e  t o t a l  contained rad ioac t iv i ty .  

(2)  Environmental e f f e c t s  - P r i o r  t o  ship- 

ment, t h e  f u e l  w i l l  be allowed t o  radioact ively  decay f o r  about 3 t o  4 

months. Then a l l  noble gases with t h e  exception of krypton-85 w i l l  have 

decayed t o  i n s i g n i f i c a n t  l e v e l s  and iodine-131 w i l l  have decayed t o  low 

leve l s .  Further,  t h e  r a t e  of decay heat generat ion by t h e  spent f u e l  

w i l l  have decreased. Of t h e  iodine i sotopes ,  only iodine-131 i s  present  

i n  s i g n i f i c a n t  amounts. F i s s ion  products o ther  than a port ion of t h e  

noble gases and iodine a r e  s t r o n ~ l y  held within t h e  uranium dioxide 

f u e l  p e l l e t s .  Hence, only noble gases and iodine which have escaped 

from t h e  f u e l  could escape through a penet ra t ion  i n  f u e l  c lad  t o  t h e  

shipping cask cavi ty .  

IJornal sQment - The nr in-  (a) - -  --- 
c i p a l  normal env i romenta l  e f f e c t  from spent f u e l  s h i ~ ~ e n t s  ~ m u l d  be 

the  d i r e c t  r ad ia t ion  dose from t h e  f u e l  a s  it moves from t h e  reac to r  

t o  t h e  reprocessinr! p lan t .  The population exposure r e s u l t i n g  from 

iiormal shipnents of radioact ive  n a t e r i n . 1 ~  has been ca'lculated based on 

the assumption t h a t  t h e r e  would 5e  about 100 people per square mile 

l i v i n g  i n  t h e  a rea  within 1 / 2  mile of t h e  route.  An a c t u a l  ~ o p u l a t i o n  dose 

may be computed by multiplying t h i s  ca lcula ted  dose by t h e  r a t i o  of t h e  

a c t u a l  population densi ty  t o  100 persons per square mile. The a s s m t i o n  

of 100 persons per square mile was u t i l i z e d  s ince  while nonulation data  

f o r  population centers  i s  ava i l ab le ,  t h e  a c t u a l  population within 

one-h%lC mile on e i t h e r  s ide  of t h e  t r anspor t  rou te ,  both within and 

outs ide  c i t i e s  i s  not r ead i ly  avai lable .  Also, 100 persons per square 

lriile i s  somewhat conservative when compared t o  t h e  statewide population 



d e n s i t i e s  of t h e  t h r e e  s t a t e s  involved. It has a l s o  been assumed t h a t  

the  shipments are made a t  t h e  maximum permitted l e v e l  f o r  a  closed 

vehicle of 1 0  mrern/h a t  f e e t  from t h e  nearest  access ib le  surface. 
2 

li7ip;ures D-1 and 11-2 of Appendix D show t h e  loca t ion  of t h e  shipping 

container r e l a t i v e  t o  people l i v i n g  adjacent  t o  t h e  t r anspor t  rou te  

and t h e  rapid  decrease i n  rad ia t ion  exposures a s  a function of d is tance  

from t h e  shipping container.  The ca lcu la t ion  does not include reductions 

of exposures due t o  shie ld ing from s t r u c t u r e s ,  topographic fea tu res ,  o r  

o ther  radia t ion-a t tenuat ing mater ia l .  

Assuming a maximum of 1 3  ship- 

ments per  year,  each moving a t  only 20 mi/h, t h e  maximum exposure 

received by any individual  r e s id ing  100 f e e t  from t h e  center  of t h e  

t r anspor t  rou te  would be about 0.004 m r e m  per  year.  The average expo- 

sure  f o r  t h e s e  1 3  shipments t o  an individual  l i v i n g  along t h e  t r anspor t  

route  would be about 0.0002 mrem per year.  On t h e  b a s i s  of 100 people 

per  square m i l e  l i v i n g  within 1 / 2  mile on e i t h e r  s i d e  of t h e  t r anspor t  

route ,  these  people would receive  an annual dose of about 0.008 man- 

rem per  year. Train brakemen o r  a  member of t h e  general  public might 

spend a few minutes i n  t h e  v i c i n i t y  of t h e  c a r ,  a t  an average dis tance  

of 6 f e e t ,  f o r  an average exposure of about 0.5 m r e m  per shipment. With 

10 d i f f e r e n t  brakemen and 1 0  members of t h e  general  public so  involved 

along t h e  rou te ,  t h e  t o t a l  dose f o r  1 3  shipments during t h e  year i s  

est imated t o  be about 0.13 man-rem. 

Since t h e  exposure t o  t h e  people 

who r e s i d e  along t h e  rou te  and t o  each person who might come within 6 

f e e t  of t h e  r a i l c a r  f o r  a shor t  period is  only 0.00014 and 0.h percent 

respect ively  of t h e  exposure these  same people receive  from na tu ra l  



background radiat ion,  it is  concluded t h a t  no adverse environmental 

e f fec t s  w i l l  r e su l t  from t h e  normal transportation of spent fue l  from 

Sequoyah t o  t he  fue l  reprocessing plant. 

(b )  Accident occurrences - The 

pr incipal  potent ia l  environmental e f f ec t s  from an accident a r e  those 

from d i r ec t  radiat ion resul t ing from increased radiat ion leve ls ,  from 

gaseous re lease of noble gases and iodine, and from re lease  'of contaminated 

coolant. 

Evaluation of exposure *om 

di rec t  radiat ion assumes t h a t  t he  radiat ion exposure r a t e  is the  m a x i m u m  

permitted by regulations,  1,000 mrem/h a t  3 f ee t  from the  surface of 

t he  container, and t h a t  people have surrounded the  container beginning 

a t  about 50 f ee t  from the  container. Figure D-3 of Appendix D shows 

the  exposure r a t e  for  accident conditions as a function of distance 

from the  container. The exposure r a t e  at 50 f ee t  would be about 17 

mrem/h. Assuming a t i g h t l y  packed crowd, there  would be 154 people i n  

the  f ront  row, and a s  shown on f igure  D-1, these people would provide 

shielding such t h a t  people i n  subsequent rows would receive great ly  

reduced radiat ion exposure. I f  a person remained i n  the  front row fo r  

2 hours, h i s  exposure would be about 34 mrem. Further, t he  increased 

radiat ion l e v e l  would most l i ke ly  be from only a localized area on t h e  

container, and thus only a small number of people i n  even the  f ront  row 

of a crowd would be exposed t o  these radiat ion levels .  

Calculations for  a probable 

shipping container indicate  t h a t  there  would be no gaseous re leases  

unless there  were a substant ia l  quantity of decay heat i n  the  shipping 



container and some additional external heat such a s  from a f i r e .  Thus, 

it i s  assumed t h a t  t he  heated a i r  currents surrounding the  container 

would carry any released f i s s ion  gases t o  a height of 10 meters before 

they a r e  dispersed i n  the  environment. Assuming a person stands i n  the  

plume during the  e n t i r e  accident, the  resul t ing whole-body exposure 

would be 2 mrem, t he  skin dose would be about 86 mrem, and the  thyroid 

dose would be about 5 rem. For the  noble gas re lease ,  assuming an 

average population density of 100 people per square mile, the  t o t a l  

whole-body population dose from the  accident would be 0.07 man-rem. 

TVA considers the  averaqe population t o  be a r e a l i s t i c  number for analyzing 

transportation accidents because of t he  small f rac t ion  of t h e  t o t a l  dis-  

tance t rave l led  i n  high population density areas and because accidents 

i n  such areas generally occur a t  lower speeds and thus could be expected 

t o  be l e s s  severe. 

The contaminated coolant i n  

the  shipping container i s  basical ly  low specif ic  a c t i v i t y  material .  I n  

the  event t he  coolant were drained from the  container i n  an acc'ident, 

emergency plans fo r  containing the  contaminated l iqu id  and preventing 

a radiat ion hazard t o  the  public and the environment w i l l  be i n i t i a t e d .  

The pr incipal  environmental 

r i s k  resu l t ing  from an accident would be the  po ten t ia l  whole-body radia- 

t i on  exposure due t o  d i rec t  radiat ion and the  noble gases released and 

potent ia l  thyroid dose due t o  the  iodines released. Because of t he  

dose reduction with distance and the  mitigating e f fec t  of proposed emer- 

gency actions,  it can be concluded that the whole-body radiat ion expo- 

sure t o  t he  public w i l l  be negligible. Because of the  unlikely combina- 

t i on  of circumstances which must be present t o  r e su l t  i n  a s ignif icant  



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 will be concentrates from the waste 

evaporator, spent demineralizer resins, spent filter elements, chemical 

draintank effluents, miscellaneous dry solid wastes, irradiated or 

contaminated equipment components, and possibly tritiated water. 

The radwaste packaging facility at SequoyR for 

11 
evaporator bottoms will be equipped to use standard DOT17B drums. The 

waste evaporator bottoms ,nd chemical draintank effluents ~fi.11 be 

solidified before shipment to a disposal site regulated by AEC and the 

state in which the site is located. 

Method and frequency of,shipment - 
Waste evaporator concentrates and spent demineralizer resins are collected 

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 will be lonc-lived corrosion products such as cobalt-60. 

Based on the estimated quantities and 

activities, there will be about 10 total shipments of waste evaporator 

concentrates and chemical draintank effluents each year. Waste 

evaporator concentrates are drummed and placed in an approved container 

for shipment to an AEC-licensed disposal area. The resins may be 

shipped in specially constructed shielded containers similar to the 

LL-60-150 cask planned to be used for shipping the higher activity 

radioactive material from the Brotms Ferry TJuclear Plant. The casks 

will be decoritaminated if necessary at the 

to the plant. 

disposal area and returned 



There w i l l  be about 20 shipments of 

radioact ive  spent f i l t e r  elements per  year.  These elements w i l l  be 

shipped i n  appropr ia te  containers.  

Appropriately packaged compressible wastes 

w i l l  genera l ly  be shipped t o  t h e  d isposal  a rea  i n  van-type t rucks .  

There w i l l  be approximately 1 0  shipnents per  year of such compressible 

wastes. 

Radioactive equipment components w i l l  

general ly have low volumes. No shipments a r e  expected during t h e  first 

years  of  operat ion.  Radioactive components w i l l  be s tored i n  t h e  spent 

f u e l  p i t  u n t i l  s u f f i c i e n t  q u a n t i t i e s  a r e  ava i l ab le  f o r  a shipment 

I n  t h e  event t r i t i a t e d  water is  disposed of 

o f f s i t e  it w i l l  be shipped i n  tank t rucks  l icensed fo r  low s ~ e c i f i c  

a c t i v i t y  l i q u i d s .  Beginning between 7 t o  1 2  years a f t e r  i n i t i a l  operat ion,  

about 50,000 gal lons  of t r i t i a t e d  water may be shipaed annually. This 

would reqyire use of about 1 3  tank t ruck  loads with each contain in^ about 

35 C i  of t r i t i u m .  

(a) Shippine rou tes  - It is  

assumed t h a t  radwaste shipments from Sequoyah would be by t ruck  about 

375 miles t o  t h e  c l o s e s t  AEC-apyroved disposal  area  a t  Barntrell, South 

Carolina. The major population cen te r s  encountered over t h e  assumed 

route  a re :  

Density 
Ci ty  

2 
1970 Population Persons/mile 

1. Sequoyah Plant  s i t e  by way of 
US-27 t o  

2. Chattanooga, TN, by way of 1-75 t o  llgYO1j2 2,117 
3. Atlanta,  GA, by way of 1-20 t o  bgG,?73 3,773 
li. Augusta, GA, by way of US-278 t o  59,864 3,938 
5 .  Barnwell, SC 4 ,l+3? 5 2  



( b )  Shipment a c t i v r  - The 

estimated a c t i v i t y  and q u a n t i t i e s  of t h e  radioact ive  wastes t o  be shipped 

from Sequoyah are summarized a s  follows: 

Number 
Expected Number of 

Annual Act iv i ty  of Curies/ Shipments 
Type Waste Amount a t s h i p m e n t  D r u m s -  Container Annuallx -- 

Waste evapo- 
r a t o r  concen- 
trates 1,200 fi3 0.3 c i / f t 3  350 1.35 8 

Chemical Drain- 
tank Eff luents  320 f t 3  0.004 c i / f t 3  8 0 0.016 2 

Spent deminer- 
a l i z e r  r e s i n s  260 f t 3  0.5 c i / f t3  170 0 75 1 0  

Spent f i l t e r  
elements 400 f t 3  25.0 c i / f t3  200 5 0 20 

Eliscellaneous 
dry s o l i d s  5,000 f t 3  0.002 c i / f t 3  700 0.02 1 0  

Radioactive 
equipment 
components * * -- -- -- -- 
T r i t i a t e d  
water 50,000 gal.*** 2.5 v C i / m l  *+++ 35 1 3  

- -,--- 

* A l l  shipments made i n  appropr ia te  container so t h a t  dose r a t e  does not 

exceed 1 0  mrem/h at  6 f e e t  f o r  closed t r anspor t  vehic le  shipment. 

**Low volume, no shipments during f i r s t  years of operat ion.  

***NO shipments assumed f o r  f i r s t  7-12 years  operat ion,  then quant i ty  

shown may be shipped. 

****About 13-3700 ga l lon  tank t ruck shipments. 



( 2 )  Environmental e f f e c t s  - The environ- 

mental e f f e c t s  f o r  these  radioact ive  wastes f o r  normal shipment 

during accident  occurrences a r e  evaluated f o r  t h e  p o t e n t i a l  exposure t o  

t ranspor t  workers and t h e  general  public.  It i s  assumed f o r  Purposes 

of ca lculnt inq t h e  environmental e f f e c t s  t h a t  radioact ive  wastes a r e  

shipped by t ruck  a t  t h e  regula tory  rad ia t ion  l e v e l  l i m i t  of 1 0  mrem/h 

a t  6 f e e t  from t h e  neares t  surface.2 It i s  a l s o  assumed t h a t  t h e  expo- 

sure  r a t e  t o  tra .nsportat ion personnel is  not g rea te r  than t h e  regula tory  

l e v e l  l i m i t  of 2 mrem/h i n  occupied posi t ions  of vehicles.  2 

(a)  Normal shipmeE - The 

estimated 50 shipments of s o l i d  waste containers between t h e  reac to r  

s i t e  and a d isposal  loca t ion  w i l l  be done per iodical ly .  Regulations 

per ta in ing t o  such shipnents,  packaging, and ship pin^ safeguards w i l l  

be adhered t o  i n  a11 cases. 

Under normal condit ions,  t h e  

t ruck d r ive r  m i ~ h t  receive  a s  much a s  1 5  mrem per shipment. A t o t a l  

dose t o  a l l  d r ive r s  f o r  a given year,  assuming two dr ive r s  per  vehic le ,  

would not exceed 1.35 man-rem. 

Because of t h e  low dose r a t e s  

permitted a t  t h e  time of shipment (10 mrem/h a t  6 f e e t  from t h e  nearest  

su r face ) ,  t h e  only exposure t o  people from rou t ine  shipments is f o r  t h e  

b r i e f  period such a shipment i s  i n  d i r e c t  view. For example, a member 

of t h e  general  public who spends 3 minutes a t  an average dis tance  of 6 

f e e t  from t h e  vehic le  would receive  a dose not exceeding 0.5 mrem.  If 

10 persons were so exposed per shipment, t h e  t o t a l  annual dose f o r  t h e  

50 shipments of s o l i d  radioact ive  waste would be about 0.250 man-rem. 



Figure D-1 of Appendix D shows 

the location of the shipping container relative to people living adjacent 

to the transport route that was used to calculate radiation exposures. 

The radiation dose as a function of distance from a stationary shipping 

container is shown in figure D-2 of the same appendix. On the basis of 

100 people per square mile living along the assumed 375-mile transport 

route between Sequoyah and the waste burial facility at Barnwell, South 

Carolina, these people would receive an annual dose of about 0.015 

man-rem per year. A summary of these effects is given in Table 2.1-2. 

The shipments 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 exposures to the people 

who reside along the route, to each truck driver per shipment, and to 

each person who might come within 6 feet of the vehicle for a short 

period are only 0.0003, 11, and 0.4 percent, respectively, of the expo- 

sure 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 Sequoyah 

to the disposal facilities. 

(b) Accident occurrences - 
Although transportation accidents involving radioactive material from 

the Sequoyah plant may be expected to occur about once every 22 years 



based on the national truck accident statistics for 1 9 ~ 9 , ~  it is hi~h1.y 

unlikely thnt a shipment of solid radioactive waste wjll be involved in 

a severe accident during the life of the plant. Data on accidents 

involving TVA trucks during a recent 10-year period show a rate of 

4.06 accidents per million miles travelled. Based on these data and using 

the estimated annual shipment miles of radioactive waste for the Sequoyah 

plant, truck accidents m y  be expectetlrto occur about once every 17 

years. However, about 30 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 si~nificant quantities of radioactive 

materials to the environment would not be likely during the 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 mste 

will be so low that the exposure of personnel or the public would not be 

expected to be significant. Waste evaporator bottoms and snent demineralizer 

resins will be shipped in Type A or Type B packages as appropriate. 
6 

The allowable contents of Type A paclrages and the probability of release 

from a Type B package in a severe accident are 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. 



Consideration has been given t o  

t h e  rad i010g iC~l  impact of t h e  shi?ment of t r i t i a t e d  water. The low energy 

rad ia t ion  from tritium w i l l  be shielded by t h e  shipping container and w i l l  

not be R source of r ad ia t ion  exposure during normal t ranspor ta t ion .  Cal- 

cu la t ions  have been performed f o r  an accidenta l  r e lease  of t h e  e n t i r e  

contents  of a  3,700- allo on container of t r i t i a t e d  water with a tritium 

concentrat ion of 2.5 uCi/cc. A conservative upper l i m i t  f o r  t h e  r e s u l t i n g  

rad ia t ion  dose i s  computed by assuming t h a t  a l l  of  t h e  t r i t i a t e d  water 

evaporates i n t o  t h e  atmosphere and is  blown d i r e c t l y  t o  an individual  

who remains a t  t h e  mnxim\?l dose point  f o r  t h e  e n t i r e  period of r e lease  

t o  t h e  atmosphere. With these  assumptions t h e  maximum whole-body dose 

i s  computed t o  be 440 m r e m .  This dose decreases rap id ly  with d is tance ,  

as shown i n  f igure  D-5, and at 600 f e e t  i s  about 23 mrem. Assuming a 

uniform average population densi ty ,  t h e  population dose within 50 miles 

is  l e s s  than 0.10 man-rem. 

1 .  - S h a i n g :  safeguar* - The protec t ion of t h e  public 

from rad ia t ion  during shipment of nuclear  f u e l  and radioact ive  waste i s  

achieved by a combination of l i m i t a t i o n s  on t h e  contents  of t h e  package 

according t o  t h e  q u a n t i t i e s  and types of r a d i o a c t i v i t y ,  t h e  package design, 

nnd t h e  ex te rna l  r a d i a t i o n  l eve l s .  I n  addi t ion  t o  these  shippinc safecuards,  

t r anspor ta t ion  accident  procedures w i l l  provide f o r  rapid  and order ly  

use of  personnel and equipment i n  t h e  event an accident  occurs i n  t h e  

shipment of r ad ioac t ive  mater ia ls  by TVA. 

The Department of Transportat ion (DOT)  has regula.tory 

r e s p o n s i b i l i t y  f o r  s a f e t y  i n  the  t r anspor t  of r ad ioac t ive  mate r i a l s  by 

a l l  modes of t r anspor t  i n  i n t e r s t a t e  o r  fore ign commerce ( r a i l ,  roa,d, 



air, and water) ,  except p o s t a l   shipment^.^ Those shipments not i n  i n t e r -  

s t ~ t e  o r  fore ign commerce a r e  subject  t o  con t ro l  by a  s t a t e  agency i n  most 

cases.  The Atomic E n e r ~ y  Commission (AEC) a l s o  has r e s p o n s i b i l i t y  f o r  

safe ty  i n  t h e  possession and use,  including t r a n s p o r t ,  of radioact ive  

m n a t e r i a l ~ . ~  Both T i t l e  10 and T i t l e  119 of t h e  Code of Federal Regulations 

set f o r t h  t h e  l i m i t a t i o n s  and c l a s s i f i c a t i o n s  of t h e  contents ,  design, 

and ex te rna l  r a d i a t i o n  l e v e l s  of t r anspor t  packages. 

(1) -- Governing regula t ions  ---- - This sec t ion 

i d e n t i f i e s  and summarizes t h e  governing regula t ions  a f f e c t i n g  t h e  t rans-  

por t  of nuclear f u e l  and radioact ive  mate r i a l .  The major aspects  of 

package design and t h e  t echn ica l  bases of t h e  regula t ions  and t h e  con t ro l  

of t h e  rad ia t ion  emitted from individual  packages a r e  a l s o  discussed. 

In  addi t ion ,  t h e  ex te rna l  r a d i a t i o n  l e v e l s  permitted f o r  low spec i f i c  

a c t i v i t y  (LSA) a r e  l i s t e d .  

Package c l a s s i f i c a t i o n  depends on t h e  type ,  

form, and quant i ty  of radioact ive  mate r i a l  being shipped i n  t h e  individual  . . 

container.  Small q u a n t i t i e s  and c e r t a i n  mate r i a l s  o f . low spec i f i c  a c t i v i t y  

a r e  exempted from spec i f i ca t ion  p a c k a ~ i n g ,  marking, and. l abe l ing  when 

t ranspor ted  on a  sole-use vehicle.  Al l  o the r  types and q u a n t i t i e s  of 

radioact ive  mate r i a l s  a r e  divided i n t o  two broad c lasses  a s  e i t h e r  

"specia l  form" o r  "normal form .'I "Special form" radioact ive  materials 

means those  which, i f  re leased from a  package, might present  some d i r e c t  

r ad ia t ion  exposure but would present  l i t t l e  hazard due t o  rad io tox ic i ty  

and l i t t l e  p o s s i b i l i t y  of contamination. This may be t h e  r e s u l t  of 

inherent  p roper t i e s  of t h e  mater ia l  (such a s  metals o r  a l l o y s )  o r  

acquired c h a r a c t e r i s t i c s  (such a s  through encapsulat ion).  " ~ o r m a l  form" 



materials which do not meet these criteria are classified into one of 

seven transport groups and listed in a table of individual radionuclides. 9 

Varying quantities of special form and normal 

form radioactive materials are specified for Type A packaging, larger 

quantities for 'l'ype B packaging, and in excess of Type B quantities for 

"large quantity" radioactive materials. The w p e  A packaging standards 

are for normal conditions of transport. Type B and large quantity packaging 

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,heat produced 

by the contents. Fissile radioactive materials also require consideration 

of the potential for accidental criticality. 

Low spec if ic activity packages must not 

have any significant removable surface contamination, and the external 

radiation levels must not exceed the following dose rates when transported 

in a sole-use vehicle: 
t 

(a) 1,000 mrem/h at 3 feet from the external surface of the 

package (closed transport vehicle only) ; 

(b) 200 mrem/h at any point on the external surface of the car 

or vehicle (closed transport vehicle only) ; 

(c ) 10 mrem/h at 6 feet from the surface of the car or vehicle ; 

and 

( d )  2 mrem/h in any normally occupied position in the car or 

vehicle. 

The shipment of radioactive material from 

Sequoyah will be in full accordance with these and other regulations 

governing such shipments. 



( 2 )  Lackage design - The following discussion 
relates the new fuel, spent fuel, and radwaste container designs to AEC 

and 1)OT regulations for both normal and accident conditions. Radioactive 

material packaginc is evaluated in light of these conditions to assure 

that packages have the requisite integrity to be safely transported. 

(a) New fuel-container des,c~i&i%. 

and licensing - Westinghouse is the new fuel fabricator for the initial 
core fuel assemblies. An AEC special nuclear material license1' authorizes 

Westinghouse to deliver special nuclear material to a carrier for transnort. 

Authorization to transpox t new fuel assemblies has also been obtained by 

Westinghouse from the Department of Transportation under Special Permit 

IJo. 5450. 

New fuel assemblies are enclosed 

in polyethylene wrappers and placed in metal containers which support the 

fuel assemblies alon~: the entire length during transportation. This 

container also provides necessary impact protection to meet the hypothetical 

accident test requirements of the AEC and DOT regulations. 11'12 The metal 

container is gasketed and bolted shut and has provisions for pressurization 

and humidity control. The characteristics of a typical new fuel shipping 

container are given below. 

. All metal reinforced cylindrical outer shell divided 

longitudinally into two parts 

. Reinforced steel beam fuel assembly supports 

. Capacity of two fuel assemblies 

. Weights 

Empty - about 3,000 lb 
Loaded - about 6,150 lb 



. 'mpe B packaging requirements met 

. Package desicn meets requirements f o r  F i s s i l e  Class I1 

and I11 shipments 

( b )  Spent f u e l  container 

descr ip t ion and l i c e n s i n ~  - Spent f u e l  shipping casks ~ e n e r a l l y  have -- 
heavy gauge s t a i n l e s s  s t e e l  i n s i d e  and outs ide  s h e l l s  separated by 

sorne dense shie ld ing mater ia l ,  such as lead o r  depleted uranium. 

Piorma1 shipping condit ions 

require  t h a t  t h e  package be a b l e  t o  withstand temper2tures ranging 

from -40O~ t o  130°F and t o  withstand t h e  normal v ib ra t ions ,  shocks, 

and moisture t h a t  could be expected during normal t r anspor t .  

I n  addi t ion ,  casks must withstand 

speci f ied  accident  condit ions with t h e  re lease  of no r a d i o a c t i v i t y  o the r  

than s l i ~ h t l y  contaminated cask coolant and no more than 1,000 cur ies  of 

radioact ive  noble gases. The cask design accident  condit ions include R 

30-foot f r e e  f a l l  onto a completely unyielding surface,  followed by s. 

40-inch drop onto a 6-inch diameter m e t a l  p in ,  followed by 30 minutes i n  

f i r e  a t  a temperature of a t  l e a s t  1 , 4 ~ 5 O ~ ,  followed by 8 hours'  immersion 

under a t  l e a s t  3 f e e t  of water. Appendix E of  t h i s  statement ind ica tes  

how these  1 0  CFR Par t  71 accident  condit ions compare t o  condit ions t h e  

container m i ~ h t  experience as a r e s u l t  of  a t r ansnor ta t ion  accident .  

It should be noted t h a t  t h e r e  i s  

a wide margin of s a f e t y  i n  container designs. For examnle, t h e  General 

Ulect r ic  IF-300 spent f u e l  shipping cask which w i l l  be used a t  Browns 

Ferry and may be used at  Sequoyah is  designed with enerm-absorbing 

f i n s  which absorb t h e  t o t a l  impact o f  a 30-foot f r e e  f a l l  onto an 



e s s e n t i a l l y  unyielding surface with only ou te r  f i n  deformation. 1 3  

A s  a r e s u l t  of these  enercy-absorbing f i n s ,  t h e r e  i s  a wide margin 

between t h e  dmage t h a t  would be experienced by t h e  cask i n  absorbing 

t h e  energy of t h e  30-foot f r e e  f a l l  and t h a t  which would be required 

t o  breach t h e  container.  It i s  estimated t h a t  a s i g n i f i c a n t  Container 

Wench would requ i re  from f i v e  t o  t e n  times t h e  energy which t h e  cask 

absorbs i n  t h e  30-foot f r e e  f a l l .  Thus, i n  t h e  unl ikely  event t h a t  

the c ~ s k  does experience condit ions a s  severe a s  those  imposed by t h e  

1 0  CFR Par t  71 requirements, no container breach is  expected. 

The accident  condit ions are judged 

to  be representa t ive  of condit ions a t  l e a s t  a s  severe a s  those  which would 

be experienced by conta iners  i n  t r anspor t  accidents .  Since t h e  t e s t s  a r e  

applied t o  t h e  containers i n  sequence, t h e  cumulative sever i ty  of these  

t e s t s  i n  a l l  p robab i l i ty  f a r  exceeds t h e  sever i ty  of an accident  i n  

t ranspor ta t ion .  It i s  highly improbable t h a t  a  container would be 

subjected t o  condit ions a s  severe a s  one of these  condit ions,  l e t  alone 

a11 t h r e e  i n  t h e  sequence provided f o r  i n  t h e  t e s t .  

The permissible r a d i a t i o n  l e v e l s  

and re leases  under normal and accident  shipping condit ions a r e  shown 

below. 
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NORMAL AND ACCIDENT SHIPPING REQUIREMENTS 

Normal Accident 
Conditions Conditions 

External Radiation Levels 

Surface of vehicle 200 mremlh NA 
3 feet  from surface of container NA 1,000 mremlh 
6 feet  from external surface of 

vehicle 10 mremlh NA 

Permitted Releases 0.1% of t o t a l  package 
radioactivity 

Noble gases none 1,000 C i  
Contaminated coolant none 0.01 C i  alpha, 0.5 C i  

mixed f ission products 
10 C i  iodine 

Other none none 

Contamination Levels 

Beta and ganxna 
Alpha 

In most cases the  containers should 

have radiation levels  and releases during accidents somewhat l e s s  than those 

permitted by the regulations because the fuels and materials which w i l l  be 

handled are not expected t o  be a t  the cask design ac t iv i ty  levels.  

Since spent fuel  w i l l  not be 

shipped u n t i l  about 1977, contracts have not been made for the  equipment 

and services fo r  spent fuel shipments. Thus, the exact de ta i l s  of cask 

design and safety analysis i n  support of a specific licensing effort  

are not available a t  t h i s  time. However, TVA wi l l  ensure tha t  the  AEC, 

DOT, and any other applicable c r i t e r i a  for  spent fuel  casks become conditions 

of the contract for  these services. 



( c )  Radwaste container desc r ip t ion  

and l i c e n s i n g  - The design of t h e  s o l i d  waste packaging s t a t i o n  permits 

t h e  use of severa l  d i f f e r e n t  types of containers o r  packages. The exact 

type of container t o  be used f o r  shipments of t h e  higher a c t i v i t y  low l e v e l  

wastes from t h e  p lant  has not been determined a t  t h i s  t i m e .  However, f o r  

purposes of evaluiiting t h e  environmental r i s k s  associa ted  with shipment 

of radioact ive  wastes from t h i s  p lan t ,  TVA has used t h e  design and sa fe ty  

analyses made under contrac t  with ATCOR, Inc.,  f o r  t h e  Browns Ferry PJuclear 

I'lant shipping cask. The container designed under t h i s  contrac t  (12~-60-150) 

has been l i censed  (41-08265-06) f o r  shipping t h e  higher a c t i v i t y  low l e v e l  

wastes from Browns Ferry. 

The LL-60-150 cask i s  designed t o  

meet o r  exceed t h e  requirements es tabl ished by llEC and t h e  Department of 

Transportation f o r  t h e  shipment of l a r g e  q u a n t i t i e s  of radioact ive  mater ia l .  

The evaluation made by ATCOR, Inc . ,  i n  support of l i cens ing  f o r  t h i s  cask 

1 4  
considers both normal and accident  condit ions of t r anspor t .  An ana lys i s  

was performed t o  demonstrate t h a t  t h e  cask provides adequate shie ld ing t o  

s a t i s f y  dose r a t e  l e v e l s  i n  t h e  v i c i n i t y  of t h e  cask a s  required  f o r  normal 

condit ions of t r anspor t .  A shie ld ing ana lys i s  was a l s o  performed i n  order 

t o  assure  t h a t  t h e  cask meets t h e  dose r a t e  requirements a f t e r  a shie ld ing 

l o s s  has occurred due t o  a hypothetical  accident  occurrence. 

Accident ana lys i s  showed t h a t  

t h e  l e a d  may slump towards t h e  bottom of t h e  cask a s  a result of t h e  

hypothetical  30-foot drop accident .  The l e v e l  of t h e  lead f a l l s  1 .6  inches 

which w i l l  not remove t h e  lead shie ld ing from t h e  t o p  of t h e  s o l i d  waste 

source. A t  3 f e e t  from t h e  surface  of t h e  cask,  t h e  dose rate is  estimated 



t o  be l e s s  than 500 mrem/h (assuming 4.02 mrem/h a t  6 f ee t  before the 

accident) ,  which is  l e s s  than half  t h e  l i m i t  of 1,000 mrem/h a t  3 feet  

s ta ted  i n  10 CFR Section 71.36(a) (1) .  

The analysis fo r  puncture res is tance 

was performed and it was found t h a t  when considering any point along the  

1-112-inch th ick  outer she l l ,  f a i l u r e  i n  t h i s  mode w i l l  not occur and no 

re lease  of radioactive material  t o  the  ex te r io r  o r  dose r a t e s  i n  excess 

of 10 CFR Section 71.36 l i m i t s  w i l l  occur. An analysis has been ~ e r f o n e d  

of t h e  m o t h e t i c a l  f i r e  accident. The thermal conductivity across t he  

outer and inner s t e e l  she l l s  plus t he  a i r  Kap i s  su f f i c i en t ly  low t o  keep 

t h e  temperature of t he  lead about 150OF below i t s  melting point. It was 

a l so  shown tha t  t h e  cask i s  capable of holding the  vapor pressure resu l t ing  

from the  elevated temperatures. 

Immersion of t h e  cask under 3 f e e t  

of water fo r  more than 24 hours w i l l  not cause any detrimental e f fec t  since 

t he  cask was established i n  t h e  analysis t o  be leakt ight  following the  

preceding accident conditions. 

For lower a c t i v i t y  l e v e l  wastes 

3 ( a c t i v i t i e s  of 0.3 C i l f t  o r  l e s s ) ,  an a l l  s t e e l  cask holding about 183 ft 3 

has a l so  been designed and i s  being constructed by ATCOR, Inc. ,  fo r  use 

a t  Browns Ferry and could be used a t  Sequoyah. 

Low a c t i v i t y  compressible wastes 

w i l l  be packaged for  shipment i n  appropriate containers. Radioactive 

equipment components w i l l  be shipped by contract with a spec i a l i s t  who 

w i l l  provide the  necessary containers,  such a s  modified spent fue l  casks. 
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( 3 )  Transportat ion procedures -- - Elements 

of t h e  procedures t o  be followed by TVA f o r  handlinp; radioact ive  mater ia ls  

f o r  t r anspor ta t ion  and while i n  shipment a r e  given below. These procedures 

w i l l  cover t h e  normal and accident  condit ions which might be encountered. 

( a )  Onsite procedures - The 

adminis t ra t ive  con t ro l  of radioact ive  mater ia ls  intended f o r  o f f s i t e  

shipment w i l l  include t h e  following: 

a. Cer t i fy  container contents .  

b. Assure performance of a l l  tests on loaded containers a s  

required by 1 0  CFR Section 71.35, 49 CFR Section 173.393(J) ,  

and 49 CFR Section 173.397(a). 

c .  Ensure t h a t  container and vehic le  meet t h e  appl icable  require-  

ments of regulatory bodies f o r  movement o f f s i t e .  

d. Qua l i f i ed  personnel with appropriate equipment t o  be a v ~ i l a b l e  

t o  make rou t ine  determinations a s  required by (b) above. 

e. Provide estimated time of a r r i v a l  (ETA) a t  des t inat ion.  

f .  Provide approximate rout ing,  mode of t r anspor t ,  estimated 

ent ry  and exit t imes t o  various s t a t e s  a s  apnropriate.  

( b )  O f f s i t e ~ c e d u r e s  - The ---- 
d r i v e r  of t h e  vehic le  w i l l  be responsible f o r  con t ro l  of shipments en 

route  and f o r  following t h e  t r ansnor ta t ion  procedures delivered t o  him 

before leaving t h e  s i t e .  

The s t a t e  requirements f o r  

n o t i f i c a t i o n  and responsible pa r ty  t o  n o t i f y  when radioact ive  mater ia ls  

a r e  scheduled t o  be shipped through various s t a t e s  a r e  given i n  Table 

2.1-3. 
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( c )  Accident occurrences durinp, 

t r anspor t  - Each s t a t e  through which these  mate r i a l s  pass w i l l  have 

developed emergency plans f o r  radioact ive  t r anspor ta t ion  accidents .  

'Chese plans,  i n  conjunction with TVA t r anspor ta t ion  accident  procedures, 

w i l l  provide f o r  rapid  and order ly  use of s t a t e  f a c i l i t i e s  and personnel,  

augmented a s  necessary by TVA, c a r r i e r ,  and municipal emergency personnel 
< 

and AEC rad io log ica l  a s s i s t ance  teams i n  t h e  event an accident  occurs 

i n  t h e  shipment of radioact ive  makerials by TVA. I n  t h e  event of an 

nccident ,  emerKency plans w i l l  be i n i t i a t e d  t o  minimize a r ad ia t ion  

hazard t o  t h e  public and t h e  environment. 

Accident procedures regarding 

t r anspor ta t ion  of radioact ive  mate r i a l  a r e  described i n  TVA's  nulcear 

plant  procedure manuall5 and t h e  TVA Radiological Ehergency Plan. 1 6  

lilements of t h e  procedures f o r  handling t r anspor ta t ion  accidents  f o r  

which '1VA has r e s p o n s i b i l i t y  w i l l  include,  but a r e  not l imi ted  t o ,  t h e  

following: 

1. Vehicular Accidents - General 

a .  I n  t h e  event of vehicular  accident  involving radioact ive  

mate r i a l ,  e s t a b l i s h  a r e s t r i c t e d  a r e a  [ l o  CFR Section 

20.203(b) and ( c ) ] .  

b. Use r a d i a t i o n  survey meter t o  e s t a b l i s h  t h e  perimeter 

of t h e  r e s t r i c t e d  area .  

c .  I f  survey meter i s  inoperable, c a l c u l a t e  from experience 

and t r ~ i n i n g  a very conservative perimeter. 

d. I f  survey meter i s  operable and no rad ia t ion  hazard 

e x i s t s  and t h e  vehic le  i s  i n  s a f e  operat ing condit ion 

t h e  d r i v e r  may continue en route  if not detained by o the r  

accident-related condit ions.  



e. I n  any case,  immediately a f t e r  e s tab l i sh ing  a r e s t r i c t e d  

a rea  o r  before proceeding on way, TVA s h a l l  be n o t i f i e d .  

2 .  Noti f ica t ion and Reports of Incident  

a .  Appropriate TVA personnel receiving no t i ce  of a t rans-  

por ta t ion  accident  involving leakage of radioact ive  mater ia l  

s h a l l  n o t i f y  t h e  TVA load dispatcher who n o t i f i e s  t h e  

Central  Emergency Control Center (CECC) d i r e c t o r .  

b. The CECC d i r e c t o r  a l e r t s  t h e  TVA decontamination team and 

n o t i f i e s  a s  appropr ia te  t h e  AEC Operations Off ice ,  t h e  S t a t e  

Department of Public Health, t h e  s t a t e  pol ice ,  t h e  AEC 

Divinion of Compliance, and t h e  DOT Office of Hazardous 

Flaterials .  

c .  The CECC d i r e c t o r  w i l l  provide ass i s t ance  f o r  cleanup 

and recovery operat ions a s  needed. 

TVA has consulted and w i l l  consult  

fu r the r  with appronr ia te  s t a t e  agencies regarding t h e  necessary emergency 

planning f o r  shipments of radioact ive  mater ia l  through t h e  state and t o  

seek t h e  s t a t e ' s  a~reement  with TVA1s Radiological Emergency Plan. 

5 .  Conclusion_ - Due t o  t h e  i n t e g r i t y  of  t h e  conta iners  

used f o r  shipping new f u e l  elements, spent f u e l  elements, and low-level 

radioact ive  wastes; t h e  emergency plans f o r  vehicular  accidents ;  t h e  

adminis t ra t ive  con t ro l  exercised over t r anspor ta t ion ;  and coordination 

with a.ppropriate s t a t e  agencies; it i s  concluded t h a t  an ins ign i f i can t  

environmental r i s k  w i l l  r e s u l t  from t h e  t r anspor ta t ion  of f u e l  elements 

from t h e  f u e l  f abr ica t ion  plant  t o  t h e  reac to r ,  o r  spent f u e l  elements 

t o  t h e  f u e l  reprocessing p lan t ,  and of low-level waste t o  o f f s i t e  d isposal  

grounds. 



It is  a l s o  concluded t h a t  t h e  t r anspor ta t ion  of cold 

fuel t o  t h e  reac to r  and i r r a d i a t e d  f u e l  from t h e  reac to r  t o  a f u e l  

reprocess in^: p lan t  and the t r anspor ta t ion  of s o l i d  rad ioac t ive  wastes 

from t h e  reac to r  t o  low-level m s t e  b u r i a l  grounds is  within t h e  scope of 

t h e  Comiss ions  "~nviromenta l '  Survey of Transportat ion of Radioactive 

;dater ia ls  t o  and from Nuclear Power Plants ,"  and t h e  contr ibut ion of t h e  

environmental e f f e c t s  of such t r anspor ta t ion  t o  t h e  environmental 

cos t s  of l i c e n s i n c  t h e  nuclear  power reac to r  is  as s e t  f o r t h  i n  that 

document. 17 
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Table 2.1-1 

RADIOACTIVITY OF IRRADIATED FUEL& 

Cooling Period ( i n  days) 
90 150 365 

Fission Products 6 . 1 9 ~ 1 0 ~  4 . 3 9 ~ 1 0 ~  2 . 2 2 x 1 0 6  

Total  

PREDOMINANT FISSION PRODUCTS I N  GASEOUS FORM 

INCLUDED I N  RADIOACTIVITY OF IRRADIATED FUEL 

( C~IMTU) 

Cooling Period ( i n  days) 

90 150 365 
Krypt on-85 1 . 1 3 x 1 0 4  l . 1 2 x l o 4  1 . 0 8 ~ 1 0 ~  

THERMAL ENERGY I N  IRRADIATED FUEL 

(watts  per metric ton of uranium) 

Cooling Period ( i n  days) 

Thermal Energy 2.71 x l o 4  2.01 x 10' 1.04 x l o 4  

a. Estimated burnup 33,000 MWD/MTU - Si t i ng  of Fuel Reprocessina; Plants  
and Waste Management F a c i l i t i e s  - ORNL - 4451, Ju ly  1970. 

b. Approximately two assemblies per MTU, 



Table 2.1-2 

RADIOACTIVE ?IATERIALS TRANSPORTATION - SU!.lMARY OF EFFECTS 
(NO& Conditions ) 

Transportat ion Stationary Cask Cask Moving at 20 mi/h 
Radiation Exposure Individual Exposure 

Frequency (mrem/h) (mrem/trip) Population Exposure 
Type Mode - ( Shipments /yr ) at 6 ft at 100 ft Maximum Average (man-rem/yr ) 

Spent Fuel Rail 13 10 0.1 0,00029 0.000016 0.008 
( 5 rm/ 
shipment ) 

Waste 

Low Level Truck 5@ 10 0.1 0.00029 0.000016 0.030 10 
+ - I w 
W 

Total 0.038~ 

(10 CFR Part 71 Accident conditions) 

Transportation Direct Radiation Fission Gas Release 
External Dose Whole Body 

Dose Rate (mremlh) (mrem) Population Dose Thyroid Dose 
Type Shipment - Mode (shipment s/yr ) at 3 ft at 50 ft Whole body - Skin (man-rem (r-1 

Spent Fuel Rail 13 1,000 17 2 
( 5 m/ 
shipment ) 

Waste 

LOW Level  ruck soa 

a. Design conditions. 
b. This population group receives about 5,250 man-rem/yr exposure from natural background radiation (140 mrem/yr). 
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Table 2.1-3 

ITOTIFICATIOB REQUIRDIEIJTS OF STATES 

FOR SHImJT OF RADIOACTIVE MATERIAL 

Alabama 

Requirements: Notify: 

Telephone or  telegraph Director 
Route, mode of transportation,  Division of Radiological Ifealth 

time of a r r i v a l  i n  s t a t e  Room 311, S t a t e  Office Building 
Montgomery, AL 36104 
Telephone : 205-269-7634 

Georgia 

Requirements: Notify: 

Le t te r ,  telephone or  telegraph Chief 
Approximate route and mode of Radioactive Materials Control Section 

t ransporta t  ion Division of Radiological Health 
535 M i l a m  Avenue, SW 
Atlanta, GA 30314 
Telephone: 404-762-6111 

I l l i n o i s  

Requirements: Notify: 

Let ter ,  telephone o r  telegraph Director 
Route, estimated a r r i v a l  time Department of Public Health 

i n  s t a t e  535 West Jefferson 
Springfield,  I L  62706 
Telephone : 217-525-6550 

Indiana 

Requirements : Notify: 

No no t i f i ca t ion  reqyired Director 
Division of Radiological Health 
1330 West Michigan 
Indianapoli s , I N  46206 
Telephone : 317-633-6340 

Kentucky 

Requirements: Notify: 

Le t te r ,  telephone or  telegraph Director 
Route, estimated entry and Radiological Health Proarm. 

e x i t  times i n  s t a t e  Kentucky State Department of Neslth 
275 East blain S t ree t  

Additional: Frankfort , KY 40601 
Telephone : 502-564-3700 

Iden t i fy  c a r r i e r  and approxi- 
mate a c t i v i t y  of each shipment 



2.1-35 
Table 2.1-3 (continued) 

Requirements: Notify: 

Let ter ,  telephone o r  telegraph Director,  
Route, mode of t ransporta t ion,  Radiological Health Division 

entry  and e x i t  times i n  s t a t e  Broadway S ta t e  Office Building 
Jefferson,  MO 651.01 

Additional: Telephone : 314-635-4111 

Truck shipments - l icense number and/or other identifying numbers, 
color of t ruck,  entry  and ex i t  points i n  s t a t e ,  highway pa t ro l  
w i l l  meet truck a t  border and provide protect ive  following a s  
a sa fe ty  feature  

Rai l  shipments - name of ra i l road ,  shipment ca r  number and i t s  
locat ion within t he  t r a i n ,  no t i f i ca t ion  i n  t r a n s i t  if other 
cars  a r e  added or  deleted from t r a i n ,  thus changing r e l a t i v e  
locat ion of shipment within t r a i n ,  highway pa t ro l  w i l l  provide 
surveil lance a t  locations where possible 

North Carolina 

Requirements: Notify: 

Let ter  o r  telegraph Director 
Route, mode of t ransporta t ion Division of Radiation Protection 

North Carolina S t a t e  Board of Health 
Comment : P.O. Box 2091 

220 North Dawson 
Notification f o r  each individual Raleigh, NC 27607 
shipment may not be necessary i f  Telephone : 919-829-4283 
spec i f ic  time in te rva l  when 
several  shipments may be made 
can be scheduled. S t a t e  i s  now i n  the  process of formulating 
emergency planning with regard t o  shipments of t h i s  s o r t ,  and 
requirements have not been formalized. 

South Carolina 

Requirements 

No not i f i ca t ion  required 

Tennessee 

Requirements: 

Let ter  or telephone 
Approximate route and mode 

of t ransporta t  ion 

Notify: 

Director 
Division of Radiological Health 
South Carolina S t a t e  Board of Health 
2600 Bull S t ree t  
Columbia, SC 29201 
Telephone : 803-758-5548 

Notify: 

Director 
Division of Radiological Health 
727 Cordell Hull Building 
Nashville, TT? 37219 
Telephone : 615-741-3161 



2.2 Environmental Aspects of Transmission Lines - The inservice 
dates for units 1 and 2 at Sequoyah Nuclear Plant are tentatively scheduled 

for June 1976 and February 1977 respectively. However, system studies 

have indicated an early need for the 500-161-kV transformer bank at 

Sequoyah along with a major portion of the transmission line connections. 

These facilities are required to supply the rapid load growth in the 

Chattanooga-Cleveland-Charleston area. Also, since filing the draft 

statement on the Sequoyah project, increased load requirements in the 

Wartrace-Tullahama-Arnold Engineering Development Center (AEDC) area have made 

it necessary to advance construction of a 500-kV transmission line from 

Sequoyah to this area for initial operation at 161 kV. The impacts of this 

additional transmission line are accessed below along with the impacts of the 

transmission line network associated with the Sequoyah project. 

The following table summarizes the lines which are required 

to connect the Sequoyah Nuclear Plant switchyard into the TVA trans- 

mission system (see figures 2.2-1, 2 and 3). Construction has principally 

been completed on all connections except the Sequoyah-Franklin 500-kV line. 

Length of New Inservice 
Line Name Voltage (k~) ~onstr&ion (~iles) Date 

Widows Creek- 161 0.7 August 1972 
Charleston, Loop 
to Sequoyah Nuclear 
Plant 

Watts Bar- 

Chickamauga, Loop 
to Sequoyah Nuclear 
Plant 

September 1972 



Length of New Inservice 
Line Name Voltage ( k ~ )  Construction (~iles) Date 

Chickamauga-East 161 18.5 November 1972 
Cleveland, Loop 
to Sequoyah Nuclear 
Plant 

Sequoyah-Concord 

Sequoyah- 
Charleston No. 2 

Sequoyah-Franklin 
(Initial Operation at 
161 kv) 

Sequoyah-Georgia 
State Line 

18.4 November 1972 

20.8 July 1973 

58.7 November 1974 

21.4 April 1972 

Widows Creek-Bull 1.0 April 1972 
Run, Loop to 
Sequoyah Nuclear 
Plant 

Three 500-kV transmission lines will be required initially to 

provide system connections for the new plant. Two of these connections 

were provided by opening the existing Widows Creek-Bull Run 500-kV 

Transmission Line and looping each of the resulting line sections 

approximately 0.5 mile to the nuclear plant switchyard, This estab- 

lished 500-kV transmissioi lines to Widows Creek Steam Plant and Bull 

Run Steam Plant. The third 500-kV connection, which was placed in 

service in April 1972, is the Sequoyah-Georgia State Line 500-kV Trans- 

mission Line. This line extends 21.4 miles within the TVA service area 

to the Georgia-Tennessee state line and serves as an intersystem tie 

line with the Georgia Power Company by connecting to their 64-mile 

500-kV line which extends northward from the Bowen Generating Plant. 



Prior to the operation of unit 1 at the Watts Bar Nuclear 

Plant upstream from Sequoyah, the 500-kV transmission line from Se~uoyah 

to Bull Run Steam Plant will be looped into the Watts Bar Nuclear Plant 

site to form the Watts Bar-Sequoyah No. 1 500-kV line. Prior to the 

operation of unit 2 at the Watts Bar Nuclear Plant, another 500-kV 

line, the Watts Bar-Sequoyah No. 2 500-kV line, will be constructed. 

The discussion of impacts associated with this line can be found in 

section 2.2 of the Watts Bar Nuclear Plant environmental statement, 

issued on November 9, 1972. 

Initially there will be nine 161-kV transmission line connec- 

tions for the new plant. One of these, a temporary connection to AEDC, 

will utilize a major portion of the future Sequoyah-Franklin 500-kV 

Transmission Line. Initially this line will be operated at 161 kV to 

supplement the power supply system into the Wartrace-Tullahoma-AEDC area. 

The transmission line routes as shown on figures 2.2-1, 2.2-2, 

and 2.2-3 represent approximately 147 miles of new line construction, 

necessitating the purchase of 2,700 acres of new rights of way. An 

additional 20 miles of existing rights of way were utilized for the line 

connections to Sequoyah. New transmission lines were constructed on 

approximately 76 miles of common rights of way to reduce overall land 

requirements. Approximately 60 percent of the new right of way require- 

ments are located in woodland and 40 percent on cleared land. 

As previously indicated, most of the transmission line con- 

nections covered by this statement have been completed and the remaining 

line is under construction. The statements of policy, construction practices, 

and methods of minimizing environmental impacts which follpw were utilized 



on the completed lines and will be adhered to in constructing the 

remaining line. 

1. General considerations - As a first step in the 
transmission line location process, topographic maps were examined in 

the office to determine the best apparent routes. Then a field recon- 

naissance was made using these maps. In the field, engineers first looked 

for the best places to cross major highways and secondary roads, at 

the same time avoiding, to the extent possible, residential, commercial, 

and industrial areas; recreational areas and other developments; and 

areas of historical, cultu~.~l, or scenic significance. Locations on 

crests of mountains and ridges were generally avoided to minimize visual 

impadt s . 
Route selections were coordinated with municipal, 

county, and state planning boards and with municipal, state, and Federal 

authorities where public lands were crossed. At the same time care was 

taken to minimize the visual and physical impact of transmission facilities 

on private properties. Locations were chosen primarily to avoid con- 

flicts with hmes and outbuildings, and property lines were followed 

where feasible. 

In general, final route selections were made in 

keeping with the Environmental Criteria for Electric Transmission 

Systems. 1 

Topographic maps are frequently several years old 

and do not reflect recent manmade features on the land. When this is 

the case, aerial photographs are made along the tentatively selected 

route so that a final route can be determined with full knowledge of 

land use developments. A number of photographs in the general area of the 

nuclear plant and the river crossing locations were utilized for this purpose, 



In selecting routes for transmission lines, TVA 

attempts to locate lines so that no family or business relocations are 

required. This policy was followed in the selection of routes for the 

Sequoyah Nuclear Plant lines. However, several relocations were 

unavoidable. For these families, assistance was provided in accordance 

with the "Uniform Relocation and Real Property Acquisition Policies 

Act of 1370" (public Law 91-646). 

To the extent possible TVA avoids routing lines 

through residential areas. However, such areas frequently develop adja- 

cent to the cleared land c~eated by the construction of transmission 

lines. When residential areas could not be avoided, environmental impacts 

were minimized by following property lines as much as practicable, pre- 

serving 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 were.chosen to 

minimize conflicts with existing land uses. However, alternate routes which 

resulted in substantial increases in length and costs were generally avoided 

unless overriding environmental or land use problems were identified. 

It is frequently necessary in the construction of 

transmission lines to cross rivers or other bodies of water. Nine 

transmission lines that connect to the Sequoyah Nuclear Plant cross the 

Tennessee River ( ~hickamauga ~eservoir ) . Common structures have been used 

to reduce the number of separate tower crossings to six. In selecting 

locations for these crossings, conflicts with residential, commercial, and 

industrial developments, game sanctuaries, and scenic and recreational areas 

were avoided. 



In crossing streams under the jurisdiction of state 

agencies, onsite inspections are made with agency representatives to 

assure agreement on the location. All scenic river crossings were coordinated 

with the appropriate local, regional, and state planning agencies. 

All crossings of navigable streams or reservoirs were 

coordinated with the United States Corps of Engineers. Additional crossings 

of streams and drainage areas having water conservation projects planned 

by the Department of Agriculture's Soil Conservation Service were coordinated 

with that agency. 

Withir TVA the line routes have been closely coordi- 

nated with the Division of Navigation Development and Regional Studies, 

the Division of Reservoir Properties, the Office of Tributary Area Developent, 

the Division of Environmental Planning, and the Division of Forestry, 

Fisheries, and Wildlife Development. 

The transmission line structures for these lines 

are self-supporting steel towers. Utilizing this type structure eliminates 

the need for guys. The small amount of land occupied by the structures is 

the only part of the right of way which cannot be used for other purposes. 

The balance of the rights of way remain clear of obstructions and are 

available for a variety of other uses. 

2.  - Effects of Transmission Line Rights of Way Clearing 

and Control Practices - 

(1) Shear Clearinq - In constructing trans- 
mission lines through wooded areas, TVA "shear clears" the right of way 

(clearing of trees and other vegetation to the ground level) except where 



outcroping of rocks or  steep slopes makes it impractical. Where these 

exceptions are  encountered, hand clearing i s  ut i l ized.  While the 

removal of vegetation from the  r ight  of way by shear clearing constitutes 

an impact on t e r r e s t r i a l  plant and animal communities existing i n  the 

corridor area, it is  mitigated by T V A t s  practice of reseeding the  

r ights  of way with pasture type grasses and also by the natural invasion 

by weeds and plants during the first growing season. Some typical  animal 

species that w i l l  be displaced by t h i s  removal. of forest  cover are  the  

red-eyed vireo, yellow-billed cuckoo, and numerous species of small 

mammals, rept i les ,  and amphibians. Although shear clearing may affect 

some type of plants by removal and animal l i f e  by displacement, an 

"edge effect" is created which greatly benefits other types of wildlife 

on the  r ight  of way.293 

(2) The "Edge Effect ""' and wildlife 

Benefits - The interface or  "edge" (also referred t o  as  "ecotone zone") 

refers  t o  tha t  area of landscape where two or  more vegetative types come 

together. When transmission l i n e  r ights  of way traverse forest land 

edge i s  created where low herbaceous and woody plant growth meet with 

forest vegetation. Where transmission l ines  traverse open farmland, 

crops and weedy or "brush" r ights  of way often merge. This "merge" 

(edge) of two diverse plant communities w i l l  often produce or  a t t r a c t  

more kinds and numbers of animals than would occur i n  e i ther  habitat  

type alone. 

Approximately 1,620 acres of woodland w i l l  

have been cleared when the proposed transmission l i n e  connections are  



completed. The remaining 1,080 acres of new rights  of way traverse 

farm, roads, and other man-related land-use ac t iv i t i e s  which tend t o  

keep vegetative succession i n  i t s  early stages. The majority of woodland 

t o  be cleared i s  interspersed by these "open-land areas." The resultant 

habitat ,  described above, primarily supports wildlife species tha t  prefer 

ecotone zones and open situations. Typical species prefering t h i s  environment 

are the cot tontai l  rabbit ,  cotton r a t ,  woodchuck, bobwhite quail, mourning 

dove, towhee, p ra i r i e  warbler, and a number of rept i les  and amphibians. 

To make transmission l i n e  corridors even more a t t rac t ive  t o  small game 

species such a s  quail, dove, and rabbit ,  TVA, a t  the landowners request, 

w i l l  seed the  cleared areas with selected grasses and other food and cover 

plants. TVA, i n  cooperation with the  Tennessee Game and Fish Commission, 

has published a booklet fo r  distribution t o  landowners describing practices 

they can employ t o  benefit various wildl i fe  species on r ights  of way. 4 

( 3 )  Benefits t o  Wildlffe from Right of Wax 

Maintenance - Uti l i ty  l i n e  r ights  of way can rarely go longer than 5 years 

without mechanical maintenance of some type. Early ste~ges of plant succession 

on cleared r ight  of way, particulately the  first 6 t o  8 years, are the  most 

productive for  many wildl i fe  food and cover plants. In addition, the  low 

herbaceous plant growth supports insects which provide the  high protein 

content necessary i n  the d ie t  of many young bird species (game and nongame) . 
Power l i n e  r ights  of way create long l inear  

forest openings which are regularly maintained t o  prevent power outages. 

Sunlight penetrating the forest  v ia  the  r ight  of way stimulates understory 

growth adjacent t o  the  power l i n e  and resul t s  i n  a plant community which 

provides diversity i n  food and cover i n  the forest  envirosent .  Periodic 



power line maintenance perpetuates these beneficial wildlife habitat 

conditions for species prefering edge and open areas. 

(4) Chemical Maintenance of Rights of Way - 
Transmission line right of way maintenance requires that brush and trees 

be controlled so they will not grow into the conductor and cause service 

interruptions and so they do not impede restoration of service when 

outages occur. The relatively long growing season in the Tennessee Valley 

region makes brush coritrol a special problem. Growth of vegetation is 

controlled by mechanical cutting, replacement planting, and the application 

of herbicides. During the fiscal year ending June 30, 1971, a transition 

was made in TVA1s right of way maintenance program from essentially complete 

herbicidsl control to primarily mechanical maintenance. Chemical maintenance 

is now limited to those areas which are both remote and inaccessible and 

annually involves only 4 or 5 percent of all TVA transmission line right 

of way acreage. 

When herbicides are used, their application 

is carefully controlled to ensure on-target application and avoid drift off 

the right of way and contamination of watercourses. Watercourses are 

identified by ground or sir reconnaissance prior to spraying, and no 

chemicals are applied within 100 feet of these areas. The herbicides used 

are Tandex, Tordon 101, Tordon 10K pellets, 2,4,5-T and/or Hychlor, all of 

which are approved for this use by the Federal Working Group on Pest 

Management (FWG on PM). From transmission line right of way inspections, 

TVA determines each year where chemical control of brush is to be used, 

the chemicals to be employed, and the method and rate of application. The 

entire annual program is then submitted for approval to the FWC on PM, 

and no herbicides are applied until approval is received. 



In addition to information about program 

objectives, chemicals used, and mode of application, the program annual 

report summarizes precautions taken by TVA in applying the chemicals 

and specifies areas of the environment that are to be avoided or treated 

with caution. Field investigations have revealed no significant adverse 

environmental effects from the use of chemicals in the right of way main- 

tenance program. 

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 

ensures that biologically sound and economically feasible recommendations 

are made to improve wildlife habitat on the rights of way. 

A detailed report of TVA's program for 

chemical treatment of transmission line rights of way as submitted to 

the Federal Working Group can be found in Appendix F1. 

(5) Multiple use of rights of way - As 
a general rule, where transmission line rights of way cross 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 reclear the area as dictated by mainte- 

nance 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 interest can be implemented 



I which allow growing of small trees such as Christmas trees and nursery 

stock. Also, buckwheat, Korean and Kobe Lespedeza, and other low- 
\ 

growing grasses and seed crops which are beneficial to small game habitat 

can be planted. 

It is recognized that many additional 

multiple uses of rights of way can be identified. If the landowners desire 

to use the rights of way for the establishment of playgrounds, athletic 

fields, golf courses, parks, picnic areas, or trails for hiking and 

horseback riding, such use would be permitted under the terms of TVA's 

easement. 

TVA recognizes there will be an annual 

~ loss of forest products due to the construction and operation of the 

Sequoyah transmission line connections. Where wooded areas are traversed, 

timber production is lost for the life of the line. 

3. Solid waste disposal - TVA contracts most right 

of way clearing for the construction of transmission lines. Open burning 

normally employed for disposal of forest slash cleared from rights of 

way was used for the Sequoyah transmission line connections and was performed 

in compliance with local, state, and Federal air pollution guidelines. This 

resulted in the release of some particulates and gases into the atmosphere. 

However, these minor effects were localized and generally short lived. 

A burning method which minimizes the release of smoke 

into the atmosphere is occasionally 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, 1 5  feet long, and 10 feet wide) and set on fire. Air, fed to 



the  f i r e  by blowers, is  supplied a t  t h e  proper r a t e  fo r  minimum smoke 

emission, A t  l e a s t  one guard and a s  many men a s  required t o  supervise 

t he  burning process a r e  kept on duty night and day u n t i l  a l l  f i r e s  have 

been extinguished. 

In  cases where disposal by burning is  not desi rable ,  

s lash  i s  pi led i n  windrows along t h e  edge of t he  r igh t  of way o r  i n  

scat tered brush p i l e s  along slopes and ravines. An a l t e rna t e  method of 

disposal  i s  being explored involving mechanical chipping and sca t te r ing  

or  p i l i ng  of chips on t h e  s o i l .  

In  general, other so l id  waste generated by trans- 

mission l i n e  construction i s  very small. These minor construction waste 

items consis t  of protect ive  wood cribbing attached t o  conductor r e e l s ,  

cardboard shipping cartons and s t e e l  bands used t o  bind tower s t ruc tu ra l  

items and other l i n e  hardware. This waste w i l l  be returned t o  staging 

areas f o r  disposal .  

A t  staging or  material  assembly points,  r e l a t i ve ly  

la rge  quant i t i es  of t he  used packing material  which accumulates is 

transported t o  state-approved sani tary  l a n d f i l l s .  However, i n  localized 

areas ,  smaller quant i t i es  of wood and paper a r e  disposed of by controlled 

burning. 

4. Erosion control  pract ices  - Construction of 

transmission l i n e s  w i l l  involve t he  use of heavy equipment for  tower 

erection and s t r inging of conductor. Although t h i s  equipment may cause 

temporary ru t t i ng  along the  r i gh t s  of way, precautionary measures have been 

taken so t h a t  t h e  e f f ec t s  of s o i l  erosion on loca l  water qual i ty  i s  

not s ign i f ican t .  The erosion of l oca l  areas was controlled t o  a s ign i f ican t  

degree by: (1) using special  construction procedures which l imited the  



use of heavy equipment in areas of high erosion potential, diverting 

runoff from exposed land to settling ponds, vegetation was kept on the 

land as long as possible before construction; and (2) construction activities 

in certain areas was scheduled to coincide with favorable dry weather 

conditions. 

When line construction activity was completed, the 

rights of way were contoured and seeded with pasture-type grasses or planted 

in wildlife food and cover to control soil erosion and provide wildlife 

habitat. 

Where p#-ssible, access roads for transmission line 

construction followed existing farm roads, and after construction TVA 

restored these roads to at least their original or an improved condition. 

Ifhen a new access road was required, the property owner was consulted 

regarding the route most beneficial to him after construction. Required 

grading was engineered to balance cut and fill, which eliminated the need 

for separate borrow pits. The road routes were selected to minimize 

damage to existing growth and drainage ditches, terracing, and ground cover 

were provided in order to prevent soil erosion. 

The Widows Creek-Charleston 161-k~ Transmission Line 

iio. 1 which was constructed in 1964 traverses the Sequoyah Nuclear Plant 

site and crosses the Tennessee River (~hickamauga ~eservoir) adjacent 

t o  the plant site. To provide adequate reservoir clearance and terminal 

structures of reasonable height, the construction of this river crossing 

necessitated the building of a peninsula in Chickamauga Reservoir. The 

peninsula, as constructed in 1363, was approximately 310 feet long and 

120 feet wide which provided room for three double-circuit towers with 

one tower constructed to carry the Widows Creek-Charleston 110. 1 line. 

The peninsula is earth core, riprap revetment construction and was built 
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while the lake was at its low wintertime level. The earth core placement 

caused very little sedimentation or siltation in the lake because the rip- 

rap revetment was in place before the lake level was raised to normal pool. 

Coincidental with the construction of Sequoyah Nuclear 

Plant was the need for additional transmission line connections crossing the 

river at this location. Consequently, in 1970 the peninsula was extended 

200 feet eastward and 110 feet westward making the peninsula large enough for 

a maximum of six transmission towers. Five towers have been erected to support 

the existing and proposed transmission connections which cross the river at 

this location. The lines are discussed later in this text. The sixth tower 

will be installed when needed at some future date. 

The same construction procedures were used to expand the 

peninsula as were used originally. The entire surface of the peninsula 

has been covered with crushed limestone rock to provide a stabilized base 

for use by maintenance personnel and also to prevent surface erosion. 

5. Miscellaneous impacts - 
(1) Ozone - Ozone can be produced from corona 

discharges (ionization of the air) in the operation of transmission lines 

and substations, particularly at the higher voltages. It can be harmful 

if breathed in sufficient concentrations over prolonged 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 produces excessively high potential gradients. 

Extensive field tests to detect ozone in 

the vicinity of 765-k~ lines were recently completed by the Battelle 

Memorial Institute under a variety of meteorological conditions. From 



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 TVAts 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 minimize corona dis- 

charges. TVA specifications require that transmission line hardware and 

electrical equipment for oreration at 500,000 volts be factory tested 

to assure corona-free performance up to maximum operating voltage levels. 

A more detailed report of ozone character- 

istics, sources, and a discussion of tests and reference material can 

be found in Appendix F. 

(2) Compatibility with communications 

equiment - 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 railroad 

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 

is jointly studied and any required changes are mutually resolved. This 

precedure was followed for the transmission line connections to Sequoyah 

liuclear Plant. 

No inductive coordination problems have 

been experienced on the Widows Creek-Bull Run 500-kV Transmission Line 



which hns been in operation for several yearn. No new pmblenrfl hnvo 

been encountered since this line was altered in the vicinity of Sequoyah 

Nuclear Plant to form the Sequoyah-Widows Creek and Sequoyah-Bull Run 

500-kV Lines. No coordination problems have been identified for the Sequoyah 

Georgia State Line 500-kV Line, and no problems for the other transmission 

lines are anticipated. 

(3) Historical and archaeolo~ical 

compatibility - In selecting routes for the transmission line connections 
to Sequoyah Nuclear Plant, the National Register of Historical Places, 

published by the National Park Service, was consulted and no conflicts with 

known historically significant areas were identified. 

As previously indicated, a majority of the 

transmission line connections to Sequoyah Nuclear Plant were initiated several 

years ago, and predated TVA's present practice of surveying the rights of 

way for possible archaeological artifacts. For the completed lines, no 

archaeological survey was made; however, a comprehensive investigation is 

under way for the Sequoyah-Franklin 500-kV Line. If significant artifacts 

are identified, positive steps will be taken for their complete recovery or 

tower locations will be changed to avoid conflicts and to permit future 

exploration of the sites. 

( 4 )  Impacts on aviation - Tall towers 
are normally required to accommodate long spans associated with major 

river crossings or to provide electrical clearance over unusual 

topographic features or man-made objects. When these towers exceed a 

height of 200 feet above local terrain or invade upon air traffic patterns, 

a permit must be obtained from the Federal Aviation Administration prior 



to construction. In this regard, all tall structures for the transmission 

line connections to Sequoyah Nuclear Plant have been coordinated with the 

FAA and appropriate markings and warning lights have been installed ori the 

river crossing towers. 

( 5 )  Impact of support facilities - In 
defining the scope of this environmental statement, all identified major 

power system support facilities have been included. Although not 

specifically described, terminal structures and switching equipment 

will be required at the Charleston 161-kV Substation and Concord 161-kV 

Substation. These facilities can be classified as minor station addi- 

tions which are compatible with the design and architecture of existing 

facilities at each of these locations. 

At this time no transmission line con- 

struction other than that described in the proposed action has been 

specifically identified. It is assumed that in the future, as in the 

past, generation plant siting studies will consider existing plant 

expansion as well as new plant site development. On this premise, it 

is possible that transmission system needs may some day warrant addi- 

tional line connections at Sequoyah Nuclear Plant. However, the same 

rigid environmental evaluations and tests will be applied to those 

facilities as early as possible in the planning process. 

(6) others - During normal operations 
no adverse environmental impact is expected to occur from either 500-kV 

or 161-k~ transmission lines. During inclement weather and unusual 

atmospheric conditions a light humming may be heard directly under 500-kV 



lines, but this noise is rarely heard off the rights of 

way. Transmission lines can, under certain conditions, cause mild 

static charges to develop on fence wires and other ungrounded objects 

under the lines. 

For all transmission line rights of way, 

property owners retain all mineral rights to their land and may use 

the land for whatever purposes desired so long as such uses do not con- 

flict with the terms of the easement, In many instances the existing 

land uses--particularly agricultural uses--may continue. However, 

buildings, signboards, stored personal property, or other obstructions 

which create fire hazards and/or interfere with the operation and mainte- 

nance of the line may not be located on the rights 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 construc- 

tion, and landowners are reimbursed by TVA for the value of crops damaged 

by construction or later maintenance activity. 

6. Transmission line route selections - Based on 
the above considerations, the proposed and alternate transmission line 

routes for connecting the Sequoyah Nuclear Plant to the TVA power system 

are shown on figures 2.2-1, 2.2-2, and 2.2-3. For identification pur- 

poses these line connections have been numbered as follows: 

1. Sequoyah-Widows Creek 161-k~ Transmission Line 

2. Sequoyah-Charleston 161-kV Transmission Line No. 1 

3 .  Sequoyah-Wat ts Bar 161-kV Transmission Line 



4. Sequoyah-Chickamauga 161-k~ Transmission Line No. 1 

5. Sequoyah-Chickamauga 161-k~ Transmission Line Ro. 2 

6. Sequoyah-East Cleveland 161-kv Transmission Line 

7. Sequoyah-Concord 161-kV Transmission Line 

8. Sequoyah-Charleston 161-kV Transmission Line Xo . 2 
9. Sequoyah-Widows Creek 500-kV Transmission Line 

10. Sequoyah-Bull Run 500-kV Transmission Line 

11. Sequoyah-Georgia State Line 500-kV Transmission Line 

12. Sequoyah-Franklin 500-kV Transmission Line 

(1) Sequoyah-Widows Creek and Sequoyah- 

Charleston No. 1 161-kV Transmission Lines - The existing Widows Creek- 
Charleston 161-k~ Transmission Line, which was constructed in 1964, 

crosses the Sequoyah Nuclear Plant property. To connect this line into 

the Sequoyah Nuclear Plant, two temporary wood pole structures were 

retired, and the resulting line sections were extended 0.7 mile on double- 

circuit steel towers to the plant switchyard. This loop formed the 

Sequoyah-Widows Creek and the Sequoyah-Charleston No, 1 161-kV Trans- 

mission Lines. The entire loop connection was made on TVA property and 

no new rights of way were required. These lines are identified as 

Routes 1 and 2 respectively on figure 2'2-1. 

( 2) Sequoyah-Watts Bar and Sequ-oyah- 

Chickamauga No. 1 161-kv Transmission Lines - The existing Watts Bar- 
Chickamauga 161-kV Transmission Line was opened and looped into the 

Sequoyah Nuclear Plant switchyard to form the Sequoyah-Watts Bar and 

the Sequoyah-Chickamauga No. 1 161-k~ Transmission Lines. These lines 

occupy double-circuit steel towers for a total distance of 3.5 miles 



and are identified as Routes 3 and 4 respectively on figure 2.2-1. 

These connections were also constructed on existing TVA property, and 

no new rights of way were required. 

Routes 3 and 4 described above make up 

two of the eight transmission lines which occupy a commmon 700-foot-wide 

right of way corridor extending southward from the Sequoyah plant switch- 

yard and crossing Chickamauga Lake. After crossing the lake, the corri- 

dor turns southeastward to avoid a church and several homes located 

along Iiarrison Bay Road and remains in cleared undeveloped terrain. 

This 1.9-mile corridor is located on TVA reservoir property. 

From this point, the 700-foot corridor 

narrows to a 450-foot width and continues eastward crossing Harrison 

Bay Road and Birchwood Pike at approximately right angles and traverses 

a wooded area before intersecting with the Watts Bar-Chickmauga 161-k~ 

Transmission Line. The 700-foot-wide corridor accommodates a total of 

eight transmission lines and the 450-foot-wide corridor is occupied by 

five transmission lines. 

( 3) Sequoyah-Chickamauga No. 2 and Sequoyah- 

East Cleveland 161-kV Transmission Lines - The existing Chickamauga-East 
Cleveland 161-kv Transmission Line was looped into the Sequoyah Nuclear 

Plant to form the Sequoyah-Chickamauga No. 2 and the Sequoyah-East 

Cleveland 161-kv Transmission Lines. These lines were constructed on 

double-circuit steel towers for a total distance of 9.2 miles and are 

shown as Routes 5 and 6 respectively on figure 2.2-1. 

The new double-circuit line extends from 

the Sequoyah Nuclear Plant in a southerly direction with the initial 



2-mile section located on the 700-foot corridor as described in the 

preceding section. From the end of the 700-foot corridor, the remaining 

7.3 miles of double-circuit line occupies new rights of way which paral- 

lel and adjoin an existing transmission line. The line route is located 

in a predominately rural area which is sparsely settled. The terrain 

is primarily moded and hilly, and there are no identifiable area land 

use plans for which the selected line route will conflict or interfere. 

(4) Sequoyah-Concord 161-kV Transmission 

Line - In 1968, when property was purchased for the Concord 161-kV - 
Substation, it was recognized that future connections would be required 

to a power source at Sequoyah. Therefore, rights of way were obtained 

at that time for the Sequoyah-Concord 161-kV Transmission Line. The 

line connection which was completed in 1972 consists of 18.4 miles of 

double-circuit steel towers with one side conductored. The routing of 

this line is shown as Route 7 on figure 2.2-1. The vacant side of the 

double-circuit line will be utilized at a later date when a second 161-kV 

connection is required from Sequoyah to Concord 161-k~ Substation. Suf - 

ficient rights of way were also obtained for a future double-circuit 

line to parallel the existing Concord 161-k~ Transmission Line. 

After leaving the Sequoyah plant switchyard, 

the Concord 161-k~ Transmission Line crosses the river and follows the 

same routing as the 9.2-mile Chickamauga-East Cleveland 161-kV loop into 

Sequoyah described in the preceding section. After leaving the common 

rieht of m y ,  the line continues in a slightly southeastwardly direction 



and crosses Interstate 75 and U.S. 11 at approximately right angles at 

an alignment to avoid the heavily populated community of Sumtnit. Once 

south of Summit, the line route turns toward the southwest, remaining 

relatively obscured from scattered area homes. Several secondary roads 

are crossed at right angles. From a point approximately 2 miles north 

of mall Springs, the route follows the low drainage area along Ryall 

Springs Branch. It then turns westward and crosses East Brainerd Road 

at right angles before intersecting with the Chickmauga-Concord 161-k~ 

Transmission Line. Good screening is retained on the east side of East 

Brainerd Road and tower visibility is reduced by surrounding trees. 

From this point, the new line remains on common right of wsy with the 

Chickamauga-Concord 161-k~ Line for the remaining distance into Concord 

161-k~ Substation through open fields . 
( 5 ) Sequoyah-Charleston No. 2 161-k~ 

Transmission Line - In conjunction with the rapidly growing industrial 
loads in the Charleston area, a second 161-kv connection is required 

from Sequoyah to the Charleston 161-k~ Substation. This connection was 

provided by installing conductors on the vacant side of the existing 

double-circuit steel towers of the Sequoyah-Charleston No. 1 161-k~ 

Transmission Line for the total distance of 20.8 miles. No new rights 

of way will be required. This second line to Charleston is identified 

as Route 8 on figure 2.2-1. 

(6) Sequoyah-Widows Creek and Sequoyah- 

Bull Run 500-kV Transmission Lines - The existing Widows Creek-Bull Run 
500-kV Transmission Line traversed the Sequoyah Nuclear Plant property 

and was recently looped into the Sequoyah switchyard to form the Sequoyah- 

Widows Creek and the Sequoyah-Bull Run 500-kV Transmission Lines. The 



2.2-23 

e x i s t i n g  l i n e  was opened by r e t i r i n g  one s t r u c t u r e  and t h e  new construc- 

t i o n  consis ted  of i n s t a l l i n g  four dead-end s t r u c t u r e s  t o  form a 0.5-mile 

loop i n t o  t h e  Sequoyah switchyard. A l l  work was performed on ex i s t ing  

plant  property and no new r i g h t s  of way were required.  The new connec- 

t i o n s  are shown a s  Routes 9 and 1 0  respect ively  on f i g u r e  2.1-1. 

( 7 )  Sequoyah-Georgia S t a t e  Line 500-kV 

Transmission Line - Studies  made i n  1969 indicated t h a t  a high-capacity 

interconnection would be required between t h e  TVA system and t h e  Southern 

Company system and t h a t  t h i s  connection could bes t  be accomplished by 

const ruct ing a 500-kV transmission l i n e  from TVA's Sequoyah Nuclear 

Plant  t o  Georgia Power Company's Bowen b towa ah) Steam P lan t .  I n i t i a l l y ,  

considerat ion wns given t o  a s t r a i g h t  l i n e  rou te  bettreen t h e  two s t a t i o n s  

a s  shown by Route l l a  on f igure  2.1-1. However, t h i s  route  would have 

t raversed t h e  Chattahoochee National Fores t ,  t h e  Catoosa R i f l e  Range, 

located  on U.S. Mi l i t a ry  Reservation property,  and some densely popu- 

l a t e d  a reas  immediately e a s t  of t h e  c i t y  of Chattanooga. These fac to r s  

and numerous o ther  land use c o n f l i c t s  l e d  t o  t h e  s e l e c t i o n  of a modified 

route  indicated  a s  Route 11 on f i g u r e  2.2-1. Of t h e  t o t a l  85-mile l i n e  

length ,  TVA was responsible  f o r  constructing t h e  21.4-mile sec t ion  

from Sequoy~h Nuclear Plant  t o  t h e  Tennessee-Georgia s t a t e  l i n e .  The 

transmission l i n e  was completed and placed i n  se rv ice  i n  Apr i l  1972. 

The se lec ted  l i n e  route  lekves t h e  Sequoyah switchyard i n  a southeas ter ly  

d i rec t ion  and crosses  Chickamauga Lake. From t h i s  po in t ,  t h e  l i n e  t u r n s  

eastward t o  avoid a c o n f l i c t  with ex i s t ing  r e s i d e n t i a l  developments. 

The l i n e  crosses  S t a t e  Highway 58 a t  approximately r i g h t  angles and 

extends eastward crossing White Oak Mountain v i a  Mahan Gap. By 



utilizing the Mahan Gap route, it was possible to place the line 

structures to effectively avoid silhouetting them against the skyline. 

The line is located sufficiently far from the Mahan Gap Road to avoid 

conflicts with the area best suited for future residential development. 

Much of the route in this area follows a drainage ditch, which presents 

the least potential for future development. 

On the east side of White Oak Mountain 
* I' 

the line turns southward and remains on the lower slopes of Lauderback 

Ridge to minimize public visibility where it crosses Interstate 75. 

The transmission line towers on either side of the interstate are hidden 

from view by Lauderback Ridge and a small hill respectively. This line 

placement was also selected to eliminate any intrusion on the panoramic 

view of the surrounding valley area when viewed from the White Oak 

I-lountain visitors' overlook adjacent to Interstate Highway 75. 

The line continues southward along the 

side of Lauderback Ridge parallel to U.S. Highway 11, A wide strip of 

wooded area was retained between the line and highway to provide 

effective screening. The line then turns eastward crossing U.S. IIighwag 

11 at a right angle before continuing in a generally southeastwardly 

direction. The change in direction prior to crossing U.S. Highway 11 was 

made to prevent crossing an area to the south which was being considered 

for a major campground-motel-resort development. 

As the line continues southeastward toward 

the state line, large holdings of the Bowaters Southern Paper Corporation 

were traversed. The angles in this section of line were introduced to 

recognize Bowaters' plans for future development in this area. Lebanon 



Ridge was crossed through a small saddle, Maroon Gap, thus avoiding 

conflicts with homes located on the ridges on each side of Maroon 

Gap. 

During the time that plans were being made 

for the Sequoyah-Bowen 500-kV connection, studies indicated that a new 

69-k~ line was needed between TVA's Harrison Bay and McDonald 69-k~ 

Substations. Initial plans were to construct a single circuit wood pole 

69-k~ line on right of way adjacent to the 500-kV transmission line. 

However, by utilizing specially designed 500-kV towers, approximately 

eight miles of the nine mile 63-kV line was underbuilt on the same 

towers with the Sequoyah-Bowen 500-kV Transmission Line, thus saving 

approximately 70 acres of new rights of way which would have otherwise 

been required for the 69-kV transmission line. 

( 8 )  Sequoyah-Franklin 500-kV Transmission 

Line - By the late 1970ts, loads in the Wartrace-AEDC-Winchester area - 
cannot be served economically from the 161-kV system and a 500-kV 

substation will be required in the Franklin, Tennessee, area. This 

station will be supplied over 500-kV transmission line connections from 

the Sequoyah IIuclear Plant and the future Maury 500-kV Substation near 

Columbia, Tennessee. In order to delay the need for 500-kV facilities 

for as long as practical, the Sequoyah-Franklin 500-kV Transmission Line 

will be constructed and temporarily connected near the Arnold Engineering 

Development Center to form the Sequoyah-AEDC 161-kV Transmission Line. 

The selected route for this line is shown as Route 12 on figure 2.2-2. 



The new l i n e  w i l l  lcnve the Rsquo.mh 

Nuclear Plant to the west by paralleling the existing Widows Creek 500-kV 

Transmission Line for approximately 2.5 miles. Locating parallel to 

the existing line right of way will minimize conflict with the potential 

industrial area adjacent to Sequoyah Nuclear Plant, and an access road 

and the railroad spur track to the plant. The new line then turns north- 

westward in the vicinity of Dallas Hollow Road leaving the existing 

Sequoyah-Widows Creek 500-kV line. The road crossing will remain south 

of existing real estate developments at the intersection of Dallas Hollow 

Hoad and the Sequoyah access road. 

The line will then proceed to the north 

of Daisy, Tennessee, through relatively hilly terrain. The line loca- 

tion in this area is being closely coordinated with the State Highway 

Department to avoid conflict with a proposed highway bypass in the area. 

The projected crossing of U.S. Highway 27 will be made through an area 

occupied by an abandoned clay manufacturing plant and will avoid a 

planned highway intersection to the north. On the south slope of 

Waldens Ridge, the line will be placed in a draw to minimize its visual 

exposure. At the brow of Waldens Ridge, the line will be routed north 

of existing residential developments. 

The line location proceeds to the west 

through timbered areas staying to the north of identifiable coal deposits 

and leaves the west side of Waldens Ridge at Jacks Gap. This will allow 

a perpendicular crossing of U.S. Highway 127. Throughout this area the 

land adjacent to the Sequatchie River is primarily devoted to farming 

and pasture use. The line location through this area will remain 



approximately 5 miles south of Dunlap, Tennessee, and will utilize low 

natural growth along the river banks for screening. 

The line continues west on the side of a 

wooded ridge and proceeds toward the Cumberland Mountain range via 

Palmer, Tennessee. In this area underground and strip mineable coal 

deposits have been identified. Careful coordination was carried out 

between TVA and coal company geologists in selecting the rights of way 

through this area to minimize conflicts with identified coal deposits. 

The line crosses into Grundy County approximately 1 mile south of Palmer, 

Tennessee, and for approximately 5 miles will parallel an existing 6 9 - k ~  

transmission line right of way. Natural screening will be retained 

where the line crosses the Cumberland Trail. 

At a point east of Coalmont , Tennessee, 
the new transmission line intersects with the Winchester-Watts Bar 

161-kV Transmission Line. From the point of intersection, the new and 

existing lines parallel for 15 miles, traversing the Cumberland Plateau 

in a southwest direction to a point southwest of Pelham. This line 

location will avoid conflicts with proposed industrial sites northwest 

of Pelham and will allow a favorable crossing of U.S. Highway 41 where 

screening is available. Where the line crosses the upper portions of 

the Elk River, existing woodlands will be utilized for public screening. 

Throughout Grundy County the line traverses mountainous and heavily 

wooded terrain . 
The transmission line will cross Interstate 

21+ soutkiwest of Pelham in a relatively flat cleared area. By remaining 

parallel to the existing 161-kV line, new land requirements adjacent to 



t he  i n t e r s t a t e  w i l l  be minimized. The crossing a l so  w i l l  be made 

approximately perpendicular t o  t h e  highway and w i l l  u t i l i z e  a long span 

t o  allow placement of t h e  towers such t h a t  they w i l l  not be visable  

from t h e  i n t e r s t a t e  highway. 

The l i n e  then tu rns  t o  the  northwest and 

enters  t h e  predominately ru ra l  area of Coffee County. Through t h i s  

area t h e  l i n e  remains approximately 2 miles north of t he  Elk River and 

approaches t h e  Arnold Engineering Development Center property from t h e  

east .  The land traversed i n  Coffee County is  primarily cleared pasture 

and farmland and has very l imited r e s iden t i a l  development potent ia l .  

Over the  en t i r e  length of t he  proposed 

Sequoyah~Franklin 500-kV Transmission Line r i gh t  of way, numerous devia- 

t i ons  were made i n  cooperation with property owners and other in teres ted 

pa r t i e s  t o  avoid po ten t ia l  developments, hornesites, lakes ,  and valuable 

timber stands. Portions of t h e  or ig ina l  route projections found t o  be 

undesirable a r e  iden t i f i ed  a s  12b, 12c, 12d, 12e, 12f,  and 12g on figures 

2.2-1 and 2.2-2. Beginning a t  a point west of Palmer and extending t o  

t h e  AEDC property l i n e ,  an a l t e rna t e  route  was investigated which i s  

north of t h e  selected route. This a l t e rna t e  i s  iden t i f i ed  a s  Route 12a 

on f igure  2.2-2 and was l e s s  favorable f o r  t he  following reasons: 

(1) considerably more r i gh t  of way would be required since it would 

not be possible t o  u t i l i z e  r i gh t  of way common with an exis t ing 

transmission l i n e  a s  afforded by Route 12; (2)  con f l i c t s  would ex i s t  

i n  t h e  area northwest of Pelham which has been iden t i f i ed  f o r  future  

i ndus t r i a l  development; ( 3 )  a greater  v i sua l  impact would be created by 

crossing I n t e r s t a t e  24 i n  a low cleared area with no avai lable  screening; 

and ( 4 )  t h i s  crossing of I n t e r s t a t e  24 would r e su l t  i n  two  major l i n e  

crossings within 4 miles of each other. 



In conjunction with the transmission line 

connections for Sequoyah Nuclear Plant and in addition to the new line 

work already described, several existing 161-k~ lines in the immediate 

area have been reconductored to provide higher capacity circuits con- 

sistent with expected system loading conditions. However, no new rights 

of way were required for this work. Figure 2.2-3 has been included 

for a more detailed description of transmission line arrangements near 

the switchyards including the river crossings. 

7. Summary - The transmission line connections as 
described for Sequoyah Nuelear Plant have been located and constructed 

to reduce environmental impacts of the project. Also land use conflicts 

have been minimized through close coordination with local, state, and 

Federal agencies. 

The amount of land required for transmission line 

rie;hts of way, in proportion to the added transmission capacity from 

the proposed facilities, has been greatly reduced by WA's use of 

extra-high voltage lines to transmit power generated at the Sequoyah 

Huclear Plant. One 500-kV transmission line can transmit more power 

than ten 161-kv lines while requiring only twice as much right of way 

as one 161-kv transmission line. Also, existing 161-kv lines in the 

area were utilized by making short connections into the Sequoyah plant 

to greatly minimize the land requirements for additional rights of way. 
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2.3 Radiological Effects of Accidents - To aid in developing the 
overall balancing of environmental costs and benefits of the Sequoyah 

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 phenomena 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, W A  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 

postulated 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 Commission 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 G are based on the guidance given by AEC in the proposed annex 

to Appendix D, 10 CFR Part 5 0 , ~  and contained in Regulatory Guide 4.2. 2 



This approach will allow comparison between reactors of different types 

at different sites. 

In order to assess risk, some measure of probability is require1 

In general, TVA believes that certain "accidents" may reasonably be 

expected to occur during the lifetime of the plant. These (accident 

subclasses 1 .O, 2.0, and 5.1) are included in the estimates of routine 

r' radioactive discharges. The accidents in classes 3.0, 4.0, and 5.0 are 

J ' 

r not expected to occur during the 40-year lifetime of the plant. Acci- 

dents in classes 6 and 7 are less probable than those in classes 3.0, 

4.0, and 5.0 but still are possible. The probability of occurrence 

of class 8 accidents is very small. The postulated occurrences is 

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 

it their environmental risk is extremely small. Defense in depth 

1 (multiple physical barriers), quality assurance for design, manufacture 

and operation, continued surveillance and testing, and conservative 

i 
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 emall. 

Appendix G of this statement, "Outline of Accident Analyses ," 
describes the accidents analyzed and the more important assumptions. 

In general, coolant activities are based on 0.5 percent failed fuel (as 

indicated by reference l), atmospheric dispersion values are based on 

3 those given in AEC Regulatory Guide No. 1.4 (see Appendix G) , and 



fuel element fission product inventories are calculated using 

the model given in ~1~-14844. Doses to hypothetical individuals 

at the minimum exclusion distance (1,824 feet) and the dose 

commitment to the population within 50 miles of the plant are 

presented in Table 2.3-2. A more detailed discussion is given in 

Appendix G. 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 radio- 

logical consequences of the postulated accidents would result in ex- 

posures 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 160,000 man-rem/yr 

based on a natural background 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. 



The AEC is currently performing a study to assess, more 

quantitatively, the risks from nuclear accidents. The initial results 

of these efforts are expected to be available in early 1974. This 

study is called the Reactor Safety Study and is an effort to develop 

realistic data on the probabilities and sequences of accidents fn 

water cooled power reactors in order to improve the quntification 

of available knowledge related to nuclear reactor accident probabilities . 
The Commission has organized's, special group of about 50 specialists 

under the direction of Professor Normal 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 

AEC Public Document Room (letter, Daub 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 made public and will be assessed on a timely basis within 

the AEC regulatory process on generic or specific bases as may be 

warranted . 
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CLASSIFICATION OF POSTULATED ACCIDENTS AND OCCURRENCES 

No. of 
Class Description Example ( s ) 

Triv ia l  incidents Small s p i l l s  
Small leaks inside con- 
t ainment 

2 Miscellaneous small releases out- S p i l l s  
side containment Leaks and pipe breaks 

3 Radwaste system fa i lu re s  Equipment f a i l u r e  
Serious malfunction or 

human error  

4 Events t h a t  re lease  fadioact ivi ty  Fuel f a i l u re s  during normal 
i n t o  t he  primary system operation; t rans ien ts  out- 

s ide expected range of 
variables 

5 Events t h a t  re lease  radioact ivi ty  Class 4 & heat exchanger 
i n to  t he  secondary system leak 

6 Refueling accidents ins ide con- Drop fue l  element 
tainment Drop heavy object onto fue l  

Mechanical malfunct ion or  
l o s s  of cooling i n  trans- 
f e r  tube 

7 Accidents t o  spent f u e l  outside Drop fue l  element 
containment Drop Heavy object onto fue l  

Drop shielding cask--loss 
of cooling t o  cask 

Transportation incident 

8 Accident i n i t i a t i o n  events con- Reactivity t rans ien t  
sidered i n  design-basis evalu- Rupture of prhnary piping 
at ion i n  t h e  Safety Analysis Flow decrease--steamline 
Report break 

Hypothetical sequences of f a i l u re s  
more severe than Class 8 

Successive f a i l u re s  of 
multiple bar r ie rs  normally 
provided and maintained 





SUMMARY OF RADIO1 

Class - Event - 
7.0 Spent f u e l  handling 

accident  

LOGICAL CONSEQUENCES OF POSTULATED ACCIDENTS 
( ~ o n t  h u e d  ) 

Individual  Doses Dose Commitment 
A t  t h e  Exclusion Distance To Population 

( ~ r a c t i o n  of 1 0  CFR 20 ~ i m i t  ) (Man- em ) 

7.1 Fuel assembly drop 6.4 x l ow3  4.6 x 10-I 
i n  f u e l  s torage  pool 

7 . 2  Heavy object  drop 7.1 x 5.5 x 10-l 
onto f u e l  rack 

7.3 Fuel cask drop 2.1 1.6 x 10-1 

8 .  0 Accident i n i t i a t i o n  
events considered i n  
design b a s i s  evaluation 
i n  s a f e t y  ana lys i s  
r epor t  

8.1 Small loss-of-coolant 7.0 x 8.3 x 

8.1 Large loss-of-coolant 2.9 x 10-I 3.3 x lo+1 

8 . h  Instrument l i n e  break NA NA 

8 . 2 ( a )  Rod e j e c t i o n  accident  4.4 x 8.1 x l o o  

8 .3 (a )  Small MSLR 2.4 x 4.6 x 10-I 

8 . 3 ( a )  Large MSLR 2.4 x lo'3 4.6 x lo-' 



2.4 Radioactive Discharges - 
1. Waste management - TVA1s policy is to keep the 

discharge of all wastes f r m  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. 

This policy will be implemented at Sequoyah by 

improving plant design, by including extended holdup capacity for gaseous 

radwaste and by recycling liquid wastes containing tritium. With this 

additional processing, raitoactivity in all effluents will be reduced 

to very low levels. Population dose rates due to these low-level dis- 

charges are considered to be unmeasurable with existing measurement 

techniques. Calculated doses to the population are given below in 

section 2.4.4. 

The radioactive waste systems are designed to pro- 

cess the radioactive solid, gaseous, and liquid process wastes generated 

during plant operation. Solid wastes will be disposed of offsite in 

accordance with AEC regulations. Gaseous wastes will be processed, 

allowed to decay, and released to the local atmosphere at concentrations 

which will be below established regulatory limits. Liquid wrrstes, 

depending on their chemical content and l w e l  of radioactivity, will 

be processed and discharged to the reservoir, processed and recycled 

for plant use, or solidified and shipped for offsite disposal. 

Gases and liquids will be analyzed before being 

released or monitored and/or sampled during release. Records will be 

maintained of concentrations and quantities released. 



2.4-2 

A de ta i led  discussion of t h e  waste processing equip- 

ment i t s e l f  is  not undertaken here since it w i l l  be evaluated i n  t he  

context of t he  10 CFR Part  50 l icensing procedure. Sections ( L ) ,  (21, 

( 3 ) ,  and ( 4 )  below describe t h e  handling of l iqu id  radwaste, t r i t i a t e d  

water, so l i d  radwaste, and gaseous radwaste. Section ( 5 )  describes 

t he  extended treatment of gaseous radwaste. Section ( 6) describes t h e  

extended treatment provided f o r  a steam-generator primary-to-secondary 

leak. 

(1 )  Liquid radwaste system - The l iqu id  

waste system w i l l  process radioactive waste water i n  t h e  following 

general categories:  

Miscellaneous tritium-containing waste 

Miscellaneous waste 

Detergent-containing waste 

Spent fue l  shipping cask decontamination waste 

Liquids i n  these  categories w i l l  be collected i n  separate tanks and 

sampled and analyzed pr io r  t o  treatment. 

The tritium-containing water w i l l  be pro- 

cessed by evaporation. The d i s t i l l a t e ,  containing essen t ia l ly  a11 of 

t h e  tritium and a s m a l l  f r ac t ion  of other radioactive consti tuents of 

t he  evaporator feed, w i l l  be recycled t o  storage tanks f o r  reuse i n  

t he  plant a s  described i n  sect ion (2 ) .  

Miscellaneous waste water containing l i t t l e  

o r  no tritium and with a radioact ivi ty  concentration of l e s s  than 

uCi/ml w i l l  be processed by f i l t r a t i o n  and released t o  t h e  plant  con- 

denser cooling water discharge provided i t s  chemical qual i ty  meets appli- 

cable c r i t e r i a  fo r  release.  Liquid whose radioact ivi ty  content is  above 



uCi/ml and containing no chemicals harmful t o  an evaporator w i l l  be 

processed with t he  auxi l iary waste evaporator o r  t he  waste evaporator t o  

lower t he  radioact ivi ty  below lo-" uCi/r l  and then released. Liquid whose 

a c t i v i t y  is  above uCi/ml and whose chemical content precludes evaporator 

processing w i l l  be so l id i f ied  and packaged fo r  o f f s i t e  disposal. 

It is  expected t h a t  the  following l iqu id  

wastes would not be processed by evaporation: 

Expected Total 
Volume Concentration Activity 
~ a l  /v uCi /ml u C i / v  

Laundry and hot shower 240,000 9.0 x 10 4 

Hot laboratory r inses  32,000 1.2 x 10 4 

Decontamination l iqu id  16,000 0.6 x 10 4 

Cask decontamination l iqu id  350,000 

Detergent-containing waste water i s  normally 

low i n  radioact ivi ty  content and w i l l  be processed by f i l t r a t i o n .  I f  

analysis shows the  f i l t e r e d  l iqu id  meets discharge l i m i t s ,  it w i l l  be 

released t o  t he  discharge pipe. I f  above l i m i t s ,  t he  l iqu id  w i l l  be 

reprocessed. Although t h i s  l iqu id  w i l l  normally be low i n  radioact ivi ty ,  

it i s  not considered desirable t o  process it through the  sewage t r ea t -  

ment f a c i l i t y  since t o  do so would radioactively contaminate t he  f a c i l i t y .  

While such contamination would be s l i g h t ,  it i s  considered t h a t  t he  dis-  

advantages of such contamination would outweigh any benefi ts  derived. 

The l iqu id  radwaste system i s  shown 

schematically i n  f igure  2.4-2. Equipment which i s  normally used i n  t he  

processing of radioactive l iqu id  includes t he  following: 



1. Waste evaporator 

2. Auxiliary waste evaporator 

3. Waste evaporator condensate demineralizer 

4. Waste evaporator condensate f i l t e r  

5. Floor drain f i l t e r  

6. Waste condensate tank f i l t e r  

O f  these,  items 1, 3, and 4 are normally used i n  the  treatment of l iqu id  

for  recycle, and t h e i r  performance does not a f f ec t  radioact ivi ty  releases.  

Characterist ics of the  l i s t e d  components a r e  given i n  Table 2.4-4. 

Routine l iqu id  re leases  a r e  expected t o  be 

such tha t  t he  radioact ivi ty  content of the  di luted stream during re lease 

w i l l  be l e s s  than uCi/ml. The average annual concentration w i l l  

comply with applicable AEC standards. Administrative procedures such 

a s  sampling, analysis,  and specif ic  re lease  authorization w i l l  be i n  

e f fec t .  These procedures a r e  considered suf f ic ien t  t o  prevent unauthorized 

or inadvertent releases.  

Table 2.4-1 summarizes the  estimated 

annual quant i t ies  of l iqu id  discharges from various sources within the  

plant.  Table 2.4-2 shows the  estimated annual re lease  r a t e  of radioactive 

material  on an ident i f ied  isotopic bas i s ,  assuming operation with 0.25 

percent f a i l ed  fuel .  

(2 )  Tri t ium recycle - To minimize dis- 

charge of t r i t ium,  all t r i t i a t e d  water sources w i l l  be recycled by 

segregating drains which contain t r i t i um from those which do not. Any 

l iqu id  which shows a tritium concentration which is  higher than 10 per- 

cent of t he  concentration of the  primary coolant w i l l  be recycled and 

not released. Such a c r i t e r ion  i s  necessary because it i s  not practicable 

t o  s to re  and recycle all l iqu id  t h a t  contains t races  of t r i t ium.  A 



variable,  ra ther  than a fixed,  dividing l i n e  has been selected because 

it permits operating procedures t h a t  a r e  reasonably consistent throughout 

the  plant l i f e .  A fixed dividing l i n e  would permit discharging a la rge  

f ract ion of t h e  l iqu id  waste during the  ear ly  portion of plant l i f e  but 

would r e su l t  i n  an ever-increasing inventory of t r i t i a t e d  l iqu id  i n  

l a t e r  years. During periods of operation with steam-generator leaks,  

operating procedures w i l l  be implemented t o  assure t h a t ,  during these 

periods tritium leve ls  i n  condenser a i r  e jec tor  e f f luen t ,  steam-generator 

blowdown permeate a r e  within limits se t  fo r th  i n  applicable regulations. 

, Routine tritium discharge i n  l iqu id  eff luent  a r e  expected t o  be at a 

- 6 concentration below 5 x 10 uCi/ml on an annual average basis. 

Recycling of tritium w i l l  be continued a s  

long a s  t h e  primary coolant a c t i v i t y  remains a t  a l e v e l  determined t o  

be sa fe  from an operating personnel dose standpoint. While f lex ib le ,  

t he  corresponding concentration has been ten ta t ive ly  s e t  a t  2.5 uCi/ml 

for  analysis purposes. Bases on the  assumptions used fo r  estimating 

routine re leases ,  t h i s  l eve l  would be reached about 8 years a f t e r  s tar tup.  

The magnitude of t h i s  concentration w i l l  be unaffected by tritium recycle; 

however, the  time required t o  reach maximum concentration w i l l  be shorter 
I 

than i f  t r i t i a t e d  water were released. A f t e r  t he  maximum concentration 

i s  reached, enough t r i t i a t e d  water w i l l  be extracted from t h e  primary 

system t o  maintain the  primary coolant a c t i v i t y  a t  a sa fe  level .  T r i t i a t ed  

water bled from the  primary system w i l l  be disposed o f ,  a s  necessary, a t  

an AEC-approved disposal s i t e .  



T r i t i u m  concentrations within t h e  plant w i l l  be determined by the  

l e v e l  which w i l l  cons t i tu te  a sa fe  working environment f o r  personnel 

involved i n  refueling operations and normal power operations. TVA 

w i l l  continue i t s  investigations in to  t he  questions posed by tritium 

recycle and the  t ransfe r  of t r i t i a t e d  water t o  an AEC-approved disposal  

area.  If future  developments indicate  t h a t  it is desi rable  t o  permit 

controlled re leases  of t r i t ium,  TVA w i l l  modify i ts  operation accordingly. 

( 3 )  Solid radwaste system - The so l id  

radwaste system w i l l  co l l ec t ,  process, s to re ,  package, and prepare for  

s h i p e n t  so l id  radioactive waste materials  produced through operation 

of t h e  two reactor  uni ts .  

Wet so l id  wastes w i l l  be packaged i n  radio- 

ac t ive  waste disposal containers. Concentrates from the  waste evaporator, 

spent demineralizer res ins ,  and other semiliquid wastes w i l l  be pumped 

in to  containers previously f i l l e d  with a mixture of f i l l e r  and binder. 

Dry so l id  wastes, such a s  contaminated 

rags ,  paper clothing,  spent f i l t e r  elements, laboratory apparatus, small 

pa r t s  and equipment, and too l s  w i l l  be collected i n  su i tab le  containers 

placed throughout t he  plant.  Compressible wastes a re  t o  be packed i n t o  

55-gallon drums with a baling machine. Large-sized contaminated items 

w i l l  be encapsulated i n  s t e e l  containers o r  encased i n  concrete. 

The wet so l ids  and dry so l ids  w i l l  be 

packaged and shipped from the  plant i n  accordance with applicable Al3C 

requirements, Department of Transportation regulations,  and t h e  regula- 

t ions  of those s t a t e s  through which t h e  wastes pass en route t o  t h e  

disposal  area.  Transportation of t he  so l id  radwaste is  discussed i n  

section 2.1. 



Piping and other required equipment 

a r e  provided t o  f a c i l i t a t e  the  use of large shipping containers for  

packing and shipping spent resins.  Resin s lur ry  w i l l  be routed 

from the  r e s in  manifold i n  the  drumming room through shielded piping 

t o  t he  cask loading area. The shipping container is connected t o  

t he  shielded pipe using f lex ib le  hose and quick disconnects. For t he  

res in  loading operation the  shipping container with shield  i n  place 

is  located on the  transport  uni t .  The res in  i s  dewatered through 

disposable filters mounted inside the  shipping container. These a r e  

disposed of with t he  r e s i r .  The f i l t e r e d  eff luent  from the  shipping 

container drains by gravity t o  the  t r i t i a t e d  drain tank i n  the  waste 

disposal system. A f l ex ib l e  hose equipped with quick disconnects 

is  provided t o  connect t he  cask with t he  drain l ine .  The. capabi l i ty  

for  flushing the  res in  l i n e  t o  the  cask i s  provided i n  the  exis t ing 

design. The loading operation may be viewed through the  hatch i n  t he  

f loor  above the  cask loading area. 

( 4 )  Gaseous radwaste system - The gaseous 
radwaste system w i l l  co l lec t  and process gaseous radioactive wastes 

or iginat ing from degassing of reactor coolant, displacement of cover 

gases a s  l iqu ids  accumulate i n  various tanks, miscellaneous equipment 

vents and r e l i e f  valves, and sampling operations and automatic gas 

analysis for  hydrogen and oxygen i n  cover gas. These waste gases w i l l  

be collected,  compressed and dehumidified, and stored i n  gas decay 

tanks fo r  a minimum of 60 days ( see  Extended Treatment of Gaseous 

Radwaste below). Cover gases i n  the  nitrogen blanketing system w i l l  be 

reused t o  minimize gaseous wastes. After decay, the  only significant 

radioisotopes released t o  the  environment w i l l  be 85Kr, 1311, 13%e, 



and 133~e. The estimated annual re leases  of these isotopes a r e  shown 

i n  Tables 2.4-2 and 2.4-3. Each gaseous decay tank w i l l  have provisions 

for  sampling the  tank contents before beginning a release.  

During norms1 operations, gases w i l l  be 

discharged intermit tent ly  a t  a controlled r a t e  through vent pipes which 

discharge near t he  top of the  reactor building. One release point is 

through and near t h e  base of the  un i t  1 shield  building dome, and the  

other is  through and near t he  base of t he  uni t  2 shield  building dome. 

The dome release points a r e  considerably higher than the  other plant 

building roofs. The shield  buildings a r e  located on a north-south 

axis .  The other plant buildings l i e  between the  shield  buildings and 

t o  t he  west of the  shield  building axis. The vents a r e  located i n  t he  

northeast and southeast sectors ,  respectively,  of the  un i t  1 and uni t  

2 shield  building domes. Waste gas from the  gas decay tanks can be 

discharged through e i ther  of t he  two vents. Thus, regardless of 

wind direct ion,  it w i l l  usually be possible t o  se lec t  one of the  

two release points such tha t  waste gas flow is  not toward the  other 

plant buildings. Even i n  the  event gases a r e  being released from one 

of t h e  two vents under atmospheric conditions when a i r  flow i s  from the  

ea s t ,  t he  released gases must pass around o r  over t he  shield  building 

dome. If these radioactive gases should enter plant buildings, they 

would be detected by inplant radiat ion monitors, and t h e  re lease would 

be terminated i f  necessary. 

During periods i n  which gaseous radioactive 

wastes a r e  discharged from t h e  plant ,  discharge r a t e s  w i l l  be determined 

based on analyses of the  waste gases and previously determined mete- 

orological  dispersion coefficients.  Activity leve ls  i n  the  vent pipe 



are  monitored by a radiat ion detector with an annunciator and alarm 

system provided i n  t he  control  room. A high a c t i v i t y  alarm w i l l  

i so l a t e  t he  vent pipe terminating t he  release.  Releases w i l l  be made 

during favorable dispersion conditions t o  t he  f u l l e s t  possible extent 

while maintaining the  operating f l e x i b i l i t y  necessary fo r  plant operation. 

Administrative procedures w i l l  provide adequate protection against  

inadvertent o r  unauthorized re leases  of gaseous radwaste. Since re leases  

a r e  batch operations, specif ic  approval w i l l  be required before actual  

re lease  can be i n i t i t a t e d .  

A continuous sample w i l l  be drawn from 

the  condenser a i r  e jec tor  exhaust and monitored by a s c i n t i l l a t i o n  c rys t a l  

photomultiplier detector fo r  gaseous a c t i v i t y  indicat ive  of a primary- 

to-secondary system leak. Excessive ac t i v i t y  w i l l  be indicated,  

recorded, and alarmed i n  t he  main control  room so t h a t  act ion may be 

taken t o  correct  t he  cause of a primary-to-secondary leak. The section 

on Extended Treatment f o r  Steam Generator-Leak below gives TVA's approach 

t o  t h i s  operating condition. The condenser a i r  e jec tor  exhaust w i l l  

rout inely  pass through t h e  offgas f i l t e r  system which consis ts  of HEPA 

f i l t e r s  and charcoal adsorbers, i r respect ive  of primary t o  secondary 

leakage. The only exception w i l l  be during i n i t i a l  evacuation of t h e  

condenser before steam admission on each turbine s ta r tup  when gas flow r a t e  

exceeds t he  capacity of t he  f i l t e r s  and adsorbers. The offgas 

carbon adsorber has a DF of 100 f o r  elemental iodine and 20 for  methyl 

iodine. The adsorber is  a 2-inch-deep bed with a face veloci ty  of less 

than 40 ft/min. The steam generator has a decontamination factor  of 

100 fo r  iodine, and the  condenser has a decontamination fac tor  of 2,000. 



The radiat ion monitors have a lower 

detection l i m i t  of lo-' uCi/ml of noble gases. With an e jec tor  flow 

3 r a t e  of' 20 f t  /min per un i t ,  a da i l y  undetected re lease  of 0.0001.6 C i  

cou ld  occur from both un i t s ,  o r  0.05 C i  per year. 

The awciliary building ven t i l a t ion  systems 

w i l l  provide ven t i l a t ion  f o r  a l l  areas of the  auxi l i a ry  building, including 

t h e  refuel ing area,  t h e  waste-packing area ,  and the  cask-loading area.  

The ven t i l a t ion  systems w i l l  normally discharge a i r  through HEPA f i l t e r s  

before exhausting through the  auxi l i a ry  building exhaust vent. The 

auxi l i a ry  building exhaust Yent w i l l  be f i t t e d  with a monitor iden t ica l  

t o  those t o  be i n s t a l l ed  i n  the  shie ld  building vent pipes so t h a t  gaseous, 

par t i cu la te ,  and radioiodine discharges w i l l  be continuously monitored 

and recorded. An excessive a c t i v i t y  l e v e l  i n  t h i s  vent w i l l  be alarmed 

i n  t h e  control  room. The se t t i ngs  f o r  the  radiat ion l eve l  i n  the  

exhaust duct w i l l  be about: 

Gas a c t i v i t y  1 U C ~ / C C  

Iodine a c t i v i t y  1 x lo-6 uCi/cc 

Par t icu la te  a c t i v i t y  1 x uCi/cc 

A more sens i t ive  laboratory analysis w i l l  be performed i n  order t o  

3 monitor iodine. The exhaust flow r a t e  i s  about 160,000 f t  h i n .  About 

6.5 C i  per day o r  2,000 C i  per year of noble gases could escape detection. 

On detection of high vent ac t i v i t y ,  t he  normal auxi l i a ry  building venti- 

l a t i o n  system w i l l  be automatically isola ted and t h e  auxi l iary  building 

gas treatment system w i l l  be placed i n t o  operation. This system w i l l  

provide f o r  carbon adsorption and f i l t r a t i o n  of t he  eff luent  from the  

auxi l i a ry  building. The single-bank carbon adsorber w i l l  have a 

decontamination fac tor  of 100 f o r  elemental iodine and 20 f o r  organic 



iodine. These factors decrease for low concentrations of iodine; 

however, any release of radioactive iodine will be accompanied by a 

release of a substantial amount of stable iodine that also results 

from the fission process. Thus, the concentration of iodine in the 

gas stream should be considerably above that estimated as radioactive 

iodine and the reduction in adsorbtion due to low concentration would 

thus be precluded. After passing through the auxiliary building gas 

treatment system, the gases will be discharged through one of the shield 

building vent pipes. 

Purging of the containment buildings 

will produce exhaust gases which will probably contain radioactive 

material. The containment purge exhaust will be processed through 

IMPA filters and full-flow charcoal adsorbers identical to those in 

the auxiliary building gas treatment system. 

This release is monitored by the shield 

building gas monitor which continuously measures and records gaseous, 

particulate, and radioiodine discharges. The monitor's lower detection 

limit ia uCi/ml of noble gases. Assuming that five containment 

3 volumes (containment volume = 1,142,000 ft ) are used to purge the 

containment, and that each containment is purged four times per year, 

the annual undetected release is approximately 1.3 Ci. 

(5) Ektended treatment of gaseous radwaste - 
Since it is W A ' s  policy to keep the discharge of all wastes from its 

facilities at the lowest practicable levels, the decision has been made 

to increase the holdup time in the gas decay tanks from 45 days to 60 

days. The effect of this change on the gaseous releases is shown in 



Table 2.4-3. Due to the 10.76-year half-life of 05Kr, the additional 

holdup time has little effect on the release of this isotope. However, 

133~e releases are reduced by about 90 percent and 13%e releases by 

about 60 percent with the additional15-day holdup. 

A continuous record of all gaseous emis- 

sions from the plant will be maintained. The emission rates from all 

sources will be summed so that the total emission from the plant does 

not exceed the appropriate regulations. 

( 6) Extended treatment for st em-generator 

leak - The limiting radio.tctive release from a steam-generator primary- - 
to-secondary leak would be from liquid blowdown and condenser air ejector 

effluents . 
A number of operating PWRts have 

experienced primary-to-secondary leakage. An investigation by 

Westinghouse Electric Corporation has revealed that this leakage 

stems from failure to maintain secondary side chemistry within pre- 

scribed limits. The studies have shown that it is important to keep 

the molar ratio of Na:POL below 2.6. In order to maintain proper 

secondary side chemistry, Westinghouse has recently recommended that 

phosphate be added continuously to each steam generator and that a 

continuous blowdown flow of at least 5 gallmin be maintained for each 

steam generator. Results of the investigation show that adherence to 

these recommendations will make primary-to-secondary leakage unlikely. 

'I'VA has initiated changes in the plant 

design to permit compliance with the recommendations while retaining 

the capability of treating the blowdown in the event that it contains 

radioactivity. The original design as described in the Sequoyah PSAR 

has been modified as follows: 



1. The flash tank is being replaced with a blowdown heat 

exchanger for each unit. 

2. A reverse osmosis unit is being added to each unit to 

I divide the blowdown stream into a relatively clean per- 

meate stream and a concentrates stream, 

3.  A demineralizer is being added to each unit to treat 

the permeate stream, if necessary. 

4. A tank is being added to collect the concentrates from 

both reverse osmosis units. 

As a result of these changes, the 

capacity to treat radioactive blowdown from both units has been 

increased from about 12 gal/min to 120 gal/min. 

As a result of the above system changes 

and equipment additions, the radioactivity concentrations in a steam 

generator resulting from a given primary-to-secondary leak will be 

reduced. This would result in a reduction of radioactivity releases. 

While the calculated doses shown in section 2.4.4 do not reflect the 

installation of a reverse osmosis blowdown treatment system, it is 

expected that the actual dose levels will be less than those shown in 

section 2.4.4 as a result of the revised blowdown treatment system, 

The system is shown schematically in 

figure 2.4-6. The blowdown heat exchanger will cool the blowdown to 

a temperature of 95OF or less at the maximum flow rate of 60 gal/min. 

When the blowdown contains detected radioactivity, it will be passed 

through the reverse osmosis unit. The clean stream (permeate) leaving 

~ the unit represents about 90 percent of the incoming flow, while the 



concentrate represents about 10 percent. The permeate will be passed 

through the demineralizer, if necessary, and will be recycled to the 

condenser hotwell or discharged. The concentrate, which contains most 

of the radioactivity, will be collected in the RO concentrates tank, 

from which it will be fed to the auxiliary waste evaporator. The 

evaporator bottoms will be packaged, and the distillate will be 

recycled to the condenser hotwell or be discharged. The equipment can 

process blowdown flows up to 60 gal/min per unit. 

It is expected that for most of the 

time primary-to-secondary leakage will be essentially zerw Under 

such conditions the blowdown liquid will be discharged without treatment 

or will be treated with the reverse osmosis equipment depending on 

the amount of secondary system makeup water needed and the relative 

economics of producing the makeup using a demineralizer or the reverse 

osmosis unit. The use of the procedure in which the reverse osmosis 

unit is employed and the concentrates are discharged would reduce the 

amount of demineralized water makeup required. If the blowdown liquid 

is treated with the reverse osmosis unit, the permeate will be re- 

cycled to the condenser hotwell and the concentrates will be discharged. 

In either case, the discharge stream and the blowdown stream will be 

monitored for radioactivity. 

Redundant radiation monitors will be pro- 

vided to monitor the discharge stream when the discharge is in service. 

A third monitor will be in use continuously to monitor the combined or 

individual blowdown streams from the steam generators. Controls will 

be provided to ensure that the discharge valve cannot be opened unless 

the monitors are in service. The monitoring system will be backed up 



by periodic laboratory analyses of blowdown l iqu id .  Laboratory analysis  

w i l l  permit detection of leaks  too small t o  be detected by t h e  monitors. 

In  normal service ,  t he  operator w i l l  be aware of t he  rad ioac t iv i ty  con- 

centra t ion i n  t he  blowdown and of any changes i n  t h e  concentration. 

The system w i l l  be placed i n  t he  complete-treatment mode when the  

-6 
concentration, excluding tritium i n  t h e  blowdown stream reaches 5 x 10 

uCi/ml. In  t h e  event of a sudden and s izable  s t e m  generator tube 

rupture which causes t he  concentration t o  increase rapidly ,  an alarm 

w i l l  a l e r t  t h e  operator a t  a discharge concentration of 5 x lo-* uCi/ml. 

Blowdown w i l l  be terminaLed automatically i f  the  rad ioac t iv i ty  concentration 

- 4 i n  t he  discharge reaches 10 uCi/ml. Blowdown flow w i l l  be resumed 

a f t e r  the  system has been placed i n  t he  complete-treatment mode. 

The radioact ivi ty  re lease  w i l l  be t h e  

same regardless of which discharge mode is employed, On t h e  basis  of 

an average blowdown r a t e  of 30 gal/min per u n i t ,  a load factor  of 0.8, 

and a radioact ivi ty  concentration of 5 x uCi/ml i n  t h e  untreated 

blowdown, t h e  annual re lease  from both un i t s  would be about 0-49 C i .  

With an average cooling tower blowdown flow r a t e  of 70 c f s ,  t h e  con- 

-8 centra t ion i n  t h e  plant eff luent  would be about 1 x 10  uCi/ml. Actual 

re leases  a r e  expected t o  be lower. 

The l e v e l  a t  which t he  blowdown monitor 

w i l l  c lose  t h e  blowdown valves ( I f 4  u ~ i / m l )  i s  such t h a t  t he  concentra- 

t i o n  i n  t h e  plant discharge on an annual average basis  is  below' 

t he  2 x uCi/ml when t h e  blowdown flow is a s  high a s  120 gal/min 

for  two uni ts .  Blowdown and discharge analyses a re  performed daily.  

If a leak occurred immediately a f t e r  sampling, and i f  a concentration of 
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uCi/ml existed undetected for 24 hours in a blowdown flow of 120 

gal/min, the total release would be .066 Ci. Even such a small release 

is unlikely because the monitor reading will be noted at each shift, 

and corrective act ion (e . g . , place treatment system in operation) will 
be taken. 

In operation with a primary-to-secondary 

leak, the secondary system will become contaminated with radioactive 

material and chemicals from the primary system. The buildup will 

continue until an equilibrium is achieved or until the unit is shut 

down and the leak is repaired. Noble gases, along with some of the 

iodine, will be released via the condenser air ejector offgas during 

such operation. 

The condenser offgas will be passed 

through a HEPA filter and a charcoal adsorber regardless of whether 

a primary-to-secondary leak exists. Both particulates and iodine will 

be reduced. The offgas will be monitored with a radiation monitor 

which responds to the noble gases present. The monitor will be set to 

alarm at a concentration of about 6 x uCi/ml. The offgas monitor 

will serve as a warning device and will exercise no control function. 

Since radioactivity releases as liquid 

are low with this blowdown treatment system, the length of time that 

operation can be continued with primary-to-secondary leakage is deter- 

mined primarily by the offsite doses due to radioactivity in the 

condenser offgas. 

During operation with a primary-to- 

secondary leak, tritium, in the form of HTO, is one of the radioactive 



materials that accumulate in the secondary system. The tritium con- 

centration increases in the secondary system as long as the primary- 

to-secondary leak exists. -When the leak has been repaired and blowdown 

discharge is resumed, the tritium concentration decreases. Use of the 

reverse osmosis equipment prolongs the period during which tritium is 

present in the secondary system. 

To avoid the release of tritium-containing 

blowdown liquid, all of the liquid, whether contaminated with radio- 

activity or not, would have to be treated and recycled to the secondary 

system. The annual cost of treating all of the blowdown liquid would 

be about $18,500. If all of the blowdown liquid had a radioactivity 

concentration of 5 x uCi/g, the tritium content would be less than 

0.3 curies per year. An expenditure of $18,500 to avoid a release of 

only 0.3 curies is not warranted. Moreover, TVA prefers not to 

operate the auxiliary waste evaporator on a continuous basis if it 

can be avoided. The mount of maintenance that must be performed on 

equipent of this type is in proportion to the throughput, and continuous 

usage would increase the probability of the evaporator's not being 

available when needed. Recycle of the tritium-containing liquid to 

the primary system would not be feasible, since even traces of sodium 

and other chemicals that are present in the blowdown would be objection- 

able in the primary system. 

Storage of blowdown liquid is not practical 

since the annual volume is in excess of 30,000,000 gallons. 

TVA considers that a commitment to process 

all blowdown containing more than 5 x 10'~ uCi/g will result in releases 

which are "as low as practicable." 



One of t he  advantages of t he  reverse 

osmosis system over t h e  o r ig ina l  blowdown treatment system is t h a t  

subs tan t ia l ly  higher blowdown r a t e s  can be employed during operation 

with primary-to-secondary leakage. Figure 2.4-7 shows t h e  e f f ec t  of 

blowdown r a t e  on t h e  gross rad ioac t iv i ty  concentration i n  t h e  steam 
I 

generators. Figure 2.4-8 shows t h e  e f f ec t  of blowdown r a t e  on 

iodine-131 re leases  from the  secondary system. 

Table 2.4-5 gives isotopic concentrations 

i n  t h e  steam generators f o r  t h e  conditions of 0.25 percent of t h e  fue l  

leaking radioact ivi ty ,  110 pounds per day primary-to-secondary leakage, 

30-gal/min blowdown per un i t  f o r  1 year. The t r i t i um concentration i n  

t h e  primary system is assumed t o  be 2.5 uCi/g. 

2. Alternative waste treatment - The or ig ina l  l iqu id  

waste disposal  system (Figure 2.1), was modified t o  provide treatment 

which reduces re leases  t o  a l eve l  which i s  a s  low a s  practicable.  

Discharge of t r i t i a t e d  water is  minimized by recycling tritium within 

t h e  primary system. This represents t h e  most feas ib le  resolut ion of 

minimizing t r i t i um releases  since providing storage f o r  a l l  t r i t i a t e d  

water would be t o t a l l y  impractical. 

Among t h e  a l t e rna t ive  methods of gaseous waste 

treatment considered was the  addit ion of hydrogen recombiners, t h e  use 

of a cryogenic d i s t i l l a t i o n  system, and t h e  increasing of intank holdup 

period from 45 days t o  60 days. 

Recombination of t h e  hydrogen i n  t he  gaseous radwaste 

system with oxygen would reduce t he  volume of gas t o  be s tored and t h e  

holdup t i m e  could be extended fo r  a year o r  more. 



Due t o  t he  long ha l f - l i fe  of krypton-85, the  addi- 

t i ona l  holdup time has l i t t l e  e f fec t  on the  re leases  of t h i s  isotope. 

Because krypton-85 is  the  predominant isotope present a f t e r  60-day 

holdup, t h e  use of a hydrogen recombiner (shown i n  Figure 2.4-5) would 

have l i t t l e  e f f ec t  on the  t o t a l  release.  The estimated cost  of t he  

hydrogen recombiner system is $400,000. 

Cryogenic d i s t i l l a t i o n  involves t he  l iquefaction 

of radioactive gases a t  low temperature and storage onsite.  The 

system (f igure  2.4-4) would be in s t a l l ed  i n  the  vent l i n e  downstream 

of t he  gas holdup tanks. Its main advantage when compared t o  t he  

60-day gas decay tank system is t h a t  it removes more than 99 percent 

of t he  radioact ivi ty  remaining i n  the  tank a t  the  time of release.  

Cryogenic systems for  producing indus t r ia l  oxygen 

were developed 30 t o  40 years ago. However, t h e  application of a 

cryogenic system a t  a nuclear power plant could have performance 

problems unrelated t o  those encountered i n  other industries.  The 

problems associated with krypton-85 storage ons i te  and i ts  eventual 

disposal must a l so  be considered. 

I n  t he  cryogenic extended radwaste treatment system 

krypton and xenon a r e  removed from t h e  vent gases and stored i n  tanks. 

The holdup of krypton-85 would increase t h e  potent ia l  f o r  t he  acci- 

dental  re lease  of t he  concentrated waste t o  the  environment and would 

require long-term storage (greater  than 60 days) and ult imate disposal 

of gaseous radioactive waste. 

While the  future  potent ia l  of the  cryogenic system 

may offer  advantages, it has not been used fo r  the  treatment of radio- 

act ive gaseous wastes i n  large commercial nuclear power plants. A s  

compared t o  skmple gas decay holdup tanks, the  cryogenic system is a 



relat ively complicated mechanical system u t i l i z ing  pumps, compressors, 

refr igerat ion systems, piping, and tanks. 

Because of the  lack of experience with t h i s  type 

of service, some question ex i s t s  a s  t o  the  r e l i a b i l i t y  of the  cryogenic 

system. I ts  r e l i a b i l i t y  would not be as  high as tha t  of the  gas 

decay tanks which is essent ial ly  a passive system and has been used 

i n  radioactive gas treatment for  nuclear plants similar i n  design 

t o  Sequoyah. The cryogenic d i s t i l l a t i o n  system is estimated t o  

cost $600,000. 

The gbs absorption by solvent system shows promise 

for  removing krypton and xenon from a gas stream by select ive absorption 

i n  a fluorocarbon solvent. The performance and r e l i a b i l i t y  of t h i s  type 

system has not been proven i n  nuclear plant service. The only experience 

t o  date with the absorption by solvent system has been with bench and 

p i lo t  plant s i ze  systems. While t h i s  system shows promise fo r  future 

application t o  nuclear plants,  it was decided tha t  fur ther  development 

would have t o  be done before it could become an acceptable al ternat ive 

for  large-scale applications such as  Sequoyah. The estimated cost of 

the  ORGDP system is $400,000. 

The effect  of the 60-day holdup as compared t o  

45-day holdup on gaseous radwaste release r a t e  can be seen i n  Table 2.4-3. 

A comparison of the al ternat ive systems1 ef fec t  on annual doses is a lso  

shown i n  Tables 1-2 and 1-3. 

TVA has concluded tha t  the  60-day holdup al ternat ive 

represents the best balance of economic cost ,  reduction i n  environmental 

impact, and feas ib i l i ty .  Therefore, the  benefits t o  be gained by further 

reducing the  radioactive gaseous releases a r e  not commensurate with the  

cost associated with the reduction. To implement t h i s  conclusion TVA is  



proceeding with t he  design and procurement for  the  60-day gas decay 

tank a l te rna t ive .  

Three methods were considered fo r  use i n  extended 

treatment of steam-generator blowdown: evaporation, ion exchange, and 

reverse osmosis. The reverse osmosis system was selected because i t s  

estimated cost  i s  the  lowest of t he  a l te rna t ives  considered and because 

i t s  environmental impacts a r e  equal t o  o r  l e s s  than those of competing 

processes. In addition, both the  evaporator and reverse osmosis system 

would reduce the  amount of packaged so l id  wastes approximately 5,000 f t  3 

per year when compared t o  a demineralizer system. The reverse osmosis 

system could be operated t o  provide low-cost secondary system makeup 

water during operation without primary-to-secondary leakage. This 

procedure could be accomplished a t  low cost  and would reduce the  

amount of H2S04 and NaOH used a s  regenerants i n  t h e  makeup water t r ea t -  

ment process. The in s t a l l ed  cost  of reverse osmosis equipment was 

estimated t o  be about $1,000,000. The cost  of t he  auxi l iary waste 

evaporator is not included i n  t h a t  f igure  since it was already a par t  

of t he  plant.  The ins ta l led  cost  of t he  demineralizer system was 

estimated t o  be about $950,000. The cost  of the  evaporator system 

was not estimated because it was known t h a t  it would not be competitive 

with t h e  other two systems. The evaporators could not be f i t t e d  in to  

the  exis t ing buildings and the  cost  of an addit ional building would be 

prohibit ive.  A t  25-pp t o t a l  dissolved so l ids  i n  the  blowdown, t he  

present worth of reverse osmosis operating costs  is  estimated t o  be 

about $130,000; fo r  t he  demineralizer system the  comparable figure i s  

about $1,050,000. Since radioact ivi ty  and chemical releases for  the  

two systems would be essen t ia l ly  t h e  same, the  lower cost system, reverse 

osmosis, was selected. 



3. Environmental radiological monitoring program - 
The preoperational environmental radiological monitoring program has 

the objective of establishing 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, the earliest possible indications of 

the accumulation or buildup of radionuclides. 

Field staffs in W A t s  Division of Environmental 

Planning and the Division of Forestry, Fisheries, and Wildlife Development 

carry out the sampling program outlined in Table 2.4-6, 2.4-7, 2.4-8 

and 2.4-9. Sampling locations are shown in figures 2.4-9 and 2.4-10. 

All of the radiochemical and instrumental analyses are conducted in a 

central laboratory at Muscle Shoals, Alabama. Alpha and beta analyses 

are performed on a Beckman Low Beta I1 low background proportional 

counter. A Nuclear Data Model 2200 multichannel system with 512 channels 

is used to analyze the samples for specific gamma-emitting isotopes. 

Data are coded and punched on IBM cards of automatically punched into 

paper tape for computer processing specific to the analysis conducted. 

A digital computer is used to solve multiaatrix problems associated with 

identification of gamma-emitting isotopes. 

A study of environmental radiation levels was 

initiated in May 1971 and will continue through low-power testing and 

operation of the plant. 

The environmental. radiological monitoring program 

outlined herein is subject to change based on continued evaluation of the 

program now being conducted at the Browns Ferry Nuclear Plant and other 

available data. The program is coordinated closely with other agencies' 



programs, such as the  nationwide fa l lou t  sampling and water qual i ty  

networks and the  radiological  health program of the  S t a t e  of Tennessee. 

The program includes measurements of d i r ec t  gemma 

radiat ion and sampling of airborne radioact ivi ty ,  f a l l ou t  par t icu la te  

matter, r a i n f a l l ,  surface water, well and public water supplies,  s o i l ,  

vegetation, milk, f i sh ,  clams, bottom sediment, plankton, and r i v e r  water. 

The extent t o  which various aspects of t he  program a r e  carr ied out takes  

in to  account data avai lable  frob other sources; however, the  program a s  

outl ined i s  self -suff ic ient .  It i s  continually evaluated t o  determine 

t h a t  t h e  most sens i t ive  vectors a r e  being sampled t o  properly evaluate 

exposure of t h e  population. Continual evaluation a l so  allows planning 

an effect ive system with respect t o  sampling frequencies, locat ions ,  and 

laboratory analyses. 

(1 )  Atmospheric monitoring, - Twelve 

atmospheric monitoring s ta t ions  have been established f o r  t h e  Sequoyah 

Nuclear Plant.  Two of these monitors are located on the  plant s i t e  i n  

t he  two quadrants of greates t  wind frequency. One addit ional s ta t ion  
1 

w i l l  be placed a t  the  point of maximum predicted o f f s i t e  concentration 

of radionuclides i f  t h i s  point var ies  s ign i f ican t ly  from present locations. 

Eight other s ta t ions  me located a t  perimeter areas out t o  10 miles. 

~ h e s e  s ta t ions  a r e  instrumented and telemeter data i n to  t he  control  room. 

Generally, these s ta t ions  a r e  located i n  o r  near t he  most densely populated 

areas within 10 miles of t he  plant  i n  those quadrants having t h e  greates t  

wind frequency on an annual basis  (see  f igure  2.4-5). Two other monitors 

a r e  located a t  distances out t o  20 miles. These remote monitors are used a s  

control  o r  baseline s ta t ions .  Samples of a i r ,  rainwater, and heavy pa r t i c l e  

fa l lou t  a r e  collected routinely as indicated i n  Table 2.4-6. 



The atmosphere i s  sampled fo r  t r i t i um a t  

t h e  Sequoyah fJuclear Plant. TVA has recently tes ted  sampling methods, 

and plans have been made t o  incorporate a sampling apparatus i n t o  both 

the  l oca l  and one of the  remote monitoring stations.  

( 2 )  Ter re s t r i a l  monitorinq - Samples 

of milk, vegetation, s o i l ,  pr ivate  well water, public water supplies, 

and food crops we collected within a 20-mile radius of t h e  plant.  

Environmental gamma radiat ion leve ls  a r e  measured u t i l i z i n g  thermolumine- 

scent dosimeters on R 500-foot gr id  within the  plant boundaries and at  

each o f f s i t e  a i r  monitorjng s ta t ion.  

During the  preoperational phase of t he  

monitoring program, milk is  sampled from dairy farms near t he  plant  

on a monthly basis. After l icensing of the  p lan t ,  samples of f resh 

milk w i l l  be obtained weekly and analyzed fo r  t h e i r  iodine-131 content, 

during the  seasons tha t  animals producing milk for  human consq? t ion  

a re  on pasture. Locally processed milk is also sampled on a monthly 

basis.  During periods of monthly milk sampling, i f  an increase i n  

1-131 content is detected i n  other c r i t i c a l  vectors such as  vegetation, 

t he  frequency of milk sampling w i l l  be increased. 

Consideration has been given t o  sampling 

animals such as  c a t t l e  raised i n  t he  v i c in i ty  of t h e  nuclear plant.  

Present plans a r e  t o  sample vegetation on a monthly and quarterly basis.  

T h i s  vector would be the  f i r s t  indicator i n  the  food chain t o  man 

through animals. I f  an increase above t h e  natural  background established 

during the  preoperational monitoring program i s  detected, t he  program 

w i l l  be expanded t o  include other vectors i n  t he  food chain such as  



2.4-25 

beef c a t t l e .  Food crops grown by subsistence farms i n  t he  area a r e  

sampled during the  growing season a s  is  now being done a t  t he  Browns 

Ferry Nuclear Plant.  

(3 )  Reservoir monitoring - Sampling w i l l  

be carr$ed out quarterly at ten  r ive r  s ta t ions  i n  Chickamuga and 

Nickajack Reservoirs. The s ta t ions  w i l l  be located as indicated i n  

f igure  2.4-10 a t  Tennessee River miles (TRM) 496.50, 490.47, 484 -1, 483-55, 

480.82, 472.80, 465.40, 435.42, 425.48, and at a s t a t i on  which w i l l  be located 

500 feet below t h e  plant discharge (approximate location TRE4 483.401, 

Samples collected for  radi- logical  analyses include bottom fauna ( ~ s i a t i c  

clams) and plankton from f ive  s ta t ions  and sediment from ten.  Samples 

of f i s h  w i l l  be collected from Watts B a r ,  Chickamauga, and Nickajack 

Reservoirs. Further sampling information can be found i n  Tables 2.4-7, 

2.4-8, and 2.4-9 and f igure  2.4-10. 

Samples of water, net plankton, sediment, 

Asiatic clams, and three species of f i s h  a r e  collected quarterly (plankton 

only during the  two quarters of maximum abundance) and analyzed fo r  

radioact ivi ty .  Gamtna, gross alpha, and gross beta a c t i v i t y  a r e  determined 

i n  water (dissolved and suspended fract ions  ) , net plankton, sediment, she l l s  

and f lesh  of clams, f l e sh  of two commercial and one game f i s h  species, and 

the  whole body of one commercial f i s h  species. Reservoir water samples a r e  

a l so  analyzed for  t r i t ium.  Except i n  t he  f l e sh  of clams, white crappie, 

and channel ca t f i sh ,  ~r~~ and srgO content i s  determined i n  a l l  samples. The 

~ a c t i v i t y  of a t  l e a s t  t en  gamma-emitting radionuclides is determined ~ with a multichannel gamma spectrometer. 



At present 'I'VA considers that it is sampling 

those vectors which will give the first indication of increased radio- 
I 

activity levels in the environment. If statistically significant increases 

above natural preoperational background are seen in those vectors being 

sampled, consideration will then be given to expanding the sampling 
I 

program to include other biological parameters. 

Consideration has been given to sampling 

migratory waterfowl. Since about 95 percent of waterfowl in southeast 

Tennessee are migratory, moving great distances in the winter and spring, 

it would be impossible to accurately ascribe radionuclides found 

in migratory waterfowl to a particular source such as the Sequoyah Nuclear 

Plant. Therefore, it seems more logical to sample other vectors in the 

environment. 

(a) Water - Water samples are 
collected for determination of suspended and dissolved radioactivity from 

I 

the eight stations. 

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 mter 

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 con- 

centration 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 considering these plant safeguards, the reservoir monitoring 

frequency is believed to be adequate. 

J3uildup of radioactivity in 

Chickmauga and ETickajack Reservoirs is not expected; however, if it does 

occur it will occur slowly over a long period of time. The frequencies 

cota1)lished in the present program are satisfactory to detect this 

{{radual effect. Possible leakages will be detected by the plat effluent 

rnonitorin~ system. 

(b ) Fish - Radiological monitoring 
will be accomplished by analyses of composite samples of adult fish taken 

from each of three contiguous reservoirs--Watts Bar, Chickamauga and 

Ilickajack. JTo permanent sampling stations have been established within 

each reservoir; this reflects the movement of fish species within reservoirs 

a:: determined by 'IVA data from the Browns Ferry preoperational monitoring 

clrot:rrun. Three species, white crappie, smallmouth buffalo and channel catfish, 

will be collected. For each of the following composites, sufficient fish 

w j l l  be collected in each reservoir to yield from 250 to 300 grams oven-dry 

~rcight for analytical purposes: 

. Flesh - white crappie 

. Flesh - smallmouth buffalo 

. Flesh - channel catfish 

. TTllole fish - smallmouth buffalo 



A l l  samples a r e  col lected quarterly and analyzed for gamma, gross alpha, 

and gross beta ac t i v i t y .  Concentrations of sr8' and srgO a r e  determined 

on t h e  whole f i s h  and f l e sh  of a smallmouth buffalo only, which a r e  a s  

nearly equal i n  s i ze  a s  available.  The composite samples contain approximately 

t he  same quanti ty of f l e sh  from each of t he  f ish .  For each composite a 

subsample of material  i s  drawn f o r  counting. The channel ca t f i sh  i s  

considered t o  be representative of piscivorous species of f ish .  

( c )  Plankton - For radiological  

analyses, net  plankton samples a r e  col lected a t  f i v e  s t a t i ons  by v e r t i c a l  

tows with a 112-meter net (pore s ize ,  80 microns). For ana ly t ica l  accuracy 

a t  l e a s t  50 g r m s  (wet weight) of material  is desi rable ,  and col lect ion of 

such amounts is p rac t i ca l  only during t h e  period A p r i l  through September 

because of seasonal va r i ab i l i t y  i n  plankton abundance. Samples a r e  analyzed 

for  gamma, gross alpha, and gross beta ac t i v i t y ,  and sra9 and srgO content. 

(d )  Sediment - Sediment samples 

a r e  col lected from Ponar dredge hauls. Gamma, gross alpha, and gross beta 

a c t i v i t y  and sr8' and srgO content a r e  determined i n  samples col lected 

from t en  s ta t ions .  Each sample is a composite obtained by combining equal 

volumes of sediment from a t  l e a s t  th ree  dredge hauls col lected a t  a point 

from each s ta t ion .  

( e )  Bottom fauna - Asiat ic  

clams are col lected from inplace biomonitoring un i t s  a t  f i v e  s t a t i ons  

and analyzed fo r  gamma, gross alpha, and gross beta ac t iv i ty .  The 

srDg and srgO content is  determined on t h e  she l l s  only. 

( 4 )  Domestic water supplies monitoring - 
Domestic water supplies,  such a s  small surface streams and wells ,  a r e  

sampled and analyzed. Well water i s  obtained from a t  l e a s t  two farms 



located near t h e  plant.  Since there  a r e  no public water intakes within 

10 miles downstream of t he  p lan t ,  a  continuous sample i s  taken at the  

nearest  public water intake downstream of t he  plant and analyzed monthly 

for  gross beta, tritium, and a t  l e a s t  10  specif ic  gamma-emitting 

I radionuclides. 

( 5 )  Quality control  - The qual i ty  control  

program now i n  e f f ec t  with t h e  Tennessee Department of Public Health 

I 

I Radiological Laboratory and the  Eastern Environmental Radiat ion.Faci l i ty  

Environmental Protection Agency, Montgomery, Alabama, includes samples 

from t h e  Sequoyah Nuclear Plant. Samples of a i r ,  water, milk, vegetation, 

and s o i l  col lected around the  plant  a re  forwarded t o  these laborator ies  

f o r  analysis.  Results a r e  exchanged for  comparison. 

4. Estimated increase i n  annual environmental radio- 

a c t i v i t y  l eve l s  and po ten t ia l  annual radia t ion doses from pr incipal  radio- 

nuclides - Environmental radioact ivi ty  l eve ls  due t o  re leases  t o  unrest r ic ted 

areas from t h e  Sequoyah Nuclear Plant w i l l  be so low t h a t  t he  radiat ion 

doses t o  man w i l l  be l e s s  than the  var ia t ions  i n  t h e  natural  background 

radiat ion dose. However, TVA has calculated t h e  expected increase i n  

radioact ivi ty  l eve l s  and po ten t ia l  radia t ion doses t o  t he  population a s  

a r e s u l t  of these low-level re leases .  Figure 2.4-11 shows exposure pathways 

which were considered. 

(I) Radionuclides i n  l iqu id  e f f luen ts  - 
The following doses a r e  calculated f o r  exposures t o  radionuclides rout inely  

released i n  l i qu id  eff luents :  

1. Doses t o  man 

a .  From the  ingestion of water 



b. From the consumption of fish 

c. From water sports 

2. Doses to terrestrial vertebrates from the consumption 

of aquatic plants 

3 .  Doses to aquatic plants, aquatic invertebrates, and fish 

The organisms and pathways that are con- 

sidered 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 over- 

estimation of the doses. 

Internal doses are calculated using 

methods outlined by the International Commission on Radiological Protection 

which describe internal retention of radionuclides with a single-exponential 

model. This model is used for estimating the doses to the bone, G.I. 

tract, thyroid, and total body of man from ingestion of water and con- 

sumption of fish and for estimating 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 concentrations in the water and those inside the organisms. 

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 H. 



(2) Radionuclides in gaseous effluents - 
The following doses to humans living in the vicinity of the Sequoyah 

IJuclear 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 

The external beta and gamma doses to 

terrestrial plants and animals are considered to be of the same magnitude 

as the doses estimated for humans. 

The gaseous effluents are released from 

vents located near the top of the plant buildings. Dilution of the gaseous 

effluents will take place due to diffusion and turbulent mixing as the 

gases travel downwind from the point of release. The downwind, ground- 

level concentrations of radionuclides are determined using a sector- 

averaged diffusion equation and meteorological data obtained at the 

Sequoyah site. 

The principal effect of the topography 

in the Sequoyah area on the meteorological dispersion of effluent 

emissions is one of confinement to the downwind sectors of predominant 

wind. About 35 and 28 percent, respectively, of the effluent would be 

dispersed in the sectors northeast and southwest fiom the plant as a result 

of the upvalley-downvalley low-level wind. Therefore, relative ground- 

level concentrations would be expected to be higher in these sectors, 

particularly during periods of low wind and stable conditions. Also, with 

the relatively flat and undulating valley floor, there should be minimal 

discontinuity of the general low-level wind pattern from terrain roughness 



or irregularity. Furthermore, differences in the ambient thermal or 

stability structure from differential surface heating between land and 

water should not cause significant alterations to the wind and stability 

patterns in the plant area. 

External beta and gamma doses are computed 

using semi-infinite cloud, immersion dose models. Iodine inhalation 

doses are calculated by assuming that these doses are proportional to 

the ground-level concentration and the receptor breathing rate. Iodine 

ingestion doses are calculated by assuming that they are proportional 

to the rate of iodine depcsition on pasturage, the concentration of 

iodine in milk, and the milk consumption rate of the receptor. Studies 

by TVA (~ppendix I) and others1 show that the iodine-milk pathvsy is 

the principal food-chain pathway for halogen and particulate release. 

A more detailed description of the analytical 

methods used in calculating these doses and a detailed listing of results 

are given in Appendix I. 

( 3 )  Summary of radiological impact - 
Table 2.4-10 summarizes the radiation doses calculated for releases of 

radionuclides in gaseous and liquid effluents during normal operation 

of the Sequoyah Nuclear Plant. The predicted cumulative radiological 

impact on the Tennessee River from operation of the Watts Bar, Sequoyah, 

Bellefonte, and Browns Ferry Nuclear Plants is discussed in Appendix L. 

The external radiation dose from outside liquid storage tanks is also 

shown in Table 2.4-10 and is discussed in Appendix K. 

A comparison of doses resulting from the 

operation of the Sequoyah Nuclear Plant to those occurring from natural 



radioactivity assists in placing the doses from Sequoyah in perspective. 

Near the plant site the average annual dose from naturally occurring 

external sources of radiation is 125 mrem  a able 2.4-11). An individual 

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 Sequoyah 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 variations 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 about 6 mrem from the 

normal operation of the Sequoyah Nuclear Plant. It is assumed that this 

individual stands 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 about 4 percent of the dose 

from natural background radiation. The maximum dose to an actual 

individual should be significantly less than the dose to the hypothetical 

individual. 
* 

The population dose within 50 miles of 

the Sequoyah site from naturally occurring radioactivity is estimated 



t o  be approximately 160,000 man-rems i n  t he  year 2010  able 2.4-11). 

The population dose i n  the  year 2010 due t o  normal operation of t he  

Sequoyah Nuclear Plant i s  calculated t o  be 53 man-rems  able 2.4-lo), 

which is l e s s  than 0.04 percent of t he  dose t o  t he  population within 

50 miles from natural  background radiation.  Because population groups 

beyond 50 miles were considered i n  dose estimates fo r  radionuclides i n  

l iqu id  eff luents ,  t he  population dose due t o  operation of t h e  Sequoyah 

Nuclear Plant i s  ac tua l ly  less than 0.04 percent of t he  dose t o  t he  

same population due t o  natural  background radiation.  

TVA has evaluated the  potent ia l  radiat ion 

dose from a broad spectrum of possible pathways of exposure. ft should 

be emphasized tha t  it i s  possible t o  theore t ica l ly  calculate  an environ- 

mental radioact ivi ty  l eve l  o r  potent ia l  radiat ion dose t h a t  is minutely 

small. The dose calculated i n  t h i s  evaluation is only a small f ract ion 

of t h e  dose from the  natural  background radiat ion and is, i n  f ac t ,  much 

l e s s  than the  var ia t ions  i n  natural  background radiat ion doses. It i s  

concluded t h a t  the  Sequoyah Nuclear Plant w i l l  operate with no s ignif icant  

r i s k  t o  t he  health and safety  of t he  public. 
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Table 2.4-1 

ESTIMATED ANNUAL LIQUID DISCHARGE TO WASTE DISPOSAL 

TWO UNITS 

Total  Annual 
Source 

Laundry, shower , handwashes 

Laboratory 

Equipment drains ,  leaks  

Df scharge , g a l  

Decontamination 16,000 

Resin regeneration 
Evaporator condensate lg0,OOO 

Total  waste disposal  system 638,000 

Chemical and Volume Control System 
(tritium control)  720,000 

Total  plant  1,358,000 



Table 2.4-2 

ANNUAL LIQUID AND GASEOUS R E W E  BY ISOTOPE 

(TWO Units - 0.25 Percent Failed Fuel) 

Isotope Liquid Release ( c u r i e s 1  Gaseous Release ( cu r i e s )  

~ r - 8 4  0. 329-ha 0.786-5 
Kr-85 0.0 0.312+4 
Kr-85m 0.0 0.425+2 
Kr-87 0.0 O.200+2 
Kr-88 0.0 0.608+2 
Rb-88 0.149-2 0.839-4 
~ b - 8 9  0.328-4 0.509-6 
sr-89 0.135-2 0.410-6 
Sr-90 0.531-4 0.146-7 
~ r - 9 1  0.393-4 0.208-7 
Y-90 00397-4 0.191-7 
Y-91 0.226-2 0.683-6 
Y-92 0.583-5 0.424-8 
zr-95 0.308-3 0.889-7 
Nb-95 0 333-3 0.892-7 
Mo-99 0.530+0 0.216-3 
Te-132 0.307-1 0.127-4 
~e -134  o 324-4 0.636-7 
1-129 0.0 0.0 
1-131 0.510+0 0.647-2 
1-132 0.539-1 0.247-2 
1-133 O.158+0 0.293-2 
1-134 0.603-2 0 955-3 
1-135 0.280-1 0 -755-3 
Xe-13lm 0.0 0.111+3 
xe-133rn 0.0 0.613+2 
Xe-133 0.0 0.6025+4 
Xe-135 0.0 0.157+3 
Xe-135m 0.0 0.143+3 
~e -138  0.0 0.669+1 
CS-134 0.994-1 0.279-4 
CS-136 0.363-1 0,115-4 
CS-137 0.502+0 0.140-3 
CS-138 O 670-3 0 577-5 
~ a - 1 4 0  0.108-2 0.363-6 
~ a - 1 4 0  0.618-3 0.314-6 
~e-144  0.720-4 0 355-7 
~ r - 1 4 4  0,672-4 0 357-7 
~ r - 5 1  0.114-2 0.337-6 
~ n - 5 4  0.116-2 0.316-6 
Mn-56 0.944-3 0.491-6 
Fe-59 0.136-2 0.392-6 
Co-58 0.348-1 0 972-5 
CO-60 0.122-2 0.309-6 
H-3 0.350+3 0.300+3 

Note: Above gaseous re leases  include 60-day holdup radwaste system 
as follgws : 

a. .329 x 10- 
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Table 2.4-3 

EFFECT OF ALTERNATIVE TREATMENT SYSTEMS 

ON ANNUAL RADIOACTIVE GASEOUS R E W E S  

~ r - 8 5  Xe-l31m Xe-133 _ 1-131 - 
60-day holdup 3000. Ci 52. Ci 374. Ci 1. lo--5 ci 

Alternate Systems ~r-85 Xe-13lm Xe-133 1-131 
-L--- 

45-day holdup 3000. Ci 130. Ci 2700, Ci 4. 10'~ ci 

Recombiner 3000. Ci ==O = 0 =O 

Removal System 0 0 0 0 

---- --- - .- -- - - 



Table 2.4-4 

SPECIFICATIOTJS FOR WASTE TREATMENT SY STENS COMPONmES 

Evaporators 

Design capacity, g p  
Waste evaporator 
Auxiliary waste evaporator 

I Type 
Pressure 

I Resign ratio, activity in bottoms to activity 
in distillate lo3 

Steam supply, psig 

Erlat erial 

Filters 

Type 

5 0 

Aust enit ic SS 

Disposable 
synthetic cartridge 

Design pressure, psig 200 

Design temperature, OF 250 

Flow rate, gpm 

Pressure drop at 20 gpm, 
clean filter, psi 

Maximum differential pressure 
100 percent fouled, psi 

Retention for 25-micron 
particles, percent 

Material of construction 

Waste Condensate Evaporator Demineralizer 

Type 

Vessel design pressure, internal, psig 

Vessel design pressure, external, psig 

Vessel design temp, OF 

Resin volume, each, ft 3 

Vessel volume, each, ft 3 

Bed depth, ft 

Bed diameter, in. 

Design flow rate, gpm 

20 (waste condensate ) 
35 (others) 

98 
SS (housing) 

Nylon (element) 

Flushable, mixed bed 

200 

15 

250 

30.0 

43.0 

5.5 

31.5 

120 



Table 2.4-4 ( ~ont inued ) 

Waste Condensate Evaporator Demineralizer (continued) 

Resin bed and vessel pressure 
drop for 120 g p  flow (fouled condition), psi 15.5 

Minimum decontamination factor 
for ions removed 10 

Upper and lower retention screen 
U.S., mesh (105 micron) 

Normal operating temperature, OF 127 

Normal operating pressure, psig 150 

Resin type Rohm & Haas Amberlite 
IRN-217 or equivalent 

Material of construction Austenitic SS 

In estimating releases, the following process decontamination factors 
are assumed for nongaseous radioisotopes: 

Evaporators -loo3 

Demineralizers - 100 
Filters - 1 



Table 2.4-5 

RADIOACTIVITY CONCENTRATIONS I N  THE STEAM GENERATORS * 
( Secondary ~ y s t  em) 

Concentrations, 
Isotope pCi/gram 

Mn-54 0.26 x low6 
Mn-56 0.13 x 
Co-58 0.85 x 1012 
CO-60 0.26 x low6 
Fe-59 0.35 x 
Cr-51 0.31 x 
Br-84 0.18 x 
~ r - 8 9  0.17 x 
Kr-85 0.37 x lom8 
Kr-87 0.98 x 
Kr-88 0.29 x 
Rb-88 0.57 x 
~ b - 8 9  0.13 x 10  
sr-89 0.32 x -6 
sr-90 0.96 x 
Sr-91 0.60 x 
Y-90, 0.11 x 10 
Y-91 0.17 x lo-: 
Y-91 0.47 x 10- 
Mo-99, 0.37 x 101; 
TC -99 0.24 x 
Tc-99 0.26 x 
Te-132 0.19 x 10 
Te-134 0.98 x 
1-131 0.20 x 10:; 
1-132 0.26 x 
1-133 0.19 x 10 
1-134 0.25 x 10:; 
1-135 0.53 x 10 
Xe-133 0.25 x 
Xe-133 0.22 lo-5 
~ e - 1 3 9  
Xe-135 0.56 x 
Xe-138 0.54 x 
Cs-134 0.18 x 
CS-136 0.12 x 
CS-137 0.90 x 
C ~ - 1 3 8 ~  0.25 x 10  4 
Ba-137 0.84 x 1016 
~a -140  0.35 x 
~a-140  0.19 x 10  
~e-144  0.24 x 
Pr-144 0.24 x 101: 
Tritium 0.29 x 10 

3ased on 0.25 percent f a i l e d  f u e l ,  110 lbs /hr  primary-to-secondary leak r a t e ,  
;O gal/min per un i t  blowdown r a t e ,  tritium concentration of 2.5 pCi/ml i n  
~r imary system. 
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Table 2.4-6 

A I R  AND TERRESTRIAL MONITORING 

SAMPLING AND ANALYSIS SCHEDULE 

Analysis 
Gross G q  Totalb 

Type Sample Frequency Mode - Beta Scan Sr  -- 89990 Alpha 1 

A i r  f i l t e r  Weekly cc x x 
Biweekly x 

i 

Monthly d x 

Charcoal f i l t e r  Weekly cEb x 

Rainwater Monthly cpc x x x x 

Heavy pa r t i c l e  Monthly cpd x 
fa l lou t  

So i l  Quarterly ~ o t e ~  x x 

Vegetation Quarterly Note x x x x f 

Pasturage grass Monthly mote x x x f 

Milk ~ o n t h 1 . y ~  G" x x 

River water Monthly Gg x x x x x 

Well water Monthly Gg x x 

Public water Monthly GB x x x 

Food crops Twice each Note x x x f 

year 

a.  The gamma scan includes specif ic  analyses fo r  a t  l e a s t  10 isotopes, 
except for  milk samples which are analyzed fo r  four isotopes and 
charcoal f i l t e r s  which a r e  analyzed for  1-131. 

b. Heavy m e t a l s  separated a s  a par t  of the  8 9 ~ r  and 'OSr separation 
process a r e  precipi ta ted,  f i l t e r e d ,  and counted fo r  alpha. 

c. C - continuous col lect ion 

d. Cp - composite sample for  period indicated 

e. So i l  i s  col lected over a 2-square-foot area 1 inch i n  depth. 

f. Vegetation (grass ,  weeks, leaves, e t c . )  and food crops a r e  collected 
such t h a t  there  is suf f ic ien t  quant i t ies  of t he  samples fo r  appropriate 
analysis  after necessary preparation. 

g. G - grab sample at time of col lect ion 

h. During the  seasons t h a t  animals producing milk for  human consumption 
a re  on pasture, samples of f resh  milk w i l l  be obtained weekly and 
analyzed for  1-131 content. 

i. Sampling w i l l  be i n i t i a t e d  a t  least one year before plant s tar tup.  

j. Collected at point of plant discharge i n  Tennessee River and a t  a point 
on t h e  Hiwassee River. 
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Table 2.4-7 

BIOLOGICAL SAMPLING SCHEDULE (RADIOLOGICAL) - 
SEQUOYAH NUCLEAR PLANT, CHICKAMAUGA AND NICKAJACK RESERVOIRS 

Stat ion IIorizontgl Asiatic 
o r  TRM Location C l a m s  planktonC 

R-LM 

R-LM 

R-LM 

R-LM 

R-LM 

R-LM 

425.48 R-LM 1 

Sediment ~ i s h ~  - 

a. Horizontal locat ion looking downstream: R-LM = area from r igh t  shore t o  
t o  left  middle of stream. 

b. Numbers designate number of samples. 

c. Samples include both phytoplankton and zooplankton. 

d. Samples of f i s h  w i l l  be collected from Watts Bar, Chickamauga, and 
Nickajack Reservoirs. 



Table 2.4-8 

RESERVOIR WATER SAMPLES COLLECTED TO MONITOR PREOPERATIONAL 

AND OPERATIONAL CONDITIONS I N  CHICKAMAUGA AND NICKAJACK RESERVOIRS 

I N  RELATION TO THE SEQUOYAH NUCLEAR PLANT 

TRM 
Sta t  ion 

Distance From 
Left Bank  

( ~ o r m a l  F u l l  Pool Elev . ) Depths f o r  Water 
(Feet ) (Percent ) (meters ) 

435.4 1,140 29 1, 15  

425.5 2,733 5 4 1, 12  
4,000 7 9 1 

a. This s ta t ion  w i l l  be located 500 f ee t  downstream f'rom the  point 
of release.  



Table 2.4-9 

RESERVOIR MONITORING RADIOLOGICAL ANALYSES 

Type Sample halysesa 

Fish Gamma scan, gross alpha,b gross beta, 89~r and 'OsrC 

Sediment Gamma scan, gross alpha, gross beta, 89~r and 'Osr 

Water Gamma scan, gross alpha, gross beta, 89~r, 'OS~, 
and tritium 

Plankton Gamma scan, gross alpha, gross beta, 89~r and 'Osrd 

Benthos Garmna scan, gross alpha, gross beta, 89~r and 90~r 
will be determined on shells only 

All samples will be collected and analyzed on a quarterly frequency. 

a. The activity of at least 10 gamma emitting radionucl&Jes will e 
determined with a multichannel gamma spectrometer. Sr and 98Sr 
will be determined by appropriate radiochemical techniques. 

b. Aliquot of prepared sample counted directly for alpha. 

c .  and 90~r 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 several fish of the species. From each composite a subsample of at 
least 50 to 100 grams (net weight) will be drawn for counting. 

d. "Sr and 'OSr 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. 



Table 2.4-10 

Normal Operat ion 

Liquid Effluents 

Activity released 2.0 Ci 

Average concentration 
before dilution in the 
Tennessee River 9.0 (-10)' p ~ i / c m ~ ~  

3.1 (-8) ~~i/cm3e 
Average 2.1 ( - 9 )  o~i/cm3 

Maximum human organ doses 

1. bone 3.7 (-2) mrem 
2. G.I. tract 2.7 (-2) mrem 
3. thyroid 1.2 (-1) mrem 
4. skin 2.2 (-2) mrem 
5. total body 2.2 (-2) mrem 

Human population doses 
within the Tennessee 
Valley Region 

1. bone 11 man-rem 
2. G.I. tract 7.4 man-rem 
3. thyroid 30 man-rem 
4. skin 6.5 man-rem 
5. total body 6.5 man-ran 

Maximum dose to 
terrestrial vertebrates 270 mrad 

Maximum doses to aquatic 
organisms 

1. plants 15 mrad 
2. invertebrates 6.6 mad suspended 

200 mad benthic 
3. fish 0.7 mad 

Table excludes tritium. Doses due to releases of tritium in liquid 
effluents are 4.9 X mrem and 1.7 man-rem. Doses due to releases 
of tritium in gaseous effluents are 0.3 mrem and 1.5 man-rem. 
Releases for two units operating at full power with 0.25 percent failed 
fuel. 
9.0 X lo-'' 
Assuming cooling towers in once-through or helper mode (1.1 X 1Ob'Gpl4). 
Operational approximately 96 percent of year in this mode. 
Assuming cooling towers in closed mode (32,000 GPM). Operational approximately 
4 percent of year in this mode. 



Table 2.4-10 ( Continued) 

Normal Operat ion 

B. Gaseous Effluents 

Maximum individual doses 

1. inhalation a t  s i t e  
boundary ( thyroid ) 

2. consumption of milkg 
from nearest dairy 
farm ( thyroid)  

3. external  exposure a t  
s i t e  boundary 

Gamma 

Beta 

Population doses within a 
50-mile radius 

1.0 (-1) mrem 

mrem 

m r e m  

1. inhalation (thyroid) 2.1 (-1) man-rem 

2. consumption of milk 
( thyroid)  2.3 man-rem 

3. external  exposure 

Gamma 

B e t  a 

C. Direct Gamma Radiation from 
Liquid Storage Tanks 

D . Maximum Annual Dose t o  h 

Any Individual 

E. Maximum Population ~ o s e ~  

5.1 man-rem 

1.5  (+1) man-rem 

3.6 (-2) mrem 

5.6 mrem 

3.8 (+1) man-rem 

g. See Appendix I1 f o r  iodine ingestion dose calculated by methods ,- 

specif ied i n  Regulatory Guide 1.42. 

h. Skin 

i. Thyroid. Population skin dose i s  2.7 (+I) man-rems. 



Table 2 . 4 - u  

DOSES FROM NATURALLY OCCURRING BACKGROUND RADIATION 

Indlvf dual Doses (mrem) 

~ x t  ernala 125 

Internal b 20 

Total 145 mrem 

Population Dose (man-rem) 

0.145 rem x 1,100,000~ yeople = 160,000 man-rem 

a. Measured by TVA personnel 
b .  Pxlnciples 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 5 0 4 l e  radius of the Sequoyah Nuclear 

Plant i n  the year 2010. 
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Nonradioactive Discharges - A description of the potential sources 
and amounts of nonradioactive discharges which have been identified is 

given in this section, along with a description of the specified treatment 

of these potential sources. 

Chemical discharges - The sources of chemicals 
and the maximum expected quantity of chemical end products that could 

be discharged are summarized in Table 2.5-1. The plant water treatment 

systems and flow patterns are shown schematically in figure 2.5-1. The 

average and the maximum expected total chemical concentrations in the 

discharge pipe and in the reservoir after mixing are shown in Table 2.5-2. 

The tables were generated using conservative assumptions (high) for chemical 

usage in the plant. The ratios used for mixing of chemical discharges in 

the river are five volumes reservoir water to one volume discharge in the 

open mode, one volume reservoir water to one volume discharge in the helper 

mode, and nine volumes reservoir water to one volume discharge in the closed 

mode. These computations show that even under adverse conditions and using 

conservative assumptions, impacts to the environment due to chemical discharges 

from the Sequoyah Nuclear Plant will be very small. 

(1) Main condenser cooling water system - 
The main condenser cooling water system has been designed for combined- 

cycle operation. As described in section 2.6, Heat Dissipation, the 

predominant mode of operation will be open (once-through cooling) with 

intermittent operation in the helper and closed modes. All modes will 

3 operate with a condenser flow rate of about 2,500 ft 1 s .  The discharge 

from the condenser cooling water system will be routed to the reservoir 

through diffuser pipes to ensure rapid mixing with reservoir water. 



Operation of the cooling towers in the 

helper mode will not cause an appreciable increase in the concentrations 

of dissolved solids and trace metals in the cooling water returned to the 

reservoir. Operation of the cooling towers in the closed mode will cause 

the concentrations of dissolved solids and trace metals in the cooling 

system to increase to about twice the concentrations occurring in the 

makeup water. A concentration factor of about 2 should preclude the need 

for chemical treatment of the condenser cooling system and the associated 

discharge of these chemicals. 

The maximum trace metal concentrations 

expected in the plant discharge and in Chickamauga Reservoir, after mixing, 

for each mode of cooling system operation are shown in Table 2.5-3. Also 

shown are the applicable effluent and stream guidelines currently recognized by 

the Tennessee Water Quality Control Board. During open- and helper-mode 

operation of the cooling system, the concentrations in the discharge are 

the same as the natural trace metal concentrations which occur in the 

makeup water (disregarding evaporative losses in helper mode). During 

closed-mode cooling the trace metal concentrations in the cooling system 

and the blowdown will be about twice those occurring in the makeup water. 

However, when the blowdown is discharged and mixed in the reservoir, the 

resulting trace metal concentrations will approach those occurring 

naturally in the reservoir. There are no planned uses of trace metal 

compounds at the Sequoyah plant that would result in the normal discharge 

of "added" trace metals to the aquatic environment. 

Based on the data presented in Table 2.5-3, 

at no time would the maximum trace metal concentrations in the normal 



discharges from the Sequoyah Nuclear Plant exceed the Tennessee effluent 

guidelines. However, upon discharge and subsequent mixing with the reservoir 

water the Tennessee stream guidelines would be exceeded far total iron, 

manganese, copper (closed mode only), zinc, aluminum, and possibly silver. 

Since the minimum detectable concentrations of the laboratory analytical 

procedures used for the silver analysis exceeded the stream guidelines, 

the reported concentration cannot be reliably compared with the guidelines. 

As shown in Table 2.5-3, each parameter for which the expected maxi- 

concentration exceeds the stream guideline corresponds with a natural 

trace metal concentration occurring in the plant makeup water (Chickamauga 

Reservoir) which also exceeds the stream guideline. 

Although the stream guidelines might be 

exceeded for some parameters these concentrations would not be expected 

to have a significant environmental impact. 

Drift from the cooling towers is not expected 

3 to exceed .25 ft Is, and essentially all of it will fall in the immediate 

vicinity of the towers. This amount of drift will result in an average 

discharge of solids of about 125 lb/d when the towers are operating in 

the helper mode and about 245 lb/d when the tawers are operating in the 

closed mode. 

The water in Chickamauga Reservoir is of 

a scaling nature so the use of corrosion inhibitors will not be necessary 

and an automatic ball-type mechanical system will be used for cleaning the 

condenser tubes. Therefore, chemical treatment of the condenser circulating 

water should not be necessary. 



(2) Raw cooling water and essential raw 

cooling water systems - Acrolein, an unsaturated aldehyde, will be fed 
to both the raw cooling water and essential raw cooling water systems for 

the control of Asiatic clams. It is expected that the use of acrolein will 

not be required more than 120 days per year. When required, it will be fed 

into the systems 112 hour each day to achieve a concentration within the 

cooling systems of approximately 0.2 to 0.3 mg/l during feed periods. The 

two cooling system flows will be added to the main condenser cooling system 

downstream of the condensers. The flow rate for the raw cooling water system 

will be about 28,800 gpm and the flow rate for the essential raw cooling 

water system will be about 72,000 gpm. 

A sample of reservoir water collected in 

the vicinity of the Sequoyah water intake in May 1973 had a 1-hour acrolein 

demand of 0.08 mg/l at an acrolein dosage of 0.5 mg/l. However, taking no 

credit for acrolein demand and considering only dilution, the maximum 

concentration that would be expected in the main condenser system during 

or immediately following periods when acrolein was being simultaneously fed 

to both the raw and esaential systems would range from 0.025 mg/l to about 

0.048 mg/l depending upon the operating mode of the cooling system. Discharge 

through the diffusers of cooling water having these concentrations would 

result in an acrolein concentration in the river after mixing of 0.00416 mg/l 

when the plant is operating in the open mode, 0.0125 mg/l in the helper mode, 

and 0.0048 mg/l in the closed mode. The 96-hour TLm for fathead minnows 

is reported to be 0.06 mg/l.l The maximum concentration in the river 

(occurring for a 30-minute period2) resulting from dilution alone (within 

the main condenser cooling system and by the diffusers) is about 7 percent 

of the 96-hour TLm during open-mode operation, about 21 percent during 

helper-mode operation, and about 8 percent during closed-mode operation. 



Because of the acrolein demand of the main 

condenser cooling water, the detention time within the discharge pond 

(1 to 2 hours), short acroleination periods, tower stripping, and dilution, 

the use of acroleinshould not have any signific~1nt adverse impact on the 

environment. 

The essential raw cooling water systems will 

be equipped with emergency cooling towers which during periods of normal 

plant operation would not be used except for occasional testing and exercising 

of the equipment. The towers are for the purpose of cooling the essential 

system in the extremely unlikely event that the Chickamauga Dam should fail 

and the reservoir return to the original river channel. However, if the 

towers were used for extended periods of testing or emergency use, the 

blowdown rate to the discharge pond would be about 30 gallmin. At this 

blowdown rate, the concentration of dissolved solids within these cooling 

systems would not exceed two times the concentration of dissolved solids 

in the river. Considering the small quantity of discharge flow and that 

no chemicals (other than acrolein previously described) will be added to 

the system, it is concluded that water quality would not be adversely 

affected by the infrequent operation of these towers. 

(3)  Makeup water treatment plant - The makeup 
water treatment plant will have a maximum capacity of about 490 gal/min. 

Operation of the makeup water filter plant will require the addition of 

alum, soda ash, and chlorine. The annual amounts of these chemicals, if 

the filter plant is operated at full capacity 365 days per year, will be 

63,950 lbs, 24,000 lbs, and 12,780 lbs, respectively. However, the actual 

operation should be much less than full capacity. 



The system will consist of a conventional 

upflow clarifier utilizing two gravity sand filters for treating the 

water. Clarifier blowdown will be for 2 minutes per 8 hours of operation. 

Filter backwash water and clarifier sludge will contain aluminum hydroxide 

floc and settlable solids. The sludge will be processed through a concen- 

trator with the treated effluent routed to the yard drainage pond or re- 

cycled to the water treatment plant. The dewatered sludge will be disposed 

of in accordance with guidelines established for the disposal of solid wastes. 

The addition of a coagulation aid may be 

necessary for proper operation of the filter plant. The coagulation aid 

which will be used in the event that it is necessary or advantageous will 

2 
be chosen from those approved by the Environmental Protect&on Agency and 

will be used in accordance with the manufacturer's recommendations. 

( 4 )  Makeup water treatment plant demineralizers - 
'!l!he demineralizer system at Sequoyah will be of the combined modified mixed 

bed type. This system consists of two strong acid-cation units, one deaerator, 

and two modified mixed bed tanks. The modified mixed beds are comprised of 

weak base anion, strong base anion, and strong acid-cation resins. 

The maximum capacity of the water treatment 

plant demineralizers will be about 360 gal/min. Normal procedure for 

treatment of spent demineralizer wastes is to blend the acid and caustic 

wastes in a holding tank, monitor, and adjust pH by addition of acid or 

caustic as required, and discharge the neutralized waste. At Sequoyah the 

spent regeneration wastes will be passed through a weak cation-anion 

exchanger which will minimize the amount of additional chemicals required 

to neutralize the waste. It will then be collected in a sump, and after pII 



monitoring and any further pH adjustment required, it will be pumped to 

the condenser circulating water discharge conduit for mixing and discharge 

to the reservoir through the discharge pond. 

It is anticipated that about 241,000 pounds 

of sulfuric acid and 192,000 pounds of sodium hydroxide will be expended 

annually if the demineralizers are operated 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 discharges 

will be reduced correspon;ingly. The contributions to increases in concen- 

trations in the plant discharge during releases, based on operation at rated 

capacity 365 days per year, are included in Table 2.5-2. These increases 

in concentrations will cause no significant impact on the environment. 

( 5 )  Steam generator blowdown - Sodium 
phosphate, hydrazine, and ammonia will be used in treatment of the 

secondary system. The annual amounts of these chemicals are expected 

to be about 7,900 lbs, 4,100 lbs, and 1,100 lbs, respectively. Ammonia 

will be supplied as needed to maintain the desired pH in the steam generators, 

--- 
and sodium phosphate will be fed to maintain a residual PO4 concentration 

of 15 mg/l in the secondary system. In the steam generators, hydrazine 

decomposes to form ammonia which will be discharged as vapor through the 

condenser vacuum pwps. 

The steam generator blowdown rate will 

normally be about 60gal/min for two units. A reverse osmosis unit is 

provided to treat the steam generator blowdown in the event of significant 

primary-to-secondary system leakage. Since makeup to the secondary system 



can be conveniently provided by the reverse osmosis system, the permeate 

stream from the reverse osmosis unit may be recycled to the condenser 

hotwell depending on the amount of secondary makeup required and the 

relative economics of producing makeup using a demineralizer system or 

the reverse osmosis system. The concentrated effluent will be monitored 

for radioactivity and, if necessary, will be treated in the radwaste system 

and disposed of as radwaste. If the level of radioactivity is low enough 

for discharge, the concentrated effluent will be routed to the condenser 

circulating water discharge stream for mixing and discharge to the reservoir. 

The estimated annual releases of ammonia, sodium, and phosphate from this 

source are shown in Table 2.5-1, and contribution to increases in the 

discharge are included in Table 2.5-2. The chemical additions to the 

secondary system of the steam generator will not significantly increase 

the chemical concentrations of the plant effluents. The resulting ammonia 

and sodium concentrations in both the effluent and river would be considerably 

less than the Tennessee guidelines. Although the phosphate concentration of 

the plant effluent would be well below the phosphate effluent guideline, 

the resulting phosphate concentration in the river after mixing 

would be considerably above the "numerical value" of Tennessee ' s 

phosphate guideline in streams. However, the Tennessee phosphate guidelines 

for streams provide for either a numerical limit or natural background 

phosphate levels, whichever is greater. In the vicinity of the Sequoyah 

Nuclear Plant the observed background phosphate concentrations in the river 

ranged from two to sixteen times that of the stream guideline numerical 

value of 0.03 mg/l as PO4. The increases in the natural background phosphate 



levels of the river resulting from the discharge of the blowdown will be 

less than the minimum detectable amount using the laboratory analytical 

3 procedures for total phosphate. Therefore, the increased chemical 

concentrations in the plant effluent resulting from treatment of secondary 

system water will have no significant environmental impact. 

( 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 for processing. No chromate will be 

deliberately released from the plant. In the event of tube leakage in one 

of the component cooling water heat exchangers, chromate-containing water 

would leak to the raw cooling water and be discharged from the plant. Up 

to 1,000 gallons of component cooling water could be lost before an alarm 

showed that the level had dropped in the component cooling water surge tank 

and the leaking heat exchanger isolated. The chromate content of this water 

would be from 4 to 9 pounds, a8 Cr04. The concentration in the plant effluent 

would depend on the leak rate. If the leak rate was 10 gpm, the addition 

to the plant effluent from this source would be about 4 to 9 ug/l and the 

concentration in the reservoir after mixing would be raised by 0.4 to 0.9 ug/l. 

With the existing and expected concentrations of chromate in Chickamauga 

Reservoir, release of this amount of chromate would not create a significant 

environmental impact. 

(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. Blowdown from this system w i l l  

be processed as tritium-containing waste and recycled for reuse in the plant. 



(8) Auxiliary steam generator blowdown - 
Two 40,000-pound-per-hour oil fired steam generators will be supplied. 

One steam generator is expected to operate on hot standby or under load 

continuously, and the other will operate intermittently during 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/l 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 4,400 gallons per 

day total for both steam yenerators and will result in an annual discharge 

of ammonia of only about 5 pounds. This amount of ammonia would be 

undetectable in the discharge stream. The blowdown will be discharged 

to the condenser circulating water discharge stream. 

( 9 )  Chemical cleaning during construction - 
Chemical cleaning operations prior to unit startup will be conducted in 

such a way as to minimize releases to the reservoir and to ensure that 

any chemicals released have been neutralized and diluted to concentrations 

substantially below harmful levels. These procedures are described in 

section 2.7, Construction Effects. 

(10) Miscellaneous - Most equipment cleaning 
and decontamination operations will be performed withahigh-pressure water 

and with detergent solutions. These liquids will be treated in the radwaste 

system by filtration and will be released to the cooling water discharge 

stream. 

Some decontamination operations will involve 

the use of chemicals such as sodium phosphate, sodium permanganate, ammonium 

citrate, alkaline potassium permanganate, and nitric, citric, oxalic, acetic, 



and hydrofluoric acids. Although the amounts of such chemicals cannot be 

determined a t  t h i s  time, they w i l l  not be discharged t o  the  reservoir but 

w i l l  be drained t o  the  chemical tank i n  the  radwaste system. The solutions 

w i l l  be neutralized and e i ther  drummed d i rec t ly  or processed by evaporation 

and the  concentrates drummed. 

Inputs t o  the  chemical drain tank i n  the  

radwaste system consist  of laboratory drains and decontamination wastes. 

The principal chemical reagents used i n  the  laboratory include sodium and 

ammonium hydroxides; hydrochloric, n i t r i c ,  and sulfur ic  acids;  ammonium 

acetate;  and sodium carbonate. 

Before the  chemical drain tank is  emptied, 

i t s  contents a re  analyzed. I f  t he  l iqu id  does not contain chemicals tha t  

would be harmful t o  t h e  evaporator (principally,  chlorides and sulfides ) 

it w i l l  be processed i n  the  auxi l iary evaporator. The concentrates a r e  

drwmned and the  d i s t i l l a t e  i s  released t o  the  reservoir i n  the  usual manner. 

If the  chemical drain tank contains chemicals tha t  would be harmful t o  the 

evaporator, the  contents a re  drummed without fur ther  processing. The 

contents of the  tank would be released t o  the  reservoir only when analysis 

shows tha t  concentrations of chemicals present a re  within applicable effluent 

l imitat ions and the  radioact ivi ty  leve l  i s  within acceptable l i m i t s .  It i s  

expected tha t  release would be an infrequent event. 

Usage of detergents w i l l  be minimized for  

laundry and similar uses. The detergent solutions w i l l  be f i l t e r e d  and 

discharged t o  the  condenser c irculat ing water discharge stream. Treatment 

and discharge of these detergent solutions i n  t h i s  manner a re  not anticipated 

t o  r e su l t  i n  any s ignif icant  environmental impacts. 



(11) &ttcrnatives c o n s i d e r L f o r  t r e a t -  - 
merit of nonradioactive chemical wastes - A s  pa r t  of i t s  environmental review 

fo r  Sequoy~h,  TVA inves t igated  a l t e r n a t i v e  subsystems f o r  t r e a t i n g  t h e  saent  

demineralizer wastes and t h e  main steam generator  blowdown. The a l t e r n a t i v e  

chemical treatment subsystems considered would be i n  addi t ion  t o  t h e  

treatment f a c i l i t i e s  a l ready planned and would f u r t h e r  reduce t h e  a l ready 

i n s i g n i f i c a n t  environmental impact of t h e  proposed method of treatment and 

discharge of these  wastes. The proposed method f o r  disposing of t h e  spent 

demineralizer regenerant wastes i s  t o  neu t ra l i ze  t h e  regenerant solut ions  

and then discharge them t c  t h e  rese rvo i r  a f t e r  mixing with condenser 

coolinr;: water discharge o r  cooling tower blowdown. The proposed method 

f o r  t h e  d isposal  of t h e  main steam b en era tor blowdown w i l l  be t o  monitor 

it f o r  r a d i o a c t i v i t y  8,nd t o  t r e a t  and dispose of it i n  t h e  radwaste system 

if t h e  r a d i o a c t i v i t y  l e v e l s  a r e  above acceptable l e v e l s  f o r  discharge. If 

t h e  r a d i o a c t i v i t y  l e v e l s  a r e  low enough f o r  discharge,  t h e  blowdotm o r  

reverse  osmosis concentrate w i l l  be routed t o  t h e  condenser cooling water 

discharge stream o r  cooling tower blowdown f o r  mixing and discharge t o  

( a )  Spent Demineralizer Regenera= - 
Uasical ly,  t h e  a l t e r n a t i v e  consldered f o r  t h e  treatment of t h e  spent 

r e g e n e r ~ n t  solut ions  from t h e  makeup demineralizers i s  evaporation. The 

c v ~ p o r n t o r  d i s t i l l a t e  would be recycled t o  t h e  makeup m t e r  treatment p lan t  

:mil t h e  evaporator bottoms would 11e disposed of by b u r i a l .  Although only one 

nethod wns considered from an overa l l  performance standnoint ,  two d i f fe ren t  

subsystems schemes were evaluated from economic and design standpoint .  The 

a l t e r n a t i v e s  considered a r e  a s  follows: 



Alternative 1-411 spent demineralizer 

regenerant chemicals, backwash, and rinse water would be neutralized and 

processed in an evaporator. The evaporator bottoms would be disposed of 

by burial in accordance with applicable standards. The total installed 

cost of the additional equipment for this system would be about $825,000 

and the additional annual operating cost would be about $38,000. The 

present worth of the total economic cost required to implement this 

alternative would be about $2,000,000. 

Alternative 2--Acid and caustic 

wastes from the demineralizers would be processed in an evaporator. The 

evaporator bottoms would be disposed of by burial in accordance with 

applicable standards. Demineralizer backwash and rinse would be routed 

to the makeup water treatment plant for further treatment. The total 

installed cost of the additional equipment for this system would be about 

$775,000 and the additional annual operating cost would be about $14,000. 

The present worth of the total economic cost required to implement this 

alternative would be about $938,000. Although the performance of these two 

alternatives is the same, the major economic advantage of alternative 2 

is the reduced evaporator capacity and operating costs realized by the 

recirculation of the rinse and backwash water through the makeup water 

treatment plant. 

The reduction in the sulfate, sodium, 

chloride, and total dissolved solids concentrations which would result 

by implementation of either of the alternatives for treatment of the spent 

demineralizer regenerants are shown in Table 2.5-4. The reductions in the 

effluent concentrations (as shown in Table 2.5-4) that would be realized 



by implementing either alternative were less than the minimum detectable 

amounts of the analytical for respective laboratory procedures. 

For all modes of cooling system operation, the reduction in the concentration 

of the respective parameters in the river, after mixing, that would be 

realized by implementing the alternative treatment system, is less than 

the minimum detectable amounts of the analytical procedures. 

When compared with the proposed 

method of treatment and discharge of the spent demineralizer regenerants, 

no beneficial impacts on water quality or the aquat* environment can be 

identified as resulting from the implementation of the alternative treat- 

ment methods. Implementation of either of the alternatives would result 

in impacts on other areas, such as land use, transportation, and resource 

commitments. Operation of an evaporator would also entail operation of an 

oil-fired auxiliary boiler with attendent gaseous emissions. TVA has 

concluded that the implementation of the alternative treatment method 

is not justified because of the negligible impacts that could be achieved, 

in relation to the required economic costs. 

(b) Steam Generator Blowdown - 
The alternative system considered for the treatment of the main steam 

generator blowdown was the removal by chemical precipitation (either 

alum or lime) of the phosphate contained in the blowdown. The precipitation 

equipment would be designed to handle the full flow rate of blowdown 

directly or the concentrates from the reverse osmosis unit. Preliminary 

design and economic studies indicate that the additional capital cost 



of installing this treatment capability would be about $165,000- 

The nverage annual operation and maintenance cost would be about 

:$fi,000. The present worth of the total economic cost required to 

i.rnplement this alternative would be about $258,000. 

A phosphate removal efficiency 

of 90 percent was used for purposes of evaluating performance of this 

trentment alternative. Although some minor reductions in the con- 

centrations of other mineral parameters may occur in the precipitation 

process incidental to phosphate removal, no estimate of this removal Was 

included in the performance evaluation. The reductions in the phosphate 

nnti total dissolved solids concentrations in the plant discharges and 

the river, after mixinp,, that would be realized by installation of 

chemical precipitation for the main steam generator blowdown are summarized 
' 

in Table 2.7-4. For open- and helper-mode operation of the cooling System, 

the maximum reduction in both phosphate or total dissolved solids con- 

centration of the effluent and the river, after mixing, would be less 

than 0.002 mg/l. This level of reduction is less than the accuracy of 

the analytical methods and the reporting procedures normally used for 

total phosphate. For closed-mode operation of the cooling system the 

blowdown phosphate concentration would be reduced by less than 0.060 mg/l. 

The reduction in the phosphate concentration in the cooling tower blow- 

down before discharge to the river is less than 15 percent of the natural 

variations of phosphate concentrations that have been observed in the river. 

When mixed in the river, the reduction would be less than the minimum 

detectable mount of the total phosphate analytical procedure. 3 



When compared with t h e  nroposed 

method of treatment and discharge of t h e  main s t e m  generator  b lo~~rdo~m,  no 

i d e n t i f i a b l e  benef ic ia l  inpacts  on ~ m t e r  q u a l i t y  o r  t h e  aquat ic  environ- 

ment can be irlentiyied a s  r e s u l t i n g  from t h e  implementation of t h e  

a l t e r n a t i v e  treatment method. Implementation of t h e  a l t e r n a t i v e  ~,?ould 

r e s u l t  i n  impacts on other  a reas ,  such a s  land use,  t r anspor ta t ion ,  and 

resource co~nmitments. TVA has conclucled t h a t  t h e  implementation of t h e  

a l t e r n a t i v e  treatment method is  not j u s t i f i e d  because of t h e  n e ~ l i g i b l e  

impacts t h a t  could be achieved, i n  r e l a t i o n  t o  t h e  required economic 

cos ts .  

( c )  Spent Denineral izer  Regenerants -- 
and Main Stenm Generator Blowdown - The reduction i n  t h e  mineral concentra- 

t i o n s  i n  t h e  p lant  e f f luen t  and i n  t h e  r i v e r  a f t e r  mixing t h a t  m u l d  

r e s u l t  with t h e  implementation of t h e  treatment a l t e r n a t i v e s  f o r  both t h e  

spent demineralizer regenerants and t h e  steam generator blowdown a r e  

summarized i n  Table 2.5-4. Total  dissolved s o l i d s  i s  t h e  only parameter 

which is common t o  t h e  performance of e i t h e r  of t h e  a l t e r n a t i v e s .  However, 

t h e  impact on dissolved s o l i d s  r e s u l t i n g  from jmplementation of both 

treatment a l t e r n a t i v e s  i s  v i r t u a l l y  t h e  same as t h a t  f o r  t h e  spent 

demineralizer a l t e r n a t i v e  only,  i . e . ,  t h e  d i f ference  cannot be a n a l y t i c a l l y  

measured. The conclusion regard in^ t h e  implementation of both a l t e r n a t i v e s  

i s  t h e  s tme 8s t h a t  concerning t h e  imnlementation of t h e  individual  

a l t e r n a t i v e s  . 

2. ---- Yard drainage s y s t s - -  An a rea  has been diked 

t o  provide a. yard drn,ine.ge pond with a surface  area  t h a t  w i l l  vary from 

'1 t o  5 acres  and i s  adjacent  t o  and discharges i n t o  t h e  discharge pond. 



Any debr is  o r  o i l  which may be s p i l l e d  and en te r  t h e  yard d r a i n a ~ e  

system w i l l  flow t o  t h i s  nond. An overflow weir with a skimmer 

s t r u c t u r e  11a.s beer1 ~)rovidei i  so t h a t  f1oa.t ing debr is  and o i l  cannot 

escape from t h e  pond. The s o l i d  me te r i a l  w i l l  be removed a s  necessary 

~ from t h e  pond and disposed of i n  accordance with guidel ines  es tabl i shed 

fo r  t h e  dislnosal of s o l i d  waste. O i l  t r i l l  be reclaimed f o r  reuse  when 

~ j )ract icable.  I f  not s u i t a b l e  f o r  reuse it w i l l  be drummed and held 

o n s i t e  f o r  d isposal  by t h e  most environmentally s u i t a b l e  method. 

I'ossible d isposal  methods include t r anspor t ing  t h e  o i l  t o  one of TVA's 

~ converitional coal - f i red  p; in ts  and b lenc t in~  it with t h e  f o s s i l  f u e l s  

used the re .  

'J1he buildinp, drainage system (roof 5.nd h i& f loor  

d r a i n s )  dra ins  i n t o  t h e  storm drainage system and thence t o  t h e  ?ra,rd 

drainage pond. These d ra ins  w i l l  handle only innocuous mate r i a l s  and 

present  no h n z ~ r d  t o  t h e  environment. 

The s t a t i o n  s m n  a l s o  discharffes t o  t h e  yard 

d r ~ i n a e e  pond and would not normally handle any substances p o t e n t i a l l y  

de t r imenta l  t o  t h e  environment. It may occasional-ly contain some 

o i l  which hns leaked from some indoor machinery. O i l  reaching 

t h e  holding pool v i a  t h i s  route  w i l l  be reclaimed f o r  d isposal  a s  

described above. 

3.  Containment of hazardous lj&ds - The design ----- 
of t h e  Sequoy~h TIuclear Plant  i s  such t h a t  leakage, s p i l l a g e ,  o r  container  

ruptures  from any cause w i l l  not flow d i r e c t l y  t o  Chickamau~a Reservoir.  

Accidental r e l eases  of these  liquids w i l l  e i t h e r  he contained i n  t h e  

immediate v i c i n i t y  of t h e  s torage  container  u n t i l  recovery o r  be routed 
4 

t o  t h e  yard d r a i n a ~ e  hold in^ pond f o r  recovery o r  t reatment.  



The probabi l i ty  of accidental  re leases  from any 

cause w i l l  be minimized by operator surveil lance,  attendance of 

personnel during operations, and wri t ten ins t ruct ions .  TVA i s  

presently preparing a general " O i l  and Hazardous Materials Contingency 

Plan" fo r  a l l  WA f a c i l i t i e s  a s  required by both Executive Order and 

Federal l eg i s la t ion .  As par t  of t h i s  plan a separate "Spi l l  Prevention, 

Control, and Countermeasure Plan" w i l l  be prepared f o r  each individual 

f a c i l i t y ,  including; Sequoyah Iiuclear Plant.  The storage of hazardous 

l iqu ids  a t  t h e  plant w i l l  be kept t o  a minimum consistent  with maintaining 

plant r e l i a b i l i t y .  The t s - s  of l iqu ids ,  t h e  maximum amount, and the  

containment o r  control  techniques used i n  t h e  event of an accidental  

re lease  a r e  given i n  t h e  following tab le .  

Total Control of 
Type of Storage Accident a1  
Liquid Storage Capacity Release 

Acrolein .2 cylinders 100 gallons Contained i n  acrole in  
building 

:;ulphuric ac id  1 tank 3,000 gallons Tank enclosed by a 
dike 

Sodium hydroxide 1 tank 3,300 gallons Tank enclosed by a 
dike 

Chlorine 6 cylinders 600 pounds To yard drainage pond 
Arrunon i a ' 10 drums 550 gallons Tank enclosed by a dike 
Ilydrazine 10 drums 550 gallons Tank enclosed by a dike 
Diesel fue l  2 tanks 142,000 gallons Tanks enclosed by a 

dike 

Iliesel fue l  16 tanks 271,800 gallons Tanks a re  embedded i n  
generator building 
f loor  

Diesel fue l  8 tanks 4,400 gallons Drained t o  o i l  sump 
Turbine o i l  2 tanks 29,400 gallons Drained t o  o i l  sump 
Lubricating o i l  2 tanks 29,000 gallons . Tanks enclosed by a 

dike 
Askarel A l l  i ns ide  Enclosed by containing 

transformers walls ,  drained t o  
separate sump, then 
reused i n  t h e  plant o r  
returned t o  manufacturer 
f o r  reprocessing o r  
disposal  



Arrangements will be made to retain stored hazardous 

chemicals in case of spillage. For sulfuric acid and sodium hydroxide, 

separate retaining pits will be provided to hold the entire stored volume 

of each chemical while steps are taken to containerize the spilled liquid 

or otherwise dispose of it in a safe controlled manner. For ammonia and 

hydrozine, a pit will be provided to hold the volume of the largest 

storage tank. 

4. sanitary wastes - Three extended aeration 
sewage treatment facilities have been installed for use during the 

construction period to treat the domestic wastes from a peak construction 

force of approximately 2,000 persons. Effluent from the plant is 

chlorinated before entering the river. These treatment facilities have 

been complemented by portable-type chemical toilets for use in isolated 

or remote areas of the project site. The servicing contractor is required 

to dispose of raw sewage in a manner which is environmentally acceptable. 

Generally, these waste are collected in contractor-owned tank trucks and 

are hauled to a local community sewage treatment plant for disposal. 

At the end of construction these initially installed facilities will be 

removed to storage, surplus, or new construction. 

Secondary treatment facilities consisting of a septic 

tank and subsurface filters and with provision for chlorination will be 

provided for the permanent plant. After treatment, the effluent will be 

discharged to the yard drainage pond. It is estimated that the ultimate 

operation force will number 250 permanent employees. The treatment facility 

will be designed to handle approximately 425 persons including permanent 

and temporary employees and visitors. During periods when a large 

temporary maintenance force is working at the plant, the permanent waste 

treatment will be supplemented by portable-type toilets. 



Both construction and permanent systems w i l l  be 

operated t o  prevent untreated e f f luents  from entering the  r iver .  The 

design w i l l  be i n  accordance with approved sani ta t ion standards a ~ p l i c a b l e  t o  

TVA f a c i l i t i e s  and w i l l  meet Tennessee Pollution Control Board requirements. 

TVA routinely sends plans of i t s  sani tary waste 

treatment f a c i l i t i e s  t o  t he  appropriate s t a t e  pollution control  organi- 

zation f o r  t h e i r  information and f i l e s .  

5. Gaseous emissions - If each o i l - f i red  auxi l iary 

steam generator were assumed t o  operate continuously a t  100 percent 

capacity, such operation wo71ld r e s u l t  i n  both un i t s  burning a t o t a l  

6 of 6.6 x 10 gallons per year (750 gals /hr)  of No. 2 fue l  o i l  having a 

sulfur  content of about 0.5 percent. The boi le rs  a r e  each ra ted a t  

6 
40,000 lb /h  steamflow with an input ra t ing  of about 53-2 x 10 Btu/h. 

The following emission r a t e s ,  based on the  above 

assumptions, were used t o  calculate  ambient pollutant concentrations: 

Par t iculates  6.0 ~ b / h  
Sulfur oxides 5.86 lb/h  
Carbon monoxide 0.03 lb /h  
IIydrocarbons 1 . 5  lb/h  
llitrogen oxides 254.04 ton/yr 

The emissions w i l l  be released through a stack which i s  approximately 

108 f ee t  above ground level .  

C'zlculated maximum ambient pollutant concentrations 

resu l t ing  from these emissions, together with t he  applicable ambient 

standards, a r e  given below. 

Averaging Calculated Secondary 
Pollutant Time Concentrations Ambient Standards 

Par t iculates  3 24-hour 0.28 ug/m 150 ug/m3 
Sulfur oxides 24-hour 1. 07 x 10:~ ppm 0.14 ppm 
Carbon monoxide 1-hour 9.83 x ppm 35 PPm 
Ilydrocarbons 3-hour 3.58 x 10 ppm 0.24 ppm 
Nitrogen oxides 1-hour 8.72 x ppm 0.05 P P ~  



From this evaluation of the emissions from the 

auxiliary boilers and considering that they will be operated much less 

than full capability, it can be seen that the emissions will have 

negligible environmental impact. 

6. Nonradiological environmental monitoring program - 
A quarterly preoperational environmental monitoring program was initiated 

in May 1971 to establish a baseline of biological and water quality 

conditions in the vicinity of the plant site. The design of the 

operational monitoring program will be based on results from the pre- 

operational monitoring prog,an and from experience acquired during 

operation of similar programs at other plant sites. 

The preoperational biological and water quality 

monitoring programs are summarized in Tables 2.5-5 and 2.5-6 

respectively. 

The nonradiological biological monitoring program 

designed for Sequoyah is not intended to provide cause and effect types 

of information. Rather, the monitoring program has as its major objectives: 

the determination of significant changes in the relative abundance and/or 

species, diversity, and composition of bottom fauna, plankton, and periphyton. 

Since many of the details of the environmental 

monitoring programs are closely related to the final plant design, the 

monitoring programs are necessarily tentative. As details of the final 

plant design are completed, the respective environmental monitoring 

programs will be reevaluated and modified as needed to ensure adequate 

environmental monitoring programs. The resulting monitoring programs 

will be reviewed and coordinated with the appropriate agencies. 
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1 
~ i m m  use % Result',% End h d u c f  - ? f f x ; l s  

Pounds Waste 532 lauhxm 41rerage 
ArsuaZ D a i l y  Product Chemical Annual 3ai14- 

Cheaical 
Treatment Sovce System 

Makeup Water 
Treatnrnt Plant 

A l u m  
A$(sO4l3. l%O 

Soda Ash %GO3 

Chlorine 
(C$) 12,780 35 ml-,  c1- 12,780 35 

Seztled Solids 9' 44,750 120 

241,000 660 so4-- 2 3 6 , m  650 

19,000 531 Na+ 1lO,000 3 x  

Mbkeup Demineralizer 
System 

ma- 
Miner& Removed Sulfates 

Sodium 
Chlorides 
Total Dissolved Solids 

c1- 
Total Dissolved Solids 

Hain Steam 
Generator 
Blowdown 91 

Sodium Phosphate 

Na2m4 

Awriliary Steam 
Generator Blowdawn 

Raw Cooling Water 

J 

Eydrazine 

H2m2 

Acrolein 
CH2 = CHCHO 803 2.2 Acrolein 

Essential Raw Acrolein 
Cooling Water CH2 = CHCHO 1,970 5 Acrolein 1,970 5 - 

A l l  values are  based on maximum capacity of equipment; 365-day crperation. 
Precipitated material that wil l  be produced by makeup water treatment plant on a dry weight basis. 
Estimates based on 1cW$ removal of river water constituents in  the specific system. 
Chemical poundage for this  system i s  baaed on operat- one boiler a t  naxhm capaciw 365 days polr ye-. 
Sodium phosphate w i l l  be added t o  maintain a residual of 15 mg/l. 
Ammonia w i l l  be added t o  maintain a pH of 9.0. 
Iiydrazine w i l l  be added to control dissolved oxygen i n  the system. Hydrazine i s  assumed t o  d e c q o s e  t o  BDrrnonia. 
Ammonia will be rejected through the a i r  vapor outlet. 
Acrolein w i l l  be zd6ed 1/2 hour per day for  a maximum of 120 days per year. 



Table 2.5-2 

wwtP S I L . ~ ?  ofC 
Product Observed ~ o t d  

A-L* DC& ~perat ing" Chcmicel Coccc-.tret! ons k! Totsl  ~ i c c h n r e e ~  Concentrations hwe 
Discharge Contiibution Reservoir Water Concentr~tions in River k l lm.b le  
of Rcduct  t o  Dircharee a t  TiW L72.3 CF=2 f o r  C10:ed I40de Aftcr  K.fFr.ln& Gui,!elL?cs 

Waate Product Chemical Conceutrations n , d l  me/l nc/1 Efflucnt S t rem -- 
C h d e a l  lbs ne/l M i n i m . ~ ~ ~  Avcrcec M a x i m ~ ~  Avernee f . h . x h  Avcraec i:&~irJ.rlp A d  

T d a l  Dissolved 
eolidn 

Based on 24-hour operation 365 Qgs per year a t  demonstrated nmdman capacity of  equipment aud chemical requiremento. 
Discharge flows based on 2-unlt fu l l  load opcration. Total p lan t  discharge = 2,500 f03/s f o r  both open and helper nodes. Blowdm = 70 f t3 / s  f o r  closed modc. 
Data tdccn frm Quali ty  of Wzter i n  Chickvnnu~a Rercrvoir, TVA, Division of Henlth md SSafety, July 1901. 
Ratios f o r  mLtlw rue: 5 voluncc reservoir watcr t o  occ volume dischnree watcr in the opcn mode; one v o l w  rcoervoir water t o  one volume dlschorge watcr f o r  t h e  helper mode; and 

9 volmcs rcscrvoir water t o  onc volume d i s c h a r ~ c  water In t h e  closed male. 
Tennesoec Divinion of Hatcr Qual i ty  Control guidcllnes. 
No spccif ic  guidclinc has been idc?ltified but contribution t o  dissolved sol ids  has been included. 
Cmputatlon i s  fo r  chlorides sinee the water contalninp. residual  chlorlnc wlU be processed by the deaineralizers. 
k-sronia end hydrazinc addcd t o  stem gcncrator fo r  pH and diosolvcd oxyccn control. tiydrazine conscrvntively aosmcd t o  decaapooe t o  8monia. 
Data obscrved a t  TlU.1 483.6 bctwcen Deccnbcr 1 N 9  and December 19.970. Frcn Mincrnl Quality of Surfscc Wotcrs i n  thc Tcnneqcee Rivcr Basin, TVA, V n y  1972. Anmcnla expreaoed ac ~ / l  as N ,  

phosphates expressed as  w,/l ac wh. 
When 2hosphnte c r i t e r i a  nrr. applicabie, the guldcllncs are thosc s tated or natural  bzckpotl~d,  whichcvcr i s  higher. 
It i s  expected thnt acralcin w i l l  not be nccdcd more t h ~  120 days per ye=. It uiLl be :crl t o  the rwd coo l i ; '~  ..+nt-r and c s r c n t i d  raw coolFw water cystem f o r  3 hour cach dny t o  cchicve 

a wut tum concentration of 0.3 n c / l  within thcsc cy~~tcms. Concentrations a h m  cue fo r  tbc 4-hour fccd p c r i c l  a - d  arc  baoed on di lut ion within the condcnser c o o i i . ? ~  zyc tcm only. 
Therc i s  no publisl~cd ~ululileline f o r  ncroleln. Btatcd valuc l a  1 0  pcrccnt of the reported $-hour TIm f o r  fstrinnd nimowo. 
No specif ic  eff lucnt  guidcllne has been idcnt lf icd.  
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Sta t ion  

Distance ?-on 
Left  Bank 

(IJormal Arll Pool -?levation) 
Feet -- ?ercent 

Depths of .iaterl 
?!eters 

Eoo 
2,200 - 
3,200 

1. Temperature observed throughout each v e r t i c a l  t o  l i m i t  d i f ferences  between successive 
observations t o  2OF. Dissolved oxygen measured a t  a l l  depths l i s t e d ;  addi t ional  samples 
col lec ted  i f  an appreciable change is  found. 

* Analyses include but a r e  not l imi ted  t o  t h e  following parameters: pH, a l k a l i n i t j ,  BOD, 
COD, co lor ,  t u r b i d i t y ,  conductance, Si02, Ca, M g ,  hardness, ila, K ,  C 1 ,  F, SOl4, ni trogen,  
phosphate, Fe, ?h, Cu, Zn, C r ,  Iii. 



Table 2.5-6 

BIOLOGICAL SAMPLING SCHEDULE (NONRADIOLOGICAL) - 
SEQUOYAH NUCLEAR PLANT, CHICKAMAUGA RESERVOIR 

Depths (meters) 
for Zooplankton,* 
Chlorophyll,* Autotrophic- 

Station Horizontal Phytoplankton Cell Benthic Heterotrophic 
or TRM ~ocatiod/ Counts. ** and C-14** Pauna Indices 

496.5 R-LM . 0, 1, 3, 5 10 2 

490.47 R-LM 0, 1, 3, 5 10 2' 

484.10 R-LM 0, 1, 3 ,  5 10 2 

R-LM 

480.82 R-LM 0, 1, 3, 5 19 2 

477.93 R-LM 0, 1, 3, 5 10 2 

472.80 R-LM 0, 1, 3, 5 10 . 2 

1. Horizontal location looking downstream: R-LM = area from right 
shore to left middle of stream. 

'Replicate zooplankton samples are taken with a No. 20 net by 
hauling it vertically from the bottom to the surface. 

**Taken at same depth within the euphotic zone only--0, 1, 3, and 
5 meters. 





must release heat t o  the environment a s  a consequence of producing 

electr ici ty.  A portion of the thermal energy produced i n  the  reactor 

w i l l  be converted t o  e lec t r ica l  energy through the turbine generator, 

while the  remainder i s  absorbed by cooling water flowing through 

I the condenser. In the current s t a t e  of technological development i n  

nuclear plants, approximately two-thirds of the  heat produced i n  the  

reactor i s  released t o  the environment. 

The f a c i l i t i e s  for  dispersing t h i s  warmed condenser water 

in to  Chickamauga Reservoir have been planned t o  adequately protect 

the receiving waters fo r  the  following uses: municipal, industr ial ,  

and agricultural water supply; propagation of warm water f i sh  and other 

I aquatic l i f e ;  water-contact recreation; navigation; and the f ina l  

1 disposal of t reated municipal and industr ial  wastes. O f  these uses, 

the propagation of warm water f i s h  and other aquatic l i f e  was judged t o  

be the  one requiring the  highest degree of protection from thermal 

effects.  

1. Water temperature standards - The proposed 

temperature c r i t e r i a  of the  State  of Tennessee a t  the time of the  i n i t i a l  

planning were as  follows: 

Water Use Temperature Specifications 

Public Water Supply The t e m p e r a t ~ e  of the water sha l l  
Water-Contact Recreation not exceed 93 F and the  maximum 
Fish and Wildlife rg te  of change shall not exceed 
Industrial  Water Supply 3 F per hour. (The maximum tempera- 

ture  of recognized torout streams 
shal l  not exceed 68 F.) In no case 
shall the  maxim^ temperature r i s e  
be more than 10 F above the  stream 
temperature which shal l  be measured 
a t  an upstream control point. 



Water Use Temperature Specifications 

Agricultural Water Supply The temperature of the  water sha l l  
not be raised or  lowered t o  such an 
extent a s  t o  in ter fere  with i ts  use. 

These proposed c r i t e r i a  were excepted from approval 

by the  Federal Water Pollution Control Administration (now the  Water 

Quality Office of the  EPA). On December 1 4 ,  1971, the  Tennessee Water 

Quality Board adopted revised temperature c r i t e r i a  for  the  f i s h  and 

wildl i fe  water use classif icat ion as  follows: 

Temperature - 9 maximum water temperature change sha l l  not 
exceed 3 ' ~  (5.4 F) re la t ive  t o  an upstream control point. 
The temperature of the  water sha l l  not exceed 30.2'~ (86$1 F) 
and the maximum r a t e  of change sha l l  not exceed 2 C (3.6 F) 
per hour. Ths tempgrature of recognized t rout  waters sha l l  
not exceed 20 C (68 F). There shall be no abnormal tempera- 
tu re  changes tha t  may affec t  aquatic l i f e  unless caused by 
natural conditions. The temperatures of impoundments where 
s t r a t i f i ca t ion  occurs w i l l  be measured a t  a depth of 5 fee t ,  
o r  mid-depth whichever i s  l e s s ,  and the  temperature i n  flowing 
streams sha l l  be measured a t  mid-depth. 1 

These revised thermal c r i t e r i a  were approved by EPA on June 9, 1972. 

TVA has determined tha t  the  diffuser  system is not 

adequate t o  ensure acceptable conformance with the  5.4'~ r i s e  and 86.9'~ 

maximum temperature. The al ternat ives for  heat dissipation which are  

described i n  the  Sequoyah Nuclear Plant draf t  environmental statement 

have been reevaluated, and it has been decided tha t  the  best long-term 

solution t o  meet the  more stringent standards is  t o  supplement the  diffuser 

system by the ins ta l la t ion  of natural draf t  cooling towers with the  

capabili ty of operating i n  the  open, helper, and closed modes. 

Construction of the  towers w i l l  require about 40 months 

t o  design and construct, and the  plant w i l l  be operated using a diffuser 

system only u n t i l  t he  cooling towers a re  ready. However, TVA w i l l  operate 



the plant t o  comply with the  applicable thermal standards both 

during the  interim period and a f t e r  tower construction i s  complete. 

To assure tha t  the  thermal c r i t e r i a  of the  

Tennessee water quality standards are  not violated and t o  provide 

documentation of reservoir temperatures, TVA has instal led a network 

of 10 temperature monitors i n  Chickamauga Reservoir (see figure 2.6-1). 

Each of the  s tat ions w i l l  have temperature sensors 1/2 foot below the 

surface, at a point 5 feet  below the  water surface, a t  the bottom, and 

a t  several other intermediate points. A computer control data logger 

receives the  temperature dbta which are printed on teletype and punched 

on paper tape. The paper tapes are  sent t o  the  computer center for  pro- 

cessing. Printouts of the  data are  then sent t o  the  Division of 

Environmental Planning for  validation and analysis and t o  the  Division 

of Power Resource Planning. 

2. Description of heat dispersal f a c i l i t i e s  - It 
was recognized early i n  the plant design stages tha t  the  condenser water 

should not be discharged d i rec t ly  in to  the  surface s t r a t a  of Chickamauga 

Reservoir. Instead, it was  decided t h a t ,  by means of a diffuser system, 

the  condenser water should be mixed as  quickly as  possible with a s  much 

unheated r iver  water a s  possible. By t h i s  procedure, no excessively 

warm surface s t r a t a  would exis t  and the  mixing zone would be res t r ic ted  

t o  a relat ively small area. Based on hydraulic model t e s t s  a t  t he  

Massachusetts Ins t i tu t e  of Technology and a t  T V A V s  Engineering Laboratory, 

the  diffuser system would have enabled the  plant t o  operate and meet 

the original ly proposed 1 0 ~ ~ / 9 3 ~ ~  thermal standards. 



As shown on figure 1.1-2 and 2.6-2, heat dispersal 

facilities consist of an intake skimmer wall, a water intake embayment, 

3 condenser water pumps capable of a flow of 2,500 ft /s for -1 2-unit 

operation, pipes leading to a turbine condenser, a 29.5'~ rise turbine 

condenser, two natural draft cooling towers, discharge pipes leading 

to a small pond formed by diking an embayment, two discharge pipes 

leading from the pond to the underwater diffusers in Chickamauga Reservoir, 

and an underwater dam upstream from the diffusers. 

The intake skimmer wall, which is about 6,500 feet 

upstream from the diffuser. has a clear opening length of 550 feet 

and an opening height of approximately 9 feet 8 inches. The top of 

the opening is at elevation 641. The skimmer wall is designed to allow 

withdrawal of the cooler water in the lower layer of Chickamauga Reservoir. 

Because of the skimmer wall, the temperature of the water in the intake 

canal will normally be less than the temperature of the reservoir surface 

3 at the intake. At the 2-unit condenser flow of 2,500 ft /s, the velocity 

through the skimmer wall opening will be about 0.5 ft/s . 
A trapezoidal intake channel leads from the intake 

embayment to the intake structure. For full 2-unit operation in the open 

and helper modes, the maximum average cross section velocity in the intake 

channel will be about 2.7 feet per second. Intake channel velocities will 

be reduced to one-half of this value for 1-unit operation in the open and 

helper modes. During closed-mode operation these velocities will be about 

6 percent of the above values. The intake structure consists of 6 bays 

that have net openings of 15 feet 4 inches by 23 feet 6 inches; thus the 

average velocity will be about 1.2 feet per second during the 2-unit 

operation and is independent of the reservoir elevation. The maximum 



average velocity through the traveling screens which have net 

openings 318 inch by 318 inch will be about 2.2 feet per second 

during the April-September period. Bay and screen velocities will 

remain the same regardless of the number of units operating. 

The use of natural draft cooling towers will 

require two cooling towers each 413 feet in diameter at the base by 

516 feet high for the open, helper, closed combined system. Figure 

1.1-2 shows the location and arrangement of the two natural draft 

towers on the plant site. The use of cooling towers will require the 

relocation of the emergenPy raw cooling water intake. Two alternative 

locations are being considered and these are shown on figure 1.1-2. 

(Only alternative proposal number 2 is shown on the figures in section 

2.6.) 

The surface area of the discharge pond is about 

32 acres, which is not sufficient for any significant heat loss to 

take place. To provide sufficient hydraulic head for the operation 

of the diffiser pipes, the pond elevation will be held about 7 feet 

higher than the reservoir. The top of the dike forming the pond will 

be at elevation 700. An overflow section is provided with a crest 

at elevation 695. This spillway is provided to allow flow into and 

out of the pond during rising and falling stages of extreme floods on 

the river. Flow-control facilities will be provided in the outlet 

structure in the dam forming the discharge pond so that flow from one 

unit can be discharged through either one or two diffusers. 

Two discharge pipes having diameters of 16 and 

17 feet lead from the discharge pond to the diffuser sections which 

will be located in the main 900-foot wide by 50-foot deep navigation 

channel. Each of the actual diffuser sections will be 350 feet long 



and contain several  thousand 2-inch diameter ports on 6-inch by 

6-inch spacings, through which t h e  heated water w i l l  be discharged 

a t  a velocity of about 10 ft /s .  Diffusion w i l l  t ake  place across 

t he  700 f ee t  of t h e  channel nearest  t h e  plant. The diffuser sections ~ 
w i l l  be l a i d  on a low crushed s tone f i l l  such t h a t  t h e  discharge 

ports w i l l  be approximately 12  feet above t h e  riverbed. The minimum 

submergence over t h e  t op  of t h e  d i f fuser  pipes w i l l  be 31.5 feet. 

The crushed stone back f i l l  is  used under and 

around the  diffuser pipes fo r  t h e  following reasons: 

1. To provide unifor .bedding fo r  t h e  pipes on t h e  reservoir  
bottom. 

2. To s t a b i l i z e  t h e  pipes against hydro-dynamic forces caused 
by turbulence resu l t ing  from ro ta t ing  screws on barge tugs. 

Laboratory model t e s t i n g  determined t h a t  forces created by 
tugs passing over t h e  d i f fuser  pipes would lift t h e  pipes 
and r o l l  them horizontally.  Anchorage f o r  t he  ve r t i ca l  
forces i s  provided by continuous rows of concrete beams on 
each s ide  of each pipe with wire ropes extending over t h e  
top  of each pipe and being anchored t o  each beam. The 
weight of t h e  crushed s tone above t h e  anchor beams is 
u t i l i zed  t o  minimize t h e  s i z e  of t h e  anchor beams. The 
crushed stone i s  placed around t h e  pipes t o  a height suf f ic ien t  
t o  provide horizontal  s t a b i l i t y  against hydro-dynamic forces 
from a tug. 

3. To reduce horizontal  forces on t h e  pipes as a result of 
t h e  current i n  t h e  reservoir .  

4. To reduce s i l t a t i o n  which would r e s u l t  from t h e  ve r t i ca l  
ba r r i e r  e f f ec t  of t h e  pipes without f i l l .  

The slopes of t h e  f i l l  are made 3 horizontal  t o  1 ve r t i ca l  
t o  provide fo r  a smooth flow t r ans i t i on  across t h e  pipes 
(see figure 2.6-2). 

It i s  t o  be noted t h a t  t h e  e f f ec t  of t h e  diffuser pipes 
and crushed stone f i l l  w i l l  not be t o  increase s i l t a t i o n ,  
but ra ther  t o  decrease s i l t a t i o n  a t  t h i s  point due t o  
increased ve loc i t ies  i n  t he  v i c in i ty  of  t h e  diffusers. 



5. To provide stability for vibration forces which may 
occur as a result of water being discharged through 
the ports in the pipes. 

I An alternate method of stabilizing the diffuser 

I pipes against hydrodynamic forces is by the use of cables which extend 

upstream and downstream and are anchored into rock in the reservoir bottom, 

This would eliminate the crushed stone fill except for that required 

for uniform bedding in the reservoir bottom. 

When compared to the method being used, this alternate 

method has two very significant disadvantages. The first is that the 

cable size increases since +.he direction of the cable is at an angle to 

the direction of the force (as opposed to the cable being in line with 

the force) with the result that this method would be more cos-bly. The 

second is that the elimination of the crushed stone surrounding the pipes 

would create a vertical barrier effect with the resulting potential for 

more siltation. It is concluded that the method being used is more 

desirable both economically and environmentally. 

Approximately 250 feet upstream from the diffusers, 

an underwater dam will be constructed across the main channel. The under- 

water dam will be constructed by dumping quarry run rock from a barge. 

TVA estimates that the side slopes will not be greater than 1.5 horizontal 

to 1 vertical. For this side slope, the underwater dam will cover an area 

of approximately 90 feet wide by 900 feet long. The crest of the dam will 

be at elevation 654. The underwater dam will serve two purposes : (1) 

it will decrease the thickness of the upstream warm water wedge which 

forms at low reservoir flows; and (2) it will impound the cooler water 

in the lower layer of the reservoir making the cooler water available 

to the plant intake. 



3.  Present thermal regime of Chickmauga Reservoir - 
Analysis of historical water temperature data for Chickamuga Reservoir 

shows that in the reservoir downstream from Sequoyah, weak stratification 

may exist during the warm summer months. This stratification is caused 

by a combination of cool reservoir inflows and natural heating processes. 

Because of the large cross sectional area of the reservoir, velocities 

are low, and the water is exposed to solar and atmospheric heating for 

a long period of time. The surface waters are warmed more rapidly than 

the underlying water creating a density difference, with the warmer, less 

dense water floating on the cooler water. As the density difference 

increases, the stability, or resistance of the layer to mixing increases. 

Calculations indicate that surface water temperatures 

in the lower reach of Chickamauga Reservoir during the period of stratifi- 

cation are near equilibrium, i.e., the temperature at which there is no 

net heat exchange between the water and the atmosphere. 

The temperature of the underlayer of water in 

Chickamauga Reservoir during the summer is below equilibrium temperature 

because it originates primarily from cool releases from the upstream 

tributary dams. 

Water temperatures in Chickmauga Reservoir have 

been monitored by TVA recording stations since 1969. The recorded tempera- 

tures ranged at TRM 485.7 from about 40'~ in the winter to a typical I 
maximum of 80'-84'~ in the summer with an occasional m a x i m  as high as ~ 
88'~. The temperatures were recorded at elevation 677, which is about 

6 feet below the normal summer pool elevation. Table 1.2-13 shows the 

observed monthly maximum and minimum temperatures in Chickamauga Reservoir 

for the perf od 1969-72. 



2.6-9 

Flow at the Sequoyah site is controlled principally 

by operation of Watts Bar and Chickamauga Dams and by inflows from the 

Hiwassee River. The duration of zero flow periods at Chickamauga and 

Watts Bar Dams for the period 1959-68 is shown in Table 1.2-10. 

The duration and frequency of hourly flows at the 

Sequoyah site for given hourly releases from Watts Bar and Chickamauga 

may be obtained only by a complex and extensive calculation. These 

calculations using historical flow data would be meaningless for pre- 

diction purposes because the f'uture operation of Watts Bar and 

Chickamauga Dams may be cheLIlged to obtain the most economical combined 

operation of the hydroelectric stations and the Sequoyah Nuclear Plant 

which will meet the temperature standard. The precise nature of these 

changes in hydro plant operation are not known at this time and will 

be determined from operating experience after plant operation begins 

and from a study of the relative economy of hydro plant operation 

changes versus use of the cooling towers. The hourly flow duration 

curves for 10 years of record, 1959-68 for Watts Bar and Chickamauga 

Dams, are shown in figures 1.2-3 and 1.2-4, respectively. 

4. Thermal discharges to Chickamauga Reservoir - 
Until construction of the cooling towers is completed, TVA will operate 

the Sequoyah Nuclear Plant to meet the applicable temperature standards 

using the diffuser system for heat dispersion. As soon as the towers 

are operable, TVA will use the auxiliary cooling facilities to supplement 

the diffuser system to meet the applicable temperature standards. 

Under the current schedule, commercial operation is 

expected to be June 1976 for unit 1 and F e b m  1977 for unit 2. 



The natural draft towers require approximately 40 months to design 

and construct and could be operational by IJovember 1976. Thus, there 

would be approximately 5 months of interim operation involving only 

1-unit operation. Since the interim period involves only 1-unit 

operation without cooling towers available, TVA expects to be able 

to meet applicable standards with only minor regulations of stream- 

flows. 

An analysis was made of the 6-year period 1966 

through 1971 to determine if, under normal operating conditions of 

Chickmuga and Watts Bar Pms, a sufficient volume of water was 

available within a 24-hour period to provide the streamflow required 

to meet the present applicable thermal standards ( 5  ST OF change and 86.9'~ 
maximum) . This analysis assumed 1-unit and 2-unit full-load operation 
of Sequoyah using only the diffuser system for heat dispersion (river 

cooling) and did not reflect the use of cooling towers. The mean daily 

releases and weekly tailrace temperatures that occurred at Chickamauga 

Dam during this period were used to represent conditions at the plant 

site. Although mean daily releases were used in the computations, it 

is recognized that operation of the Chickamauga and Watts Bar Dams for 

peaking power results in wide fluctuations within the daily period 

represented by the mean daily streamflows. There is no intent to indicate 

that these mean daily flows represent the instantaneous flows which occur 

at the site. However, the computations do show what the corresponding 

temperatures of the reservoir wsters would have been if the releases 

had been uniform during the 24-hour period. 

The TVA hydro system is operated primarily for three 

statutory purposes which, in order of priority, me: (1) flood control 



(2) navigation (maintain navigation pool elevations in the mainstream 

reservoirs), and (3) hydro power generation. The operation of the 

reservoir system to meet these statutory uses is accomplished by two 

separate and distinct scheduling procedures. The first and primary 

scheduling operation is to identify the daily volume of water that 

must be released through each dam to meet the requirements of flood 

control and navigation within the limitations of the operating rule 

curves for the individual reservoirs. Once these daily "blocks" of 

water that must be released from each dam are determined, the generation 

needs of the power system d-termine what the hour-by-hour releases will 

be within the 24-hour period. 

Thus, the evaluation using mean daily flow was to 

determine if the historic operation of the water control system had 

resulted in "blocks of water" to be released at Chickamauga Dam which 

would have been sufficient to meet the heat dissipation requirements 

at Sequoyah. On those days when total daily releases would not have 

been sufficient to meet the thermal criteria, additional supplemental 

releases would be required from upstream reservoirs or generation cut- 

backs at Sequoyah would have been necessary. However, examination of 

historical data shows that the necessary flow required for heat dissipation 

can frequently be maintained only by some rescheduling of the power 

operations of those TVA dams controlling the flows in Chickamauga Reservoir 

with a loss of some flexibility in establishment of their daily generation 

schedules. 

If during the interim period prior to the cooling 

towers becoming operational, unacceptable regulation of the hydro system 



could not be achieved, TVA is  committed t o  reduce the  output of t h e  

plant t o  meet applicable thermal c r i t e r i a .  

The number of days during t h e  period 1966 t o  1971 

i n  which t h e  present Tennessee temperature standards (5 .4 '~  change and 

86.9'~) maximum) would have been exceeded f o r  t h ree  leve ls  of mixing 

immediately downstream from t h e  plant a r e  summarized i n  Table 2.6-1. 1 
For 1-unit operation, t h e  number of days during t h i s  period t h a t  the  

Tennessee thermal c r i t e r i a  would have been exceeded ranged from 155 days 

i n  a 6-year period (7.1 percent ) for  60 percent mixing t o  52 days i n  a 

6-year period (2.4 percent' f o r  100 percent mixing. The corresponding I 
values for  2-unit operation ranged from 674 days (30.8 percent) t o  230 ~ 
days (10.5 percent) .  For t h e  range of mixing studied, t h e  thermal change I 
( r i s e )  predominated a s  t he  c r i t i c a l  thermal c r i te r ion .  During those days ~ 
when streamflows a re  insuf f ic ien t  t o  meet thermal standards, at l e a s t  one 

of t h e  following modifications of t h e  ac tua l  operating schedule would 

have been required: (1 )  revision of the  operation of Chickamauga o r  

Watts B a r  D m ,  (2)  an increase i n  t he  releases from upstream storage, 

(3 )  operation of t he  auxi l iary cooling f a c i l i t i e s ,  (4) reduction i n  t he  

generation at Sequoyah Nuclear Plant,  o r  (5)  a combination of these 

operations, TVA ant ic ipates  t h a t  some modification of t he  peaking operation 

of Chickmuga and Watts B a r  Dams w i l l  be required t o  reduce t h e  occurrence 

of low o r  no flow at the  project  s i t e .  TVA w i l l  make such modifications, 

when prac t ica l ,  t o  enable t he  plant t o  u t i l i z e  t h e  heat d i ss ipa t ive  

capacity of t he  reservoir  and a t  t h e  same time t o  comply with t he  thermal 

standards. During t h e  interim period between uni t  s ta r tup  and the  availa- 

b i l i t y  of auxi l iary cooling f a c i l i t i e s ,  special  streamflow operation and/or 



reduction in generation load could be used to ensure that the plant 

is operated within the limits of the thermal criteria. When the 

cooling towers become operational the need for special streamflow 

regulations and/or load reductions will not be as critical and the 

results presented for this 6-year analysis are indicative of the 

amount of cooling tower operation which will be required to comply 

with the 5,4°~/86.90~ standards. 

The computed increases for the 6-year period with 

100 percent mixing are shown in figures 2.6-3 and 2.6-4. The calculations 

presented in figure 2.6-4 &;sume complete mixing of the discharge water 

with the entire riverflow and therefore do not reflect the fact that 

some river water may pass by the diffusers without immediate mixing with 

the heated discharge. The complete mixing results presented in figure 

2.6-4 represent the temperatures at some point downstream. Complete mixing 

will always occur at Chickamauga Dam. The calculations presented in 

figure 2.6-4 also assume continuous 2-unit full-load operation, The 

temperature variation which would occur during realistically varying unit 

operation would be less smooth than those shown in figure 2.6-4. However, 

the magnitudes of the river temperatures resulting from less than 2-unit 

full-load operation would always be less than those in figure 2.6-4. 

Appendix M contains a more detailed discussion of the thermohydrodynamics 

of the reservoir and the influence of the diffuser system during open 

and helper modes of operation. 

5 .  Effects on aquatic life resulting from diffuser 

discharges - 
(1) TVA experience on effects of heated 

water - Since 1955, TVA has been observing the distribution in streams 



and i n  reservoirs of heated waters discharged from WA's thermal- 

e lec t r ic  pawer plant s  a able 2.6-2) . TVA 's experience indicates tha t  

warm condenser water under some conditions can be discharged into 

surface streams without significant adverse effects  on aquatic l i f e .  

The Paradise experience, although somewhat atypical of conditions i n  

the Tennessee River due t o  the  nature and s m a l l  s ize  of the Green River, 

demonstrates the value of monitoring programs i n  detecting adverse 

effects of thermal discharges a t  an early stage i n  plant operation. 

I n i t i a l  operation of the  Paradise Steam Plant on the  Green River i n  

Kentucky did produce significant adverse effects  on aquatic l i f e .  In 

the f i r s t  5 miles below the plant, adverse effects  were observed on 

bottom and suspended aquatic organisms. These effects  were detected 

by environmental monitoring conducted by TVA and outside consultants. 

A s  a resul t  of the i n i t i a l  findings of these biological studies, cooling 

towers were instal led.  Studies t o  assess thermal effects  i n  the r iver  

are continuing. 

(2)  Possible impact of heated water on 

aquatic l i f e  - A t  the Sequoyah Nuclear Plant s i t e  the biota 

most direct ly affected by nuclear plant operation and heated water w i l l  

be the plankton. 

( a )  Effects on biota passing 

through condensers - A skimmer w a l l  i s  generally an effective barr ier  i n  

reducing the  number of large motile organisms entering the  area of a 

pumping stat ion embayment. A t  the  Sequoyah s i t e  the  skimmer w a l l  i s  

located a t  the  edge of the original  r iver  channel. The wall extends 

below the overbank area approximately 25 feet  t o  a point 9-1/2 feet 



the zone of normal phytoplankton production (the bottom of the wall 

is over 41 feet below normal pool level). Zooplankton will be most 

affected during their daily descent and depth maintenance through the 

daylight hours. The velocity of flow under the wall in open and 

helper modes is 0.5 foot per second for 2-unit operation and 0.25 foot 

per second for 1-unit operation (both low enough to permit escape by 

juvenile and adult fish or many macroinvertebrates). The relationship 

of the bottom of the wall to the overbank area and the low velocities 

under the wall may be a bal -ier to organisms. 

Estimated velocities at four 

locations in the intake system under full plant load conditions are: 

(1) 0.5 ft/s under the skimmer wall, (2) 2.7 ft/s in the intake channel, 

( 3 )  1.2 ft/s in the intake bays, and (4) 2.2 ftls through the 318-inch- 

square mesh traveling screens. 

River channel velocities average 

0.6 foot per second under normal winter flow conditions and 0.3 foot per 

I second under normal summer flow conditions. The velocities under the 

skimmer wall approximate these channel velocities. Phytoplankton, zoo- 

plankton, and larval fish which pass under the skimmer wall will be 

entrained in the condenser flow. A reduction of intake velocities would 

not prevent plankton or larval fish from passing through the condenser 

cooling water system. 

Since larval fish sampling has 

only recently begun on Chickamauga, the calculations used are taken from 

the sampling conducted on Wheeler Reservoir. Two stations at Wheeler 



Reservoir were sampled once a week for  the  period April 27 t o  

July 27 i n  1971. A t  each s tat ion two duplicate meter-net tows 

were taken i n  each of three areas; near shore i n  shallow water, on 

the  surface i n  the  former r ive r  channel area (deep water), and from 

a depth of 5 meters i n  the  channel area. Each s ta t ion  was sampled 

both day and night i n  1971. Corresponding dates, s tat ions,  and 

areas were also sampled i n  1972 although only night tows were taken. 

Wheeler data taken from 5-meter 

depths in  the  channel areas were analyzed and integrated over the  time 

period April 27 t o  July 27 I,O correspond t o  the  Chickamauga Reservoir 

3 situation. This yielded a value of 88.77 la rva l  fish/m 191 days. When 

applied t o  Chick-uga Reservoir, t h i s  calculation was reduced by 213 

t o  account for  the  differences i n  f i s h  standing crops of the  two reservoirs. 

A t  f u l l  2-unit operation with once- 

through cooling, (e i ther  open o r  helper mode) the  Sequoyah plant is 

expected t o  withdraw 6,125,000 cubic meters of m t e r  each day for  con- 

denser cooling. Multiplied by the  29.59 la rva l  fish/m3/91 days the  

condenser passage of l a rva l  f i s h  i s  calculated a t  181 million during 

the  91-day period. Recent sampling i n  Chickamauga Reservoir has indicated 

tha t  la rva l  f i sh  are present before April 27; therefore, the  calculated 

value may be underestimated. 

The mortality of entrained la rva l  

f i sh  w i l l  be about 100 percent because of the  high A t ,  mechanical damage, 

and the  long retention time. 

The 29.5'~ thermal r i s e  i n  the  

condensers and mechanical damage w i l l  be l e tha l  t o  nearly all plankton. 



Plankton k i l l e d  by passage through a steam plant condenser may s t i l l  

provide food fo r  f i s h ,  bottom fauna, and/or zooplankton. However, 

observations a t  t he  Paradise Steam Plant indicate  t h a t  a lga l  losses  

i n  summer and f a l l  due t o  heat a r e  replaced by rapid growth and 

reproduction i n  t h e  downstream heated surface plume t h a t  remains qui te  

warm f o r  5 t o  10  miles. 

The percent of plankton organisms 

t h a t  w i l l  be entrained cannot be accurately estimated. The flow through 

the  condenser a t  f u l l  plant load i n  open and helper modes i s  7 percent of 

t h e  mean annual flow. The sxtent t o  which the  number of organisms entrained 

is correlated with t he  volume of flow is not known but may be considered 

proportional t o  t h e  t o t a l  flow, especial ly  with respect t o  zooplankton. 

Velocit ies under t h e  skimmer w a l l  

and i n  t he  intake channel w i l l  be reduced by 50 percent during 1-unit 

operation, while ve loc i t ies  a t  intake bays and through t ravel ing screens 

w i l l  not change. Reduction i n  volume of water passing under t h e  wall  w i l l  

r e su l t  i n  some reduction i n  numbers of organisms entrained. Reductions 

w i l l  probably be i n  proportion t o  intake volume. 

(b)  Effects on f i s h  i n  receiving 

waters - Larval f i s h  entrained i n  the  j e t  mixing zone may encounter a 1 6 O ~  

(29.5'~) r i s e  i n  t he  j e t  mixing zone. Assuming a net downstream veloci ty  

of 0.5 t o  1.0 f t / s e c  i n  t h e  j e t  mixing zone, t he  duration of exposure w i l l  

be a few seconds. Within 30 f ee t  of t h e  diffusers  (maximum of 1 minute) 

t he  temperature w i l l  have dropped t o  l e s s  than 5 ' ~  above ambient and within 

, 200 f ee t  (7 minutes) t he  r i s e  w i l l  be a maximum of 3'~. The e f fec t s  of 

t h i s  passage on entrained l a r v a l  f i s h  a r e  unknown. 



Organisms entrained in the 

dirfuer discharges will increase respiration rates and other metabolic 

activities in response to the elevated temperatures. Since the duration 

of exposure to temperatures exceeding 3 O C  will be relatively short and the 

area affected is relatively small, it is expected that only an increased 

respiration rate will be evident. Organisms living in areas below the 

plant and subjected to increases in temperature will probably exhibit Q10 

effects when the plant begins operation. After acclimation, however, no 

significant effects on downstream biota are expected. 

At a distance of about 2 miles 

below the plant, the mixed water will have spread over the full width of 

tile reservoir. A maximum increase of 3 O C  in the water temperature of the 

overbank area below the plant could occur under some conditions. Spawning 

times and egg development rates under these conditions may be slightly 

affected. These effects, however, cannot be separated from normal climatic 

variations. 

There probably will be subtle 

shifts in the abundances of various species in the areas below the plant. 

GIarm water species should increase in numbers. The population of spotted 

l~ass, the only cool water species which appears to be concentrated near 

the plant, may numerically decrease in the heated areas, probably as 

result of relocation. There is, however, no reason to expect a reduction 

the size of the spotted bass population in the reservoir. 

Another predicted effect is a 

slight increase in the productivity of the reservoir, particularly in the 

area below the plant. It is generally known that reservoir productivity 



is associated with the thermal regime. Higher standing crops of 

fish and faster turnover rates are expected in warmer waters. The 

magnitude of the increase and the effect on the individual species 

in Chickamauga Reservoir is unknown. 

No barrier to migration is 

expected because the left side of the channel near the diffusers will 

not be thermally influenced and in areas below the plant the mixed 

(less than 3'~) water will usually be at or near the surface. Of 

particular importance, walleye and sauger will probably migrate to the 

Watts Bar tailwater and t h ~  Hiwassee River in fall and winter to spawn. 

Both species are thought to occupy deep water and should have difficulty 

getting by the plant, if, in fact, they exhibit avoidance of heated 

water. Both species congregate in heated water areas in winter. This 

discussion presumes fish encountering a 3'~ gradient will respond to it. 

Planned shutdown of the plant will 

be gradual and should minimize thermal shock and the possibility of fish 

kills. Unanticipated shutdown could result in a fish kill due to dis- 

appearance of the thermal plume. While such an event would be visible 

locally, no significant impact to the reservoir fish population would 

result. 

(3) Implications of withdrawal and return 

of cooling water - The two units and auxiliaries at Sequoyah will require 
the withdrawal and return of approximately 1,122,000 gallons of water per 

minute when operating in open and helper modes. 

(a) Nutrient circulation - 
Destruction of plankton in the condensers will release nutrients that 

could result in the growth of heterotrophic slimes. No significant adverse 



effects on important species populations are anticipated. However, 

should such effects occur, they would be detected by monitoring 

programs. 

(b) Reduction of DO concentra- 

tions in the condensers - Since warm water can hold less oxygen in 
solution than cooler water, the theoretical effects of elevation of 

water temperatures some 29.5'~ in passing through the condensers has 

been considered. For example, the oxygen saturation concentration2 in 

water at 81.5'~ is 8.0 milligrams per liter, whereas at Ill. o0F' the 

saturation concentration i. 6.2 milligrams per liter. 

Observations of D 0 concentrations 

in Chickamauga Reservoir above and below the Sequoyah site indicate that 

in the summer months DO concentrations are not at saturation but in the 

range of 75 to 80 percent of saturation. Thus, instead of 8.0 milligrams 

per liter of DO in water at 81.5'~, the actual concentration is observed 

to be approximately 6 milligrams per liter. During the warmer months of 

the year, even after the temperature is elevated 29.5'~ in passing through 

the condenser, DO saturation concentrations are not apt to be exceeded. 

The dissolved oxygen concentrations observed at a sampling point near the 

plant site are shown in Table 1.2-11. 

Another factor tending to reduce 

DO concentrations in water passing through a condenser is the partial 

vacuum existing at the discharge end of the condenser. This partial 

vacuum occurs because the discharge'end of the condenser lies above the 

hydraulic gradient. This situation is common to all steam plants. While 

vacuum pumps are installed to remove any accumulated gases, experience 

has shown that very little gas accumulates and needs to be removed from 

the system. 



Bo adverse effects on the DO 

concentrations of the condenser cooling water due to temperature or 

pressure effects are anticipated, since no significant quantity of 

oxygen will be driven off. 

(c) Effect of entrainment on dissolved 

oxygen - Essentially all plankton and fish larvae passing through the 
plant cooling water system will be killed. The organic waste load 

resulting will tend to depress concentrations of dissolved oxygen (DO ) 

in the reservoir water downstream from the plant. The organic waste 

load resulting from the ent-ainment of phytoplankton and zooplankton 

was determined using the maximum concentrations of phytoplankton and 

zooplankton observed to occur in the vicinity of the Sequoyah plant 

water intake during the period of preoperational biological monitoring. 

The maximum fish larvae concentrations observed at the intake of Browns 

Ferry Xuclear Plant were used as an estimate of the fish larvae concen- 

trations at Sequoyah. To estimate the maximum oxygen depression resulting 

from the entrainment load, the maximum phytoplankton, zooplankton, and 

fish larvae loads were assumed to occur simultaneously. Furthermore, it 

was assumed that this simultaneous occurrence coincided with a period of 

time when the cooling water from both generating units in the plant was 

being discharged through the diffusers while operating in the open mode. 

3 It was also assumed that the total riverflow was 13,700 ft /s (minimum 

streamflow for 2-unit operation with 100 percent mixing) , and that a 5. h0 

rise, from 81.5O~ to 86.g0~ was produced in the entire flow of the 

Tennessee River. 

Based on the low streamflows, it 

was assumed that the organic load would exert its ultimate biochemical 



oxygen demand in the lower end of the Chickamauga Reservoir. In 

these calculations it was further assumed that no reaeration or 

reoxygenation of the water would take place in the reservoir either 

through surface absorption of oxygen or by photosynthesis. 

Based on all of these very 

conservative assumptions--each of which tends to maximize the calculated 

DO depression--the depression in concentration of dissolved oxygen was 

calculated to be about 0.5 milligram per liter. The actual DO depression 

resulting from discharge of the entrained organic load is expected to 

be much less. 

(d) Effect of elevated stream 

temperatures on stream purification factors - Many of the factors involved 
in the self-purification of streams are affected by changes in water 

temperature which in turn will affect the capacity of the stream to 

assimilate organic waste discharges. The principal individual factors 

involved in this phenomenon, which are temperature sensitive, are: DO 

saturation, deoxygenation rate (K ) , reaeration rate (K ) , and ultimate 1 2 

BOD (La). Since each of these factors are dependent upon the physical- 

chemical characteristics of the stream water and the specific waste 

discharge in conJunction with the hydraulics and geometry of the stream 

reach, it is not possible to identify specific changes in absolute values 

that will occur as a result of the elevated water temperatures. However, 

using standard engineering equations ,3 it is possible to determine the 

relative impact of the maximum expected thermal increases (81.501i' to 86-9O~) 

as follows : DO saturation value (-5.6 percent) ; deoxygenation rate (+14.7 

percent ) ; reaeration rate (+5.6 percent ) ; and ultimate BOD (+5.2 percent ) . 



2.6-23 

To provide an estimate of the 

quantitative effect of these changes on the DO resource, an evaluation 

was made to determine the overall effects of the elevated stream 

temperatures on the assimilative capacity of the Tennessee River down 

stream from Chattanooga (~ickajack ~eservoir) . This evaluation was 
based on the Streeter-Phelps equation using conservative assumptions 

for the stream constants (high deoxygenation rate and low reaeration 

rate). The streamflow used in this evaluation was assumed to be the 

3 minimum flow (13,700 ft 1s) required to meet the Tennessee temperature 

criteria (5.4'~ change and 86.9'~ maximum) with both units at Sequoyah 

operating at full load. The added organic load used in the evaluation 

was 25,000 lbe. per day of 5-day 20'~ BOD, which is similar to the present 

total organic load discharged to the surface streams in the metropolitan 

Chattanooga area. The results of this evaluation show that the overall 

effects of the &imum elevated stream temperatures would reduce the DO 

concentration at the low point of the DO sag by about 0.3 mg/l. 

(e) Combined effects of the 

elevated stream temperatures on the dissolved oxygen resource - Based 
on the previous calculations, the maximum combined effect of the elevated 

stream temperatures would be to depress the DO concentration downstream 

from Chattanooga by about 0.8 mg/l (0.5 mg/l from entrainment load and 

0.3 mg/l from Chattanooga load). This assumes that the maximum impact 

evaluated for entrainment would occur in Nickajack Reservoir simultaneously 

and at the same location as the maximum evaluated impact on the stream 

assimilative capacity. 

In summary, the increased water 

temperatures resulting from the operation of the Sequoyah Nuclear Plant 



will have a slight impact on the dissolved oxygen resource of the 

Tennessee River downstream from the plant. However, because of the 

very conservative assumptions used in the evaluations, the actual 

impact that Wuld be expected would be much less than the values 

indicated. It is anticipated that neither the maximum evaluated impact 

nor the expected actual impact on the DO resource would adversely affect 

aquatic populations in the river. 

(4) Potential hazards to fish of cooling 

water intake - The cooling water intake structure will have plan dimensions 
136 feet by 79 feet, with L total height of 58 feet (from elevation 647 to 

705 feet above mean sea level). A skimmer wall extending well below the 

water surface w i l l  be installed at the entrance to the pumping station 

intake channel. This should reduce the intake of plankton or fish larvae 

into the channel. Small meshed traveling screens (3/8-inch square openings 

between wires) are provided at the intake pumping station so that larger 

fish will not be entrapped and carried into the plant auxiliary water 

system. The traveling screen consists of a number of screen sections, 

fastened top to bottom, to form an endless belt of screens. The water 

velocity approaching the screens is about 2 feet per second. Material ~ 
collected on the traveling screens will be leaves, twigs, and other small 

debris blown into the pumping station embayment by the wind. The skimmer 

wall will probably prevent debris in the reservoir from entering the 

embayment . 
( 5 )  The condenser discharge pond - The 

32 acres included in the discharge pond constitutes a net loss of aquatic 

habitat (see Appendix B). Some primary and perhaps secondary production 

will be exhibited in this area following reflooding and subsequent plant 

operation. 1 



6 .  Natural draft cooling towers - TVA has 

reexamined the alternative heat dissipation facilities which were 

outlined in the Sequoyah draft environmental statement and has concluded 

that the installation of natural draft cooling towers with open-helper- 

closed system capability is the best alternative to meet the more 

stringent thermal standards. The principal advantages for natural 

draft towers over other auxiliary cooling facilities are the lower 

potential for fogging and icing, lower operation and maintenance costs, 

and lower noise levels. The disadvantages include higher capital 

expenditures and the nearly 2-year longer lead time for construction. 

Of these considerations, the principal one which determined the use of 

natural draft towers was the lower potential for fogging and icing. The 

mechanical draft towers operating in the helper and closed modes are 

predicted to create or intensify fogs, which could affect ground transporta- 

tion 123 hours a year and water transportation 306 hours a year. The 

elevated plumes from the natural draft towers seldom, if ever, reach 

ground level and cause localized surface fogging. 

The combined-cycle system using the heat dissipation 

capacity of the reservoir has a considerable economic advantage over a 

closed-cycle system as presented in Section 2.6-9, Alternative Heat 

Dissipation Methods. The combined-cycle system can be operated in the 

open, helper, or closed modes. 

In the helper mode the temperature of the heated water 

after leaving the condenser will be reduced by passing it through the 

cooling tower system before it is discharged through the diffusers. In 

both the helper and closed modes the condenser flow and temperature rise 



3 w i l l  be about 1,250 f t  /s and 29.5'~ fo r  each un i t ;  however, t he  

temperature of t he  water leaving the  towers w i l l  depend on t h e  wet 

bulb temperature, which i s  highly variable,  and the  tower design, 

which i s  not complete. I 
Based upon an analysis of t h e  natural  water I 

temperatures and flow data from 1966 t o  1971 and meeting an allowable I 
5.4'~ r i s e  with a maximum temperature of 86.g°F, it i s  estimated t h a t  

Sequoyah w i l l  be operated about 80 percent i n  t he  open, 16 percent i n  

t he  helper, and 4 percent i n  t h e  closed mode. This i s  a l so  based on 

2-unit operation with each m i t  i n  t h e  same mode a t  the  same time. 

(1 )  Physical and chemical charac te r i s t ics  ~ 
of tower eff luent  - Water necessary fo r  continuous operation of t he  cooling 

system i n  t he  closed mode would be obtained from t h e  Tennessee River a t  

the  plant s i t e .  This quantity of makeup would be dependent upon the  

following items : (1 )  amount of blowdown necessary t o  control  t he  t o t a l  

dissolved so l ids ,  within the  condenser cooling system, (2 )  t he  amount of 

evaporation from t h e  tower, and (3 )  d r i f t  losses.  With a blowdown concen- 

t r a t i o n  fac tor  of 2, t he  t o t a l  makeup required would be approximately 6 

3 percent of the  c i rcu la t ing  flow, o r  147 f t  /s. 

During closed-mode operation a cer ta in  i ~ 
portion of the  water i n  any closed-cycle system must be removed. This I 

blowdown prevents the  concentration of impurities i n  t he  water which 

would otherwise i n t e r f e re  with operation. The amount of blowdown is 

3 estimated t o  be about 70 f't /s and w i l l  be dependent on t h e  amount of 

evaporation, t h e  dissolved so l ids  presently contained i n  t h e  source 

r i v e r  water, and the  eff luent  standards imposed. Radioactive and 



chemical releases associated with the blowdown discharge are 

discussed in sections 2.4 and 2.5. The dissolved solids in the 

river for 1960-61 averaged approximately 91 mgll with a maximum of 

128 rng/l. With a concentration factor of 2, the blowdown itself 

would meet applicable standards. Slightly increasing the quantity 

of blowdown would further reduce the dissolved solids concentrations. 

The temperature of this blowdown water would be approximately 65' and 

72'~ under average winter conditions, 74' and 80'~ under average fall 

and spring conditions, and 84' and 90'~ under average summer conditions 

for the closed system and ~ombined system with closed capability, 

respectively. Peak summer conditions can produce temperatures near 

96'~. 

At present it is planned to discharge the 

blowdown through one of the large diffuser pipes. If actual operation 

indicates that this procedure will not result in sufficient mixing to 

meet the standards applicable to the discharge, a separate diffuser 

system will be constructed for discharge of the blowdown. 

Drift, which is water that is blown out 

of the tower, has been estimated by the cooling tower manufacturers to 

involve quantities of about .O1 percent of the circulating water flow, 

or 0.25 ft5/s. Careful placement of the towers should minimize the 

localized effect of drift. 

(2 )  Local fo~~ina; and icin, - Potential 
environmental effects from natural draft cooling tower operation at the 

Sequoyah Nuclear Plant 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 surfaces when temperatures are below 

freezing. No fogging effects from the natural draft tower operation 

are expected to reach Chattanooga proper. 

Local atmospheric conditions indicate 

that dense, naturally occurring fogs (visibility equal to or less than 

1/4 mile) can be expected about 35 days per year in the vicinity of 

the Sequoyah Nuclear Plant. 

Fogs occurring in the Sequoyah ares are 

mainly radiation and radiation-advection types resulting primarily 

from nocturnal cooling and subsequent saturation of the air within the 

lower few hundred feet of the surface. These fogs normally occur during 

late evening through midmorning hours when weak winds and optimum 
I 

radiational cooling conditions prevail. On a seasonal basis, heavy 

natural fogs occur in the Sequoyah area with the highest frequency 

during late summer through early winter and the lowest frequency during 

late winter through midsummer. 

Evaluations of the potential environmental 

effects from operation of the mechanical draft and natural draft towers 

and spray canals were based partly on field observations from August 1, 

1970, through December 31, 1972, at the TVA Paradise Steam Plant in Kentucky. 

During this period one or more of the three natural draft towers at the 

Paradise plant were in operation on 205 days encompassing all seasons of 

the year. Observations were made by a meteorologist usually between 

0730 and 0900 hours local time. These observations were augmented by 

data from the Paradise meteorological station and the National Weather 

Service Upper Air Section (rawinsonde ) in Nashville. 



Since the  length of the  v i s ib l e  vapor 

plumes depends primarily on the  moisture content of t he  ambient a i r ,  

observed plume lengths a t  the  Paradise Steam Plant were correlated 

with the  spec i f ic  humidity d e f i c i t  determined from t h e  mean ambient 

dry-bulb and dew-point temperatures of t he  layer  of a i r  i n  which t h e  

plume was observed. Specific humidity d e f i c i t  is defined as the  

amount of moisture a parcel  of a i r  can contain a t  sa turat ion fo r  a 

specif ic  dry-bulb temperature, minus the  ac tua l  amount of moisture 

present. The observed plume lengths and humidity d e f i c i t s  were 

f i t t e d  by l e a s t  squares t o  ~ b t a i n  an expression t o  estimate plume 

lengths. 

The specif ic  humidity d e f i c i t  was 

determined from the  0600 l o c a l  time Nashville rawinsonde data fo r  t h e  

400- t o  2,000-foot ve r t i ca l  l ayer  and correla ted with corresponding 

mean wind direct ions  t o  iden t i fy  t he  mean meteorological conditions 

applicable fo r  natural  d ra f t  tower operation. This information was 

used t o  estimate plume lengths and direct ions  f o r  natural  d ra f t  towers. 

Relative t o  mechanical d ra f t  towers the  specif ic  humidity d e f i c i t  was 

determined fo r  t h e  300-foot l eve l  by using t h e  Nashville rawinsonde data 

and the  dry-bulb temperature fo r  t he  same l eve l  from the  Sequoyah 

meteorological s ta t ion.  This information was correlated t o  t he  

corresponding mean wind direct ion data obtained a t  t he  Sequoyah meteorological 

s ta t ion  and used t o  estimate plume lengths and direct ions  for  mechanical 

d ra f t  towers. Dry-bulb temperature, dew-point temperature, and wind 

direct ion data obtained a t  the  near-surface l eve l  from the  Sequoyah 

meteorological s t a t i on  were used fo r  evaluation of t he  environmental 

e f fec t s  of the  spray canals. 
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Since t h e  generating capacity of t he  

Sequoyah Nuclear Plant is  la rger  than t h a t  of t he  Paradise Steam 

Plant and because of t h e  lower thermal efficiency of a nuclear plant 

compared t o  a coal-fired plant ,  more moisture w i l l  be evaporated i n t o  

t he  atmosphere a t  Sequoyah; therefore ,  it i s  necessary t o  adjust  the  

observed Paradise evaporation r a t e s  upward. This adjustment of 

observations resul ted i n  longer vapor plume estimates fo r  t he  Sequoyah 

Nuclear Plant heat diss ipat ion al ternat ives .  

This data analysis was used t o  construct 

r ad i a l  graphs i l l u s t r a t i n g  d i rec t iona l  frequency, by compass sector ,  of 

t h e  expected plume lengths during the  ear ly  morning hours, 0600-0900 

loca l  time, the  time of day when t h e  maximum plume lengths a r e  expected. 

Two graphs were prepared fo r  each heat diss ipat ion alternative--one for  

a l l  days regardless of t h e  ear ly  morning average ambient temperature and 

one f o r  those days when the  0600-0900 average ambient temperature was 

below freezing. The plume length data from which the  graphs were drawn 

were separated by direct ion i n t o  t h e  sixteen 22-1/2-degree compass point 

sectors.  Radial distances on the  graphs represent plume lengths up t o  

5 miles; numbers on t h e  l i n e s  dividing t h e  compass sectors depict per- 

centages of days (based on 365 days per year) when sometime during the  

period, 0600-0900 loca l  time, t he  vapor plume w i l l  be equal t o  o r  greater  

than the  indicated length. It i s  emphasized t h a t  these numbers represent 

the  percentage of days t he  plume lengths could reach these distances and 

do not indicate  necessari ly whether o r  not t h e  vapor plume would e x i s t  

a t  ground l eve l  for  a par t icu la r  heat diss ipat ion al ternat ive.  These 

r ad i a l  graphs were overlayed on a scaled map showing the  highways, 

population centers,  and t h e  t e r r a i n  elevations f o r  t h e  Sequoyah area. 
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Observations of the natural draft tower 

I plumes at the TVA Paradise Steam Plant indicate that wtth the average 

plume rise ranging from 500 to 1,000 feet above the cooling towers, 

the visible portion of the elevated plumes seldom, if ever, reaches 

ground level and causes localized surface fogging. The radial graph 

I illustrating directional frequency of expected plume lengths, figure 

2.6-5, indicates that a madority of the plumes will occur in the east- 

I southeast through south sectors. The approximate population of this 

area is 1,775. There may be a fogging potential associated with the 

I roadways in this area. Th' plume could be over Tennessee'State Highway 

58, which traverses the east through south sectors, as often as 1 percent 

I of the days (about 4 days per year) in the south sector. The 1972 average 

I daily traffic in this vicinity was 6,430 vehicles. County Highway 5550 with 

an average daily tral'fic count of 2,270 could be reached by the elevated 

I vapor plumes as often as 3 percent of the days (about 11 per year) in 

the south-southeast sector. However, vapor plumes of length sufficient to 

reach Harrison Bay State Park in the south-southwest sector should occur 

only 0.5 percent of the days (about 2 days per year) . 
Review of the daily early morning temperatures 

I indicated that freezing temperatures would normally be expected about 70 

I days during the 5-month period, November through March, with the highest 

frequency in January and February. As indicated by figure 2.6-6, the 

majority of the cooling tower plumes at times when the early morning ambient 

temperature is below freezing occur in the south-southeast and south sectors 

where the approximate population is 1,030. State Highway 58 in the south 

sector could have potential icing conditions about 0.8 percent of the days 

(about 3 days per year) while County Highway 5550 could experience potential 



icing as  often as  2 percent of the  days (about 8 days per year) i n  both 

the south-southeast and south sectors. 

(3)  Aesthetics - The hyperbolic form and 

concrete materials axe compatible with the  architecture of the  main plant 

and would not require any special aesthetic treatment. 

The natural draf t  cooling towers would most 

certainly become a landmark on the  surrounding terrain.  The extensive 

plumes would increase t h i s  effect.  

(4)  Noise - Based on WAts experience with 

the  three natural draf t  t o - % r s  instal led a t  i t s  Paradise Steam Plant, only 

s l ight  increases i n  noise levels  a t  the  s i t e  boundary are expected when 

natural draft towers are  installed. 

7. opera tin^ procedure f o l l a w i n ~  tower ins ta l la t ion  - 
The cooling towers w i l l  be designed and sized according t o  the  5.b°F 

temperature r i s e  and 86.9'~ maximum temperature standards as  approved 

by EPA on June 9, 1972. TVA expects tha t  a f t e r  the  ins ta l la t ion  of the  

towers i s  complete both generating units  w i l l  usually be operated i n  the 

same mode a t  the same time. During the  time when only limited supplemental 

cooling is required, one unit  may be operated i n  the helper mode. With the  

uni ts  operating i n  the  open mode ( r iver  cooling only), the  normal procedure 

would be t o  change t o  the  helper mode and then t o  the closed mode as required 

t o  meet the  thermal standards. A s  the temperature standards permit, the 

uni ts  would be changed t o  the helper mode and then t o  the open mode. 

TVA estimates the cooling tower operation w i l l  be required 

about 20 percent of the  time t o  supplement the diffuser system i n  meeting 

the  5 . h 0 ~  r i s e  and 86.9'~ thermaJ. standards. 

Table 2.6-1 shows the  number of days and the  percent of 

days during the  period 1966-71 tha t  the 5.4'~ r i s e  and 86.9'~ maximum 
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temperature c r i t e r i a  would not have been met f o r  each of th ree  mixing 

c r i t e r i a  u t i l i z i n g  t h e  d i f fuser  system only. The data  i n  t h i s  t a b l e  a re  

indicat ive  of t h e  amount of time t h a t  operation of t h e  cooling towers w i l l  

be required t o  meet t h e  5 . 4 ' ~  r i s e  and 8 6 . 9 O ~  maximum standards. 

TVA w i l l ,  a s  f a r  a s  pract icable ,  use t h e  heat d i s s i -  

pation capacity of t h e  r i ve r .  The extensive thermal monitoring network 

in s t a l l ed  for  t h e  Sequoyah plant w i l l  be u t i l i z e d  t o  assure t h a t  t he  

thermal standards a r e  met. The monitor network w i l l  permit a rapid determi- 

nation of impending viola t ions  of thermal standards and enable TVA t o  make 

operational changes on a tl'.zely bas i s  t o  meet t he  standards. These 

operational changes could include: (1) adjustments t o  t he  scheduled re leases  

a t  Chickamauga and Watts B a r  Dams, (2 )  use of t h e  auxi l i a ry  cooling f a c i l i t i e s  

a t  Sequoyah, and (3 )  reductions i n  t h e  generation from Sequoyah should 

awcil iary cooling f a c i l i t i e s  be unavailable. 

8. Applicabil i ty of Section 401 Cer t i f i ca t ion  Requirement 

permit - Under t h e  provisions of Subsection 401(a) (6 )  of t he  Federal Water 

Pollution Control Act Amendments of 1972 (public Law 92-5001, TVA as  a 

Federal agency i s  not required t o  obtain t h e  c e r t i f i c a t e  of compliance with 

applicable s t a t e  water qua l i ty  standards required by Section 401(a) 

of t h a t  Act. TVA is ,  however, obligated by Section 313 t o  meet a l l  

s t a t e  water qua l i ty  requirements and i s  subject  t o  Executive Order 11507, 

"Prevention, Control, and Abatement of A i r  and Water Pollution at Federal 

Fac i l i t i e s "  and t o  obtain a Section 402 NPDES Permit. 

9. Alternative heat d iss ipat ion methods - The 

following discussion describes t h e  a l t e rna t ive  heat  d iss ipat ion methods 

and f a c i l i t i e s  considered by TVA. The methods investigated were: dry 

cooling towers, mechanical d r a f t  cooling towers (wet ) , natura l  draft 

cooling towers ( w e t ) ,  spray canal system, and cooling lake system. TVA 
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and suppliers have adequate data on mechanical draft cooling towers, 

natural draft cooling towers, and spray canals, and a complete analysis of 

these cooling systems has been made. Preliminary investigations of the 

geography of the area indicates that the cooling lake alternative would 

not be feasible. 

Analyses were performed using the following factors 

as a basis: feasibility, environmental considerations, economic consi- 

derations, land requirements, and construction schedule. In order not 

to preclude these alternatives, TVA has made design studies of the 

necessary changes in the design and construction of the cooling system 

to permit heat dissipation equipment to be installed with a minimum loss 

of plant operation time. 

(1) Dry cooling towers - The use of dry 
cooling towers for power plants is a relatively recent development in 

the United States. The largest unit in the United States employing 

this type of cooling is less than 50 MW. While European units have 

used dry cooling towers for years, the largest such unit is believed 

to be less than 250 MW in size. 4 

Dry cooling tower systems for use in 

heat dissipation for power plants are today being discussed more and 

more because of the potential environmental advantages this method has 

over the once-through and the evaporative (wet) or conventional cooling 

systems. The dry system requires almost no consumptive use of water, 

and since there is no evaporation of water, there are no vapor plumes, 

no drift, and therefore no fogging and icing. Losses to the aquatic 

life from impingement and entrainment are limited to the initial filling 



of the system and to the occasional replacement for leaks and other losses. 

There is no cooling tower blowdown, and thermal discharges to surface 

waters are not required. On the other hand, systems using dry cooling 

towers are inherently less efficient and require larger irretrievable 

commitments of fuel resources. 

Both mechanical draft and natural draft 

towers can be used in the dxy system to reject the heat to the ambient 

air by convection rather than evaporation. This is an inherently less 

efficient process and requires an extensive heat transfer surface area 

of metal fin tubing within the tower, which could be either mechanical or 

natural draft. In this system the temperature of the water leaving the 

tower can only approach the dry-bulb temperature of air which is invariably 

higher than the wet-bulb temperature approached by the wet towers. 

Because of the high circulating water 

temperatures, expensive supplemental cooling must be provided for 

4 plant auxiliaries. Dry cooling systems dictate severe performance 

requirements on the turbines which may have to operate over a wide 

range of backpressures with a maximum of from 10 to 14 inches Hg 

Absolute compared to a maximum backpressure of conventionally cooled 

plants of about 5 inches of Hg Absolute. 4,5 

Turbine manufacturers have recently 

indicated it should be feasible to develop 700- to 800-MW turbines 

with backpressures as high as 15 inches Hg Absolute for delivery by 

1976. There are, however, substantial associated problems which would 

have to be resolved before these turbines can be made available. In a 



June 28, 1971, marketing information l e t t e r  the  General Electric Company 

stated: 

O u r  studies show tha t  there are  substantial  turbine design 
challenges associated with the  higher than normal exhaust 
pressure of dry cooling tower applications. These include: 
possible overheating of the  last-stage bucket; possible f l u t t e r  
damage t o  the  last-stage bucket a t  high exhaust pressures and 
low loads; possible water damage due t o  recirculation fromthe 
direct  condenser; rapid exhaust temperature changes due t o  
load changes which cause cycling thermal s t resses;  dis tor t ion 
of the  exhaust hood and bearing supports; and d i f f icu l t ies  i n  
providing adequate clearance control. 

Regarding turbines of the  s ize  required for  large uni t s  as are  t o  be 

instal led at Sequoyah, the  General Electric l e t t e r  said,  "We believe 

it i s  premature t o  speculate on the  cost o r  ea r l i e s t  shipment of any 

nuclear turbine design suitable for  operation at exhaust pressures up 

t o  15 inches Hg Absolute." 

In a follow-up l e t t e r  of November 29, 1971, 

General Electric offered a turbine for  f o s s i l  reheat application sui table  

for  operation a t  exhaust pressures up t o  15 inches Hg Absolute. The 

maximum rat ing fo r  a &-flow turbine-generator of t h i s  design i s  

approximately 750,000 kW, General Electric announced tha t  they were 

proceeding with the  design and development of t h i s  new turbine i n  

order t o  support shipment by early 1976. 

A report,  Plant Design Alternatives for  

Controlling T h e m  Discharge, Chemical Effluents, and Intake Entrapment, 

which was prepared by Sargent and Lundy Engineers and presented a t  the  

Atomic Industr ial  Forum Seminar, January 23, 1973, s tated regarding dry 

towers : 

D r y  towers are not feasible on large nuclear uni ts  a t  the  
present time for  many reasons. These include engineering prob- 
lems, condenser problems, lack of experience, and unfavorable 
economics. 
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Indications are that progress is being 

I made in the area of power plant design for dry tower application and 

I that more serious consideration will be given in the future to such 

towers. However, at present TVA believes that dry cooling towers are 

not a viable alternative heat dissipation method for nuclear units of 

the size to be installed at Sequoyah. 

(2) Alternative modes of operation - TVA 

has examined the applicability of two alternative types of systems. 

(a) Closed cycle systems - The 
auxiliary cooling faciliti-s can be designed and constructed so that the 

only water discharged to Chickamauga Reservoir would be the required 

blowdown from the cooling system. This system would not have the flexibi- 

lity to use the heat dissipation capacity of the reservoir. Figure 2.6-7 

shows the schematic arrangement for the closed system. 

(b) Combined-cycle system - 
All types of heat dissipation equipment can be used in combined-cycle 

systems. Two types of combined-cycle systems are considered. 

I 1. Open-helper mode combined-cycle system - This type of 
combined-cycle system may be operated in either the open 

mode, in which the river water is pumped through the 

condensers and is discharged into the river through the 

I diffuser system, or in the helper mode, in which the 

river water is pumped through the condensers and the 

I heat dissipation equipment and then is discharged into 

the river through the diffiser system. 

2. Open-helper-closed mode combined-cycle system - This type 
of combined-cycle system may be operated not only in 

either the open or helper mode but also in the closed mode. 



Ekpanded studies outlining 

detailed day-to-day plant operation indicate tha t  fo r  a significant 

amount of time an unfavorable relationship exists  between the  in le t  

water temperature and the  wet bulb temperatures with the  resul t  tha t  

cooling f a c i l i t i e s  operating only in  the  helper mode would not always 

provide sufficient cooling t o  enable the  plant t o  meet existing thermal 

standards. Thus, relat ively large reductions i n  the  plant output could 

be required t o  meet thermal standards i f  only helper-mode capability 

were provided. TVA no longer considers the  open-helper mode of combined- 

cycle operation as  a feasi-. le al ternat ive for  t h i s  project. 

Figure 2.6-8 shows the  schematic 

arrangement and operation of the gates i n  the  cooling water c i rcui t  necessary 

t o  accomplish the  open-helper-closed mode of combined-cycle operation. 

This scheme provides f l ex ib i l i ty  for  using the Chickamauga Reservoir 

for heat dissipation t o  the  extent desirable. 

( c )  Percent of time on various 

modes - Calculated maximum water temperature of the  out let  does not 

normally exceed the  following values i n  degrees F: 

Alternative Heat Closed Combined 
Dissipation Method System Open-Helper-Closed 

Mechanical draft 89 9 3 

Natural draft 91 96 

Spray canal 9 3 94 

River flow would be required 

for mixing at  the  diffuser out let  with discharge water with the  plant on 

open-cycle mode t o  meet the 3 ' ~  temperature r i s e  requirement. The 

operating time required i n  these modes is estimated as  follows: 



Alternative Heat Combined Percent of Year 
Dissipation Method System Open Helper Closed 

Mechanical draft Open-helper-closed 79.7 17.2 3.1 

Natural draft Open-helper-closed 79.7 16.2 4.1 

Spray canal Open-helper-closed 79.7 17.5 2.8 

I The above schemes are based upon 

I operating both units in the same mode at all times with riverflow availabi- 

lity as defined by 10-year flow duration records. 

( 3 )  Mechanical draft cooling towers - The 
use of crossflow mechanical draft cooling towers as an alternate cooling 

method would require four cooling towers, each 56 feet wide by 60 feet 

high by 722 feet long for the closed system and 50 feet wide by 60 feet 

high by 650 feet long for the open-helper-closed combined system. 

I The present intake and discharge systems 

would be modified to permit the use of towers, with makeup and blowdown 

provisions. A new booster pumping station would be required to lift 

the circulating water to cooling towers. The water would be broken 

into drops by falling through lattice-like fill. Heat from the drops 

I is transferred to the airflow which is induced by large fans. The 

water returning from the towers would flow by gravity back to either 

the discharge pond (helper mode) or to the intake structure (closed cycle) 

where the circulating pumps would then transport it through the plant 

condensers. 

(a) Feasibility - Mechanical 
draft cooling towers are suitable for application to the Sequoyah Nuclear 

Plant. Figures 2.6-9 and 2.6-10 show a possible location and arrangement 



of the four mechanical draft towers on the plant site for the closed 

system, and the combined system with open-helper-closed capability, 

respectively. 

(b ) Environmental considerations 

Physical and chemical 

characteristics of tower effluent - Water necessary for continuous operation 
of the closed cycle would be obtained from the Tennessee River at the plant 

site. This quantity of makeup would be dependent upon the following items: 

(1) amount of blowdown necessary to control the total dissolved solids 

within the condenser coo1i:g system, (2) the amount of evaporation from 

the tower, v d  (3) drift losses. With a blowdown concentration factor of 

2, the total makeup required would be approximately 6 percent of the 
3 circulating flow, or 147 ft 1s. 

During closed-mode operation 

a certain portion of the water in any closed-cycle system must be 

removed. This blowdown prevents the concentration of impurities in the 

water which would otherwise interfere with operation. The amount of 

3 blowdown is estimated to be about 70 ft /s and will be dependent on the 

amount of evaporation, the dissolved solids presently contained in the 

source river water, and the effluent standards imposed. The dissolved 

solids in the river for 1960-61 averaged approximately 91 mg/l with a 

peak of 128 mg/l. With a concentration factor of 2, the blowdown would 

meet applicable standards. Slightly increasing the quantity of blowdown 

would f'urther reduce the dissolved solids concentration. The temperature 

of this blowdown water would be approximately 70' and 75'~ under average 

fall and spring conditions, and 83O and 88O~ under average summer con- 

ditions for the closed system and combined system with closed capability, 



respectively. Peak s-er conditions can produce temperatures near 8 9 ' ~  

for  the  closed system and 9 3 ' ~  f a r  t he  combined system with closed capabili ty.  

IIowever, blowdown could be withheld under peak temperature conditions pro- 

vided they do not las$ more than about 2 days. A mixing device would be 

required t o  meet present thermal standards f o r  t h i s  small quantity of 

water. 

D r i f t ,  which is water tha t  is  

blown out of the  tower, has been estimated by the  cooling tower manufacturers 

t o  involve quant i t ies  of about 0.03 t o  0.2 percent of the  circulat ing 

3 water flow, o r  0.4 t o  4.9 i L  1s. Careful placement of the towers should 

minimize the  localized ef fec t  of d r i f t .  

Local fogging and i c i n g  - 
Atmospheric e f f ec t s  from the  operation of the  mechanical draf't towers 

a t  the  Sequoyah Nuclear Plant would include considerable fogging and 

possibly some icing within 5 miles of the  cooling towers. The 

potential  e f fec ts  w i l l  be more s ignif icant  than those from the  higher 

plumes of the  natural draft towers because of t h e i r  lower emission 

height. I n  some cases the  v i s ib l e  plumes from the  mechanical draft 

towers should move downwind at near ground level .  Of par t icular  

in te res t  would be the  intensifying ef fec ts  of these low-level plumes 

during periods of heavy natural fog. These natural fogging conditions 

would be expected t o  occur about 35 days per year with most fogging 

between 0300 and 0800 loca l  time. In addition, mechanical draf t  tower 

induced fogging would most probably occur north through northeast and 

south-southeast through southeast of the  plant--the sectors with the  

highest frequency of plume occurrence. Figure 2.6-11 indicates tha t  



from 4-7 percent of the days (15-26 days per year) the plume would extend 

1 mile or more in one of these sectors. County Highway 5550 with an 

average daily traffic count of 2,270 could be reached by the vapor plumes 

as often as 5 percent of the days (18 days per year) in the south-southeast 

sector, 5-7 percent of the days (18-26 days per year) in the south sector, 1 
and 5-7 percent of the days (18-26 days per year) in the south-southwest 

sector. The plume could affect County Highway 4306, which traverses the 

west-southwest through northwest sectors, with an average daily traffic 

count of 1,130, as often as 2 percent of the days (7 days per year) in 

the west-southwest sector. The plume could reach Tennessee State Highway 

58, which traverses the east through south sectors, as often as 1 percent 

of the days (about 4 days per year) in the south-southeast sector. The 

1972 average daily traffic in this vicinity was 6,430 vehicles. Vapor 

plumes of length sufficient to reach Harrison Bay State Park in the 

south-southwest sector should occur about 2 percent of the days 

( 7 days per year ) . 
Periods of potential mechanical 

draft tower induced icing when the ambient early morning temperature 

is below freezing are expected about 70 days per year during the 5-month 

period, November through March, with the highest frequency in January 

and February. Duration of heaviest icing would depend on the persistency 

of the below-freezing temperatures. Most severe conditions are expected 

between midnight and 0700 local time. Figure 2.6-12 indicates that icing 

could occur on County Highway 5550 as often as 3 percent of the days 

(11 days per year) in the south-southwest sector, 1 percent of the days 

(4 days per year) in the south sector, and 0.5 percent of the days (2 

days per year) in the south-southeast sector. Also, icing could occur 

in Harrison Bay State Park about 2 percent of the days (7 days Per year) 



(c) Aesthetics - The materials 
of mechanical towers are not compatible with the architecture of the 

powerhouse; therefore, design features would be incorporated to achieve 

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. While the towers viewed 

from their end permit intermittent horizontal views of the landscape, when 

viewed Prom their side they present a horizontal barrier of several hundred 

feet. The physical characteristics of the site and the existing plant 

arrangement require that t'-e towers be located near the shoreline. This 

would require special site treatment to relate the towers to the main plant 

area and prevent destroying the natural characteristics of the shoreline. 

(d) 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: (1) 

the fans, and (2) the falling water. h.edicted sound pressure levels 

from one major manufacturer of cooling towers are 76 db at 250 Hz, 63 

db at 2,000 Hz, and 59 db at 8,000 Hz--all 50 feet from the louvered 

face (re 0.0002 microbar) . 
(e) Economic considerations - 

Initial investment - 
The initial investment required to install this alternative is estimated 

to be 39.4 million dollars for the closed system and 35.3 million dollars 

for the combined system with open-helper-closed capability. 

Capabilitx - Any substitution of 
a heat dissipation device produces a system less efficient than the 

original diffuser type cooling system design due to the higher backpressures 



plus the fan and pumping power required. This efficiency loss reduces the 

output of the plant and makes it necesssry to replace this loss with 

additional capacity. The effect in 1972 dollars is as follows: 

System type 
Closed 
System 

Combined System 
Open-Helper-Closed 

Capacity loss, kW 35,780 

6 Replacement cost, 10 $ 6.72 

Operation and maintenance - The 
use of mechanical draft cooling towers would increase operating costs over 

those of the original diffuser system due to the lower efficiency plus 

added fan and pumping costs; and also add the cost of maintenance of the 

towers to the overall plant operating costs. The present-worth 

(1972 dollars) operation and maintenance costs of mechanical draft 

cooling towers are shown below: 

System type 

Heat rate increase, percent 

Closed 
System 

Combined System 
Open-Helper-Closed 

Heat rate increase, ~tu/kWh 152. 5 19.4 

6 Efficiency loss, 10 $ 4.64 0.28 

6 Fan and pump, power, cost, 10 $ 7.28 1.26 

6 Total operation cost, 10 $ 

6 Maintenance cost, 10 $ 

Total operation and 6 
maintenance cost, 10 $ 18.09 6.19 

Total cost - The total estimated 
present-worth cost of the above items would then be 64.2 million dollars 

for the closed system and 41.9 million dollars for the combined system 



I with open-helper-closed capability. These costs a re  i n  addition t o  the  

1 cost of the  mixing device. A l l  costs a re  i n  1972 dollars.  

( f )  Land requirements - The use 

of mechanical draf t  towers as an al ternat ive means of cooling would not 

require the  purchase of additional land beyond tha t  already owned. The 

estimated excavation required for  mechanical draf't towers i s  703,000 

cubic yards for  the  closed system and 735,000 cubic yards for  the  

~ open-helper-closed combined system. The area affected by e i ther  system 

1 would be 126 acres. 

( g )  Construction schedule - It 
is expected that the  design, construction, and placement in to  operation 

of mechanical draft cooling towers would take approximately 19 t o  25 

months. 

( 4 )  Natural draft cooling towers - The 

use of natural draft cooling towers as  an al ternate  cooling method would 

1 require two cooling towers each 468 fee t  i n  diameter a t  the base by 

585 fee t  high fo r  the  closed system and 413 fee t  in  diameter at the base 

~ by 516 fee t  high for  the  open-helper-closed combined system. 

1 The present intake and discharge systems 

I would be modified t o  permit the  use of towers, with makeup and blowdown 

provisions. A new booster pumping stat ion would be b u i l t  t o  lift the  

circulating water t o  the  towers. The water would be broken in to  drops 

by fa l l ing  through la t t ice- l ike  f i l l .  Heat from the  drops would be 

transferred t o  the  a i r .  

The airflow i s  created by the  t a l l  hyper- 

bolic shel ls .  The water returning from the  towers would flow back by 

gravity t o  e i ther  the  discharge pond or  t o  the  intake s tructure where 



the existing circulating water pumps would then transport it through 

the plant condensers, depending on the mode of operation. 

(a) Feasibility - Natural draft 
cooling towers have been used for many years. The first unit in the 

United States, Big Sandy, was built and put into operation in 1962. The 

largest tower in operation, to our knowledge, is 320 feet in diameter 

and 452 feet high. The following towers, larger than those required for 

Sequoyah, are under construction with none being in operation: 

Ohio Power - Amos Plant, 400 feet in diameter by 492 feet high 
Portland General Electric - Trojan Plant, 385 feet in diameter 
by 492 feet high 

Toledo Edison - Davis Besse Plant, 411 feet in diameter by 492 
feet high 

Toledo Edison - Zimer Plant, 383 feet in diameter by 479 feet 
high 

The above towers are all counterflow type. 

Figures 2.6-13 and 2.6-14 show 

a possible location and arrangement of the two natural draft towers on 

the plant site for the closed system and the combined system with open- 

helper-closed capability, respectively. 

(b) Environmental considerations - 
The environmental considerations for natural draft towers are discussed 

in section 2.6-7. 

( c  ) Economic considerat ions - 
Initial investment - The 

initial investment required to install this alternative is estimated to be 

42.2 million dollars for the closed system and 42.4 million dollars for 

the combined system with open-helper-closed capability. 



Capability - With natural  draft 

cooling tower systems, as i n  t h e  case of mechanical d ra f t  cooling systems, 

t h e  plant output would be reduced. The e f f ec t  i n  1972 dol la rs  would be 

a s  follows: 

System type 
Closed 
System 

Combined System 
Ben-Helper-Closed 

Capacity l o s s ,  kW 31,800 3,020 

6 Replacement cost ,  10 $ 5-98 0.57 

Operation and maintenance - 
Operating and maintenance costs  would be greater f o r  natural  draft tower 

systems than fo r  t h e  or ig ina l  d i f fuser  system. The present-worth 

(1972 dol la rs )  operation and maintenance cos t s  of natural  draft cooling 

towers are shown below: 

System type 
Closed Combined System 
System Open-Helper-Closed 

Increase i n  heat r a t e ,  percent 1.36 0.13 

Increase i n  heat r a t e ,  Btu/kWh 135- 5 12.7 

6 Increase i n  heat r a t e ,  10 $ 4.12 

6 Pump power cost ,  10 $ 4.14 
6 Total operational cost ,  10 $ 8.26 1.23 

6 Maintenance cost ,  10 $ 

Total operation agd 
maintenance, 10 $ 

Total cost  - The t o t a l  estimated 

present-worth cost  of t he  above items would then be 62.3 mill ion do l la rs  

for  the  closed system and 45.0 mill ion do l la rs  f o r  t he  combined system 

with open-helper-closed capabil i ty.  A l l  costs  a r e  i n  1972 dol lars .  



(d) Land requirements - The 
land requirements and contemplated movement of facilities required by the 

use of the natural draft tower schemes will be similar to and not in 

excess of those required by the mechanical draft schemes. The estimated 

excavation required for natural draft towers is 914,000 cubic yards for 

the closed system and 848,000 cubic yards for the open-helper-closed 

combined system. The area affected by each system for natural draft 

towers is 107 acres. 

(e) Construction schedule - It 
is expected that the desigi-, construction, and placement into operation of 

natural draft cooling towers would take approximately 40 months. 

(5) Spray canal system - The use of a 
spray canal system as an alternative combined-cycle heat dissipation 

method would require a*canal 200 feet wide at the water surface and 

approximately 17,600 feet long for the closed system and 16,000 feet 

long for the combined system with open-helper-closed capability. A 

total of 440 and 400 power spray modules spaced four abreast would be 

required for the closed system and open-helper-closed combined system, 

respectively. 

(a) Feasibility - The use of 
a spray canal system as an alternative heat dissipation method is con- 

sidered feasible for this site. Figures 2.6-15 and 2.6-16 show possible 

locations and arrangements on the plant site. 

The use of a spray canal for 

power plant cooling is a relatively new concept and only in recent months 

has a large unit been put into operation. Typical among units adopting 

this mode of operation for heat dispersal are: 



User 

2-6-49 

Locat ion 
Millions 
Btu/h Purpose 

Commonwealth Edison Dresden 5,466 Temporary startup, 
units 2 and 3 

Gulf States Utilities Beaumont, Texas - Salt water test 

Detroit Edison Fermi 261 Testing 

Virginia Electric and 
Power Chesterfield 2,067 Topping 

Public Service of 
New Hampshire Merrimack 429 Topping 

The largest unit, Dresden, has 

been in operation for over 1 year in conjunction with units of 809-MW 

capacity. By comparison the heat redected from the Sequoyah plant (2,441-MW 

capacity) is 16,500 million ~tu/h. 

Spray canal systems have 

demonstrated heat dispersal capability for the above installation. 

As experience is being obtained, this method is being adopted for 

other large stations. Some of the utilities which are constructing 

spray canal systems are New England Power Company at the Brayton Point 

Station, Mississippi Power Company at Plant Jack Watson, Commonwealth 

Edison at Quad Cities Station, and Pacific Gas and Electric Company at 

the Pittsburgh Station. 

(b) Environmental considerations - 
Physical and chemical 

characteristics of canal effluents - Water necessary for operation of the 
spray canal in the closed mode will be obtained from the Tennessee River 

at the plant site. This quantity of water (makeup) will be dependent 

upon the following items: (1) amount of blowdown necessary to control 

the total dissolved solids in the condenser cooling system, (2) desirable 

amount of blowdown necessary to maintain the water quality in the canal 
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system such that corrosion or scaling control chemicals will not have to 

be added, (3) the amount of evaporation from the canal, and ( 4 )  drift 

losses. With a blowdown concentration factor of 2, the total makeup 

required would be approximately 6 percent of the circulating flow or 

147 ft3/s. 

The amount of blowdown and its 

dissolved solids concentration required for continuous operation with 

spray canal is estimated to be approximately 3 percent of the circulating 

3 water flow or 75 ft 1s. 

Temperature of the blowdown for 

the spray canal closed-cycle system would be approximately 68'~ under 

average winter conditions, 77'~ under average fall and spring conditions, 

and 86'~ under average summer conditions. Peak summer conditions can 

produce temperatures near 93'~ a few hours a day on the hottest summer 

days. Corresponding temperatures for closed-loop mode on a combined- 

cycle system are 71°, 7g0, 88O, and 9b°F, respectively. Discussion of 

peak temperature and low reservoir flow conditions in mechanical draft 

tower systems would also be applicable here although allowable holdup 

time on blowdown would be longer for the spray canal system due to the 

larger quantity of water in the system. 

Drift, the water blown from the 

spray canal by wind, is estimated to involve quantities of approximately 

0.007 percent of the circulating water flow, or 0.2 ft5/s. Although the 

water is sprayed into the air by the spraying modules and is subject to 

being carried away, the droplets are large and should be carried only a 

short distance. Furthermore, the channel edge would be approximately 

20 feet from the side spray nodules and the edge would be sloped back 



t o  the  channel so tha t  a large percentage of water which m y  be blown 

by the  wind would return back t o  the  canal. 

Atmospheric impact - Effects 

from the  use of a spray canal system i n  the  Sequoyah Nuclear Plant area 

could involve some fogging and icing. These ef fec ts  a re  largely dependent 

on the quantity of evaporation of the  spray effluent and the  specific 

humidity de f i c i t  of t he  loca l  atmosphere. Therefore, the expected 

surface e f fec ts  could be somewhat greater than those fo r  cooling towers 

because of the  usually lower ear ly morning ambient temperature and greater 

moisture content within t h -  near-surface layer  where most of the  effluent 

w i l l  be dispersed. (water i s  sprayed upward at a low level ,  15 t o  

20 f ee t ,  a s  compared t o  plume release heights of 60 t o  75 feet  and 400 

fee t  t o  500 fee t  for  mechanical and natural draf t  towers, respectively.) 

Heavy natural fogging conditions 

would be expected t o  occur about 35 days per year with most fogging 

between 0300 and 0800 loca l  time. In many cases v is ib le  plumes generated 

by the  spray canals could move downwind near ground leve l  with intensif'ying 

ef fec ts  on these natural fogs. In  addition, spray canal induced fogging 

would most probably occur north through northeast and south-southeast 

through southwest of the  plant--the sectors with the  highest frequency of 

plume occurrence. Figure 2.6-17 indicates tha t  a t  l e a s t  6 percent of the  

days (22 days per year) the  plume would extend about 1 mile or  more i n  

each of these seven sectors. County Highway 5550 with an average dai ly  

t r a f f i c  count of 2,270 could be reached by the  vapor plumes as often as:  

6 percent of the  days (22 days per year) i n  the  south-southeast sector,  7 

percent of the  days (26 days per year) i n  the  south sector,  and 4.5 percent 

of the  days (16 days per year) i n  the  south-southwest sector. The plume 



could affect County Highway 4306, which traverses the west-southwest through 

northwest sectors, with an average daily traffic count of 1,130, as often 

as 2 percent of the days (7 days per year) in the west-southwest sector. 

Vapor plumes of length sufficient to reach portions of Harrison Bay State 

Park in the south-southwest sector could occur as often as 3 Percent of 

the days (11 days per year). 

Periods of potential spray canal 

induced icing when the ambient temperature is below freezing are expected 

about 70 days per year during the 5-month period, November through March, 

with the highest f'requency in January and Febnlary. Duration of 

the heaviest icing'would depend on the persistency of the below- 

freezing temperatures. Most severe conditions are expected between 

midnight and 0700 local time. Figure 2.6-18 indicates that icing could 

occur on each of the County Highways 5550 and 4306 about 0.5 percent of 

the days (2 days per year). Also, icing could occur in Harrison Bay 

State Park about 1 perdent of the days (4 days per year). 

(c) Aesthetics - The use of a 
spray canal would create an aesthetic impact to ground and water transporta- 

tion in the vicinity of the plant. 

(d) Noise - The use of a spray 
canal will increase noise levels at the plant site by a small amount. 

This increase will be due to motor noise plus the falling water. A test, 

conducted on a 17-module test system against a background of 62 to 64 

db(~) indicated 76 db(~) at 100 feet. Normally acceptable noise levels 

would be expected at site boundary. 



(e) Economic considerations - 
Initial investment - 

I The initial investment required to install a spray canal system is estimated 

to be 44.5 million dollars for the closed system and 42.1 million dollars for 

I the combined system with open-helper-closed capability. Between 30 and 40 

percent of the estimated amounts are far rock excavation which has been 

estimated without benefit of seismic analysis of the proposed canal 

centerline. 

Capability - With the spray canal, 
as with any other type of r~eat dissipation device, the plant output would 

be reduced by losses which affect the ability to assure TVA's 

customers of the service they would have had with the original 

diffuser system. The effect in 1972 dollars is as follows: 

System type 
Closed 
system 

Combined System 
Open-Helper-Closed 

Capacity loss, kW 42,400 1,960 

6 Replacement cost, 10 $ 7-98 0.36 

Operation and maintenance - 
Operating and maintenance costs would be greater than for the original 

diffuser system. The present-worth (1972 dollars ) operation and maintenance 

I costs for the spray canal are shown below: 



Closed Combined System 
System type System Open-Helper-Closed 

Increase in heat rate, percent 1.83 0.08 
I 

Increase in heat rate, Btu/kWh 181.4 8.2 

6 Increase in heat rate, 10 $ 5-52 0.24 

6 
Spray and p u p  power cost, 10 $ 7.80 1.44 

6 Total. operational cost, 10 $ 

6 Maintenance cost, 10 $ 2.86 

Total operation ~d 
maintenance, 10 $ 

Total cost - The total estimated 
present-worth cost of the above items would then be 68.7 million dollars 

for the closed system and 46.7 million dollars for the combined system 

with open-helper-closed capability. These costs are in addition to the 

cost of the mixing device. All costs are in 1972 dollars. 

(f) Land - Based on a 
preliminary investigation of si%e conditions, it is estimated that 

all spray canal schemes would require the purchase of 170 acres of 

additional land. The estimated excavation required for a spray canal 

is 6,139,000 cubic yards for the closed system and 5,739,000 cubic 

yards for the open-helper-closed combined system. The area affected 

by each system is 320 acres for closed and 275 acres for open-helper- 

closed. 

( g )  Construction schedule - It 
is expected that the design, construction, and placement into operation 

of a spray canal would take approximately 21to 27 months. 



(6) cooling lake system - Preliminary 
investigations indicate that the use of a cooling lake system would 

require approximately 3,500 acres of exposed water surface based on a 

rule of thumb of 1.5 acres per Mi of nuclear capacity. The exact lake 

size and the corresponding expected thermal perfomknce cannot be de- 

termined without an extensive investigation of the shape and depth of 

the lake, the location of the inlet and outlet to the lake, and the 

climatic history of the area. The Sequoyah plant site is located on a 

peninsula bounded on three sides by Chickamauga Reservoir and on the 

fourth side by very high g,*ound. In order to impound a reservoir of the 

anticipated size, it would have to be located many miles from the plant, 

and the normal water level would have to be 50 to 150 feet above the 

existing reservoir. The construction of the reservoir would require many 

miles of canals and high dikes. 

While cooling lakes are an old and well- 

established concept of heat reJection, the area surrounding the site must 

be suitable. The topography of the Sequoyah site, however, demon- 

strates that a cooling lake would not be feasible. 

(7) Other heat dissipation methods - 
The additional possible ways of modifying the heat dispersal system 

discussed below have been suggested. 

(a) Conversion of the discharge 

pond into a spray pond - Preliminary investigations indicate that the use 
of a spray pond system would require approximately 350 acres based on a 

rule of thumb of 0.15 acre per MW of nuclear capacity. Depending on the 

flow through the diffuser at minimum water level, the available surface 



area in  the discharge pond i s  between 15 and 30 acres. This s ize spray 

pond would have very l i t t l e  effect  on the  amount of heat released through 

the diffuser and would resul t  i n  some adverse atmospheric impact. 

(b) Construct a pipeline t o  the 

diffuser pipes t o  eliminate the discharge pond - The diff'user pipe begins 

3,200 fee t  from the  discharge structure. Pipes instal led between the 

discharge structure and the  diff'user would cost 1.5 million dollars instal led 

and would cost an additional $150,000 over the  l i f e  of the  plant i n  

additional pumping power due t o  the f r ic t ion  loss  i n  the pipe. These 

additional costs are i n  e x ~ e s s  of the environmental costs discussed i n  

Appendix B. 

Operate the cooling towers for  

auxiliary essent ial  raw coolina; water continuously in  a combined mode - 
These are seismically designed towers which are intended t o  operate only 

i n  the event of loss  of the  normal source of essent ial  raw cooling water. 

Each of the  four towers is  designed for  a flow of 6,300 gal/min for  a 

t o t a l  of 25,200 gal/min as  compared t o  a main circulating water flow 

of 1,120,000 gal/min. The continuous operation of these towers would 

have very l i t t l e  effect  on the  amount of heat released through the 

diffuser, would require a timely changeover t o  emergency service, and 

would resul t  i n  some atmospheric impact. 

(dl ModifY the circulat ing 

water system t o  reduce the  temperature r i s e  through the plant - The only 

way t o  reduce the temperature r i s e  through the  plant is  t o  pump more 

water through the  plant which resul t s  i n  the  withdrawal of more biota. 

A higher flow and lower temperature in to  the diffuser would require 



larger diffusers and, although it would reduce the local maximum tempera- 

ture, the size of the mixing zone would not be significantly affected. 

(8) Evaluation of alternative heat 

dissipation methods - Table 2.6-3 summarizes the economic evaluation (1972 

dollars) of the feasibile alternatives. 
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Table 2.6-1 

NUMBER AND PERCENT OF TXE DAYS DURING TKE 6-YEAR PERIOD 1966-71 THAT TENNESSEE TEMPERATURE CRITERIA WOULD NOT BE HET 

FOR EACH OF THREE M I X I N G  CRITERIA - 1-UNIT AND 2-UNIT OPERATION - SEQUOYAH NUCLEAR PLANT ON DIFFUSER SYSTEM 

Assuming Condenser Discharge Mixes Assuming Condenser Discharge Mixes Assuming Condenser Discharge Mixes 
With 60 Percent  of To ta l  Riverflow With 75 Percent  of T o t a l  Riverflow With 100 Percent  o f  To ta l  Riverflow 

Days Equaled o r  Exceeded Days Equaled o r  Exceeded Days Equaled o r  Exceeded 
5 .4O~ R i s e  o r  5.4OF Rise  o r  5 . 4 " ~  R i s e  o r  

5.4OF R i s e  86.   OF Max 86.9 '~  Max 5.4OF Ri se  86.9 '~ Max 86.9 '~  Max 5 .4 '~  R i s e  86.9 '~ Max 86. OF Max 
Operation Number 2 Number J- Number X Number X Number X; Number 2 Number Z Number 4; Number 

One Unit - 
f u l l  load 

TOTALS 152 6.9 1 4  0.6 155 7.1 94 4.3 8 0.4 95 4.3 52 2.4 4 0.2 52 2.4 

Two Uni ts  - 
f u l l  load 

TOTALS 
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Table 2 . 6 3  

COMPARISONS OF ALTERNATIVE HEAT DISSIPATION FACILITIES 

Heat D i s s  Eqpt Mechanical Draft CoolinR Towers Natural Draft Cooling Towers Power Spray Modules 
System type Closed System Combined System Closed System Combined System Closed System Combined System 

open open open 
Helper Helper Helper 
Closed Closed Closed 

Average annual ne t  
turbine  heat  rate 
(~tu/kWh) 10,089.0 9,945.9 10,072.0 

Cooling f a c i l i t y  
operation, X of time 100 

Present Worth Cos,t ~ o m p a r i s o n s ~  

F a c i l i t i e s  cost ,  
$ mil l ion 39 40 

Operating cost ,  
$ mil l ion 11.92 1.54 8.26 1.23 13.32 1.68 

Capability cost ,  
$ mil l ion 6.72 0.42 5.98 0.57 7.98 0.36 

Maintenance cost ,  
$ mil l ion 6.17 4.65 0.86 0.86 2.86 2.60 

Total,  $ mil l ion 64.21 41.91 62.27 45.02 68.66 46.74 

a. A l l  cos t s  shown a r e  present worth cos t s  (1972 do l la r s )  i n  addi t ion t o  t he  o r ig ina l  design using one-through cooling. 
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*Example: 0.5 percent of the da,~s(:! days per year) 
plumes with lengths L 2.4 miles 
occur in the 22W sector north of the site. Percent of ' 

total days in a year 
/ 

Based on daily early morning record 
Aug. 1970 - Aug. 1972 

Figure 2.6 - 3 EXPECTED PLUME LENGTH AND FREQUENCY OF OCCURRENCE 
FOR 16 COMPASS POINT SECTORS 
(ALL TEMPERATURES) 
NATURAL DRAFT COOLING TOWERS 
SEQUOYAH NUCLEAR PLANT SITE 













2.6-72 
*Example: 0.5 percent of the days(2 days per year) 

plumes with lengths L 4.2 miles 
occur in the 22%* sector north of the site. Percent of 

total days in a year 

Based on daily early morning record 
April 1971 - March 1973 

Figure 2.6 - 11 EXPECTED PLUME LENGTH AND FREQUENCY OF OCCURIiENCE 
FOR 16 COMPASS POINT SECTORS 
(ALL TEMPERATURES) 
MECHANICAL DRAFT COOLING TOWERS 
SEQUOYAH NUCLEAR PLANT SITE 



I 2.6-73 
* Example: 0.5 percent of the davs (2 days per year) 

plumes with lengths L 2.2 miles Percent of 
onur in the 22%" sector north - northeast of site total days in a year 

/ 

Figure 2.6 - 12 EXPECTEL) PLUME LENGTH AND FREQUENCY OF OCCURRENCE 
FOR 16 COMPASS POINT SECTORS 
(AMHIENT TEMPERATURE BELOW FREEZING) 
MECHANICAL DRAM' COOLIKG TOWERS 
SEQUOYAH NUCLEAR PLAN'I' SITE i 











*Example: 0.5 percent of the dws(2 days per year) 
plumes with lengths L 2 miles 
<wzcur in the 22%" sector west of site 

Percent of 
total days in a year 

Rased on daily early morning record 
April 1971 - March 1973 

Figurc 2.6 -17 EXNCI"I) PLUMF: LEXGTH AND FREQUENCY OF OCCURRENCE 
FOR 16 COMPASS POINT SECTORS 
(ALL TEMPERATURES) 
SPRAY CANAL 
SEQIJOYAH KUCLEAR PL,4NT 



*Example: 0.5 percent of the days(2 days per year) 
plumes with length's L 2 miles 
occur in the 22%" sector west - southwest of site 

Based on daily early morning record 
April 1971 - March 1973 

Figure 2.6 - 18 EXPECTED PLUME LENGrl'EI AND FREQUENCY OF OCCURRENCE 
FOR 16 COMPASS POINT SECTORS 
(AMBIENT TEMPERATURE BELOW FREEZING) 
SPRAY CANAL 
SEQUOYAII NUCLEAR PLANT 
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2 7 Construction Effects - 
1. General construction considerations - Those 

construction activities permitted at the site by 10 CFR Part 50.lO(b) 

prior to issuance of a construction permit began in April 1969. Initial 

work at the site centered around three main categories of construction 

activities: (1) clearing and general grading of the site; (2) con- 

struction 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 

and foundation preparation for seismic critical structures. The founda- 

tion preparation consisted of a 2-stage grout program for the two 

reactor buildings, the auxiliary building, and the control building. 

Construction ac.tivities at the site have been planned 

and conducted to minimize undesirable effects, such as accumulation of scrap 

materials, burning of cleared brush and trash, and silting of the reser- 

voir. There was a considerable amount of timber and brush cleared from 

the site (see Appendix C) ; air pollution resulting from the burning of 

this material was held to a minimum by short-duration burning on selected 

days. Special efforts are made to minimize nonnal trash-burning require- 

ments throughout the construction program. 

Grading will provide and maintain a controlled surface 

drainage system to avoid erosion and resultant silting of the reservoir. 

Special tank trucks equipped with sprinkler equipuent will control dust. 

Construction effects associated with offsite transmission 

facilities are discussed in section 2.2. 



,& Following completion of the plant, temporary 

construction facilities will be dismantled and disposed of by shipping 

to other TVA projects or by sale. The total construction area will 

be graded and landscaped. 

2. Yard drainage and discharge ponds - An existing 
embayment immediately downstream of the plant has been diked off from 

the reservoir and will be used for two purposes-a 9-acre yard-drainage 

holding pond in the upper end of the embayment and a 32-acre condenser 

discharge pond in the lower end. Construction activities in the pond 

area will probably prevent any significant redevelopment of aquatic life 

during the construction period. The riprapped dike will remove some 

substrate and will produce others of distinctly different nature, possibly 

producing more substrate surface and af'fording additional variety to the 

site. 

Construction of the yard-drainage holding pond and 

the discharge pond will result in the irretrievable loss of a 48-acre 

cove of Chicksmauga Reservoir. Prim to the closure of this embayment 

all fish were removed from a 25-acre portion of the cove. All fish were 

sorted to species and placed in the size groups listed in Table 2.7-1. 

Table 2.7-2 is the total nuniber of fish removed from the 25-acre portion 

of the cwe. 

Also included  a able 2.7-2) are individual and total 

values of the fish removed from the cove. The individual valaes are those 

that would be charged a water polluter causing a fish kill, These values 

originated with the Pollution Committee of the Southern Division of the 

American Fisheries Society, were accepted by the Tennessee Game and Fish 



Conunission i n  October 1970, and have recently been accepted by the 

I Tennessee Water Quality Control Board. The t o t a l  value assigned t o  

I all f i sh  removed from the  25-acre cove i s  $11,925.09 or $477.00 per 

acre. The t o t a l  value of the  ent i re  48-acre cove, therefore, i s  

calculated as  $22,896.17. 

The t o t a l  value of the 48-acre cove represents the  

value of the  standing crop, i.e., the value of the f i s h  a t  one point 

in  time. The underlying basis  fo r  the  value of the  individual f i s h  

i s  the replacement cost; tha t  amount of money it would take t o  put a 

comparable f i s h  (species and s ize)  back in to  a depopulated area. Diking 

off the cove, however, means tha t  the  productive capacity of the  cove is 

I los t .  Additional value, therefore, must be assigned t o  the cove's 

"abili ty" t o  produce f ish.  This additional value is  assessed throughout 

the  time period that the  cove i s  unable t o  produce f ish.  In Chickamauga 

Reservoir the  annual production i s  roughly 100 percent of the  standing 

crop. This means tha t  if all f i s h  were removed and the  48-acre cove 

were restocked with small f i sh ,  it would take approximately 1 year for 

the weight of all f i s h  t o  reach the  former standing crop, This is  not 

I t o  say tha t  a 5-pound bass can be produced i n  1 year. It does say tha t  

a f t e r  removing 276 pounds of largemouth bass la able 2.7-2) and restocking 

I with one pound of fingerling bass, it w i l l  take 1 year for 275 additional 

pounds of bass t o  be produced. 

It should be noted tha t  the  ~ u a l  production figure 

of 100 percent of standing crop is somewhat arbitrary. The range of 

values i s  probably from 80 percent t o  something i n  excess of 100 percent. 

However, since t h i s  particular cove is more productive thasl most of 



Chickamauga Reservoir (for comparison see Table B-2), the 100 percent 

figure is considered to be a reasonable estimate. 

Using the 100 percent figure and assuming the cove 

will be out of production for 42 years (preoperation, operation, and 

postoperation of plant), the total present value of keeping the cove 

out of production is $320,000. Following termination of Seqwysh plant 

operations, the dikes could be removed and the cove could be returned 

to fish production, assuming that the habitat has not been changed. 

Based on data collected at Wheeler Reservoir, a 

surface acre of water was worth $9.16 per year in terms of commercial 

and sport fish harvest. Assuming that the cove at Chickamauga Reservoir 

is one-third as productive as Wheeler Reservoir, a yearly production per 

acre of $3.05 worth of commercial and sport fishing harvest is expected 

from the cove at the Sequoyah site. This is roughly 1 percent of the 

value of the yearly production of the cove. 

3. The diffusers and the underwater dam - The 
diffusers described in section 2.6 will be located on a fill placed 

across the right overbank and on the bottom of the main channel across 

700 feet of the 900-foot-wide channel. This fill will permanently 

cover an area 700 feet by 1 3  feet and will be approximately 250 feet 

downstream of a submerged dam which will cover permanently an area 900 

feet by approximately 90 feet in the old river channel. The fill material 

will be crushed rock for the diffuser pipe and quarry-mut rock for 

the submerged dam, both of which will be placed by bottom-dump barges 

or by clemshell. These fills will afford a new variety of substrate and 

possible micro habitats, but are expected to reduce biological populations 



to an extent greater than they promote development of new population. 

However, the reverse could be true if the faces are colonized by 

Asiatic clams, certain midges, or caddisflies. 

4. Siltation effects and control - Clearing, 
site development, and construction required the stripping and continual 

exposure of several hundred acres of land in an area that normally 

receives some 55 to 60 inches of rainfall a year. However, grading 

is being used to provide and maintain a controlled surface drainage 

system to reduce erosion and resulting silting in the resemoir. 

Realizing the importance of minimizing siltation effects in the reservoir 

during construction, TVA is using other control measures including 

ditching to control runoff and use of dikes, settling ponds, Jute mesh, 

riprap, paving, tmporary grassing, and other techniques when considered 

advantageous. Although some localized siltation is unavoidable, it is 

not of sufficient proportions or located with respect to the navigation 

channel such that any significant resuspension will occur from river 

traffic . 
Construction of the skimmer wall required some 

hydraulic dredging at the site. The dredge discharge was piped and 

deposited behind a riprapped retainer dike placed across the mouth of 

a slough. Approximately 5 acres behind the retainer dike was used to 

deposit the spoil material. Use of rockfill for skimmer wall dike con- 

struction reduced the amount of siltation over that which would occur if 

earthen dikes were used. 

The intake skimmer wall is being built between two 

dikes placed on the right overbank of the reservoir and tied into the 



shoreline of sn embayment. Hydraulic dredging and development of 

the dike and intake pump station by heavy earth-moving equipment 

will disturb several acres of the right overbank and will permanently 

eliminate them as natural substrates for most forms of small aquatic 

life. The embayxnent benthic fauna and flora will also be lost due to 

actual dike and intake skimmer wall construction and due to site 

development exposing the land to erosion that, during construction, 

cannot be prevented. The total area affected will exceed the 35 acres 

of overbank and embayment enclosed by the dikes and skimmer d l  at 

elevation 683. The additional acreage affected will include that buried 

by the dikes, that excavated along the channel, and that disturbed by 

placement of the dikes land subjected to sedimentation during construction. 

Excavation of the intake and discharge channels for 

the condenser cooling water system involves dredge or dragline operations. 

These activities are being conducted behind a dike which will be removed 

later. Silting in the reservoir will be minimized although a certain 

mount of turbidity and silting is an unavoidable consequence of such 

operations. During intake channel excavation a natural dike will be 

formed by leaving a section at the reservoir end undisturbed. Consequently, 

significant siltation should not occur. 'She excavation area will be 

flooded when work is completed to equalize the water levels. Careful 

removal of the temporary dike will then be undertaken under Wanced head 

conditions with shaping of the banks to prevent appreciable siltation. 

Spoil Qrom removal operations will be disposed of in an upland fill area 

so that no silting of consequence will result. The discharge channel and 

discharge pond excavation and discharge pond earthen dike placement were 



done in the dry behind a rockfill dike. Again, careful removal of 

the dike under balanced head conditions should result in only localized 

siltation, and spoil from removal operations will be handled in a 

manner similar to that for the intake channel. 

The shaping of the embayment and overbank bottom 

to improve the hydraulics of flow drawn into the intake will further 

disrupt the benthic substrate's structure, texture, and resident 

organisms. After the area stabilizes, relatively immobile and/or 

attached resident forms should develop with perhaps some enhancement of 

overbank types resulting from stronger continual flows, drawn by the 

pumps, providing entrained particulate food and providing stable new 

substrate types. 

The adjacent right bank shoreline was developed as 

a docking point with backfilling on the landward side and dredging on 

the river side to allow towboats to reach the docking area. The con- 

struction directly affected the aquatic life of the embayment by 

disturbing the shoreline substrates through dredging, pile driving, and 

shoreline clearing of natural materials and substituting rock, wood, and 

steel substrates along the.shore, and silt in the new channel. The 

propeller wash of an occasiondl towboat positioning a barge creates 

heavy wave wash, extreme turbidity, new sedimentation, and resuspension 

of benthic materials and exposed organisms. 

The yard drainage pond and its dike were built in 

the dry behind the discharge pond dike and little silting occurred. 

The submerged dam and diffuser pipe fill will be 

constructed of quarry-run rock and crushed, graded rock, respectively, 



~ r h i c l ~  w i l l  cause l e s s  t u r b i d i t y  than using e a r t h  o r  unclass i f ied  f i l l  

~ : ~ n l e r i s . l .  Only loc,dized disturbance of e x i s t i n g  s i l t  i s  ant ic ipated .  

'!'l)e Zavannah U t i l i t y  D i s t r i c t  water supply inta,lce 

T.~i. i . l  l)e relocateci t o  n posi t ion  t o  rninirnize t h e  p o t e n t i a l  f o r  entrainment 

of p lant  e f f luen t  i n  t h e  intake.  A 16-inch diameter ba l l - jo in t  pipe 

r e s t i n g  on t h e  bottom of t h e  rese rvo i r  w i l l  be used t o  re loca te  t h e  

intake.  Present plans a r e  t o  assemble t h e  pipe on barges and lower it 

t o  the rese rvo i r  f loor .  :To excavation o r  f i l l  i s  an t i c ipa ted  fo r  t h e  

'Line so t h a t  -tihe only s i l t a t i o n  e f f e c t s  ~.rould be those  caused by temporary 

disturbance of e x i s t i n g  s i l t .  These eCfects a r e  expected t o  be loca l i zed  

:mil of l i t t l e  consequence. Any excavation which might be required a t  

t l ~ e  Lie-in ~ r i t h  t h e  e x i s t i n g  i n t d r e  should be minor with only loca l i zed  

ni l t infc  e f f e c t s .  

S1he only grading adjacent  t o  t h e  r i v e r  was t h a t  fo r  

t h e  constructiorl docl.; and barge s l i p .  S i l t a t i o n  caused by t h i s  vas 

loca l i zed  and of rqirior proportions. 

S i t e s  f o r  deposit ion of dredging s p o i l  were se lec ted  

by proJect  construction personnel and coordinated within TVA. Retainer 

o r  containment dikes were provided with overflow pipes which were 
I 

cxtcndeci v e r t i c a l l y  a s  t h e  s p o i l  a rea  f i l l e d  so t h a t  ponding and s e t t l i n g  
I 

out of ::ediment occurred before t h e  runoff was  discharged t o  t h e  rese rvo i r .  I 

7'hese a reas  w i l l  be f i n a l  graded, shaped, planted i n  t r e e s ,  and grassed.  

Landscaping of  t h e  p lan t  a rea  w i l l  be s t a r t e d  ns 
I 

:ioon n.s prac t i c a b l e  a f t e r  construction i s  substantial1.y completed. S o i l  

erosion con t ro l  measures a r e  being done concurrent with t h e  construction i 
operat ions where poss ib le .  



5. Solid waste - Some of the solid waste generated 
by land clearance was disposed of by controlled burning. Burning was 

held to a minimum by utilizing as much of the timber as possible for 

construction purposes and by burying the stumps. All burning of solid 

wastes is carried out by short-duration burning on selected days and 

coordinated with the Chattanooga-Hamilton County Air Pollution Control 

Bureau. TVA is continually considering and, where feasible, using 

alternatives to burning as a means of disposing of land clearing and 

other solid wastes. Some of the refuse from project construction is 

being collected by a private contractor and deposited in a sanitary 

landfill meeting state regulations. The considerations made for 

disposing of solid wastes from the plant (section 2.9) will be followed 

in determining the ultimate disposal of these construction wastes. 

6. Sanitary wastes - Temporary sewage treatment 
plants capable of handling the peak construction force sewage load 

have been installed and are operated to meet applicable standards. NPDES 

permit applications for these treatment plants were filed with the EPA 

Region IV Office April 16, 1973. 

In addition, chemical toilets are used in isolated 

or remote areas during the construction period. 

7. 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 which are acceptable for discharge into 

the reservoir. Procedures for chemical cleaning are not final, but much 

of the piping is being purchased to final cleanliness requirements. 



Prior to startup or initial operation, systems will be thoroughly 

flushed--first with a weak solution of trisodium phosphate to remove 

grease, oil, or similar contaminants, and any loose matter; and then 

given a final flush with filtered or demineralized water. The flush 

water will be discharged to holding ponds, probably within the yard 

drainage pond, for further dilution and treatment to reduce any objection- 

able constituents to concentrations which are acceptable for discharge 

into the reservoir. The amounts of chemicals required cannot be 

determined until the cleanliness criteria are set. A l l  chemical discharges 

will be treated to meet applicable water quality standards prior to release 

to Chickamauga Reservoir. 

8. Noise abatement - Noise abatement is of primary 
concern to the construction effort. Construction operations will be 

conducted in such a manner as to minimize community disturbance. Rock 

blasting is done in daylight hours only. Vehicles are equipped with 

standard mufflers. A central air compressor plant is located at a 

sufficient distance from private residences to avoid excessive noise. 

All activities and operations will be in full compliance with the appli- 

cable provisions of the Federal Noise Control Bill. The TVA Hazard 

Control Branch conducts surveillance activities and ensures compliance 

with applicable noise standards. 

9. Miscellaneous - In addition to those considera- 
tions already discussed, the following miscellaneous effects have been 

identified. 

Potable water is obtained from the Hixson Utility 

District. The utility district's existing water main in the vicinity 



I miles by contract to provide this service. The water is distributed 

throughout the construction plant area by either a piping system or 

by insulated containers specially made for dispensing drinking water. 

These facilities are regularly checked by a random sampling technique 

by TVA1s Division of Environmental Planning. 

Raw water for construction needs in fire protection, 

equipment cooling, and other services is pumped from the reservoir, 

using a temporary punping station located slightly offshore near the 

I plant site. 

A small river docking facility for handling barge 

traffic into and out of the plant has been provided. Only minor inter- 

ference with recreational and cmercial navigation is anticipated when 

1 barges are at the dock. Less than 100 barges are expected during con- 

struction, none of which will be oil or fuel barges. However, during 

normal operations, small amounts of oil and fuel will be lost from the 

tows which will accumulate along the shoreline or on the bottom materials 

and organisms in the docking area or downstream. The magnitude of such 

loss would be insignificant. 

Some repairs have been required on access roads to 

the construction area due to abnormal use during the construction program. 

I Responsibility for repair has been coordinated with TVA, Hamilton County 

officials, and the materials contractor. 

All new construction equipment purchased for the 

project is equipped and maintained in compliance with applicable regu- 

I lations to reduce air pollution. Exhaust dust from the concrete mixing 



plant weigh bin is controlled by water spray. Aggregate piles are 

wet down and the aggregates washed en route to the mixing plant which 

virtually eliminates dust. Wastes discharged from the sprayers and 

rinsing screens are piped to a settling pond. Suitable tailings are 

reclaimed and used for construction purposes. 



Table 2.7-1 

SIZE CLASSES* USED I N  1971 FISH INVENTORIES 

Species Young-of-year Intermediate Harves t ab l e  

---..-----IN-- length in  inches ------------- 

Game - 
Walleye 
Sauger 
Largemouth bass 
Smallmouth bass 
White bass 
Rock bass 
White crappie 
Black crappie 
Bluegil l  
Other sunfishes 
Rainbow t rou t  
Yellow perch 

Rough 

Gar 
Mooneye 
Skipjack herring 
Blue ca t f i sh  
Channel ca t f i sh  
Flathead ca t f i sh  
Bullhead 
Carp 
Carpsuckers 
Redhorses 
Other suckers 
Drum 

Threadfin shad 
Gizzard shad 
Ms. forage f i shes  

1 2  and over 
12 and over 
10 and over 

9 and over 
9 and over 
6 and over 
8 and over 
8 and over 
6 and over 
6 and over 
7 and over 
7 and over 

20 and over 
12 and over 
12  and over 
10 and over 
10 and over 
12 and over 
8 and over 

13  and over 
11 and over 
11 and over 
11 and over 
9 and over 

6 and over 
6 and over - 

Subsamples: Mixed threadfin and gizzard shad (5 inches and l e s s )  - 3 pounds 
Mixed species other  than shad (3 inches and less )  - 3 pounds 
Sorted individual species (3 inches and l e s s )  - 1 pound 

* The s i z e  c l a s s  divis ions  f o r  each species are a rb i t r a ry  but based on knowledge 
of growth rates and information from c ree l  census and commercial harvest records. 

** Shad were recorded e i the r  as young-of-year o r  adult ;  s i z e s  of other forage f i s h  
were not dif ferent ia ted.  



Table 2.7-2 

ROTENONE SAMPLE OF 25-ACRE COVE ON SEQUOYAH NUCLEAR PLANT SITE--AUGUST 1971 

Yellow perch 
Largemouth bass 
Spotted bass 
White bass  
Yellow bass  
White Crappie 
Blueg i l l  
Longear sunf i sh  
Redear sunf ish  
Warmouth 
Channel c a t f i s h  
Blue c a t f i s h  
Flathead c a t f i s h  
Drum 
Smallmouth buffalo 
Black buff a10 
carp 
Carpsucker 
Spottedsucker 
Golden redhorse 
Spotted ga r  
Longnose gar  
Shortnose ga r  
Skipjack 
Gizzard shad 
Misc. forage  

Young-of-Year 
Number Cost Tota l  
of Fish Per Fish  Cost 

To ta l  va lue  $3,786.96 

Tota l  va lue  (all s i z e  classes) 

* Total  pounds. 

** P r i c e  pe r  pound. 

Intermediate 
Number Cost Tota l  
of Fish P e r F i s h  Cost 

Harvestable 
Number Cost Tota l  
of Fish Per Fish Cost 

35 .45 $ 15.75 
276* 2.50** 690.00 - - - - - - - - - 
787 1.00 787.00 
981 1.00 981.00 - - - 

IU 
183 1.00 183.00 - - - I 

d 

553 -35 193.55 P 

526 -35 184.10 
19* .35* 6.65 

2,370 .25 592.50 
1,237* .25* 309.25 

9 * .25* 2.25. 
519* .20* 103.80 

6* .15* 90 
1 -30 -30 
1 .30 .30 

15* .25* 3.75 
7* .25* 1.75 

863* .25* 215.75 - - - 
10,543 .06 632.58 - - - 



2.8 Socioeconomic Impact - Construction of the Sequoyah Nuclear 
I'lmt is having temporary socioeconomic impacts on the surrounding, area 

due to construction employees who have moved into the area. In addi- 

I Lion, some impacts will result from employees who move into the area 

to supervise, operate, and maintain the plant and to operate the 

I power plant training center. 

1. Construction employment impact - Two surveys 

of construction employees have been conducted to determine the number 

of workers who have moved into the area, where they live, general 

I information on their choice of housing, and general family characteristics. 

The first survey was conducted in October 1970 when the construction 

employment level was about 1,100 employees. The results of this survey 

provided the basis for the estimates of peak impacts which were contained 

in the draft environmental statement. 

I The second survey was conducted at the peak employ- 

ment level in July 1372 when there were about 2,200 construction employees. 

About 1,500 employees provided usable responses to the survey. The 

various percentages for responses obtained from this sample were applied 

to the total number of employees to provide estimated results for the 

entire work force. This assumes that the survey sample accurately reflects 

the situation of the total work force. It is possible that bias is 

introduced due to non-response, but there is no obvious reason to expect 

non-respondents as a group to differ significantly from that portion of 

the work force which returned questionnaries. 

~ At the construction peak about 1,700 workers were 

I originally from the area and about 500 workers had moved into the area. 

~ Nearly one-half of the moving workers, 220, were living in or around 

I nearby Soddy-Daisy. Hixson absorbed an additional 110 employees while 



Chattanooga i t s e l f  a t t racted 75 employees. Each of the additional ~ 
23 towns reported by respondents had 15 or  fewer employees who had 

moved (based upon extrapolated data). Table 2.8-1 summarizes the 

locations of employee residences as  l i s t e d  i n  the  completed surveys. 

The major area affected is  i n  the Hamilton County, 

Tennessee, area. While the  impacts are not significant,  the  following 

discussions de ta i l  the  impacts due t o  peak employment i n  t h i s  area. 

(1)  Population impact - The 1970 popula- 

t ion  of Hamilton County was 254,236. Community populations were: 

Soddy-Daisy , 7,569 ; Hixson , 6,188; and Chattanooga, 119,082. There 

was a t o t a l  construction plant population influx of approximately 1,230 

people ( 340 children, 140 single men, and 375 couples ) . Thus , the 

increase i n  the  county population was minor (0.5 percent increase). 

Assuming the  dis tr ibut ion of the  t o t a l  population was the same as the  
1 

employee distribution (constant r a t i o  of single men t o  family men and 

children t o  families),  the  Soddy-Daisy area absorbed about 530 people, 

Hixson received about 280 people, and Chattanooga received about 180 

people. The percentage population increases were 7.0 percent. 4.5 percent, 

and 0.15 percent respectively. 

Due i n  large measure t o  the large popula- 

t ion  base already i n  Hamilton County, there have been no identif iable 

impacts on commercial establishments and services. 

(2)  Impact on schools - Recent data for  

the  Hamilton County and Chattanooga c i t y  school systems show that  about 

550 children are  enrolled who have a parent (or  parents) who works a t  

the  project. However, based on TVAts  July 1972 survey, only an estimated 

276 school-age children accompanied moving employees. These children 

would be distributed among a l l  of the  towns where movers located. The 



major number of children added would be to the Soddy-Daisy and Hixson 

areas. These areas have experienced substantial growth over the last 

decade and the Hamilton County School System (recent enrollment in schools 

within 10 miles of the site, 11,000 students) has made adjustments to 

school growth projections, particularly in the IIixson area. The rate 

of growth of the school enrollment is much more than could be accounted 

for based solely on influx of children of Sequoyah construction workers. 

( 3 )  Impact on economy; personal income - 
In 1970, personal income in Hamilton County totaled an estimated 

$942,000,000. An average annual wage of about $12,000 was earned by the 

500 workers moving into the area which totals $6,000,000. This repre- 

sents an increase of about 0.6 percent. This level of increase, spread 

as it would be among the various goods and services available in Hamilton 

County, is well within the capability of existing establishments to 

handle without expansion or increase in personnel. 

( 4 )  Impact on economy; wholesale trade - 
Wholesale trade in Hamilton County totaled approximately $760,097,000 in 

1 9 ~ 7 . ~  Local purchases of goods and services for construction of the 

plant have been on the average about $250,000 per year. This is an 

increase of 0.03 percent which is of economic benefit to the specific 

local businesses affected but not of any significance to the economy 

in general. 

(5) Impact on housing - Table 2.8-2 presents 
various data on vacant housing in the Sequoyah area. The values in the 

table give an indication of the actual housing that was available. Data 

are shown for all vacant dwelling units and those vacant dwelling units 

which have complete plumbing. Plumbing is used as an indicator of 

housing quality because the 1970 census did not include this evaluation. 



A substantial  proportion of the vacant 

dwelling units  is  i n  the  category "Other" which means they are  not on 

the market for  various reasons. The range is from about 10 percent i n  

Hixson (9 out of 94) t o  nearly 50 percent i n  Soddy-Daisy (62 out of 

131). Since these uni ts  would not be available t o  a prospective tenant, 

only those dwelling units  for  rent  or  for  sa le  are discussed f'urther. 

There are  relat ively few dwellings 

available fo r  rent or sa le  i n  the  Soddy-Daisy area, but it apparently 

has not hindered the  location of many workers i n  and around the  community. 

This may account for  the  larger proportion of workers l iving i n  mobile 

homes than a t  other comparable construction projects. 

The construction employees l iving i n  

mobile homes were 38 percent i n  1970 and 45 percent i n  1972. The dis- 

t r ibut ion of these mobile homes is not known, but it is expected tha t  

a large proportion were i n  the  Soddy-Daisy area. In the 1970 census, 

8.9 percent of Soddy-Daisy's dwelling units  were mobile homes. This 

is more than twice the  Tennessee Valley region r a t e  (4.1 percent ) and 

nearly three times the  Hamilton County r a t e  (2.9 percent). However, 

there was apparently a trend i n  t h i s  direction even without construction 

of the  plant. The 222 mobile homes i n  Soddy-Daisy i n  1970 were counted 

a t  a time when there would have been a t o t a l  of l e s s  than 70 mobile 

homes occupied by employees who had moved in to  the  area. Thus, even 

assuming all. of the construction-related mobile homes were located i n  

Soddy-Daisy the mobile home r a t e  exclusive of construction employee 

impact would still  have been 6.1 percent. This indicates tha t  a s  the 



prodect moves toward completion and workers leave there is likely to 

be a demand for the mobile home facilities which were developed to 

accommodate them. 

( 6 )  Impacts on traffic - Traffic counts 
on county roads in the vicinity of the Sequoyah plant have shown a general 

I pattern of increase from 1970 through 1972; however, no definite pattern 

exists for all roads. To mitigate the effects of the increased traffic 

as a result of the Sequoyah plant, TVA has provided for local county 

road repairs and for the construction of a new dual-lane access road 

I connecting the plant area to U.S. Highway 27 at Soddy-Daisy. This road 

was opened to traffic in the winter of 1972-73. The impacts of con- 

structing this road are discussed in section 2.7. 

2. Permanent employment impact - Various factors 

I require that permanent operating personnel be onsite during the last 

half of the construction phase of the plant. The permanent supervisory, 

operational, and maintenance work force will eventually stabilize at 

around 250 people. It is expected that these permanent employees will 

all be employed about 2 years before the estimated completion of con- 

struction. Their impact on the area will be in addition to that of 

the construction employees. Although this will place an 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 of about $3 million. 

There are no previous surveys to provide a basis 

for estimating permanent employee housing choice, family size, or 

family composition. However, it should be noted that this group could 



be expected to choose a place to live on a somewhat different basis 

than construction workers. Whereas construction personnel may be 

willing to sacrifice urban services and convenience due to the rela- 

tively 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. 
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Table 2.8-1 

CONSTRUCTION EMPLOYMENT RESIDENCE BY TOWN OR CITY 

SEQUOYAH NUCLEAR PLANT - JULY 1972 

Moved t o  Already Living 1970 
Town o r  City Town i n  Town Total  Population 

Chattanooga, TN 49 280 329 
Hixson, TN 76 78 154 
Red Bank, TN 10 6 16 
Soddy-Dai sy , TN 145 139 284 

Subtotal 280 503 783 
Athens, TN 0 6 6 
Bakewell, TN 5 8 13 
Cleveland, TN 3 26 
Clinton, TN 

29 
0 11 11 

Dayton, TN 5 55 60 
Decatur, TN 2 1 3  
Dunlap, TN 

1 5  
0 13 13 

East Ridge, TN 3 4 
Etowah, TN 

7 
0 7 

Evensville, TN 
7 

2 8 10 
Graysville, TN 3 8 11 
Harriman, TN 1 1 2  13 
Jasper, TN 1 28 
Kingston, TN 

29 
0 9 

Knoxville, TN 0 
9 

17 
Oliver Springs, TN 

17 
0 13 13 

Ooltewah, TN 1 11 12 
Palmer, TN 0 1 3  13 
Pikevil le,  TN 1 9 10  
Sale Creek, TN 2 6 8 
South Pit tsburg,  TN 0 2 5 
Spring City, TN 

25 
5 18 23 

Ten Mile, TN 0 7 7 
Tracy City, TN 2 11 1 3  
Tullahoma, TN 0 7 
Whitwell, TN 

7 
1 20 21 

Bridgeport, AL 1 1 4  
Bryant, AL 

15 
1 8 

Dutton, AL 2 
9 

5 
Rainsvil le,  AL 

7 
1 11 12 

Scottsboro, AL 0 14 1 4  
Section, AL 0 1 4  1 4  
Chickamauga, GA 2 7 
Fort Oglethorpe, GA 

9 
0 6 

Ringgold, GA 
6 

1 9 10 
Rossville, GA 3 30 33 

Subtot a1 48 483 531 
Other 16 147 163 

TOTAL 344 1,133 1,477 
A ~ A  - Information not avai lable  - unincorporated town under 

not l i s t e d  s e ~ a r a t e l s  i n  t h e  1970 census. 
1,000 population, 



Table 2.8-2 

Sequoyah Nuclear Plant 

a 
Housing Vacancy Information 

Hamilton County and Selected Communities 

For Rent For Sale 

772 

Other b - 
1,750 

Total  

5,060 
Hamilton County 
Number 
Average Value or 

Monthly Rent 
With a l l  Plumbing 

Chattanooga 
Number 
Average Value or 

Monthly Rent 
With a l l  Plumbing 

Hixson 
Number 
Average Value or 

Monthly Rent 
With a l l  Plumbing 

Soddy-Daisy 
Number 
Average Value or 

Monthly Rent 
With a l l  Plumbing 

a.  The source i s  t h e  1970 Census of Housing. This data  covers vacant dwelling 
un i t s  su i tab le  fo r  year-round occupancy. Vacant seasonal dwelling un i t s  
a r e  excluded. 

b. Includes housing un i t s :  (1) sold or  rented but awaiting occupancy; ( 2 )  held 
fo r  occasional use; o r  ( 3 )  not on t h e  market f o r  some other reason, e.g. , 
awaiting settlement of an e s t a t e ,  o r  personal reasons of owner. 

c .  Average value or  ren t  i s  based on t h i s  number of dwelling un i t s .  Value i s  
tabulated only fo r  vacant-for-sale 1-family houses which a re  on a place 
of l e s s  than 10 acres and have no business o r  medical o f f i c e  on t h e  
property. Value i s  not tabulated fo r  mobile homes, t r a i l e r s ,  cooperatives, 
and condominiums. Rent i s  tabulated fo r  a l l  vacant-for-rent u n i t s  except 
1-family houses on a place of 10 acres  or more. 



2.9 Other Impacts - The following potential environmental impacts 
have been considered in addition to those discussed elsewhere in this 

document. 

1. Land use compatibility - The major impact on 
land will be the conversion of approximately 525 acres of land from rural 

nonfarm or agricultural use to industrial use. While this is a signifi- 

cant change in land use of the site itself, there are no anticipated 

affects from routine plant operation which would prohibit attaining full 

use of the surrounding land. 

The plat will have no adverse impact on existing or 

future industrial or agricultural operations in the area. Forestry 

activities will not suffer any significant adverse impact. The only 

effect on forestry has been the loss of potential forest products due 

to the localized clearing required for construction. 

Rail and highway access to the plant site were 

provided by building a spur from the Southern Railway and a road from 

U . S .  27. The road was built to standards somewhat above county highways 

but less than primary highway standards (22-foot surface, 38 feet from 

shoulder to shoulder). The carrying capacity of the highway is sufficient 

for the anticipated development of the surrounding land. Thus, there 

should be no adverse effects on transportation. 

Government reservations, as identified in Section 1.2, 

hvironment of the Area, will not be significantly affected by the 

construction and operation of the plant nor is the project expected to 

curtail the future development of Government reservations in the region. 



Population dis t r ibut ion w i l l  be affected only t o  

the extent tha t  no one w i l l  be allowed t o  reside on the  plant s i t e .  

2 .  !{ater use compatibility - Projection of the  

impact of the  f a c i l i t y  on the  uses of surface and groundwater resources 

of the region has been undertaken i n  order t o  assure tha t  adequate 

consideration is given t o  a l te rna te  and shared uses of t h e  water and 

to  overall  plans fo r  development of the area, The watershed, streamflows, 

veloci t ies ,  volumes, and quality character is t ics  of the  water a re  given 

i n  Section 1.2, Iihvironment of the  Area, a s  baseline environmental data. 

The impact of the  nuclear plant on present and projected uses of the  

water resource a re  discussed below. 

By comparing expected plant water use and the  average 

quantity of water flowing past the  s i t e  with known and projected indust ia l  

water uses, it has been determined tha t  t he  plant w i l l  not adversely 

a f fec t  current or potent ial  i ndus t r i a l  uses (see sections 1.2, 2.5, and 

2.6) .  Since groundwater movement is from the  plant s i t e  t o  the  reservoir,  

presence of the  plant w i l l  not in te r fere  with industries which, i n  the  

future,  might take water from groundwater sources. 

There a re  no anticipated s ignif icant  e f f ec t s  on public 

water uses as  a r e su l t  of locating the  plant i n  the  area. The Savannah 

Ut i l i t y  Dis t r ic t  water intake w i l l  be relocated t o  a position t o  minimize 

the  potent ial  fo r  entrainment of plant effluent i n  the  intake. Compliance 

with Federal and s t a t e  standards combined with di lut ion of plant discharge 

by reservoir flow w i l l  be such that no adverse impact on exis t ing downstream 

public water uses w i l l  occur. Because of the  groundwater movements as  indicated 

above, there should be no s ignif icant  e f fec ts  on public groundwater uses. 



2.9-3 

Other industrial and public uses such as water 

transportation, boating, and fishing will not be significantly affected 

by the presence of the plant in the area. The plant will have only 

minimal effects on the chemical and physical characteristics of the 

reservoir and will not alter the present or projected usage of this 

portion of the Tennessee River in any way. 

As discussed in detail in section 2.4, radiological 

discharges into the reservoir will be minimal and thermal discharges 

will be controlled to minimize adverse effects as discussed in section 2.6. 

3. Ae-thetics - The plant will be located on a 
broad plain of a peninsula. A wooded area east of the plant will shield 

much of the plant fram view from the river. The peninsula connects 

with the mainland to the west of the site. 

Plant construction plans are coordinated with 

architectural personnel who route access roads, recommend leaving trees 

standing in strategic areas as v i s W  screens, and reconmend other 

steps to minimize adverse visual impact. In order to reduce the visual 

impact of the large facilities, the structures will be grouped in a 

1 diminishing progression of scale from the reactor, auxiliary, control, 

turbine, and service buildings to the office building and gatehouse. 

The materials will vary to reflect the changes in scale--monolithic 

concrete for the larger solid masses, lighter fenestration for the 

1 turbine building, and precast concrete, brick, and glass for the office 

building and gatehouse. In addition, the forms will be 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. The hyperbolic 



form and concrete materials of natural draft cooling towers will 

be compatible with the architecture of the main plant and would I 
not require any special aesthetic treatment. The natural draft 

cooling towers being approximately 500 feet high will probably 
I 

result in their becoming a landmark on the surrounding terrain. 

The extensive plumes will increase this effect. 

Particular attention will be given to the site 

development and landscaping. Natural features of the terrain will be 

preserved as much as possible, and even utilized to reduce the impact 

of the installation on man and his environment. The landscaping will 

be designed to provide a recognizable yet harmonious transition between 

the natural setting and the plant site. The plant design, integrated 

with the landscape, will create an inviting and pleasant setting for 

both employees and visitors. 

4. Miscellaneous - 
(1) Recreation - While recreation is one 

of the principal public uses of the shoreline and waters of Chickanauga 

Reservoir, the Sequoyah Nuclear Plant should not have any adverse impact 

on this use. 

The thermal discharges at Sequoyah will be 

in accordance with applicable standards. These discharges will not 

adversely affect sport fishing, water contact sports, or other recreational 

uses of the reservoir. Routine operational releases of radionuclides and 

chemicals have also been analyzed in the context of their impact on 

recreational activities and none of these discharges will curtail use of 

the reservoir for recreation. 



2.9-5 

TVA is planning unique educational and 

interpretive facilities for visitors at the Sequoyah plant. These 

facilities will be the main location for describing TVA1s nuclear 

power program to the public. TVA anticipates that the Sequoyah plant 

will draw a large number of visitors (estimated to average 150,000 

visits per year), and onsite recreation facilities will be provided. 

These include an overlook and picnic area and visitorst facilities 

where interpretive devices such as models, pictures, recordings, and 

movies will be presented. TVA will construct, operate, and maintain the 

planned facilities which ~4.11 be ready for use by the public when major 

project construction is completed. Thus, the project will augment the 

recreation facilities of the area. 

(2)  Normal solid waste disposal - Two 
methods for disposal of solid wastes are being employed during construction. 

A contractor collects the contents of 21 receptacles (-4 cubic yards capacity 

each) and empties them once a week in a state-approved sanitary landfill. 

Approximately 5,500 cubic yards per month of solid wastes, such as scrap 

wood, brush from land clearing, packaging material, etc,, are carried to 

an area on the plant site for burning. Clearance for burning is obtained 

from the Chattanooga-Hamilton County Air Pollution Control Bureau. 

Af'ter the plant becomes operational, the 

nonradioactive solid waste generated at Sequoyah will be disposed of in 

a sanitary landfill located on TVA land and operated by TVA in accordance 

with EPA guidelines or in a state-approved sanitary landfill on non-TVA 

land and operated by a municipality, county, or private contractor. 



The characteristics of the nonradioactive 

solid waste generated at this installation will be paper, soft drink 

cans, glass, wood, and garbage. The garbage portion will be relatively 

small in comparison to the quantity of other solid wastes. The scrap 

metals (other than cans) will be salvaged and sold. Scrap lumber will 

be salvaged for reuse and made available to scavengers when it no longer 

can be used by TVA. Residue from the scavenged scrap lumber will be 

mixed with the other solid waste for disposal in a sanitary landfill. 

This system will be used during construction and operation of the 

completed plant. 

Economics will determine whether TVA or a 

private contractor operates the collection and disposal systems. Adequate 

storage facilities, based on a qinimm collection frequency of twice a 

week, will be provided and transport will be in a closed vehicle or con- 

tainer regardless of which method is ut-ilized. The service provided will 

be continually monitored by TVA to assure conformance to applicable Federal 

and state regulations. 

( 3 )  Channel siltation - As described in 
section 2.6, the diffuser section will be laid on fill approximately 12 

feet above the riverbed. An underwater dam will be constructed across 

the main channel approximately 250 feet upstream from-the diffusers. A 

potential exists for local accmulations of inorganic and organic sediments 

to develop both upstream and downstream of the underwater dam and fill. 

The possible deposition of organic debris (for example leaf material) 

adjacent to the underwater structures have been given consideration. 



Sediment samples reveal very little 

organic accumulation anywhere in the main reservoir or in embayment 

areas other than the stream inflow points. The organic matter deposition 

behind the underwater structures is not expected to be greater than the 

deposition of organic sediments in areas of the reservoir not influenced 

by the flow of the channel. 

(4) Archeolom - Archeological surveys of 
the Chickamauga Basin which were conducted many years ago had reported 

several archeological sites on the plant site. In 1914, C. B. Moore 

reported a site (40~~22) located on a peninsula below the Igou Cemetery 

(see figure 1.1-2). A site (40~~20) has also been reported on the upstream 

side of the intake embayment near river mile 485. A third site (401~46) 

has been reported on Denny Bluff across the reservoir from the plant site. 

In addition, the Igou Cemetery with about 45 graves is located on a hill- 

side across the discharge pond from the plant, and the remnants of an 

old homesite are located in the area upon which the cooling towers will 

be built. A TVA land map made in 1935 shows a 2-story frme house at the 

latter location. An archeological survey of the plant site and adjoining 

areas was conducted on June 16, 1973, under a personal service contract 

from TVA to Dr. F. A.  Calabrese of the Department of Sociology and 

Anthropology of the University of Tennessee at Chattanooga. While con- 

struction activity was well advanced at the plant site, the survey was 

made to identify the archeological significance of the site in general 

and of the undisturbed areas which might later be disturbed by additional 

construction activity. 



D r .  Calabrese reported tha t  s i t e s  

4 0 ~ ~ 2 0 ,  4 0 ~ 2 2 ,  and 4 0 ~ ~ 4 6  have been destroyed, end tha t  the  intake 

and discharge channel areas which have alreatly been cut proved t o  

be void of archeological material. S i t e  4 0 ~ ~ 2 0  is i n  an area which 

was disturbed by construction of the  intake channel and the  docking 

fac i l i ty .  While s i t e  4 0 ~ 2 2  is located i n  an area where transmission ~ 
l ines  have been constructed, ae r i a l  photos msde subsequent t o  the  

first reporting of these s i t e s  and before power l i n e  construction show 

t h i s  area t o  have been used for  agriculture. S i t e  4 0 ~ 4 6  $a i n  an area 

adJacent t o  transmission l'.nes which have been constructed since the  

s i t e  was first recorded, but these construction ac t iv i t i e s  are  not 

believed t o  have affected t h i s  s i t e .  Neither the archeological s ignif i -  

cance nor the  cause of the  destruction of these s i t e s  is  known; nevertheless, 

the s i t e s  have been disturbed o r  have deteriorated t o  the point tha t  no 

significant archeological evidence could be obtained. 

The Igou Cemetery remains today and is of 

possible in teres t ,  and TVA intends t o  preserve t h i s  cemetery at i t s  

present location. 



3.0 ADVERSE ' E N V I R O m A L  EFFECTS WHICH CANmOT BE AVOIDED 

The CEQ Guidelines require a discussion of any probable 

adverse environmental effects which cannot be avoided, such as water 

or air pollution, undesirable land use patterns, 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 construction and operation 

of the Sequoyah plant evaluated the baseline data on.appearance, 

quality, productivity, and usage of the preexisting environment in 

the area. Probable changet 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 s-ize probable effects which 

cannot be avoided and the steps taken to minimize adverse environmental 

impacts identified. 

1. Water pollution - 
(1) Construction - Some unavoidable 

impacts to Chickamauga Reservoir are occurring as a result of con- 

struction of the plant. These include some siltation as a result of 

grading, excavating, and dredging; discharge of small amounts of 

chemicals used in cleaning of equipment; and discharge of the sewage 

treatment plant effluent. 

These impacts are being minimized by 

the following means: 

. Dredging is being accomplished by a 
hydraulic dredge with the spoil material being disposed of in upland 

fill areas to avoid excessive siltation of the reservoir. 



. Rock fill is being utilized as 
submerged fill to avoid excessive siltation in the reservoir. 

. Ditching, dikes, settling ponds, 
jute mesh, riprap, paving, temporary grassing and mulching of 

exposed areas, expediting of permanent grassing, and other control 

devices are being used to control surface drainage and erosion 

during grading operations. 

. Soil and earth from excavation work 
are being used as fill or stored in compacted mounds to prevent wind 

and rain erosion until neeued. 

. Spoil material from excavation work 
is being 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 substantially below harmful levels. 

. Extended aeration treatment of 
sanitary wastes and chlorination of effluent is being provided during 

construction. 

(2) Operation - Operation of Sequoyah 
will result in varying amounts of heat and small amounts of chemical, 

sanitary, and radioactive liquid wastes being discharged into Chicbaauga 

Reservoir. Mitigation of possible related effects wfll be accomplished 

as follows: 



. A diffuser will rapidly mix the heated 

plant discharge with unheated reservoir water. 

. Cooling towers that can operate in the 

helper and closed modes will be installed for operation during periods 

of critical reservoir temperatures. 

. Sanitary wastes will receive the 
equivalent of secondary treatment with provision for effluent chlorination 

provided for the permanent plant. 

. Radioactive waste liquids will be 
treated by evaporation and tritium recycled. 

. Radioactive steam generator blowdown 
will be treated by a reverse osmosis system and by evaporation. 

As indicated, liquid effluents are provided 

adequate treatment 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 adverse environmental effects, although 

some adverse effects may be undetectable. 

2. Air pollution - The construction of Sequoyah 
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. Large quantities of mste heat 

and moisture fram the cooling tower plumes may result in some alteration 

of the local atmospheric conditions. During adverse weather conditions 



t h i s  i n ~ r e ~ ~ e d  moisture content may cause loca l  fog gin^ and icing.  1 

In addit ion,  some d r i f t  from the  cooling towers w i l l  be carr ied i n to  

t h e  atmosnhere. 

* To the  extent t h a t  l oca l  f o g ~ i n g  and i c i n ~  does 

occur, it represents an unavoidable adverse environmental e f fec t .  

However, such occurrences resu l t ing  from t h e  o ~ e r a t i o n  of t h e  cooling 

systems should he infrequent. 

Vi t iaat ion of t he  mobable re la ted  e f f ec t s  from 

these  discharges t o  the  atmosnhere i s  accomplished a s  follows: 

. Br,,sh and t r a s h  burning i s  beinp done i n  

accordance with a ~ n l i c a b l e  s t a t e  regulations and a s  atmospheric 

conditions permit. 

. Radioactive asseous waste w i l l  be held 

up 60 days t o  permit decay of essen t ia l ly  a l l  noble gases except 

krypton-85 before release.  

. Natural d r a f t  kmerbol ic  cooling towers disperse 

heat and moisture t o  t he  a tmos~here  about 500 f ee t  above t h e  mound. 

. Cooling tower design w i l l  keep water losses  

due t o  d r i f t   fro^ t he  coolin~r, tovers  t o  n, mininum. 

No s ign i f ican t  adverse environmental e f f ec t s  should 

be caused bv these re leases  t o  t h e  atmos~here.  

3. Imnact on land use - The construction and opera- 

t i on  of t h e  Sequoyah Nuclear Plant w i l l  r e su l t  i n  a chanae i n  land use 

of approximately 525 acres from r u r a l  nonfarm use t o  i ndus t r i a l  use. 

It w i l l  a f f ec t  t he  economic s t a t u s  of Hamilton Co~antv and incrertse t h e  

demand fo r  community services.  In  addit ion,  r i gh t  of way easements w i l l  

be obtained on ap~roximately  2,700 acres  of land of which about f;O percent 

i s  i n  woodland, and 40 ~ e r c e n t  i n  cleared land. 



The land use adjustments, the economic stimulus, 

and the demand for services are not judged to be significant adverse 

~ environmental impacts. 

4. Damwe to life systems - When the auxiliary 
cooling water and condenser cooling water or cooling tower makeup 

water passes through the traveling screens, fish larvae and plankton 

will be drawn into the water intake. These are assumed to be destroyed. 

The intake skimmer w a l l  is designed such that the cooling water for 

Sequoyah will be taken from the channel at a depth of about 40 feet 

which will reduce the nmbtr of organisms entrained in the condenser 

cooling system. 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, increased productivity 

in downstream areas of the reservoir may partially compensate for 

any such loss. 

Use of the 48-acre embayment for a discharge pond 

will cause the effects discussed in section 2.6. 

Terrestrial comtunities on the site have largely 

been displaced or destroyed by plant construction as have comtmities 

on offsite areas cleared for power line, substation and road and rail 

access construction. New and different communities will become established 

on areas that will be rwegetated by plant succession and/or platings. 

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 a t  the  plant o r  during transportation of radioactive materials 

are very improbable. Should such a release occur, implementation of 

the  radiological emergency plans would mitigate the  potential. r i sk  t o  

the  public. 

6 .  Conclusions - While the  construction and 

the  operation of Sequoyah w i l l  result i n  some adserse environmental 

effects which cannot be avoided, these effects  should not conflict  

with the  environmentd goals set out i n  Section 10l(b)  of NEPA. If 

any significant adverse efCects at t r ibutable t o  the  constructiasl or  

the  operation of the  plant become evident or  t h r o w  the various 

environmental monitoring programs are shorn t o  be inimical t o  

Section 101(b) goals, appropriate steps w i l l  be taken t o  c o r r ~ t  the  

situation. 



4.0 ALTERNATIVES 

This environmental statement considers the ways in which 

the plant will interact with the environment by reevaluating the environ- 

mental consequences considered earlier and by studying and adopting 

appropriate alternatives that would minimize any f'urther adverse environ- 

mental consequences that would affect the overall balance of environmental 

costs and benefits. Analyses of alternative systems are described in 

sections 2.1 through 2.9. Alternative methods of generation and alternative 

plant sites are discussed in detail in sections 4.1 and 4.2, respectively. 



4.1 Alternative Generation - Evaluations of alternative generating 
types and award of contracts were made prior to the enactment of the 

National Environmental Policy Act. This section discusses the alternatives 

considered. 

1. Electric power purchases - The purchase of 
electric power in lieu of constructing the Sequoyah Nuclear Plant is 

not a feasible alternative. To supply equivalent amounts of power 

and energy on a year-round basis to TVA, another large electric utility 

with extensive transmission interconnections would have to install 

generating capacity in aounts slightly greater than that of the 

Sequoyah 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 the 

Sequoyah plant. 

2. Other generation alternatives - Planning for 
this capacity required that considerations be given to maintaining a 

practical mix of hydro, pumped-storage hydro, gas turbine, coal-fired, 

and nuclear generating units. 

Hydroelectric units were eliminated as an alternative 



because there are no hydroelectric sites in the TVA service area suit- 

able for base-load hydroelectric generation in the amount required to 

serve the capacity and energy demands of this time period. 

Studies of the system load characteristics and the 

characteristics of the existing generating facilities indicated that 

system power needs would best be met by base-load fossil-fired units 

or nuclear-fueled units. 

Base-load plants with generating capacity of the 

magnitude of Sequoyah but flxeled with natural gas or low-sulfur residual 

fuel oil were eliminated a, feasible alternatives because of the 

unavailability of these fossil fuels for pomr plants of this size. 

The remaining feasible alternative types of generation-- 

coal-fired units and nuclear-fueled units--were evaluated considering 

such factors as the plant investment and h e 1  operating costs estimated 

for both alternatives. 

The following table smmazizes the results of this 

economic camparison made in 1968. 

Coal-Fired Huclear-Fueled 
Plant Plant 

plant ~nvestment - $/kW 6 132.0 
Levelized Fuel Cost - 4/10 Btu 20.3 
Net Plant Heat Rate - ~tu/kWh 8 897 
EstimatedaAnnual Production 
Expense - Mills/kWh 
Plant Investment 
O&M Cost 

Total 

Difference 

3.08 2.73 

0.35 Base 

a. Based on 11-year present-worth evaluation at 5 percent interest. 
b. Includes estimated cost of nuclear insurance. 



The 0.35 mills/kWh advantage of the indicated 

nuclear alternative estimated in 1968 had an annual cost saving of 

about $6 million over the coal-fired alternative. Subsequent comparisons 

of nuclear and coal-fired alternatives have shown a significant economic 

and environmental advantage of nuclear power due principally to the 

rapid escalation of coal prices and increased plant investment that 

would be required to attempt to meet applicable air quality standards on 

coal-fired plants. Due to these factors and consideration of the 

current development and construction of the Sequoyah Nuclear Plant, it 

is not practicable to rpassess and choose another type of alternative 

capacity. 



4.2 Alternative Si tes  - S i t e  preparation for  construction of 

the Sequoyah Nuclear Plant was in i t i a t ed  prior  t o  the  enactment of 

the  National Environmental Policy Act. TVA did, however, consider 

alternative sites, and the  major consfderations are described here. 

Early i n  the dwelopment of the  Sequoyah project analysis 

of t h e  load and supply s i tuat ion expected on the  TVA system i n  the  

1973 and 1974 t i m e  period indicated the  need for  locating generating 

capacity i n  the  eastern portion of the  system. Based on information 

available a t  tha t  time three candidate s i t e s  i n  the  eastern portion 

of WA's system appeared t u  be sui table for  the  location of the 

nuclear plant scheduled fo r  operation i n  t h i s  t i m e  period. These 

were : 

Yellow Creek* - TRM 528 - Located on the  right bank of the  
Tennessee River just  below Watts Bar Dam. 

Blythe Ferry - T R M  499 - Located on the  l e f t  bank of the  
Tennessee River immediately downstream from the  confluence 
of the  Tennessee and Hiwassee Rivers. 

Sequoyah - TRM 484.5 - Located on the  r ight  bank of the  
Tennessee River 13 miles upstream from Chickamauga Dam. 

The pertinent features of each s i t e  entering in to  the  

s i t e  selection were: 

1. Access - 
a. Yellow Creek - Since t h i s  s i t e  is located adjacent 

t o  the  Watts Bsr Steam Plant, only minimal extension 

of existing rail and highway access f a c i l i t i e s  w a s  

anticipated. 

'Subsequent t o  the s i t e  evaluation on Sequoyah t h i s  s i t e  became the  
location for  the Watts Bar Nuclear Plant. 



b . Sequoyah - Approximately 6 miles of railroad and 6 
miles of highway construction were anticipated. 

c. Blythe Ferry - Approximately 16 miles of railroad 
and 22 miles of highway would have to be provided 

at this site. 

2. Land Requirements and Ownership - 
a. Yellow Creek - About 300 acres of property not in 

TVA ownership would have to be acquired. 

b. Blythe Ferry - About 250 acres of' privately owned 
property woul? have been purchased. 

c. Sequoyah - TVA owned all required prope&y at this 

site. 

3.  Population (~ased on 1960 census) - 
a. Yellow Creek - Nearest town is Spring City, Tennessee, 

with a population of 1,800 and is located about 7 

miles away. The population within a 5-mile radius 

is 1,600; 10-mile radius - 11,000. 
b. Blythe Ferry - Nearest town is Dayton, Tennessee, 

with a population of 3,500 and is about 5 miles 

away. The population within a 5-mile radius is 3,800; 

10-mile radius - 15,500. 
c. Sequoyah - Nearest town is Soddy, Tennessee, with a 

population of 2,206 and is about 6 miles away. The 

population within a 5-mile radius is 8,000; 10-mile 

radius - 28,000. 



4. Foundation Conditions - 
a.  Yellow Creek - Core d r i l l i n g  conducted i n  1950 

showed t h a t  t h i s  s i t e  had rock su i tab le  f o r  

foundations fo r  t h e  major s t ructures .  

b. Blythe Ferry - Although t h e  s i t e  had not been 

core d r i l l e d  a t  t he  time, geologic indications 

showed that the  rock present would not o f f e r  

foundation conditions a s  favorable a s  those a t  

t he  other s i t e s .  

c. Sequoyah - Co,e d r i l l i n g  a t  t he  s i t e  indicated 

t h a t  rock was sui table  fo r  t h e  major s t ructures .  

5 .  Cooling Water - A t  t he  time of t he  Sequoyah s i t e  evaluation, 

t he  thermal standards w e r e  not a s  r e s t r i c t i v e  as today's 

standards. Consequently, the  major s i t i n g  consideration 

r e l a t i ng  t o  t he  ava i l ab i l i t y  of cooling water was the  

necessity of i n s t a l l i ng  auxi l iary cooling f a c i l i t i e s .  

This consideration was re f lec ted  i n  t h e  economic consi- 

derations associated with each s i t e .  

a .  Yellow Creek - Due t o  i t s  close proximity t o  t he  

Watts Bar Dam, the  quanti ty of water flowing past  

' t h e  s i t e  would be primarily dependent on the  operation 

of t he  hydraulic turbines a t  t he  Watts Bar Hydro 

Plant. After assessment of t h i s  operation, it was 

concluded t h a t  auxi l iary cooling would be required. 

b. Blythe Ferry - Relatively la rge  quant i t ies  of water 

a r e  available a t  t h i s  s i t e  making it su i tab le  f o r  

u t i l i z i n g  a d i f fuser  pipe system. 



c.. Sequoyah - The available flow past Sequoyah is 
higher than at Blythe Ferry so the diffuser system 

was also applicable to this site. 

6 .  Seismoloa - All three sites reside in the Southern 
Appalachian Tectonic Province and no significant difference 

in seismology was anticipated. 

7. Meteorology - Meteorological conditions were judged to be 
generally similar at each of the sites as indicated by 

records at Chattanooga, Oak Ridge, Kingston, and Knoxville. 

8. Transmission Inte-connections - Due to the potential for 
the Sequoyah'site as a substation, the Bull Run-Widows Creek 

500-kV line had been routed through the Sequoyah site. The 

Widows Creek-Charleston 161-k~ line also passed through this 

site. Because of the close proximity of these lines the 

required transmission interconnections for this site was 

expected to be minimal in comparison to Blythe Ferry and 

Yellow Creek where 500- and 161-k~ transmission lines would 

have to be constructed. 

9. IZconomic Considerations - An economic assessment of the 
alternative sites was made comparing plant investment, 

which included land requirements, access, site preparation, 

condenser cooling water facilities, and switchyard costs; 

transmission investments; and heat rate and capacity differences 

due to condenser water conditions. A summary of the principal 

cost differences are shown in the following table. 



PRINCIPAL COST DIFFERWCES OF ALTERaATIVE SITES 

Sequoyah Blythe Ferry Yellow Creek 

Plant Investment Base $6,700,000 $16,700,000 
Transmission Base 4,000,000 4,000,000 
Heat Rate and 
Capacity Evaluation Base ~OO,OOO 4,000,000 

Total Base $11,300,000 $25,400,000 

Since the Sequoyah site appeared to be suitable from the 

standpoint of physical and environmental site characteristics and 

offered substantial economic advantages over the other two candidate 

sites, it was chosen as tht location for this capacity addition to 

the TVA system. 

It is impractical to reassess alternative sites at this 

stage of development and construction of the Sequoyah Nuclear Plant. 



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. 

Construction and operation of the facility will result in 

short-term uses of the environment as described in the foregoing 

environmental considerations. The adverse effects of these short- 

term uses will be minimal and should have no long-term impacts on 

the environment. The cumulative effect of the plant will be the 

further localized &'lift of land usage to meet the demand for power. 

Most of the short-term uses of the site itself will result in 

no significant effect on the long-term productivity of the land 

affected. Construction will be carried out in such a manner as to 

prevent significant land erosion and other effects which would have 

an impact on long-term productivity. After completion of construction, 

only that portion of the site occupied by the reactor system buildings 

will be affected for a period much longer than the useful life of 

the plant. 

During the operation of the plant, local short-term uses 

will include the use of adjacent land for electrical transmission 

line rights of way and the use of Chickamauga Reservoir for the 

dissipation of waste heat and minor amounts of liquid radioactive 

effluents and chemical discharges. Transmission lines should not 

adversely affect long-term productivity. Thermal discharges will 

comply with thermal standards established by the State of Tennessee. 

These discharges should result in only a minimal short-term impact 



on Chickamauga Reservoir and the long-term productivity of the 

reservoir should not be affected. The radioactive effluents will 

be small fractions of the limits established in 10 CFR 20. Chemical 

discharges will be negligible. Neither radioactive nor chemical 

discharges will hamper other short-term uses or alter the long-term 

productivity of the environment. 

Environment monitoring programs will include the sampling 

and analysis of the air, water, aquatic life, and food web near the 

facility. This will provide a baseline inventory for detecting and 

evaluating any specific parameters of environmental impacts which 

might lead to long-term effects, in order that timely corrective action 

can be taken if required. 

The construction and operation of the Sequoyah Nuclear Plant 

will be carried out in such a manner as to minimize adverse environ- 

mental impacts in order to pass on to future generations an environment 

with its potential productivity essentially unimpaired. 



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 facility. This requires identi- 

fying the extent to which this action irreversibly curtails the range 

of potential uses of the environment. 

The construction and operation of the plant will involve the 

use of a certain amount of air, water, and land. Except for the site 

itself, the range of potential uses of the environment will not be 

curtailed, and whilc the site will continue to be dedicated to power 

production for the foreseeable future, this commitment is not 

irreversible. With the possible exception of the land occupied by the 

reactor system buildings, the site could be reclaimed and diverted to 

other uses. 

The annual requirement for natural uranium for each reactor 

is approximately 200 tons of U308. About 700 kilograms per year of 

u~~~ and about an equal amount of u~~~ will be consumed by each unit. 

Some of the uranium can ultimately be recycled for other uses. A 

8mal.l quantity of fuel oil will be required for the operation of' 

auxiliary boilers and testing diesel generators. To the extent that 

these fuels are consumed and not subject to being recycled to other 

uses, it will be 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 commitments of resources. These include 

damaged components which are radioactive, solid radwaste materials, and 



various chemic~ls which a.re used in the plant processes. Chemicals 

thus used will be widely dis~ersed to the envfronment, and reclamation 

of these chemicals after dischar~e from the plant is impractical. 

Construction committed 45 areas of ~auatic habitat for 

the life of the plant. The annual production of aauatic life lost 

during construction of the embayment and lost through the meem~tion 

of habitat is irretrievably committed. Ho~~ever, the biota lost 

represent a small portion of the available resource nresent in the 

reservoir, 

Terrestrinl comr.unities have been dis~laced by dermanent 

structures on ~lnd off the site. The final disbosition of the de- 

commissioned plant has not been determined; therefore, the habitat 

committed, as well as the annual production foregone, should be considered 

irretrievably committed. 

The erection and maintenance of electrical transmission lines 

will preclude the production of certain forest products during the life 

of the transmission lines. Those products which could have been ~roduced 

during the life o f  the lines must be considered to be frretriev~bly 

committed. However, the nroduction of alternative nroducts in these 

areas is possible and the land itself will not be irreversibly and 

irretrievably committed. 

Since the ultimate disposition of the plant buildings and 

equipment has not been determined, it must be assumed that both land 

and construction materials will be irreversibly committed. It is unlikely, 

however, that more than the eauiment and land directly in and beneath 

the reactor buildina will be ultimately irreversibly and irretrievablv 

committed. 



7.0 ,\GENCY rll;NI??W COI'QmTqDS 

"isponses t o  agency review comments received on t h e  d r a f t  

environmental statement a r e  included i n  t h e  t o p i c a l  discussions of 

t h i s  f i n a l  environmental statement. The numbers noted i n  t h e  margins 

of t h e  agency comments ind ica te  t h e  sec t ions  of  t h i s  statement i n  

which t h e  quest ions a r e  answered. 

Comments were received from t h e  following agencies: 

Atomic Energy Commission 
lhvironmental Protec t ion Agency 
Federal I'ower Commission 
Jlepartment of Agriculture 
Ilepartment of Comer :e 
9epartment of Ilef ense 
llepartment of I[ealth , Education nnd \Jelfare 
Department of t h e  I n t e r i o r  
Depnrtment of Transportat ion 
Office of 1Jrba.n and Federal Af fa i r s ,  S t a t e  of Tennessee 

Tennessee Game and Fish Commission 
Tennessee Department of Public ITealth 
'knnessee I I i s to r i ca l  Commission 

Chattmooga-JIasnilton County Regional Planning Commission 

I n  addi t ion  t o  agency review of t h e  d r a f t  environmental 

statement, PLEC has reviewed and commented on t h e  proposed f i n a l  

environmental statement pursuant t o  t h e  TVA-AEC l ead  agency 

:u:reemcnt which provides f o r  consul ta t ion  between '''7JA and Al?C 

i n  t h e  prepnratiorr of t h i s  environmental statement. Their  

comments and TVA's responses a r e  included i n  sec t ion  7.12. 



7.1-1 

UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

Docket Nos. 50-327 
and 50-328 

4 .  

Dr. Francis Gartrell 
Director of Environmental 
Research and Development 

Tennessee Valley Authority 
720 Edney Building 
Chattanooga, Tennessee 37401 

Dear Dr. Gartrell: 

This is in response to Mr. James E. Watson's letter transmitting 
the Draft Environmental Statement for Sequoyah Nuclear Plant, 
Units 1 and 2. We have reviewed the Draft Environmental Statement 
in accordance with t h ~  requirements placed on Federal agencies by 
the National Environmental Policy Act of 1969. 

Enclosure 1 contains our comments on the radiological aspects of 
normal plant operation. While. we agree with your conclusion that 
(1 ... Sequoyah Nuclear Plant will operate within all applicable 
regulations and with a minimum of risk to the health and safety of 
the public...", we believe that many of the suggested changes will 
strengthen the environmental statement. 

Enclosure 2 contains our analysis of the environmental impact of 
postulated accidents. This enclosure is based upon our calcula- 
tfo3al models and is consistent with the proposed amendment to 
Appendix D to 10 CFR Part 50, December 1, 1971. 

Enclosure 3 contains our comments on other environmental impacts 
considered in the Draft Environmental Statement. 



Dr. Rancis  Gartrell 

If you desire additional information, please ccntact Daniel R, Muller, 
Assistant Director for Environmental Projects (area code 301, 973-7261) , 

Sincerely, 

Enclosures: 
1. Comments on Radiological 

Impact of Plant Operation 
2. Environ. Impact of Postulated 

Accidents 
3, Comments on Other 

Environmental Impacts 

A. Giambusso, Deputy Director 
fat Reactor Projects 

Directorate of Licensing 



1. Atmospheric monitoring (pp. 5-51 and 5-52): The bases  f o r  
s e l e c t i n g  t h e  l o c a t i o n s  o f  t h e  1 2  monitoring s t a t i o n s  should  b e  
given. 2.4.3 

T e r r e s t r i a l  monitoring (p. 5-52): The bases  ( o t h e r  than per- 
m i t t i n g  a c o r r e l a t i c n  between sample types)  f o r  s e l e c t i n g  t h e  
l o c a t i o n s  of  t h e  t e r r e s t r i a l  monitoring s t a t i o n s  ( apparen t ly  8 
s t a t i o n s  wi th in  10 p i l e s  - Figure  22) should a l s o  b e  given.  Table 2 * b 6  
Some  ent ti on should b e  rnade of sampling techniques t o  b e  used 
( e s p e c i a l l y  f o r  s o i l  samples).  The t e r n  "vegetat ion" should b e  
de f ined ,  e.g.,  docs i t  inc lude  food c rops?  ( A  r e p r e s e n t a t i v e  
sampling of such crops  should b e  inc luded i n  t h e  program.) 

3. Water s u p p l i e s  (p.  5-59): Tlle number of locat icr rs  appears  ade- 2.4.3 
quate ;  hovever , t h e  sampling f requenc ies  (nonthl>? and q u a r t e r l y )  
do not .  A conposi.te sample ( e s p e c i a l l y  a t  Chattanooga) would b e  
more a p t  t o  r e s p m d  t o  abnornal  c o n c e n t r a t i o a s ,  which ~ i g h t  b e  
missed by t h e  monthly o r  q u a r t e r l y  sample (assumed t o  b e  a 
"grab" o r  "spot" sample). 

B. Sec t ion  5 . 7 ,  Radioactive Discharo,es 2.4.1 (1) 

1. P. 5-62: "Liquid wastes..  . w i l l  b e  discharged from t h e  p l a n t  o r  
packaged ...." The c r i t e r i a  used t o  decide  whether t o  d i scharge  
or s h i p  o f f s i t c  s l ~ o u l d  b e  given. 

2. P. 5-63: " I f  above t h e  p r e d e t e m i n e d  linits, t h e  l i q u i d s  w i l l  
be processed be fo re  being re leased."  The referenced linits 
should b e  defined. 2.4.1 (1) 

3. P. 5-85 ( I t e n  E): I n s u f f i c i e n t  meteorologica l  d a t a  have been 1.2.5 
supp l i ed  t o  p e r n i t  a  c a l c u l a t i o n  of an i n d i v i d u a l ' s  dose from 
gaseous e f f l u e n t s  . 

4. P. 5-85 ( I t em D ) :  I n s u f f i c i e n t  m e t e o r o l o ~ i c a l  and popula t ion  
data have been suppl ied  t o  p e r n i t  a  c a l c u l a t i o ~ l  of popula t ion  
doses f  rorn gaseous e f  f l u c n t s .  Appendix I 



5.  P. 5-85 (General) : It shou ld  b e  sapecified whe the r  t h e  cal- Table 2.4-10 
c u l a t e d  doses are f o r  t h e  t o t a l  body o r  s p e c i f i c  organs.  
Thyroid doses shou ld  b e  inc luded  i n  t h i s  t a b l e  as soon as t h e  
i o d i n e ,  r e l e a s e  r a t e s  (Table 21) heve been es t i n a t e d .  Rad ia t ion  
doses  t o  t h e  o f f s i t e  popu la t ion  due t o  d i r e c t  g a m a  r a d i a t i o n  
from t u r b i n e s ,  radwaste v e s s e l s ,  e t c . ,  should  be  inc luded  i n  Appendice 
t h i s  t a b l e  ( t h i s  pathway shou ld  perhaps b e  inc luded  i n  t h e  C i s -  I K 
c u s s i o n  on p . 5-31). 

C. Tables  and F igures  

1. Table  17: The c h a r c o a l  f i l t e r  shou ld  b e  ana lyzed  weekly, r a t h e r  
t h a n  biwee1;ly , f o r  1-131. Rain w a t e r  s a n p l e s  shou ld  a l s o  b e  Table 2.4-6 
analyzed  f o r  ii-3 on a  monthly b a s i s .  The d i s t i n c t i o n  between 
semi-annual and monthly samples of  v e g e t a t i o n  is n o t  c l e a r .  
Mi lk  samples should b e  analyzed weekly f o r  1-131. I n  t h e  foot-  
n o t e  t o  t h i s  t a b l e ,  t h e  t e r n  " b i o l o g i c a l l y  s i g n i f i c a n t "  shou ld  
b e  de f ined .  

2. F i g u r e s  8,  11, and 12: Popu la t ion  d i s t r i b u t i o n s  shoc ld  b e  g iven  
f o r  a  50-n i le  r a d i u s ,  i n  a d d i t i o n  t o  t h e  d a t a  p re sen ted .  1.2.7(6) 

. Figure  22: The legend should  be  amended t o  shag  which s t a t i o n s  
a r e  a tmospher ic ,  t e r r e s t r i a l ,  o r  bo th .  Also, s o w  i n d i c a t o r  o f  
d i r e c t i o n  (e .  g., a n  arrow p o i n t i n g  n o r t h )  would b e  h e l p f u l  i n  F igure  2.4-9 
t h i s  f i g u r e .  



A h i g h  d e g r e e  of p r o t e c t i o n  a g a i n s t  t h e  occu r rence  of p o s t u l a t e d  
a c c i d e n t s  i n  t h e  Sequoyah Xuclear  P l a n t  is provided  throu5h c o r r e c t  
des ign ,  m a ~ u f a c t u r c ,  and o p e r a t i o n ,  and t h e  q u z l i t y  a s su rance  program 
used t o  e s t a b l i s h  t h e  neces sa ry  h i g h  i n t e g r i t y  o f  t h e  r e a c t o r  s y s t e n ,  as 
cons ide red  i n  t h e  Conmission's S a f e t y  Eva lua t ion  da t ed  :!arch 24,  1970. 
Dev ia t ions  t h a t  nay occu r  are handled  by p r o t e c t i v e  sys tems t o  p l a c e  and 
h o l d  t h e  p l a n t  i n  a  s a f e  c o n d i t i o n .  Notwi ths tanding  t h i s ,  t h e  con- 
s e r v a t i v e  p o s t u l a t e  is made t h a t  s e r i o u s  a c c i d e n t s  might occur ,  i n  s p i t e  
of t h e  f a c t  t h a t  t hey  are ext remely  u n l i k e l y ;  and eng inee red  s a f e t y  
f e a t u r e s  a r e  i n s t a l l e d  t o  m i t i g a t e  t h e  consequences of t h e s e  p o s t u l a t e d  
e v e n t s .  

The p r o b a b i l i t y  of  occurrence  of  a c c i d e n t s  and t h e  spec t rum o f  t h e i r  
consequences t o  b e  cons ide red  f r o =  a n  e n v i r o n r e n t a l  e f f e c t s  s t a n d p o i n t  
have been ana lyzed  u s i n g  b e s t  e s t i m a t e s  of  p r o b a b i l i t i e s  and r e a l i s t i c  
f i s s i o n  product  r e l e a s e  and t r a n s p o r t  a s s u a ? t i o n s  . For  s i t e  e v a l u a t i o n  
i n  t h e  Commissio:l's s a f e t y  revietr,  e x t r e n e l y  conse rva t ive  a s s u a p t i o n s  
were used f o r  t h e  purpose of  coapa r ing  c a l c u l a t e d  doses  r e s u l t 5 n ~  from a 
hypothe t ica l .  r z l e a s e  o f  f i s s i o n  p roduc t s  from t h e  f u e l  a g a i n s t  t h e  10 
CFR P a r t  100 s i t i n g  g u i d e l i n e s .  The computed doses  t h a t  would b e  
r ece ived  by t h e  popu la t ion  and envi ronnont  from a c t u a l  a c c i d e n t s  would 
be s i g n i f i c a n t l y  less than  t h o s e  p r e s e n t e d  i n  t h e  S a f e t y  Eva lua t ion .  

The Commission i s s u e d  guidance t o  a p p l i c a n t s  on S e p t e r h e r  1, 1971, re -  
q u i r i n g  t h e  c o n s i d e r a t i o n  of a spectnirn of a c c i d e n t s  w i t h  assumptions as 
r e a l i s t i c  a s  t h e  s t a t e  of  knowledge p c m i t s .  The a p ? l i c a n t l s  r e sponse  
was con ta ined  i n  t h e  "Sequoyah S u c l e a r  P l a n t  Un i t s  1 and  2 Env i ronxen ta l  
S ta tement  - Draft , ' '  d a t e d  October  19 ,  1971. 

The a p p l i c a n t ' s  s t a t e m e n t  h a s  been e v a l u a t e d ,  u s i n g  t h e  s t a n d a r d  a c c i -  
d e n t  a s sunp t ions  and guidance i s s u e d  a s  a p r o ~ o s e d  a ~ e n d c e n t  t o  Appendix 
D o f  10 CFR P a r t  50 by t h e  Corn,ission on Decerber  1, 1971. S i n e  c l a s s e s  
of p o s t u l a t e d  accidents and occu r rences  r ang ing  i n  s a v e r i t y  f r o n  t r i v i a l  
t o  ve ry  s e r i o u s  were i d e n t i f i e d  by t h e  Coimission.  I n  g e n e r a l ,  a c c i -  
d e n t s  i n  t h e  h igh  p o t e n t i a l  consequence end o f  t h e  s p e c t r u n  have a low 
occurrence  r a t e ,  and those  on t h e   lo:^ p o t e n t i a l  consequence end have a 
h i g h e r  occu r rence  r a t e .  The exanp lc s  s e l e c t e d  by t h e  a ? p l i c m t  a r e  pre- 
s e n t e d  i n  Table  I and are reasonably  homo;eneous i n  t e r n s  of p r o b e b i l i t y  
w i t h i n  each  c l a s s .  C e r t a i n  a s s u n p t i o n s  cade by t h e  a p p l i c a n t  do n o t  
e x a c t l y  a g r e e  w i t h  t h o s e  i n  t h e  proposed h n e x  t o  Appzndix D ,  b u t  t h e  



use o f  a l t e r n a t i v e  assum?tions dons n o t  s i g n i f i c a n t l y  a f f e c t  o v e r a l l  en- 
v i r o n n e n t a l  r i s k s .  

ConrmLssion e s t i n a t e s  a f  t h e  dose  which might b e  r e c e i v e d  by an assurnod 
i n d i v i d u a l  s t a n d i n g  a t  t h e  s i t e  boundary i n  t h e  dv.,n~vind d i r e c t i o n ,  
u s i n g  t h e  a s sunp t ions  i n  t h e  proposed Annex t o  Appendix D, a r e  p r e s e n t e d  
i n  T a b l e  11. Est imates  o f  t h e  i n t e g r a t e d  exposure  t h a t  might b e  
d e l i v e r e d  t o  t h e  popu la t ion  w i t h i n  50 rriiles of  t h e  s i t e  a r e  a l s o  
p re sen ted  i n  Tab le  11. The man-rem e s t i m a t e  was based on t n e  p r o j e c t e d  
p o p u l a t i o n  around t h e  s i t e  f o r  t h e  y e a r  2000. (The p r o j e c t e d  p o p u l a t i o ~  
was based  on 1960 census da ta . )  

To r i g o r o u s l y  e s t a b l i s h  a real is t ic  a n n u a l  r i s k ,  t h e  c a l c u l a t e d  doses  i n  
Tab le  I1 would have t o  b e  n u l t i p l f e d  by e s t i n a t e d  p r o b a b i l i t i e s .  The 
e v e n t s  i n  C la s ses  1 and 2 r e p r e s e n t  occu r rences  which a r e  a n t i c i p a t e d  
d u r i n g  p l a n t  o p e r a t i o n  and t h e i r  consequences,  which a r e  v e r y  s m a l l ,  are 
cons ide red  w i t h i n  t h e  fra2ework of  r o u t i n e  e f f l u e n t s  f r o n  t h e  p l a n t .  
Except f o r  a  l i n i t e d  anount of  f u e l  f a i l u r e s  and sane s t e a n  g e n e r a t o r  
l eakage ,  t h e  e v e n t s  i n  C la s ses  2 th rough 5 a r e  n o t  a n t i c i p a t e d  d u r i n g  
p l a n t  o p e r a t i o n  b u t  e v e n t s  o f  t h i s  t y p e  could  occu r  soce t ime  d u r i n g  t h e  
40-year p l a n t  l i f e t i m e .  Accidents  i n  C l a s s e s  6 and 7 and s n a l l  a c c i -  
d e n t s  i n  C la s s  8 a r e  o f  s i m i l a r  o r  lower  p r o b a 3 i l i t y  than a c c i d e n t s  i n  
C l a s s e s  3 through 5 b u t  a r e  s t i l l  p o s s i b l e .  Tie p r o b a b i l i t y  of  occur-  
r ence  of l a r g e  Class  8 a c c i d e n t s  is  v e r y  sma l l .  The re fo re ,  when t h e  
consequences i n d i c a t e d  i n  Table  I1 are weighted by p r o b a b i l i t i s s ,  t h e  
envi ronmenta l  r i s k  is  very low. The p o s t u l a t e d  occu r rences  i n  C l a s s  9 
i n v o l v e  sequences  o f  s u c c e s s i v e  f a i l u r e s  more s e v e r e  than t h o s e  r e q u i r e d  
t o  b e  cons ide red  i n  t h e  des ign  b a s i s  o f  p r o t e c t i o n  s y s t e m  and engf- 
nee red  s a f e t y  f e a t u r e s .  T h e i r  consequences could  b e  s e v e r e .  However, 
t h e  p r o b a b i l i t y  o f  t h e i r  occur rence  i s  s o  smll t h a t  t h e i r  e n v i r o n ~ e n t a l  
r i s k  is e x t r e n e l y  low. Defense i n  depth  ( n u l t i p l e  p h y s i c a l  b a r r i e r s )  , 
q u a l i t y  a s su rance  f o r  des ign ,  manufacture,  and o p e r a t i o a ,  con t inued  
s u r v e i l l a n c e  and t e s t i n g ,  and c o 3 s e r v a t i v e  des ign  a r e  a l l  a p p l i e d  t o  
p rov ide  and n a i n t a i n  t h e  r e q u i r e d  h i g h  deg ree  of z s su rance  t h a t  poten- 
t i a l  a c c i d e n t s  i n  t h i s  c l a s s  are, and w i l l  remain, s u f f i c i e n t l y  snall  i n  
p r o b a b i l i t y  t h a t  t h e  envi ronmenta l  r i s k  is e x t r e ~ e l y  low. 

Tab le  11 i n d i c a t e s  t h a t  t h e  r e a l i s t i c a l l y  e s t i n a t e d  r a d i o l o g i c a l  conse- 
quences o f  t h e  p o s t u l a t c d  a c c i d e n t s  would r e s u l t  i n  exposures  o f  an  
assumed i n d i v i d u a l  a t  t h e  s i t e  boundary t o  c o n c e n t r a t i o n s  o f  r a d i o a c t i v e  
m a t e r i a l s  w i t h i n  t h e  ? I a x i r n . ~ m  P e r m i s s i b l e  Concen t r a t ions  ( W C )  o f  T a b l e  
11 of  10 CFP, P a r t  20. The t a b l e  a l s o  shows t h a t  t h e  e s t i n s t e d  i n t e -  
g r a t e d  exposure of  t l ie popu la t ion  w i t h i n  59 ~ L l e s  o f  t h e  p l a n t -  f r o 2  e a c h  
p o s t u l a t e d  a c c i d e n t  would b e  o r d e r s  of  magnitude s m a l l e r  t h a n  t h a t  from 



n a t u r a l l y  occurr ing  r a d i o a c t i v i t y ,  which .corresponds t o  approximately 
165,000 man-rem/yr based on a  n a t u r a l  background l e v e l  o f  140 nren/yr .  
When considered wi th  t h e  p r o b a b i l i t y  of occurrence,  t h e  annual  p o t e n t i a l  
r a d i a t i o n  esposure of t h e  popula t ion  f r o x  a l l  pos tu la ted  a c c i d e n t s  i s  an 
even s m a l l e r  f r a c t i o n  of t h e  exposure f r o 3  n a t u r a l  background r a d i a t i o n  
and, i n  f a c t ,  is  w e l l  w i t h i n  n a t u r a l l y  occur r ing  v a r i a t i o n s  i n  t h e  
n a t u r a l  background. I t  is concluded from t h e  r e s u l t s  o f  t h e  r e a l i s t i c  
a n a l y s i s  t h a t  t h e  e n v i r o n e n t a l  r i s k s  due t o  p o s t u l a t e d  r a d i o l o g i c a l  
acc iden t s  a r e  exceedingly s m a l l .  



Classes 

1 

2 

TABLE I 

CLASSIFICATIQU OF POSTULATED ACCIDESTS AND OCCURRENCES 

AEC Descr ip t ion 

T r i v i a l  i n c i d e n t s  

Miscellaneous smal l  r e l e a s e s  
o u t s i d e  containment 

Radwas tc s ys tern f a i l u r e s  

Events t h a t  r e l e a s e  radio- 
a c t i v i t y  i n t o  t h e  primary 
system (BUR) 

Events t h a t  r e l e a s e  rcdio- 
a c t i v i t y  i n t o  primary and 
secondary s y s t e s  (PIJR) 

Refueling acc iden t s  i n s i d e  
containment 

Applicant 's  Evample(s) 

N o t  considered 

Accidents t o  spen t  f u e l  
o u t s i d e  cont a innent  

Accidents i n i t i a t i o n  events  
considered i n  des ign-basis  
eva lua t ion  i n  t h e  S a f e t y  
Analys is  Report 

Volume c o n t r o l  tank leal<, 
minor liquid leakage of 
primary coolanc  from CVCS 

Eiajor l e a k  i n  gas waste 
holdup t ank  

Hypothet ica l  sequences o f  
f a i l u r e s  more severe  than 
C l a s s  8 

Anomalous f u e l  f a i l u r e s  
dur ing  normal p l a n t  
opera t ion  

Cladding f a i l u r e s  and 
s t e m  genera to r  le&. 

Dropped s p e n t  f u e l  zsss&ly 
i n  r e f u e l i n g  cana l  

Dropped s p e n t  f u e l  assec3ly 
t o  t h e  s t o r a g e  p i t  f l o o r  

Steamline rup tu re  acc iden t ,  
s team genera to r  tube r c p t u r e ,  
loss-of-coolant a c c i d e n t ,  
rod e j e c t i o n  acc iden t ,  ? a r t i d  
l o s s  of flow 

Not considered 



TABLE I1 

SUEMARY OF RA~IOLOGICAL COXSEQUENCES OF POSTULATED ACCIDEXTS 

C l a s s  Event 
P 

E s  t i n a t e d  Dose 
Est imated F r a c t i o n  t o  P o p u l a t i o ~  
of 1 0  CFR P a r t  20 i n  50-?lile 
at S i t e  Boundary 1/ Radius, c2n-rez 

1.0 T r i v i a l  i n c i d e n t s  2/ - - 2 1  

2.0 Small r e l e a s e s  o u t s i d e  
con tainrcent 2 1  - 

3.0 Radwaste system f a i l u r e s  

3.1 Equipment leakage  o r  
malfunction 0.077 4.5 

Release of waste  gas 
s t o r a g e  t ank  c o n t e n t s  0 -31 

3.3 Release o f  l i q u i d  waste  
s t o r a g e  tank c o n t e n t s  0 -008 0 . 5 

4.0 F i s s i o n  products  t o  primary 
sys tem (BWR) N.A. N.A. 

5.0 F i s s i o n  products  t o  primary 
and secondary system (PI:?() 

5.1 Fue l  c l add ing  d e f e c t s  and 
s team gencra t  o r  l e a k s  2 /  - - 2 /  

5.2 Off-design t r a n s 5 e n t s  t h a t  
induce  f u e l  f a i l u r e  above 
t h o s e  expected and steam 
genera to r  l e a k  0 .002 0 .lo 

5.3 Steam genera to r  tube  rup tu re  0  -10 6 -0 

6 .O Refuel ing  a c c i d e n t s  



Estimated Dose 
t o  Populat ion 
i n  50-!lile 
Radius, csn-rer: 

Estimated Fract ion 
of 10 CFR P a r t  20 
a t  S i t e  Goundary I/ Class - 

6.1 

6.2 

Event - 
Fuel bundle drop 0.016 

Heavy ob jec t  drop on to  
.fuel- i n  core  ,O .28 

Spent fuel handling acc iden t  

Fuel assembly drop i n  f u e l  
s t o r age  pool 0 -01 

Heavy ob j ec t  drop on to  fuel 
rack 0 -04 2 .4 

N.A. Fuel cask drop N.A. 

Accident i n i t i a t i c n  events  
considered i n  design b a s i s  
eva lua t ion  i n  t he  Safe ty  
Analysis  Report 

Loss-of-coolant acc iden t s  

Small break 
Large break 

Break i n  instrument l i n e  
from primary system t h a t  
pene t ra tes  the containnent N.A. N.A. 

8.2(a) 

8.2 (b) 

8.3(a) 

Rod e j e c t i o n  accident  (Pn) 0.019 

Rod drop accident  (BUR) N.A. 

Steamline breaks (PliTt's 
ou t s ide  containment) 

<o .l 
<o .1 

N.A. 

Small break 
Large break 

Steamline breaks (BI-!T?) N.P.. 



11 Represents the calculated fraction of a whole body dose cf 500 
mrem or  the equivalent dose t o  an organ. 

21 These releases are expected t o  b e  i n  accord with proposed Appendix I - 
for  routine eff luents  (i.e., 5 mrem/yr t o  an individual from all 
sources). 



SEQUOYAH DRIFT EXVIROSXESTAL STATE:EivT 

CO?CIENTS ON OTHER ESVfR0S:-ENTAL I?PACTS 

A, Sec t ion  5.3, Heat Diss ipa t ion  

We n o t e  wi th  concern t h e  d i f f e r e n c e s  between t h e  proposed t e ~ p e r a t u r e  
c r i t e r i a  of t h e  S t a r e  o f  Tennessee, and t h e  c r i t e r i a  r econ~ended  by 
EPA and t h e  Tennessee G a m e  and Fish Conzission a t  t h e  J u l y  27, 1971 
hear ing  of t h e  Tennessee Water Qua l i ty  Board (pages 5-7 and 5-8). TVA 
has s t a t e d  t h a t  i t  plans  t o  opera te  the Sequoyan P lan t  i n  accordance 
with t h e  proposed c r i t c r i a  of t h e  S t a t e  of Tennessee; t h a t  is, t h e  
main s t ream average water  temperature s h a l l  not  exceed 93OF, and t h e  
rise i n  t enpera tu rc  of  tlie nixed s t ream s h a l l  not  be  nore  than 10°F 2.6.1 
above n a t u r a l  water  terperaturt :  a t  any t im.  I n  c o n t r a s t ,  EPA and t h e  
Tennessee Game and Fish  Comzlission recornended t h a t  t h e  ma~imim main 
s t ream temperature not exceed 86°F and t h e  t e r q e r a t u r e  rise not  exceed 
S°F. Because these  c r i t e r i a  have a major bea r ing  or a l t e r n a t i v e  heat  
d i s s i p a t i o n  fietiiods, such as  coo l ing  towers, i t  i s  suggested t h a t  t h i s  
ma t te r  be resolved i n  t h e  f i n a l  environmental s t a t e n e n t .  This is  an 
e s p e c i a l l y  i r .por tant  aspect  of p l a t  des ign,  because Tt'A c o ~ ~ c l u d e s  
that cco l ing  tovers  r e q u i r e  a cons t ruc t ion  schedule between 19 and 42 
months, depending on t h e  type  s e l e c t e d ,  

B. Sect ion 5.1, Chemical Discharges ( o r  o t h e r  a ~ p r o p r i a t e  s e c t i o n  of -- 
t h e  f i n a l  stater:ent) 

We suggest  t h a t  t h e  means t h a t  w i l l  b e  used t o  clean t h e  coo l ing  
water  condenser tubes be  descr ibed ( n e c h m i c a l  means such a s  rubSer 
b a l l s ;  chemical nzans such a s  c h l o r i n e  or ano ther  b ioc ide ,  e t c . ) .  2.5.1 
We recomiiend t h a t  the  d e s c r i p t i o n  inc lude  hol-7 t h e s e  s o l u t i o n s  w i l l  
be t r e a t e d  and l o r  discharged t o  t h e  r e s e r v o i r .  

C, Sec t ion  5.8, R a d i o l o ~ i c a l  E f f e c t s  of Accidents (page 5-114 and 
Table  30) -- 
W e  suggest t h a t . t h e  projec ted  populat ion (and t h e  yea r  of t h e  pro- Appendix G 
j e c t i o n )  w i t h i n  f i f t y  d l e s  o f  t h e  p l a n t  s i t e  be  provided. 

D. References 

We suggest  t h a t  a l is t  of  r e fe rences  ( o r  footnot ing)  be provided f o r  
each s e c t i o n  of t h e  environrr,cntal s t a t e n e n t .  



ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON. D.C. 20460 *. 

Mr. Lynn Seeber 
Gcneral Manager 
Tennessee Valley Authority 
Knoxville, Tennessee 37802 . 
Dear Mr. Seeber: 

We have reviewed the Draft Environmental Statement for the 
Sequoyah Nuclear Plant, Units 1 and 2,  and a r e  pleased to provide 
you with the enclosed rcyort  which contains our comments. Our 
review was performed in accordance x ~ t h  the requirements placed 
on Federal  agencies by the National Environmental Policy Act o i  
1969. 

Our review of the impact statement revealed several  
deficierlcies which made it impossible to verify the conclusions 
rcached in  the draft. These deficiencies a r e  listed in the con- 
clusions and a r e  described fully in  our enclosed review. Before 
a final review can be completed, we must have access to  the 
additional information required. 

On the basis of the information presented in the Draft j 
Environmental Statement, we believe that the major potential 
environmental impact s f  the proposed operation of the Sequoyah 
plant involves the release of significant quantities of waste heat 
t o  the Chickamauga Reservoir. ?Ve understand that TV-4 intends 
to comply with the applicable water temperature standards: 
however, we question the ability of the plant, as presently designed, 
to comply with existing and/or anticipated standards. We also 
question the effectiveness and feasibility of the special control 
measures  proposed; namely, stream-flow regulatior? and/or 
reducing power level. In this respect, presentation of the espected 
power level throughout varying periods of the year  would be useiui 
in better understanding the potential environmental effects associated 
with normal operation, especially thermal effects. # 



. i 
. 

In o rde r  to  insure that altcrnative cdoling systems a r e  fully 
considered and eva lu~ tcd ,  .arc rcquest  that TVA provide us w i t h  
additional information on the tnermal po l l~ t ion  issue before the 
final cnvironmcntal irnpact statement is illed with the Council on 
Environrncntal Quality. This information should describe fully 
alternative cooling systems that will permit the plant to operate 
within existing and proposed State and Federal  water quality 
standards. 

Additional information r e q ~ e d  to answer these questions 
and other comments a r e  contained in the enclosed report. We 
would be pleased to discuss any of these comm;nts. If we can 
assist you further in  this matter ,  please le t  us know, 

Sincerely yours, 

Robert W. Fri 
Deputy Administrator 

Enclosure 
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~~~l']l~~i~~:C~l!jX ;!>it) (:rXCi,US!s - . 
~ 1 1 ~  l~ l~y i l . c : l ; ;~~n]  l':-otcct:or. ..?,;i*nr)' has rcvic\;ed the draf t  envirorri~i.r.tnl 

imp~ct  s t 3 t e l ~ l i t  f a r  thc 5o;iu~yOl :i;lclcar P l w t ,  Units 1 and 2, prepam$ 
- by tllc 1efiTcs:icc Valley Autilority md issued on Ostobcr 19, 1971. 

l'hc follat-ing are o m  major coliclusions: 

1. On the basis of the info~!z.:im provided i n  the draft enviroi~iental 

statcmcnt, it is r ~ o t  yossj ble t o  verify the conclusions. Aclditional 

infon;ation is needed on accident analyses, thermal effects,  a i r  quality, 

and solid vastc clis?osal (&ring construction and plant operation), s i t e  

d~arac te r i s t i c s  (such as on-site neteorological data, relocation of the . 

Sa~rnu~ah Utility District  tzater intake, and strcnm data), effects of 

the disposal of dleztical \castes and toxic mater id  used during plant 

ope ra t  icn, unsvaichb1e environmntal i q a c t  and reasons why the unavoidable 

enviroruilsntal izipact cmmoi be decreased. 

2. The plant coaling wzitcr system w i l l  not allnv present and proposed 

water tenperaturc standards t o  be net without additicnal control measures. 

The statement does not present aclequate infomation t o  evaluate the 

feasibi l i ty  and effectiveness of the proposed control methods. 

3. We suggest that  TVA follow -4EC guidance i n  areas such as accident 

and cosdbenef it analysis. Such gu'idmce is being prepared by the E C  

a d  is in the proposed lu le  d i n g  stage or in f i ~ l a l  draf t  .£om. 

4. For cost/benef it a ~ s l y s e s ,  tee recognize tha t  scope costs and 

benefits arc d i f f icu l t  t o  quantifi;; however, the analyses presented i n  

the s tateinent were coilsidered too quali tative.  bktliods fo r  quantifying 

cost/benefit analyses arc provided in the AEC draf t  guide. Ife suggest 



thnt tho ~ ~ 1 a l . y ~ - s  includc n balm~cc of savings i l l  cnv i ro~~wnta l  damngc 

on costs i .  . , the bcncfit) , t o  the cmri romnt  thnt Lould otherwise 
I 

! 

occur zgainst the cost of cnndiJ3t-c nltemativc plait  sub-systcn &signss. 

Ithcrc tllz savings t o  thc cnviromcnt can be evaluated in dct'ail, a 

detencinatj.02 slmdld be i;izde of thc impel a t  tchith thc cost for this  

benefit v:ould be preferred. For exmple, cost/bcnef it analysts should 

include: a) e S c c t s  of hezt rejection t o  Chid;unauga Reservoir, b) efgects . . 
of discharges of chcrnicnls and liquid and gaseous radioactive wastes, 

c) accident c o r ~ c q ~ ~ n c c s  and costs of mitigation, d) cooling systans- 

diffuser w d  alternatives, e)  baste managemat systems and f) an evaluation 

of the current status of construction as  it relates  to  c o s t m n e f i t  

considerations. These e\aluations, where pms ible, shmld include the 

ultimate cost t o  the consumer and the bases fmr the acananiic waluatim 

(e.g., discount rates and p d o d s ) .  
, : ;< >, #. . 

5. Ent=aim&nt &d. the @id heating of ftk tmgmhms in the . 

plant cooliig system emwill resu l t  in bbJ,ogicsI >damage. 51r present 

design c r i t e r i a  f m  thc Seqt:qah intake s21nzc"tm (velacity of 2.2 ft/sec) 

and temperature rise across the ccmdmser (29.50f) me g m z s t ~ ~  than 

normally employed on other plants-of similar design. tBe mcagnize. 
. havever, that  flle condenser design kllnvs TVA So d c p t  11W5z~w.te tooling 

systems should this  prm- necessary . 
6. The radioactive ef Eluen t  cmitml syst& wem mv5mm.d in detai l ,  

and several a m ~ e d b l e  sys.:em i n p r m ~ ~ t s  or additiaxs were mttd:  

a) the off-gas holdup capacity r a s  exoended e r n  45 to 60 days, b3 the 

steam generator blnJaosm trcatnent system was added, and c) a charcoal 

f i l t c r  was added t o  the mclwnical vzcum plnrp exhaust. A ccnonitmnt 

to  fully u t i l izc  the design c q a b l l i t y  . of these system to minimize 

effluent relcascs sllould also be made. 



In considrring sitc charactcristics, EP.1 ezralu$tccl thc jinpact of tllc 

prol~osod plant on a i r ,  v:ster, radiological,, solid ~ ~ a s t c ,  nncl noise j>ollution. 

Altcnlativc s i t e s  \<ere considered by TVA and it was concluded t l m t  thc 

Scquo)*ah s i t c  ''was thc nost advant;l~eous for  this pro jcct  a t  th i s  t ine  ." 4.2 

The discussion i n  the statexznt docs not'fully support th i s  conclusion. 

Those 3 p o r t n n t  environintal  yarmretcrs w h i d i  led t o  tine choice of thc 

Seguoyah s i t c  should be presented i n  t h e  f inn1 s t a t n c n t  for  the chosen 

s i t e  and the alternative s i t e s .  Particular emphasis should be given t o  

population di stributions , cooling system, scismology , meteorology, geology, 

hydrology, and the radiological inr,)3ct of the plant on the surrounding area 

and the period of t h e  during vhich these studies were. conducted. These 

s i t e  parameters are l i s ted  as  llaving been evaluated i n  the process of 

selecting the Sequoyah si-tc; hawever., detai ls  as t o  rite vilriuus i=r.cis s.C 

importance of each are  lacking. 

I t  is stated @. 7-3) that  an analysis of a spray i r r igat ion canal 4,2 

system and a cooling lake would require extensive investigation of the 

site, location, so i l  conditions , and economic feasibi l i ty .  me site 2.6.9 

selection study should have included these factors in sufficient de ta i l  t o  

justiPy the selection 3f  a cooling system using a diffuser versus possib3.e 

alternative cooling methods. 

The water intake 0:: the Savannah Uti l i ty  Distr ic t  is currently 1.2.6(3) 

located 2,000 f cot dow~strnam from tlle proposcd Sequoyah diffuser locatirn 

and near t11c surface of the reservoir. TVA has indicated an intention 

to  relocate the Savanna11 Ut i l i ty  District water intake upstroarn f r m  

the discllarge diffusers; hmever, thc plans t o  novc this intake arc 

not mentioned .in Table 8, Becausc of the importa~cc of reducing 



I 

pop*.~l o t  ion d ~ c s  r;l~nevcr possil~lc , it is strong1 y rcro!~ci~ct~dcd that c j  tbcl- 
! 

the di rfuser design or tltc Sa\*annd~ Uti l i ty  District water int:ikc l.oa~tiori 

be modified so that t h i s  c r i t i c a l  pntlway of poplat ion dose f r m ~  radio- 

active liquid cff luents \:ill bc e l  hinatcd.  'N\ should makc n comitx~cnt 

. t o  rc;nedy this situation before the operation of Unit 1, and t1Gs comnit- 

ment sllould be confirmed with the Swannah Ut i l i ty  District or with the 

AEC as a license rccyuircnmt vhich sllould be included i n  the f i n a l  

enviro~mental s t a t  ment . 
TVA should also include dose cstimates for  both th6 present and 

Appendix H 
newly chosen water intake location. The water diffusion calculations 

should be presented with mpllasis on slug and routine liquid discharges 

under low flow and average flow conditions. The population using the 

smtcr intzke alcng w i t 8  the average h-ater consmption per day should 

also be presented. If there is any possibil i ty that  a slug release nay 

reach the intake, the Savanrah Ut i l i ty  Distr ic t  should hve sufficient 

storage capacity to  allow temporary shut dam of the intake unt i l  the 

slug has passed. 

The Sequoyah hbclear Plant is located within the Chattanooga A i r  1i2.5 

Quality Control Region. Prolonged periods of poor dispersio~.  occur in 

this area because of a l ight  average wind speed, topographically ccnf i ~ e d  
Appendix H 

flow and frequent imrers ion conditions . The clirratologicnl appraisal 

1~ the $1:~ !;35 5 ~ 2 ~  dc1,"lc~ed f m ! n  mctearological data collected a t  

stations within approximately 75 miles; however, i t  is not apparent fron 

the statement that  an on-site meteorological progran has becn put into 

operation by TI44 t o  verify that  conditions a t  tllc s i t e  are  not s ignif icvl t ly  

diffcrent from those in the general area. 



prcscllt 1 y cc.nt.rol lcd ly p2:B i n s  ci:cr:lt ja;s cl the ifaltr PJr Ikua (upstrc;ln) 

;ud i l ; i ~ ~ . n u g n  IIUI  sire:.^;:.) , j t nppcsrs tlmt stc:lcl~ s t 3 . t ~  c o d i t  i ons 

arc scldoz~ ilchicvcd 2nd that  pcriods of low or no flow pro5ably mist 

irequc~ltly :ud are of umying dunt ion .  The infonnztion on the frcqua~cy 
2.6.3 

and dilratlur of these 10;i or nc f l c ~  occurrcnccs should hc prcsentccl so 

the thermal cond i t io~~s  and biol clgi cal  ef f cct  s of Sequoyah cfischarpcs under 

thesc anticipated operational c0nditior.s can be assessed. Thc lai flat 

rates  for the Tennessee River a t  the Sequoyah s i te  should also be presented 
1.2.6(2) 

for both a 10-year a ~ d  20-year 2~erzge. 



ILt-nsivc pru2i.lra of tlic si t e  wj.11 occ;a duri.un constnr  t ion. 91csc 

opa-:dons, i n  ccnjtinction h i i l l  the i l ~ n v y  rainfal ls  of the iireo, could 

wiisc o nmbcr of cn~ircn:z:~ral probl ens. Large quantities of s o i l  
2.7.4 

particles itould kc disturbed and i f  ailou;cd t o  rcnch the r e scnv i r ,  

could a&:erscl y cf2ect water cpali ty and/or d a i g c  aquatic orgnisn-is. The 

effects of silt CM be far-laeaching since t h i s  m t c r i a 1  might be resuspc~dCd 

by r iver  t ra f f ic .  

In addition t o  the no~iixil on-land g l m t  constnictian; s igni f iwnt  
2.7.4 

constructionadjzceilt t o  or i n  the Tennessee Rivcr w i l l  be required o r  is 

- undci~,~ay for  1) the intal;c sBLmir wall and dikcs , 2) the intake chamel, 

3) the discharge canal and pond, 41 the yard drainege pond, 5) the subxcrged 

d ~ , ,  5: tho  fill z e c t i c ~  wrl diffuser pipes, 7) the relocation of the 

supply intake for  the S g a ~ a h  Ut i l i ty  Distr ic t  , and 8) the grading 

adjacent t o  the river.  Particular attention is n9cessary i n  constructiul 

areas near shore or  adjacent to  streans on transnissicm line rights-of- 2.2.4 

way where adequate safeguards t o  protect acpatic organisms and substrates 

and water quality should be institute$. Items 1,3,4,5,6, wd 7 will 

be accmplishcd primarily within the reservoir there suspended and dissolved 
- 

solids could came adverse effects and rsherc existing substrate damage 

would be maxiris:n. Nwrous construction tcd-niqucs are  available, and 

-----a- -!-.l- --.+h ye ch.~xxz 3r? k r t i ~ i ? . ~  t o  re&.xa s i l t a t ion  and Lilt3 k ~ t  p r c r ~ L i i u u r r  .#aY -.Okr. -.-- 
other adverse effects t o  the absolute ninimm. Construction of items 2 

and 3 is presently being accomplisl~ed by dritglinc op3rations behind a 2.7.4 

plugs. which w i l l  bc removed la ter .  During revnl of these plugs, measures 

t o  minlnizc s i l t a t ion  effccts should bc i t s t i tu tcd .  Although ' IYX has 

indicated a co~mitmcnt to  use construction procedums that  w i l l  minimize 

cnvirooncntnl dm2p, reicrcnce to  these procc&lics should bc i :~dc.  



'fi~c po tc~~t i ; i l  for da! i~ l i s~  i~qi::ti~ o~-g:tt~is~;t~ : I I I L I  S L I ~ S ~ ~ ~ I ~ C S  by ~ V I T ! : : I X I I C  

removal or sil1.ation z ~ d  for  procluci!~:; tu~dcsirublc ef fccts 021 w t c r  c i ~ ; : ~ l i  ry 

sudr 3s turbidj ty ElnJ Jisso1i.c.d solirls ilicrcases is of great conccnl. I hwvcr, 

inadequate inf~mnrdtion i s  prcscnted i n  the state~cn~ m m e a s ~ i ~ ~ s  proposcd for 

minini zing thesc cf Cects . Addi.tion;ll dc'tail s on coastruction tcchiq~!cs and 
2.7.4 

protcctivc Ineasurcs propsed (seeding, sprigging, sodding, diapers, e t c  .) 

and p~ssible alteration in PI-ocedures hot11 during and a f t e r  construction, t o  

minhize or mitigate possible envirom!cntal dimage, should be prcscnted. 

hrthennare, there is no e ~ ~ l z i n a t i o n  of r\tl~cre and.how dredgiqg spoils w i l l  be 

disposed. This could constitute a sewre  short-tern pollution problem i f  not 
* *  

properly performed. Again, a brief summary of protection measures planned for 

use during the constwction phase should be included. 
2.6.2 

TVA proposed t o  place two diffuser sections on a 12-foot f i l l  lzllich will 

cover 8n area o f  a~proximately 130 feet  wide by 700 fee t  long in tile existing 

900-foot r iver charmcl. In addition, an u n 6 e m e r  dun t o  rk5thi.n 2 1  f ee t  of 

the normal minkun pool elevation is proposed about 250 fee t  upsti-em from the 

diffusers. This dam will covcr an area approximately 150 f e e t  wide by 950 feet 

long across the channel (p. 5-126). Figure 13, however, notes that sideslopes 

are anly 1.75 t o  1 which ~'ould require a width of less than 120 feet .  This 

discrepancy should be clar i f ied since slopes on the order of 3 t o  1 are' 
2.7.3 

normally cons idcrcd necessary , depending on the materials involved. Infolma- 

tion on f i l l  material, proposed constructio~l techniques, and possible alterna- 

tive ccns t ~ ~ r t i o n  x:%cds t:hi cb roll1 d he ~ised t o  reduce env i romnta l  daxzge 
2.6.2 

should be included. The reason for  use of thz 12-foot f i l l  fo r  the diffuser 

pipes as well as alternative nethods for  su~port ing the diffusers sllould be 

discussed and evaluated. Possi.ble adverse effects resul t i n s  from s i l t a t ion  

of organic mtter bchind these bclrricss should bc discussed. 2.9.4 



P1a:ls far dis:rcsing o l th:: s j i i d  -::::stc gol:cratil.J by 1:ulrl clcara~,cc 2.705 

and ccji;stmctioi~ 3s v;elJ. 8s tllc: refwe frc;.~ Llj~cit 2,009 co~~s tn ic t ion  2.7.6 

and disposal of nm-radionctiw solid ~;zs tcs .  This p l a l  sl~c~~lcl c ~ . p l y  1r.i th  
2.9.4 

e x i s t i n g  or  propcsed a i r  pc l lu t im a d  solid waste nilcs a d  rcgdations. 

If any c o : i s t ~ t t i o n  and ciearing wstes are t o  be deposited at a*ay c i t y  

the State sol id  t.-at:c proera! throcgh established procedures. ' IE disposal 2.7.5 

is not in accordance 1~3th these procedures, adverse enviror~nental effects 

can be expected t~ resuzt. 

Since some portions of the Chattanooga A i r  Quality Control Region do 

not meet national ambient a i r  standards f o r  particulates and oxides of 

nitrogen, it is essential  that adequate c o n t r o l m t b d s  be inyllomented . 

c a t r o l l i n g  and ni~zhnizing enissions from c d w t i o t l ,  the concrete mixing 

plant,  and the conr tnr t ion  equipnent should be discussed relatitie t o  

maintenance of air quality standards. Emissions from the s i t e  concrete 

mixing plant should be kept t o  a minimum by u t i l iza t ion  of available control 
2.2.3 

techniques and equipment, end zn alternative method fo r  disposal of land 

cleared and construction debris should be developed for  both t l ~ :  plant and 
2.7.5 

translnission l ine  constructions. For exaqle ,  \eg,etation, which might be 

incinerated, could be mulched and where zppropriate, returned t o  the site. 

In order t o  minimize environizntal problcins caussd by s o i l  erosion, f ina l  
2.7.4 

landsca~ing act ivi t ies  should bc undcrtakell as soon as practicable rather 

than after a l l  construction is completed. 



spccif ic ir~LColaation concenli ng ncrisc rl\zti.!:~ent pr~cc~lui-cs t.0 1 3 2  used 

during l?~nd clearin;, nnd &ring constn!ctlcn phases including lloise 

generation of construction ecpipnent 



2 .l 
Transporeat ion of Xu21 ts 311d frail a rcnctor' h c i l i t y  w i l l  be ~valu;~tc~? 

. . 
i n  the cns i ro :~~~nZnl  stntu!5cnt prcpercd by the MC. It is sugrested 

that 'A*A follow the sale practice. Tne statexcnt notes that  abmt 1773 
2.1.2(2) 

truck shi;n~ents per ycnr nay bc required t o  dclivcr fuel assenblies and 

remove spent fuel and radioactive solid xastes froin the SCquoyaT~ Mtclear 

Plant. TJle pstc~:tir l  for  spil l ing or d q i n g  of these products in %ransit 

betv:ccn the fuel fabrication plant w d  Secpoyal~ and the fuel reprocesshg 

plant, \<ere not sufficiently discussed in the draf t  environxental statement. 
2.1.1(2) 

The probabilities of accidants sad the consequences of these accidents 

should be evaluated i n  tenns of the effects on the envirom~ent. Specifi- 
, 2*1*1(1) 

cally, the provisions f o r  safeguarding tk fuel in t ransi t ,  the routes 2.1.2(1) 

that  w i l l  be used ~n trmsporilng these iuels  t c  avold populated areas, 

and the hack-up ~i~ethods for reclaiming and r e c a p r i n g  accidental 

radioactive ' spi l ls  should be detailed. 



I!adic,lctivo C:'scC':is 1I;lst.c : ' I 'L~z~ ' :c ; \~  --- -- 7.- 

I n  ordcr t o  rcJ:~:c gr~sco:!!; diztilargcs to thc 1o:ccst practj.c:d>lc 2,4~(4) 

l e w l ,  the  ~ z s c c ~  110.ldi1p tjlw fo r  tF,c decay OF radioactive gascs has 

been incrm-sccl f roin 45 days t o  00 Jays. Tl~c data prcseiltcd indicate 

that  th i s  additional 1; day gasen:& holciq upr i l l  r c d ~ ~ c e  133~t2 discharges 

by *box 90 pclrcfit 311d 13'xe disc?iargcs by about 60 p2rccnt cnd thst the 

gaseous effluent w i l l  bc reduced t o  essentially 85Kr . This e$u%pncnt, 

which is estimated t o  cost $100,300, is cspccted t o  be i n  service. at  

the s t a r t  up of 61it 1. Ire camsnd 1I7A f o r  ec~ending the gaseous holdup 

capacity a?d are hopeill1 that  they w i l l  fu l ly  u t i l i z e  it and c a m i t  t o  

do so in  the operating specifications t o  be prepared for  the fac i l i ty .  

The ~ o m n i . ~ z n t  t o  use the f u l l  capacity should bc included i n  thz f inz l  

la t ion doses \could be t o  correlate periodic, controlled relewes w i t h  

good meteorologicai dispersion cozditions. 

Charcoal f i l t c r s  are t o  be. installed i n  the condenser off-gas l ine  2,4.1(4) 

which will provide a significant iprovement in  the effluent control 

system for  the plant by removing ioding . A cornmibent should be made to  

u t i l i ze  this f i l t e r  on a routine basis whenever there is a priinary t o  

secondary leak. This should also be reflected the f ina l  environmental 

statement. An estimate of the DF (decontaminati8:n factor) f o r  the 

estimated tcmperatuje aid moistme co;lditions at: the charcoal f i l t e r  

location would be Ilelpful . 
Tile auxiliary bclilding gas treatment systcr (ABmS) \ s i l l  provide 

for charcoal adsorption and f i l t r a t ion  ef f lucnts the auxiliary 

building . T f s  levels of radioactivity \$?hidl de termine wl~cn th is  systcm 



is util . ized shculd I)t, syccif ic! sincc 1.t i t ;  i ~ d i c s t c d  t h s t  thjt; troat;r.e!at 

sys tm ;.s nori:iaily b)'p:i~~Cc!. 'Ihc possibj.litics of co~lncctir,g tl~c 
2.3 

~ ~ ~ : t t l i l : ! i l ~ ' ~ l t  pwgc cx l~ i~~ i s t  i n m  thl: .U;Gl'S, v':~.ich co:11J bc a hrrt!tclp . . 

posi t i v c  inil?rol~cnen t by :fir; king bctter usc of thc cxi:;tj ix S~stci:?, shoald 
2,4.1(4) 

be considcrccl. Also, cff  iucnt rcleases due t o  ccntain:lcilt p:iiaiins 

should bc cvaluatcd aild a ccx:.itt:.:crlt should be s~rtdc t o  u t i l i z e  the 

planned eon t;ii~~;;'.ci~t i : ~ ~ x i l  izr)' chz~coal  and tEP2. f i l t e r s  t o  minLqize 

releases of iodincs and particulates t o  the environmmt. 

Radic?actj.se Liqcicl Kastc Trcadtlrlent 

Thc r a d i ~ a t t i v c  liquid wsste treatment s y s t n  w i l l  he used t a  t ra t  

miscellaneous tri t im-containiw waste by evaporation. bliscellalectls 

waste by f i l t r a t ion ,  detergent-containing ~ m s t e ,  spent fuel shipping 2.4 .l(l) 

cask decontaqination waste, and othcr miscelf aneous wastes w i l l  be treated 

by f i l t ra t ion .  

Consideration s'n3uld be given t o  providing organic waste treatment 

in addi t ioon to  f i l t r a t i o n  of detergent (equipment cleaning and decontani- 

nating, laltzdery, shov:er , hadt.;.ash, etc.) and m a n i a  wastes in the 

septic tank system or by providing ecpivalent scconda~--y treatnent. 2.4.1(2) 
3 

All t r i t i a t ed  water (defined as  W i n g  11 concentrations a t  leas t  

50% that of prirrary coolant) w i l i  be recyclecl t o  storage tanks for  

reuse in  the plant. If it is necessary t o  biccd t r i t i a t c d  ra t e r  fron 

the primary caolant, the t r i t i a t ed  coolant  ill be "drumcd" and, as 

necessary, shipped o f f s i t e  a s  low specific act ivi ty  liquid waste for  
2.4,1(1$ 

disposal a t  an AEC-approved disposal s i te .  I t  is d i f f i cu l t  to  just i fy  

the indicated dcf in i  tion of t r i t i a t cd  water . A cost/befief it analysis 

should bc presented relat ive to  yroviciing eraporation of the %on- 

trit iatcd" was t c  vqltui~cs cqccted.  



A det:~;l~. i l  di scuss iijn of t!i> tc p?.occrsi:1g cquipr!:nt v . 3 ~  not 
2.4.1 

presented i n  t l ~  d ra i t  cmri l-c,~:i;nt-l statci.:.mt. 'rhe statnr,mlt shoi~icl 

prcscnt t l~c potcnt i ; l l  c~ivi ro? l~ ! i to l  i r ~ n c t  ol' the fnc i l i ty  i~nd i l k 2  d-gree 

that  s11c11 vas1:e t rea  bn:?nt Sj7st~:ns xi1 1 redi:cc this  in;pact. Dcttiils 

regarding tllc \zsste trcat.wn1: systci!\ (coqol~cnts, capaci t i c s ,  co3pc:!cnt 
Table 2.4-4 

characteristics) s!lould bc presented with e~::!rhnsis on equipxicnt deccn- 

taminat ion fcc~:ors @Fs) for  irrdiviclual. radio~~ccl idcs  . This detailed 

inf ons t ion  is extrenei y ir:i;>ortant since it is reci~lred t o  detelmirie the 

estimatcd rzdioactivity discliarge~ i n  the liquid waste f r ~ n  the fac i l i ty .  

For exangle, an evaporator DF of l o6  is stated i n  the PSk?; ho:t7ever, EPA 

f i e ld  measure5;ents show that this DF may be over es t imted  by several 

orders of magni tcGe. The evaporator DF should be just i f ied by reference 

t o  available cjperating experience, especially since an overestimated nI: 
- will result i n  an underestimated l iquid  discharge level. lne liquid 

2.4.1(2) 
radmst.e activity estimates differed between t h ~  FS4R and the draf t  

environmental statement . TIiese discrepulcies shculd be resolved. I\%en 

the estimated liquid radviaste levels arc presented i n  the  f inz l  enviroll- 

mental statement, consideration should be given t o  the possible consequences 

of recycling t r i t i a t ed  waste. 



provj.dcd t o  t r ea t  contqiinatcd liquicl v:aste. 5 l w d o ~ n  monitors w i l l  be 

proviJ:d t o  dctcct leakage; I~c;..z\rer, the mount 05 radioactivity which 

may csczpe before the blc;:'c!0;:~1 l ine closcs is not indicated. TLrA should 

evaluate the  operational cost of using tJie blo?;d~i\~ treabnznt system 
Table 2.4-4 

anytir;:e there is primary to secondary 1caI:agc versus the enviro~xental  

benefit that would be obtaj ned i n  effluent level and population dose reductions. 

This evaluation should inclu3e consideration of a conde~~ser ~~ i l i c i l  c w l d  be 
2.4.1(6) 

employed i n  the blcl\*c!c;.tn l ine  t o  avoid the flashing of liquid b l o ~ d o ~ m  t o  

steam w i  th  111 t.i rcaTn re1 case to  .the ab;lasl311e1-e v ia  tlie f lash vent. 

The c r i t e r i a  Tor ut i l izat ion of the diarcoal f i l r c r s  which have 
2.4,1(4) 

been iris ta l lcd in  the condenser off-gas l ine shcuid be piwvided whenever 

there is primary t o  secondary. leakage. Presentation of 'IIrA's malyses 

of the operational cost versus tliz population dose benefit of such 

procedul-es would also be helpful. 

The statement indicates tha t  during periods of operation with 

steam generator lcaks it w i l l  be necessary t o  discharge sme  secondary 

system tiater which w i l l  contain tritiun and that it is not practical  t o  2.4.1(6) 

of storage capacit); rcould be needed. The analysi.; which led t o  th i s  

conclusion should be presented, including dose estimates for  the discharged 

bloudo\m. The need fo r  such an evaluation is made especially important for .  



thc tl-i t i:iiil c c11zc~ t r~ t io11~  t . i ~ n t  \i j.l?. 1-2:;:llt fra11 t!12 revel i I?:: of 

Caution 1;111:it I:2 obsenccl in  thc i;aiiclli~t of a3.1 indr~ t r i r r l  ~c,%te 

and to  avoid sp i l l s ,  not only j.nta 2 m t c r  Lo* sudl as the CI~ick~na~lgc? 

Reservoir, but also a direct  s?ill into the tc l -restr ia l  e i ~ v i ~ - o ~ m n t  \ihzre 

them is the pcssibil i tyy: of pelrola'iion illto tllc ground water \t-hicll 

moves tcr.,iard the resenroir. 

Fuel o i l ,  lubz o i l ,  c l~rcxim, hydrazinc, acids, bzses, and other 

sol id  m.d liquid l~azardous nzterials xi11 be stored on s i t e  during 

constriiction ardjor operation of the plznt. Li t t le  infomzticn on 

methods of transport and stcrsge or  nl2zsurcs t o  assure complia.nce with 

Section 11 of the Federal Kater Pollution Cont~al Act, as acended, are 

provided. A yard drainage pond is proposed wiAh a low level discharge 
2-5-3 

pipe t o  assure that  any o i l  that  is accidenta:ly spil led and enters tile 

yard drainage system w i l l  not be discharged t o  the river. I t  is s tated 

that "safeguards against ecciclentnl release of a l l  chemicals w i l l  be - 
provided" (p. 5- 2 7). Details regcirding these "szif eguards" should be 

presented in  t1:e f inal  staterent. The possibi1it)l. of o i l  or filcl loss 

frm barges durir.g normal cperations is noted i : ~  the statement a d  
207.9 

SUG? In+es  " w i l l  qet t le  a lo r?~  the shoreline or on the b0te03 niaterials 

and organisms in  the dock area or do\\& t ream" (1). 5- 125) ; however, the 

magnitude of th i s  possibility is not presented. 

Storage and control methods and proposed procedures t o  prevent the 

contents of a n ~ t u r e d  tank, accidental lc&age or spillage of o i l  2.5.3 

o r  hazardous materials frcn reaching surface water coLlrses sllould be 

prcscntecl. Discussions shculd include an malysis  of the possibil i ty and 



occurrcr?czs ar:d tile resuitant  cf feet!: 01) ;t:~uatic a!l.l terrcs tri 31 ~ r g i : n i ~ f i ~ .  

The exact t ) ~ c  mJ dci;1-ec sf t rCn:a~nt  fcr d1c;nicnl xnstcs has not 

yet  b-cn detcmincd by 'IY.4; lim:evcr, the s t a  tcztcnt notcs "a1 1 cl~cn~icol 

wastcs w i l l  rcccive the I~ig!lest deg1-ec of trc3i;riknt that is teclx~iccl.ly 

feasible witl~in reasonable ecoi103ic 1il:lits." '1 drscripticn of tlw 

of the enviroro?ei~tel hipact of th i s  f a c i l i  c/. The prcccchires should 

include sedimentation oC ssupendecl solicls frm ti;c f i l t r a t ion  uni t  and 

othcr riaste strczn:s, Tlle use of chenicals for  cleaning the -condenser, 

infoz3nation on the essential  sezvice water system c o ~ l i n g  torer blo.r;dorm 

discllarge , rtith einpl~asis on p o t e n t i a  chenical arlditives an3 the t reat-  

While the statement considers the  in terac t im of both Scquoyah units, 

it f a i l s  t o  address possible themi l  interrelationships betmen S q ~ o 3 ~ J 1  

and other WA electr ic  stations. Presenting such interreIatim!zips 

is important t o  adequately assess the impact and cumulative effects of 

Sequvyah and otllcr plants on the enviro~mcnt . 
. 

rC 



Appendix I 
o I .  i j 1 c 1 , I ?  st;!t::P.t ind'cai r s  t ha t  t ! i ~  t ~ f i l l  :llll1113 1 ~ G P C  

prcparatiun of such n popul.atir:i dasc estii7ute is ccr.x!~cndzblc. The wlue 

of th2 estimate ~ o i l l d  be i:prs:rcd, ho~;mcr, if thc data  and ass.j:ptio:~s 

used in  tllcsc czlcu1.ations Kerc prcscntcd; thus, an ar~cilysis of the dose 

c s t k a t e s  could be n!zde. For cszq?le, an nntlual average di lut ion factor  

(X/Q) is not appropriate for es tk i~s t ing  the gaseous dose rate i f  thc 

gascous discharge occurs over z short t i r e  pcri,od. In t h i s  case a sh~rt  
- - .  term xic( \ ;ou~u UL' # I I V ~  CIl:>lS~;>,;l&. Fr:? f ha infnmntion presented, it 

coald not bc dct.rrr,lincd 1;herc an ann~tal average or a short t e r n  S/Q 1~2s 
Table 2.4-2 

mployed . For gaseous discharges , radionuclide activity estimates sllould 

include secolzdar; sourzes such as c o ~ r t a i m n t  plrging and the vent i la t ion 

building exhaust. . .  
2.4.4 

With respect t o  \cater patla;ays, the a b i l i t y  of plankton and benthic 

organisns t o  co1lccntrai:e certain rzdioisotopes and pass then further up 

the food chain slzot~ld 1)c discussed. This ~\tould a lso  apply t o  consideraticns 
Appendix H 

of heavy 111etal toxici ty eual:.xt ions. 



If  tllc plcnt \<ill not illtcricrc ~ i t h  nttair:::;cnt'of F-cd-.rzl a i r  

qualitj. standards, the stater:cnt. sl:culd so state; If therc is a'ly 

possibil i ty of c r c o t i ~ g  o 1-iolaiion oi i l i~sc sti:~Jark or  my 0 t h -  

2.585 
a?pl icilble a i r  1101 lution law or  regulation,. inclu.:I.il:g the "Ic~aincnt ax:d 

Substantial Endiz~ge~xent"-clause of the Clean Air Act, thc ail- pollution 

control ~ctl iods t h a t  t c i l I  be used should bc described. 

Thc t ransnission conilcctions t o  rfic: Scquuytlr.1 K~clca r  Plant st;i tcli- 
2.2.5 

yard w i l l  i n i t i a l ly  consist of t h e  500 1;V and se>:%n 161 kV transmission 

lines. A to ta l  of 1,360 acrcs of land are required fo r  rights-of-way 

for  nels lines. Pc~ierous a lv i ro~~xenta l  efcects and proposed procedures 

t o  minii~ize thcm arc presented (pages 3-118 through 3-122); horcever, no 

mcnt ioil i s  made of the potential envirom.c:ttaI hazards associated w i t h  

the prod~tction of ozone. !JI estimate of crzone cancentrations in  the 

vicinity of high \.oltage paler l ines and parer plants s b l d  be made 

along with an evaluation of the impact bunam and x~ildIife. 

The technical l i t e r n a r e :  since the l a t e  1950's contains mtlch in- 

formation on the effects of ozone on animal and I== tissue. Recent 

at  the University of Florida substantiates and. reinforces tllz similari ty 

of ozone danage ta that  of ionizing radiation in producing chmosc~e 

aberrations. Direct extens j on (considerable possible ermr) of this 

animal study to the htmm case ir,&irates that presently ~ M t t e d  

industrial ozone exposure l i m i t s  (up t o  Os.1 ppm or 4 ppm I~r/wcek in a 

40 hr. week) \+'auld be expected to resul t  i n  break frcqmnces that  are 

orders of map.itucl@ greater than those resulting frcn permitted radiation 

exposure. 



i\nalys;s of the potcntiill for coolicg tv.e::er i n d ~ t c d  fog c r  icing is 

based on cxtcnsivc ~'3scrvntio:ls of the  yl~~.:? fron i:l~ tokx?rs at ly~i's 

Paradise Plult. \\lilt only a quslitotivc arscssniJnt o i  thn potctltial far 

gro;iqd fop is given c1;it;i are prerenini h i  p-&iccrcd plusi2 lensths for  

16 coripass point dircctiors fcr \*ari~ss p~rccntagcs of timc. I t  sllould 

be noted, ho~;e\*er, that a plm,e irmt reach th? grou~d fo r  n fog t o  occur, 

as discusser1 on papcs 7-9 t o  7-11 for iaechsnical draFt tov:cl-s and 

pages 7- 16 t o  7- 17  for  naiurd. draf r tomrs. Ife concur that ,  i f  c o o l i ~ ~ s  

devices are required, naturcl draft  toxer's imuld bo prcierable fron the . %.-. . .. 

standpoint of l o m r  potential for  tower induced fcg and icing. I t  is 

also noted that natural d r d t  torccrs could be operated on a closed cycle 

system or in  conjunction tile pro2osed diffuser. 



2.4.3 
Su1-v~ j 1lan;u s:u::;>le t ~ ~ c s  licrc s1:ccifj ecl LI 'f::bl c 17, hnt:cvcr, 

Table 2.4-6 
food crops \<ere not jdtn:ificii. Si:lcc CTCijS i:iay b? a crit icil l  

pa tl:.;;a y for  exposure. 'run rndionucl ides di sckl rgcd irc:n tlic Scqunyah 

fac i l i ty ,  this  pntlxay shoilld be t~~s:dfored. lllcse food crcps rs'j b? 

incluJed liitllin the vegetation classi:'icntion, but th i s  is nct  clcar . 
A separatc category f o r  food croi>s sk~c!uld be added to  Tablc 1.7 along with 

the sarrqlc frequency m ~ 3  rieihod 05 nnalysis. 

Because the expccte-2 !ow discharge levels b i l l  not bc d e t e c t d  by 

the environacnta 1 sun~ei l lance program, accurate dose estimations v i i l l .  

depend on neas~ired dischcrye level s ard on- s i t c  meteorol.ogic~1 ar.d mter 

dispersion data. A l l  gases an3 licpids w i l l  be analyzed before being 

discllargcd ~ P C I  lii11 b e  r.oClnitm-ea w r m g  dlscnarge. ine rcporrea alscnar2-es 

sllould be based on sensitive measurcinents and sliwld lie on a radionuclide 

basis so- that dosc estixiations can be made. 
2.4.1(4) 

The sensit ivity of tho monitoring i n s t r u n t a t  ion is also extr~iitlely 

important in  detcrminf-ng the magnitude of inadvertent relcases . The E i m l  

- envirom.enta1 s tatcnent. should evaluate the amounts of 1 io,uid and 

gascous radicnct ivi ty  tllat could be released undetected, c. g . , auxiliary 

building exhaust, liquid waste monitoring, shield building vent gas 2.4 ~ ( 6 )  

rno~~itor, alcl st e s r  gen6~.ator b10~.~clc\~11. Tile e\raluation of the rndetccteil 

act ivi ty  releases shoulc considcr discharges under slow leak conditions 

which nay not actuate alarms. 

Whcthcr or not biological changes can be detected by monitoring 

progrvns is highly qucstionnbble. Eqcricncc has sho\tn that drastic '  

changes i n  t l ~  populxti011 structure , i n  the orclcr of 25 to  5C percent, 

arc rcq~lircrl ~ C I O ~ C  c.l~rrcnt ccnsus t ccl~niciucs can dctcc.t p~!>~ilulntion 

7C' 



r ;  i nl c in: j I :  1 ;ic:ccr o r  ti1311 gross chn~rgcs in 
2.5.6 

w i l l  not bc i;blc. to I;li:np:;1-c thc 11jo.lcgicnl cffccts of t h i s  pla1:t in 

relation io Jc tri!ncr? t a l  cl'fects clue to  othcr 'ictxkes of !cmicipal i t  i c s  , 
* 

pwcr pl:ints, and o t l ~ r  indastr  i es . 
. . 

In order to  prosido dcc~i:cntcti.on that- thcm,nl c r i t c r i a  of thc 
2.6.1 

Tcnncsscc ?;ator Q.13iity Standards ore not violntnl,  it  ill be necessary 

t o  provide con5 nuous n~ni tor in2 of r a t e r  t c ~ p e r s  t txc 3ori-11~ trcun of the 

diffuser i!li:<irg zcne a t  one or rare stations i n  Chickr;cu\;n Resor\.oir. 

Use of a muliidepth b ~ ~ o y  s:rsten ilicorporating t e l emt ry  for  tr.ulsmission 

t o  a shorc! bascd reccivi~ig s tat joq is recmcnded. 
. 1 .2 .6(2)(~)  

t. 0 1  3 . tilcit 4.1 --.- - - - C  ----.r y 2  E t 2  r. n lC*c+c  Lrr*.r..rron +l.n-.-l 
I L  i.3 ~ U ~ S L U L ~  L I ~ G L  t: li~ct: b? 3) I I + A ~ A ,  A b  w L ~ ' b C 3  ur k.N*uwr. c* .ur...u* 

1.2.8(1) 
disdlarges and heavy ~aeta ls  present i n  the Telu~essee River or disdiasgcd 

t o  the river as tlie result  of plant operations. - Inforiution on existing 

concentrations of heavy metalk in  the Tennessee River water and aquatic 

l i f e  were not prcsentcd in  the statement. Due t o  the high backgrowld 2- 5 .a 

levels present in  somc rctaches of thc Temesscc River, it is recmctldcd 

that  such infoimation be presented rrith an analysis of environmental L ~ a c t s .  



CQK,lS< :-:!-.-? !?:Is - . - . . . _ - -  - , 

llic p ~ c ~ ~ n t  d c s i ~  oi the cco~:denscr cacliog systez in:!)* i ipnr t  
. . i : i i  c c o l c ~ i c s l  cfsccts C:I Cn,ck:::a:~-t?ji~ I!zscrmir a: the in tQ:~,  

in  thc cc~~.'cnsfr, in t112 discllargc pond, 2113 in the l a h  p r ~ q c r .  Il~c 

sl;im;~zr \fall 13;ated in  t h ~  ki7tcIce sh~.:.?ld substantinlly rcdusc th3 

nunbcr of o r ~ m i m s  cntcrir,g the i11tS:e chm~el .  The Ions retention 

tb.5 provided '3). t h e  52-acre disihsrgc poxd lrill resi l t  in a3.l cntminrS - 

organins bzinp killed before they are discharged hsck to the resert70ir. 

P~rtllemore, the velocit ies in t ? ~ e  intake resenroir and arm ~nOer the 

skinricr wall arc such that  most plankton orgsnisns, as 1tc11 as the 

yoiing f i sh fly, u i l l  not be able to a-crcomc the current and escape 

f r o m  the int,ake. In additicn, the high l a t e r  velocity t k a t g h  the 

' - -  - --a.1 - - - - - - -2--  :,+-I-- -my- !,.i 1 7 1m1>3b1y r ~ s ~ l f -  in uylecessar)l 
V b L  L A b f l J .  r l l u .  r . 4 6  &..r--- --- - - - -  

kil l ing of null f isl~es. Apgarentiy, s t ~ ~ d i e s  h T c  not been aqdertaken 

to  determine the magnitu2~ of these e f fec t s  on the lake biota, but a 

gradual decrease in th p o p ~ l s t i o ~ ~  of some species is anticipated. 

The emrirom,ent a1 effects of the proposed circulating water intake 

system (moving screen a r c 3  2.2 f t /see v ~ l o c i i y )  should bc considcrcd and 
2.6.5(2) 

an evaluation of the sltcl-mte design p s s i b i l i t i e s  relat ive t o  ninldzing 

environmental impact skould be made. For e&le, 1) the tecl-ii~ical 

l i te ra ture  indicates tlrst lor iscntal  screens cause less Jamge t o  fish 

than vert ical ly  m o v i n g  s:reens ; 2) the quantities of material rmVd 

from ci ther  screen system should be docmented and means of disposal 

other tllm return to  the reservoir (lad fill, c ~ c . )  should be discussed; 



the pl nnx ("fl.u;~ dtirat i c : ~  IZII~T-CS") is noticca'bly absmt . This nffccts 

both cndnzc rhg  C J I ~  biclo;;ical mcI>-scs. The stnta!cnt cst i~stcs  t .h t  

with b t l i  units ol~aratlr:~, the cool irlg ~:3t:er intc?kc/disclizrge 1~6ll he 

ab i l t  8: of ~18a.n anrlwl f l w .  %rlmrcr, the perj-ads of intcrcst iire 

sp~ti i l j  ng t 5ncs (sprir.2) ,?nS -C;UT;,iner 1 as* flow psriod s . Fron the 1 imitod 

infomation cantained in  ths s tatai~cnt on t h i s  subject,  it appears 

tha t  with both units in o ~ z r a t i o n  thc Eecp~yd~  Plant  may use 255 or 

A questionable assumption is used througho'it m s t  of the report, 

namely that  there w i l l  be c q l e t c  mising wit11 the river flo~t*. Rit, 

it is stated in several plcces ti"t sane substantial p3rt of the 

flow, approsimntcly 2/9t11s of the cross-sectional area over the c h m s l ,  

w i l l  r.ot mix rapidly with the efflucnt and in many cases v i l l  occur 

underneath the :22atcd eff luent in  a s tmt i f i cd  situa::ian, It is 

an t i c ip ted  tl.2.: the llypolhmion in  this wn?cly strat if ied rcsenToir 

will  be substatt ially rcdcced ar par.iuGs or I ~ i i  PICX.  2.6.3 

Mrmtion is made that operation of t h i s  plant will Ili:ve t o  be 

curtailed or additional mtcr will lnve t o  bc released froln upstrc'm 

reservoirs a t  certain periods in ordcr t o  avoid scvcre c:CCccts frox the 

- tilerma1 discl~zrge. It is inport wt that miss iila infonxi t i on be provi2r.d 

on t l~c durnt.icn and frccytcncy dlcn flot\rs t l~ ro*~gk  tile roscrvoir will be 



Thc al. terns: i-1-2 cool 5 r : ~  z?ti!ods , wch as ccul i ;?,= tomr  s WY sus 

the plmt t cliscl~zrgc us jng $i Ytuscr pipss a x  ice1 1. 1vrcsa:tcd. tktv:e~~er, 

the disci~esion is doiicicnt rclntivc t o  other nltcl-nstc m~arls. -. of . 

controiling or  i ~ i ~ 1 5 ! i i z i n p  t!:~ effects of m s t c  i ~cz i  on the linl~c. C ~ s t /  
2.6.9 

benefit analyses slimld be presented for: 1) use of spay na6u3:ules in 

the disci~arge pnld crzbincd 1;ith the 7rrqpssed diE%ser syst n or coolillg 

towers, 2) a direct  pipeline to  t h e  diffuser pipes eliilinatii~g the 2 . 6 . W )  

Jischnrge pond, 3) operation of diff i~scrs  axil tbe coel5ng totccrs for t he  

. essc~l t ia l  service ~ n t E ; r  5ystcn in the co~bined nlode, and 4) msilificntion 

of tne IntEKe and condenser ccoix?g systenl t o  2ro;'ide :i mall bllfrcasa 

in temperature across the c o d ~ n s e r .  Details of the increasci cost t o .  

the c o n m e r  cf the proposed s y s t n s  io r  all the al te rmt ives  should 

be included in  thc f ina l  s ta tcmnt .  Also, the discu;sion should bc 
I 

expanded rc la t  ive to  the f ollo~~?ing envircnzental considerat ions : 2 .6 .5 (5 )  

1) elimination of the biologically profit~cti\re area inclucled i n  the 

discharge pond, and 2) tile e~nriromental and operat icnnl consi6erat i o ~ s  

associated r i t l i  variogs concentrations of ccoling tov.e:- blcv.rlor~n 

(e.g., higlier *~:~lmc, lower conca~tration, nnre f r c q u n t  blmdoon 2.5.1 

as opposed to  snl l lor  -~olirme, highcr col~centration, less frcqucmt 

' blowdown) . 
'Ihc environ~csltal s tatc~r~cnt docs address sme wntcr quality c f f c c t  

I 
of the llcatcd hater dischargcd t o  the r c s e i ~ o i r ;  l~ot ;~vcr ,  due t o  the 



heat to1 ;~::?t orgm~iw~s. Tkc cc!~:?~inc:! cf fccts of loxzr dissolved okygeil 

capaci ty n11~l incxasecl respi:.3.tion will bc most scvcrc in thc . . cal"ly 
\ 

morningj just bzforc suvli-iss x k n  the diilm.?: n.0. s3g is c r i t i ca l .  

Plant design fearurcs 5urtl:zr ccq3ound tiizse problcns. 

High intake velocit ies smep in p lc~k ton  and thcn ex;rase t h n  t o  

a thcnaal shock of 29. S°F. :.bsi: of the plu3;ton w i l l  be kil led a id  tzill 

add t o  the organic 1-cad dc\tnstrcan. Kith c r i t i c a l  D.O. sag in mind, 

facul t a t i w  aerobic m d  possible ; mael-~bic conditions could resul t  . 

implications of wit!dra~cai and return of .cooling water and sl~vdld also 

include o r  expwd c!iscussion of such to?ics a s  temperature effects  on: . 

2.6.5(2) 
1) reaeration ra tc ,  2) increased netabbolim and respiration rates ,  

3) increase in ultiiinte BOD, 4) increased euaporatiort , 5) sh i f t s  in 2.6.5(3) 
t 

populatioi?~ and diversit ies,  6) predation, 7) feeding an& grortth rates ,  

8) reproduction, 9) parasitism and disease, 10) synergim ~ d t h  toxic 

substances . 
1.2.6(2)(~)  

There a;:pea-• t o  be ar.cmlics in  thc stzted naturnlly occurring lake 

from 4 1 . 7 ~ ~  to ~ 1 . 9 ~ ~ .  In tile c k p t c r  on 'B'ological Tin~nct, the statement 

indicates that surface temperatures of 8S°F arc com,mly reached. There 
Appendix M 

is no clcar indication just \,hat temperature rise ~ o u l d  be expected 

during opcrntjon of tilc ~ ~ C ~ I O S C ~  plant. Pig-yrc 16 sllows that t l ~ c  hc3t 

~ d g c  n ~ \ ~ c s  upstrc:un above ill2 plant intokc area during low flori conditioxls 



This mtltls 

slirt~ld i;ic:-c::sc I - :  in' i,!:cr of clays t!ut t i c  te?pcr:~turc c r i t e r i a  ~ : ~ l d  

be eo;.~;Jcd or cr?:rcoi?cd for th i s  portion of thc resel~~oir.  

On tliz k s i s  cf t ! ~  aLIs,-c, tlie s tatencnt sl.muld nzn-e tfiiroug'nly 
2.6.4 

discuss tl!=1ms1 effects Z I ? ~  should de1incni:e h e t ~ i e c ~  direct  thclnal 

effects n ~ d  the ph)-sical caldi tims that  arc inf lucnccd by tm-ycrattire 2.6.7 

and c;!n r c s i l t  i n  Liologicnl daxrLge. Also, tei~peraturc patterns in  the 
Appendix M 

upper reach-s of Eiiclizj 2ek Pssenyoir r c n ~ l t i n g  from the  discln~*pes of 

heated rdatcr at Sc-cr.~rysh shoitlc? bc qumtii ied so that  effects on the 

do:snstrcc:r, f is?l:r?; cn!: be ailequatcly assessed, 2.6.4 

Tc~apcrztt~re d3t.n for the ppericd 1943 through 1943 have been 1.2.6(2)(c) 

s u m r i z e d  in  Table 1 4 .  Ho~~revcr, similar treatmnlt of thehe 19G6 through 

1970 tcnperature data from Chick~zuuga Dam ~ ~ u l d  provide claw on the 
I 

more recent themzl. coi~di t ions  j.n the reservoir. 

The diffuser design 2nd t thcral  mixing patterns are analyzed on 

the basis. of e ~ i e l l c n t  modeling studies conducted for  thc Brmms Ferry  

si t c  . Holver , the Sequoyah sta tcmcnt- docs r.oi inzicaie the manner in 
Appendix M 

which the dxta fc~r the ho\,q~s Perry nlodel has been extrapolated to  the 

Scquoyah s i t e .  Iliscussions of thermal patterns, reservoir thermal 

behavior, and associated cnviromntnl  cf fects presented in  the. stater~cnt 

a rc  nencrallv bnscd on steady- s ta tc  pllysical modeling clcvclopcd for tllc 

Brow~s Pcr1-y Plant. In addition to  the probl n ~ s  associated r i i  t l l  trms ient 

and low or no flow co!ld i t ions, diff  crcnccs i n  physical am.ongc~r.c"n t 



of f;ici / j ti t*s ( j  ix I:;.! i ;I:. t ? , ~  ~ t i ~ s t  tS:*,;::! ::II!I:.;:T!:c~ c:,,!*I :#;1:1 ; I !  ::c i I!C OF i It:* 

Ji1fi;sc-1. 011 a ri]  1 sczt jo;: :!t 2.'i.:;:.*:!..:i!j xi  11 ca~!sc Ji sc:~c?!)~i:cjcs i n  1):'- 

dicl ia?ns. Ss::\c !!:c:lti~il i s ;:i.;c!c ~f i!!!::lif q.tj.;fc ~ 3 ~ i  .?ti oil i l l  tC'!l;;>Cl';lt! Il'Pf 

pred j cted, 1 . t  ] i t t lo  j l l f L ? : ~ ~ f i 0 ; i  CJI q i i : l l t i t : l t j ~ ~  t l i  f fcrcncrs j s prcsr;;l'c:l. 

Additional ~!?~ysic:~l.  ~laclc'linfi \,o.~l d bc dcsi rr~!\lc usins ;)ro;~uscd structurr? s 

i n  tile river to  r.iar.,> ilcccr?tcly prcdi.ct tc.:tpcrature patterns and m i s i r . $  

zoncs 10lici1 \<j . l l  e s i s t  a t  Se;;uoys!~. 

Our indcpcr~dcnt malys;.s prcdizts t h a t  with suCfi.cie!~t flow to col-e 

thc hcatcd water atmy fro:; the diffuser conplete nkiixlg t t r i i l  tzkc place 

i n  a shart cli.staricc (less than 100 feet) fro!n thc difhiscr. At s t agnx t  

or lo.,.: flows, th i s  wsl.1 not b2 acto~plishecl. 'Ifith tl;c average s m c r  

f l o ~ s  of 27,000 cfs, d ~ c  mixed tenpraturc w o ~ ~ l d  bc 4 - 5 O ~  abeve anbient; 

-. 
I ~ .  i r I :  1 -  i t e  : I : .  F~~rt!~~nr,nrc..; i t is 

important to  note t!lat \cllen the m i ~ c d  temperature is close t o  the 

equilibrium temperature, heat dj ssipat ion frm the plme t o  the atrilosphere 

bebccen the s i te  and Chickznauga Ilarn @bout 1 2  miles) w i l l  be mininal, 

and t he  heated ;<ec!gc w i l l  extend to  the dm. 

The statcment contains two additional itcilis of data that  are of 2.6.4 

concern froin the stalldpoiilt cf enViro~xiental. impact. F i rs t ,  on the basis 

of historic f lovs and tenpcrature, a SOF r ise  rnuld be cxceeded 

a signif icanl- ;)c:?.-centagc or the t h e ,  cven if the h a t  :d clisch~argc were 

completely m i s c : j  v irh  the iui,.ai T i ~ c  ef ::is rcsc~~ycir. P c c c ! ~ ~ ,  th? 2*6*1 

statement-. postulates that  no more than 75 perccrlt of the cross-sec t io~~al  

arca would bc uoffcctcd; t h i s  seems excessive dlcn viewed against the 

National Teclm j cal ;dv isor). Conni t t c c  t o  tilc Secretary of the Interior 

on Wittcr Quality (XI'IC) rccomrcndation of 25 pcrccnt. 



?rc!:(*lit I: T.-, rt $,;. 1 j;,, . ; t ~  I .  ;;-,i-3t;t-i{ t?lp;*~y! i cr i tcr i  1 !it? 

. . .., 
. I  i I , ; 1 s 1 1 .  'li;c dcsi q:l 

I . . 
t l l cy j  1 c : - : :  ; . 1 : : I  c t!!? o?. l.",l:iil 

* ~ a i , i ~ ~ ~ s r : *  si:*nt.l:ads of 9 . 1 :  :I t c n ; - e r a t t ~ ~ . ~ ~  r j .5~ 0: 10'1: 

over nstural tc;.;?.?r+tures ri?~ich licr:: c::cc;ite:l E r r 1  C j i ~ c ~ n l  by Ci?I 

prcii.c.:~r,::or apcii~ricr. Accordj 1151 y , na ceoling is  prwiGcd, and the 

hcatc.? cci:jq!ls~~ i s  t o  bc dischargcd directly to  C!~i~k;.i~ii.t$~ 

Rescnoi:. tllro:gl~ tithe propostd Ziif~iser systai!, il,d~icll i.s designc3 to 

provide r ~ p i d  ~ii>:illg cf heated condenser i n  tllc reserzoir . 
I t  is nnticipr,ted tha t  Tcm!essec lri 11 propose t!~crr.lal critcri.a of 

30.5'~ (36.   OF) r.nd 3% f 5.4'~) n7zi:i-m r i s e  above naturally occur r i~~g  

tcmpc~.aturcs \;i~icli arc expected to  be acceptable by EPA. Mscd 011 data 

nrcsri~; pci i n  tlic statcncnt (;;i?~e~; S-22 ti.,~-mgil 5-24, TaI~ie i5 : t~ tJ  Fj-gur cs 

20 and ZI), sigrificafit periods of violatj.cn of thcscse c r i t e r i a  d.11 exis t  

without S U ~ J ) ~ . C Z I C I I ~ ~ ~  13eans of cooling even when c q i e  t .2 nixi.ng the 

t o t a l  r ivcr flow is assdned (zn unlikely si tuation &ring part  of the 
2.6.4 

year). A major prouisio~l of thc Tennessee :irater Quality Stmclards is 

tha t  the s tsxdards must be net a t  "insta~~tancous mininilan Elov:" on 

rcgulatcd stream ; th-rcforc, vio!otions undoubtedly would occur i n  a 

sj  gnif icantly l i l i * ~ ~  number of d y s  rilien instantaneous Z1.m a t  the s i t e  

is lo\(. If corplcte mixing docs not occ~ir, the f r q u e n g  of violation 

of thc abovc cri.tcria as \ell as the 93"~ mzsirr,um end 19% r i s c  c r i re r ia  

would bc grcater than estimated. If thc c r i t e r i a  of 86.9'~ maxi~mn and 

5.   OF r i s e  is approved, tile f ac i l i ty  is cxqmctcd to  have consiclcrable 

dif l icul ty  cniplying rqithout auxiliary cooling. 



In r ~ . < c r ~ ~ i i  :(.: tij J ,!'it' :; 1-cc ;! .:iie:iJ:!t i ~ : i  Ior tI!~:>ti:i 1 1 ii3 i tS i t ; * ; ~ l  ii::.b 1 c 

t o  t l ic  i.:.::?ch ~ ! I L .  '!'c-Ix:~~FcL~ ?.it:z:- * q : j  t ; i i ;~  t11c St;~t.c 03 i',l:;b;i:!?i!, 'lqt.>t 

S ~ C  ~ C S  It. . . i t  ;!;is b o ~ c ~ ~  ri:;\,;:.tr.d jriro::;::1?1y that  Ei:.! is no:< (.Cici?tc:il~::r 

1971) rc;u!~sidc.rin;.; th2 SC:"? :::,;~IGLLC:~~ recc~i,:cn:?c~ i l t  t!;e ;.pi l 19?1 

C c f i r ~ : . ~ , i ~ ~ .  . ." [1-"1:e 5-8) . E!'.l I b g i ~ i l  nr is not c?~;src cf ary SS\:CI~ 

bc adoptcd. 

I t  is stated t l i ~ t t  "t:ier--.- ...al. limits \\*ill. be r,ict by e i ther :  1) rcpt1:iting 

streaxif l o ~ s  z t  the Scquoyd~ si te,  2) decrersing pmcr  lei-cl, o r  3) a 

conbillaticn cf bath." If strcrdrt.flo~~? rcjrulation is used, v i r tu2 l ly  

conti~iuotrs disc!lcrjc~ frmi tile L'atts Ihr and Chickarauga l~).droclcctrir, 

plants v : i l l  be required becausc tanperatarc c r i t c r i a  v:o'~ld have t o  be 2.6.4 

pat 2: 3j.1 ;WCC.%..+.'"".-- 1- - - - -  - ' 
r a * a  r u ~ r  rrrlrcv- Aruna. 111~s \cwui(i, i n  effcc'z, r m u i r c  the oner- 

a t jon of these y1:aits t o  be changcd basically fron a peaking t o  a basc- 

load t y - c  operation rdiich is undesirable f ro:n an econu?~ic s t z ~ d p o i n t  . 2-6.7 

Power level rsduction is also  uridesirable ciuring ycriods of his11 den1.1a.J 

which arc l ikely  t o  occur during periods of low natural  streamflm. 
I 
1 

Both of these techniques appear unlikely for  application in a r ca l  s i t a t i o n  

since pm'k pacer dcmai;ds froa a i r  conditioning usually coincide ~ i t h  

 lo^ Elox pcriods and low rcscmoir  vol~onc periods. S i ~ c e  .Sequoyah \t.oulcl 

be a bnsc-load s tc t ion and peak pmcr daa3fiJ.s t l~rougho.~t  the Flil connected 

poxr  poul are likely iu coincide, potter system opcrtltors'would 2.6.1 

probably be rclactant  t o  cutback the Sequoyah operation. This assumption 

is reinforced bj thc current concern over pmer  "blackouts" 

or "bro~mouts" v:l:11icli a rc  a r p n c n t s  against flow a~lgnzntat ion 



tlw t oal y thc lower 1l;ii i of the! C!i icLa:nup 2?se:"ioir 13s significsnt 

S ~ I M I ~ I I ~  a1~c35 for i q o r  tnnt orgazis7;:s, espccial.ly i i s l ~ e s ,  because the 

u p p r  half of t h e  rcjcrvoir lac13 tlic s h n 1 . l ~ ~ :  v,-xtcr arms necessary for 

spa,ning lmbitzt. ;lp~rosjn~tel;- tc3-thirds 01 the cross-sectional arc3 

fa rc fu l  sci.lidny of Figure ?l dlwing. t k  m1~1 taiperature i ) i i t t e i ~ l ~  

f o r  1966 throilgh 1170 i n  t!:c rcsericir anh t q e r a tu r e s  that ~ m l d  

have occurred had h m  wits been o~era r ing  tllrough those years, reseals 

that smter talpcratw-cs rmlild not be very t o  the organins of 

inpcrtnnce ill  this reservoir. Horsevrr , s wry critical pcriod frcn \kwh 

through occ~rrs d ~ n  ,,my iportc ia t  species in t l i r  rcscrvoir will be * 

spawning. Ddri~t;. t h i ~  period, a t r m c  trrqcraturc fluctuntims are t o  be 

cqcctcd.  For c::unplc, if thz two wits h d  bccn o p c r r t i n ~  in  1967, 

to  60°1: up to  a~~roximatcly 95%. such riscs in  tepexature w i l l  be 

devastating to :my spccics of fish t ha t  spavxs during that pcriod. Ex- 

perience sllows t h a t  only ndnor tci~q~craturc r i ses  car be tolei-ated i n  

waters in this latitudc d ~ l r i i ~ g  thc period v:hihen cggs are k i n g  i n d n t c d .  



i t 1  r l l ~  stati-tcsnt. I;: is c I c ' ~ ~  tiat t i c  f ~ i ~ l o g i c ~ l  jx?:ict of ti1j.s d i s -  2.6.5(2) 

charge 1:i.Il be :;rac.;ltcr dini~l, :  thc  period cf l a t c  ?%rch, April, 3116 12s). 

than J:uj 1:: 0tl7#:2- t i;::2b of t l l ~  y e n .  FIuctus Ci~ns in tcsperatlirc, such 

thc 1;lrgc pcrcentcizc oC the crc-a that will be affccteil i n  thc  lo*;:^;. h s l f  

pf the reservoir rshcre s p z ~ .  .ing and rcprod~tction principally occ.11'. Re- 

gnrdlcss of riha t tcilk~l-a tu re  stacd;trcIs arc f iniilly approvcd f or  t h i s  body 

ohmicr ,  tkcy wi l l  not be protective unlcss tmperatures are ca rc f i~ l ly  

and cri t icaliy conirollcd during the spring months of re;ruduct.i on. 
- .  Tho C t Z t = ~ ; i t  b ~ r l ~ ~ u c e s  t n s t  z-.n i~crcasc  i n  water t a i p e r a t u r c  outside 

the ~nisi.ng z o ~ c  to  a11 areragc of 93'~ i n  the cross section and a rise over 

natural tci::pcrature of 1 0 ' ~  w u l d  not 11ave s ignif icant  adverse effect on 

aquatic l i fe .  I t  is indicated d~at  t h i s  position is ' a sed  on "W.4 smdies  

a t  its orin fossil-fueld pacer plants and the cxperic~lce of others.!' The 

statcnent clocments t ! ~ s  with: 

1. A list of f i s h  species present i n  Chickamaug;l, and a discussion 

of the i~liyol. tc~~c: of thc estcnsivc overbank areas bclar  the f a c i l i t y  as 

nursery areas fa. fish ruld f i s h  food organisr ,~~.  

2. nr.A c q x i c n c e  with heated wtcr a t  two ex i s t ing  f ac i l i t i e s - -  

h'idorcs Creck on Sitntcrsvillc Rcsenroir and Paradise Stem Plnnt on the 



instal ir4.i co~ling t ~ : i z r s .  : I1cvcrj  C:ICC 0-i-i;crs1I .is ~ j ~ t  dj s ~ L ~ ~ s ~  J 

nor is any piill i s h  22 m-tcrial quoted. 

Rou~hly s i x  l.?iles p i  tlic Cl1icl:amuga Ressmoir v : i l l  be afCc;:cd by 

the hot-ls:atcr disclmrge al:d \(ill c.\prricilcc cle~rated t q > e r a t u r c j  frc;r. 

the f loating wnn t:a:cr. Tnc rVmt specifically points out thnr tllc*sc 

tfnlperarures \\-ill stii:i;~late metabulism and food conr~clption by organisns. 

tmperaturcs over a distvlcc of threc miles up and dobn-strem ' f r m ~  the  

diffuscr , or an arca cf threc and one-half squ3re miles. lhis constitutes 

a loss of 6 to  7 pcl-cc?!lt of the surface area of the tc,tal reservoir or  

12  t o  1 4  percent of tho surface arca in the laier half of the rcserx-oir, 

the half diere nast of thc spa~millg h O i t ~ t  occurs. F u r t h e m e ;  there 

, 
are t 1~mia l  discharges upstrean from this  plant,  zmd tlq.ey could add t o  tile 
effects of tile pl-c~posed discharge. Some oZ the more Jlczt sensitive 

species h:!lre alraa2y fa i icd to reproduce successftrlly in  son.- years; the 

frequcny a: yckrs 'durirlg tiilicil W I S U C C C S S ~ ~ ~  re~roductiort occurs could 

be increased in the area of th is  discharge. 



accorc?i~~g t.o Figure 21 ,  r ~ s ~ ~ u r n  c l c v ~ t i o n s  in  taqcratures \ s i l l  occur. 

The s tatcr!lcnt c?srin~tcs tilc 2 about 75; of the rescnrsir cross-scction 

absolute barr ier  nlay no";om, the praposed rtr3sj.:;lu;;l effect  pltme coal2 

cause a sevcrc hindrance to  f'ish mi.gration. Ttle 7152 statefi>znt adlclrr?sc(rr~ 

j t q ~ l f  1.n this ;:;.;Z;l~,'t .tb 2:ilcws: tl'lhe probability crf f o n ~ ~ t i o n  of 

a thcnlal bc7rricr is judgcr! t o  be insignificatlt;  therefore, na i;;rpact 

on InolreEient is predicted.. . Passage t lvs-~gh th:, heated water could be 

either bcnef i c i a l  or adverse btt r v i l l  .not be l e tha l .  " H401\.e\rer, no d3t3 

arc p~csentecl, and these statenents are inadecpatc t o  evaluate potential 

e f iec t s  of the  hccltcd Itatcr on sp3~11.i1lg 1;tovccents. 

On page 45, it is notcd that: "...within two miles of the diffusers,  

the heated wter  ,:rill have s~rcad  o w r  the f u l l  width cf  the rcsenloir.  

This may resu l t  i n  soae wan::ing of spawning areas i n  sFsa1lc!v~ er!!bn>zcr?ts 

and ovcrballk arcas, and t h i s  may accelerate spa~ming tiines and egg 

development ." Spawning, egg dcvelopncnt , and egg hatching under undis- 

turbed conclitiot~s is syncllronized v i t h  thc sva i lah i l  i t  y of ' food for the 

devcloping fry and fingerlings. Early hatching as a rcsult of elevated 



reproduc t i~~e  SiiiCCSS cnd sur;i;.al of scu::c+~, rJ1itc bass, s:nd a l ~ s c  

movc;;::n t s , gor,z;l<i ! r!e\-clop.:;z11t , nncf ~ 2 ;  h s t c h i i ? ~  be affec tcd by the 

heated irzicr. As to nest-  klilciinp, species, szc!~ as inrgc-izoutll and 

and thzir fac.od i i ~  tlie f~zm of z o ~ p l a i ? b t ~ ~ ;  .a< aquztic insects. 

The plailtfs disci~arge of: heat will i~lcrctlse the rcserzoirls 

tanpcratu..-e .and give a cocpc:i:ilre cdgc to the nore heat tolerrint spccies. 

Rough f i sh ,  hlun-grcen algae, a133 other less desirable aquatic life 

will be favored. L?t!~cr significz.?.nt species i n  the rcser-voir such as 

largc ~011th  bass, i d ~ i t e  bass, and chalu:cl catfish ]nay \ceucll benefit 

sonie~rlia t fro:n the hcatcd discllilrgc. Thcy arc li'isly t o  ccngrcgatc in  

the arc3 ?f the disciu:-gc a d  fecd on thc 1;illd :qrganisri in the COIIJCI'IS~~ 

wtcr ss ;.ill as fecd on organisas that inay be rtimulnted to 61-ow in 

the heated discharge area. ilorccver, no analyses arc prcscntcd to 

dclincatc the cifcct of plan$ sh:dct,n @la~lrcJ. or tmalticipatcd) on 

tllesc spccics. 



kill as n rcsi11: of t h c  dix:;~cs~-ai~cc of t!~> pliil;c.. :il~~l~fi~;~ t]lis 
I 

.-,.-.qi ..A' ~~otlld bc mtrc:.sihic erCcc: RPJ slio~rld not dr;~atically a l t e r  the p , J - A U L ~ C ~  

structure of the biota i;l 1.11.. rcsert-oir, it is likely to be ollc th;t is 

visiblc to tlic pxbljc.  

Becausc cler:!iled clati! iire 1acl;ing it is not possible t.o adeqcataiy 

asscss biological C!I;~~I~CS is n result of cntrzi~x:;nt of tl:c ?la?l:ton 

popul2tioil. nl~? rescl~rojr is highly prodl;cti\rc, an3 it is cojlccivable 

that the kill of ~ c o p l ~ ~ l k t n :  a:id ph?;c??::r.kt;n :hy~~;d~ n , t r s i m c n t  i l l  

the  pl:.?lt cooling mjgiit );x,*c a Lencficial cffcct in reducing the 

product-jcity of the reservoir a i d ,  tllcrcby, the algal bloans. . 
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Appendix G 

. 
Post~rlatcd accidents h-irc been divided into nine (9) classes j r l  

2.3 

j v - + A l r i b j  r 
- #  ---- a - 4 w  awa l , ~ ~ . l i i t ~  3ki0i1 CIT: L m l ~ ~ l % : ; ~ ~ t a l  

Repcrts; t h i s  guidanie dis:::isscs accidcm Clitsses 1 and 9 2s t r i v i a l  

and incrcdiblc, respc t ivc ly .  Crn this basis, the ISC guidelines i nd imte  

that  enviromlentnl reports nccd not address e i the r  Class 1 o r  Class 

9 accidcnts. tlolicvcr, it is not clear that t h i s  g~~id .mce  was inte~ldcd 

to  apply to e:nri.ronwn.zl stotcrrmts, and it hould seen that  these 

acciderlt classes should be ci-nluatcd i n  balanci~lg tile t o t a l  r i s l i / hne f i t  
t 

of nuclear po~ccr. In the case of Class 1 acci5?nts, for exmpl.c, the 2.3 

release of smll cluwtit ies of radioactive mqterinls within the co~ltairzncnt 

vessel (such a s  ;null routinc reactor ccoimt lcnlx vlon thcre is lcnkirig 

fuel cladding) h-i 11 resul t i n  release of substantial  q w n t i t i c s  of radioiodines 

(rclntitre t o  tho yearly t o t a l  rclcascs from the p1;mt) t o  tiic etlviror-qmt 

when tlic colitajnic~lt is purgcd. I t  is possiblc t o  co:ltrol t h i s  rclcase 

by prnvidilig it cori tniir:~cnt purge exlwus t vent i l n t  ion flow p : ~  th thr01:gh 

the n l ~ x j  l i  ary hii lding gas : ~ - c a b r l ~ t  system (fi.PX;?S). cost/bcllcli t 



- * Sjii1.i; .:rl)., C1;:s.q P; ; s ~ c  J L:ti;t.= s;,c;:i j ? ~  ~ ; - - f *  I . .  -' * 7 r i  0 ? 2.3 

t l ; ~  c!iti;.c (;,:2~i.i0!: of p j:;-z;! :;I ~.;,--~i:r -c-j ::cnr- kl part- " di,kL-~~tt ,  s - :--- ~ - 2 1  ;L ;~YP 

-. 
t t ;  i : f  1 :  2 : ; ; .  In ad.ircssij:g C1z.i~ 9 accidsy:c-, it 

s l ~ ~ l l d  bc clcnrlj- i~~dicstt-:.l t;;lsi cd2i=i.ol~al fi~j.ii;rc or fcilurt-s v;adld 1)s 

reqiircd t o  .prc;::ress Erc~rrr n C?;LL~S S nccidcnt jnto a Class 9 accident. 

R ~ T ~ ~ C I X I O ~ C ,  i t  is p~ssih!? tiiat the pro!xSility of these ~ c c i d c n t s  1:s). 

incscasc as ths plant ages. 

In Class 2 sccidcnts it is asmer i  t h u t  i n  file event of a prizs~:y 
2 - 3  

coolant leak i n  tlie a ~ ~ x i l  l r i ~ : . ~  lraildir,g , tk,c leak !.:ill cccbir dz.;js ire-: 

relecscd \<ill be "negl igiblc" . Ntw reviewing the s d l m a t i c  diagrms 

of the d~er~lical ad mime control systcn, it is not obviaus tha t  the 

leakage necessarily xi11 occur after d~~nincral i iot ion.  In any event, it 

is not clear d l a t  type of resin is used in the dcnincralizer and ~ iha t  

iodine deconteninotion factor (DF) was assuned . 
2.4.1(4) 

I t  is stated tha t  thcrc are t ic0 d~arccoal fiitcrs i11 serics in the 

ABGTS ; Iloever , the PS4R docs not h d i c n t r .  t h ~  ~~res.-ce of tliu f i l t e rs  

in series. 11c DF assu~icd for each filtr?r or c~r&iiistl\j~l of filters 

should be indicatcd . lrhilc the f iltrilt ion capat-i l i iy providcd by the 
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storage t3:.k, e .g . , !>!:il;:iiry v::tsr i~sk~t lp I-::!&. iiddi.tio;?sl p-otccti C ~ I  

I t  app3rs fro!:i o,-,crationsl e>q>erie!~ce that  Class 3 ~?ccide~l t s ,  

ufiintcn:led 2c;idmntr?l relcascs of liquicl or gaseous lrastes, 11mc cccurl-cd 
2.3 - 

due to  h ; ~ ; ~ m  error ;~iii/or eq~ir : i~ i l t  Cailurcs. Thercfore, there s'i~ould 
b 

be opcr:ii-io~~al data by diich a I-ca1istj.c prsb;:l:llity for  Ckss 3 accidelits 
2.4.1(1) 

for  pri;~:a~-y safeg~arcls against rel.cascs sucll as inclusion of a single 

o r  nrdltiple lock and kcy system 01.1 discharge val\?es. 

In c v a l ~ i a t i n ~  Clcss 5 zccidcnts, Ilrk assw;!cd that  most of the iocliws 

charcoal systcn on the 

addition of this f i l t c r  , vhich, incidentally, i s  nor 2.4.1(4) 

doc~~cntccl  i.n t he  PS.U, is a positive adcliticn t o  the Scquoyd~ nuclear 

units ancl si~ould resx1.t in releases which .trc i2s low as practicable 

collsistent rlith present techlology . I t  \:.or11 2 be hclplul t o  s t a t c  the 

efficiency of this c1:ascoal f i l ter  as \:ell a:. the iodine pfirtitioil factor 

in  the conclcnscr and/or tin-ough re l ie f  valvcs. 
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. . . :,-.IS t >.-v 1.e 

to I;? clj;-~>:: L C  d t I j ~ .<~ i i~ ,~ :  i$f;'[S, t]iis t.k:;:? ;l;tt:r;~::l ~ ; Q I I ~  j;>t l>c s~ 

cr-i t i cal ;rlsc1 a t i rc  t~ c : - z? ; l ; ; t i c~~  cT rzdio?~p.ic;t! c;~ .cp  c:,:la-Lp:cnc-s. I:, 

order to a.Snl*.e I : rcle.-!sc.d as ;I cc;:sec!um(:e of tl1c-r 2.3 

be i n  use !-:5cnever irrzdisted f w l  is hzndled it:  the coi:t;;i~~!ne;lt nn{:l;cr i n  

the s?c.nt fi:cl p i t  area. This coi:.il.tim w u l d  significanay rcdtec t l ~  

fitel Iivldlit y .;ccidect s . In oddi t i o i ~  , t i~e rc  siwuld be sdlsicni:inl 

fuel  hznill in; based on o2cra ticrial cxpcr iencc . 
be uti l ized to dctenine accicleni: PI-ohabilities for  the f inn1 ex3 A * '  i r c r -~c i~ ta l  

s tatcinent. 
2.3 

Tlle Class S control rod ejection accident has been analyzed by n'l? 

assuming a 0.25 failed fuel source t e n  with n mlcase to  the cnviro~xlc~~t  

occurring vi.? contairurcnt leakage. i!o\e\ver, the s tntene~lt  (pi 5-10?) 
' 

indicates t l~i~t  "failures could occur a s  a rcst.1.1t of th i s  tra~:sicnt," ancl 

the PS:m indicates that 101. of rho feel niglit ii~clcrg6 clr.drlizg failure 

. '4 2- 2 5 )  , I?;..;, :!;c radio?Ggic-l c-zcc:!; i;f ibieS z c ~ i ~ ~ j - , ~  sl iguld 

rec\*alua t ed including tllc addit ionnl source ten: rcsul tine from t ? ~ e  

danugcd fuel. Also, the bases for  tl;c sourcc terms should bc presented. 

Furthcnnore, this type of accirlcnt sllould bo evaluated assuning a pri:~ii~ry t o  

secondary s idc stcan generator tube lcnk. 
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e.p. , i : , , i l i tac t  cc!it:ci: i,~:;?:pd s ;c;E!l gi;i',2rat31-s, mlirc 

WI\:CS , CC*! ld.?i~~er j ra~ I ; !~?l  p ~ t , ~ : .  . . 
Tile si.ytc.;,i;t iqs'ic.ttes ~.b:i t  tile re?cnsc of rcdic:;.ctjve r.ste.rjnl 

due to  a ~ t t ~ : :  gc:lc.I-a:or t ~ i 5 e   ti:^ is "less thzn" for ths paill s : e ; ~ ~  

line miltare aciidc~t . T1:is is incoilsi stml t with i h ~  duto prcsentcd. Appendix G 

In acldiiio:~, it is not c lear  i f  tRc caln;lztc?d accidc-nt consc-qce~ces as 

evalulted i n i l v d ~  dosc co:1trib~2ia:s du: t o  1)  exist ing srcondoly s ide  

f iss ion proZ~!?l?ct activity releasccl di:rinn pl ;:::t cool-dmil a12 2) p'icialy 

coolait  lsnknge t l l ro~i$~ the intact s t e a l  ~eti.nrr tors d c ~ j z ~  L\c tgi)i - G u % ~ ~  - 
perioa. f o r  the latter, it does not seem justified t o  assme t?lat a l l  

l)le dra f t  en\~iroirrcntal statan3nt notes that a Radioiogical 1 .5  

Emergency P l a n  (?a?) is being p r q ~ r e d  f o r  the Sequoyah Gaciility. The 

TkrA plan shotss a clear vitli~e of rdzquate p l a ~ ~ i i n g ,  and it is indicated 

tha t  the p i m  r i i l l  be coordinntrd 16 th  off s i x  suppert groups rrqlich 1~j.11 

illcluclla Fc&zral, s ta te ,  and local  2zcncies. Iff2 are basically in q r e e -  

J I I C I I ~  v i u ~  t h ~ s  n;)proach. On p q e  5-115, the stact.ment L~gl ies  that 

site boundary ~dlole body doses during thc course of the loss -of -ccolant 

accidmt \sf~uld be limitcd t o  l e s s  t h m  6.6 mrcm througll tllc inp1em:xito- 

t ion of s i t e  radiological emcrgung pzans. It is  110t clcor if  this means 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION I V  

1421,PEACHTREE n.. N. E. 
ATLANTA, GEORGIA 30309 4 E p  : CHK 

Dr. F. E. Gartrell 
Director of Environmental Planning 
Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

Dear Dr. Gartrell: 

Reference is made to your letter of November 12, 1973, 
relative to the Sequoyah Nuclear Plant. Due to the imminence 
of issuance of the Final Environmental Statement and the 
difficulty of schedulinq a meeting in December, a meeting 
prior to issuance of the Statement appears impossible. 

Therefore, we will review the Statement when received 
and subsequently schedule a meeting should any issues remain 
unresolved. 

Director, 
Enforcement Division 

Enclosure: Letter dated 
November 12, 1973 



FEDERAL POWER COMMISSION 
WASHINGTON, D.C. 20426 

Ilecember 30, 1971 

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 October 19, 1971, requesting 
comments of the Federal Power Commission on the Tennessee Valley 
Authority's Draft Envir~.;mental Statement for the Sequoyah Nuclear 
Plant, Units 1 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. We understand that 
possible effects of the proposed facilities on th5 natural environ- 
ment are being analyzed by others. These cements are directed to a 
review of the need for the facilities as concerns the adequacy and 
reliability of the bulk power electric system, and are based on the 
Tennessee Valley Authority's Draft Environmental Statement, the 
April 1, 1971 submission of the Southeastern Electric Reliebility 
Council (SERC) made in accordance with FPC Order No. 383-2, Stetement 
of Policy on Adequacy and Reliability of Electric Service, and the 
Federal Power Commission staff's independent analyses of these documents 
together with related information from other Federal Power Commission 
reports. 

The project is located on a 525-acre site on the west shore of 
Chickamauga Lake on the Tennessee River in Hamilton County about 18 
miles northeast of the City of Chattanooga, Tennessee. The 2,250- 
megawatt plant will contain two 1,125-megawatt steam-turbine-electric 
generators with pressurized-water nuclear reactors. Unit 270. 1 is 
scheduled for commercial service in April 1974 and Unit I:o. 2 in 
December 1974. This new capacity will be wholly-owned by the TVA 
and will augment existing system generating capacity and that of the 
Southeastern Region. 
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The TVA's  system i s  the  Nation's  l a r g e s t  e l e c t r i c  power system, 
cu r r en t l y  with 19,800 megawatts of i n s t a l l e d  generating capacity.  
This publ ic  power gerieration and transmission sys  tern s e l l s  power t o  
160 municipal and r u r a l  e l e c t r i c  cooperatives,  46 i ndus t r i e s ,  and 11 
Federal customers located i n  a supply a rea  of 80,000 square miles 
and with a population of s i x  mi l l ion  people. The TVA's system i s  
interconnected a t  26 po in t s  with adjacent  systems with which i t  has 
power exchange agreements. 

The Applicant s t a t e s  t h a t  the  Sequoyah Units No. 1 and 2 w i l l  
be required t o  meet the an t ic ipa ted  system loads during the  1974 
summer peak and the 1974-75 winter  peak periods. 

The Need for  Power 

The need f o r  the new capaci ty  of t he  proposed u n i t s  w i l l  be 
evaluated i n  r e l a t i o n  t o  the  1974 summer peak and t he  1974-75 winter  
peak periods which immediately follow the  c o m e r c i a l  se rv ice  da tes  
of Apri l  1974 for  Unit No. 1 and December 1974 f o r  Unit No. 2. 

The data  tabulated below show t h e  loads served by the  Tennessee 
Valley Authority and the Southeastern Region and the  r e l a t i onsh ip  of 
the Sequoyah Units No. 1 and 2 t o  t h e i r  ava i lab le  reserve capac i t i e s  
a t  the 1974 summer peak and 1974-75 winter peak periods.  These a r e  
t he  an t ic ipa ted  i n i t i a l  service  periods of the  new u n i t s ,  bu t  t h e  
l i f e  of these u n i t s  i s  expected t o  be some 35 years  and they a r e  
expected to  cons t i t u t e  a proportionate p a r t  of t h e  system's t o t a l  
capaci ty  throughout t h a t  period. Therefore, they w i l l  be depended 
upon t o  supply power t o  meet f u tu r e  demands over a per iod of many 
years beyond the  i n i t i a l  se rv ice  needs discussed i n  t h i s  report .  

TVA System Reserve Margin 

1974 Summer Peak 1974-75 Winter Peak 

Without Sequoyah Units 

Net Capabil i ty - Megawatts 25,319 
Load Responsibil i ty - Yegawatts - 1/ 21,690 
Reserve Elargin - Megawatts 3,629 
Percent of Peak Load 16.7 

1/ System load p lus  n e t  of f i rm r ece ip t s  and de l iver ies .  - 
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TVA System Reserve Marpin 
(continued) 

1974 Summer Peak 1974-75 Winter Peak 

With Sequoyah Units  

N e t  Capacity - Megawatts 26,444 27,708 
Load Responsib i l i ty  - Megawatts A/ 21,690 21,640 
Reserve Margin - Megawatts 4,754 6,068 
Percent  of Peak Load 21.9 28.0 
Percent  of  Reserve Represented by 

t h e s e  Uni ts  24.2 37.1 

Southeast  Regional Reserve Margin 

Without Sequoyah Units  

Net Capab i l i ty  - Megawatts 96,358 101,118 
Load Responsib i l i ty  - Megawatts I/ 80,353 77,106 
Reserve Margin - Eiegawatts 16,005 24,012 
Percent  of Peak Load 19.9 31.1 

With Sequoyah Units 

Net Capab i l i ty  - Megawatts 97,483 103,368 
Load Responsbil i ty - Megawatts l-/ 80,353 77,106 
Reserve Margin - Megawatts 17,130 26,262 
Percent  of Peak Load 21.3 34.1 
Percent  of  Reserve Represented by 

these  Units  6.6 8.6 

1/ System load p lus  n e t  of f i rm r e c e i p t s  and d e l i v e r i e s .  - 
The Tennessee Valley Author i ty ' s  system i s  a win te r  peaking system 

and i t  p a r t i c i p a t e s  i n  seasonal  d i v e r s i t y  in terchanges  o f  f i m  power 
wi th  the  sumner peaking companies i n  the  SERC region and adjoin ing 
regions.  A p a r t i c u l a r  interchange arrangement of note  i s  the  1,500- 
megawatt seasonal  exchange between TVA and the  South Cen t ra l  E l e c t r i c  
Companies. A t  t he  time o f  1974 s u m e r  peak with Sequoyah Unit No. 1 
i n  s e r v i c e ,  T V A ' s  system rese rves  a r e  e s t i n a t e d  t o  be 4,754 megawatts 
o r  21.9 percent  of  peak load. A t  t he  1974-75 winter  peak wi th  both 
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Sequoyah Unit No. 1 and No. 2 i n  se rv ice ,  system rese rves  a r e  es t imated 
t o  be 6,068 megawatts o r  28.0 percent  of  peak load. I f  these  u n i t s  a r e  
n o t  a v a i l a b l e  t o  meet these peaks, r e se rves  w i l l  be reduced t o  3,629 
megawatts o r  16.7 percent  of  peak load and 3,818 megawatts o r  17.6 
percent  of these  peaks, r e spec t ive ly ,  

Southeast Regional r e se rves  a t  t h e  time of t h e  1974 summer peak 
a r e  est imated a t  17,130 megawatts o r  21.3 percent  of peak wi th  Sequoyah 
Unit  No. 1 i n  service .  A t  t h e  time of t h e  1974-75 win te r  peak wi th  both  
Sequoyah Units i n  se rv ice ,  t h e  rese rves  a r e  es t imated a t  26,262 megawatts 
o r  34.1 percent  of peak load. I f  t h e  Sequoyah Units a r e  delayed and n o t  
a v a i l a b l e  t o  meet these  peak per iods ,  the  rese rves  w i l l  be reduced t o  
16,005 megawatts o r  19.9 Tercent of peak and 24,012 megawatts o r  31.1 
percent  of  peak load, respect ively .  

In t h e  fast-growing Southeast  Region, the  rese rve  margins f o r  both 
TVA and t h e  SERC region during t h e  1974 summer and 1974-75 win te r  peak 
per iods  a r e  considered s a t i s f a c t o r y  with the  capac i ty  o f  t h e  Sequoyah 
Units  1 and 2 included. Without these  u n i t s ,  t h e  reserve  margins of 
16.7 percent  f o r  1974 summer and 17.6 percent  f o r  the  fol lowing winter  
f o r  the  TVA's system a r e  l e e s  than what the  Applicant considers  t o  be 
of  minimal order  of magnitude t o  provide t h e  needed adequacy and 
r e l i a b i l i t y  of bulk power supply. A major impact upon t h e  o t h e r  region 
systems, i f  these  two u n i t s  a r e  n o t  t imely i n s t a l l e d ,  p a r t i c u l a r l y  those 
wi th  summer peaks, would be t h e  l o s s  of f l e x i b i l i t y  i n  scheduling 
d i v e r s i t y  interchanges t o  permit  t h e  necessary  scheduled maintenance 
programs t o  continue. 

The Southeastern E l e c t r i c  R e l i a b i l i t y  Council i n  i t s  Apri l  1, 1971 
response t o  FPC Order 383-2, l i s t e d  38,853 megawatts of capac i ty  t o  be 
added and i n  commercial opera t ion by t h e  1974-75 winter  peak, inc luding 
the  two Sequoyah Units. This included 3,161 megawatts of combustion 
tu rb ines ,  1,207 megawatts of h y d r o e l e c t r i c  capac i ty ,  19,076 megawatts 
of f o s s i l - f i r e d  steam capaci ty ,  and 15,409 megawatts of nuc lea r  capaci ty .  
The 38,853 negawatts of capac i ty  t o  be added i s  38.3 percent  of t h e  
t o t a l  regionally-owned capaci ty  of  101,508 megawatts shown t o  be i n  
s e r v i c e  f o r  the  1974-75 winter  peak. The two Sequoyah Units  r epresen t s  
5..8 percent  of the t o t a l  r eg iona l  add i t ions  i n  t h i s  time per iod,  and 
14.6 percent  of the  nuc lea r  addit ions.  Since the  s u b n i s s ~ o n  of the  
r e p o r t ,  delays have a l ready been experienced wi th  some of t h i s  capac i ty  
and a p r o b a b i l i t y  e x i s t s  f o r  f u r t h e r  delays ,  p a r t i c u l a r l y  wi th  the  
nuc lea r  u n i t s .  Any such delays could r a p i d l y  erode t h e  rese rve  
margins analyzed above. 
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A l t e rna tes  t o  t h e  Proposed Uni ts  

Any r e l i a n c e  upon t h e  purchase of  f i rm power, i n  a d d i t i o n  t o  t h a t  
a l r eady  scheduled, from o the r  systems loca ted  i n  t h e  Southeas t  Region 
o r  adjo in ing regions  i s  not  p r a c t i c a l ,  s i n c e  these  systems c u r r e n t l y  
have no b e t t e r  r e se rve  margins t h a t  those on the  TVA's system. The 
systems wi th in  t h e  region recognize t h e  only s o l u t i o n  t o  t h e  problem 
of low rese rve  margin i s  t h e  a c q u i s i t i o n  of a d d i t i o n a l  genera t ing  
capac i ty  wi th in  t h e i r  r e spec t ive  systems which is  evidenced by t h e  
l a r g e  cons t ruc t ion  program scheduled. 

A review of the  p o t e n t i a l  undeveloped h y d r o e l e c t r i c  capac i ty  
i n d i c a t e s  t h a t  t h e  capaci ty  of t h e  a r e a  has been almost f u l l y  developed 
and comparatively l i t t l e  a d d i t i o n a l  h y d r o e l e c t r i c  development i s  fo re -  
seen  on t h e  TVA's system i n  t h i s  time frame and economic s i t u a t i o n .  
Large amounts of gas- turbine  peaking capac i ty  have been i n s t a l l e d  
r e c e n t l y  i n  the  TVA' s  system and o t h e r  r eg iona l  systems, b u t  such 
peaking capaci ty  does not  adequately f i l l  t h e  base-load needs of the  
systems involved s ince  gas- turbine  F n s t a l l a t i o n s  a r e  not  u s u a l l y  
s u i t e d  t o  h igh load- fac to r  opera t ion  because of the  r e s u l t i n g  heavy 
maintenance requirements and t h e  h igh-un i t  c o s t  of power produced by 
such u n i t s .  

Very t r u l y  yours,  

@A. we- h i 1  i p s  
Chief ,  ~ u r e a ;  of power' 



DEPARTMENT OF AGRICULTURE 
OFFICE OF THE SECRETARY 

WASHINGTON. 0. C.  2 0 2 5 0  

M r .  F. E. Gar t r e l l  
Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

Dear Mr. Gartrel l :  

We have had the draft environsleztal statement f o r  TVA's Sequoyah 
Ruclear Plant Units 1 and 2 reviewed i n  the  relevent q e n c i e s  of 
the  Department of Agriculture, arrd the  only corn-ent we have t o  neke 
is  t h a t  clearing, s i t e  development and construction of t h i s  pro jec t  
w l l l  dis turb  the s o i l  and vegetation on severel  hundred acres of 
land i n  a r e l a t i v e l y  high r a i n f a l l  erea. Assistance i n  minidz ing  
runoff i s  aveilable f ron  the S o i l  Consenration Service through the 
l o c a l  s o i l  and water conservation d i s t r i c t .  

Rro copies of the  statement a re  returned herewith. 

Sincerely, 

Coordinator, Environm t al 
Quality Act iv i t i e s  P 

Attachments 



THE ASSISTANT SECRETARY OF COMMERCE 
Wash~ngron. D.C. 20230 

January 5 ,  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 memorandum of December LO, 
1971. We have reviewed the draft environmental state- . 
ment covering the Rehabilitation of the Nolichucky 
Project and have no comment. 

I am enclosing an information copy of the Department's 
comments on the TVA Sequoyah Nuclear Power PlamUnits 
1 and 2. 

Sincerely, 

S dney R Galler 
Deputy ssistant Secretary 
for Environmental A£ fairs 

Enclosure 



December 27, 1971 

Ek. Lester Rogers, C i r e c t o r  
: Divis ton of Szdio log ica l  a d  

Environniental  Pzo tcc t ion  
Atomic  Energy Ccc3cr.isslon 
Washfnzton, 3. C. 20545 

k e r  Mr. Rogers: 

We have reviexed t he  d r a f t  ezvirc;~ze.ntzl ic?act stztcz-cnt  f z r  - - 
the TVA Scqcoyclh Xcclecr Poxer Plan; Ci71", 1 13r. C 2122 O L Z L =  

the following co=enrs. 

First, the environaentsl s t a t ~ z x n ~  icsclf  dcss not c c n t a i n  
sufficient i n f o r c c t i o n  on ~ e t ~ o r a l s ~ L z t l  c ~ l c u l : , ~ i a n s  zo 
ena5le xs to v c r i f y ,  2oz Instance, the dztz prezeztcd ic - n r - q  Tzble 30. 'r=ct;zver, beczuslz v;.;2 k21 ~?p(;rt i lni ty (Fz L=.CU 226 
1969) to review thz S e q x ~ y ~ h  ~lzst's S z 2 c t y  A:-i:blyzLe r.~;s-:zs, 
we have f.r,Cepcndenr Er,ost71eci~e af t h e  v z l i i i t y  32 thc  zr,?Li- 
cant's neteozologiczl  treztsent. 

Second, th2 starecent did n o t  d5sc:ss t kc  qucstio~ o2 
increzsed f rcqmncy 2nd fntensLty of stez21 20s clc?:ns~ze.z:~ .. . of t h e  p l a n t  t k t  XILZY S Z ~ S C  f r o 2  aLscnzrrge o5 .r.:zsCc i?cz: -LC:.~ 
t h e  Tennessee 2lver. ThLc xsy bs E n ~ t e n s r t h l  ozLcsicx 

* .  s incz  t h e  diszdvcztages ~f such rcg ~ z n z r ~ t i o r .  r ~ s r c  c ~ z t ~ s z c c l  - w i t h  rsfcrence to alteraztive ( C D G ~ L ~ S  z o m r  J p o x )  r.zccs 05 
@ heat disposa l .  



Third,  thc rc  - %:as no disccssion of rhz s y 3 ~ r ~ i s t l c  i:2~3129 
effects or tkc S3qc372ii t h e  c t h a r  ri-clenr 2L'r.rc i:: 

- 7  --,.-,a- operztlon or cnder cor.st:zction on the R i v s r ,  ; i l t~~ L--- . - ;  . - to fog. Any inczcasoc reg frs= t ger.cr-1 rcsrsLqg of t ho  
Rivcr  could h c ~ e  on cdverge iy?ccl: on iho nzicty of z i x r  
and n c ~ r b y  ro rd  trafPlc. 

We hope this  i n fo rna t ion  t53.l 5s helpZul, 

, Sincerely, 

Sidney R. Galler  I 

Nyulsy AssLstc-ir S z c r c t a ~ y  
far E n v i r o c z z n ~ z l  AfZrlrs 



DEPARTMENT OF THE ARMY 
NASHVILLE DISTRICT. CORPS O F  L N G I N L L R S  

P. 0. B O X  107 0 

NASHVILLL. T C N N U S t t  37202 

1 December 1971 

D r .  F. E. G a r t r e l l  
D i r e c t o r  of Environmental Research 

and Development 
Tennessee Va l l ey  Au thor i ty  
Chattanooga, Tennqssee 37401 

Dear D r .  G a r t r e l l :  

Your l e t t e r  of  19  October 1971  forwarding a copy of t h e  d r a f t  envi ron-  
menta l  s ta tement  f o r  t h e  Sequoyah Nuclear  P l a n t ,  Un i t s  l d a n d  2 ,  t o  
Dr. Louis  M. Rousselor ,  A s s i s t a n t  S e c r e t a r y  f o r  Defense (Heal th and 
Environment),  was r e f e r r e d  t o  t h i s  o f f i c e  f o r  r ep ly .  

-The environmental  e f f e c t s  of t h e  proposed p r o j e c t ,  w i t h  regard  t o  t h o s e  
a r e a s  i n  which t h e  Corps of  Engineers  has  j u r i s d i c t i o n  o r  s p e c i a l  ex- 
p e r t i s e ,  seem t o  have been adequa te ly  covered. IJe have no  f u r t h e r  
comments t o  o f f e r  a t  t h i s  t ime. 

The proposed p r o j e c t  w i l l  no t  c o n f l i c t  v i t h  any p r e s e n t  o r  p r o j e c t e d  
programs of t h e  Corps of  Engineers .  The oppor tun i ty  t o  review t h e  d r a f t  
s t a t emen t  i s  apprec i a t ed .  

S i n c e r e l y  your s ,  . - 

-&4 m1. F. B lu t 'SES  

r 
Colonel ,  Corps of  Engineers  
D i s t r i c t  Engineer  

CF: 
D i r e c t o r  
Div of  Rad io log ica l  and 

Environmental P r o t e c t i o n  
AEC, Washington, D. C. 20545 



DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE 
WASHINGTON. D.C. -1 

OFFICE OF THE SECRETARY 

F. E. G a r t r e l l ,  D r .  P. 8. 
D i r e c t o r  of Environmental Research 

and Development 
Tennessee Valley Au thor i ty  
Chattanooga, Tennessee 37401 

Dear D r .  Gartrell: 

Your d r a f t  d e t a i l e d  s t a t emen t  f o r  t h e  proposed Sequoyah Nuclear  P l a n t ,  
Un i t s  1 and 2, t ransmi- ted  w i t h  your  memorandum of October 19,  1971, 
h a s  been reviewed w i t h i n  t h i s  Department. Based on in fo rma t ion  
conta ined  i n  t h i s  s t a t emen t ,  i t  does n o t  appear  t h a t  t h e r e  w i l l  b e  
unacceptable  r a d i a t i o n  exposures  t o  t h e  p u b l i c  n o r  o t h e r  envi ronmenta l  
h e a l t h  hazards  r e s u l t i n g  from c o n s t r u c t i o n  and o p e r a t i o n  of t h i s  
proposed n u c l e a r  gene ra t ing  s t a t i o n .  

In p a r t  3 . 4  of t h e  r e p o r t ,  E l e c t r i c  Power Supply and Demand, you may 
wish t o  i n c l u d e  a d i s c u s s i o n  i n  s u b p a r t  2 ,  Consequences of any d e l a y s ,  
a s t a t emen t  concerning h e a l t h  e f f e c t s  which could r e s u l t  from such  
de l ays .  Th i s  might  i n c l u d e  bo th  a n  e s t i m a t e  of  t h e  h e a l t h  impact  of 
u t i l i z i n g  a l t e r n a t e  sou rces  of  power a s  w e l l  a s  t h a t  which could 
r e s u l t  from power s h o r t a g e s  due t o  a r e d u c t i o n  i n  t h e  r e l i a b i l i t y  
of the r e g i o n ' s  power supply.  

S i n c e r e l y  yours ,  

&a& 6 4 4 ~ ~  
Mer l in  K. DuVal, M.D. 
A s s i s t a n t  S e c r e t a r y  f o r  

Hea l th  and S c i e n t i f i c  A f f a i r s  



United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHISGTOS, D.C. 202M 

MAR 7 1972 

Dear Dr. Gartrell: 

Your letter of October 19, 1971, requested the Depart- 
ment's comments on the draft environmental statement for 
the proposed Sequoyah Nuclear Plant, Units 1 and 2, 
Hamilton County, Tennessee ( A X  Docket iios. 50-327 and 3281, 
furnished in accordance with Section 102(2)(C)of the National 
Environmental Policy Act of 1969. 

Generally, the statement presents a good discussion of 
most of the environmental impacts of the proposed nuclear 
plant; however, we have the following comments for your 
consideration. 

Impacts of the Proposed Action 

This section should be expanded to include more detailed 
description of the project's effects on the environment, 
including both fish and wildlife and their habitats. 
Specific suggestions are given in the following paragraphs. 

2.2.2 
The impacts of transmission line right-of-way clearing on 
the wildlife and their habitats are not adequately evaluated. 
We suggest that changes in types and anocnts of various 
wildlife habitats be evaluated along with the associated 
wildlife. Although the statement indicates that the trans- 2.2.1 
mission line routes were selected to minimize land-use 
conflicts including the use of existing rights-of-way and 
concern for estnetics, it does not fully assess the methods 
to be used to accomplish this and the expected environ- 2.2.5(3) 
mental impacts. 2.2.5(1+) 

The discussion, given on page 5-47, of dissolved oxygen 
changes as a result of the plant's operation should be 
expanded. The statement indicates that, since the con- 
denser cooling water has 30 concentrations below saturation 
levels during the surmer months and that the 29.S°F in- 
crease of temperature is not apt to cause supersaturation, 
no significant reduction in oxygen concentration will occur 



due t o  h y d r a u l i c  o r  t e m p e r a t u r e  changes caused by t h e  2 . 6 . 5 0 )  
p l a n t ' s  o p e r a t i o n .  While t h i s  may b e  t r u e  when t h e s e  
i n t a k e  and d i s c h a r g e  measurements are t a k e n  n e a r  t h e  p l a n t  
t h e  i n c r e a s e d  need f o r  oxygen by a q u a t i c  l i f e  due t o  t h i s  
r a i s e d  t empera tu re  and t h e  BOD c a u s e  by k i l l e d  p l a n k t o n  
may s i g n i f i c a n t l y  lower  t h e  q u a l i t y  o f  t h e  f i s h  h a b i t a t  
i n  t h e  downstream w a t e r s ,  

The d e s c r i b e d  r a d i o l o g i c a l  mon i to r ing  s t u d y  i s  g e n e r a l l y  2.4.3 
comprehensive,  a l t hough  it i s  b e l i e v e d  t h a t  s e v e r a l  i t e m s  
shou ld  be  added. Aquat ic  v e g e t a t i o n  shou ld  be  s a n p l e d  Table 2*4-7 
s i n c e  v e g e t a t i o n  p rov ides  food  and cove r  f o r  f i s h e s  and 
a q u a t i c  an imals .  Waterfowl, e s p e c i a l l y  r e s i d e n t  s p e c i e s ,  
a l s o  should  be sampled. A wate r fowl  management a r e a  i s  
o n l y  3 mi les  from t h e  p l a n t  s i t e  and t h e s e  b i r d s  would 
t r a v e l  t o  f e e d  i n  t h e  a r e a .  A c o l l e c t i n g  p e r n i t  from t h e  
Bureau o f  S p o r t  F i s h e r i e s  and W i l d l i f e  i s  r e q u i r e d  when 
sampling waterfowl .  I n  a d d i t i o n  t o  t h e  f i s h  b e i n g  sampled 
i n  t h e  s t u d y ,  p i s c i v o r o u s  s p e c i e s  such as largemouth b a s s  
o r  w h i t e  b a s s  a l s o  should  be  sampled. 

The cumula t ive  r a d i o l o g i c a l  and t h e r m a l  impact  upon t h e  Appendix IJ 
environment which w i l l  r e s u l t  from t h i s  p l a n t  and t h e  Watts 
Bar n u c l e a r  and s team p l a n t s  shou ld  be  d e s c r i b e d  s o  t h a t  
i n t e r e s t e d  persons  may have o r  make a conprehens lve  eva lua -  
t i o n  o f  t h e  impact  on Chickamauga Xese rvo i r .  I n  t h i s  
connec t ion ,  TVA has  a s s e r t e d  t h a t  t h e  was te  h e a t  l o a d  
c o n t r i b u t e d  t o  t h e  s r r eam by Sequoyah proceeds  downstream 
i n  p r a c t i c a l l y  undiminished amount. S i n c e  t h i s  i s  s o ,  it 
becomes i m p e r a t i v e  t o  judge t h e  t o t a l  t h e r n a l  p o l l u t i o n  i n  2.6.8 
r e l a t i o n  t o  t h e  t o l e r a n c e  o f  t h e  organisms d w e l l i n g  i n  t h e  
s t r e a m  and i n  t h e  r e s e r v o i r s .  It may w e l l  be  t h a t  no 
a d d i t i o n a l  f a c i l i t i e s  cou ld  be  added on t h i s  s t r e a m  i n  t h e  

. e f f o r t  t o  p rov ide  1 ,500 MW o f  g e n e r a t i n g  c a p a c i t y  p e r  
annum wi thou t  ve ry  s e r i o u s  r e s u l t s ,  even t o  t h e  e x t e n t  o f  
e l i m i n a t i n g  some very  impor t an t  game s p e c i e s .  

L ikewise ,  r e g a r d i n g  e n t r a i n m e n t ,  t h e  a p p l i c a n t  i n d i c a t e s  
t h e  amount o f  e n t r a i n e d  p l ank ton  w i l l  be  r e l a t i v e l y  s m a l l ,  
s i n c e  a t  average  f low,  on ly  e i g h t  p e r c e n t  o f  t h e  volume 
o f  a v a i l a b l e  wa te r  w i l l  be passed  th rough  t h e  p l an f .  
Again,  t h e  cumula t ive  e f f e c t  o f  t h i s  p l a n t  p l u s  e x i s t i n g  
p l a n t s  upon n e t  l o s s  t o  t h e  r i v e r  e c o s y s t e n  shou ld  be  
q u a n t i f i e d  and--even i f  n o t  cons ide red  a s e r i o u s l y  d e p l e t -  
i n g  f a c t o r  now--should be  weighed c a r e f u l l y  i n  c o n s i d e r i n g  
what might happen i f  a d d i t i o n a l  p l a n t s  were added. 



The s t a t e m e n t  d i s c u s s e s  t h e  packaging  and t r a n s p o r t z t i o n  
of h i g h  l e v e l  r a d i o a c t i v e  w a s t e s  f o r  o f f s i t e  d i s p o s a l  2.1.3(1) 
b u t  does  n o t  g i v e  t h e  l o c a t i o n s  and method o f  d i s p o s a l .  
We s u g g e s t  t h a t  t h e  l o c a t i o n  o f  t h e  d i s p o s a l  s i t e  2nd 
method o f  d i s p o s a l  be  i n c l u d e d  i n  t h e  f i n a l  s t a t e c e n t .  

The s t a t e m e n t  does  n o t  a d e q u a t e l y  p r e s e n t  t h e  impac t s  of 
p o s t u l a t e d  a c c i d e n t s  f o b  o t h e r  t h a n  a i r  bo rne  emis s ion .  2.3 
Many o f  t h e  a c c i d e n t s  d e s c r i b e d  on page 5-87 and T a b l e  30 
c o u l d  r e s u l t  i n  r e l e a s e s  t o  t h e  w a t e r  and s h o u l d  be  
e v a l u a t e d  i n  d e t a i l .  

Appendix G 
We also t h i n k  t h a t  Class 9 a c c i d e n t s  r e s u l t i n g  i n  b o t h  
water and a i r  r e l e a s e s  s h o u l d  be  d e s c r i b e d  and t h e  i n p a c t  
on human l i f e  and t h e  r ema in ing  e n v i r o n z e n t  d i s c u s s e d  as 
l o n g  as t h e r e  i s  any p o s s i b i l i r y  o f  o c c u r r e n c e .  The 
consequences  o f  an  acc . 'dent  o f  t h i s  s e v e r i t y  c o u l d  have  
f a r - r e a c h i n g  e f f e c t s  on l a n d  and a l l  water c o u r s e s  down- 
stream o f  t h e -  p l a n t .  

Though t h e  proposed p r o j e c t  would n o t  have  a d v e r s e  impac t  1 . 4  
on  any e x i s t i n g  o r  known p o t e n t i z l  u n i t  i n  t h e  N a t i o n a l  
Park  System o r  on zny p r o p e r t i e s  e l i g i b l e  o r  unde r  s t u d y  
f o r  r e g i s t r a t i o n  as l i a t i o n a l  F i i s t o r i c  Landnarks ,  N a t i o n a l  
N a t u r a l  Landaarks ,  o r  N a t i o n a l  E n v i r o n n e n ~ a l  Z c u c a ~ i o n a l  
Landmarks, t h e  s t a t enen r :  s h o u l d  shc1.7 e v i d e n c e  o f  c o n s o l i d a -  
t i o n  w i t h  t h e  S t a t e  L i a i s o n  O f f i c e r  o f  T e ~ n e s s e e  (Zxec t l t ive  2.9.4 
S e c r e t a r y ,  Tennessee  E i s t o r i c  COF-nission, S t a t e  L i b r m y  
and Archives  a u i l d i n g ,  N a s h v i l l e ,  Tennessee  37219) f o r  
i n f o r m a t i o n  r e g a r d i n g  p r o p e r t i e s  b e i n g  c o n s i d e r e d  f o r  
N a t i o n a l  Landnark R e g i s t e r  n o c i n a t i o n .  It i s  r e c o ~ ~ i - e n d e d  
t h a t  t h e  e n v i r o n x e n t a l  s t a t e n e n t  i n d i c a t e  t h e  a c t i o n  t d c e n  
or  proposed t o  d e t e r n i n e  wkether  z r c h a e o l o g i c a l  r e s o u r c e s  
t h a t  have n o t  been d i s t u r b e d  by p l z n t  c o n s t r u c ~ i o n  and 
c l e a r i n g  f o r  t r a n s n i s s i o n  l i n e  r i gh t s -o f -way  a r e  p r e s e n t  
i n  t h e  p r o j e c ~  a r e a .  These  recor .~ .eadar : ions  and ? r o p c s a l s  
shou ld  be  i n c l u d e d  i n  c o n s i d e r a t i o n  o f  i n p a c t s  on  c u l t u r a l  
env i ronmen ta l  v a l u e s .  

A complete  a s s e s s x e n t  o f  t h e  e x i s t i n g  and ?reposed s i t e  1.2.7(4) 
r e c r e a t i o n  f a c i l i t i e s  and the w i t h - t h e - ~ r o j e c r  r s c - e a t i o n  
p o t e n t i a l  shou ld  be  i n c l u d e d  i n  t h e  s ~ a t s y - e n t .  Fo r  i n s t z n c e ,  
t h e  t h e r m a l  i icpacts  of  t h e  p r o j e c t  on rhe r e c r e z t i o n  
f a c i l i t i e s  e x i s t i n g  and proposed  have  n o t  been d e s c r i b e d .  



A timetable showing construction and completion of recrea- 
tion facilities, as well as arrangements for financing 
and the responsibility of facility operation and mainte- 2.9.4 
nance, should be included, In addition, the combined 
impacts of the three electric generating plants on Chicka- 
mauga Reservoir recreation development should be described 
so that adequate evaluation of the impacts can be made. 

Adverse Environmental Effects of the Action that Cannot be 
Avoided 

This section should restate the adverse impacts of the 
project on the environment found in the impacts section. 
In addition, this section should describe in detail the 
means and measures that will be or are proposed to be 
taken to eliminate or ~inimize these effects. 

Alternatives to the Proposed Action 

This section does not provide sufficient description of the 2.5 
impacts of the various alternztives on fish and wildlife 
resources to permit an evaluation. Though detailed con- 
sideration of the coal-fired generating plant alternative 4.1.2 
was given, the criteria for discarding this alternative are 
not described in sufficient detail that an evaluation can 
be made. 

Page 7-24 states, "Until thermal standards have been 
established or other indications of the need for different 
temperature limits are observed, TVA cannot determine what, 2*6*1  

if any, additional cooling facilities will be required." 
In the absence of adequate State thermal standards, we 
suggest that those given in the Report of the National 
Technical Advisory Committee on Water Quality Criteria 
should be used. 

relations hi^ Between the Short-Tern Uses and the Long- 
Term Productivit]~ 

This section should compare the environnent, including 5 .O 
fish and wildlife resources, under "without-the-pro3ect 
conditions" to that under "with-the-projec~ conditions." 
The short-term effects of the project on the uses and the 
long-term productivity should be listed and compared. 



Though the monitoring studies will provide an inventory 
of the area and evidence of the plant's impacts upon the 
environment as the applicant states, these studies will 
not describe the relationship between the short-term uses 
and the long-term productivity. 

Irreversible and Irretrievable Commitment of Resources 

In addition to the committed mineral, land, and water 
resources which are considered irretrievable, the fish 
and wildlife habitat and the annual production that will 
be lost also are irretrievable and should be described. 
Though these resources are renewable, the annual production 
foregone is irretrievable; thus, the annual production of 
fish and wildlife due to habitat displacement a d  loss and 
any reduction in habitat quality will produce an irre- 
trievable commitment of resources. 

We appreciate this opportunity of commenting on the, 
environmental statement for this project. 

, I 

. , -  & P i ! .  
Secretary of the 1nterior 

Dr. F. E. Gartrell / 
Director of Environnental 
Research and Development 

Tennessee Valley Authority 
Chattanooga, Tennessee 37401 



DEPARTMENT OF TRANSPORTATION 
MAILING ADDRESS. 

UNITED STATES COAST GUARD 400 u s SEVENTH COAST GUARD STREET (jVS/S3) sw 

'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 recent letter addressed to Mr. Herbert F. DeSimone, 
Assistant Secretary for Environment and Urban Systems, concerning the draft  
environmental impact stat( ment on the Sequoyah Nuclear Plant, Units 1 and 2, 
Hamilton County, Tennessee. 

The concerned operating administrations and staff of the Department of Trans- 
portation have reviewed the draft statement for this project. It is the determination 
of this Department that the impact of this project upon transportation is fairly 
minimal. Noted hgwever in the Federal Railroad Administration review of the 
draft statement is the fallowing: 

"We a r e  pleased to see  the environmental impact of new trans- 2.2.5(2.) 
mission lines di s cussed in such detail. However, the question 
of inductive coupling o r  direct faulting with the signal and 
communication lines of railroads is not addressed. W e  uvuld 
suggest that the statement reflect that there a r e  neither rail- 
roads involved o r  that satisfactmy protection has been mutually 
agreed upon t\lth any railroad company involved. " 

In i ts  review of the draft statement, the Department's Office of Hazardous Materials 
noted the following: 

"We have no specific comment to make on the statement since 
i t  is difficult to evaluate the content of the statement relative to 
transport in other than a general fashion. Koted, however, in 
the statement i s  the significantly greater depth in which the 
transport of nuclear materials a r e  discussed. The statement 
is not inconsistent with existing AEC and DOT regulatory 
requirements. 



"TVA may be aware that the AEC regulatory staff has recently 
been working very intensely on the development oi a document 
which will be entitled "Detailed Statement - Environmental Con- 
siderations by the Division of Radiological and Environmental 
Protection, USAEC, Related to the Transportanon of Nuclear 
Fuel from the Fabrication Plant to the Nuclear Power Plant, 
Irradiated Fuel from the Nuclear Power Plant to the Fuel Re- 
covery Plant, and Solid Waste from the Nuclear Pourer Plant 
t o  the Waste Burial Site". Although this statement has not 
yet been relased by the USAEC, it will generally be a generic 
statement which the AEC will easily be able to f i t  into their 
own environmental impact statements prepared in compliance 
with NEPA, 1969 for nuclear facilities and projects. 

"It is noted that the Sequoyah statement transportation discussion 
is directed to the three typical phases of transportation that 
future AEC statements will deal with. This office also under- 
stands that the AEC statement will also include a ''Risk Analysis 
of Transportation Accidents" including a discussion on alter-  
natives to the transportation methods analyzed. " 

The Department of Transportation is pleased to review draft statements such a s  
this one on Sequoyah which has addressed itself to those aspects of transpcrtaticn 
which may be of concern to us and which have been informally discussed with 
members of your staff. 

The Department concurs in the Sequoyah Nuclear p i i t  Project and recommends 
early implementation. 

?he opportunity for u s  to review and comment on the draft environmental impact 
statement for the Sequoyah Project is appreciated. 

Sincerely, 

Captain, O, S, Coast  Ouard 
Deputy C! : ie f ,  0i:ice o f  Yarine 

Environment and Systems 
By direction o f  the Commandant 
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STATE OF TESSESSEE 

OFFICE OF URDAN ASD FEDERAL AFFAIRS 
SUITE 102s 

ANORLW JACKSON STATE OFFICE BUILDING 

• NASHVILLK 37219 

Mr. A. J.  Gray 
Division o f  Planning 
Tennessee Vzlley Authority 
Knoxville, Tennessee 37902 

Dear Mr. Cray: 

Enclosed a r e  copies o f  t h e  i n i t i a l  revier< responses 
we received from ovr Public Health Department ar.d t h e  
Game and F i s h  Commission on T \ / A t s  Environme~tt-al 1c:psct 
Statement for  t h e  Sequoyah Xuclear Plant  Units 1 and 2.  
They a r e  s o  technica l  t h a t  I considered it un1:ise t o  
paraphrase them. 

Both agencies !.-:ant t o  meet with your personnel t o  
discuss  s p e c i f i c  questions ra i sed  i n  t he  l e t t e r s .  I 
assume t h a t  your personnel, l i k e  ours ,  w i l l  bc ge t t i ng  
back t o  rou t ine  i n  ear ly  January. lihen they have had 
time t o  d iges t  1-he=e coarnents, I'll look f o r  a telephone 
c a l l  from you t o  arrange some conferences. 

Have a good Kew Year: 

Sincerely  , 
, . ..- i'i' l. A c L 5 i f - b  L- 

2' 
' John Wellborn 

Enclosures 



D A V I D  M. GOODRICH.  DIRECTOR 
Ellington Acrlcullural Center P. 0. Box 4 7 4 7  Nashviile, Tennessee 37220 H A R O L D  E. WARVEL.  ~ 6 . 7  DIR. 

November 30, 1971 

XI-. John Wellborn 
Divis ion of Urban arrd Fcdora l  A f f a i r s  
1025 Andrew Jackson S t a t e  Of f i ce  B u i l d i r ~  
Nashville,  Tennessee 37219 

Dear ltr. Wellborn: 

There a r e  two gene ra l  a r e a s  f o r  concern about  t h e  proposed des ign  of 
t h e  Sequoyah Nuclear P l a n t s .  I k s t  important  a r e  t h e  tempera ture  
cons idera t ions  > d t h  r e fe rence  t o  c r i t e r i a  t o  b e  used and methods of 
meeting t h e  c r i t e r i a .  TVA prec ludes  many q x e s t i o n s  by  s t a t i n g  t h a t ,  
whatever s tandard  i s  adopted, t h e  p l a n t  ;,ill b e  designed t o  conply. They 
f u r t h e r  s t a t e  t h a t ,  considering t h r e e  p o s s i b l e  c r i t e r i a ,  any could be met 
without  t h e  u s e  or' c o o l i r ~  t m e r s  and c i p l o y i t ~ g  a dliffuser SJS~S;;~ i n s t e a d .  
None of t h e  t h r e e  hypo the t i ca l  c r i t e r i a  cons idered  i n c l u d e  one c o n s i s t e n t  
w i th  t h e  needs f o r  c o o l i ~ a t c r  f i s n  spec ies .  +Ili;'nough t h e  new t e ~ p e r a t u r e  
s tandard adopted by t h e  Tennessee $later  Q u a l i t y  Con t ro l  Board h a s  no% 2.6.1 
included a s e c t i o n  s p e c i f i c a l l y  pro tec t i r -c  t h e s e  spec i e s ,  t h e  Gane ar?d 
F i s h  Co.mission i s  still trorl5r.g torcard t h e  adopsion of such a s e c t i o n  
which r.~ol.iLd not  a1lo:r y a t e r s  :.inere t h e s e  s p e c i e s  e.dst t o  be e l eva t ed  i n  
temperature above 8 3 9 .  Although Chickarraga Lake is a b o r d e r l i n e  s i t u a t i o n ,  
it i s  notable  t h a t  i t s  f i s h e r y  inc ludes  nany coo lv~a te r  f i s h e s .  These 
inc lude  rock bass ,  s a q e r ,  walleye, yello;.; perch, s e v e r a l  s p e c i e s  of red- 
horse,  hogsucker, i o ~ p e r c h ,  and t h e  f a n t a i l  d a r t e r .  The h'i;rassee River  and 
t h i s  a r ea  of C i i l c k a i a ~ n  Lake coxpr ise  t h e  o n l y  r eg ion  i n  t h e  s t a t e  t h a t  t h e  
introduced ycl1o:r perch e x i s t s .  I n  a d d i t i o n  t o  t hese ,  o t h e r  spec i e s  are 
in te rmedia te  bet:.~ecn warn and cool-dater i n  t h e i r  t c z p e r a t w e  requirements .  
These inclucle spo t t cd  bass ,  and t n e  lorigear and r edbreas t  sunt'ish. Tine new 
temperature stzndal,d auoptea by t n e  Tennessee i*!ater Q u a l i t y  Cont ro l  Board 
i s  s e t  a t  a maximum 6 - 1 9  a t  a 10- foot  depth. Prevj-ous r e c o r d s  show t h a t  
t h i s  nrca and dcplh of t h c  lnkc n o ~ . m l l y  do n o t  cxcccd 79%' Lo 83%'; t h i s  
l u  corlz.i:;l~:r~l; WJMI Lllo ~ ~ c c : t l : ~  of .Ll~o coulrr:~tcr c;pccics wl~ich : L I . ~  rlor-rn:~lly 
not  found i n  waters  ovcr  83GJ?. Sur face  t c c a e r a t u r e s  reach  over  &'i' but ,  
a t  such t i n e s ,  t h e  coo1k:ater s p e c i e s  seek lower, coo le r  l e v e i s  of water  
assunirq t h e s e  l e v e l s  sCii.1 con ta in  o;ygen. Thus, we have a s i t u a t i o n  i n  
C h i c h i ~ q a  L&c ~ k e r e  t h e  x z t e r  i s  preser,kly a t  a t e ~ p e r a t ~ e  b a r e l y  
accep tab le  t o  the coo1;;ater s p e c i e s  f o r  t;'hi.cn a l i x i t c d  f i s h e r y  ncw exists. 
To e l e v a t e  t n e s e  t c z q e r a t u r e s  a t  a l l  would j eopa rd ize  t h e i r  ex is tence .  
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Other f a c t o r s  point  out  t h e  need f o r  considerat ion of  a more s t r i c t  
temperature s2andard. P r e s e n t 1 2  tezperz tures  i n  overbanll and s?z;rning 
a reas  of t h e  lake  exceed t n e  SL 2 r~jr i r r ;~~ teiqeratux-e men~ioned above. 2.6.4 
Do TVAts  calculated te;n;eratwe e1e:ration.s consicer t h a t  t n e  n a t u r a l  
ternperaturcs i n  thzse a reas  a r e  higher? K i l l  ter ,?eratures i n  these  a r e a s  
s t i l l  be x i t h i n  c r i t e r i a  l i ~ i t s  x n i l e  t h e  p l a n t  i s  i n  operation? Hoa has 
it deterrnined t h a t  no s ign i f i can t  adverse e fzec ts  xo~2.d occur t o  r e p r o d u c i r ~  
o r g a n i n s  f r o s  t h i s   heno or en on (page S-kS - 5-h6)? WA s t a t e s  t h a t  "... 
t h e  inpact  of t h e  xarn xa te r  on spa t in i~g  h a b i t a t s  cannot be assessed a t  
t h i s  t ine."  (P. 5-L5) This e n t i r e  discussion appears unclear a s  t o  what 
TVA has determined and predicts .  

Page 5-9 begins a  d i s c ~ s s i o n  of expected water terrperatures assuming 
a 9 3 9  ma-~ixm, 1 0 ' 9  r;,aximm r i s e  standard. I n  this ~ s c u s s i o n  it i s  sc2ted 
t h a t  t h e  ;?vex-E! t e ~ ? ~ r a : ~ e  O~JZS<CS th2  riuirrg zcne r.:oula not exceed 9 3 T  
and 9S0F rioulci no-, be exceecea a; zny point  z t  any tiss. It i s  our irn2res- . 
s ion  t h a t  a  93%' na:inun t e q e r a t u r e  scanaard ;:odd not  mean an  average bu t  
ins tead  a texperature not t o  Se exceeded a t  aqy poin t  a t  any t i n e . .  This 

.d iscussion a l s o  iderit iZies t h e  ziixi~g zons not t o  excesd 75% of t h e  r e se rvo i r  
c ross  sect ion which a ? p a r s  cont,raaictory t o  t h e  ca?tion of Figure 21. 2.6.4 
Sons aspects  of tho  r u i n g  zone a;?ear unclezr.  Yce pro2osea d i f f u s e r  l i n e  
would s p n  75$ cf t h e  breadth 02 t h e  lake. Complete r;&ing i s  t o  be 
a t t a i n e d  .r,rithin SO t o  200 f e e t  do~mstrean .  Mould tezpera ture  c r i t e r i a  be 
met a t  this p ~ l n t  cf 200 f e e t  f r c x  t h e  d i f fuser  o r  a t  a  poin t  ruth :archer 
downstrzan xnere t h e  ;.;ater sparxed G-J t'r,e dif,'use,- r i x e s  :i5tn t h a t  b ~ f l a s s i ~ ~  
same? It i s  noted. t h a t  reference f l g u r e s  presented i n  "Lgcre 2 1  assuxe 
complete n ; i x i q  of discharge >.rater ~.,i-Ln t h e  enc i r e  ilo;; of the  f i v e r .  
Figure 2 1  presents  hypo;hetical f i g a r e s  ass=-ic; idl, cont5nuous operat ion .. . of both uni t s .  T;iould t n i s  not proacce a  nucn moother  gra?h line than 
would be shmm i f  nor;r,al f luc tua t ions  i n  u n i t  use ::ere rer ' lectec? G s i g  
t h e   leas^ s t r i c t  tenperature standard (93%' rr.wdinm, 1 0 9  r i s e  rraxixmj, 
standards are  eqcalled o r  exceeded of ten  i n  t h e  ye2rs  covered by t h e  g ~ a p h s .  
TVA s t a t e s  t h a t  cr'ese instances >ill be e l i i i n a t e d  by zaniculaclon of s t r e z n  
f l o x s  f r o 3  upstrean d m  re leases .  E s ~ z ~ e i ,  t h e  estlxz;es given assuze 2 
uniforn aail-J s ~ r e a ~ i o ~  xhich does no; r e f l e c t  r e a l i t y .  If $key c o d d  
have beon ehoim, s:culd strear2lo;r f l - ~ c t c ~ t l o ~ s  t;it;?-',n a  ca:rls ti23 k a - ~ e  2.6.4 
a l t e r e d  t n e  peaks of k h e s  gra>iis? ;;r,o:~ieQe of i r ,c t~n;~r.ncxs t czpera ture  
readiws is  of v i t a l  im?ortance i n  c o n s i a c r f r ~  t h e  xeii-car;: of ~ q u a c i c  
organisms. 

It appe=s t h a t ,  even though s t r a t i f i c a t i o n  i s  weak, t h e  nethod by Appendix 
which underwru5 l e v e l s  of 1:ater i n  ;he SL-zier ~.:oula be nezted aosc r i g h t  
sharply i n c r ~ z s e  ',ke siLiLiL7io,r t c ~ p e r a t u r e s  0.' t h e  C:?lc;:t7:auga t a i h - a t e r  even 
t h o ~ h  a  given tc~?erztuz-e c r l t e r i a  ;:auld be z c t .  The tcii;:&zer terr,?zra- 
t u r e s  2re  cieteminc-a 'oy t n e  t c z 3 e r s t ~ - e s  of ;ai,ers frcx var~r-i~ ae?z?is 02 

n - t h e  l akc  ra;cin: ~7 t h c  t o - d l  alccF.aye. ,ne c c z ~ o ; l ~ c  ~ L s c k . ~ < e  i n  :kc 
oUrr,rr.cr uouia ti:crol"ozo r . c r ~ ~ l l ; l  i r . c b ~ c c  ::::seer f r c x  %he cooler I c w c  lev013 
i n  the  lake. The e f f e c t  of ~ r i i s  co -ad  iizve an el 'fect on the t a i l w a t e r  
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f i s h e r y  even if cone was f e l t  i n  t h e  lake  f i s h e r y  rctiere lower l e v e l s  of 
water a r c  r o s t  s ign i f i can t ly  te~?crat-A-e eievazed. I n  addi t ion  t o  t h e  
t a r m a t e r  f i snes ,  ~r,allr;.outh bass, s?otted bass, rock bass,  lor,7e=r sunfish,  
s a w e r ,  a l l e  yel lox perch, r e&~orsa ,  and an occasioiial t r o u t  (from 
stocked Eortn Cnickazslr:a Creek) a r e  cau-;ns re?;.esentii,= a x tde  variet-f 
of cool and cvcn coli;:ater species. T e a p r a t u r e  increases  i n  t h e  t a i l w a t e r  
would almost c c r t a i n l j  a f f e c t  t h i s  f isnszy.  

T V A  concludcs tha t ,  although coo l in j  to::crs a r c  f e a s i b l e  i f  standards 
rcqairci! t i : cx ,  prcscr.; propascrf. tcnpcrat*~-e standards acen thcn  unncces- 
sary. Thcy s t a t e  t h a t  "It i s  conclcied t h a t  0 2 e r a t i r ~  the p lan t  i n  
compliance x i t h  a 10- r i s e  -nd a 93%' ~az inu7 :  ~;.;oulci not r e s u l t  i n  any 
s ign i f i can t  adverse e f f ec t  on t h e  reservoir ecology except f o r  goss ib le  
e f f e c t s  resu l t ing  f ron  death of entrained o r g a ~ i s n s .  (?. 5-k6). The 
f a c t  t h a t  ! P A  has rezected t h i s  tex;3erature standard and i s  i n s i s t t r e  on 
a more s t r i c t  one ser iously questiocs t k e  v a l l a i e j  of t h e  above qcote. 
The above discussion questions ho>i t n e  s tandard 1511 be met, and r a i s e s  
spec i f i c  questions a s  t o  t h e  poss ib le  e f f e c t s  on t h e  aquat ic  environxent. 
Heated water a c t s  q ~ n e r g i s t l c a l l y  xtt;? other  po l l c t an t s  i n  t h e i r  in_cacz 
on aquatic organiszs. Generally t h e  presence 05 a given po l lu t an t  ~ iould  
have a mo=e dctrixental  -h?act on f i sh  i n  t\a,rzor t~a-cer tnan t n e  sane l e v e l  
of t h a t  pollutant, i n  cooler -wat,er. I n  t h e  case  ol" oqgen ,  t h e  a3ove i s  2.6.1 
t r u e  i n  addi t ion t o  t h e  f a c t  t h a t  Iiamer water  norcal iy  c a n ~ o t  hold a s  
much oxygen, a l l  ot?.er f a c t o r s  rena in i rg  equal.  The ne2dirazers of 
Nickajaclc Lake (Ckattar,ooga, belo;; Ciiickaxaugz Daa) a r e  a,icc~g t n e  most 
pol luted i:zters of t h e  s t a t e .  Tresencous qczc tLt ias  02 In~xstrial and 
municipal hzstes  a r e  received by t h e  Seznessee Z v e r  a t  Ciisttanooga, l?e 
question the  e f f e c t  of even s l i g h t  e leva t ions  ol' ;.-ater terir;era.r;ure i n  2.6.5(3 
r e l a t i o n  t o  t h e  po l lu t iona l  inpac t  of these  i ~ a s t e s .  

In l i g h t  of t h e  above, we urge t h e  considerat ion of ac i&i t io r i l  
c o o l i ~ s  of t h e  dischzrge x a t e r  *a c o o l l r ~  toxe r s  or sccs o the r  p r a c t i c a l  
method. 3clou is a co-v of t h e  Tennessee Xntldegradztion Statexea: of 2.6.9 
t h e  General iTater Qua l i ty  Cr i t e r i a  f o r  t h e  3 e l i n i t i o n  anci Coatrol 02 
Pol lu t ion  i n  t h e  Xaters of Tennessee. 

1. The Standards and 31an adoazed a r e  designed t o  provide f o r  
t h e  protect ion of eLsz izg  ;.:ater c_;lalitg iinc;/or t h e  ~;gracZrg 
o r  venhancex~ntt '  of :,zter q c a l i t y  i n  e v e r j  i n t e ~ s t a t e  s t r e a a  
within Te~necsee .  It i s  recogriised that soxe ;racers cay 
have e x i s t i r ~  q u a l i t y  b e t t e r  tnan esta51iskec standards. 

. The C r i t e r i a  acd Stazdaras s h a l l  c o t  b e  construed a s  p e r z i t t i n g  
t h e  degradation of these kigker q ~ a l i t y  ;:a-,ers ;.-hen such can 
be prevented by reasczakle p l? ; t l o r i  cor.crol r.2asnres. i n  . . . .  . t h i s  regard, e:zst:r< n=;c q c z 2 t - ;  i;zter i , i l L  be r.airicair,ed 
unless  and ~-,til  It i s  affirrr . :ci-~e~ cc , ,o ;~s t~ ; i t zd  t o  t h e  
Tennesses S t r a .  ?oll-,-,lon Coztrol  3oard ;?.at a c'nanga i s  
j u s t i f i z b l e  ss a r e s u l t  of necessarJ s o c i a l  acd econorxic 
developmnt. 
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3. A l l  discharges of sexage, i n d u s t r i a l  waste, o r  o the r  waste . 
s h a l l  receive t'ne bes t  prac t icable  t r e a z r z n t  (secondary o r  
t h e  equivalent) o r  control  accordirz  t o  t h e  pol icy and 
procedure of t h e  Tennessei! Stream ? o l l ~ t i o n  Control So=d. 
A degree of t r ea tnen t  g rea te r  than secondary k5en necessary 
t o  pro tec t  t h e  water  uses  ill be required f o r  se l ec t ed  
sewage and waste discharges. 

4. I n  inplementing t h e  provisions of t h e  above a s  they r e l a t e  
t o  i n t e r s t a t e  s%reans, t n e  Tennessee St rean  Pol lu t ion  Conzrol 
Board will cooperate 15th t h e  SecretarJp ol' t h e  I z t e r5or  i n  
order  t o  a s s i s t  hin i n  carrerig out n i s  r e s?o r , s ib i l l t i e s  
under t h e  Federal  l ia ter  Po l lu t ion  Control Act, a s  amended. 2.5 

We f e e l  t ha t ,  although -Q  e,dst ing standard Kay be  met, reasonable 
pol lu t ion  cont ro l  measures a r e  ava i lzb le  t o  TVA t o  prevent c e ~ r a d a c i o n  
of  t h e  t:ater t o  che extent  standards ray a l lox .  I n  such a cocgestea 
a rea  a s  t h i s  pihere a r;.,a;or nuclear poxar p l an t  i s  2l;nned above (Watts 
Bar   an) and a n  e-xtrenely n9avj po l lu t ion  load  i s  a l r e a e j  b e l q  ca r r i ed  
espec ia l ly  belox t h e  proposed Sequoyan plant ,  sucn c o n s i d e r a ~ i o n s  a r e  
uarranted. 

Our second major area of concern i s  t h e  e n t r a i n ~ e n t  of plar'ddon, 
and planktonic f i s h  eggs and l a rvae  i n t o  t h e  p lan t  intake.  TVA s t a t e s  
t h a t  "E~'-passed pl&nkkon snould be s s i ~ ~ l a t e c !  b-J t h e  i ~ c r e a s e  i n  t e w e r a -  
ture ."  (P. S-L3). This i s  understood Tor t h e  h a t e d  ;iater outs ide  02 
the mixing zone. Ec;rever, tkose  passizg ckrozgh t h e  ni ;dr4 zone ( ~ h i c h  
spans '75s of t h e  Breadth of tks' s t rean)  nay encx,?ter s i z i l a r  problezs  
as those  entrained i n  tiie intdce.  After efi5rairing a s  much a s  i2$ 02 
t h e  t o t a l  f lex ,  it aFpears ~ a s s l b l e  t h a t  any fuznt:?er x o r t a l i t j  i n  t h e  2.6.5(2) 

mixing one rL,-'nt prove s igra- icant .  >!e ;:odd ask if: TV.4 kas c o ~ s i ~ e r e a  
these  p o s s i b i l i t i e s  a m ,  i- so, request t h a t  zeasures be plannsa i n  t h e  
f u t u r e  t o  alle-riate the  ?roblea if it aevelo?s tZ;er operaslon bsgins. 
Again i n  connection x i t n  water c_-~ality,  a s l ~ r i i Z i c a z t  azaunt o-ead 
organic matter would tend t o  r a i s e  t h e  3OD ar,d lun?.er l c x e r  oGgen 
l eve l s .  

I n  sunmry, t'ne T e n ~ e s s e e  G a ~ e  and Fish  Co;ruzission  request.^ 
consideration of t h e  f o l l o ~ i n g  : 

1. Answers t o  c e r t a i n  q e c i f i c  questions given i n  the t e x t  of 
t h i s  l e t t e r .  

2. Fur ther  consideration cf cool i rz  to-t:ers o r  other  coo l i r3  
methods f o r  discharge water f o r  the  follo-&rig rezsons: 

a. To m ~ e t  a pro?osed cool;;~ter t e x ? e r a t ~ - e  stznckrd ins t ead  
of t h e  tez?crature s ; ~ r i ~ ~ d  set f o ~  -;ar;;;iater ;Ts?,es. 
Yany coolizater s?eciss 2reser i tV e e s t  i n  Chickaizauga 
Reservoir. 
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b. Protec t ion  of t h e  p a r t i c u l a r l y  suscept ib le  Chickarnauga 
t a i lwa t  e r  . 

e. ~ r o t e c t i b n  of overbank and spawning a r e a s  of Chickamauga 
Lake. 

d. Prevent f u r t h e r  degradation of dovnstream waters xhich 
are already heavily polluted. 

e. To comply with the Tentitssee Antidegradation Statement 
of the  Tennessee Water Qua l i ty  C r i t e r i a .  

3. - Further co mide ra t ion  of t h e  poss ib le  L q a c t  of organisns 
des t ruc t ion  due ti e n t r a i m , e n ~  and contact  i n  Yfie mixing zone 
and preparat ion of a plan t o  a l l e v i a t e  t h e  problem ir' it proves 
s ign i f i can t .  

'Thank you f o r  allmring us  t o  comment on this pro jec t .  

Yours very truly, 

TENN3SSEZ GIri.53 FIS! COXaSSIOM 

Assistant E r e c t o r  

. cc: I&. Hudson Nichols 
Hr. Robert liatcher 
Mr. Leary Jones 
Mr. Ed Hockensmith 
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627 C o r d e l l  Hu l l  Bu i ld ing  - 

December 8 ,  1971 

Mr. John Wellborn 
O f f i c e  of  Urban and f e d e r a l  A f f a i r s  
S u i t e  1025 
Andrew Jaclcson State O f f i c e  Bu i ld ing  
N a s h v i l l e ,  Tennessee 37219 

D e a r  M r .  Wellborn: 

I n  accordance w i t h  your  memorandum o f  October 2 8 ,  1971, o u r  
D i v i s i o n s  of Kater  Q u a l i t y  C o n t r o l ,  A i r  P o l l c t i o n  Concrol ,  and 

. I n d u s t r i a i  and Rad io log ica l  h 'eal th  have reviewed t k e  E n v i r o r n e n t a l  
Impact S ta tement  on t h e  Sequoyan Nuclear P l a n t  U n i t s  1 and 2 .  
P l e a s e  n o t e  t h e i r  corraents below. 

DIVISICX OF P:ATER Q U U I T Y  CONTROL 

Page 5-6(3) s t a t e s  t h a t  t h e  p l a n t  w i l l  h a v e ' o n l y  minimal e f f e c t s  
on t h e  chemical  and p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  r e s e r v o i r  and  
w i l l  n o t  a l t e r  t h e  p r e s e n t  usage  of t h i s  s o r t i o n  05 t h e  Tennessee 
River. 

Page 5-7 q u o t e s  t h e  S t a t e  of Tennessee C r i t e r i a .  The f i g u r e s  
quoted a r e  t h o s e  of t h e  Stream P o l l u t i o n  C o n t r o l  Board which were 2.6-1 
n o t  approved by t h e  E n v i r o n ~ e n t a l  Protection Agency. Actached -- - i s  a 
copy of t h e  r e v i s e d  C r i t e r i a  ado?ted by t h e  Plater Q u a l i t y  c o n t r o l  
Board on October 2 6 ,  1971. The r e v i s e d  C r i t e r i a  a l l o ~ ~ s  5OE' o r  3OC 
v a r i a t i o n  v:itn a maximu? oaf 87O1 o r  3I0c.  Th i s  n u c l e a r  ? l a n t  i s  
des igned f o r  a ~ O O F  r i s e  n o t  t o  exceed 5 3 O ~  as t h e  ave rage  t e z p e r a t u e  
over t h e  c r o s s  s e c t i o n .  Th i s  w i l l  n o t  n e e t  t h e  new c r i t e r i a .  

Page 5-27 n o t e s  t h a t  s o d i m  c h r o n a t e  i s  used a s  a c o r r o s i o n  
i n h i b i t o r .  The r e p o r t  s t a t e s  t h a t  noxc w i l l  Le r e l e a s e d .  .?lo 2.5.1 
t r c n t n ~ c n t  of  :.;astes i s  pro?osed :or t h e  t r a t e r  f i i t r a t i o n  u n i t .  The 
s i z e  of t h e  t r e a t a e n t  p l a n t  i s  n o r  s t a t e d ;  however, t h e  Refuse A c t  
of 1 8 5 9  i s  rcquirir,cj a l l  wa te r  t r e a t ~ e n t  p lan t s  t o  p r o v i d e  t r e a A a e n t  
o f  the s ludge  and backwash water .  

D I V I S I O N  OF A I R  POLLG!?IC>: C0:;TROS 

It apFcars  t h a t  t h e r e  woule be no a i r  p o l l c t i o n  e ~ i s s i ~ n s  t h a t  
would d i r e c t l y  concern o u r  d i v i s i o n .  7 i n i l e  t h e y  w i l l  nave saxe e n i s s i o n  
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i n  t h e  form of  gaseous w a s t e s ,  t h e  o n l y  r e l e a s e s  o f  concern  are 
r a d i o a c t i v e  g a s e s  which w i l l  be  monitored a t  a l l  t i m e s .  Th i s  phase  
of t h e  r e p o r t  w i l l  be  reviewed by t h e  I n d u s t r i a l  and R a d i o l o g i c a l  
Hea l th  Div i s ion .  

DIVISION OF 12JDUSTRIkL AND R\DIOLOGICAL HEALTH 
2.4.1(4: 

Page 5-65 - Reference i s  made t o  t h e  r e l e a s e  of  r a d i o a c t i v e  
gases. We q u e s t i o n  h e r e  t h e  good judgxent  of r e l e a s i n g  gaseous  
w a s t e s  n e a r  t h e  t o p  of t h e  r e a c t o r  b u i l d i n g .  I d e a l l y ,  such  
r e l e a s e s  would be made through a h igh  s t a c k .  By r e l e a s i n g  t h e s e  - 
g a s e s  nea r  t h e  t o p  of t h e  r e a c t o r  b u i l d i n g ,  it may p o s s i b l y  p e r m i t  
t h e i r  e n t r y ,  wi th  l i t t l e  d i l u t i o n ,  i n t o  v e n t i l a t i n g  d u c t s  d u r i n g  
c e r t a i n  weather  condition^. 

Page '5-67, Paragraph 3 - The i n t e n t  of  r e c y c l i n g  and n o t  2.4.1(2: 
r e l e a s i n g  t r i t i u m  waste  having a  t r i t i u n  c o n c e n t r a t i o n  h i g h e r  t h a n  
50 p e r c e n t  of t h e  c o n c e n t r a t i o n  o f  t h e  2 r i n a r y  c o o l a n t  i s  s t a t e d .  
Th i s  would, of  c o u r s e ,  r e q u i r e  an  a n a l y s i s  of  scch p r i a a r y  c o o l a n t  
p r i o r  t o  any r e l e a s e  of tritim. However, t h e  c o n c e n t r a t i o n  o f  
t r i t i u m  i n  t h e  was te ,  p e r m i t t e 6  t o  be  r e l e a s e d ,  ~ z o u l d  always b e  
dependent  u?on t h e  number of  y e a r s  t h e  r e a c t o r  had been o g e r a t i n g  
and p res -medly  c o u l c  be v e r y  h igh .  Page 5-68 nenc ions  t h a t  t h e  
t r i t i u ~  may n o t  be r e c y c l e d  f o r  t h e  f o r t y - y e a r  l i f e  of  t h e  r e a c t o r  
due t o  t h e  n e c e s s i t y  of ma in ta in ing  t h e  t z i t i u n  i n  t h e  p r i x a r y  
c o o l a n t  a t  a  s a f e  l e v e l .  tie f e e l  t h a t  t h e  c r i t e r i o n  f o r  envi ron-  
menta l  r e l e a s e  of tritiu3 should  be s t a t e d  and shou ld  n o t  be  based 
on t h e  va ry ing  and i n c r e a s i n q  c o n c e n t r a t i o n  o f  tritiun i n  the p r i i a r y  
c o o l a n t  loop  of t h e  r e a c t o r .  

2.4.1(2: 
- Page 5-68, Paragraph 1 - The t e r m  " a c c e p t a b l e  l i m i t s "  shou ld  

be de f ined .  

1 Pa;e 5-72, last paragraph - The s p e c i f i c  r e g u l a t i o n s  of t h e  8: S. 
Departnent  of  T r a n s p o r t a t i o n  should be  s t a t e d  i n  p l a c e  o f  t h e  g e n e r a l  
r e f e r e n c e  t o  " a p p l i c a b l e  r e 5 u l a t i o n s " .  

Page 5-77 - In a l l  p r o b a b i l i t y ,  t h e  v a l u e s  l i s t e d  i n  i t e m s  one 
(1) through f o u r  ( 4 )  of (d )  have Seen t aken  f r o n  S e c t i o n  173.393 of 
Departnent  of T r a n ~ ? o r t a t i o n  r e c u l a t i o n s .  I f  s o ,  i t e n  two ( 2 )  
should s t a t e  a e d i t i o ~ a l l y  t h a t  " c l c s e d  v e h i c l e s  o n l y  w i l l  be  used",  
t o  conform wi th  t h e  Department of  T r a n s p o r t a t i o n  requi rement .  

Table 2.4- 
Page 5-85 - I n  t h e  table on t h i s  ?age, l a s t  c o l ~ x a  o f  A. 1, 

t h e  q u a n t i t y  of t e n  (10) c u z i e s  i s  q i v e x  a s  t?,e pro?oscd 10  C Z X  50  
Appendix I lizit f o r  t h e  annua i  estizzted t o t a l  q c ~ n t i t y  ( e x c e ~ c  
tritium) of r s a i o a c t i v e  i x a t e r i a l s  :o be r e i e z s c d  i n  l i q u i c  effluents. 
As publ ished  June 9 ,  1 9 7 i ,  i n  t h e  ie2era l  2 e c j i s t e r ,  A ~ p e n d i x  I of  
1 0  C F X  5 0 ,  Item A.  1. lists t h e  a c c e p t a b l e  q u a n t i t y  as  f i v e  (5) 
c u r i e s .  
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Appendix G 
Page 5-99, Paragraph 2 - The use of the term "administrative 

controls" here suqgests that such administrative controls nay not 
necessarily be exercised. This tern should at least be defined so 
that some judgnent can'be made of the ap2ropriateness of the 
statement. 

Page 5-99, Paragraph 3 - We question how it can be stated 
unequivocally that no operating transients will occur so as to 
exceed design limits of the fuel. Vie realize that tnis statement 
has been xade on the basis that "the plant desisn incorporatss a 
reactor protection s:~sten which limits the Fost;lated t;ansientsni 
but we do ROC agree t n a z  a reactor ~rotection systea has been 
designed which will preclude all possible nalfunctions. - ' 

Page 5-101, Paragraph 4 (including Table 23 which follows 
Section 10) - Herein is listed the noble gases and the iodines 
which would be released due to a primary to secondary leak. We 
question the oinission of any mention of tritiw, wilich would also 
presmcily be released from primary to secondary loop with the 
radioactive gases. 

Table 2.4-2 
Table 20 - By adding the individual quantities of radioactive 

materials, we obtained a total of 0.309 curies instead of 0.362 curies 
as stated in the table. Also, we'are unable to understand why triti.i~.~-. 
was not listed, as tritium recycling was aparently not assmsd in the 
preparation of tnis table (see note 2 on this table). Also, on con- 
paring Table 20 with Table 11 1-4 of the Preliiainary Safety Analysis 
Report, which has a title identical to that of Table 20, subir.itteC by 
the Tennessee Vallsy Authority prior to issuance of a construction 
permit, it has been noted that there is a significant difference in 
the number of isotopes listed and the quantities estimated to be 
released, e.g., exci~ding the tritiua which is listed separately f z o z  
other isoto?es in Table 11 1-4, the estinated totals given in the 
rwo 12) cables are as follows: 

Table 11 1-4 of PSAX - 8.22 x lo4 pCi (0.0822 curies) 
Table 20 - 0.362 curies. 
We wish to know the basis for calculating the estimated releases 

in each report. 

If other information is needed, please advise. 

Very truly yours, 

. 
David 2.' Sooth 
Assistant Director 
Bureau of Envizo~~xental Health Services 

DI1B : bah 
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VKR.(ON SHARP.  V I C E - C w r a a r r m  
N I ~ U V I C L C  

TENNESSEE HISTOF!ICAL COMMISSION 
STATE L I S R A R Y  A h 0  A R C H I V E S  S U I C O I N G  

N A S H V I L L E .  TENNESSEE 37219 

A p r i l  5, 1972  

M r .  John Kellborn 
Of f i ce  of  Urban and Federal A f f a i r s  
Andrew Jackson S t a t e  Off ice  Building 
Nashvi l le ,  Tennessee 37219 

Dear M r .  Wellborn: 

Reference i s  made t o  t h e  Tennessee Valley Author i ty ' s  
Environmental Statement concerning t h e  Sequoyah Xuclear 
P l an t ,  dated October 19 ,  1971. 

We concur i n  t h e  statement t h a t  t h e r e  a r e  no p rope r t i e s  
o n  t h e  Notional Regis ter  nf His to r i c  P la res  that-would 
be a f f ec t ed  by t h e  cons t ruc t ion  of t h e  Sequoyah Nuclear 
Plant. 

However, w e  quest ion t h e  c u l t u r a l  e f f e c t s  on present  and 
f u t u r e  generat ions i n  t h e  Tennessee River Valley and 
Hamilton County t h a t  w i l l  r e s u l t  from economic growth 
spurred by t h i s  p lan t .  The rosy p i c t u r e  presented i n  
s e c t i o n  6.5 is not a l t oge the r  convincing. After  a l l ,  
t h e  c u l t u r a l  environment i n  which people l i v e  includes 
t h e  physical  landscape and i f  t h a t  landscape ceases t o  
resemble i t s  p a s t ,  a por t ion  of t h e  people's h i s t o r y  i s  
a l s o  l o s t ,  Unplanned economic growth can produce t he se  
changes. If t h e  Tennessee Valley Authori ty i s  aware o f  
and has s tud ied  such lons-range e f f e c t s  of  thls power p l an t ,  
it is not evident  i n  t h i s  Environmental Statement, 

Sincerely ,  

Herbert L. Harper Y 

Direc tor  of Programs 



16, 6 ~ Z m o  1.1. B d l c y  
&ant Rcvicv Coordixcor  
Officc of Urbzn and zcCcrdL 1rPfrJxs 
8uii;e 13I-Z 
An&c-~ Jackson Stcte Office Bdg. 
UmhviUo, 'L'wcssee 3722.9 

On D c c d e r  27, 1371, in i . 2 .  liell%m'o ldter to 1.9. A. J. Gr*d ,  
your office ; r ? x i ~ ~ d  cczzxs OR OW *~dt cix-~?lcrrtd & a t c a t  
fox Lhc S e o u q c d ~  i i~clczr 2lenG, UpLts  1 cnrl 2. L2 Y2.?t l c t t c r  a d  
cnclow%-es it T~ rccucrtcd cizt Jtl:,l nrcqJi<.2 ~LGitio& i T l o r - z t i 0 ~  
w n c w , ~  dtern'?.tzxre coolini f ~ f s t e s  beiorc l i l i r Z ' 5  the fbd. 
erdrocacntd.  iq1acz ~ % c Z d  with tile Council. on ZnvlE'oncsGnl 

T\rh has concluded a dct~flcd rcavdmtlon of the um-scd coding  
fac i l l t i ea  for Sequo-~.in. i3seci on t-bis racvi l .u~ion,  ic i: prqased 
tbt r3tu-d. *=% coslhq to?:crs be C e a i ~ y ~ c b  a d  -3Ued to ~ ~ q l e -  
m3nt the c3olFz; cp.;zi3iU-Ly oi %he oace-t&wc-a U i T s o r  ~ j ~ t a *  it' 
La our int--?ttiol to 09;rzce t ~ e  c o s ; ~ ; i ~ ~  coal- o ~ o - b u  in t h e  o g a ,  
heilpcr, a?d cloned mtics oa reed in crrler (a C- rdth the 

Forty mrrths vill bc ren-uked for 4esi .p clld co&r~ction of th3 
coolhq to::crs. DJT~ZZ c i r p  to L ~ L ?  291x33 02 th? lztCer e lmrn  
mnths of t h a t  pxiod, cr;r or' C3e n;o n l r l u  d ~ o  is to be 

. operrtiond. xhi.3 i . r z e ~ L 1  zeriod., 'PlA e:q~wts to be able to 
met cmlicable s t z n ~ c i ~  55th thC l i l ~ u e r  s y s t u  snrt vith minnr 

The recyrluation of t?lc p w n e d  coaling f s c l l t i e s  58 reflected in 
the ado:cd  rior.j.ir,l or' Scction 2.6 "C2:^, 2is;iozkion" $3 be 
hcludcd in tk Sec-qV& 'iud c a v l r o ~ c n t s l  scntmenr. ~:cich \if3 pbU 
fo f i l c  rdth CI: 5; czrly D e c ~ ~ z .  LC ~ h o c l d  be nlezsed to "& 
yith you pr lc r  to tkt ti=lc 50 rcsalve r ~~_tx?stiozIs 
concerning the dterzutkiue codling c y s t u ~  fcr Sequyah. 
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7.11-1 

m e -  REGiC>lAa "1 b ,  AN>J[bi:G - a  . I .  ~ ~ ; ? ~ ~ t ~ c  J * . J w r  \.;.I - I  !' 

Dcar Sirs :  

After a careful review of the d ra f t  environmental statement for  the Sequoyah Nuclear 
Plant, we have the following questions and comments : 

2 .  . Appendix L 
(1) Has any consideration been given to  the cumulative effects upon the environ- 

s ment of this region resulting f r o m  the installation of the three proposed 
nuclear facilities, Watts B a r ,  Sequoyah, and Browns F e r r y ?  We have 
contacted the Division of Environmental Research  and Development here  
in Chattanooga and they were  not aware of any study of this nature a t  the 
present  time. 

( 2 )  When will the type and degree of t reatment  for  waste  chemicals (p. 5-27) 2.5 
be determined? Also, what a r e  the reasonable economic l imits  s e t  f o r  
this treatment program? 

2.5 
(3) Mention i s  made on pages 5-32 of spawning and nu r se ry  s i t e s  approxirnztely 

two to four miles  downstream f r o m  the plar,t site. If the ecology of these 
a r e a s  i s  upset through increased water  temperature  and waste chemicals ,  2-6.5 
will game fishing in the a r e a  be affected? 

2.6.5(2) 
(4) What will be the mortali ty ra te  of the Gizzard Shad (pp. 5-40) and will a 

substantial reduction of these f ish affect  the game fishing in Chickamauga 
Lake? 

(5) What a r e  the reasonable economic l imits  s e t  forth on pages 5-61 fo r  the' 
t r ~ a t m e n t  of radioactive wastes?  - 

2.4.1(4) 
( 6 )  In the unlikely event that possible adverse  effects of radioactive r e l ea ses  in tke 

fo rm of gaseous wastes a r e  detected, will these re leases  be stopped? 

- 2.6.6(2) 
(7) The Ci ty  of Cllattanooga appears  t o  be in the a r e a  where the fogging con2itions 

noted on  pages 7-10 will probibly occur.  Irlill this fog be dissipated before 
it reaches  the do\\ntown a r e a ?  

OFFICE Oi EXECUTIVE Dl 2ECiOR 200 CITY H/,LL A N N E X  t.Y C~~.~TTI\~JC)OGA, TENNESSEE 37402 C 267-6631 



Mr. A. J. Gray November 2 2 ,  1971 

1.1.2 
(8) In the hlay, 1970, brochure "Sequoy+h Nuclear Plant,  " mention is made  

of using 2 ,400 ,000  pounds of ' ice to  halt the buildup of heat and p re s su re  
within t11c contalnmcnt vesse l  of the reactor .  Will this i ce  be manu- 
factured and stored a t  the plant s i t e ?  

( 9 )  W e  would like to suggest that copies of the final d ra f t  of the Sequoyah 
Environmental Statement be sent to both the Hamilton County Health . 

Department and the Chattanooga-Hamilton Cotmty Air Pollution Bureau 
for their review and comments. 

Of pr imary concern to us i s  the question, Is T V A  considering the combined and 
cumulative environmental impact  of i t s  s e r i e s  of nuclear  plants on the region a s  
a whole? o r  a r e  they writing individual environmental s ta tements  on each plant 
as though i t  existed in a vacuum? 

Thank you for providing us the opportunity to  review this  environmental s tatement.  
If we can be of assistance in the future, we will  be m o r e  than happy to comply. 

Sincerely, 

FOR THE EXECUTI'V'E DIRECTGR 

Eugene F. Kelley 
Associate Planner 

EFI<:jb 
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UNlTtD STATES 

ATOMIC EfdEI-;G'I' COfvIMlSSIDiS 
WASHINGTON. D.C. 20545  

Mr. Lynn Sceber 
General llanager 
Tcnncssce Va 11 ey Au ti-tori t y  
508 Uni otl Avenue 
Knoxvi 1 l c ,  Tennessee 37902 

Dear I-lr. Secber: 

Thc PFCS o f  t h e  Sequoyah. Fluclear P l an t ,  Uni ts  1 and 2, i s  being 
reviewed by I.hc A E C  s t a f f ,  arid a p a r t i a l  l i s t  of co:::ients i s  t rans-  
m i  t t c d  (fr~c1osur.e 1 )  a t  t h i s  t i i ~ e  i n  order  t o  perni t you t o  continue 
the prepcrat-ion of yGur FES. These ccs~xents have be?n t ransn i  t t e d  
t)y t c l cp t~o l~ .  t o  I;I~I;~/)(:I-S of yolir s t a f f .  AddS t i ona l  co;--;ents w i  11 be 
.lor {srdeu 1 iiovei;,!>(.r. 20, l C ! i 3  \ihetl the rcvi  c;,!s a r e  co::ipieted. 

S incere ly  , 

ilar17 C-I I,. I I G  i I C I  , t \ S S i  5LdliL U l r & ? C C O t  
f o r  Envi rcnirient~l !)rojecrs 

Di rec to ra te  o f  Li censi fig 

Enclosure : 
As s t a t e d  



Enclosure 1 

( 1 ) .  The annual average, r e l a t ive  atnlospheric dispersion ( X / Q )  
values a r e  not presented and the s t a f f  i s  unable to  evaluate 
the analysis contained i n  the PFES. The equation shown in  
Appendix I ,  page 1-2, apparently i s  i n  e r r o r ,  and i f  used 
as presented may produce resul t an t  calculat ions tha t  a re  
not dernonstrably conservative. The s t a f f  strongly recommends 
tha t  appropriate values f o r  the re1 a t ive  atmospheric dis- 
persion a t  the Sequoyah S i t e  be provided i n  the FES. 

( 2 ) .  Page 1.2-2, ~ e c t i b n  4 ,  Paragraph 1. The s t a f f  recornendsthe 
addition of the phrase, " a l l  of which a r e  tec tonica l ly  inact ive",  
t o  the second senterce.  

( 3 ) .  T"13es 1.2. 3 and 4 ,  Section 5,  Paragr7iphs 3 and 4. The s t a f f  
be1 ievcs the word "climate" i s  inappropriate as used i n  the 
discussion of a i r  mass types, and suggests t h a t  the climate 
a t  Scquoyah i s  ----- continental ra ther  than the l i s t e d  " in t e r -  
changeable continental and mari t ine".  The wide range of tenper- 
tures  c i t ed  i s  a de f in i t ive  cha rac te r i s t i c  of continental 
climates . 
The s t a f f  be1 ieves that the probabili ty of occurrence of 
tornadoes a t  the s i t e  cannot be appronriately described as 
"extremely low" when comparison i s  made to  occurrences in 
other areas in  the region. Reference should be made to  the 

' ESSA Report, Severe ~ o c a l  Storm Occurrences, 1955-1967, 
ESSA Technical ~lemorandum 1JB'CE.l FCST 12, Sept. 1969. 

( 4 )  Page 1.2-7, flow tabulation. The statement should be made 
t h a t  the flow frequencies l i s t e d  a re  a l so  expected to  apply 
i n  the fu ture  with operation of the reservoirs .  

(5)  Page 1.2-9, Last paragraph. The time his tory of the 
temperature observations should be given, and an assessment 
should be made of t h e i r  relevance to  fu ture  conditions. 

( 6 )  Page 1.2-12, l a s t  paragraph. The estimated water usage 
a t  the plant  should be provided in  tabular form. 

( 7 )  Page 1.2-53, f igure  1.2-3. Tbe portion of the curve of 
hourly discharges between the 84th and 90th percent i les  
apparently i s  i n  disagreement with the t e x t ,  pp 1.2-7. 



(8) Page 2.4-27, f i r s t  paflagraph. The s t a f f  b e l i e v e s  
t h a t  i t  would be  p ruden t  t o  moni tor  r a d i o a c t i v i t y  
independent  o f  t h e  p l a n t  e f f l u e n t .  

(9 )  Page 8.2-6,  S e c t i o n  ( 6 ) .  I f  t h e  r a t e  o f  l o s s  due t o  
e v a p o r a t i o n  and d r i f t  ( 7 3  f t 3 / s )  i s  t h e  average  l o s s ,  
i t  shou ld  be  i d e n t i f i e d  a s  such .  I f  i t  is  a maximum 
( c o n s i s t e n t  w i t h  t h e  1 i s t e d  annual  maximum e v a p o r a t i v e  
l o s s  of 53,000 a c r e - f e e t )  t h e n  an e v a l u a t i o n  of t h e  
ex t remes  o f  t h e  l o s s e s  du r ing  & s t reamflows  would be  
u s e f u l .  

(10) Appendix A-3; second paragraph .  By t h e  method sugges t ed ,  
and  us ing  t h e  d a t a  g i v e n  on page 1.2-4, t h e  s t a f f  
c a l c u l a t e s  t h e  p r o b a b i l i t y  t h a t  a t o rnado  w i l l  s t r i k e  
t h e  p l a n t  t o  be  8 .4  x 10-4, o r  abou t  one i n  1195 y e a r s .  

( 11 )  Appendix A-8, S e c t i o n  ( 6 ) ,  l a s t  paragraph .  The s t a f f  
n o t e s  t h a t  LCD f o r  Chat tanooga i n c l u d e s  a r e c o r d  of a 
24-hour snowfa l l  of  12 .0  i nches  i n  December, 1886, 
i n  t h e  v i c i n i t y  of Chat tanooga.  

12)  Appendix G-19, S e c t i o n  10 ,  l a s t  s e n t e n c e .  The s t a f f  
s u g g e s t s  t h a t  t h e  ph ra s ing  "114 of  t h e  d i s p e r s i o n  con- 
d i t i o n s  l i s t e d  i n  Regu la to ry  Guide 1 .4" ,  is  more appro- 
p r i a t e .  

(13) The sou rce  terms l i s t e d  f o r  l i q u i d  and gaseous  was t e  
from t h e  Sequoyah Nuclear  P l a n t  a r e  r ea sonab le  and 
comparable t o  t h o s e  o f  o t h e r  P1bIR's o f  l i k e  s i z e  w i t h  
s i m i l a r  radwas te  t r e a t m e n t  sys tems .  

( )  Trucking  o f  t h e  r a d i o a c t i v e  l i q u i d  was te  f o r  o f f s i t e  
d i s p o s a l  i s  n o t  a c c e p t a b l e  t o  t h e  s t a f f  a s  a method 
f o r  d i s p o s a l  of t r i  t i a t e d  w a t e r  from t h e  p l a n t .  



Enclosure 1 

AEC Comment Number 1 

The annual average r e l a t i v e  atmospheric d ispers ion (x/Q) values 
a r e  not presented,  and t h e  s t a f f  is  unable t o  evaluate  t h e  ana lys i s  
contained i n  t h e  PFES. The equation shown i n  Appendix I ,  page 
1-2, apparently is  i n  e r r o r  and, i f  used as presented, may produce 
r e s u l t a n t  ca lcu la t ions  t h a t  a r e  not demonstrably conservative. 
The s t a f f  s t rongly  recommends t h a t  appropriate values f o r  t h e  
r e l a t i v e  atmospheric d ispers ion at t h e  Sequoyah s i t e  be provided 
i n  t h e  FES . 

TVA Response 

TVA has ca lcula ted  annual average X / Q 1 s  (uncorrected f o r  i so top ic  
decay) f o r  various points  of i n t e r e s t ,  and they are a s  follows: 

1. Maximum annual average X / Q  a t  s i t e  boundary = 1.6 x 10'5 
sec/m3 (NE, 701 m )  

2. Annua average X/Q a t  t h e  neares t  da i ry  farm = 1.05 x 10' 4 6 
seclm (~m, 4,506 m) 

3.  Annual average X/Q a t  t h e  cow loca t ion  which r e s u l t e d  i n  t h e  
h ighes t  ca lcu la ted  dose = 1.05 x 10'~ sec/m3 (NNE, 4,506 m )  

The equation,  ' ~ i m  = lzim2 + p) l / 2  i s  equation 3.142 i n  
"Meteorology and Atomic Energy, 1968." TVA has used t h i s  equation 
i n  t h e  pas t  i n  cor rec t ing  t h e  v e r t i c a l  plume standard deviat ion 
f o r  t h e  e f f e c t s  of t h e  building tu rbu len t  wake. This equation is 
referenced on page 1 .42-~2  of Regulatory Guide 1.42. For t h e  
ca lcu la t ions  presented i n  Appendix I, A was taken as t h e  minimum 
cross-sect ional  a r e a ,  above grade, of  one r e a c t o r  containment 
bui ld ing (1,800 m2). The r e a c t o r  containment bui ld ing extends 
about 148 f e e t  above grade v e r t i c a l l y  and i s  about 130 f e e t  i n  
diameter. I f  Il2 were s u b s t i t u t e d  f o r  A i n  t h e  Appendix I dose 
ca lcu la t ions ,  t h e  a r e a  correc t ion term would be 2,035 m2. This 
would l ead  t o  s l i g h t l y  lower values of x/Q at dis tances  c lose  ta  
t h e  p l a n t ,  but  it i s  believed t h a t  t h e  d i f ferences  would not be 
s i g n i f i c a n t  when one considers t h e  o v e r a l l  conservatism included 
i n  t h i s  model f o r  determining annual average x/Q's. I n  t h e  t h i r d  
de f in i t ion  from t h e  bottom, (m3) should be (m2) .  



-MC Comment Number 2 

Page 1.2-2, section 4, paragraph 1. The staff recommends the 
addition of the phrase "all of which are tectonically inactive," 
to the second sentence. 

TVA Response 

TVA concurs with AEC's suggestion, and the first paragraph under 
section 4 should be revised to read as follows: 

4. Seismology - The site lies within the borders 
of the southern Appalachian seismotectonic 
province. Figure 1.2-1 locates the nearest 
faults in the region, all of which are tectoni- 
cally inactive. 



AEC Comment Number 3 

Pages 1.2-3 and -4, sec t ion  5,  paragraphs 3 and 4.  The staff 
bel ieves  t h e  word "climate" i s  inappropriate a s  used i n  t h e  
discussion of a i r  m a s s  types and suggests t h a t  t h e  cl imate at 
Sequoyah i s  con t inen ta l  r a t h e r  than t h e  l i s t e d  "interchangeable 
con t inen ta l  and maritime." The wide range of  temperatures c i t e d  
is  a d e f i n i t i v e  c h a r a c t e r i s t i c  of cont inenta l  cl imates.  

The s t a f f  be l ieves  t h a t  t h e  p robab i l i ty  of occurrence of tornadoes 
a t  t h e  s i t e  cannot be appropr ia te ly  described as "extremely low" 
when comparison i s  made t o  occurrences i n  o ther  areas i n  t h e  
region. Reference should be made t o  t h e  ESSA Report, Severe 
Local Storm Occurrences, 1955-1967, ESSA Technical Memorandum 
WBTM FCST 12 ,  September 1969. 

TVA Response 

The paragraph at t h e  bottom of t h e  page should begin, "The 
predominate a i r  masses a f f e c t i n g  t h e  Sequoyah p lan t  s i t e  may 
be described as interchangeably cont inenta l  and maritime i n  t h e  
winter  and spr ing,  predominately m a r i t i m e  i n  t h e  summer, and 
cont inenta l  i n  t h e  f a l l . "  

The tornado p robab i l i ty  shown i n  Appendix A ,  page A-3, and 
re fe r red  t o  i n  t h e  f i r s t  sentence i n  t h e  f i r s t  f u l l  paragraph 
on page 1.2-4 was computed using Thorn's method;l/ annual frequency 
of tornadoes i n  t h e  l-degree l a t i t u  e-longitude square including 

17 t h e  s i t e  f o r  t h e  period 1953-1962;- and a r e a  of a l-degree 
la t i tude- longi tude  square centered at  a l a t i t u d e  of 35' 30' N.&/ 
The probab i l i ty  computed by t h  AEC Regulatory Staf f  i s  based 
on t h e  data  period 1953-1967.g We agree t h a t  t h e  l a t e r  da ta  
period should be used. 

It i s  worth noting t h a t ,  while t h e r e  were 15  tornadoes i n  t h e  
l-degree square i n  which t h e  Sequoyah Nuclear Plant  (SAW) si te  
i s  located  during t h e  period 1955-1967, t h e r e  have been no tornadoes 
reported i n  Hamilton County (which includes t h e  SNP s i t e )  during 
t h e  period January 1916-~ugust  1973.3 ,4,5/ 

The f i r s t  two sentences i n  t h e  f i r s t  f u l l  paragraph on page 1.2-4 
should read: "The p robab i l i ty  of tornado occurrence at t h e  s i te  
is  not high. Data f o r  t h e  period 1955-1967 show t h a t  1 5  tornadoes 
were reported i n  t h e  l-degree la t i tude- longi tude  square enclosing 
t h e  s i t e  (response reference 2 ) .  These da ta  were used t o  compute 
t h e  p robab i l i ty  of occurrence ( ~ ~ ~ e n d i x  A ) .  However, it should be 
noted t h a t  i n  Hamilton County ( s i t e  l o c a t i o n )  i n  t h e  southeast  corner 
of t h e  l-degree square, no tornadoes were repor ted  during t h e  period 
January 1916 through August 1973 (response reference 3,4,5 1. 



References for Response 

1/ Thom, H. C. S., 1963: "Tornado Probabilities." Monthly Weather - 
Review, Volume 91, Nos. 10-12, pp. 730-736. 

U.S. Department of Commerce, NSSEC, SELS UNIT, September 1969: 
"Severe Local Storm Occurrences, 1955-1967. " ESSA Technical 
Memorandum WBTM FCST 12, Weather Bureau (now NWS) , Office of 
Meteorological Operations, Weather Analysis and Prediction Division, 
Silver Spring, Maryland. 

3/ Vaiksnoras, John V., NOAA-Climatologist for Tennessee, April 15, 
1371 : "Tornado Occurrences in Tennessee. " NOAA, National Weather 
Service Office, Nashville, Tennessee. 

4 / -- , revised October 1972: "Tornadoes in Tennessee 
(1916-1970) with reference to Xotable Tornado Disasters in the 
United States (1880-,370)." Issued by the University of Tennessee, 
Institute for Public Service, Knoxville, Tennessee. 

U. S. Department of Commerce, 1972-1973: Storm Data, Volume 14, 
Nos. 8-12; Volume 15, Nos. 1-8. NOAA, EDS Asheville, North 
Carolina. 



AEC Comment Number 4 

Page 1.2-7, flow tabulation.  The statement should be made t h a t  
t he  flow frequencies l i s t e d  a r e  a l so  expected t o  apply i n  t he  
future  with operation of t h e  reservoirs.  

1'VA Hesponse 

The flow data presented a r e  not flow requirements, but a r e  data  
based on long-term h i s to r i c  flows a t  Watts Bar and Chickamauga 
D a m s .  Flows vary each year depending upon climatic conditions 
and the  resu l tan t  reservoir  operations required f o r  flood control ,  
navigation, and power. However, t he  long-term average flow data  
presented could reasonably be expected t o  be s imilar  i n  t h e  future .  
TVA ant ic ipates  no s ign i f ican t  changes i n  t h e  present c r i t e r i a  
fo r  the  operation of Watts Bar and Chickanauga Reservoirs due t o  
t he  construction of t h e  Sequoyah Nuclear Plant. Special operations 
could be made t o  meet flow requirements a t  the  plant s i t e  should 
the  need a r i s e .  



AEC Comment Number 5 

Page 1.2-9, l a s t  paragraph. The time h i s to ry  of t h e  temperature 
observations should be given, and an assessment should be made of 
t h e i r  relevance t o  fu ture  conditions. 

TVA Response 

The last paragraph should be revised t o  read a s  follows: 

"Water temperature observations a t  se lected Tennessee 
River s t a t i ons  were included i n  t h e  data col lected 
during t h e  water-quality surveys. These observations 
indicate  t h a t  Chickamauga Reservoir i s  weakly s t r a t i -  
f i e d  during summer ~uonths. Table 1.2-13 summarizes 
t h e  water temperatures recorded during t h e  period of 
1969 through 1972 a t  t he  thermal monitor i n s t a l l e d  
t o  co l l ec t  preoperational data. Water temperature 
and dissolved oxygen observations from an ea r ly  survey 
( ~ u l y  12,  1960 through June 1 4 ,  1961) a r e  presented 
i n  t ab l e  1.2-11. Future conditions a r e  expected t o  
be similar . " 



AEC Comment Number 6 

Page 1.2-12, l a s t  paragraph. The estimated water usage a t  t h e  
plant should be provided i n  tabular  form. 

TVA Response 

The plant water use diagram and t a b l e  show estimated plant  water 
uses f o r  t h e  Sequoyah Nuclear Plant.  



CHTCKAMAUGA RESERVOIR 

PLANT WATER USE D I AGRAM 



Table - ESTIMATED PLANT WATER USES 

Flow Rates i n  Gallons Per Day 

A 

I3 

c 
D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

P 

Q 
R 

S 

T 

u 
V 

W 

x 

One U n i t  At Maximum Power 
One Unit Shut Down Both Units A t  Maximum Power 

Closed 

5.03 X lo7 
2 . 5 3 X 1 0 7  

2.50 x 107 

8 . 0 7 X 1 0  8 
- 

8.07 X 10 8 

4.04 x l o 7  
- 

4.04 X l o 7  
2.50 X l o 7  
8.07 x l o  8 

9.60 x l o  6 

Open 

8.47 X lo8 
8 . 4 7 X 1 0 8  

- 
8 . 0 7 X 1 0 8  

8.07 x l o  8 

- 
4.04 x lo7 
4.04 x l o 7 .  

- 
- 
- 
- 

Open 

1.654 x 10' 

1 . 6 5 4 X 1 0 9  
- 

1 . 6 1 3 ~ 1 0 ~  

1.613 x 109 

- 
4.10 x l o 7  
4.10 x 1 0 7  

- 
- 
- 
- 

7.90 X 1 0  
4 

8 .oo x 103 

2.00 x l o 3  
6.90 x 10 

4 

2.00 x l o 3  
5.80 x 10 

4 

1.10 X 1 0  
4 

1.68 x l o 5  
2.57 X l o 5  
1.00 X 10  

4 

2.57 x l o 5  

Helper 

8.47 X lo8  
8 . 2 2 X 1 0 8  

2.50 x lo7 
8 . 0 7 X 1 0 8  

- 
8.07 X lo8  
4.04 x lo7  

- 
4.04 X lo7  
8.22 X lo8  

- 
- 

1.45 X l o 5  
1.40 X 10  4 

2.00 x l o 3  
1.29 x l o 5  
2.00 x l o 3  
1.15 X l o 5  
1.40 X 10  4 

1.80 x l o 5  
3.35 x l o 5  
1.00 X 1 0  

4 

3.35 x l o 5  

Helper 

1.654 x 10' 

1 . 6 0 5 X 1 0 9  

9.88 x 1 0 7  

1 . 6 1 3 ~ 1 0 ~  
- 

1 . 6 1 3 X 1 0 9  

4.10 x 107 
- 

4.10 X lo7  
1 . 5 7 2 x 1 0 9  

- 
- 

Closed 

9.78 X lo7  
4.91 X 1 0 7  

4.88 x 1 0 7  

1 . 6 1 3 ~ 1 0 ~  
- 

1 . 6 1 3 X 1 0 9  

4.10 x lo7  
- 

4.10 X lo7  
4.88 X l o 7  

1.613 x 10' 

5.66 x 107 



7.12-13 

Table - ESTIMATED PLANT WATER USES (Cont. ) 

Flow Rates i n  Gallons Per Day 

- 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

P 

Q 
R 

S 

T 

u 
V 

w 
X 

Both Units  Shut Down 

Closed 

4.00 x lo7  
3.78 x 107 

1 . 1 5 ~ 1 0  
6 

- 
- 
- 

3.90 X lo7  
- 

3.90 x lo7 
3 . 7 8 X 1 0 7  

- 
- 

- 
Open 

4.02 x lo7  
3.90 X l o 7  

- 
- 
- 
- 

3.90 X 10  

3.90 x lo7  
- 
- 
- 
- 

1.00 X 10 
4 

1.00 x 103  

2.00 x l o 3  
7.00 x l o 3  
2.00 x l o 3  

- 
7.00 x l o 3  

- 
1.50 X 1 0  

4 

5.00 x lo3  
1.50 X 10  

4 

Helper 

4.00 x l o 7  
3.78 x 107 

1.15 x 10 

- 
- 
- 

3.90 X lo7  
- 

3.90 x lo7 
3 . 7 8 x 1 o 7  

- 
- 



AEC Comment Number 1 

Page 1.2-53, figure 1.2-3. The portion of the curve of hourly 
discharges between the 84th and 90th percentiles apparently is 
in disagreement with the text, page 1.2-7. 

TVA Response 

The discussion on page 1.2-7 is directed to the flow durations 
from Chickamauga Dam instead of Watts Bar Dam. Updated flow 
durations based upon mean daily discharges from Chickamauga Dam 
for the period 1951-1972 are tabulated below. 

Percent of Days Mean 
Mean Daily Daily Discharge is 

Discharge, ft3/s Expected or Exceeded 

In addition, figures 1.2-3 and 1.2-4 are records of hourly discharges 
and the -above tabulation is based upon daily discharges. 



AEC Comment Number 8 

Page 2.4-27, f i r s t  paragraph. The s t a f f  be l ieves  t h a t  it would 
be prudent t o  monitor r ad ioac t iv i ty  independent of t h e  p lant  
e f f l u e n t  . 

TVL\ Response .- 

Water samples a r e  co l l ec ted  from s t a t i o n s  i n  t h e  rese rvo i r  
above and below t h e  p lant  discharge and analyzed f o r  suspended 
and t o t a l  r ad ioac t iv i ty .  I n  addi t ion ,  samples a r e  co l l ec ted  from 
public water suppl ies  downstream of t h e  p lant  monthly, with a 
continuous sample being taken from t h e  neares t  downstream public 
water supply. 



AEC Comment Number 9 

Page 0.2-6, 3ection ( 6 ) .  I f  t h e  r a t e  of  l o s s  due t o  evaporation and 
d r i f t  (73 ft / s )  i s  t h e  average l o s s ,  it should be i d e n t i f i e d  a s  
such. If it i s  a maximum (cons i s t en t  with t h e  l i s t e d  annual maximum 
eva,porative l o s s  of 53,000 ac re - fee t ) ,  then  an evaluat ion o f  t h e  
extremes of  t h e  l o s s e s  during streamflows would be use fu l .  

TVA Hesponse 

The e apora t ive  and d r i f t  l o s s  r a t e s  a r e  not expected t o  exceed Y 73 ft  / s .  Maximum year ly  evaporat ive l o s s e s  would occur i f  t h e  
cooling towers were operated a l l  t h e  time and would t o t a l  about 
53,000 acre-feet .  For approximately 95 percent of t h e  t ime,  t h e  

3 hourly discharges from Chickamauga Dam equal o r  exceed 10,000 f t  /s 
as shown i n  Figure 1.2-4. The maximum evaporation and d r i f t  l o s s  

3 of 73 f t  /s represents  onlb 0.73 percent of t h i s  r e se rvo i r  flow. 
The i n s i g n i f i c a n t  s i z e  of t h e  l o s s  r a t e s  r e l a t i v e  t o  t h e  low streamflow 
occurrences w i l l  have no e f f e c t  on t h e  downstream water supplies .  



AEC Comment Number 1 0  

Appendix A-3, second paragraph. Sy t h e  method suggested, and 
using t h e  data  given on page 1.2-4, t h e  s t a f f  ca lcu la tes  t h e  
p robab i l i ty  t h a t  a tornado w i l l  s t r i k e  t h e  p lan t  t o  be 8.4 X 

10-4, o r  about one i n  1,195 years.  

TVA Response 

TVA agrees t h a t  t h e  tornado occurrence d a t a  f o r  t h e  period 
1955-1967&/ should be used t o  compute t h e  p robab i l i ty  of occurrence 
at t h e  Sequoyah ?Juclear Plant  si te.  The o r i g i n a l  ca lcu la t ion  is  
based on occurrence data  from ~ h 0 m . l  The p robab i l i ty  of occur- 
rence should be 0.4 x 10-5, not 8.4 x and t h e  recurrence 
should be once i n  11,900 .-ears, not 1,195 years .  

The f irst  f u l l  paragraph on page A-3 should read: 

"The p robab i l i ty  o f  tornado occurrence is  not high. 
Fi f teen tornadoes occurred during t h e  period 1955- 
1967 i n  1- egree la t i tude- longi tude  square containing 17 t h e  si te ,--  and t h e  p robab i l i ty  of occurrence i s  
ca lcula ted  using these  data.  However, s t a t i s t i c s  
show t h a t  Hamilton County ( s i t e  loca t ion)  
southeast  corner of t h e  1-degree square had no t o r -  
nadoes reported r i n g  t h e  period 1961 through %Y August 1 9 7 3 , L  only s i x  tornadoes during t h e  
period 1955-1967.g Using t h e  p r inc ip les  of ge 

29- metric p robab i l i ty  described by H. C. S. Thorn,- 
tornado occurrence data  f o r  1955-1967,-1-/ and average 
path a r e a  f o r  e a s t  ~ e n n e s s e e g  t h e  p robab i l i ty  of 
a tornado s t r i k i n g  any point  i n  t h e  p lant  s i t e  a rea  
i s  8.4 x 10-5, o r  about one i n  11,900 years." 

References f o r  Response 

1/ U. S. Department of Commerce, NSSFC, SELS UNIT, September 1969: - 
"Severe Local Storn Occurrences, 1955-1967.'' ESSA Technical 
Memorandum WBTM FCST 12,  Weather Bureau (now NWS), Office of 
Meteorological Operations, Weather Analysis and Predic t ion 
Division,  S i l v e r  Spring, Maryland, 

Thom, H. C. S.,  1963: "Tornado ~ r o b a b i l i t i e s . "  Monthly 
Weather Review, Volume 91, Nos. 10-12, pages 730-736. 



3/ Vaiksnoras, John V., NORA-Climatologist for Tennessee August 3, -- 
1972: Personal Communication to TVA staff personnel. NOAA, NWS 
Office, Nashville, Tennessee. 

4 / - , April 15, 1971: "~ornado Occurrences in 
Tennessee." NOAA, NWS Office, Nashville, Tennessee. 

51 - - , revised October 1972: "~ornadoes in Tennessee 
(1916-1970) with Reference to Notable Tornado Disasters in the 
United States (1880-1970)." Issued by the University of Tennessee, 
Institute for Public Service, Knoxville, Tennessee. 

6 /  U. S . Department of Commerce, 1972-1973 : Storm Data. Volume 14, - 
Nos. 8-12, and Volume 15, Nos. 1-8. NOAA, EDS, Asheville, North 
Carolina. 



AEC Comment Number 11 

Appendix A-8, section ( 6 ) ,  last paragraph. The staff notes that 
LCD for Chattanooga includes a record of a 24-hour snowfall of 
12.0 inches in December 1886 in the vicinity of Chattanooga. 

TVA Response 

The maximum 24-hour snowfall over the 42-year period August 7, 
1930, through December 31, 1972, of Love11 Field, Chattanooga, 
was 8.9 inches. However, the maximum 24-hour snowfall from 
existing and comparable exposures at other sites in the locality 
was 12.0 inches in December 1886. 



AEC Comment Number 12  

Appendix G-19, sec t ion  10,  last  sentence. The s t a f f  suggests 
t h a t  t h e  phrasing "1/4 of t h e  d ispers ion condit ions l i s t e d  i n  
Regulatory Guide l . l + , "  i s  more appropriate.  

TVA Response_ 

The l a s t  sentence on page G-19 should read a s  follows: "As a 
r e s u l t  of t h e  meteorological inves t igat ions  a t  t h e  s i t e ,  TVA has 
concluded t h a t  t h e  use of atmospheric d ispers ion f a c t o r s  which 
a re  one-quarter of those  presented i n  Safety Guide No. 4 provides 
an appropriate b a s i s  f o r  est imating t h e  environmental e f f e c t s  of 
accidents .  It i s  believed t h a t  t h i s  approach w i l l  be consis tent  
with t h e  approach used by t h e  Atomic Energy Commission and others .  11 



AEC Comment Number 13 

The source terms listed for liquid and gaseous waste from the 
Sequoyah Nuclear Plant are reasonable and comparable to those 
of other PWR's of like size with similar radwaste treatment 
systems. 

TVA Response 

No comment required. 



AEC Comment Number 1 4  

Trucking of t h e  radioactive l i qu id  waste f o r  o f f s i t e  disposal  i s  
not acceptable t o  t he  s t a f f  a s  a method f o r  disposal  of t r i t i a t e d  
water from t h e  plant.  

WA Response 

If the  assumption i s  made t h a t  2.5 p~ i /g ram is  t h e  maximum concen- 
t r a t i o n  which should be allowed i n  t he  primary coolant, some coolant 
w i l l  need t o  be removed from the  primary system s t a r t i n g  about 7 
years a f t e r  plant  s t a r tup  and building t o  a maximum amount of about 
50,000 gallons annually about 1 4  years a f t e r  plant  s tar tup.  It may 
prove t o  be acceptable, however, t o  allow t h e  tritium concentration 
t o  bu i ld  up i n  t h e  p r i m ~ y  coolant t o  a l eve l  such t h a t  in tent ional  
re leases  ( e i t he r  t o  t h e  environment o r  a disposal  a rea)  would not 
be required. If, f o r  example, a concentration of about 4 pCi/gram 
were found t o  be acceptable, no re leases  other  than those considered 
t o  be unavoidable would be necessary t o  maintain t h i s  l eve l .  This 
method of operation would not ,  however, give s ignif icant  advantages 
from a radioactive dose assessment standpoint. 

To properly assess t he  impacts associated with t r i t i u m  recycle,  TVA 
has considered several  a l t e rna t ive  methods of tritium disposal  t o  
cover t h e  eventuali ty of having t o  dispose of some of t he  t r i t i a t e d  
water removed from the  primary system. These a l te rna t ives  include: 

1. Discharge of excess t r i t i a t e d  l i qu id  t o  Chickamauga 
reservoir ,  

2. Discharge of excess t r i t i a t e d  water t o  atmosphere as 
water vapor i n  building exhaust a i r ,  

3.  Sol id i f ica t ion  of excess t r i t i a t e d  water with cement 
and vermiculite and disposal  i n  o f f s i t e  bu r i a l  ground, 
and 

4. Of fs i t e  shipment of excess t r i t i a t e d  water t o  bu r i a l  
ground. 

In addit ion t o  t h e  f ac t  t h a t  no s ign i f ican t  advantage i s  gained i n  
t o t a l  o f f s i t e  dose commitments by allowing the  primary coolant 
tritium concentration t o  bui ld  up t o  i ts  equilibrium value, doses 
t o  plant personnel during refueling operations would a l so  exceed 
t h a t  fo r  other  a l ternat ives .  



A comparison of a l t e r n a t i v e s  3 and 4 shows t h a t  s o l i d i f i c a t i o n  of 
t r i t i a t e d  l i q u i d  p r i o r  t o  o f f s i t e  shipment would cos t  approximately 
$40,000 annually more than shipment as l i q u i d  but would o f f e r  no 
advantage from a dose assessment standpoint .  

It i s  recognized t h a t  by t h e  time implementation of one of t h e  
a l t e r n a t i v e s  would be required (14-18 years )  regula t ions  may predicate  
t h e  d i spos i t ion  of t r i t i a t e d  l i q u i d .  The present  p lant  design would 
not preclude adoption of any of  t h e  above a l t e r n a t i v e s ,  and TVA w i l l  
dispose of t r i t i a t e d  l i q u i d s  and other  wastes i n  accordance with t h e  
r e s u l t s  of a  benef i t  cos t  ana lys i s  of t h e  various a l t e r n a t i v e s  and 
t h e  method of  d isposal  w i l l  comply with appl icable  regula t ions  i n  
e f f e c t  a t  t h e  time of disposal .  
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7.12-28 
Enclosure 2 

AEC Comment Number 1 

The p r inc ipa l  defect  of t h e  cost-benefi t  ana lys i s  i n  t h e  preliminary FES 
by TVA f o r  Sequoyah i s  indicated  by t h e  f i r s t  sentence on page 9.0-1, 
which s t a t e s :  

"The Sequoyah Nuclear Plant  was i n i t i a t e d  before NEPA 
became e f f e c t i v e ,  and t h e  TVA Board of  Directors  has 
determined t h a t  it i s  not p rac t i cab le  t o  reassess  t h e  
bas ic  course of ac t ion  i n  t h e  design and construction of 
t h i s  p lant  .I1 

The r e s u l t  i s  t h a t  one of t h e  main advantages of t h e  Sequoyah Nuclear 
P lan t ,  i t s  economics compared with a coal - f i red  p l a n t ,  i s  not adequately 
t r e a t e d .  There i s  a t a b l e  on t h i s  subject  on page 4.1-2, but  it i s  
based on a comparison made i n  1968 and does not apply t o  t h e  current  
s i t u a t i o n .  It i s  important t h a t  an up-to-date comparison be presented. 

TVA Response 

A coal-f ired p lant  f o r  operat ion on t h e  TVA system could not be 
opera t ional  u n t i l  about 1979. The following economic ana lys i s  presents  
a comparison of a coal - f i red  p lan t  f o r  operat ion i n  1979 t o  t h e  Sequoyah 
plant  : 

1. Plant  Types 

a. Light water nuclear p lant  - Sequoyah 
b. Low-sulfur coal  p lant  (LSC) u t i l i z i n g  western coals  assumed 

t o  be supplied from Montana-Wyoming region 
c.  High-sulfur coal  p lant  (HSC) u t i l i z i n g  coa l  o r ig ina t ing  from 

western Kentucky c o a l f i e l d s  

2. I n t e r e s t  Rate - 8 percent 

3.  Plant  Investment Costs 

a. Sequoyah $650 mi l l ion  
b. Low-sulfur coal-f ired p lant  $700 mi l l ion  
c .  High-sulfur coal-f ired p lan t  $825 mil l ion* 

*Includes about $145 mi l l ion  f o r  SO2 removal equipment. Note 
t h a t  low-sulfur c o a l  p lan t  would have a l a r g e r  b o i l e r ,  with 
o f f s e t t i n g  cos t s ,  due t o  lower heat content of t h e  coal .  

4 .  Impl ic i t  i n  t h e  economic ana lys i s  is  t h e  assumption t h a t  t h e  s u l f u r  
removal equipment opera tes  with t h e  high r e l i a b i l i t y  required  f o r  
u t i l i t y  service .  While such r e l i a b i l i t y  has not been demonstrated, 
it is  assumed f o r  purposes of t h i s  analys is .  

5. Fuel Costs - cents  per  MBtu 

a .  Sequoyah 20.5 
b. LSC 70 
c. HSC 50 



6. Net Plant  Heat Rate - Btu/kWh 

a. Sequoyah 10,210 
b .  LSC 9,070 
c.  HSC 9,040 

7. Net Plant  Output - megawatts e l e c t r i c a l  

a .  Sequoyah 2,250 
b. LSC 2 530 
c .  HSC 2,490 

8. Operation and Maintenance Expense - mill/kWh 

a. Sequoyah 
b. LSC 
c .  HSC 

0.6 
0.8 
2.0 ( inc ludes  est imate of 1.2 mill/kWh 

f o r  s u l f u r  removal equipment) 

9 .  Capacity Factor - 80 percent 

10. Plant  L i fe  - 35 years  

The r e s u l t s  a r e  summarized on a mills/kWh b a s i s  a s  follows: 

Sequoyah - LSC - HSC 

Investment 
Fuel 
O&M 

Total  

Difference Base 4.4 4 5 

Based on t h e  4 .4  and t h e  4.5 mills/kWh di f ference  indicated  above, t h e  
Sequoyah plant  would have an annual savings of about $69 mi l l ion  when 
compa.red t o  t h e  coal - f i red  p lant  using low-sulfur coa l  and about $71 
mil l ion  when compared t o  t h e  high-sulfur coal  a l t e r n a t i v e .  

In  addi t ion  t o  t h e  monetary savings, t h e  coal-f ired p l a n t s  would burn 
about 7 mil l ion tons  of high-sulfur coal  and 9 mi l l ion  tons  of low- 
s u l f u r  coal  each year.  A i r  po l lu tan t  emission l e v e l s  would be expected 
t o  be comparable f o r  t h e  two coal  p l a n t s  assuming t h e  scrubber on 
t h e  high-sulfur p lan t  worked dependably. Land requirements f o r  t h e  
two p l a n t s  would be roughly equivalent ,  with t h e  low-sulfur coa l  p lan t  
requir ing more space f o r  ash d isposal  (low-sulfur coal  genera l ly  has 
higher ash content than high-sulfur c o a l ) ,  and t h e  high-sulfur coa l  
p lant  requir ing an o f f s e t t i n g  amount of land f o r  scrubber e f f luen t  
d isposal .  



TVA i s  committed t o  t h e  cons t ruct ion  of t h e  Sequoyah Nuclear Plant  a t  
an investment cos t  of  $650 mil l ion .  A s  of September 30, 1973, TVA 
had invested $372 mi l l ion  i n  t h e  Sequoyah p lan t .  Also, t o  cons t ruct  
a coal - f i red  p lan t  would delay t h e  required capaci ty  by over three years .  



M;C Comment Number 2 

The methods t o  be used f o r  cleaning out t h e  condensers and t h e  cooling 
towers should be discussed. 

TVA Response 

With reference t o  page 2.5-3,  t h e  l a s t  paragraph, am automatic, on-line 
ball- type mechanical system w i l l  be used f o r  cleaning t h e  condenser 
tubes.  Therefore, no chemical treatment of t h e  condenser c i r c u l a t i n g  
water should be necessary. TVA does not foresee  a need t o  clean t h e  
cooling towers with t h e i r  proposed method of operat ion.  



AEC Comment Number 3 

Pages 2.6-6 and 2.6-211 include discussion of t h e  ve loc i ty  of c i r c u l a t i n g  
water toward t h e  t r a v e l i n g  screens.  The approach ve loc i ty  i s  2.2 f e e t  
pcr  second. Velocity through t h e  screens w i l l  be higher.  The e f fec t  
of impingement of f i s h  on t h e  screens should be estimated and evaluated.  
Recent experience with impingement a t  t h e  Browns Ferry Nuclear Plant  may 
provide add i t iona l  i n s i g h t  t o  t h e  evaluation.  

The prelj.minary FES does not include ca lcu la t ions  which would allow t h e  
render. t o  judge t h e  s igni f icance  of impingement and entrainment losses .  
For example, on page 2.6-16 it i s  repor ted ,  without comments, t h a t  181 
million 1arva.l f i s h  w i l l  be k i l l e d  each year. The methods by which TVA 
has judged t h e  a c c e p t a b i l i t y  of t h i s  occurrence should be reported o r  
referenced. Since t h e  p lant  can be operated on a closed cycle,  t h i s  cannot 
be considered an unavoidable e f f e c t .  

TVA Response 

The maximum ve loc i ty  of water through t h e  t r a v e l i n g  screens averaged 
over t h e  surface  of t h e  screens w i l l  be about 2.2 f t / s e c .  The ve loc i ty  
j u s t  ahead of t h e  t r a v e l i n g  screens under t h e  same condit ions w i l l  be 
about 1.2 f t / s e c .  

TVA i s  cur ren t ly  conducting a number of s tud ies  designed t o  document 
f i s h  impingement occurrences, t o  determine causes of f i s h  impingement, 
and t o  determine f e a s i b l e  ways t o  reduce impingement. Meaningful 
est imates of f i s h  impingement cannot be made without extensive s tud ies  
such as these .  Experience gained from t h e  Browns Ferry f i s h  impingement 
s tud ies  w i l l  give i n s i g h t  i n t o  t h e  magnitude of t h e  l o c a l  f i s h  impinge- 
ment p o t e n t i a l  and can hopefully be of benef i t  i n  determining what 
fa.ctors influence impingement and i n  est imating t h e  e f f e c t s  on t h e  
rese rvo i r  of impinging a given number and d i s t r i b u t i o n  of f i s h .  
Estimates of a c t u a l  impingement a t  t h e  Sequoyah p lan t  can be made only 
by a c t u a l  observation.  

The presence of t h e  skimmer wal l  a t  t h e  mouth of t h e  in take  channel 
extending almost 40 f e e t  below t h e  surf  ace should minimize f i s h  impinge- 
ment a t  t h e  Sequoyah p lan t .  

A discussion of  t h e  e f f e c t s  of condenser-entrained l a r v a l  f i s h  l o s s e s  
is included i n  t h e  statement (pages 8.2-3 and 8.3-3). The skimmer 
wall  w i l l  a l s o  reduce entrainment r e l a t i v e  t o  a shore l ine  in take  a t  
t h e  p lant  s i t e .  Assuming a su rv iva l  t o  adulthood of 1 i n  10,000 l a r v a l  
f i s h ,  a year ly  l o s s  of 18,000 adul t  f i s h  i s  estimated. TVA does not 
bel ieve  t h i s  number i s  s i g n i f i c a n t .  The long-term e f f e c t s  of l a r v a l  
f i s h  removal on t h e  population dynamics of t h e  species  i n  Chickamauga 
Reservoir,  however, i s  unknown and can only be determined by in tens ive  
preoperat ional  and postopera t ional  monitoring of l a r v a l  f i s h .  

While t h e  numbers of f i s h  l o s t  due t o  both entrainment and impingement 
could be reduced by operat ion of t h e  p lant  i n  t h e  closed-cycle mode, 
t h e  disadvantages of such operat ion could f a r  outweigh t h e  reduction 



i n  environmental cos t .  Operation of t h e  cooling system continuously i n  t h e  
closed mode would r e s u l t  i n  an economic penal ty  i n  excess of $17 mi l l ion .  
I n  addi t ion ,  a. s i g n i f i c a n t  commitment of energy resources  would be requi red  
a s  a r e s u l t  of t h e  c a p a b i l i t y  l o s s  associa ted .  This c a p a b i l i t y  l o s s  i s  
approximately 31.8 megawatts and i s  roughly equivalent  t o  a commitment of 
92,000 tons  o f  coa1,or 355,000 b a r r e l s  of o i l  annually t o  replace  t h e  generat ion.  



U C  Comment Number 4 

TVA has indica ted  t h e i r  i n t e n t  t o  opera te  t h e  cooling system on open- 
cycle o r  helper  modes t o  t h e  maximum poss ib le  ex ten t .  One of  t h e  l i m i t i n g  
water q u a l i t y  c r i t e r i a  e s t ab l i shed  by t h e  Tennessee Water Qua l i ty  Board 
i s :  "The maximum water temperature change s h a l l  not exceed 3 O  C .  r e l a t i v e  
t o  an upstream con t ro l  point  ." 
This serves  t o  l i m i t  abrupt changes i n  r i v e r  temperature, but  does not 
l i m i t  t h e  gradual e s c a l a t i o n  of  ambient temperature a s  p lan t  i s  added 
upon p lan t  along t h e  r i v e r .  The u l t ima te  ext rapola t ion  of t h i s  p r a c t i c e  
i s  t h e  maintenance of t h e  e n t i r e  r i v e r  a t  t h e  o the r  l i m i t i n g  c r i t e r i o n :  
 h he temperature of t h e  water s h a l l  not exceed 30.5O C.  . . . ' I  

TVA should determine t h e  extent  t o  which t h e  temperature a t  t h e  upstream 
sensor (page 2.6-3) i s  influenced by t h e  operat ion of  upstream p l a n t s  
e x i s t i n g  o r  proposed and approved f o r  opera t ion  during t h e  opera t ing  l i f e  
time of t h e  Sequoyah p l a n t .  The p o t e n t i a l  inf luence  of  t h e  Sequoyah 
p lan t  should a l s o  be i d e n t i f i e d .  

TVA Response 

The temperature of t h e  upstream sensor a t  Sequoyah w i l l  not be influenced 
by e x i s t i n g  o r  proposed generat ing p l a n t s  upstream from t h e  p lan t .  
The Watts Bar Nuclear P lan t ,  cu r ren t ly  under cons t ruct ion  approximately 
44 miles upstream from t h e  Sequoyah s i t e ,  w i l l  opera te  i t s  cooling 
towers i n  t h e  closed mode because of l i m i t i n g  flow condit ions a t  t h e  
Watts Bar s i t e ,  and the re fo re  w i l l  not a f f e c t  downstream temperatures 
a t  Sequoyah. The p o t e n t i a l  inf luence  of Sequoyah on downstream p l a n t s  
f o r  a  maximum allowable temperature r i s e  i s  ou t l ined  i n  Appendix M 
of t h e  proposed f i n a l  environmental statement ( s e e  Enclosure 3 ) .  TVA 
w i l l  observe t h e  appl icable  water temperature s tandard a t  Sequoyah a s  
well  a s  a t  any f u t u r e  i n s t a l l a t i o n s .  



&iditionrtl  AEC Comment - Number 5 

1'. 11-7. The statement t h a t  ". . . a l l  persons along t h e  shore l ine  receive  t h e  
same dose r a t e s  a s  a person boating o r  ski ing" i s  probably and underestimate 
of t h e  shore l ine  dose because buildup on sediments was a pa ren t ly  not  
considered ( s e e  pp. F-23 through F-26, vol .  2 ,  WASII-1268 7 . 
TVA Response 

'?he maximum shorel ine  dose has been ca lcula ted  using an equation developed 
by J. K. Soldat ,  R a t t e l l e  Northwest Laboratory, 

'ishore = T1/2 'iwater 

where, 

2 
'ishore = concentrat ion of nuclide i on t h e  shore l ine  ( ~ ~ i / m  ) 

T1/2 = h a l f  l i f e  of nuclide i (days)  

' ivater = concentrat ion of nuclide i i n  adjacent  water ( p ~ i / l i t e r )  

2 
100 = an empirical  number between 30 and 300 with u n i t s  ( l i t e r / m  -day) 

c~nd t h e  "External Dose Factors" l i s t e d  i n  t a b l e  A-4, page F-53, Vol. 2, 
WASII-1258. For t h i s  ca lcu la t ion  it is  assumed t h a t  an individual  s tands 
365 days per year ,  and t h a t  t h e  water concentrat ion corresponds t o  d i l u t i o n  
of t h e  e f f l u e n t s  with 50 percent of t h e  r i v e r .  

 he maximum ex te rna l  shore l ine  dose i s  ca lcula ted  t o  be:  

Whole body: 4.55 (-1) mrem/yr. 
Skin: 5.31 (-1) mem/yr. 



Additional A15C Comment - Umber 6 - ------ 

I .  - 7  The l a rge  di f ference (0.75 vs. 12 mremlyr) between infant  
thyroitl doses f rorn mild conswnpt ion calculated using TVA methods and 
those contained i n  I?egulatory Guide 1.42 should be addressed i n  more 
d e t a i l .  Also, i t  would be helpful  t o  present t h e  numerical values fo r  
Vy,, 7 4 ,  C R ,  and DCF (p .  1-7) r a the r  than references t o  t h e  l i t e r a t u r e .  

The differences between t h e  in fan t  thyroid  doses from milk consumption 
calculated using TVA methods and those contained i n  Regulatory Guide 1.42 
occur because of differences between t h e  predicted quan t i t i es  of radioiodine 
released.  I n  calcula t ing a dose of 0.75 mrem/yr. i n  Appendix I, t h e  quant i ty  
of 1-131 assumed t o  be released was 0.00647 ~ i / y r .  (as l i s t e d  i n  Table 2.4-2, 
page 2.4-37). In calcula t ing a dose of 12 mrem/yr. i n  Appendix I1 (calcula t ions  
based on Regulatory Guide 1.42),  t h e  quant i ty  of 1-131 assumed t o  be released 
was 0 .1  ~ i / y r .  The dose model used i n  calcula t ing t h e  1-131 doses i s  t h e  
same ns t h a t  specir ied i n  Regulatory Guide 1.42, although t h e  TVA terminology 
is d i f f e r en t .  The TVA dose model i s  based upon t h e  same reference (reference 
12 of' Appendix I )  as t he  dose model developed i n  Regulatory Guide 1.42. 
Values of t h e  parameters used i n  t h e  TVA 1-131 dose model a r e  given below: 

?4 = 0.6h7 C i / l .  -- 
Ci/m - day 

DCF = 1.71 x 10lo  mrem committed 
C i  intake 



'Chis section nrovides an overall assessment of the economic, 

technical, ant1 other benefits of the Sequoyah Iluclear Plant wei~hed 

czliairint the envi.ronmenta1 coats, with the alternatives considered whicil 

would affect the balance o f  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 becme the TVA Act said that TVA ". . . 
should be chnr~eci with the broadest duty of planning for the prover 

use, conservation, and development of the natural resources of the 

'Tennessee lliver drainaae basin and its adjoining territory for the 

general social and economic welfare of the ~iation." It is on the basis 

of these principles that TVA plans and conducts all its activities, be 

they plannin~, constructing, and opera tin^ a nmiclear power plant ; ~ll~n- 

ning, building, and operating a water control pro,ject; providing research 

to develop a new fertilizer; setting aside aress for fish and wildlife; 

developing improved hardwood tree strains; or seeking ways tc utilize 

the rugged scenic qualities of some of the region's natural streams. 

In all of these and many other varied resource development nrotTrams, 

'I'VA is deeply conscious of its responsibilities to the peonle in the 

TVA region and in the Nation. This posture invariably calls for a 

balancing of a variety of interests and, finally, decision and sction 

in which differences are reconciled insofar as ~ossible to best serve 

the needs of the greatest number over the longest possible time. Inherent 

in this is the requirement of findinq a balance between the needs of 

man, including his need for useful emalopent, and the safeguarding of 

his physical environment. 



I n  'i'VA e l e c t r i c  power i s  refra.rded a s  a tool f o r  economic 

dcvelopmcnt. I t s  use has been cncourny;ed as a mems for  imvrovinp t h c  

quality of  l i f e  i n  t h e  reg ion .  F i t t e d  i n t o  a comnrchennive, u n i f i e d  

tievelopment prop;rm, it has helped ease  t h e  burdens of drudgerv; provide 

more Jobs and more nroduct ive  enployment; b r inq  t h c  ameni t ies  of l i f e  

t o  an ever- incrensing number of  people;  and gene ra l ly  improve t h e  h e a l t h ,  

ctiucation, and l iviny: cond i t i ons  of  t h e  people.  

An m p l c  sunnly of low-cost e l e c t r i c  enerpv, i n t e ~ r a t e d  wi th  

a t o t a l  resource  development prop;rm, ha3 been n, mn.;lor f a c t o r  i n  t h e  

progress  achieved b:r t h e  TVA rep ion  s i n c e  1933. lCmnloynent, income, 

and p r o d u c t i v i t y  have a l l  increased  wi th  n s h i f t  from a p r imar i ly  

a g r i c u l t u r a l  t o  an i n d u s t r i a l  economy. 

The uses  of' e l e c t r i c i t y  a r e  many. To t h e  r e s i d e n t i s l  user 

it provides  l i ~ h t i n g ,  r e f r i g e r a t i o n ,  cooking, washing and dry in^ of 

c l o t h e s ,  hea t ing ,  a i r  condit ioninp, ,  and educat ion and en ter ta inment  v i a  

r a d i o  and t e l e v i s i o n ,  t o  nane but n few. Vost s t o r e s ,  banks, and o t h e r  

commercial ven tu re s  a r e  denendent on e l e c t r i c i t y  f o r  conductinp: bus iness .  

I n  i ndus t ry  it i s  nn e s s e n t i a l  element by which ~ r o d u c t i v j t y  has  been 

increased  wi th  an a t t endan t  improvement i n  l i v i n g  s tandards .  While i n  

most i n d u s t r i a l  a c t i v i t i e s  t h e  c o s t  o f  e l e c t r i c  nower i s  n small frac- 

t i o n  of  t h e  t o t a l  c o s t  of product ion,  without e l e c t r i c i t y  modern ind i i s t ry  

could not  provitlo t h e  IJation wi th  t h e  goods and s e r v i c e s  it dena.niis. 

I n  t h e  aluminum, e lec t rochemica l ,  and m e t a l l u r g i c a l  i n d u s t r i e s ,  el.ec- 

L r i c i t y  i s  a s i g n i f i c n n t  component r equ i r ed  i n  t h e  manufacture of t h e s e  

e s s e n t i a l  products .  



The addit ion of t he  Sequoyah Nuclear Plant t o  t h e  TVA system 

w i l l  enable WA t o  continue t o  carry  o i t  i t s  respons ib i l i ty  t o  provide 

an ample supply of e l e c t r i c i t y  f o r  t h e  TVA region. The benef i ts  of 

t h e  plant include t he  value of the  e l e c t r i c a l  power t o  be generated, 

the po ten t ia l  f o r  reduction of re leases  of combustion products t o  t he  

atmosphere which would be associated with a foss i l - f i red  s t a t i on  of 

equal capacity, t he  recreat ional  and educational value t o  v i s i t o r s  t o  

t he  plant ,  increased payments t o  l oca l  governments i n  l i e u  of t a x  pay- 

ments, and a stimulant t o  t h e  economic growth of t he  region by helping 

t o  assure an abundant s-?ply of e l e c t r i c a l  power and increased employment 

potent ia ls .  

The cos t s  of t he  plant include t h e  commitment of about 525 

acres of land (including the  48-acre embayment) fo r  t h e  l i fe t ime  of 

t he  plant and about 1,620 acres of fores ted land f o r  transmission l i n e  

r i gh t s  of way; t he  re jec t ion  of about 1.60 x l o l o  ~ t u / h  t o  t he  a i r  

d i r ec t l y  and v i a  Chickamauga Reservoir; t h e  annual l o s s  of 181 mil l ion 

3 l a r v a l  f i sh ;  t he  consumptive use by evaporation of about73 Ft /s of 

water when operating with cooling towers; minor re leases  of rad ioac t iv i ty  

t o  t he  a i r  and t o  t h e  reservoir ;  erosion of s o i l  during construction; a 

very low probabil i ty of re leasing rad ioac t iv i ty  due t o  an accident i n  

t he  plant o r  an accident during t he  t ransport  of radioactive materials;  

and the  monetary cos t s  t o  construct ,  operate, and maintain t h e  plant.  

TVA has attempted, insofar  a s  pract icable ,  t o  d e t a i l  those 

applicable benefit-cost items covered i n  t he  Atomic Energy Commission's 

Regulatory Guide 4.2 ( issued March 2, 1973) i n  t he  estimates of benef i ts  

and costs  given i n  sections 8.1 and 8.2. The weighing and balancing of 

benef i ts  and costs  of a l t e rna t ive  s i t e s  and subsystems i s  presented i n  

section 8.3 



While various b e n e f i t s  and environmental c o s t s  have been 

quan t i f i ed ,  some a r e  necessa r i ly  expressed i n  q u a l i t a t i v e  terms. For 

example, t h e  e f f e c t  of na tu rn l  d r a f t  cooling towers on a e s t h e t i c s  i s  

t r e a t e d  q u a l i t a t i v e l y .  Moreover, of those  f a c t o r s  sub,ject t o  quan t i f i -  

ca t ion ,  a l l  cannot reasonably be expressed i n  monetary vahies.  Althoueh 

t h e  number of Btu ' s  added t o  t h e  cooling system discharge can be  numerically 

quan t i f i ed ,  t r a n s l a t i o n  of t h a t  number t o  R, monetery value i s  not reason- 

a b l e  i n  view of t h e  wide range of v a r i a b l e s  influencing t h e  s ign i f i cance  

of t h e  impact. Environmental imnacts, t h e r e f o r e ,  a r e  quant i f ied  i n  

commonly used terms such a s  numbers of Btu ' s  of h e a t ,  ga l lons  of water ,  

and tons  of  ea r th .  

Since t h e  bas ic  course of a c t i o n  i n  addine; t h e  Seauoyah n lan t  

t o  t h e  TVA power system was decided p r i o r  t o  t h e  enactment of IJEPA, 

the Sequoyah IJuclenr Plant  environmental review has consisted of an 

ana lys i s  o f  t h e  a l t e r n a t i v e s  f o r  l i m i t i n g  environmental impacts during 

t h e  remaining const ruct ion  of t h e  p ro jec t  and t h e  environmental imnacts 

which w i l l  r e s u l t  from t h e  subsequent operat ion of  t h e  p lan t .  During 

t h i s  environmental review, t h e  desicn concepts f o r  t h e  p lan t  h ~ v e  been 

modified so a s  t o  provide a p lan t  which approaches a minimum impnct 

p lant .  Spec i f i c  system desicn concepts were modified a s  f o l l o ~ m :  

Gaseous Radwaste - The gaseous radwaste s,vst,ern has been modi- --- 
f i e d  t o  nrovi.de a r ad ioac t ive  decay period of 60 days ( i n  

l i e u  of  115 days) f o r  r ad ioac t ive  gases. 

T~iquid Hatiwaste - The l i q u i d  radwaste system design has been 

modified t o  permit recycl-inp; of t r i t i a t e d  water t o  t h e  



maximum extent practicable and to permit treating steam 

generator blowdown and subsequently recycling the treated 

liquid within the plant. 

Heat Dissipation - Heat dissipation will be by means of 
combined-cycle natural draft cooling towers in conjunction with 

use of the reservoir diffuser originally designed for the plant. 

Nonradioactive Discharges - Plans are being developed for the 
installation of a concentrator to treat waste sludge from the 

makeup water filter plant. 

With normal operation from the plant the maximum radiation 

dose to the hypothetical individual will be about 4 percent of that 

received from natural background radiation and the population dose within 

50 miles of the plant in the year 2010 is projected at less than 0.04 

percent of the dose from natural background radiation. Therefore, 

radiation resulting from operation of the Sequoyah Nuclear Plant will 

result in no undue risk to the health and safety of the public. 

Conclusion - This environmental review has evaluated the 
expected environmental impacts of the proposed project and has considered 

alternatives which would lessen environmental impacts. After weighing 

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. 



0.1 Benefits - The benef i ts  of t he  Sequoyah plant  are de ta i l ed  

below and a r e  summarized i n  Table 8.1-1. 

1. E lec t r i c  power produced and sold - Sequoyah 

Nuclear Plant includes two u n i t s  with a dependable capacity of 1,125 P4W 

e l e c t r i c a l  each, o r  a t o t a l  p lant  capacity of 2,250 IN e l e c t r i c a l .  The 

un i t s  a r e  scheduled f o r  commercial operation a s  follows: un i t  1, June 

1976, and un i t  2, February 1977. Since capacity i s  planned f o r  on a system 

bas i s ,  it i s  not poss ible  t o  identif 'y t h e  spec i f ic  loads which t h e  

Fiequoyah nuclear u n i t s  w i l l  serve. For t h e  purpose of t h e  benef i t  

analys is ,  it has been assumed t h a t  t h e  plant  serves loads based on t h e  

incremental increase i n  loads f o r  each c l a s s  of customers estimated 

between F.Y. 1972 and F.Y. 1980. The estimated peak load and s a l e s  fo r  

these  years a r e  i den t i f i ed  i n  t h e  following tab le :  

F.Y. 1972 F.Y. 1980 Increase 
Percent Percent Percent 

Load Total  Load Total  Load Total  

Estimated Peak 
Demand (MU) 16,664 30,300 13,636 

Estimated Sales 
(mil l ion kwh) : 

Residential  28,072 30.8 45,833 28.2 17,761 24.8 
Commercial 11,901 13.1 22,667 13.9 10,766 15.0 
Indus t r i a l  32,908 36.2 55,907 34.4 22,999 32.1 
Government 13,815 15.2 30,873 19.0 17,058 23.8 
Other Sales 4,249 4.7 7,320 4.5 3,071 4.3 

TOTAL SALES 90,945 (100) 162,600 (100) 71,655 (100) 



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: 

Residential 1.4514/kWh 
Commercial 1.374 4/kWh 
Industrial 0.761 4/kWh 
Government 0.656 $/kwh 
Other 1.058 4/kwh 

For the purpose of estimating the present value of 

the revenue received from the sale of this energy it has been assumed 

that the Sequoyah plant will operate as shown in the following table 

during its 35-year life: 

Tot a1 
Transmission 

Annual and 
Net Distribution 

Capacity Generation Losses 
Years Factor (million kwh) (million kWh) - 

Annual 
Energy 
Available 
For Sale 

(million kWh) 

Using the energy available for sale and the current 

prices paid for electricity shown above, a discount rate of 8 percent, 

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: 



ELECTRIC POWER PRODUCED AND SOLD - SEQUOYAH NUCLEAR PLANT 

Levelized Annual Energy Generat ion (kWh) 14,211 x 10 6 

Levelized Total Annual Losses (kwh) 973 x 10 
6 

Levelized Annual Energy Available fo r  Sale (kwh) 13,238 x 10 
6 

Average Annual Value of Sales 
Energy Available During Plant Life  Average Annual 
For Sale - kWh 1973 Dollars Value - Dollars 

Energy Sold: 

Residential  6 3,283 x lo6  555,000,000 ~ ~ , ~ O O , O O O  
Commerc i a l  1,986 x lo6 318,000,000 27,300,000 
Indus t r ia l  4,249 x l o 6  377,000,000 32,300,000 
Government 3 , l -1  x lo6 241,000,000 20,700,000 
Other 569 x 10 70,000,000 ~ , ~ O O , O O O  

Total  sold  13,238 x 10 ~ , ~ ~ ~ , o o o , o o o  134,000,000 

His tor ical ly ,  e l e c t r i c i t y  r a t e s  have declined u n t i l  

t he  mid-1960's. Events of t h e  more recent years have caused t h i s  trend 

t o  reverse. Higher pr ices  f o r  fue l s ,  higher i n t e r e s t  r a t e s ,  increases 

i n  construction cos t s ,  and cos t s  of pol lut ion control  equipment have 

been s ign i f ican t  fac tors  causing the  increases i n  r a t e s  fo r  e l e c t r i c  

u t i l i t i e s .  It was necessary for  TVA t o  increase i ts r a t e  schedules i n  

1967, 1969, 1970, and 1973. The e f f ec t  of these  r a t e  increases has 

resul ted i n  t he  average cost  of e l e c t r i c i t y  t o  t h e  consumer increasing 

by 62.4 percent. Thus, t h e  use of current r a t e s  could s ign i f ican t ly  

understate t he  future  s a l e  price.  

2. Payments i n  l i e u  of taxes - Estimates of pay- 

ments i n  l i e u  of taxes include estimates of payments t o  s t a t e  and loca l  

governments by TVA and by d i s t r i bu to r s  of TVA e l e c t r i c i t y .  Estimates 

a r e  based on current r a t e s  of payment re la ted  t o  t he  energy which w i l l  

be generated by the  plant.  



3. Regional gross product - Benefits of the Sequoyah 
plant to regional gross product cannot be exactly quantified monetarily. 

However, a correlation has been made of the average annual dollar flow 

of gross product with the use of the Sequoyah 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 Manufacturers, 1967) and the relationship 

between gross product f-om manufacturing and value added by manufacturing 

(Census of Manufacturers, 1967 and Survey of Current Business ) . The 
numerical value of the industrial gross product factor was found by 

this method to be $0.0649 per kWh. The commercial 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 (~ner~y in the American Economy, 1850-1975, 

Shurr and ~etschert). 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 consumed 

does not consider other variables in the production of products, such 



as wages of workers and efficiencies of individual production processes. 

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 availability of electricity 

as an energy source has helped realize these growth rates. 

4. Recreation - The recreational benefits of the 
Sequoyah plant are estimated at 6,000 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 $4,500. 

5. Air quality_ - Since the Sequoyah plant is a 
base-load plant, approximately 4.9 billion kWh will be available during 

the base-load period to replace coal-fired generation which would other- 

wise have consumed about 2.1 million tons of coal per year. This will 

result in annual reductions in particulate emissions of about 2,200 

tons, SO2 emissions of about 112,000 tons, and NOx emissions of about 

15,900 tons when based on replacing coal-fired generation which uses 

coal of the quality now being burned and current technology. 



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 Sequoyah 

plant, An industrial employment factor, relating kWh equivalent con- 

sumed in manufacturing to employment in manufacturing, was determined 

from national data from the Census of Manufacturers, 1967. A value of 

5.4588 workers per million kilowatthours was obtained. A commercial 

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 Sequoyah Nuclear Plant generation allocated to commer- 

cial and industrial use, the potential exists for expanding the number 

of new Jobs by about 68,190. 

7. Education - The educational benefits of the 
Sequoyah plant are estimated to be 150,000 visits per year after the 

plant is operational. These visits have been valued at $1.85 each, 

based on recently developed TVA estimates. Thus, the annual value of 

these visits is $278,000. 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 

SEQUOYAH NUCLEAR PLANT . BENEFITS 

Direct Benefits 

Expected Levelized Annual Generation in Kilowatthours . 14.211.000. 000 
Dependable Capacity in Kilowatts . . . . . . . . . . . .  2.250. 000 
Proportional Distribution of Electrical Energy . 
Expected Levelized Annual Delivery in Kilowatthours: . . . . . . . . . . . . . . . . . . . .  Residential 3.283.000. 000 . . . . . . . . . . . . . . . . . . . . .  Commercial 1.986.000. 000 . . . . . . . . . . . . . . . . . . . . .  Industrial 4.249.000. 000 . . . . . . . . . . . . . . . . . . . . .  Government 3.151.000. 000 
Other . . . . . . . .  . . . . . . . . . . . . . .  569.000. 000 

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 ) 

SO2 . . . . . . . . . . . . . . . . . . . . . . . .  
NO* . . . . . . . . . . . . . . . . . . . . . . . .  
Particulates . . . . . . . . . . . . . . . . . . . .  

Employment . Potential jobs provided . . . . . . . . . .  
Education . Dollars . . . . . . . . . . . . . . . . . .  

5.700. 000 
See Text 



8.2 Monetary and Environmental Costs - The monetary (generating) 
and environmental costs of the Sequoyah plant for the minimum impact 

and plant design combinations of subsystems are detailed below and 

are summarized in Table 8.2-1. Incremental generating costs and 

differences in environmental costs for alternative subsystems are 

given in section 8.3. 

Generating costs - The generating costs for the 
alternative combinations of subsystems have been computed using the 

following assumptions: current plant capital cost estimates of $470 

million (1973 dollars); a levelized power generating cost 2.35 mill/kWh 

($0.00235/kWh); a declining plant capacity factor as discussed in 

section 8.1-1; incremental generating costs for alternative subsystems 

as shown in section 8.3; 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 - 
The skimmer intake located near the bottom of the reservoir should 

reduce fish entrainment and impingement due to its location and the 

lower velocity at the skimmer opening (0.5 ft/s). Larval fish 

mortalities expected as a result of entrainment are discussed in 

paragraph 2 below. 

(2) Passage through the condensers of - 
(a) Primary producers and con- 

sumers - Estimates of total daily quantities of plankton (by weight) 
were made based on concentrations taken during limited sampling in 1972 

and 1973, estimates of the withdrawal volumes, and the assumptions of 

linear flow at water intake level and uniformity of sample distribution 



in horizontal cross sections. Additionally, phytoplankton biomass was 

determined from chlorophyll sampling using  right's conversion factor 1 

of 1 pg chlorophyll g equals 0.12 mg dry weight biomass. Daily 

phytoplankton dry weight entrainment estimates are approximately 7,640 

pounds in winter, 22,000 pounds in spring, 13,400 pounds in summer, and 

4,130 pounds in fall. 

The inherent weakness in the 

estimates of plankton amounts are as follows: 

1. The quarterly samples are "grab" samples that are not 

replicated thrqughout the day, nor throughout the quarter. 

2. Phytoplankton cell numbers may double in as short an 

interval as one day. 

3. Zooplankton standing crop is estimated with limited 

numbers of samples. 

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. Season 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 over- 

estimate in the fall quarter since samples are taken 



during the first or second week of the quarter. How- 

ever, present sample schedules fit existing flow or 

discharge cycles in the river. 

8. Dry weights for the various zooplankton species were 

obtained either from existing literature (Comita, 1972;~ 

4 
Cumins, c. &. , 1969 ; and Patalas, 1970 ) or 

extrapolation for some species represented at the site. 

(b) Fish - Larval fish which 
pass through the plant in the cooling water flow will be killed. An 

accurate assessment of +he effects on larval fish populations cannot 

be made at this time since there is insufficient data on larval fish 

populations in Chickamauga Reservoir. However, in an attempt to 

quantify larval fish entrainment, concentrations of larval fish in 

Wheeler Reservoir were used to project an annual mortality of 181 

million larval fish (18,100 adults). Relatively low concentrations 

of larval fish are expected in the withdrawal area since the skimmer 

wall will take water from depths of 40 feet in the reservoir. The 

impact of larval fish mortality on the entire reservoir is unknown. 

(3) Discharge area and thermal plume - 
(a) Physical water quality - 

The maximum plant heat rejection to Chickamauga Reservoir will be 

9 16.0 x 10 Btu/h when operating on open cycle. The maximum volume 

of water in the mixing zone for cooling water discharges for open and 

helper operation is expected to be about 100 acre-feet. For closed 

cooling system operation, the mixing zone for tower blowdown discharges 

would depend on final configuration of the blowdown diffuser. In any 

case, the volume is expected to be much smaller than for open-helper 

operation. 



(b) Dissolved oxygen - DO 
concentrations below 5 mg/l have been observed historically in the 

portion of the Tennessee River between Chickamauga Dam and former 

Hales Bar Dam. Even with the addition of secondary treatment at 

Chattanooga, DO concentrations below 5 mg/l would reasonably be 

expected to occur in a portion of the Hales Bar Reservoir. Since 

this portion of the river could be below 5 mg/l DO, the 147,700 acre- 

feet volume of the Hales Bar Reservoir at normal summer pool elevation 

has been assumed to conservatively represent the volume of water below 

5 mg/l DO without the c-reration of the Sequoyah Nuclear Plant. Since 

the thermal impact of Sequoyah's operation on the DO resource would 

primarily occur in this same reach of the river, the volume of 147,700 

acre-feet has been assumed to represent the impacted volume for both 

the minimum impact plant and the current plant design. 

(c) Aquatic biota - Less than 
8 percent of the mean annual flow becomes part of the plant's process 

water. The percentage of plankton organisms that will be entrained 

cannot be accurately estimated. The 29.5'~ thermal rise in the 

condensers and mechanical damage will be lethal to nearly all plankton. 

Organisms entrained in the diffuser discharges will experience an 

increase in respiration rates and other metabolic activities in response 

to the elevated temperatures. Organisms living in areas below the plant 

and subjected to increases in temperature will probably exhibit Q10 

effects when the plant begins operation. In the overbank area, spawning 

times and egg development rates may be slightly increased. 

(d) Wildlife - No significant 
effects on any area wildlife are anticipated from the thermal discharges 

to Chickamauga Reservoir. 



(e) Migratory fish - It has 
been judged that a barrier, in the strict sense of preventing or 

significantly decreasing or retarding fish migration, will not result 

from thermal discharges. 

( 4 )  Chemical discharges - As discussed 
earlier in section 2.5, the concentrations of chemicals in the reservoir 

after plant discharge are within established stream guidelines except 

for phosphates. The concentration of phosphates naturally occurring in 

the reservoir already exceeds the established guideline. No significant 

impacts from chemical i4scharges are anticipated. 

(5) Radionuclides discharged to water 

body - Doses are calculated according to the methods described in 
Appendix H. Tritium doses are included for an annual release of 350 Ci. 

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 to benthic 

invertebrates living in the vicinity of the Sequoyah Nuclear Plant. 

(b) People - external - 
Calculations of the external dose rate to people involved in above- 

water activities (skiing, fishing, boating), in-water activities 

(swimming), and shoreline activities are described in Appendix H. The 

external dose to people involved in shoreline activities is expected to 

be very small. The simplifying assumption is made that all persons 

participating in shoreline activities receive the same dose rate as a 

person boating or skiing. The estimated individual dose rate of 



6.5 x rem/yr from shoreline activities exceeds the more 

realistic estimates for above-water activities and in-water activities. 

(c) People - ingestion - 
Maximum dose commitments to the thyroid for the water and fish path- 

ways are described in Appendix H for both the individual and the 

population. 

( 6 )  Consumption of water - Although 
3 estimated evaporation and drift loss rates total about 73 ft 1s (144 

acre-feet per day), no significant effects on either downstream water 

supplies or irrigation qupplies occur due to the insignificant size 

3 of these loss rates relative to average streamflow (32,800 ft /s at 

Chickamauga Dam, 13 miles downstream). Yearly evaporative losses would 

be a maximum of about 53,000 acre-feet. 

(7) Plant construction - 
(a) Physical water quality - 

During the construction period there will be unavoidable dredging of 

material in Chickamauga Reservoir. A major portion of the dredging 

construction has already been completed. Construction activity is 

being conducted so as to meet all applicable water quality standards. 

Thus, no dilution volume 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 Chickamauga 

* Reservoir in solutions with concentrations which meet chemical 

water quality standards. Thus, no reservoir dilution volume is 

required. 



(8) Other impacts - The cooling 
water discharge pond will remove about 48 acres from the surface 

area of Chickamauga Reservoir (see section 2.7, Construction Effects). 

(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 effect on Chickamauga Reservoir - 
The construction and operation of the Sequoyah Nuclear Plant, con- 

sidering the alternatp-es utilized to minimize environmental effects, 

is not expected to have any significant 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 Sequoyah plant should have no effect 
on local ground water levels since relatively small quantities of water 

are withdrawn and since Chickamauga Reservoir water levels are main- 

tained according to TVA's reservoir operating guides. Normal fluctua- 

tions 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, pipelines, and transfer and storage lines are 



isolated from the ground by concrete and other barriers. Thus, no 

chemical contamination of ground water is expected. 

(3) Radionuclide contamination of ground 

water - 
(a) People - Dose commitments 

for the annual intake of ground water are based on the calculations 

described in Appendix H. Conservative assumptions are made for these 

calculations because accurate data are unavailable. Therefore, the 

population dose commitments from contaminated ground water are over- 

estimated. 

(b) Plants and animals - Cal- 
culations of doses to aquatic plants and animals living in the Tennessee 

River near the Sequoyah Nuclear Plant are described in Appendix H. 

Doses to organisms exposed to ground water are expected to be less 

than the estimates of the doses from Tennessee River water, Table H-5 

of Appendix H, because of the dilution afforded by uncontaminated water. 

The maximum dose 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 the effects of fogging and icing on 
local ground transportation from the heat dissipation alternatives is 

based on the procedural methods described in section 2.6 and an 



empirical model for predicting river steam fogging. The model was 

derived for the Green River adjacent to the Paradise Steam Plant and 

modified for Chickamauga Reservoir on the Tennessee River at the 

Sequoyah Nuclear Plant site. As indicated in section 2.6, the 

original diffuser system and the natural-draft towers operating as a 

closed or combined system should seldom, if ever, affect ground trans- 

portation. Mechanical-draft towers operating as closed or combined 

systems could affect ground transportation 544 and 123 hours per year, 

respectively. Spray canals operating as closed or combined systems 

could affect ground tr~lsportation 567 and 115 hours per year, 

respectively. 

(b) Effects on air transportation - 

Analysis of Paradise Steam Plant natural-draft tower plume behavior shows 

that the maximum extent of plumes or fogs from cooling tower systems is 

about 5 miles. Since the nearest commercial airport is in Chattanooga, 

Tennessee, about 15 miles southwest of the Sequoyah plant site, no 

interference with commercial airport operation is anticipated from any 

of the heat dissipation alternatives. 

( c )  Local effects on water 

transportation - Analysis of the effects of the heat dissipation 
alternatives on water transportation is based on the procedural methods 

described in section 2.6 and the steam fogging prediction model 

noted in (a) above. Closed-cycle natural-draft towers should seldom, 

if ever, affect water transportation. Closed-cycle mechanical-draft 

towers and spray canals could affect water transportation 8.22 and 864 

hours per year, respectively. Water transportation could also be 

affected by fogs resulting from heated water releases from the original 



diffuser system, and by operation of the natural-draft towers, the 

mechanical-draft towers, and the spray canals (combined systems). 

Water transportation could be affected 237 hours per year by operation 

of the original diffuser system. Open-helper-closed system natural- 

draft towers, mechanical-draft towers, and spray canals could affect 

water transportation 48, 306, and 310 hours per year, respectively. 

(d) Effects on plants - 
Vegetation should not be adversely affected by fogs or plumes from the 

heat dissipation alternatives because exposure to excessive moisture 

on any one day should be of short duration (5 hours or less) and should 

usually occur during predawn through postdawn 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 

emisstons from the plant's auxiliary boilers and diesel generators 

6 
have been estimated assuming combustion of 6.6 x 10 gallons per year 

of fuel oil with 0.5 percent sulfur content. Resulting annual average 

ambient levels for shorter averaging time periods assume a consumption 

ratecof 750 gallons per hour. The maximum levels, as percents of the 

ambient air quality standards, are listed below: 

Percent of Secondary Ambient Emissions in 
Pollutant Air Quality Standard Tons per Year 

Particulates 0.19 26.3 

Sulfur dioxide 0.08 25.7 

Carbon monoxide 2.86 x 0.1 

Hydrocarbons 0.15 6.6 

Nitrogen oxides 0.02 254.0 



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 released to the air are computed as described in Appendix I. 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 I. 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 525 acres for the base plant. The only feasible 

alternatives for heat dissipation requiring additional land are the 

spray canal systems, which require 170 additional acres. 



(2) Plant  cons t ruct ion  - 

(a)  Noise e f f e c t s  on people - 
Ambient noise  l e v e l s  due t o  cons t ruct ion  of the  Sequoyah p lan t  a r e  not  

expected t o  pose any problems t o  the  surrounding population. The 

surrounding land has a low population dens i ty  which w i l l  minimize the  

e f f e c t s  of cons t ruct ion  noise. 

(b) Access ib i l i ty  of h i s t o r i c a l  

s i t e s  - No a reas  of known h i s t o r i c a l  s ign i f i cance  a r e  on t h e  Sequoyah 

s i t e .  

(c) Access ib i l i ty  of archaeo- 

l o g i c a l  sites - No s i g n i f i c a n t  archaeological  evidence is known t o  exist  

on t h e  Sequoyah site. 

(d) Wildl i fe  - No e f f e c t s  on 

w i l d l i f e  a r e  expected except f o r  the  d i s l o c a t i o n  of w i l d l i f e  i n  t h e  

immediate s i te  a r e a  and a s  discussed i n  s e c t i o n  2.2. 

(e)  Erosion e f f e c t s  - The 

average amount of s o i l  displaced by eros ion due t o  cons t ruct ion  

a c t i v i t i e s  a t  the  Sequoyah s i t e  is estimated t o  be about 950 tons 

per  year  throughout the  cons t ruct ion  period. This es t imate  includes 

the  e f f e c t s  of d i r e c t  e ros ion of c leared  land and a l s o  the  displace-  

ment of dredge mate r i a l  i n  Chickamauga Reservoir.  

(3) Plant  opera t ion  - 
(a) Noise e f f e c t s  on people - 

Operation of the  p lan t  is e s s e n t i a l l y  no i se less  a t  the  s i te  boundary 

except f o r  the  very infrequent  opera t ion  of the  a i r  b l a s t  c i r c u i t  

breakers. 



(b) Aesthetic effects on 

people - The design of the Sequoyah Nuclear Plant has had as one 
objective the creation of harmony between plant and environment. This 

objective has resulted in a site developed to have a pleasing appear- 

ance and to provide a tasteful transition from the rural surrounding 

land. The addition of cooling towers is expected to provide a more 

abrupt transition. 

(c) Wildlife - No effects on 
wildlife are expected except for the dislocation of wildlife in the 

immediate site area. 

(d) Flood control - The 
Sequoyah project has no implication for flood control. 

(4) Salts discharged in drift from 

cooling towers - During operation of the cooling towers in the helper 
mode the cooling water salt content will be almost identical to that 

in the makeup water as indicated in section 2.5. During closed-mode 

the salt content will be about twice that of the makeup water. 

However, in both cases the salt content of the cooling system water 

would be within the limits of the applicable standards. No significant 

effects are expected from drift discharges from the towers. 

(5) Transmission route selection - 
(a) Preemption of land - The 

Sequoyah plant will require 147 miles of new transmission lines. New 

land area required for transmission line right of way is estimated to 

be about 2,700 acres. 

(b) Land use and land value - 
TVA attempts to locate new transmission lines so as to minimize the 



t o t a l  e f f e c t  of the  l i n e s  on t h e  environment. A s  planned a t  Sequoyah, 

a r e a s  of high population dens i ty  were avoided by a c a r e f u l  se lec t ion  

of t ransmission l i n e  routes.  A s  can be expected, it  has not  been 

poss ib le  t o  obscure a l l  views of the  numerous r i v e r  cross ings  a t  t h e  

p lan t  site. However, by u t i l i z i n g  a co r r idor  loca t ion  concept and 

double c i r c u i t  towers, only a l imi ted  s e c t i o n  of the  r e se rvo i r  a r e a  

w i l l  be a f fec ted .  

Recent inves t iga t ions  have 

revealed no d i s c e r n i b l e  l o s s  i n  value a t t r i b u t a b l e  t o  t h e  transmission 

l i n e s  ou t s ide  the  r i g h t  of way proper. The only measurable impact 

occurs wi th in  the  r i g h t  of way where bui ld ings  a r e  prohibi ted.  

Inves t iga t ions  i n  o the r  a g r i c u l t u r a l ,  r e s i d e n t i a l ,  and i n d u s t r i a l  a reas  

throughout the  TVA power se rv ice  a r e a  show s i m i l a r  land value behavior 

c h a r a c t e r i s t i c s ,  and TVA a n t i c i p a t e s  no adverse e f f e c t s  by transmission 

l i n e s  on land values from the  Sequoyah Nuclear Plant .  TVA can f ind  no 

evidence t h a t  the  presence of t h e  transmission l i n e  system w i l l  i n h i b i t  

o rde r ly  land development and normal t r a n s i t i o n  i n  h ighes t  and b e s t  use  

from a g r i c u l t u r a l  use t o  r e s i d e n t i a l ,  commercial, and i n d u s t r i a l  use  when 

f u t u r e  demands r e q u i r e  such t r a n s i t i o n .  

(c) Aesthet ic  e f f e c t s  on 

people - In  the  s i t i n g  of new transmission l i n e s  f o r  Sequoyah, the  

minimum of undesirable f e a t u r e s  has been s'ought. Unavoidable s t a t e ,  

U.S., and i n t e r s t a t e  highway cross ings  w i l l  number 19, and major r i v e r  

cross ings  w i l l  number 7. However, no c r e s t ,  r idge ,  o r  o the r  high point  

c ross ings  a r e  expected. Also, no long views of t ransmission l i n e s  

p a r a l l e l  t o  major roadways a r e  an t i c ipa ted .  Only 4 of the  19 perpendi- 

c u l a r  l i n e  cross ings  have r e l a t i v e l y  long views. Because of the  open- 



type terrain which occur at these crossings, views in both directions 

along the line routes cannot be avoided. In addition, minor views 

of line occur at six other highway crossings. However, the use of 

existing terrain and scattered tree cover limit the views to only one 

direction at these crossings. 

(6) Transmission facilities construction - 
(a) Land adjacent to rights 

of way - Normally no permanent access roads are installed in conjunction 
with transmission line construction. Some existing field roads and 

lanes are improved and are left for use by the landowners. 

(b) Land erosion - The 
removal of existing trees and shrubs will increase the potential for 

erosion until new ground cover is planted and is well established. 

TVA minimizes this potential by a policy of minimum soil disturbance 

and speedy ground cover replacement during the transmission line 

construction phase. 

(c) Wildlife - As indicated 
in section 2 . 2 ,  the creation of the interface zone between a trans- 

mission line right of way and forested land will adversely affect some 

species and benefit others. No lasting adverse effects on animal species 

or populations are anticipated during the brief construction period. 

(7) Transmission line operation - 

(a) Land use - Approximately 
20 percent of the new transmission line rights of way are now under 

cultivation and can remain in this use if the individual owners so 

desire. An additional 20 percent is uncultivated open land. The 

remaining 60 percent is woodland which is generally in poor quality 



timber. A s  indicated i n  sec t ion  2.2, various uses of cleared r i g h t s  

of way are permitted. The percentage of r i g h t s  of way f o r  which no 

multiple-use a c t i v i t i e s  are planned cannot be estimated s ince  individual  

landowners have t h i s  option on t h e i r  individual  land holdings. 

(b) Wildl i fe  - Section 2.2 

provides a discussion of w i l d l i f e  e f f e c t s .  Wildl i fe  h a b i t a t  f o r  edge- 

and open-loving species  is increased because of c r e a t i o n  of t h e  i n t e r -  

face zone. 

(8) Other land impacts - The Sequoyah 

Nuclear Plant  s i te  w a s  acquired primari ly i n  t h e  l a t e  1930's as a p a r t  

of the  lands required f o r  the  Chickamauga Reservoir. One add i t iona l  

t r a c t ,  containing some 103 ac res ,  w a s  so ld  during the  surplus  land s a l e  

program but  was  reacquired i n  1957. Addit ional  acqu i s i t ion  has been 

confined t o  the  land and land r i g h t s  required f o r  t h e  access road and 

ra i l road .  During the  period before and a f t e r  const ruct ion began i n  

1970, TVA has observed r e a l  e s t a t e  a c t i v i t y  i n  the  v i c i n i t y  of t h e  

projec t .  The experience a t  Sequoyah confirms e a r l i e r  s t u d i e s  a t  

Browns Ferry and Watts Bar which ind ica tea tha t  no adverse e f f e c t s  on 

property values have occurred as a r e s u l t  of t h e  site location.  

Studies ind ica te  t h a t  545 bui ld ing 

permits f o r  new r e s i d e n t i a l  const ruct ion have been issued s ince  1970 

i n  the  census t r a c t  i n  which t h e  s i te  is located.  This is an annual 

r a t e  of 6 percent of the  1970 housing stock. Development genera l ly  is 

confined, however, t o  t h e  lakefront  and along major roads i n  t h i s  

planning d i s t r i c t .  Construction of the  access road has contributed t o  

the  growth of the  area .  



A l l  types and c l a s s e s  of residences a r e  

now under development. Lakefront l o t s  sel l  i n  the  p r i c e  range of $20,000 

and l o t s  i n  the  New Salem Community a r e  s e l l i n g  f o r  $3,500. Houses range 

i n  value from the  $20,000 c l a s s  i n  New Salem t o  $50,000 j u s t  downstream 

from the  site. 

Forecasts  made i n  1967 f o r  Chattanooga by 

a consul t ing  f irm i n d i c a t e  t h a t  r e s i d e n t i a l  land requirements i n  t h i s  

planning d i s t r i c t  would average j u s t  over 100 a c r e s  a year  from 1970 

through 1975. The conversion r a t e  now occurring i n  near proximity t o  

the p lant  s i t e  is more chan twice the  1967 fo recas t .  

TVA s t u d i e s  i n d i c a t e  t h a t  with reasonable 

planning no adverse e f f e c t  w i l l  r e s u l t  from proximity t o  a nuclear  site. 

TVA expects  no such problem t o  occur i n  the  Sequoyah area.  

(9) Combined o r  i n t e r a c t i v e  e f f e c t s  - 
There i s  no evidence t o  i n d i c a t e  t h a t  the  combined e f f e c t s  of a number 

of impacts on any populat ion o r  resource is  not  adequately indica ted  

by the  measures of the  separa te  impacts l i s t e d  above. 

(10) N e t  e f f e c t s  on land - The n e t  

e f f e c t  of the  Sequoyah Nuclear Plant  on the  land resources is the  

commitment of about 525 a c r e s  of land f o r  the  use of power production 

during the  p l a n t ' s  l i f e t i m e  and the  r e s t r i c t i o n  on the  use  of about 

2,700 ac res  of transmission l i n e  r i g h t s  of way during the  l i f e t i m e  of 

these  l i n e s .  

5. Cross category e f f e c t s  - 
(1) Transportat ion - I n  a normal year  

Sequoyah w i l l  r ece ive  about 10 t ruck shipments of new f u e l ;  w i l l  make 

about 130 t ruck,  o r  about 13 r a i l ,  shipments of spent  f u e l ;  and w i l l  



make about 50 shipments of radioactive wastes. In addition, deliveries 

of fuel oil and chemicals will require receiving about 486 tank-truck 

shipments. The transportation requirements for offsite disposal of 

tritium would be about 13 tank-truck shipments per year, should its 

disposal be required around the seventh to twelfth year of plant 

operation.   he environmental review has demonstrated that the trans- 
portation shipments to and from the plant, considering normal and 

accident conditions, can be accomplished with a minimum impact. 

(2) Accidents - A spectrum of postulated 
accidents ranging in severity from trivial to very serious has been 

divided into 9 classes by AEC. This characterization of accidents by 

classifications brackets the qualitative assessment of environmental 

casts and benefits. Table 2.3-2 of section 2.3 gives a summary of 

the radiological consequences of the postulated accidents. This 

environmental 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 radiation and, in fact, is well within naturally occurring 

variations in background radiation levels. 
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Table 8.2-1 

SEQUOYAH ?TUCLEAR PW?T - GE=EJERATING ATm E2FJIRONMENTAL COSTS 

Plant with Minimal Current Plant 
Alternative Environmental Impact Des i ~ n  

Subsystems 
Combined-Cycle Natural 

Cooling Closed-Cycle Natural Draft Cooling Towers 
Draft Cooling Towers (open/helper/closed) 

a Gaseous Radwaste Treatment Gaseous Absorption or 60-~ay Holdup 
Cryogenic Distillation 

Liquid Radwaste Treatment Filtration a?d Filtration and 
Evaporation Evaporat ion 

Chemical Treatment Evaporation of Spent Neutralization of Spent 
Demineralizer Regenerant Demineralizer Regenerant 9 

Solutions and Precipitation Solutions ~3 
I 

of Phosphates in the stream :3 
0 

generator blowdown 

Generating Total 1 Value (1 73 Dollars) 6 $850.84 x 10 6 
Cost 

Annualized $ 74.46 x lo6 $ 73.00 x lo6 

Environmental Effects 

1. Natural Surface Chickamauga Reservoir 
Water Body 

1.1 Cooling 1.1.1 Fish Mortality See Text See Text 
Intake Structure 

1.2 Passage through 1.2.1 Phytoplankton 
the Condenser of and 

Zooplankton See Text See Text 

1.2.2 Larval Fish , 
See Text 181 x 10' (see Text) 

a. Minimum system with respect to primary impacts to offsite population due to plant gaseous releases. 

- 



Table 8.2-1 
( continued) 

SEQUOYAH N U C W  PUTT - GENERATIWG AND EMlIRON'MENTAL COSTS 

Plant with Minimal Current Plant 
Alternative Environmental Impact Design 

1.3 Discharge Area 1.3.1 Physical Water Open mode - 15.9 6 X 10 9 
and Thermal Plume Quality - Btu/h Helper - 7.543 X 109 

Heat Rejection 1 x lo7 Closed mode - 0.010 X - lo9 
Acre-Feet of Wgter 
Affected - 5.4 F See Text. 100 
Isotherm 

1.3.2 Water Quality, Oxygen 147,700 147,700 L- 

Availabili ty - Acre - Feet O O 3 

of Water DO-belaw 5, 3, and 0 0 -.I I 

1 mg/l, respectively P 

1.3.3 Aquatic Biota See Text See Text 

1.3.4 Wildlife - Acres 
Affected by Thermal 
Discharge None None 

1.3.5 Fish Migration No  barriar No harrier 

1 . 4  Chemical Effluents 1.4.1 Chemical Water 
Quality - Dilution 
Volume t o  Meet 
Standards 0 0 

1.4.2 Aquatic Biota - 
Affected Population 0 !lone Cxpec t e d  

1.4.3 Wildlife - Acres 
Affected by Chemical 
Discharges 0 0 



Table 8.2-1 
(continued) 

SEQUOYAH NUCLEAR PLANT - GEiJZRATIIJG AYD ZiWIRONMEIiTAL COSTS 

Plant with Minimal Current Plant 
Alternative Environmental Impact Design 

1.4.4 People - Lost User 
Recreational Days 0 0 

1 .5  Radionuclides 1.5.1 Aquatic Organisms - 
Discharged t o  rad/yr 2.0 ( -1)s  2.0 ( - 1) 
Water Body 

1.5.2 People, External - 
rem/yr 
man-rem/yr c3 

1.5.3 People, Ingestion - :J I 

rem/yr 1.2 (-4) 1.2 (-4) r~ IU 

man-rem/yr 3.0 (+I) 3.0 (+I) 

1.6 Consumptive Use 1.6.1 People - Acre-Feet 
 vaporat at ive  of Water Evaporated 53,000 32,000 
Losses ) per Year 

1.6.2 Property - Acre-Feet 
of Water Evaporated Same a s  Same as  
per Year 1.6.1 1.6.1 

1.7 Plant Construction 1.7.1 Physical Water 
Qual i ty  - Dilution 

1.7.2 Chemical Water 
Qual i ty  - Dilution 

1.8 Other Significant 1.8.1 Fish Habitat Lost - 
Impacts Aeres 48 4 8 



Table 8.2-1 
( continued) 

SEQUOYAH NUCLEAR PLANT - GENERATING AND ENVIRONKE3TAL COSTS 

Plant  with Minimal Current Plant  
Al ternat ive  Environmental Impact Design 

1.9 Combined o r  I n t e r a c t i v e  Ef fec t s  See Text 

1.10 N e t  Effec t  None Noticeable None Noticeable 

2. Ground Water 

2.1 RaisingILowering 2.1.1 People - Gallons 
of  Ground Water o f  Water Affected 0 0 
Levels 2.1.2 P lan t s  - Acres OJ 

0 Affected 0 :3 
I 
r3 2.2 Chemical Contami- 2.2.1 People - Gallons of ~d 

nation of  Water Contaminated 0 0 
Ground Water 2.2.2 Plants  - Acres Affected 0 0 

2.3 Radionuclide Con- 2.3.1 People 
tamination of rem/yr 0.77 (-4)* 0.77 (-4) 
Ground Water man-rem/yr 0.30 0.70 

2.3.2 P lan t s  and Animals See Text 

2.4 Other Impacts on 
Ground Water None None 

3. A 2  

3.1 Fogging and Ic ing  3.1.1 Ground Transportat ion - 
Caused by Heat Hours per  Year 0 0 

Dissipation System 3.1.2 A i r  Transportat ion - 
Evaporation and Hours pe r  Year 0 0 
D r i f t  



Table 8.2-1 
(continued) 

SEQUOYAH NUCLEAR PLANT - GENERATING AND ENVIRONMENTAL COSTS 

Plant with Minimal Current Plant 
Alternative Environmental Impact Design 

3.1.3 Water Transportation - 
Hours per Year 0 48 

3.1.4 Plants - Acres Affected 0 0 

3.2 Chemical Discharge 3.2.1 Air Quality, Chemical See Text 
To Ambient Air 3.2.2 Air Quality, Odor No offsite odor No offsite odor 

3.3 Radionuclides 3.3.1 People, External 
Discharged to rem/~r 3.6 (-3)" 5 . 5  (-3) 
Ambient Air man-remlyr 1.2 (+1) 2.0 (+I) Q 

3.3.2 People, Ingestion PJ I 

rem/yr 3.3 (-4) 3.3 (-4) '2 + 

man-remlyr 2.3 2.3 

3.3.3 Plants and Animals - 
rad jyr 3.6 (-3) . - 

3.4 Other Impacts 
on Air None None 

4. Land 

4.1 Preemption of Land 4.1.1 Land, Amount, in 
Acres 525 525 

4.2 Plant Construction 4.2.1 People, Noise No effects expected No effects expected 

4.2.2 People, Accessibility 
of Historical Sites Not a p p l i c a b l e  Not a p p l i c a b l e  

4.2.3 People, Accessibility 
of Archaeolo~ical Sites No access restriction No access restriction 

4.2.4 Wildlife Site area Site area 

4.2.5 Land, Erosion T/yr 750 

*3.6 (-3) = 3.6 X 



Table 8.2-1 
( continued) 

SEQUOYAH NUCLEAR PLANT - GENERATING AIiD EXVIRONMENTAL COSTS 

Plant with Minimal Current Plant 
Alternative Environmental Impact Design 

4.3 Plant Operation 4.3.1 People, Noise See Text 

4.3.2 People, Aesthetics See Text 

4.3.3 Wildlife Affected Area 0 0 

4.3.4 Land, Flood Control No Implication No Implication 

4.4 Salts Discharged 4.4.1 People See T L X ~  See Text 

from 4.4.2 Plants and Animals, 0 0 
Acres Affected co 

ru 
4.4.3 Property Resources - PJ I 

Effect in Dollars 0 0 ul 

per Year 

4.5 Transmission Route 4.5.1 Land, Amount, in 
Select ion Acres 2,700 2,700 

4.5.2 Land Use and Land Restriction on Right of Way Use 
Value No Expected Change in Value Outside Right of Way 

4.5.3 People, Aesthetics See Text 

4.6 Transmission 4.6.1 Land Adjacent to 
Right of Way 

See Text 
Facilities 
Construction 4.6.2 Land, Erosion See Text 

4.6.3 Wildlife Habitat Modification Habitat Modification 

4.7 Transmission Line 4.7.1 Land Use, Right of Way Multiple Use Permitted W t i p l e  Use Permitted 
Operation 4.7.2 Wildlife Habitat Change Habitat Change 



Table 8.2-1 
( continued) 

SEQUOYAH NUCLEAR PWJT - GENWATING AND ENVIRONMENTAL COSTS 

Plant with Minimal Current Plant 
Alternative Environmental Impact Design 

4.8 Other Land Impacts - 
None None Land Value Effects 

4.9 Combined Interactive 
Effects See Text 

4.10 Net Effects Commitment of 525 Acre S i t e  and 2700 Acres of T/L Right of Way Same 

5. Cross Category Effects 

5.1 Transportation 5.1.1 Transport of Fuels 
and Radioactive Material See Text & 

5.2 Accidents 5.2.1 Rad io lo~ ica l  Effects  See Text 



8.3 Weighing and Balancing - of Al ternat ive  -- Subsystems - I n  

TVA's environmental review process f o r  Sequoyah nuclear  P l a n t ,  

a l t e r n a t i v e  subsystems which woulii reduce environmentnl ~ p s . c t s  

were considered. This sec t ion presents  t h e  weighiny: and balancing 

of t h e  c o s t s  and benef i t s  associated with each of these  subsystems. 

1. --- Heat Diss ipat ion - The o r i g i n a l  p lant  design 

c a l l e d  f o r  condenser waste heat  d i s s ipa t ion  by means of d i f fuse r s  on 

t h e  bottom of Chickamauga Reservoir.  The o r i g i n a l  method was designed 

t o  permit a maximum 1 0 ' ~  temperature r i s e  which ms t h e  proposed 

Tennessee thermal water q u a l i t y  c r i t e r i a  at t h e  time of i n i t i a l  

p lant  planning. A recent  change i n  t h e  proposed Tennessee thermal 

c r i t e r i a  l i m i t i n g  t h e  temperature change t o  a maximum of 5.11'~ con- 

current  with t h e  environmental review of Sequoyah, prompted TVA t o  

give fu r the r  considerat ion t o  a l t e r n a t i v e  methods of heat d i s s ipa t ion .  

The a l t e r n a t i v e s  considered were mechanical and na tu ra l  d r a f t  cool in^ 

towers, a spray canal ,  and a cooling lake.  De ta i l s  on these  a l t e r n a t i v e s ,  

including cos t  est imates when deemed feas ib le ,  a r e  given i n  Section 2.0 

of t h i s  volume. 

Analyses were performed using t h e  following f a c t o r s  

a s  a bas i s :  f e a s i b i l i t y ,  environmental considerat ions,  and economic 

considerat ions.  The analyses were ca r r i ed  t o  t h e  extent  required  t o  

determine t h e  a c c e p t a b i l i t y  of each a l t e r n a t i v e  when considering these  

fac to r s .  This r e s u l t e d  i n  a complete ane.lysis of only t h e  wet c o o l i ~  

tower a l t e r n a t i v e s .  

Estimates of environmental impacts were made a s  

discussed i n  Section 8.2. The r e s u l t s  a r e  summarized i n  Table 8.3-1. 



8.3-2 

The spray canal alternative would require a cooling 

canal approximately 3 miles in total length and 200 feet wide with 400 

spray modules and would require the purchase of an additional 170 acres of 

land. The analysis of the spray canal alternative showed no significant 

reductions in environmental impacts that could not be accomplished with the 

cooling tower alternatives. Due to the limited operating experience with 

spray canals and the absence of any installations with a heat rejection of 

the magnitude of Sequoyah, the spray canal was not considered a feasible 

alternative for this plant. 

The cooling lake alternative would require a lake of 

approximately 3,500 acres. Due to the unfavorable topography at the 

Sequoyah site, impoundment of a reservoir of this size would require 

many miles of canals and high dikes and would have resulted in a lake 

level 50-150 feet above the existing reservoir. Thus, it was concluded 

that a cooling lake is not a feasible alternative for this plant. 

A comparison of the natural and mechanical draft 

cooling tower alternatives was made in the same operating mode. The 

principal disadvantages of natural draft cooling towers when compared 

to mechanical draft cooling towers are the higher capital expenditure 

and the nearly 2-year longer lead time for construction. Ifowever, the 

natural draft cooling showed a much lower potential for fogging and 

icing in an area of expanding growth and recreational activity. The 

natural draft towers could be operational by Ifovember 1976 resulting in 

only 5 months of l-unit operation without towers. Based on the 

considerations of cost, feasibility and environmental impacts, TVA 

has concluded that the natural draft cooling towers offer the best 

balance of these factors for providing auxiliary cooling for the 

Sequoyah plant. 



The natural draft cooling towers to be installed 

can operate in the open, helper, or closed mode. The combined cycle 

information presented in Table 0.3-1 is based on using the heat dissipation 

capability of the reservoir and reflects operation about 4 percent of 

the time in the closed mode, about 16 percent of the time in the helper 

mode, and about 80 percent of the time in the open mode. The combined- 

cycle natural draft towers have an economic advantage of $17.25 million 

over closed-cycle natural draft towers. 

While the environmental impacts to the reservoir 

will be ~reater for combined cycle operation, the only potentially 

significant impact is that resulting; from larval fish mortality due 

to condenser passage. The significance of these larval fish mortalities 

is not known. TVA has not been able to predict the amount of increased 

production of fish resulting from slightly increased downstream 

temperatures. 1VA plans to utilize the combined cycle operating 

method due to the significant economic advantage. TVA has the 

capability to modify plant operation during critical periods should 

environmental monitoring indicate significqt adverse effects on fish 

populations in Chickamauga Reservoir. 

2. Gaseous radwaste system - As discussed in Section 

2.4, alternatives for a gaseous radwaste treatment system were analyzed 

during the environmental review process to deternine the best system 

xritl.1 respect to expected performance, proven reliability, and cost. The 

following alternatives were evaluated: 

1. 45-day holdup 

2. 60-day holdup 



3. Cryogenic d i s t i l l a t i o n  

4 .  Gas absorption 

5. IIytlrogen recomhiner 

Table 8.3-2 ?resents  an evaluat ion of these  a l t e r -  

na t ives .  A s  shown i n  t h e  t a b l e ,  t h e  115-day h o l d u ~  system, assuming 

0.25 percent  f u e l  de fec t s ,  r e s u l t s  i n  an ex te rna l  annual. dose t o  a person 

a t  t h e  s i te  boundary of 6.5 mrem. The 60-day holdup system r e s u l t s  i n  

an ex te rna l  annual dose t o  a person a t  t h e  s i t e  boundary of 5.5 m r e m  and 

has a c o s t  o f  $100,000 r e l a t i v e  t o  t h e  45-day holdup system. The use of 

a cryogenic d i s t i l l a t ~ o n  system a t  a r e l a t i v e  cos t  of  $600,000, o r  of  a 

gas absorption system a t  a r e l a t i v e  cos t  of  $]100,000, would r e s u l t  i n  

decreases of dosage r a t e s  t o  3.6 mrem f o r  each a l t e r n a t i v e .  The hydrogen 

recombiner system with a r e l a t i v e  cos t  of $400,000 would have an annual 

dose r a t e  of 5.4 mrem. Beither  t h e  cryogenic d i s t i l l a t i o n  o r  cas  absorat ion 

r;yot&, hrcs demonstrated performance and r e l i a b i l i t y  i n  nuclear  p lan t  

service .  "i'tie cryogenic d i s t i l l a t i o n  system i s  a complex system cornzred 

t o  t h e  ens decay system and could experience operat ing problems and 

presents  t h e  a o t e n t i a l  f o r  acc iden ta l  r e l e a s e  of concentrated waste 

t o  t h e  erivironment. The only experience t o  - 1 a . t ~  with  t h e  gas ahsorntion 

system has been with bench and p i l o t  size systems. The hydrogen - 
recombiner system would reduce t h e  vohme of p3.s t o  he s tored ,  thus  

extcnilin~r; t h e  holdup t i n e .  Iiowever, due t o  t h e  long h a l f - l i f e  of 

krypton-35 t h e  predomirlnnt i so tope  present  a f t e r  a 60-day holdup, t h e  

use of a hydrogen recombiner would have l i t t l e  e f f e c t  on t h e  t o t a l  

r e l ease .  



Based on t h i s  ana lys i s  TVA has concluded t h a t  t h e  

60-day holdup a l t e r n a t i v e ,  which r e s u l t s  i n  a dose r a t e  of 5.5 mrem a e r  

year ,  renresents  t h e  bes t  balance of economic c o s t ,  reduction i n  environ- 

mental impact, nnd f e a s i b i l i t y .  TlrA be l ieves  t h e  b e n e f i t s  t o  be gained 

by fu r the r  red~iciny: t h e  r ad ioac t ive  gaseous r e l e a s e s  a r e  not conmensurste 

with t h e  cos t  associa ted  with t h e  reduction.  The very low "fence post 

dose" i s  l e s s  thn.n t h e  numerical guidance provided by t h e  proposed 

Appendix I t o  10 CPR Pa r t  50. It a l s o  represents  only about 4 percent 

of t h e  n a t u r a l l y  occurring background dose. 

3.  Liquid radwaste s y s t .  - Three methods were 

considered f o r  use i n  extended t r e ~ t r n e n t  of steam-generator blowdown; 

evaporation, ion exchange, and reverse  osmosis. The e v a ~ o r a t o r  and 

reverse  osmosis system would reduce t h e  amount of pmkaged s o l i d  wastes 

3 approximately 5,000 f t  per  year  when compared t o  a demineralizer system. 

The i n s t a l l e d  cos t  of reverse  osmosis equiment  was estimated t,o be 

about $1,000,000. The cos t  of t h e  evaporator system was not est imated 

because it was known t h a t  it would be much g r e a t e r  than t h e  cos t  of  

e i t h e r  of  t h e  o the r  two systems. The evaporators could not be f i t t e d  

i n t o  t h e  e x i s t i n g  buildings and t h e  cos t  of an add i t iona l  bui ld ing 

would be p roh ib i t ive .  A t  25-pnm t o t a l  dissolved s o l i d s  i n  t h e  blow- 

down, t h e  present  worth of  reverse  osmosis operat ing c o s t s  i s  estimated 

t o  be about $130,000; f o r  t h e  demineral izer  system t h e  comparable f i g u r e  

is  about $1,050,000. Since r a d i o a c t i v i t y  and chemical r e l e a s e s  f o r  

t h e  two systems would be e s s e n t i a l l y  t h e  same, t h e  lower cos t  system, 

reverse  osmosis, was se lec ted .  



4. Chemical wastes - A s  discussed i n  Section 2.5, 

a l t e rna t ives  f o r  t r ea t i ng  t h e  spent demineralizer regenerants and for  

removing t h e  phosphates from the  main steam generator blowdown were 

considered f o r  t h e  Sequoyah Nuclear Plant. 

The a l t e rna t ive  f o r  treatment of t h e  spent demineralizer 

rer~enerctnts included evaporation of these  wastes and appropriate disposal  

of  t h e  evaporator bottoms a s  so l id  wastes. The present worth of 

t he  t o t a l  economic cost  of adding t h i s  a l t e rna t ive  amouxlts t o  

$938,000. 

The s l t e rna t ive  f o r  treatment of t h e  main steam 

pmerator  blowdown was phosphorus removal by chemical precipi ta t ion.  

'2lie present worth of t h e  t o t a l  economic cost  of adding t h i s  a l t e rna t ive  

,mounts t o  $?58,000. 

The performance and economic costs  of t he  a l t e rna t ive  

treatment methods a r e  summarized i n  Table 8.3-3. 

In  most cases, t h e  reductions i n  t h e  respective 

chemical parameters t h a t  would be real ized by the  implementation of 

e i t he r  o r  both of t h e  a l t e rna t ive  chemical treatment systems would be 

l e s s  than t h e  minimum detectable amounts of t h e  ana ly t ica l  procedures 

used t o  measure t h e  spec i f ica l ly  affected water qua l i ty  parameters. TVA 

concluded t h a t  t h e  implementation of t h e  a l t e rna t ive  chemical treatment 

system(s) is  not j u s t i f i ed  because of t he  negl igible  (and, i n  most cases,  

ana ly t ica l ly  unmeasurable) e f f luen t  reduction and stream reduction benef i t s  

t h a t  would be achieved i n  r e l a t i on  t o  t he  required economic costs .  



Table 8.3-1 

SEQUOYAH NUCLEAR PLANT 

Alternative 
Heat Dissipation 

Systesl 

Estimated Incremental 
Generating Cost 
(millions of dollars) 

Reservoir Heat Input Open 
(by mode) Uelper 
(~tu/h x 10'~) Closed 

Water Consumed (acre-feetlday) 
(by mode) Helper 

Closed 
Transportation Affected (hlyr) 

Ground 
Water 

ALTERNATIVES FOR HEAT DISSIPATION SYSTEM 

COSTS WEICH VARY FROM BASE PLANT 

Original 
 if f user Mechanical Draft Towers Natural Draft Towers 
System Closed Combined Closed Combined 

base 64.21 41.91 62.27 45.02 

Spray Canals 
Closed Combined 

Additional Land Required 
(acres) 0 0 0 0 0 170 170 

Erosion (tonslyr) 900 750 950 750 950 950 1200 



Table 8.3-3 

Alternat ive  
Gaseous 

Radwaste 
System 

Incremental 
Generating 
Cost 
( thousands 
of d o l l a r s )  

Dose Rates 
t o  People 
from External  
Contact 

ALTERNATIVES - FOR GASEOIJS RADWASTE SYSTF7.I --- 

COSTS WHICH VARY FROM BASE PLAITT 

h 5-Day 60-Day Cyrogenic G a s  Hydrogen 
Holdup Holdup D i s t i l l a t i o n  Absorution Recombiner 

Base 100 

I n t e r n a l  
Dose 
Rates 

Dose Hate 
t o  Plants  and 
Animals 



Capital cost of adding 
capability 

Annual 0&M Cost 

Resulting effluent and 
stream reduction 
benefits 

Table 8.3-3 

SEQUOYAH NUCLEAR PLANT 

ALTERNATIVES FOR CHEMICAL WASTE TREATMENT SYSTEM 

COSTS WfIICH VARY FROM BASE PLANT 

Evaporation--Spent 
Evaporation--Spent Phosphate Removal- Demineralizer Regenerants 

Neutralization--Spent Demineralizer Main Steam and Phosphate Removal 
Demineralizer Regenerants Regenerants Generator Blowdown Main Steam Generator Blowdown 

Base 

Base 

Base No Identifiable No Identifiable No Identifiable 
Benefits Benefits Benefits 

(See Text p. 2.5-14) (See Text p. 2.5-16) (See Text p. 2.5-16) 



9.0 CONCLUSION 

The Sequoyah Nuclear Plant was initiated before NEPA became 

effective, and the W A  Board of Directors has determined that it is 

not practicable to reassess the basic course of action in the design 

and construction of this plant. However, the environmental impacts 

considered at the outset of the project have been reevaluated so as 

to minimize adverse consequences. For example, extended radwaste 

treatment, additional chemical treatment facilities, and natural draft 

cooling towers have been provided. In addition, construction methods 

are being employed to minimize adverse impacts. 

This environmental statement reflects the manner in which 

TVA has incorporated environmental considerations into the decision- 

making process for the Sequoyah 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 lmge 

quantities of heat to the environment, and (3) change in land use from 

rural nonfarm or agriculture to industrial. 

The addition of the Sequoyah 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 against the technical, 

economic, 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 the plant can be operated without significant risk to the 



health and sa fe ty  of t he  public; therefore,  t h e  action cal led fo r  i s  

the  continued construction and the  operation of t h e  Sequoyah Nuclear 



Appendix A 

CLIMATOLOGY AND METEOROLOGY 

This appendix is supportive of Section 1.2, Subsection 5, 

Climatology and Meteorology, which contains additional discussion. 

The meteorological facility (Ehvironmental Data station) 

began operation in April 1971 at a site about 4,000 feet southwest of 

the plant at an elevation of 750 feet MSL, or 50 feet above plant grade 

(figure A-1). The facility consists of a 300-foot steel tower with an 

instrument building near the tower base. The data collected and pro- 

cessed by a high-speed digital computer system include (1) wind direction 

and wind speed at 33 and 300 feet; (2) atmospheric turbulence (sigma-y 

and sigma-z) at 33 and 300 feet; (3) temperature at 4, 33, 150, and 300 , 

feet; (4) solar radiation, rainfall, and atmospheric pressure at 4 feet; 

and ( 5) dew point at 4 feet .* 
Interrogation (or scanning) impulses from the sensors are 

processed by a data logger system consisting of three basic components: 

(1) analog to digital converter; (2) scanner; and (3) mini-type digital 

computer, Nova Pbdel by Data General, with 8K memory. 

Data display at the instrument building consists of hourly 

teletypewriter and paper punch tape printouts, When the plant becomes 

operational, selected meteorological data, along with other environ- 

mental monitoring data, will be remoted from the meteorological facility 

over land line for computer processing and display in the reactor control 

"Additional dew point sensors will be installed at 33 and 300 feet when 
appropriate equipment becomes available. The 4-foot sensor is primarily 
for biological use. 



room. 14eteorological data will include 33- and 300-foot wind direction, I 
wind speed, sigma-y, sigma-z, 33- to 300-foot temperature gradient; and 1 
k-foot temperature. These data will be displayed on analog strip charts 

and/or in digital form. 

The operational phase of the meteorological program includes 

those procedures and responsibilities involved with activities beginning 

with the initial fuel loading and continuing through the life of the 

plant. The meteorological data collection program will be continuous 

without major interruptions as required by REC guidelines and Operational 

Quality Assurance Progras. 

The terrain features of the region have some effect on the 

general climate. With the mountain ridge and valley terrain aligned 

northeast-southwest over eastern Tennessee, there is a definite bimodal 

upvalley-downvalley windflow in the lower 500 to 1,000 feet during much 

of the year. The high Cumberland Plateau terrain, 1,500 to 1,800 feet 

above the valley elevation, tends to dissipate many of the migratory 

storms which move from the west across the region. A detectable lake 

breeze circulation, resulting from discontinuities in differential sur- 

face heating between land and water is not expected because of the 

relatively narrow width of the Tennessee River as it flows southwestward 

through the Valley area. 

1. Severe weather - Severe wind storms (frontal 

or air mass thunderstorms) may occur several times a year with winds 

reaching 35 mi/h and on occasion exceeding 60 mi/h. The highest wind 

speed recorded in Chattanooga was 82 mi/h in March 1947.' The highest 



hourly wind speed recorded a t  t he  Sequoyah meteorological f a c i l i t y  

during the  f i r s t  24 months of operation, April 2, 1971, through 

March 31, 1973, was 40 mi/h. High wind may accompany moderate-to-strong 

cold f ron t a l  passages about 20 t o  30 times a year with t h e  maximum frequency 

i n  !,larch and Anril.  Iiigh wind may a l so  accompany thunderstorms about 56 

times a year with maximum frequency i n  July. 1 

The probabi l i ty  of tornado occurrence i s  extremely 

low. S t a t i s t i c s  show t h a t  during t h e  period, 1916-73, no tornadoes 

were reported i n  t he  v i c in i t y  of t he  Sequoyah Using the  pr inciples  

of (geometric probabili2y described by H .C.S.  horn,^ t he  probabi l i ty  of a 

tornado s t r i k ing  any point i n  t he  plant s i t e  area i s  8.4 x or  about 

one i n  11,305 years. 

Tornadoes i n  t he  eastern Tennessee a rea  generally move 

northeasterly and cover an average surface path 5 miles long and 100 yards 

wide (0.284 mi') .4 Winds of 150 t o  200 mi/h a r e  common i n  t he  whirl  

and a r e  estimated t o  occasionally reach 300 mi/h. 4,5 

Days of high a i r  pol lut ion po ten t ia l  have been depicted 

6 
by G. C .  IIoltzworth. Over a 5-year period, h i s  data show t h a t  there  

would be about 30 days, o r  about 6 days annually, t h a t  such conditions would 

l i k e l y  a f f ec t  t he  s i t e  area ,  with most of the  days occurring i n  t he  f a l l .  

The highest monthly average r a i n f a l l  occurs during t h e  

winter and ear ly  spring months with March usually having t h e  greates t  

mount. The maximum 24-hour r a i n f a l l  reported near t h e  plant s i t e  was 

7-56 inches i n  August of 195h.7 Other months with high precipi ta t ion a re  

,June and July  when a i r  mass thunderstorm a c t i v i t y  i s  common. *.linimum 

precipi ta t ion i s  normally i n  Qctober when t h e  Azores-Bermuda anticyclonic 

c i rcu la t ion  is  most predominant. 



The occurrence of snow, freezing rain, and ice 

storms in the midwinter period is not uncommon. IIowever, severe ice 

and snow storms causing appreciable damage to property and inconvenience 

to travel do not normally occur more ofien than once in 10 years. 
4 

Hail storms of significant intensity are not likely 

to occur in the plant area. 
4 

2. Local climatology and meteorolopy - Most of the 
data used in this climatological and meteorological description was 

collected at the onsite meteorological facility during the first full 

year of operation (~pri." 2, 1971, through March 31, 1972). Included in 

the evaluation are the single-year summaries of wind, temperature, 

humidity, and atnospheric stability. The facility and its location 

with respect to the Sequoyah Nuclear Plant are shown in figure A-1. 

Because of the limited 1-year of onsite data, long- 

term fog and snowfall trends as well as supplementary temperature informa- 

tion were obtained from 42 years of data collected at the National 

Weather Service Office at Love11 Field, ~hattanooga,' located 14.5 miles 

south-southwest of the site (figure A-2). Normal precipitation trends 

were obtained from the 35-year record from TVA raingage station 685, 

Friendship School, Tennessee, located about 2.5 miles north-northeast of 

the plant site. 7 

With the limited onsite data, it is not possible to 

discuss normal and extreme values of meteorological parameters repre- 

sentative of the plant site; instead, the data should point toward 

typically mean values of the local meteorological parameters. Therefore, 

normal and extreme values of parameters measured offsite should be more 



representative of the long-term regional trends, although local site 

influences on these trends may not be reflected. 

(1) Wind direction - Data from the 33-foot 
(10-meter) wind instruments at the permanent meteorological facility 

for the first full year of operation (~pril 2, 1971, through March 31, 

1972) should identify reasonably well the expected wind conditions in 

the plant site area. The monthly patterns (~ables A-1 through A-12) 

show predominant northeasterly and southwesterly wind components, which 

reflect the orographic channeling effects of the northeast-southwest 

aligned valley-ridge terrain. The month with the most pronounced valley 

regime is December with 42.57 percent of the wind being south-southwesterly 

or southwesterly and 31.89 percent north-northeasterly or northeasterly. 

This predominant northeasterly-southwesterly pattern becomes less pronounced 

in July, August, and September. 

Tables A-8, A-10, and A-12, for the months 

of November, January, and March respectively, suggest a secondary maximum 

of prevailing wind from the northwest sector. This is most likely associated 

with post-cold-frontal wind during the optimum winter and early spring 

seasons of mie;ratory low-pressure systems. A longer record of onsite 

wind conditions would most likely reveal this secondary maximum persisting 

continuously from late fall through early spring. 

(2)  Wind direction persistence - The wind 
direction persistence* analysis, based on data from the 33-foot tower, 

*Persistent wind is defined in this analysis as a continuous wind from 
one of the 22-1/2' sectors (e.g., north-northeast) except that the per- 
sistence is not considered to be interrupted if the wind departs from 
the sector for 1 hour and then returns, or if there are up to 2 hours 
of missing data followed by a continuation of the same directional 
persistence. 



A-6 

shown i n  Table 1.2-6, shows the  persistence f o r  periods 2 hours o r  

rnore fo r  t he  given wind directions.  The four longest periods of per- I 
sistence were 26, 21, 20, and 20 hours and a r e  iden t i f ied  with south- 

southeast, north-northwest, north-northeast, and south-southwest winds, 

respectively. The analysis a l so  shows t h a t  about 60 percent of t he  t o t a l  

persistence periods is  equal t o  o r  greater  than 3 hours, and about 3 percent I 
is  equal t o  o r  greater  than 12 hours. 

(3 )  Wind speed - The monthly and annual 

occurrences of wind speed a t  t he  33-foot tower l eve l  fo r  a l l  wind direct ions  

a r e  shown i n  Table 1.2-"d i n  Tables A-1 through A-12. Calm conditions, 

i .e . ,  wind speed l e s s  than 0.6 mi/h occur 3.18 percent of t he  time. The 

0.6 t o  3.4 mi/h wind has t he  greates t  occurrence with 48.82 percent, and 

the  3.5 t o  7.4 mi/h wind has the  next greates t  occurrence with 38.19 percent. 

The highest annual occurrence of t he  0.6 t o  3.5 mi/h wind with respect t o  

direct ion a re  8.47 percent (northeast ) and 7.78 percent (north-northeast ) , 
respectively,  and the  highest occurrences of t he  3.5 t o  7.4 mi/h wind with 

respect t o  wind direct ion a re  9.40 percent (southwest ) and 6.88 percent 

( south-southwest ) . These predominant northeasterly-southwesterly winds 

again r e f l e c t  t he  channeling e f f ec t s  of t he  l oca l  t e r r a in .  The pre- 

ponderance of northeasterly winds with t he  0.6 t o  3.4 mi/h wind speed 

range is  par t ly  a t t r i bu t ab le  t o  t he  associated l i g h t  northeasterly 

(downvalley) wind i n  t he  fall when the  s tab le  anticyclonic c i rculat ion 

dominates t he  eastern Tennessee region. Also, the  iden t i f ica t ion  of the  

lowest wind speed range (calm and 0.6 t o  3.4 mi/h) with s tab le  anticyclonic 

flow i s  ref lected i n  t he  high frequency of occurrence of t h i s  range i n  l a t e  

summer and ear ly  f a l l  ( ~ u g u s t ,  September, and 0ctober)--a period during 



which stable anticyclonic conditions are most common. On the other 

hand, this lowest wind speed range occurs least often from midwinter 

through midspring ( ~anuary , February, March, and ~pril ) --a period 

frequented by the passage of migratory low-pressure systems. 

Moderate and high wind speed ranges 

(greater than 7.5 mi/h) occur only 9.81 percent of the time (Table 

1.2-9). The highest annual occurrences of wind speeds greater than 

7.5 mi/h with respect to direction are 2.31 and 2.08 percent and occur 

with southwest and south-southwest (upvalley) winds, respectively. 

These wind speed ranges occur least often with east-northeast, east, 

and east-southeast winds. The predominance of strong southwesterly 

winds may be attributable to the channeling of the southerly and south- 
I 

westerly flow preceding the passage of cold fronts through the area. 

Winds greater than 7.5 mi/h occur most frequently from November through 

May, with a maximum of 18.51 percent in February; they occur least 

often from August through October. 

( 4 )  Temperature - A sutnmary of the 1 year 
of onsite temperature data from the meteorological facility is shown in 

Table 1.2-2. The average annual temperature is 59.7'~ with the annual 

monthly range from 40.1°F in February to 75.5O~ in August. The extreme 

monthly maximum and minimum are 96.  OF and 2.9'~ in June and January, 

respectively. Onsite temperature data compare reasonably well with the 

normal temperature records from the Chattanooga National Weather Service 

Office (weather Bureau) for the 30-year period, 1931-60, shown in Table 

1.2-1, although extremes of temperature from the 1 year of onsite data 

are somewhat conservative as compared to extremes for the 42-year period 

of record at Chattanooga. 



( 5 )  Atmospheric water vapor - The 1 year 

of onsi te  temperature and dew point data were used t o  compute mean and 

extreme values of absolute and r e l a t i v e  humidity shown i n  Tables 4-13 

3 and A-14. The average annual absolute humidity i s  9.7 g/m with t h e  

3 3 annual monthly range from 16.2 g/m i n  June t o  4.2 g/m i n  February. 

3 The extreme monthly maximum is  22.3 g/m i n  June, and the  extreme 

3 monthly minimum i s  1 g/m i n  February. 

The average annual r e l a t i v e  humidity is  

66.5 percent with the  annual monthly range from 50.6 percent i n  April 

t o  78.4 percent i n  October and December. The extreme monthly maximum 

is 100 percent i n  March, June, September, November, and December, and 

the  extreme monthly minimum is 17 percent i n  April. 
> 

(6 )  Precipi ta t ion - Precipi ta t ion pat terns ,  

based on a 20-year period (1948-67) of data col lect ion a t  t he  TVA rain- 

gage s t a t i on  685, 2.5 m i l e s  north-northeast of t h e  plant s i t e ,  a r e  shown 

i n  Table 1.2-3. The data show t h a t  annually there  a r e  117 days with 

0.01 inch o r  more of precipitation.  The average monthly precipi ta t ion 

is 4.81 inches, with t he  maximum 6.76 inches occurring i n  March and the  

minimum 2.86 inches occurring i n  October. The extreme monthly maximum 

and minimum a re  16.58 inches i n  November and 0.09 inch i n  October, 

respectively,  

Snowfall does not occur often i n  t he  

Sequoyah s i t e  area. Chattanooga snowfall data i n  Table 1.2-4 a r e  con- 

sidered representative.' The average annual snowfall is  4.4 inches and 

occurs mostly i n  December through March. The m a x i m u m  24-hour snowfall 

reported was 8.9 inches i n  December 1963; the  next highest was 8.7 inches 

i n  February 1960. 



( 7 )  - No observations of the  frequency 

and in tens i ty  of fogs have been made i n  t he  s i t e  area. However, National 

Weather Service (weather Bureau of f ice)  records1  able 1.2-5) indicate 

t h a t  heavy fogs ( v i s i b i l i t y  - < 1/4 mile) occur on 36 days annually with 

a maximum monthly frequency of 6 days i n  October and a minimum monthly 

frequency of 2 days from February through July. 

(8)  Atmospheric s t a b i l i t y  - One year 

( ~ p r i l  2, 1971, through March 31, 1972) of ons i te  temperature data 

collected from t h e  33- and 300-foot tower leve ls  of t he  permanent 

meteorological f a c i l i t 3  were categorized in to  seven atmospheric s t a b i l i t y  

groups (Pasquill  c lasses  A through G ) .  Table A-15 shows t h a t  the  Pasquill  

s t a b i l i t y  c lasses  E,  F, and G occur about 64 percent of t he  time. The 

most c r i t i c a l  c lass ,  G, occurs 5.9 percent of t he  time, c l a s s  F occurs 

15.45 percent of t he  time, and c l a s s  E, 42.24 percent of t he  time. The 

t o t a l  occurrence of t he  l e a s t  s t ab l e  c lasses ,  A,  By and C ,  i s  about 3 

percent of t he  time, while the  neutral  s t a b i l i t y  c lass ,  D, occurs 33.33 

percent of the  time. 

Jo in t  percent occurrences of wind speed 

for  a l l  wind direct ions  fo r  t he  Pasquill  s t a b i l i t y  c lasses  A through G 

a re  summarized i n  Tables A-16 through A-22. The most c r i t i c a l  condi- 

t i on ,  c l a s s  0, 0.6 t o  3.5  a able A-22), occurs 4.9 percent of t h e  time, 

with c l a s s  G,  calm conditions, an addi t ional  0.67 percent of t he  time. 

S t ab i l i t y  category G is most often associated with north-northeast and 

northeast (downvalley) winds (1.77 percent of t he  t o t a l  annual record) 

and s l i gh t ly  l e s s  often (1.57 percent of the  t o t a l  annual record) with 



southwest and south-southwest (upvalley) winds, Annual frequencies 

for classes E and F (~ables A-20 and A-21) show respective frequencies 

for the 0.6 to 3.4 mi/h range and calm conditions of 22.0 and 1.07 

percent and 11.93 and 1.18 percent. 
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Table A-1 

Wind 
Direction 

N 
NNE 
NE 
Em 
E 
ESE 
SE 
sm 
S 
SSW 
SW 
WSW 
W 
WEJW 
mw 
NNW 

FOR ALL W I N D  DIRECTIOld 

Sequoyah =clear Plant 

A p r i l  1971 

Wind Speed (mph) 

2.24.5 Total - 

Total 29.97 38.28 29 23 1.78 0.59 99.85 

Calm = 0.15 

~ o s t  Record = 6.39 

Wind Instrument 33 feet above ground. 
Note: Total of all columns and calm (good observations) i s  100 percent. 
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Table A-2 

Wind 
Direct ion 

N 
m 
I'm 
Ern 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
wm 
W 
WIQW 
m 
m 
Total 

FOR ALL WIND DIRECTIOlQS 

Sequayah Nuclear Plant 

May w71 

Wind Speed ( q h )  

Lost Record = 2.96 

Wind Instrument 33 feet above ground. 
Note: Total of a l l  columns and calm (good observations) 

Total - 

is  100 percent. 



Table A-3 

FOR ALL WLND DIRECTIONS 

Sequoyah Nuclear Plant I 
June 1971 

I 

Wind Speed (mph) 

Wind 
pireation 0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 224.5 Total 

N 
m 
NE 
EElE 
E 
Em 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
m 

Lost Record = 6.39 

Wind Instrument 33 feet above ground. 
Note : Total of columns and c a b  (good observations) is 1.00 percent. 



Table A-4 

Wind 
Direct ion 

n 
rn 
NE 
Ern 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
m 
lBIOW 

PERCEI?T OCCURRENCE OF W n a D  SPED* 

FOR ALL W I N D  D~CTIOlfs 

Sequgtah Nuclear Plant 

July 1971 

Wind Speed (mph) 

mtal 48.85 44.94 4.26 

~ Calm = 1.95 

Lost Record = 24.33 

Wind Instrument 33 feet above ground. 
Note : Total of a l l  columns and calm (good observations) is  100 percent. 



Table A-5 

PERCElsT OCCURRENCE OF W I H )  SPEED* 

FOR ALL WIND DLE(ECT1ONS 

Sewayah Nuclear Plane I 
August 1971 

Wind Speed (mph) 
W i n d  
Direct ion 

N 
lOPTE 
1SE 
rn 
E 
Em 
SE 
SSE 
s 
SSW 
SW 
WSW 
W 
m 
m 
m 

Total ~ 
_C__ 

TO-1 62.48 29 • 52 1.93 93 93 

Cab = 6.07 

~ o s t  Record = 2.55 

Wind instrument 33 feet above ground. 
Note: Total  of a l l  columns and calm (good observations) i s  100 percent. 



Wind 
Direction 

N 
NNE 
Im 
Em 
E 
ESE 
SE 
sm 
S 
SSW 
SW 
WSW 
W 
W14W 
r9W 
m 

Table A-6 

FOR ALL wm DIRECTIOIW 

Seqtzoyah Nuclear Plant 

Wind Speed (mph) 

Lost Record = 28.19 

224.5 Total - - 
l l .22  
10.25 
6.38 
2.71 
1.35 
1.55 
3.09 
3.29 
7.93 

11.80 
6 96 
1 55 
1.93 
3.48 
5.61 

14.51 

Wind I n s t m n t  33 feet above ground. 
Note: Total of all columns and calm (good ovsemtions) is 100 percent. 



Table A-7 

Wind 
Direction 

N 
m 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
Nw 
m 

FOR ALL W I N D  DIRECTIONS 

Sequoyah Nuclear Plant 

October 1971 

Wind Speed (mph) 

224.5 Total - - 

Total 66.01 24.44 2.11 0.28 0.14 92.97 

Calm = 7.03 

Lost Record = 4.30 

Wind Instrument 33 feet above ground. 
Note: Total of a l l  columns and calm (good observations) i s  100 percent. 



Table A- 8 

PERCENT OC-CE OF wm SPEED* 

FOR ALL W I N D  DIRECITIONS 

Sequoyah Nuclear Plant 

November 1971 

Wind Speed (mph) 
Wind 
Direction 0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 

N 
m 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
m 

Total 40.17 47.50 9-83 0.50 

Calm = 2.00 

Lost Record = 16.67 

Wind Instrument 33 feet above ground. 
Note : Total of all columns and calm (good observations) i s  100 percent. 



Wind 
Direction 

Table A-9 

PERCENT O C ~ N C E  OF WIND SPEED* 

FOR ALL WIND DIRECTIOMS 

December 1971 

Wind Speed (qh) 

Total - 
2.48 

!rota1 46.13 39.47 12.07 0.62 98.30 

Calm = 1.70 

Lost Record - 13.17 
Wind Instrument 33 feet above ground. 
Note : T O t d  of all columns and calm (good observations) is LOO percent. 



Table A-10 

FOR ALL WIIOD DIRECTIOI'?S 

Sequoyah Nuclear Plant 

January 1972 

Wind Speed (mph) 
Wind 
Direction 0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 

N 
m 
NE 
Em 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
raw 

Total 39.94 

Calm = 0.30 

Total - 

Lost Record = 10.48 

Wind Instrument 33 feet above ground. 
Note: Total of  a l l  columns and calm (good observations) i s  100 percent. 



A-22 

Table A-11 

FOR ALL WIND DIRECTIONS 

Sequoyah Nuclear Plant 

February 1972 

Wind Speed (mph) 1 
Wind 
Direction 

N 
X'TNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 

Calm = 0 

Lost Record = 3.74 

Wind Instrument 33 feet  above ground. 
Note : Total. o f  a l l  columns and calm (good observations) i s  100 percent. 



A-23 

Table A-12 

FOR ALL WIND DJRFLTIONS 

Seguoyah Nuclear Plant 

March 1972 

Wind Speed (mph) 
Wind 
Direction 0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 >24.5 - Total 

N 
Nm 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
m 

I ~ o t a l  38 31 43.92 16.69 0.88 100.00 

Calm = 0 

I Lost Record = 8.20 

+Wind Instrument 33 feet above ground. 
note: Total of all columns and c a b  (good observations) i s  100 percent. 





Table A-14 

KELATrvE  HUMID^* 
Sequcsyah Nuclear P u t  

April 2, lfll-lkrch 31, 1972 

Extreme Extreme 
Avg.a.H. Avg.Max.A.H. Avg.Min.A.H. Ikx.A.H. Min.A.H. 

Month g/m3 g/m3 J&L & b L  
Dec . 78.4 89.6 62.6 100.0 34.8 
Jan. 65.0 79.9 50.1 93 09 22.5 
Feb . 59.8 74.2 43.5 95.3 22.1 

Winter 

Mar. 
A p r .  
MY 

June 
July 
Aw. 

Sept . 73J 84. o 
oct . 78.4 89.0 
NOV . 65.3 79.6 

F'all 72.2 84.2 

Annual 66.5 81.2 

Womputed *cnn dry bulb 
ground. 

and dew point temperature measurements 4 feet above 



Table A-15 

Sequoyah Nuclear Plant 

April 2, 1971-March 31, 197'2 

Pasquill 
Stability Class 

Vertical 
Temperature Difference Occurrence 

Total 100.00 

++Temperature instruments 33 and 300 feet above ground. 



Wind 
Direction 

m 
E 
ESE 
SF, 
SSE 
S 
SSW 
SW 
WSW 
W 
WIJW 
NW 
m 

Table A-16 

PERCENT O C C ~ C E  OF WIND SPEED* 

FOR AU W I N D  DIREcTIOElS 

STABILITY CATEGORY A 

Sequoyah Xuclear Plant 

April 2, 197l.-March 31, 1972 

Wind Speed (mph) 

Total 0.22 

Total 

Calm = 0.04 

Lost Record = 0.01 

qemperature instruments 33 and 300 feet above ground. 
Wind instrument 33 feet above ground 

Wota l  includes a l l  columns and calm (good observation). 





Table A-18 

PERCENT OCCURFtEXCE OF WIND SPEED* 

FOR ALL W I N D  DIRECTIOmS 

STABILITY CATEGORY C 

Seguoyah Nuclear Plant 

April  2, 1971-March 31, 1972 

Wind Speed (mph) 
Wind 
Direction 0.6-3.4 3.5-7.4 7.5-12.4 12.5-18.4 18.5-24.4 224.5 

N 
NNE 
NE 
m 
E 
Ern 
SE 
SSE 
s 
SSW 
SW 
wm 
W 
m 
IJW 
NNW 

~ o t a l  0.24 0.87 0.50 0.04 

Calm = 0.03 

Lost Record = 0.03 

Total - 

-emperatwe instruments 33 and 300 feet  above ground. 
Wind instrument 33 feet above grmd. 

W o t a l  includes a l l  columns and calm (good observations). 



Wind 
Direct ion 

PJ 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
m 

A-30 

Table A-19 

PE3CETJT OCCURREXCE OF W I N D  SPEED* 

FOR ALL WIND DDRECTIONS 

STABnm CATEGORY D 

Seqyoyah Nuclear Plant 

April 2, 1971-Masch 31, 1 g 2  

Wind Speed (mph) 

Calm = 0.17 

~ o s t  Record = 1.32 

Wemperature instruments 33 and 300 feet above ground. 
Wind instrument 33 feet above ground. 

W o t a l  includes a l l  columns and calm (good observations). 



I Table A-20 

PERCENT O C ~ N C E  OF WIND SPEED* 

FOR ALL W I N D  DIRECTIONS 

S'IIABILITY CATEGORY E 

Sequoyah Nuclear Plant 

April 2, 1971-March 31, 1972 

Wind 
Direction 0.6-3.4 

N 
m 
1QE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 

Total 22.00 

Wind Speed (mph) 

Calm = 1.07 

Lost Record = 0.97 

Total - 

W'einperature instruments 33 and 300 fee t  above ground. 
Wind instrument 33 feet  above ground. 

V o t a l  includes a l l  columns and calm (good observations). 



Table A-21 

Wind 
Direct ion 

N 
NmE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 

Total 

PERCENT O C C ~ ~ C E  OF w m  SPEED* 

FOR ALL W I N D  DIRECTIONS 

STABILfm CATEGORY F 

Seqwyah Nuclear Plant 

April 2, 1971-March 31, 1972 

Wind Speed (mph) 

18.5-24.4 L 24.5 Total - 
1.26 
2 -60 
2.10 
0.62 
0.18 
0.14 
0.25 
0.31 
0.78 
1.59 
2.19 
0.48 
0.20 
0.24 
0.19 
1.12 

Cab = 1.18 

Lost Record = 0.01 

Wemperature instruments 33 and 300 feet above ground. 
Wind instrument 33 feet above ground. 

W o t a l  includes a l l  columns and calm (good observations). 



Table A-22 

Wind 
Direct ion 

N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
SSW 
SW 
W s w  
W 
WNW 
NW 
NNW 

FOR A U  WIND DIRECTIOMS 

STABILITY CATEGORY G 

SeguoyahNuclear Plant 

April 2, 1971-March 31, 1972 

Wind Speed (mph) 

3.5-7.4 705-1204 12.5-18.4 18.5-24.4 

0.01 

Total - 

Total 4.90 0.32 0.01 5 . w  

Lost Record = 0 

qemperature instruments 33 and 300 fee t  above ground. 
Wind instrument 33 fee t  above ground. 

T o t a l  includes a l l  columns and calm (good observations). 







Appendix B 

FISHERY RESOURCES 

The fisheries resources of Chickamauga Reservoir have been 

surveyed since impoundment in 1940. An intensive study during 1942, 

and a series of cove rotenone samples conducted by TVA during 1957-59 

constitute the historical data discussed in this report. Routine 

preoperational monitoring data have been collected quarterly Since 

1970 by TVA fisheries biologists. These data are the bases for these 

discussions. 

A species list (T, 51e B-1) was erected to show the occurrence of 

species in Chickamauga Reservoir, both historically and currently. Some 

species, particularly the smaller percids , cyprinids , and other "minnows", 
are poorly sampled by gill and trap nets and may occur in the reservoir. 

The two sturgeon species have probably been extirpated since 1942. The 

yellow perch, apparently spreading downstream from two north Georgia 

impoundments (~hatuge and ~ottely), has invaded Chickamauga Reservoir 

since 1959. Recent unpublished reports document the spread to Melton Hill 

(upstream) and Nickajack (downstream) reservoirs. 

Cove rotenone samples were taken in Chickamauga Reservoir in years 

1970-72. The 1970 samples consisted of three coves in each of four areas 

(figure B-1). Area I is the farthest upstream, area f IT contains the 

plant (although the three coves are upstream from the plant), and area IV 

is below the plant. Three coves in area 11, the mouth of the Hiwassee 

River, were sampled in 1970, but not in 1971 or 1972. In 1971-72 three 

coves (two in area IV and one in area 111) sampled in 1970 were resampled. 

A new cove in area I was sampled in 1971 and 1972. A total of 49 species 



Average standing crop per acre  is  estimated at 182 pounds based on 

the  12 coves sampled i n  1970. 

Total numbers and weights per acre  i n  each year were tabulated 

 able B-2) and then broken down i n t o  percent compositions for  individual 

species. Numbers i n  a l l  years a r e  dominated by threadfin  and gizzard 

shad, assorted minnows, and b luegi l l .  The bioxnass found i n  t h e  coves 

was la rge ly  composed of gizzard shad, carp, buffalo,  and drum. Of t he  

sport  f i s h  found i n  t he  coves, b lueg i l l ,  redear, and longear sunfish were 

prominent, a s  were larbanouth and spotted bass. 

A s  par t  of the  preoperational monitoring program, g i l l  net  samples 

were taken quarterly at each of four s ta t ions  beginning i n  1971. Two 

of t he  s ta t ions  a r e  located below the  plant ,  one at Tennessee River Mile 

(TRM) 483.6, immediately below the  plant ,  and t h e  other at TRM 472.6 some 

10 miles below the  plant. Stat ions  a r e  a l so  located at TRM 496.5 and i n  

t he  mouth of the  Hiwassee River (TRM 4991, both above t h e  plant site- 

Results of par t  of t he  g i l l  net  sampling ( fa l l  1971 t o  summer 1972) a r e  

presented i n  Table B-3. Each net f ished overnight is  t e h e d  a "net-night." 

Trap net sampling was a l so  conducted each quarter at th ree  s ta t ions:  

TRM 496, 483, and 472. A t  each s t a t i on  two 5-foot double c r ib ,  Wisconsin- 

type t rapnets  were fished i n  the  overbank areas of the  reservoir .  I n i t i a l l y  

each net was t o  be l i f t e d  5 times, but t h i s  was  changed t o  6 i n  winter, 

1972. The t o t a l  number of each species caught i n  all l i f t s  of each net  

a r e  presented  able B-4), f o r  a 1-year period ( f a l l  1971 t o  summer 1972). 

A s  expected, t he  catch i n  both types of sampling var ies  according 

t o  season. Within a given season, however, t h e  catch var ies  from s t a t i on  



t o  station. A s  shown by both tables ,  no sauger or  walleye were caught 

below t h i s  plant (TRM 472) and the  catch of both species was highest 

above the plant. Spotted bass appeared t o  be most abundant a t  the 

plant s i t e ,  although they were caught a t  a l l  stations. Redear were 

most abundant a t  or  above TRM 483, while white crappie and bluegil l  

appeared t o  be spread a l l  over the  lake. 

O f  the  commercially important species, blue and flathead catf ish,  

smallmouth buffalo, dnrm, and carp were caught most often above the  

plant. Chamel catf ish were caught a t  a l l  s tat ions,  but appeared t o  be 

most abundant a t  TRM 483 and 472. 

The commercial harvest of f i s h  from Chickamauga Reservoir was 

estimated t o  be 144,000 pounds i n  1965, but has r isen t o  373,000 pounds 

by 1972. O f  the 1972 t o t a l  an estimated 258,000 pounds were sold, 

Catfish, buffalo, and carp were predominant i n  the catch although drum 

and spoonbill (Polyodon) were a lso  taken. 



Table B-1 

TAXONOMIC LIST OF FISH SPECIES COUECTED IN CHICKAMAUGA RESEZVOIR 

Entries Listed by Date and Method of Capture 

1957-59 1970-72 1942 1971-72 
Species Cove Core Gill Net Gill Net 1971-72 

Sample2 Samples Samples Samples Trap Nets 

Family Acipenseridae 
Shovelnose sturgeon - Scaphirhynchus 

plato~hmchus 
Lake sturgeon - Acipenser fulvescens 

Family Lepisosteidae 
Spotted gar - Lepisosteus oculatus 
Longnose gar - osseus 
Shortnose gar - platostomus 

Family Polyodontidae 
Spoonbill - Polyodon spathula 

Family Clupeidae 
Skipjack herring - Alosa chrysochloris 
Gizzard shad - Dorosoma cepedian~ 
Threadfin shad - a. petenense 
Mooneye - Hiodon tergisus 

Family Cyprinidae 
Carp - Cyprinus carpi0 
Golden shiner - Notemigonus crysoleucas 
Rnerald shiner - Notropis atherinoides 
Spotfin shiner - & spilopterus 
Bluntnose minnow - Pimephales notatus 
Goldfish - Carassius auratus 



Table B-1 

TAXOHOMIC LIST OF FISH SPECIES COLLECTED IIY CHICKAMAUGA RESERVOIR 
( ~ o n t  inued ) 

Entries Listed by Date and Method of Capture 

1957-59 1970-72 1942 1971-72 
Species Cove Cove Gill let Gill Bet 1971-72 

Samples Samples Ssmples Samples Trap Nets 

Family Catostddae 
River carpsucker - Carpiodes carpi0 
Quillback - C. cyprinus 
Highfin - C. yelifer 
Smallmouth buffalo - Ictiobus bubalus 
Bigmouth buffalo - I. cyprinellus 
Black buffalo - I. zger 
Hogsucker - Hypentelium nimicans 
Spotted sucker - Mingtrepla melanops 
Black redhorse - Moxostoma duquesnei 
River redhorse - 5 carinatum 
Golden redhorse - 5 eryb-umm 
Shorthead redhorse - M. macrolepidotum 

Family Ictaluridae 
Blue catfish - Ictalurus furcatus 
Black bullhead - I. melas 
Yellow bullhead - I. natalis 
Channel catfish - I. punctatus 
Flathead catfish - Pylodictis olivaris 

Family Cyprinodont idae 
Blackstripe topinnow - Fundulus notatus 

Family Poeciliidae 
Mosquitofish - Gambusia affinis 



Table B-1 

TAXONOMIC LIST OF FISH SPECIES COIATJXTD IN CHICKAMAUGA RESmVOIR 
(Continued) 

Entries Listed by Date and Method of Capture 

1957-59 
Cove 
Samples 

1970-72 
Cove 
Samples 

1942 
Gill Net 
Samples 

1971-72 
Gill Net 1971-72 
Samples Trap Nets 

Species 

Family Atherinidae 
Brook silverside - Labidesthes sicculus 

Family Percichthyidae 
White bass - Morone chrysops 
Yellow bass - MA mississippienis 

Family Centrarchidae 
Redbreast - Lepamis auritus 
Green sunfish - L. cyanellus X 
Warmouth - L. &sus X 
0rangespottS sunfish - humilis X 
Bluegill - L. macrochirus X 
Longear sunfish - L, megalotis X 
Redear sunfish - cmicrolophus X 
Smallmouth bass - Micropterus dolemieui X 
Spotted bass - M. punctulatus X 
Largemouth bass - 5 salmoides X 
White crappie - Pomoxis annularis X 
Black crappie - P. nigromaculatus X 
Rock bass - ~mblElites rupestris 

Family Percidae 
Yellow perch - Perca flavescens 
Fantail darter - Etheostoma flabellare 
Redline darter - E. rufilineatum 
Logperch - Percina caprodes 
Sauger - Stizostedion canadense 
Walleye - Stizostedion vitreum 

Family Scianidae 
Freshwater drum - Aplodinotus grunniens 



Table B-2 

PmCm COMPOSITION OF 1970-72 COVE ROTENONE SAMPLES TAKEN 

IN CHICKAMAUGA RESERVOIR 

Numbers Numbers 
Am xi?E 1972 1 0  1971 1972 

~ o t a l s  (per acre) 3,345 2,845 5,804 182 195 282 

Species Percent Composition 

Threadfin shad 29-9 37.7 49 7 3.2 2.6 10.3 

Gizzard shad 27.6 8.4 5.1 29.0 24.8 35.3 

Carp 0.1 0.3 0.1 3.2 17.6 8.8 

Assorted minnows* 12.2 14.4 14.9 0.6 0.6 1.0 

Smallmouth buffalo 0.4 0.5 0.2 23.7 23.7 13.9 

Bigmouth buffalo 

Golden redhorse 

Channel ca t f i sh  

Blue ca t f i sh  

White bass 

Bluegill 

Longear sunfish 

Redear sunfish 

Spotted bass 

Largemouth bass 

White crappie 

Drum 

Yellow perch 

Total percent 99.6 99.0 98.8 98.2 97.5 96.2 

*Primarily family Cyprinidae 

t = Less than 0.05% 



Table B-3 

RESULTS OF GILLNET SAMPLING ON CHICKAMAUGA RESERVOIR 
FROM FALL 1971 TO SUhBER 1972 

Fal l  1971 Winter 1972 
4 e e 4 9 6 4 8 3 4 7 2  Y a 4 9 6 4 8 3 4 7 2  

Net-Night s 40 40 40 40 40 40 40 40 

Spotted gar - - - - - - - - 
Longnose gar - - - - - - - - 
Shortnose gar - - - - - - - - 
Skipjack herring 25 26 33 39 16 2 36 11 
Gizzard shad 102 86 205 226 12  19 73 69 
Mooneye - 15 1 1 25 29 - - 
carp 3 - 1 - - - - - 
River carpsucker - - - - - - - - 
Smallmouth buffalo 1 - 3 - 1 - 1 - 
Bigmouth buffalo - - - - - - - - 
Hogsucker - 1 - - - 2 - 1 
Spotted sucker 2 - 1 - 1 10 3 1 
River redhorse - - - - - - - 1 
Golden redhorse 2 2 1 - - 9 - 2 
Blue ca t f i sh  5 - 30 1 - 30 

23 6 
2 

Channel ca t f i sh  11 20 25 9 26 9 5 
Flathead ca t f i sh  1 3 F - 1 - - - 
White bass 6 7 - 8 1 1 2 - 
Yellow bass - - - - - - - 1 
Bluegill sunfish - 3 3 - - - - - 
Redear sunfish 4 8 2 - 4 7 6 2 
Spotted bass 2 8 5 6 2 3 15 6 
Largemouth bass - - 2 - 2 1 1 1 
White crappie 1 4  25 27 31 9 4 17 6 
Black crappie - - - 1 1 - 1 - 
Sauger 1 - 2 - 5 - 2 - 
Walleye - - - - 1 - - - 

Total Fish 227 205 360 325 152 95 210 109 211 182 272 345 706 701 247 468 



Act  . 
Yo. L i f t s  

Paddlefish 
L0ngno.e gar 
SkipJack her r ing  
Gizzard shad 
Threadfin shad 
W n e y e  
carp 
River carpsucker 
Hiehfin carpsucker 
Smal lmouth buffalo 
Biwouth buf fa lo  
Spotted sucker 
Golden rcLhorae 
Shorthcad redhorse 
Blue c a t f i s h  
Channel c a t f i s h  
FlathenJ c a t f i s h  
White bass 
Yellov bass 
Bluegil l  sunfish 
Lon~~ear sunfish 
ReJcar sunfish 
Spotted bass 
Largcnouth bass 
White crappie 
Black crappie 
Sauger 
Wallrye 
Yellov perch 
mum 

Table B-4 

TRAP lGTlTH0 RBVLTS FROM CHfCKAMAUCA RPSERVOIR. 1971-72 

Winter 1972 *** 





Appendix C 

SEQUOYAH VEGETATION 

Prior  t o  nuclear plant construction the  Sequoyah Peninsula 

was 94 percent forested (f igure  C-1). Pasture consti tuted 3 percent 

of t o t a l  cover and old f i e l d  and r igh t  of way the  remainder. Shortleaf 

pine (pinus echinata) and Virginia pine (pinus viruiniana) were the  

dominant coniferous species on the  area and the  pine type accounted 

fo r  285 acres o r  54 percent of t he  t o t a l  area   able C-1). Pine- 

hardwoods consistzd primarily of t he  two pines mentioned above and 

oaks, hickories,  beech and other typ ica l  r idge and Valley deciduous 

species. In  t h i s  type pines generally comprise 25-50 percent of all 

mature t r ee s .  Thirty-eight acres o r  7 percent of t h e  area was typed 

a s  hardwoods, 3 percent pasture, 2 percent old  f i e l d  and 2 percent 

r igh t  of way (power l i n e ) .  Based on cursory f i e l d  investigations 

of wooded lands off but adjacent t o  the  project  site, dominant project  

area mature hardwood species were white oak (guercus a lba ) ,  post oak 

(Quercus s t e l l a t a ) ,  black oak ( ~ u e r c u s  velut ina) ,  southern red oak 

( Quercus fa lca ta )  , shagbark hickory ( Carya ovata) , mockernut hickory 

(Carya tomentosa) , yellow poplar (~ i r iodendron  t u l i p i f e r a )  and beech 

( ~ a g u s  grandifol ia)  . 
Construction a c t i v i t i e s  necessitated c lear ing 237 acres of 

vegetation o r  45 percent of the  t o t a l  land base. Figure C-2 shows 

areas affected by construction and the  remaining vegetation. This 

report  does not account fo r  acreage t h a t  might be affected by future  

construction. Tables C-2 and C-3 give vegetation type composition a f t e r  

construction and the  magnitude of l o s s  due t o  clearing.  Post construction 



C-2 

vegetation presently consis ts  largely of pine, 59 percent, and pine- 

hardwood, 29 percent. About 288 acres o r  55 percent of the  or ig ina l  525 

acres of vegetation remains. 

L i t t l e  can be said  about changes i n  wi ld l i fe  populations due 

construction ac t iv i t i e s .  Those species dependent upon pine, pine- 

hardwoods, and hardwoods doubtless have been adversely affected.  

It can be s ta ted  tha t  t o t a l  animal biomass has been great ly  reduced 

but quantification of numbers and magnitude is not possible. 

Intensive surveys on adjacent lands ecologically similar t o  t he  lands 

cleared on t h e  pr?Ject area  would give a f a i r l y  accurate pic ture  of 

t he  preconstruction wildlife s i tuat ion.  



Table C-1  

PRECONSTRUCTION VEGETATION 

'0"'Pe Acres Percent Cover 

Pine 285 5 4 

Pine-Hardwood 170 32 

Hardwood 

Pasture 

Old Fie ld  

Right o f  Way 

Tot a1 525 100 
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Table C-2 

POST CONSTRUCTION VEGETATION* 

Type Acres Percent Cover 

Pine 169 5 9 

Pine-Hardwood 84 29 

Hardwood 18 6 

Pasture 

Old Field 

Total 288 100 

*Does not include losses that will occur if cooling towers 
are built. 



Table C-3 

VEGETATION LOSS DUE TO ONSITE CONSTRUCTION* 

Acres 
Type Before After Percent Change 

Pine 285 169 59 

Pine-Hardwood 170 8 4 4 9 

Hardwood 38 18  47 

Pasture 16 9 5 6 

Old Field  8 8 0 

Right of Way 8 0 

Total 525 288 5 5 

*Does not include access ROW t o  s i t e  from Highway 27, o f f s i t e  
power l i n e  ROW'S, e tc .  





Figure C-2 

POST CONSTRUCTION VEGETATION 

SEQUOYAH NUCLEAR PLANT 



Appendix D 

RADIOLOGICAL ANALYSIS FOR TRANSPORTATION 

OF SPENT FUEL AND RADIOACTIVE WASTE 

1. Normal shipment - The direct external radiation 
dose f'rom the normal shipent 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 nonasl 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 ( see figure D-1) . 
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. Under normal conditions the dose rate shall 

not exceed 10 mrem/h at 6 feet from the container surface. The source 

strength, I, produces 10 mrem/h at 6 feet + Rc, where Rc is the con- 

tainer half thickness. 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 

where 

I = source output, (-e;-ft') 

r = source to receptor distance, (ft) , 



u P linear attenuation coefficient, ( ft-I), 1 2.5 x ft-l, 

B(E, Z, ur) = linear buildup factor for air and is given by 

1 + Kpr , (2) 

where 

"-"en K = - 
"en 

and ven is the linear energy-absorption coefficient. 

The results of the dose rate calculations for a stationary shipping 

container are shown in figure D-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 passing with a constant speed of 20 mi/h is calculated 

where 

and 

x = the distance along the shipping route, ( ft) , 
ft v = the velocity, -i;--, 

therefore, 
OD 

v B(E, Z, vr)dx , 
r 

where 

I = source output, (mp;ft2) , 



d = the distance normal to the centerline of the container's 

line of travel at which a person is located, ( ft ) , 

B(E, 2 ,  ur) and u are as defined for equation 1. 

The dose to an individual at varying distances d from a passing ship- 

ping container is given below. 

d (ft) Dose (mrem) 

The population dose within 1/2 mile of the route 

of travel is calculated by considering the integrated dose at 6 inter- 

vals between 100 and 2,640 feet from the right of way centerline. The 

computation is based on the assumption that 100 people per square mile 

are uniformly distributed along the route of travel. An actual popu- 

lation dose may be computed by multiplying the population dose based 

on 100 persons per square mile by the ratio of the actual population 

density to the assumed population density. Using these assumptions a 

population dose of 1.59 x man-rem/mi per shipnent 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 principal 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 d i rec t  external radiat ion dose r a t e  from a 

transportation accident has been evaluated. Under accident conditions 

t he  dose r a t e  s h a l l  not exceed 1,000 mrem/h a t  3 f ee t  from the  con- 

t a ine r  surface. The dose r a t e  is estimated using equation 1 and a 

aource s t rength which produces 1,000 mrem/h a t  3 fee t  + Rc. The 

r e su l t s  a re  shown i n  f igure  D-3. 

It i s  assumed t h a t  there  would be no gaseous re leases  

without a substant ia l  quanti ty of decay heat i n  t he  shipping container 

plus t h e  addit ion of external heat such a s  from a f i r e .  Thus, it is 

assumed t h a t  t he  thermal currents surrounding the  container carry any 

released f i s s ion  gases t o  a height of 10 meters before they a r e  dis-  

persed i n  t h e  envi roqent .  Doses t o  the  whole body, skin, and thyroid 

have been calculated and a r e  plot ted vs. distance i n  f igure  D-4. These 

dose curves represent the  envelope of the  doses fo r  Pasquill  s t a b i l i t y  

conditions A through F with a wind speed of 1 m / s .  For a specif ic  

accident (with a wind speed of 1 m / s  and fo r  one par t icu la r  Pasquill  

s t a b i l i t y  condition) t h e  maximum doses would be equal t o  the  "plateau" 

doses shown i n  f igure  D-4, but t he  "plateau" doses would not prevai l  

over t he  e n t i r e  range of distance between 50 and 1,300 f ee t .  For wind 

speeds i n  excess of 1 m / s  t he  doses would be lower than shown i n  f igure  

D-4 by a fac tor  equal t o  t h e  reciprocal of t he  wind speed. Assuming a 

person stands 50 f ee t  from the  cask during the  en t i r e  accident, t h e  

resu l t ing  whole-body dose i s  about 2 mrem, the  skin dose is  about 86 

mrem, and the  thyroid dose i s  about 5 rem. Assuming an average popula- 

t i on  density of 100 persons per square mile, t he  whole body dose due 

t o  gaseous re leases  is 0.07 man-rem, the  population skin dose i s  2.5 



man-rem, and t h e  iodine inhalation population dose i s  150 man-rem. 

TVA considers t h e  average population t o  be the  most r e a l i s t i c  number 

t o  use i n  analyzing t ransporta t ion accidents because of t he  small frac- 

t i on  of t h e  t o t a l  distance traveled i n  high population density areas 

and because accidents i n  such areas  generally occur a t  lower speeds 

and therefore  would be l e s s  severe. 

Doses t o  a t ruck dr iver  who remains near t h e  t ruck 

during a t ransporta t ion accident a r e  about 2 mrem t o  t he  whole body, 

about 86 mrem t o  t h e  skin,  and about 5 rem t o  t he  thyroid. The whole- 

body dose t o  t h e  dr iver  due t o  d i r ec t  radia t ion from t h e  shipping cask 

can be estimated from f igure  D-3. 

Consideration has been given t o  t he  radiological  

impact of t h e  shipment of t r i t i a t e d  water. The low-energy d i r ec t  radia- 

t i on  from tritium w i l l  be shielded by the  shipping container and w i l l  

not be a source of radia t ion exposure during normal t ransporta t ion.  

Calculations have been performed fo r  an accidental  re lease  of t h e  e n t i r e  

contents of a 3,700-gallon container of t r i t i a t e d  water with a t r i t i um 

concentration of 2.5 uCi/cc. A conservative upper l i m i t  f o r  t h e  resu l t ing  

radiat ion dose is  computed by assuming t h a t  a l l  of t h e  tritium evaporates 

i n t o  t h e  atmosphere and is  blown d i r ec t l y  t o  an individual who remains 

a t  t h e  maximum dose point  fo r  t he  e n t i r e  period of re lease  t o  t h e  atmos- 

phere. With these assumptions t h e  maximum whole-body dose i s  computed 

t o  be 440 mrem, which is  l e s s  than the  annual dose l i m i t  t o  an individual 

i n  t h e  general public specified i n  10 CFR Par t  20. This dose decreases 

rapidly  with distance,  a s  shown i n  f igure  D-5, and a t  600 f ee t  i s  23 

mrem.  Figure D-5 has been prepared assuming Pasqui l l  s t a b i l i t y  copdition 



F and a wind speed of 1 m / s .  For Pasquill  s t a b i l i t y  condition A through 

E and wind speeds of 1 m / s ,  t he  dose at 50 fee t  from the  cask w i l l  be 

about t he  same a s  shown i n  f igure  D-5 (440 mrem), but t he  doses a t  

downwind distances beyond 50 f e e t  would be lower than shown i n  t he  

figure.  For wind speeds above 1 m / s ,  doses may be predicted by m u l t i -  

plying the  doses calculated f o r  a wind speed of 1 m / s  by a factor  equal 

t o  t h e  reciprocal of t he  wind speed. I f  a uniform average population 

density of 100 persons per square mile is  assumed, t he  -populatiod dose 

within 50 miles is  l e s s  than 0.10 man-rem. 





Distance from Vehicle 
Surface, ft. Dose Rate vs Distance from a 

Stationary Shipping Container, 
Normal Conditions 





Distance from Cask, f e e t  F igure D-4 
Whole Body, Skin,  and Thyroid 

I n h a l a t i o n  Doses vs Distance f o r  
Release o f  1000 C i  o f  Noble Gases 
and 10 C i  o f  1-131 During a Spent 

-- 
Fuel Transportat ion Accident 



T r i t i u m  concentpat ion = 2.5 - pCi 
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Distance from Release Po in t ,  Feet I 
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Whole Body Dose vs Dis tance f o r  

Release o f  3,700 Gal lons o f  
T r i t i a t e d  Water Dur ing 
Transpor ta t ion  Accident 
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Appendix E 

TO ACTUAL SHIPPING FSVIROIJMEIOT 

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 specification 

requirements for hypothetical accident conditions. 

The following discussion is directed toward relating 

the 10 CFR Part 71 accident conditions to similar conditions which 

miuht be experienced as a result of a transportation accident. 
1 

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 CFF4 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 desimed 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 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 



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, 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 re~uired 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 cumulative 

severity of conditions to which the containers are subjected in all 

probability far exceeds that to which the containers would ever be sub- 

jected 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 the test. 

(1) 30-f00t 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 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) on impact within a distance of 2 

to 8 inches.2 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 E-1 shows a comparison 

of the various forces which would be generated by the stopping of the 

shipping cask, an overweight truck, or an automobile traveling at various 

speeds on striking an unyielding surface. 

As indicated in the table, a 45,000-pound 

shipping cask traveling at 30 mi/h, which is the terminal velocity 

following a 30-foot f'ree fall, would create 2,700,000 pounds of force 

if stopped within a distance of 6 inches. A 130,000-pound cask, which 

is equivalent to the IF-300, would generate about 7,800,000 pounds of 

force. A loaded truck, weighing 75,000 pounds and traveling at 60 mi/h, 

coming 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-pound cask as a result of the 30- 

foot free fall. Likewise, a 5,000-pound 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 generated sub- 

stantially less force than the shipping cask because of the relatively 

weaker sections of their structures and the greater distance required 

to decelerate those bodies. 



A second area of concern is  the  shipping 

cask col l iding with s ta t ionary objects such as bridge abutments, e tc .  

In t h i s  regard, it should be noted t h a t  even heavily loaded trucks con- 

tac t ing  such s ta t ionary objects  generally severely damage the  object  

and displace it by some measurable amount. 'Therefore, these s ta t ionary 

obJects generally cannot be considered as unyielding surfaces for  the  

purposes of assessing the  e f f ec t s  of s shipping cask impact. As  demon- 

s t ra ted  i n  Table E-1, the  force developed by the  shipping cask would 

be f a r  greater  than that developed by even a loaded truck, and thus t he  

displacement of t he  "stationary objects" would be even greater than t h a t  

encountered i n  a truck-type accident. Additionally, these impacts with 

the  shipping cask assume that the  shipping cask contacts the  surface 

with the  center of gravity d i r ec t ly  behind the  point of impact and i n  

the  l i n e  of t r a v e l  such t h a t  the  maximum force is exerted on the  cask. 

In  a l l  likelihood, a shipping cask contacting such surfaces would s t r i k e  

a glancing blow i n  which case the  energy required t o  be absorbed by the  

shipping cask would be great ly  diminished over t h a t  which Wuld r e su l t  

from a d i rec t  impact. 

The required analysis of a 30-foot drop 

onto an essen t ia l ly  unyielding surface adequately provides for  force t o  

which a cask might be subJected a s  a r e su l t  of a transportation acci- 

dent. Therefore, a s  a r e su l t  of these conditions and the  ruggedness of 

the  cask, the  poss ib i l i ty  of encountering a transportation accident of 

suf f ic ien t  sever i ty  t o  r e su l t  i n  rupture of the  container has an extremely 

low, if not incredible,  probability. 

(2) 40-inch drop t e s t  - The 40-inch punc- 

t u re  test requires t ha t  the  cask be dropped from a height of 40 inches, 



with the  center of gravi ty  d i r ec t ly  above the  point of impact, onto a 

6-inch diameter pin of suf f ic ien t  length t o  puncture the  container but 

without allowing the  puncture of even the  outer she l l  of the  vessel. 

The fomula  fo r  analysis of t h i s  condition was developed a t  Oak Ridge 

National ~abora tor ies '  and other places based on extensive t e s t i ng  of 

s t e e l  and lead shipping containers. 

I n  regard t o  t he  re la t ionship of t h i s  t e s t  

t o  t he  t ransporta t ion environment, it was or ig ina l ly  intended t h a t  t he  

6-inch diameter pin would approximate t h a t  of the  end of a r a i l  fo r  r a i l  

transportation accide:ts. It should be noted t h a t  t he  puncture so speci- 

f i ed  would require t h a t  t he  cask h i t  the  pin exactly perpendicular t o  

the  cask surface. Any deviation from t h i s  would r e su l t  i n  a substant ia l ly  

reduced loading on the  s ide of the  cask and enhance chances of deflection. 

Further, the  pin must be long enough t o  penetrate through the  walls of 

the  container, which would require damage t o  the  contents. I n  most 

cases t h i s  would require t h a t  the  pin be approximately 12 t o  18 inches 

i n  length. However, if the  pin is  much longer than t h i s ,  it becomes 

doubtful t h a t  the  column strength of t he  pin is suf f ic ien t  t o  rupture 

the  container without buckling of the  proposed pin. 

It should be noted that t h e  containers 

a r e  required t o  pass the  puncture test without rupture of wen  the  

outer she l l .  A s  generally there  i s  a heavy outer she l l  backed up by 

several  inches of shielding material  followed by an inner s t e e l  she l l ,  

there  is a wide margin between the  damage t h a t  t he  container would 

susta in  a s  a r e s u l t  of t he  required puncture t e s t  and t h a t  which would 

be required t o  rupture the  inner vessel  such t h a t  there  could be dispersal  



E-6 

of the radioactive contents. This test provides 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 tawerature 

of 1475O~. In actual!ty, the cask will most likely be 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 1475O~, the average flame 

temperatures will not exceed these values. It is unlikely that a con- 

tainer 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 com- 

pliance 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 trmsportation. 

(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 E-1 

IMPACT ACCIDENT COMPARISON 

Ini t ia l  Stopping Deceleration 
Weight Velocity Distance Force 

Object &L (mi/h) ( ft ) - G's ( l b )  

Cask 45,000 30 0.5 60 2,700,000 

Cask 130,000 30 0.5 60 7,800,000 

Truck 75 , 000 60 10.0 12 goo, 000 

Car 5 , 000 80 5.0 44 220,000 



Appendix F 

OZONE PRODUCTION AND ITS POTENTIAL EFFECTS 

This appendix summarizes and references the literature on the 

characteristics of ozone and its potential effects on plants, animals, 

and man. Natural sources of ozone are compared with reference values 

of the quantities measured during tests on EHV transmission lines. Ozone 

quantities are also compared with the "~ommunity Air Quality ~uides"' 

and the "National Primary and Secondary Ambient Air Quality Standards 1 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 afier about 8 hours of exposure to 0.05 p p  ozone or a 1-hour 

exposure of 0.07 ppm. Most other vegetation, however, can withstand 

exposures exceeding 0.10 p p  for 8 hours without injury. 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 

4 
mortality rate. TVA is not aware of any similar 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 concentrations 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 a 2-week 

period complained of shortness of breath and continuous headaches. 
4 

The visual acuity of humans can be reduced by prolonged exposures of 

0.20 to 0.50 ppm. 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 of magnitude greater than those resulting 

from permitted radiation exposures.5 The recent "community Air Quality 

~uide,"' issued for ozone by the American Industrial Hygiene Association 

after consideration of the radiomimetic nature of ozone and the need 

for a realistic limit, recommended an upper concentration limit of 0.05 

ppm for not more than 1 to 2 hours per day to protect very sensitive 

plants, and an exposure limit of 0.1 ppm/h/d on the average during any 

year if human health is not to be significantly impaired during a life- 

time of exposure. By projecting observed impacts from experimental 

ozone exposures of Chinese 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 

2,45011 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 p p ,  depending 

on altitude, meteorological factors, geographical latitude, time of 

day, and time of year. Figure F-1 illustrates how ozone concentrations 

vary with altitude; however, vertical air currents constantly change 

the distribution, pattern, and magnitude of peak concentrations from 

those indicated. Similarly, figures F-2 and F-3 illustrate the magnitude 

of the diurnal variations which can occur between daytime ozone levels 

produced by the sun and nighttime levels when ozone tends to dissociate 

to its original oxygen form. The implications of figure F-2 will be 

discussed in greater detail later as it relates to the environmentally 

insignificant levels of ozone produced by transmission lines. Lightning 

is another natural phenomenon which produces large instantaneous quan- 

tities of extremely localized ozone; however, this accounts for very 

little of the total ozone existing in nature. 

3. Ozone generation by transmission facilities and 

other potential sources - Ozone may be generated by any corona or elec- 
trical discharge in air or other oxygen medium. Quantities produced 

are dependent on 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, spplicances, 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 electrical 

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 conditions, 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, BOX, 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 \ production from full-scale con- 
ductor bundles which could be operated at 765 k ~ . ~  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 Company 
9,10,11,12 

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 ozone genera- 

tion from the UHV configurations, ozone was monitored at the project. 

Figure F-2 shows ozone concentrations during the time the UHV test line 

was energized and deerergized 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 U W  lines, and any 
amounts created by the lines were so small that they we55 
lost in the background produced by the sun's radiation. 

4. Conclusion - No significant adverse effects on 
vegetation, animals, or humans are expected to result from possible 

levels of ozone production attributable to transmission facilities for 

transmission voltages up to 765 kV. It is concluded that any level of 

ozone that can reasonably be expected to be generated by WA's I~ans- 

mission facilities (500-kV maximum voltage), either resulting from 

normal transmission operation 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 F1 

PROGRAM FOR CHEMICAL TREATMENT OF 

TVA TRANSMISSION LINE RIGHTS OF WAY 

Each year WA submits f o r  approval of t h e  Federal Working 

Group on Pest Management a de ta i led  report  of i t s  proposed program 

for  chemical control  of vegetation on transmission l i n e  r i gh t s  of 

way. The report  s e t s  out t he  number of acres t o  be controlled,  t he  

chemicals t o  be used, and the  method and r a t e  of application.  Tables 

F1-1 and F1-2 show t h e  reports  submitted i n  f i s c a l  year 1972 by TVA. 

The following pages and supporting information a r e  TVA's j u s t i f i -  

cat ion fo r  t he  use of chemical treatment of i t s  transmission l i n e  

r i gh t s  of way. 



WGP Form No. 2 (Rev. 70) - Justification for the Use 

of 2,4,5-T Esters, Picloram 10 1, and 1 OK Pellets 

1 Thc Tcnnesscc Valley Author~ty plans to use 2,4,5-T esters, p~cloram 101, and 10K 

ocllets to control undesirabie brush species In remote and problem areas on transmission 

l~ne  r~ghts of way. 

2 If the brush IS not controlled it will grow ~ n t o  the llnes and cause power interruptions. It 

1s planned to use herbicides because the terrain is  so rugged and remote that other 

methods are not feasible. 

3. The Tennessee Valley Authority i s  plannlng to chemically treat approximately 3,600 

acres of brush on transmission line rlghts of way. The chem~cals will be applied from 

hellcopters and ground equipment and by hand. The areas to be treated are sections of 

rlghts of way 100 feet in width and are not In close proxirn~ty to one another. They are 

In Tennessee, Alabama. Mississippi, North Carolina, and Kentucky and vary in size from 

2 acres to 250 acres. 

4 The Tordon 101 w ~ l l  be appL.o,d from hellcopters at the rate of 10 pounds actlve per 

acre. Four gallons of the chem~cal will be m~xed with 11 gallons of water and applied at 

the rate of 15 gallons total solution per acre. The 2,4,5-T will be applied as a basal, using 

handguns and treat~ng the lower 18 Inches of each stem. Three gallons of the chemical 

wtll be mixed In 97 gallons of diesel 011 and applied at the rate of 100 gallons per acre, 

depending on the stem population. In general, the chemical will be applied at the rate of 

12 pounds active per acre. The 10K pellets will be used in spot treatment and w ~ l l  be 

appl~ed by hand. The rate per acre will be determined by the stem population; however, 

the total volume will not exceed 90 pounds per acre, which IS 9 pounds active per acre.* 

7 he Tordon 101 1s reglstered under U.S. Department of Agriculture registration number 

464-306. The 10K pellets are reglstered under U.S. Department of Agriculture 

registration number 464-320. The Dow 2,4,5-T is reg~stered under U.S. Department of 

Agriculture reglstrat~on number 464-205. 

5. The applicatlon of the herb~c~des w ~ l l  he d~rected by employees who are thoroughly 

tra~ned In al l  phases of the work and have 20 years' experience. The aerial spraylng will 

be done by p~lots who have 8 years' experience In power llne spraying.** The chemlcal 

mixture to be appl~ed from hellcopters will be thickened to el~minate fine droplets and 

to ensure on-target appl~catron. Spraylng will not be done when the wind exceeds 2 

miles per hour. The spray pattern will be observed; and when ~t begins to shift, the 

spraying will cease. The basal spraylng will be done using low pressure, and the spray 

*90 pounds per acre represents maximum appl~cation; as indicated for project No. P-3, the 
average applicatlon i s  80 pounds per acre. 

**Eight years represents the minimum experience of the pilots conducting the work; as 
indicated for project Nos. P-2 and P-5, some of the pilots have as much as 12 years' 
experience. 



gun will be kept close to the ground at a l l  tlmes. Special precautions will be taken to 

prevent any of the chemicals from getting into streams and water sources. All necessary 

precautions will be taken to keep the chemicals from contaminating crops and other 

vegetation off the rlghts of way. 

6 There are no other materials that will control the species of brush established in the 

arcas scheduled for treatment. Mechanical methods are not economically feasible and 

will not render a long-enough control. 

7 No other organizat~ons are involved. 

8 Extenstve tests have been conducted on the materials to be used, and various technical 

reports about the impact on organisms In the environment are available. Therefore, no 

monltorlng activities are planned. 

Justification for the Use of Tandex - 

In 1968 TVA established a serles of tests using the Tandex to determine its 

effectiveness in controlling brush. Thls work was done in conjunction with the U.S. Army. 

The material was applied at varlo~s rates to determine the most effective and economical 

rate. I t  was applied In solutlon from a helicopter. The evaluations were made at intervals 

durlng 1968 and 1969, and ~t was found that 15.2 pounds of active material per acre would 

(onlrol al l  specics of brush. We were particularly interested in controlling ash since the other 

horbl~ldes that are used In our program are not effective in controlling this species. 

In May 1970 we sprayeaY 136 acres on sections of two of our lines near Monteagle, 

Tennessee. These sect~ons were In rugged mountainous areas with limestone rock outcrop. 

There was a dense stand of ash ranglng from 12 to 20 feet high. The ground cover was very 

sparse because of the tremendous canopy of the ash. Our evaluations have revealed that the 

material i s  the most effective herbicide on a l l  species that we have used in our program. 

Tandex is considered a soil sterllent; however, we have found that the sterilized 

condltlon i s  temporary, and that the second growing season many species of broadleaved 

seed-bearing plants become established. These plants are very beneficial to wildlife and have 

advantages in other ways. The grass also begins to come back the second growing season, 

and by the end of the thlrd growing season the rlght of way has a beautiful dense ground 

cover of low-growlng broadleaved plants and various grasses. 

The areas that we propose to use the Tandex on are remote, and the terrain and 

ground conditions are so rugged that machines cannot be used to clear the right of way. The 

other alternative would be to use power saws, which would result in a very expensive 

operation. 

The herb~cldes that we have used in the past will not be effective slnce a greater part 

of the right of way has a dense stand of ash, and the Tandex 1s the only chemical that will 

k ~ l l  i t. Slnce the Tandex will be applled on a 100-foot strip cross country in very rugged 

remote terrain, we do not believe that it would have any adverse effect on the 

environmental considerations that are now belng promoted. 
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Appendix G 

OUTLINE OF ACCIDENT ANALYSES 

SEQUOYM NUCLEAR PLANT 

1. Introduction - This appendix describes the 
evaluation of the environmental impact of postulated occurrences and 

accidents for the Sequoyah Nuclear Plant. This evaluation follows the 

guidelines given in the AEC Regulatory Guide 4.2,  reparation of 

Environmental Reports for Nuclear Power ~lants," issued on March 2, 

1973 (~eference 1 of section 2.3). As shown in Table G-1, the results 

of this evaluation demonstrate that the consequences of the postulated 

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 Regulatory Guide 4.2. Assumptions not 

I specified have been selected on the basis of using the most realistic 

I values consistent with the present state .of knowledge. 

I In the following pages, the individual events are 

I described with emphasis on the routes of escape of activity to the 

I environment, and the equipment and structures which contain the activity. 

I Indications of the probable frequency or probability of occurrences of 

I 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 a r e  t r i v i a l  incidents involving small re leases  due t o  normal 

operations. Class 2 events a r e  small re leases  outside containment such 

a s  valve leakage, s p i l l s ,  e t c .  The re leases  from both Class 1 and 

Class 2 events a r e  considered i n  the  evaluation of rout ine  releases.  

3.  Analysis of Class 3 events - Class 3 events 

include re leases  of radioact ivi ty  from the  waste disposal systems a s  a 

r e s u l t  of equipment malfunction or  a s ingle  operator e r ror .  The waste 

disposal  system has been designed t o  co l l ec t ,  monitor, t r e a t ,  and dis-  , 
charge or  package fo r  disposal  l iqu id ,  so l id ,  and gaseous wastes. Opera- 

t ions  w i l l  be conducted i n  accordance with administrative procedures. 

Waste re leases  and shipments a r e  made on a batch 

basis  which permits knowledge and control  of ant ic ipated re leases  before 

any act ion is undertaken t o  make the  actual  release.  For the  l iqu id  and 

gaseous cases, t he  ac tua l  re lease  i s  monitored by radiat ion detectors ,  

and a permanent record of t h e  a c t i v i t y  re lease  i s  recorded. 

(1)  Liquid radwaste - The bulk of t h e  

radioactive l iqu ids  discharged from the  reactor  coolant system a re  pro- 

cessed and retained inside t h e  plant by t he  chemical and volume control  

system recycle t r a i n .  This minimizes l i qu id  input t o  t h e  waste disposal  

system which processes r e l a t i ve ly  small quant i t ies  of generally low- 

a c t i v i t y  l e v e l  wastes. The processed water from waste disposal ,  which 

contains r e l a t i ve ly  l i t t l e  radioactive material ,  is  discharged through 

a monitored l i n e  i n t o  t h e  waste discharge pipe. 

A t  l e a s t  two valves must be manually opened 

t o  permit discharge of l i qu id  or  gaseous waste from the  waste disposal  
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system. One of these valves is normally locked closed, and the other 

is interlocked so that it can be opened only if two out of three con- 

denser circulating water pumps per unit are operating. A control valve 

will trip closed on a high effluent radioactivity level signal. 

The system is controlled from a central 

panel in the auxiliary building. Malfunction of the system actuates 

an alarm in the auxiliary building and annunciates in the control room. 

All system equipent is located in or near the auxiliary building, 

except for the reactor coolant drain tank and drain tank pumps, and 

floor and equipment drain sump and pumps which are located in the 

containment buildings. 

Leakage of liquid radwaste from tanks is 

caught in sups in the auxiliary building. Therefore, leakage or rupture 

of a radwaste tank does not lead to a significant release to the river. 

Gaseous activity from such a spill would be picked up by the auxiliary 

building ventilation system. 

The largest inventory of radioactivity 

outside the plant structures is the refueling water tank. There is 

one 350,000-gallon tank for each unit which might contain as much as 

2,000 curies of tritium and 0.75 curies of other radionuclides. It is 

postulated that the tank ruptures, releasing its contents in about 

1/2 hour. The released water would drain to the plant intake and be 

released to the reservoir via the diffuser pond and the diffusers. 

(2) Solid radwaste - Because of the nature 
of solid radioactive wastes and specialized procedures and equipment 

provided for packaging and handling these wastes, significant accidental 



re leases  of radioact ivi ty  from so l id  wastes i s  considered extremely 

unlikely. 

( 3 )  Gaseous radwaste - Several postulated 

Class 3 accidents were analyzed, and a major leak i n  a gas waste holdup 

tank was found t o  y ie ld  t he  greates t  po ten t ia l  f o r  re lease  t o  t he  environ- 

ment. Operating experience a t  Yankee-Rowe and Saxton indicates  t h a t  

t he  a c t i v i t y  stored i n  t he  gas holdup tank consis ts  of t h e  noble gases 

released from t h e  primary coolant and only negl igible  quant i t i es  of t he  

l e s s  v o l a t i l e  isotopes. Any major leakage from these tanks would be 

processed through t h e  " i l t r a t i on  system i n  t h e  auxi l i a ry  building venti-  

l a t i o n  systems t o  fur ther  reduce any po ten t ia l  re lease  of par t i cu la tes  

and iodines. 

(4 )  Evaluation - The po ten t ia l  f o r  

environmental e f f ec t s  from Class 3 events is  based on re leases  from a 

gaseous decay tank for  gaseous re leases  and from a rupture of a refueling 

water storage tank. 

The inventory i n  t h e  gaseous radwaste 

tank is  based on the  accident occurring t o  t h e  tank immediately a f t e r  

t h e  coolant had been degassed during a reactor  shutdown. The average 

inventory i n  each of t he  nine gaseous decay tanks w i l l  be much l e s s  

than t h i s .  

Leakage from t h e  gaseous radwaste system 

might be expected t o  occur during t he  l i fe t ime  of t he  plant .  Complete 

f a i l u r e  of a radwaste tank (gas o r  l i qu id )  i s  not expected t o  occur 

during t he  l i fe t ime  of t he  plant.  



Subparagraph (1) above gives the volume 

and activity levels for the refueling water storage tank. The release 

of the contents of this tank has been analyzed as a gaseous accident 

in accordance with the assumptions of Regulatory Guide 14.2, and the 

results are listed under item 3.3 in Table G-1. The potential effect 

of such an accident was also evaluated assuming all the water enters 

the ground water at the site. The resulting dose commitment to people 

within 50 miles is less than a third of the dose commitment resulting 

from the treatment of the accident as a "gaseo~s'~ accident (9.8 man-rem 

versus 33 man-rer . 
4. Analysis of Class 4 events - Class 4 accidents 

are events that release radioactivity into the primary coolant, including 

anomaJous fuel failures as well as fuel failures which might result in 

an increased primary coolant activity which increases the activity of 

the fluids processed by the waste disposal system. 

The fuel rods consist of uranium dioxide ceramic 

pellets contained in slightly cold-worked ~ircaloy-4 tubing which is 

plugged and seal-welded at the ends to encapsulate the fuel. The manu- 

facturing process is subject to an extensive quality assurance program 

which provides assurance that the resulting fuel rods satisfy the manu- 

facturing tolerances and design specifications. Excessive heating or 

pressurization of the fuel rods could possibly cause perforation of the 

fuel element cladding and subsequent fission product release. Conse- 

quently, very conservative design margins are used for the fuel to 

further reduce the possibility of fuel damage. 



Operating experience with Zircaloy cladding has 

demonstrated that the extent of anomalous fuel rod failures during 

normal operation will be less than 0.5 percent failed fueln with adminis- 

trative controls. (~dministrative controls as defined in proposed stand- 

ard ANS 3.2, "standard for Administrative Controls for Nuclear Power 

Plants," are rules, orders, instructions, procedures, policies, practices, 

and designations of authority and responsibility written by management 

to obtain assurance of safety and high-quality operation and maintenance 

of a nuclear power reactor. Administrative controls are firm rules 

governing the actions of employees. ) Therefore, 0.5 percent failed 

fuel is a conservative basis for evaluation of accidental releases since 

the releases occur over a long period of time. 

Without protective systems, fuel failures are also 

possible as a result of certain abnormal operating transients. However, 

the plant design incorporates a reactor protection system which limits 

the postulated transients 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 result of an 

abnormal operating transient. 

5. Analysis of Class 5 accidents - Class 5 accidents 
are events which result in the release of radioactive material to the 

environment via any secondary plant system. Primary protection against 

Class 5 accidents is afforded by coolant chemistry control and good 

steam generator design. With the exception of the steam-generator blow- 

down, the plant fluid systems are designed with an intermediate water 

"0.5 percent failed fuel is defined as small clad defects (holes) in fuel 
pins which produce 0.5 percent of the total core puwer. 
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system between any radioactive fluid and any water that is continually 

discharged to the environment. For example, the component cooling 

water system cools all of the heat exchangers which contain primary 

coolant, and the component cooling water is in turn cooled by raw cooling 

water in a separate heat exchanger, Consequently, a highly unlikely 

simultaneous failure of two heat exchangers would be required in order 

for the primary coolant to reach the environment. As an added precaution, 

the component cooling water loop is continuously monitored for radio- 

activity, providing timely indication of a leak into the component cooling 

water system from the ?rimtry system. 

The other source of possible radioactive release is 

a primary-to-secondary leak in a steam generator which transports the 

fission products, released by cladding failures, into the main steam 

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. 

Processing of steam-generator blowdown is discussed 

in more detail in section 2.4. The most important environmental conse- 

quence 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. (Tritium in the condenser 



offgas would amount t o  l e s s  than 1 cur ie  per month.) Releases due t o  

steam-generator tube leakage a r e  included i n  t h e  radioactive discharge 

section.  

A hypothetical re lease  due t o  an offdesign t rans ien t  

has been analyzed using the  assumptions specified i n  Regulatory Guide 

4.2, including t h e  assumption t h a t  no c r ed i t  be taken f o r  f i l t r a t i o n  

of condenser a i r  e jec tor  re leases .  

The steam generator tube rupture accident is defined 

a s  a complete severance of one stem generator tube. The accident 

r e s u l t s  i n  an increase in  t h e  contamination of t he  secondary (steam) 

system. 

The operator must iden t i fy  and i s o l a t e  t he  f au l ty  

steam generator i n  order t o  reduce the  re lease  of rad ioac t iv i ty  to t he  

atmosphere. The following charac te r i s t i cs  of a tube rupture w i l l  enable 

t he  operator t o  rapidly iden t i fy  t he  accident: 

1. The pressurizer low-pressure and low-level alarms are 

actuated, and pr io r  t o  t h e  plant t r i p ,  charging pump flow 

increases i n  an attempt t o  maintain pressurizer l eve l .  

2. A steam flow/feedwater flow mismatch w i l l  ex i s t  a s  feed- 

water flow t o  t he  affected steam generator w i l l  be reduced. 

3.  The stem-generator blowdown l iqu id  monitor and the  vacuum 

pump radiat ion monitor w i l l  alarm indicating a sharp 

increase i n  radioact ivi ty  i n  t he  secondary system, and 

the blwdown valves w i l l  close. 

The plant design incorporates t he  following features  

t o  protect  t he  reactor  during and following the  postulated accident: 



1. The reactor will trip on a low pressurizer pressure signal, 

2. The safety injection signal is actuated by coincident low 

pressurizer pressur'e and level signals, and 

3. The safety injection signal actuates the auxiliary 

feedwater system. 

Plant recovery can be achieved and normal shutdown 

initiated in 30 minutes. 

The rupture of a steam-generator tube would allow 

fission products that might be in the primary coolant to contaminate 

the secondary coolant, leading to releases of activity to the environ- 

ment via the condenser offgas. The results of this postulated event 

are evaluated based on the release of 15 percent of the primaLry coolant 

to the secondary side of the steam generator. The activity in the 

secondary system before rupture of the tube is based on a primary-to- 

secondary leak rate of 20 gallons per day per reactor unit and a blow- 

down rate of 10 gal/min per unit. The normal blowdown rate is30 gal/min 

per reactor 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 

and steam-generator tube rupture) are not expected to occur during the 

lifetime of the plant; however, steam-generator tube leakage may occur 

for short time periods several times during the plant lifetime, and 

therefore it is included as part of the routine radioactive releases. 

6. Analysis of Class 6 events - Included in this 
class of accidents are fuel failures from any cause that occur during 

refueling operations inside the primary containment. 



The reactor is refueled with equipment specially 

designed to handle the spent fuel underwater from the time it leaves 

the reactor vessel until it is placed in a cask for shipment from the 

site. Underwater transfer of spent fuel provides an effective radiation 

shield, as 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 refueling. 

The various components of the fuel-handling equip- 

ment are designed for failsafe operation utilizing interlocks and limit 

switches designed to 1-eclude any occurrence which might damage a fuel 

assembly. Administrative procedures will ensure that the integrity of 

the equipnent 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 be in the control 

room and on the refueling floor supervising the operations. 

Detailed descriptions of fuel-handling equipment 

are given in the Sequoyah Nuclear Plant PSAR. 

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 will be isolated upon high containment activity. This 

effectively precludes the release of significant amounts of fission 

products to the environment since: 
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1. This accident is not accompanied by any containment 

pressure increase which could serve as a driving force 

for leakage. 

2. Any leakage that does occur can be treated by the 

emergency gas treatment system. 

Two events in this class are described by Regulatory 

Guide 4.2. TVA has analyzed these events using the Regulatory Guide 

4.2 assumptions. It is assumed, however, that all activity released 

from the pool is exhausted to the purge exhaust filters where 99 percent 

of the iodines are rwoved. 

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 f'uel 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. 

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 administrative procedures to reduce the possi- 

bility 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 s ingle  fuel-handling incident i n  which e i ther  a new o r  

spent f u e l  rod has sustained a cladding rupture. This is  a r e su l t  of 

conscientious fue l  transport  procedures and thorough engineering design 

of t he  fuel-handling equipment and f a c i l i t i e s ,  such as: 

1. The fue l  p i t  is  designed t o  ensure t ha t  t he  stored fue l  

i s  submerged i n  water and placed i n  a subcr i t i ca l  array 

a t  all times. 

2. The spent fuel  p i t  water i s  cooled t o  remove decay heat 

and puri f ied t o  remove f i s s ion  products and metal l ic  

ions whi,h could cause corrosion of the  fue l  assemblies. 

3. Safety features a r e  incorporated in to  t he  fuel-handling 

crane which preclude dropping of t he  fue l  shipping cask. 

4. The spent f u e l  p i t  area  i s  normally venti lated with out- 

s ide  a i r  a t  the  r a t e  of f i ve  volume changes per hour and 

maintained a t  a s l i gh t  negative pressure. The exhaust 

is  routed v i a  the  auxi l iary building exhaust vent system 

which contains radioact ivi ty  monitors and f i l t e r  t r a i n s  

which a re  automatically aligned i n  t he  event of an acci- 

dent. These f i l t e r s  remove essen t ia l ly  a l l  par t icu la tes  

and at l e a s t  99 percent of the  iodines. 

The three  events analyzed i n  t h i s  c lass  a r e  (1)  

fue l  element drop, (2)  heavy object dropped off  f u e l  storage rack, and 

( 3 )  fue l  cask drop accident. The re leases  from the  fuel  element drop 

accident a r e  based on the  re lease of 1 percent of t h e  f i s s ion  product 

a c t i v i t y  i n  17 fue l  pins (one row) a f t e r  7 days' decay time. The 

re leases  from t h e  heavy object drop accident a r e  based on the  re lease 

of 1 percent of the  f i s s ion  product ac t iv i ty  from the  f u e l  pins i n  



one fie1 assembly after 30 days ' decay time. For both these events, 

99.9 percent of the iodines are assumed to remain in the spent fuel 

pool water. 

The results of the fuel cask drop accident have 

been estimated assuming one fuel assembly is damaged releasing 1 percent 

of the contained noble gas activity inside the auxiliary building. In 

all three events, it is assumed that 99 percent of the iodines in the 

exhaust from the building are removed by charcoal filters. Because of 

the design of the fuel cask and cask-handling equipnent, no significant 

releases of radioacti.-ity 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 sane probability as those discussed for 

Class 6. 

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. Steamline rupture accidents 

These accidents have a very low probability of 

occurring; however, several engineered safety features are incorporated 

in the pleat 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 that system up to 

the first closed valve which results in loss of coolant at a rate which 

exceeds the capability of the makeup system. 

The severity of the accident is a function 

of the primary coolant leakage rate and consequently the size of the 

pipe rupture. The mo~t severe postulated accident is a result of the 

hypothetical "double-ended" rupture of the largest RCS pipe. 

The design of the 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 surrounded 

by a concrete shield building to prevent the leakage of 

fission products (aouble containment ) . 
2. The ice condenser system which prevents a high pressure 

in the containment and thus reduces the potential for the 
I 

escape of fission products from the containment. The ice 

melt, which contains sodiwn borate, also removes iodines 

from the primary containment atmosphere. 

3.  The emergency core cooling system which provides core 

cooling following the accident to minimize fuel element 

failure. 
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4. The emergency gas treatment system which filters the 

leakage from the primary containment before releasing 

it to the plant vent. 

5 .  The auxiliary building gas treatment system which 

filters any leakage to the auxiliary building before 

release to the atmosphere. 

If a postulated loss-of-coolant accident 

should occur, the RCS will rapidly depressurize. The reactor trip will 

actuate when the pressurizer low-pressure set point is reached. The 

emergency core cooling system is actuated by the pressurizer low-pressure 

or by the high-containment pressure signal. These countermeasures will 

limit the consequences of the accident in two ways: 

1. Reactor trip and borated water injection by the emergency 

core cooling system supplement void formation in causing 

rapid reduction of the nuclear power to a residual level 

corresponding to the fission product decay heat. 

2. Injection of borated water ensures sufficient flooding 

of the core to prevent excessive temperatures. 

For short-term core cooling, passive pro- 

tection is provided by four accumulator tanks pressurized with nitrogen 

which rapidly discharge their borated water to the RCS when the RCS 

pressure decreases below the accumulator pressure. In addition, borated 

cooling water is injected by high-head charging pumps and low-head 

safety injection pumps. 

For long-term core cooling, water spilled 

from the ruptured reactor coolant system and containment spray and ice 



condenser drainage a r e  collected,  cooled, and recirculated through the  

core. This reci rculated water is  delivered by low-head pumps when the  

reactor  system pressure i s  low. 

The decay heat generated i n  the  core i s  

removed f o r  an indef in i te  period of time by t h i s  rec i rcu la t ion  flow 

which i s  cooled by two res idual  heat exchangers. 

Fiss ion products which a r e  released from 

f a i l e d  f u e l  a s  a r e s u l t  of a l o s s  of coolant a r e  released t o  the  primary 

coolant where some of t he  iodines and most of t h e  par t i cu la te  f i s s ion  

products a r e  trapped. Of t h e  iodine released t o  t he  primary contain- 

ment, most is  removed from t h e  containment atmosphere by the  i c e  bed 

and melt water. 

Fiss ion products leaking from t h e  primary 

containment t o  t h e  annulus (region between primary containment and 

shie ld  building) a r e  held up f o r  a long period of time. The re lease  

from t h i s  volume is  through the  f i l t e r s  of t he  emergency gas treatment 

system t o  atmosphere. The assumptions specif ied i n  Regulatory Guide 

4.2 were used t o  estimate re leases .  

A primary containment leak r a t e  of 0.25 

percent per day and a shie ld  building inleakage r a t e  of 100 percent per 

day were used i n  t he  analysis.  Since t he  shie ld  building pressure i s  

always l e s s  than atmospheric throughout t h e  t r ans i en t ,  no re lease  occurs 

which i s  not f i l t e r e d .  

( 2 )  Control rod e ject ion accident - The 

design bas i s  r eac t i v i t y  t rans ien t  is the  postulated e ject ion of a rod 

control  c lu s t e r  assembly (RCCA).  Such an e ject ion could r e su l t  from a 



complete rupture of a control  rod mechanism housing. The pos s ib i l i t y  

of such an e ject ion i s  minimized by: 

2 
1. Shop t e s t i ng  each housing a t  4,100 l b f / i n  and again 

2 a t  3,750 l b f / i n  upon in s t a l l a t i on .  ( ~ o r m a l  p r i m r y  

2 system pressure i s  2,250 l b f / i n  .) 

2. The housings a r e  designed t o  withstand plant t rans ien ts  

and t h e  design basis  earthquake. 

If the  postulated accident should occur, 

a power t rans ien t  would r e s u l t ,  causing a reactor  scram; fue l  f a i l u r e s  

may occur as a r e s u l t  of t h i s  t rans ien t .  The f i s s ion  products i n  t he  

coolant a s  a r e s u l t  of 0.5 percent f a i l ed  fue l  a r e  assumed expelled 

from t h e  reactor  vessel  through the  broken control  rod housing i n t o  

t h e  primary containment. Some iodines a r e  removed from the  containment 

by melted i c e  i n  t he  i ce  condenser and by the  containment spray water. 

The airborne and gaseous f i s s ion  products, along with t h e  remaining 

iodines,  may leak i n to  t he  secondary containment ( sh ie ld  building) 

a f t e r  which they a r e  exhausted v i a  t he  emergency gas treatment system 

where fur ther  f i l t r a t i o n  reduces t he  iodine concentration. A s  f a r  a s  

a c t i v i t y  re leases  a r e  concerned, t h i s  event i s  a small loss-of-coolant 

accident and is analyzed according t o  t he  guidance i n  Regulatory Guide 4.2. 

( 3 )  Main steamline rupture accident - 
A rupture of a steamline would r e su l t  i n  an uncontrolled steam release  

from a steam generator. However, t h i s  only r e s u l t s  i n  a s ign i f ican t  

radioactive material  re lease  when the  reactor  is being operated with: 

( a )  primary-to-secondary leak i n  a steam generator, and (b) f u e l  f a i l u r e s  

(cladding perforations ) . 



The accident is initiated by a postulated 

failure in the main steamline system outside the containment which 

could cause depressurization of the steam generator in that loop. The 

following plant systems mitigate the consequences of a steam pipe 

rupture : 

1. Emergency core cooling activation from one of several 

signal s 

2. The overpower reactor trips 

3. Redundant isolation of the main feedwater lines 

4. Trip of the fast-acting main steamline 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 leak rate of 20 gallons per day per unit 

and a 10 gal/min per unit blowdown rate. The guidance given in Regulatory 

Guide 4.2 is followed in the analysis. However, since the halogen reduc- 

tion factor for releases from the primary system is taken to be 0.5 for 

both the "large" and "small1' break, the two accidents yield identical 

calculated results. 

9. Evaluation of Class 9 accidents - Class 9 acci- 

dents are described as hypothetical sequences of successive failures 

which are more severe than those postulated as design-basis accidents 

whose results are summarized in safety analysis reports by applicants 

requesting construction permits and operating licenses from AEC for 

nuclear power plants. Although the consequences of Class 9 accidents 



could be severe, the probability of their occurrence is so small that 

their environmental risk is extremely low. 

These accidents would require the occurrence of 

multiple failures of the plant's engineered safety features with each 

failure even more severe than the postulated design-basis accidents, 

which have extremely low probabilities of occurrence. 

Conservative design; diverse and redundant physical 

barriers, protection systems, and engineered safety features; extensive 

quality assurance; and control of operations dictate such a probability 

of occurrence t h ~ t  the environmental risk associated with Class 9 acci- 

dents is negligible as compared to that of the other classes of accidents. 

10. Dispersion conditions - TVA has had a site 
meteorological investigation program under m y  at Sequoyah since April 

1971. This data has been analyzed and can be found in Chapter 2 of 

the PSAR. The analysis shows that dispersion conditions more severe 

than a Pasquil type F and a wind speed of 0.25 meters per second occur 

less than 5 percent of the time. This dispersion condition (which 

results in dispersion values about four times higher than those given 

in AEC Regulatory Guide No. 1.4 (~eference 3, section 2 -3)  ) is used to 

calculate design-bases accident doses for the PSAR. Reference 1 suggests 

that dispersion values a factor of 10 lower than those in the Regulatory 

Guide No. 1.4 be used to assess the environmental effect of accidents. 

As a result of the meteorological investigations at the site, TVA has 

concluded that use of the Regulatory Guide No. 1.4 dispersion conditions 

reduced by a factor of 2.5 is an appropriate basis for estimating 

environmental effects and is consistent with the approach used by the 

Atomic Energy Commission and others. Figure 0-1 gives the dispersion 
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values used as a function of distance for the time periods used in the 

analyses. Section 1.2 gives the wind direction frequencies used in 

the analysis. The minimum site exclusion distance is 585 meters. 

11. Population densities - The population exposures 
from each postulated event have been estimated using projected popula- 

tion information for the year 2010. The population distribution used 

is given in section 1.2. Population doses are based on doses to persons 

residing within 50 miles of the plant site. 

Evaluation of environmental impact of postulate( 

accidents - The ~rincipal effect of accidents on the environment is the 
increased exposure to man which might result from the release of radio- 

active mterial. This potential for exposure is summarized in Table G-1 

for the principal accidents analyzed. The analysis of this information 

shows that no accident or class of accidents is environmentally signific, 



Table Gl 

SUMMARY OF RADIOLOGICAL CONSEQUEBCES OF FOSTULATED ACCIDERTS 

Individual Doses a t  t he  S i t e  Boundary (rem) Doee C d t m t  to Population a (~ban-~em) 
Gannaa Fraction 

Gcul~na Beta Plus Iodine Gamma Beta Iodine 
Class - Event - Radiation Radiation - Beta Inhalation Badistian Radiat ioq &Iwkthn 'm~a -ftb 

1.0 Tr iv ia l  incidents 4 4 4 a 4 4 4 4 4 

2.0 Small releases outside 4 4 o 4 

containment 

3.0 Radvaste system fa i lu re s  

3.1 Equipnent leakage o r  1.8(-2) 4.7(-2) 6.5(-2) BIL 1.3(-1) 2.3(+0) 6.2(+0) InA 8.5(+0) 
malfunction 

3.2 Release of waste gas 7.0(-2) lag(-1) 2.6(-1) AIL 5.2(-1) 9.2(+0) 2.5(+1) HIL 3.4(+1) 
storage t d  contents 

3.3 Release of l i qu id  - 
waste storage tank 
contents 

4.0 Fission products t o  NA 
primary system (BWR) 

5.0 Fission products t o  
primary and secondary 
systems (PWR) 

5.1 Fuel cladding defects  4 
and steam generator 
leaks 

5.2 Offdesign t rans ient  5.2(-4) 
t ha t  induce fue l  
f a i l u re  above t h e  
expected and steam 
generator leak 

5.3 Steam generator tube 4.1(-2) 
rupture 

6.0 Refueling accidents 

6.1 Fuel bundle drop 9.3(-4) 2.1(-3) 3.0(-3) 4.5(-4) 6.4(-3) 1.2(-1) 2.8(-1) 5.9(-2) 4.6(-1) 

6.2 Heavy object drop 2.0(-2) 4.6(-2) 6.6(-2) 8.9(-3) lab( -1)  2.7(+0) 6.0(+0) 1.2(+0) 9.9(+0) 
onto fue l  i n  core 



Table G l  (continued) 

SWM4RY OF RADIOUXICAL CONSEQUETICES OF FCSNLATED ACCIDEUTS 

Individual Doses at the Site BounCnry (ren) Dose C-itarent t o  F'opulationa (mn-re=) 
Gamma Fraction 

Camma Bet a Plus Iodine of Gamma Beta Iodine 
Class - Event - Radiation Radiation - Beta Inhalation ~irnit~ Radiation Radiation Irhalation 

7.0 Spent fuel handling 
accident 

7.1 Fuel assembly drop 9.3(4) 2.l(-3) 3 0 - 3  4.5(-4) 6.k(-3) 1 . 2 -  2.8(-1) 6.0(-2) beg(-1) 
in h e 1   tora age pool 

7.2 Heavy obJect drop 6.9(4) 2.5(-3) 3.2(-3) 9.3(-4) 7.1(-3) 9.1(-2) 3.4(-1) 1.2-1 5.5(-1) 
onto fuel rack m - 

d l 
7.3 Fuel cask drop NIL 1.0(-3) 1.0(-3) 2.0(-h) 2.1(-3) 1.2(-3) 1 - 1  2.6(-2) 1.6(-1) ru 

N 

8.0 Accident initiation events 
considered fn design basis 
evaluation in safety 
analysis report 

8.l(a) Instrument line break AA UA HA AA M BA BA HA 6A 

8.2(a) Rod eJection accident 2.0(-3) 2.9(-3) 4.9(-3) 5.1(-2) 4.4(-2) 3.6(-1) 5.8(-1) 7.2(+0) 8.1(+0) 

8.3(a) Small MSLR AIL NIL AIL 3.5(-3) 2.4(-3) 2.8(-3) 3.5(-3) 4.6(-1) h-6(-1) 

8.3(a) Large MSLR' AIL AIL AIL 3.5(-3) 2.4(-3) . e.8(-3) 3.5(-3) 6 4.6(-1) 

a~vnluoted as routine releases in Section 2.k. Radioactive Discharges 
**Iodine ineestion 
!tA lot applicable 
AIL Results in doscs less than rem and population doses less than man-rem ' 
a. Bnsed on estimntel population vithin 50 miles of plant 
b. Gstinnted fraction of 10 CFR Part 20 limit at site boundary 
c. Mnin stennline rupture 
d .  Repreaenta the rclense from a single fuel element, since the number of elements in a cask rarics vith shipping method 





Appendix H 

RADIOLOGICAL IMPACT OF LIQUID EFFLUENTS 

The calculation of radiation doses to organisms that are 

exposed in their normal 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 doses resulting from the more significant 

exposure pathways. 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 out- 

line of the models and methods of calculation. Doses listed in Table 

H-2 are calculated for the radionuclides which are expected to be 

released during normal operation of the Sequoyah 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 (see Table 2.4-2) . 
Calculations of doses to humans include doses to bone, G.I. 

tract, thyroid, skin tissues, and the total body. Total body doses are 

calculated for organisms other than man. Population doses are estimated 

for the year 2010 based on the current populations multiplied by 1.70. 

The factor 1.70 is the increase projected for a 125-county area in the 

Tennessee River Basin. 



1. Doses to man from the ingestion of water - Data 
listed in Table H-1 for public and industrial water systems is used to 

calculate dose commitments from the consumption of Tennessee River water. 

Prior to initial operation of the Sequoyah Nuclear Plant the intake for 

the Savannah Utility District water supply will be relocated (section 

2.9.2) where it is not expected to be affected by effluents from the 

nuclear plant. It is assumed that the plant effluent is mixed with one- 

half of the riverflow in the 12-mile reach between the nuclear plant 

site and the first water supply intake. Although natural water turbu- 

lence will continue to increase the dispersion downstream, it is assumed 

that half-dilution is maintained as far as Chickamauga Dam past which 

full-dilution is assumed, 

Dilution is calculated using average-annual flow 

data for the Tennessee River as measured during 1899-1968. The average 

3 flow ranges from approximately 35,000 ft /s at the nuclear plant site 

3 to 65,000 ft /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 velo- 

cities which vary between 0.1 and 3.5 ft/s. 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 m l  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 solids and 

sedimentation, by deposition in the biomass, or by processing within 

water treatment systems. 



Internal doses, D for the jth organ from the 
ij ' 

ith radionuclides are calculated using the relation 

where (DCF)~~ = the dose commitment factor for the jth organ from the 

ith radionuclides for an average adult assuming that 

the dose can be accumulated over a 50-year interval, 

(mrem/uci , 
Ii = the activity of the ith radionuclide taken into the 

body annually via ingestion, (uci) . 
The dose commitment factors are derived from data 

given in the references listed 1929394 and are identified in units of 

(=U~/UC~ ) by the equation 

where 51.2 x 10 x low8 w) (3.20 x 10' uCi-bay )(lo3 E) 
fVi j = fraction of the ith radionuclide taken into the 

body by ingestion that is retained in the jth organ, 

(dimensionless), 

4j 
= effective energy absorbed in the jth organ per dis- 

integration of the ith radionuclide including daughter 

products , (MN-rem/dis-rad) , 

A i ~  
= the effective decay constant of the ith radionuclide 

in the jth organ, (day-'), 

T = integration time, (1,825 days), 

mj = mass of the jth organ, (g). 





where Pi = population of county i, 

2 
Ai = county area, (mile ), 

Ai* = county area  within 0.5 mile of t he  Tennessee River, 

2 
(mile 1, 

DCi = individual thyroid dose commitment calculated fo r  a 

public water supply i n  o r  near county i, (rem). 

Doses t o  humans from ingestion of Tennessee River 

water affected by slug re leases  can be estimated using the  data i n  

Section A of Tables H-2  and H-3 provided: (1 )  t he  d i s t r ibu t ion  of 

a c t i v i t y  i s  essen t ia l ly  t he  same a s  t h a t  given i n  Table K-1 of Appendix K ,  

(2 )  t he  t o t a l  a c t i v i t y  of the  slug re lease  i s  known, and ( 3 )  t he  r i v e r  

ve loc i t i es  and d i lu t ion  fac tors  a r e  not grossly d i f fe ren t  from the  

average values on which t h e  rout ine  dose estimates a r e  based. A conserva- 

t i v e  estimate of t he  doses t o  humans from a slug of radioact ivi ty  released 

during low-flow conditions can be obtained by multiplying the  doses i n  

Table H-2 by: (1) the  r a t i o  of a c t i v i t y  released t o  2.0 C i ,  and (2) 

by the  r a t i o  of t h e  average flow r a t e  t o  t he  actual  flow r a t e .  For 

example, a slug of 1 .0  C i  a c t i v i t y  released during a 5 percene flow 

condition could r e s u l t  i n  doses t h a t  a r e  higher than those i n  Table H-2 

by the  fac tor  

1.0 C i  (Average Flow  ate) = 4 
F = 2.0 C i  0.37 x (Average Flow  ate) 

*A 5 precent flow r a t e  i s  t h a t  which is  equaled or  exceeded 95 percent of 
the  time. This flow r a t e  i s  approximately 37 percent of t he  annual- 
average flow r a t e  based on da i ly  discharge data  during 19G0-70 for  Watts 
Bar, Chickamauga, Nickajack, Guntersvil le,  Wheeler, Pickwick Landing, 
and Kentucky D a m s .  



2. Doses to man from the consumption of fish - 
Current estimates of Tennessee River annual fish harvests are 15.2 lb/acre 

5 sport fish and 13.7 lb/acre edible commercial fish.' It is assumed that 

these rates will increase with the population expansion, so that the 

dose calculations are based on harvests of 26 lb/acre sport fish and 23 

lbyacre commercial fish in the year 2010. The Tennessee River is seg- 

mented into 15 reaches in order to facilitate the calculations of fish 

harvests and radioactivity concentrations. For convenience the limits 

defining the reaches correspond to the locations of the mainstream dams 

and the Bellefonte ana Browns Ferry Nuclear Plant sites. Additional 

points were selected to subdivide Nickajack, Guntersville, and Kentucky 

Reservoirs into shorter reaches. 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 radio- 

nuclide. Concentration factors derived from references 7 and 8 are 

listed in Table H-4. It is assumed that the maximum annual consumption 

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 maes 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 H-2 and H-3. 

Calculations indicate that there would be no signifi- 

cant radiological impact from human utilization of shellfish. Shellfish 



a re  not now being harvested commercially i n  t h e  Tennessee River, and 

consumption of she l l f i sh  by humans i s  assumed t o  be negligible.  

3. Doses t o  man due t o  water spor ts  - Estimates 

of t h e  doses from immersion i n  the  Tennessee River a r e  calculated f o r  

each radionuclide using t he  following re la t ions .  For the  dose r a t e  t o  

t h e  skin,  

3 ( ~ ~ 1 2  + E ) mrem Ri = 51.2 x 10  Cwi - 
y i day 

For t he  dose r a t e  t o  t he  t o t a l  body, 

3 mrem Ri = 51.2 x 10 
C, Eyi day 

where 51.2 x l o 3  = (see  Equation l) ,  

C w i  = vater  concentration f o r  the  ith radionuclide, (uc i /g ) ,  

E o r  (%/2 + E ~ ) ~  = average e f fec t ive  energy emitted by t h e  
y i  

ith radionuclide per dis integrat ion,  

(M~v-rem/dis-rad) . 

Dose r a t e s  fo r  above-water a c t i v i t i e s  such a s  

boating a r e  assumed t o  be given by Equations 3 and 4 divided by 2. In  

order t o  estimate t he  doses from shoreline a c t i v i t i e s  t he  simplifying 

assumption i s  made t h a t  a l l  persons along the  shoreline receive the  same 

dose r a t e  a s  a person boating or  skiing.  Water concentrations a r e  cal -  

culated f o r  15  reaches between the  nuclear plant s i t e  and Kentucky Dam 

(TRM 22.4). Doses t o  t he  population a r e  calculated using estimates fo r  

above-water v i s i t s ,  inwater v i s i t s ,  and shoreline v i s i t s  fo r  t he  

respective reaches based on current information given i n  reference 9 

multiplied by the  predicted population growth factor  of 1.70. 



The maximum individual doses fo r  above-water use of 

the  r i v e r  a r e  estimated f o r  a commercial fisherman who is  not a water 

sport  enthusiast  but who might be exposed for  300 days per year a t  5 

hours per day. The maximum individual doses fo r  inwater a c t i v i t i e s  a r e  

estimated fo r  a person who s w i m s  918 hours per year ( 6  hours per day 

fo r  t he  5 warm months) at  a location jus t  below t h e  Sequoyah s i t e .  In  

order t o  estimate the  maximum t r i t i um dose t o  a swimmer, continuous 

immersion fo r  5 months i n  t h e  Tennessee River jus t  below the  Sequoyah 

s i t e  i s  assumed. 

4. Doses t o  organisms other than man - A compre- 

hensive analysis  of the  radiat ion doses t o  species other than humans 

would require many man-years of e f f o r t  t h a t  could be ju s t i f i ed  only if 

a s ign i f ican t  radiological  impact on a par t i cu la r  species were an t i c i -  

pated. A f t e r  consultat ion with professionals i n  t he  heal th  physics and 

radioecology f i e l d s ,  a decision was made by TVA t o  r e s t r i c t  t he  analyses 

t o  those organisms l i v ing  on or  near t he  Sequoyah s i t e  t h a t  would most 

l i k e l y  receive t he  greates t  doses. These include t e r r e s t r i a l  ver tebrates ,  

aquatic plants ,  aquatic invertebrates,  and f i sh .  

(1) Ter re s t r i a l  ver tebrates  - Radioactivity 

contained i n  nuclear plant l iqu id  eff luents  is concentrated i n  f i s h ,  

invertebrates,  and plants  by fac tors  t h a t  range from l e s s  than 1 t o  

5 greater  than 10 depending on in te r re la ted  physical, chemical, and bio- 

log ica l  fac tors .  Te r r e s t r i a l  ver tebrates  w i l l  receive a radiat ion dose 

from l iqu id  e f f luen ts  i f  t h e i r  food chain includes aquatic organisms 

tha t  have concentrated radionuclides. In  general, aquatic plants  such 

as green algae concentrate t r ace  elements t o  a greater  extent than do 



H-9 

fish and invertebrates. 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 Sequoyah 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-30 can deliver significant portions of the total 

dose commitment long after the time of ingestion. Therefore, a period 

of 5 years was chosen :or the integration interval T. In the absence 

2 
of data specifically applicable to ducks or muskrats, ICRP data 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 considered to be conservative because, in general, 

warm-blooded vertebrates that are smaller than man exhibit more rapid 

8 
elimination rates. Equation 5 is a combination of the above assumptions 

with Equations 1 and 2. 

3 Di = 51.2 x 10 Ii fwi ci (1-exp(-A~T)) /lim mad (5) 

where 

Cxi = water concentration, (u~i/g), 

F = concentration for aquatic plants, 
pi 

I (dimensionless ) . 

I T = 1,825 days 



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. 

Estimates of the doses to ducks and muskrats 

living near the Sequoyah Nuclear Plant are shown in Table H-5. The dose 

to a person from eating a duck or a muskrat that has been living near 

the nuclear plant site for 5 years is calculated to be 3.0 mrem. 

(2) Aquatic plants, invertebrates, and 

fish - Radionuclide activity internally deposited in these organisms is - 
estimated from the coi-entration in the water in the Tennessee River 

just below the liquid effluent discharge, assuming mixing with one-half 

the average riverflow, multiplied by the applicable concentration factors. 798 

Doses are estimated for organisms having effective radii of 3 cm and 30 

cm. Although 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 con- 

servative assumption 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: 

where 

Cfi = radioactivity concentration in the organism 



= water concentration, (pci/g), . 'wi 

i 
= concentrat ion factor, (dimensionless ) 

External doses for.organisms surrounded 

by water are calculated using Equation 4. 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 physicochemical factors including 

mineralogy, particle size, exchangeable calcium in the sediment, channel 

geometry, waterflow patterns, and the chemical forms of the radiocompounds. 

Many of these factors must be obtained from extensive field experiments. 

In the absence of detailed knowledge, the doses are calculated 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 )+-IT geometry and gamma doses assume 

a 2-IT geometry. 

The doses calculated using these assumptions are probably overestimated. 

Periodic surveillance of the sediment downstream from the nuclear plant 

will detect a buildup of radionuclides in the sediment, should it occur. 

If a gradual buildup of radionuclides in the sediment does occur, cor- 

rective action will be taken prior to its becoming a significant 

environmental hazard. 



invertebrates, and fish 

shown in Table H-6. 

Estimates 

living near the 
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Table H-1 

TENNESSEE RIVER DRINKING WATER SUPP1;Y INTAKE 

DOWNSTREAM FROM THE SEQUOYAH NUCLEAR PLANT -- 

Loca t ion  Die t a n c e  P o p u l a t i o n s  Served 
(TRM) ( m i l e s )  1970 2010 .--. 

:;c.q~~oyah Nuclear  P l a n t  
Atlas Chemical I n d u s t r i e s  
F:lrmers .Chemical Corp . 
E. r .  DaPont 
Chat t ;lilooga 
' ; o l ~ t l ~  P I  t t s b u r g  
Iir i tlp,cport 
W l  ( l o w s  Creek Steam P l a n t  
S c o t t s b o r o  
Sa~ ld  Mountain Water A u t h o r i t y  
Christian Youth Camp 
(:IJII t e r  s v i l l e  
N, E. Morgan Co., Water and Fire 
1iuntsvil l .e  
I ) c c a t ~ r r  
11. S . Plywood - Champion Papers 
Wheeler Dam 
I<eynolds Metals 
Muscle S h o a l s  
Wilsor~ Dam 
Shc:f f i e l d  
C o l b e r t  Steam Plant 
Cherokee 
Tri-County U t i l i t y  D i s t r i c t  
C:lif ton 
N a ? ~ r  . l o i ~ o u o n v i ~ l e  
f 'arndtm 
I'oote M i n e r a l  
.Jolrnuonvl l l e  Steam P l a n t  
T1:tru Bay Resor t  
i 'a 1 1 :: 1,andirlp; S t a t e  Park  
(:rand R i v e r s  
I'aducah 



Table H-2 

W S E S ~  TO m s  FROM W A T ~  CONTAINING A  MIXTURE^ OF RADIONUCLIDES 

A. Ingestion of Tennessee River Water C 

Location 

Sequoyah Nuclear Plant 
( f o r  comparison) 

Atlas Chemic a1 Corp . 
Farmers Chemical Corp. 

Chattanooga 

South Pi t tsburg 

Bridgeport 

Widows Creek Steam Plant  

Scott  sboro 

Sand Mountain Water 
Authority 

Christ ian Youth Camp 

Guntersvil le 

N.  E. Morgan Co. Water 
and F i r e  

Hunt svi l - le  

Decatur 

U. S. Plywood - Champion 
Papers 

Wheeler Dam 

Reynolds Metals 

Bone - 
3.0 (-31d 

G . I .  Tract 

4.5 (-3) 

Thyroid 

7.5 (-2) 

6.4 (-2) 
2.2 (-1) 
6.4 ( - 2 )  
2.4 (-2) 
3.1 (-2) 
1.6 (-1) 
3.0 (-2) 
1.5 (+I) 
2.2 (-2) 
2.1 (-1) 
2.1 (-2) 
1.1 (-1) 
2.1 (-2) 
1.6 (-2) 
1.8 (-2) 
3.4 (-1) 
1.8 (-2) 
2.5 (-1) 
1.6 (-2) 
3.3 (-3) 
1 . 4  ( -2 )  
1.6 (-1) 
1.2  (-2) 
7.4 (-2) 
1.2 (-2) 
3.0 
1.1 (-2) 
7.5 (-1) 
8.1 (-3) 
6 - 9  (-3) 
6.6 (-3) 
5.6 (-4) 
4.8 (-3) 
4 . 1  (-2) 

Total Body 

1.7 (-3) m r e m  

1.7 (-3) mrem 
5.6 (-3) man-rem 
1.7 (-3) mrem 
6.3 (-4) man-rem 
8.2 (-4) m r e m  
4.2 (-3) man-rem 
8.0 (-4) mrem 
4.0 (-1) man-rem 
7.4 (-4) mrem 
7.1 (-3) man-rem 
7.4 (-4) mrem 
3.9 (-3) man-rem 
7.4 (-4) m r e m  
5.8 (-4) man-ran 
7.2 (-4) mrem 
1 .3  (-2) man-rem 
7.2 (-4) 
1.0 (-2) man-rem 
7.0 (-4) mrem 
1.5 (-4) man-rem 
6.9 (-4) mrem 
7.7 (-3) man-rem 
6.4 (-4)  mrem 
3.9 (-3) man-rem 
6.4 (-4) mrem 
1.6 (-1) man-rem 
6.2 (-4) mrem 
4.3 (-2) man-rem 
5.6 (-4) mrem 
4.8 (-4) man-rem 
5.5 (-4) m r e m  
4.7 (-5) man-rem 
5.3 (-4) mrem 
4.5 (-3) man-rem 

a .  Estimates fo r  p a r t s  A ,  B, and C a r e  i n t e rna l  dose commitments f o r  each annual 
intake of rad ioac t iv i ty .  Estimates fo r  pa r t  D a r e  external  doses f o r  each 
annual exposure. 

b. Excluding t r i t ium.  
c.  Based on t h e  estimated population i n  t he  year 2010. 
d. 3.0 x 



Table 11-2 (continued) 

Locat ion 

Fluscle Shoals 

Wilson Dam 

Sheffield 

Colbert Steam Plant  

Cherokee 

Tri-County Ut i l i t y  D i s t r i c t  

Cl i f ton 

New Johnsonville 

Canden 

Foote Mineral 

Johnsonville Steam Plant  

Bass lfny Resort 

I'aris Landing State Park 

Grand Rivers 

t'aducah 

To ta l  Population Dose 
Commitments 

Bone - 
9.6 (-4) 
1.2 (-2) 
9.6 (-4) 
4.1 (-3) 
9.6 (-4) 
2.3 (-2) 
9.5 (-4) 
5.7 (-4) 
9.5 (-4) 
4.4 (-3) 
9.1 (-4) 
2.6 (-3) 
8.9 (-4) 
1.5 (-3) 
7.9 ( - ' + I  
1.3 (-3) 
7.9 (-4) 
4.1 (-3) 
7.9 (-4) 
2.2 (-4) 
7.9 (-4) 
5.0 (-4) 
7.8 (-4) 
1.6 (-4) 

G . I .  Tract 

6.0 (-4) 
7.6 (-3) 
6.0 (-4) 
2.5 (-3) 
6.0 (-4) 
1.4 (-2) 
5.9 (-4) 
3.5 (-4) 
5.9 (-4) 
2.7 (-3) 
5.4 (-4) 
1.5 (-3) 
5.3 (-4) 
9.0 (-4) 
4.7 (-4) 
7.5 (-4) 
4.7 (-4) 
2.4 (-3) 
4.7 (-4) 
1 .3  (-4) 
4.7 (-4) 
3.0 (-4) 
4.6 (-4) 
9.3 (-5) 
4.5 (-4) 
7.6 (-5) 
4.3 ( -4)  
4.7 (-4) 

Thyroid 

4.8 (-3) 
6.1 (-2) 
4.8 (-3) 
2.0 (-2) 
4.7 (-3) 
1.1 (-1) 
4.5 (-3) 
2.7 (-3) 
4.4 (-3) 
2.0 (-2) 
3.3 (-3) 
9.2 (-3) 
3.0 (-3) 
5.1 (-3) 
2.3 (-3) 
3.7 (-3) 

Total  Body 

5.3 (-4) mrem 
6.8 (-3) man-rem 
5.3 (-4) mrem 
2.3 (-3) man-rem 
5.3 (-4) mrem 
1.3 (-2) man-rem 
5.2 (-4) 
3.1 (-4) man-rem 
5.2 (-4) m r e m  
2.4 (-3) man-rem 
5.0 (-4) mrem 
1.4 (-3) man-rem 
4.9 (-4) mrem 
8.3 ( -4) man-rem 
4.3 (-4) m r e m  
7.0 (-4) man-rem 
4.3 (-4) m r e m  
2.2 (-3) man-rem 
4.3 (-4) mrem 
1.2 (-4) man-rem 
4.3 (-4) mrem 
2.8 (-4) man-rem 
4.3 (-4) mrem 
8.8 (-5) man-rem 
4.2 (-4) mrem 
7.2 (-5) man-rem 
4.2 (-4) mrem 
4.5 (-4) man-rem 
4.1 (-4) mrem 
4.4 (-2) man-rem 

7 -4 (-1) man-rem 

B. Ingestion of Nuclear Plant  Effluent Pr io r  t o  Dilution i n  the Tennessee River 

Individual  Dose 
2.0 (-2) 3.0 (-2) 4.9 (-1) 

e Commitments 1.1 (-2) mremf 
2.9 (-2) 4.4 (-2) 7 -2  (-1) 1.6 (-2) mrem 

C .  eat in^ Fish Taken from the  Tennessee River 
Maximum Ind iv idud  Dose 

Commitment 3.4 (-2) 2.3 (-2) 5.6 (-2) 2.0 (-2) m r e m  

lJopulat ion Dose 
Commitment 1.0 (+I) 6.1 9.7 5.8 man-rems 

e. Assuming n discharge of 1,100,000 GPM (cooling towers i n  open o r  helper mode). Since 
plant  i s  operational  96 percent of t h e  year i n  th i s  mode a 0.96 mul t ip l icat ion fac tor  
w a s  used. 

f . Assuming a discharge of 32,000 GPM (cooling towers i n  closed mode). Since plant  i s  
operational  4 percent of the year i n  t h i s  mode a 0.04 mul t ip l icat ion fac tor  w a s  used. 



Table H-2 ( ~ o n t  inued ) 

D. Use of the Tennessee River for Water Sports 

Above vat erg In Water h shorelinei 

Skin Total Body Skin Total Body Skin Total Body 

Maximum Individual 
Dose 6.5 (-5) 5.3 (-5) 1.8 (-4) 1.5 (-4) 6.5 ( - 5 )  5.3 (-5) 

Population Dose 2.2 (-3) 1.8 (-3) 8.2 (-4) 7.0 (-4) 1 3 1.6 (-3) man-rem 

 oat ing and fishing , for example. 
h~vimming and water skiing, for example. 
i 
Picnicking and bank fishing, for example. 
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Table H-3 

A .  . - .  I ~ c s t i o n  of Tennessee River waterC 

Stquoyah Nuclear P lan t  
( fo r  comparison) 

Atlas Chemical Indus t r i e s  
Farmers Chemical Corp. 
1':. r .  DuPont 
(3rd 1 tanooga 
S o u t h  P i  t t sburg  
Hridgeport 
Widows Creek Steam Plant  
Scot tsboro 
Sand Mountain Water Authority 
Chr is t ian  Youth Camp 
Cun t e r s v i l l e  
N. E. Morgan Co. Water and F i r e  
Huntsvil le  
Decatur 
U.  S .  Plywood - Champion Papers 
Wheeler Dam 
Reynolds Me t a l e  
Muscle Shoals 
Wilson Dam 
Sheff ie ld  
Colbert Steam Plant  
Cherokee 
Tri-County U t i l i t y  D i s t r i c t  
Cl i f ton  
New Johnsonville 
Camden 
Foote Mineral 
Johnsonville Steam Plant  
Bass Bay Resort 
Parib: Landing S t a t e  Park 
Grand Rivers 
Padncah 

Population Tota l  

Individual  
(mrem) 

8.6 (-61d 

8.9 (-6) 
8.5 (-6) 
4 . 3  (-6) 
4 .2  (-6) 
4.0 (-6) 
3.9 (-6) 
3.9 (-6) 
3.8 (-6) 
3 . 8  (-6) 
3.8 (-6) 
3*7  (-6) 
3.5 1(-6) 
3.5 (-6) 
3 . 4  (-6) 
3.0 (-6) 
3.0 (-6) 
2.9 (-6) 
2.9 (-6) 
2.9 (-6) 
2 . 9  (-6) 
2 . 9  (-6) 
2.9  (-6) 
2 . 8  (-6) 
2.7 (-6) 
2 . 4  (-6) 
2 . 4  (-6) 
2 . 4  (-6) 
2 . 4  (-6) 
2 . 4  (-6) 
2 . 4  (-6) 
2 . 3  (-6) 
2 . 3  (-6) 

Population 
(man-rem) 

- 

2 .5  ( -4 )  - 
3 . 9  ( -3)  man-rerns 

i .  Estfma~es a r e  i n t e r n a l  dose cammitments f o r  each annual in take  of t r i t i u m  
h.  Normalized t o  1.0 C i  t o t a l  annual r e lease  
c .  tlased on the  eetimated population i n  the  year 2010 
d .  8.6 x 10"~ 
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Table H-3 ( ~ont inued ) 

B. Ingestion of Nuclear Plant Effluent Prior to Dilution in the Tennessee River 

Individual Dose Commitment 5.8 (-5)e ,em 

8.4 (-51f mrem 

C. Eating Fish Taken from the Tennessee River 

Maximum Individual Dose Commitment 1.1 (-7) mrem 

Population Dose Commitment 3.3 (-5) man-rem 

D. Use of the Tennessee River for Water Sports 

Maximum Individual ~ o s e ~  5.4 (-6) mrem 

Population Dose 7.4 (-4) man-rem 

'Assuming a discharge of 1,100,000 GPM (cooling towers in open or helper mode). 
Since plant is operational 96 percent of the year in this mode a 0.96 multiplication factor 
.was used. 
'Assuming a discharge of 32,000 GPM (cooling towers in closed mode). Since plant is operational 
4 percent of the year in this mode a 0.04 multiplication factor was used. 
'Assuming continuous immersion for 5 months. 
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Table H-4 

CONCENTKATION FACTORS FOR AQUATIC ORGANISMS 

Half -Lif e Concentration Factors 
Nuclide - ---- (d) - Fish Invertebrates Plants 

4.5 (+3) a a 1.0 
a 

H- ' 3  1.0 1.0 
C r - 5 1  2.8 (+I) 2.0 (+2)a 2.0 (+3)a 4.0 (+3); 
Mn- 5 4 3.0 (+2) 2.5 (+l)a 1.4 (+5): 3.5 (+4)h 
Mn-56 1.1 (-1) 2.5 (+l)a 1.4 (+5) 3.5 (+4) 
Fe-59 4.6 (+I) 3.0 (+2)a 3.2 (+3)a 5.0 (+3): 
CO-58 7.1 (+I) 2.1 (+I): 1.3 (+3)a 6.2 (+3)b 
Co-60 1.9 (+3) 4.8 (+I) 1.5 (+3)a 6.2 (+3) 
Hr-84 2.2 (-2) 1.3 ( + z ) ~  1.0 (+2)a 7.5 (+2Ia 
Rlj-88 1 . 2  (-2) 2.0 (+3)a 2.0 (+3)a 1.0 (+3)a 
Hb-89 1.1 (-2) 2.0 (+3)a 2.0 (+3); 1.0 (.t3Ia 
Sr-89 5.3 (+I) 3.5 c 4.0 (+3) 3.0 (+3): 
Sr-90 1.0 (+4) 9.9 c 4.0 (+31b 3.0 (+3) 
Sr-91 4.0 (-1) 4.0 (-2)' 3.2 (+31b 3.0 (i-3); 
S r-92 1.1 (-1) 1.1 (-2lc 2.1 (+3p 3.0 (+3) 
Y -90 2.7 1.0 (+2)a 1.0 ( ~ 3 ) ~  1.0 (+4)a 
Y-91 5.9 (+I) 1.0 (+2)a 1.0 (+3Ia 1.0 (+4)" 
Y-92 1.5 (-1) 1.0 (+2)a 1.0 (+3)a 1.0 (+4)" 

Zr-95 6.6 (+I) 1.0 (+2)a 1.0 (+3)a 1.0 (+4)a 
Nb-95 3.5 (+I) 3.0 (+4)a 1.0 ( + z ) ~  1.0 (+3)a 
Mo-99 2.8 1.0 (+2)a 1.0 (+2)a 1.0 (+2)a 
Te-132 3.2 4.0 (+2)$ 1.0 (+31d 1.0 (+3): 
Te-134 2.9 (-2) 4.0 (+2)b 1.0 (+3)d 1.0 (+3)b 

4.5 (+lib 1-131 8.1 1.0 (+3): 2.0 (+2) 
1-132 9.4 (-2) 4.3 1.0 (+3) 2.0 (+21b 
J-133 8.5 (-1) 2.3 (+I): 1.0 (+31b 2.0 (+2)b 
1-134 3.6 (-2) 1.7 1.0 (+31b 2.0 (+elb 
1-135 2.8 (-1) 1.1 (+lib 1.0 (+31b 2.0 (+21b 

Cs-134 7.5 (+2) 1.0 (+3)a 9.9 (+31b 2.5 (4-41b 
Cs-1 36 1.4 (+I) 9.3 (+2)a 5.8 (+3)b 2.5 (+41b 
CS-137 1.1 (+4) 1.0 (+3)a 1.0 (+4)b 2.5 (+41b 
Cs-138 2.2 (-2) 2.2 2.2 (+ljb 2.5 (+4)b 
88-140 1.3 (+I) 1.0 (+l)a 2.0 (+2)a 5.0 (+2)a 
J,a-140 1.7 1.0 (+2)a 1.0 (+3)a 1.0 (+4)a 
Ce-144 2.8 (+2) 1.0 (+2)a 1.0 (+3)a 1.0 (+4)a 
Pr-144 1.2  (-2) 1.0 (+2)a 1.0 (+3Ia 1.0 (+4)a 
------- -- 
a. W. H.  Chapman, L. H. Fisher, and M. W. P ra t t ,  "Concentration Factors of Chemical 

Elements in  Edible Aquatic Organisms," Lawrence Livermore Laboratory Report, 
UCRL-50564 (1968). 

b .  D. E. Reichle, P. B. Dunaway, and D. J. Nelson, "Turnover and Concentration of 
Radionuclides i n  Food Chains, " Nuclear -Safety , g, (1) (January-February , 1970) . 

c -  Personal Comunication D. J. Nelson, Oak Ridge National Laboratory, to W. H. Wllkie 
1972. 

d. Personal Communication S. V. Kaye, Oak Ridge National Laboratory, t o  W. H. Wilkie, 
1972. 



Table H-5 

D O S E S ~  TO DUCKS AND MUSKRATS LIVING NEAR THE SEQUOYAH NUCLEAR PLANT 

2.0 Ci Mixture 1.0 Ci Tritium 

Internal 2.7 (+2) mrad 6.1 (-51b mrad 

External 8.7 (-4) mrad 0 

Total 2 . 7  (+2) mrad 6.1 ( - 5 )  mrad 

a .  Internal dose commitments for each annual intake and external 
doses from each annual exposure. 

b .  6.1 x 10" 



Table H-6 

DOSES TO AQUATIC ORGANISMS LIVING I N  THE TENNESSEE RIVER 

NEAR THE SEQUOYAH NUCLEAR PLANT 

A. Doses from an Annual Release of a 2.0 C i  Radionuclide Mixtyrea - -- 

Internal 
(mrad) 

3-cm 30-cm 
External 

(mrad) 

Plants 

Invertebrates 1 . 7  (-3) suspended 
200 benthic 

R. Doses --- - -  from an Annual Release of 1 .0  C i  Tritium 

Plants, invertebrates, 1 . 3  (-5) mrad (internal) 
and f i s h  

a. Excluding tritium 
b .  1.7 



Appendix I 

RADIOLOGICAL IMPACT OF GASEOUS EFFLUENTS 

Estimation of doses due to gaseous effluents from the Sequoyah 

Nuclear Plant is an important consideration in assessing the environ- 

mental 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 2.4-2. 

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 and radioiodine concentrations which appear in 

Tables 1-2, 1-3, and 1-4 are calculated ~ssuming operation of two units 

for 1 year at full power with 0.25 percent failed fuel. Doses are 

calculated for routine releases with a waste treatment system with 60- 

day holdup and for alternate systems with 45-day holduy, recombiners, 

cryogenic removal, and absorbtion by solvent. 

Iladion~lclides will be released from the Sequoyah Nuclear Plant 

through vents located near the top of various plant buildings. To cal- 

culate dovmwind, ground-level air concentrations of these radionuclides, 



a ground-level, sector-average, volume-source dispersion equation as 

described by ~avidson''~ is used (equation 1). 

and 

where 

xkmn = average-annual, ground-level concentration of radionuclide n 
3 in sector 1. at distance xm, (ci/m ), 

Qn = release rate of radionuclide n, (~i/s), 

fijk = fraction of the release period during which the wind 

blows in direction k, with speed j, and atmospheric 

stability condition i, 

0 zim = vertical standard deviation of the plume for stability 

condition i at distance xm, (m), 

'z im = vertical standard deviation of the plume (modified for 

the effect of building wake dilution) 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 turbulent wake caused by the 

building, 

2 
A = cross-sectional area of the reactor building, (m ) 

x = downwind distance at which the radionuclide concentration m 

is calculated, (m), 

= wind speed j , (m/s ) , 
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8 1 sector width, (radians), 

-1 An = radioactive decay constant for radionuclide n, (sec ). 

It is necessary to use a sector-average, volume-source dispersion equa- 

tion to account for vertical perturbation of the plume due to the 

building turbulent wake. The vertical plume perturbation is not 

accounted for in a sector-average, point-source dispersion equation. 

In equation 1 the sector width, 8, is assumed to be 22.5', 

2 
c is assumed to be 0.5, and A is assumed to be 1,800 m which is the 

minimum cross-sectional area of the reactor building. Pasquill vertical 

plume standard deviati-nsl are used. Values for the annual joint meteoro- 

logical f'requency, fijk, in equation 1 are determined by methods dis- 

cussed in Appendix A. In this section, the annual joint meteorological 

frequencies for the seven Pasq-uill stability conditions A through G 

are presented as a function of wind direction and wind speed in Appendix A. 

The data are grouped for five wind speed ranges (0-0.5, 0.6-3 . ) I ,  3.5-7.4, 

7.5-12.4, ~12.5 mi/h) and for 16 standard wind directions (N, NNE, NE, 

---, NW, NNW) . 
Application of average-annual meteorology in these calculations 

yields realistic dose estimates for continuous releases from the plant. 

For intermittent releases during periods of favorable meteorological 

dispersion conditions, application of average-annual meteorology will 

yield conservative dose estimates. 

1. External beta doses - Beta doses to an individual 
are computed using an immersion dose model described by the equation: 



where 

Dg = ex te rna l  be ta  dose due t o  immersion i n  a cloud, (mrem/yr), 

4.64 x 10' = conversion constant  f o r  ex te rna l  be ta  dose ca lcu la t ions ,  

- 
en = average beta  energy of nuclide n, ( ~ e ~ / d i s )  , 

Xkmn = (defined following equation 1 )  

I n  t h i s  equation, a correc t ion f a c t o r  of 0.64 i s  

included t o  account f o r  cloud geometry and a correc t ion fac to r  of 0.5 

i s  included t o  account f o r  se l f -shie ld ing by t h e  human body. The average 

beta  energies f o r  t h e  nuclides a r e  ca lcula ted  from information contained 

i n  reference  3 and a r e  l i s t e d  i n  Table 1-1. 

I n  computing t h e  beta  dose t o  t h e  population within 

50 miles of  t h e  Sequoyah Nuclear P lan t ,  t h e  a rea  is  divided i n t o  1 6  

d i r e c t i o n a l  s e c t o r s  and 1 0  concentric  r ings ,  i.e., 160 a r e a  elements. 

A beta  dose computed a t  t h e  center  of each element is mul t ip l ied  by t h e  

number of people res id ing i n  t h a t  element. A summation of these  products 

over all elements gives t h e  t o t a l  population dose within 50 miles of  t h e  

plant .  The projec ted  population f o r  t h e  year 2010, a s  l i s t e d  i n  sec t ion  

1.2, i s  used i n  ca lcu la t ing  population dose. 

The individual  and population external  be ta  doses 

f o r  gaseous e f f l u e n t s  a r e  reported i n  Table 1-2. 

2. External  gamma doses - G m a  doses t o  individuals  

are computed using an immersion dose model described by t h e  e q u t i o n :  
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9 - 
D Y =)7.2l. x 10  Eyn xhn (3 )  

n 

where 

D = external  gamma dose due t o  immersion i n  a cloud, (mrem/yr) , 
Y 

7.21 x l o 9  = conversion constant fo r  external  gamma dose calculat ions ,  

( i -E;::-rn3) 
- 
E = average gamma energy of nuclide n , (~ev1di.s ) , 

Y" 

Xkmn = (defined following equation 1 )  

Eqlstion 2 includes a correction fac tor  of 0.5 t o  

account f o r  cloud geometry. The average gamma energies used i n  calcu- 

l a t i n g  external  gamma doses a r e  computed from data  contained i n  reference 3 

and a r e  l i s t e d  i n  Table 1-1. 

The t o t a l  population gamma dose within 50 miles of 

t he  Sequoyah Nuclear Plant is  calculated using t h e  method described 

for  t h e  population beta dose. The annual individual and population 

I external  gamma doses fo r  gaseous e f f luen ts  a r e  reported i n  Table 1-2. 

3.  Thyroid doses due t o  iodine inhalation - The 

equation used i n  calculat ing inhalation doses for  rout ine  re leases  of 

radioiodine from the  Sequoyah Nuclear Plant is: 

where 

I D = thyroid dose committed (mrem/yr) 



xkmn = (defined following equation 1) 

BR = breathing rate, (m3/h), 

DCFn = dose commitment factor for inhalation of iodine isotope n, 

(mrem/Ci inhaled). 

Maximum individual thyroid doses due to intake of 

radioiodine are calculated for a 1-year-old child in accordance with the 

4 
recommendations of the Federal Radiation Council. Population doses 

are calculated using adult parameters and the same method described for 

calculating population beta doses. 

Th- breathing rate assumed for a 1-year-old child 

3 5 3 is 0.29 m /h and for an adult is 0.83 m /hn6 The iodine inhalation 

dose commitment factors for the 1-year-old child and for the adult are 

obtained from reference 7. 

The calculated annual individual and population 

iodine inhalation doses for gaseous effluents are reported in Table 1-3. 

4. Thyroid dose,s due to iodine ingestion - The 
equation used in calculating the thyroid doses due to iodine ingestion 

through the milk food chain is: 

where 

D = thyroid dose committed, (mremlyr), 

3.15 x lo7 = seconds per year, 

kmn = (defined following equation 1) 

v = radioiodine deposition velocity, (m/s 1, 
g 

Mn = empirically determined value for concentration of iodine 

isotope n in milk per unit deposition rate, Ci/liter ( Ci /m2-day) ' 



CR - milk consumption rate, (liter/day), 
DCFn = dose commitment factor for ingestion of iodine isotope n, 

(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 milk occurs. 

The 1-year-old child is assumed to be the critical 

receptor in calcdating the maximum dose to an individual drinking milk 

produced at the nearest dairy farm (2.8 miles NNE of the plant ) . Popu- 
lation 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 Sequoyah Nuclear Plant is consumed within this 

area, and cows are assumed to graze the pastures during the entire year. 

County milk production data 899,10911 are used in computing milk inges- 

tion population doses. The population dose for the year 2010 is esti- 

mated assuming that the population dose increases in direct proportion 

to the increase in the population. 

The numerical values used for the parameters, v 
g ' 

M, CR, and DCF, are determined using references 7, 12, 13, 14 8 and 15. 

The individual and population milk ingestion doses 

are reported in Table 1-3. 



REFERENCES FOR APPENDIX I 

D.  H. Slade, "~e teoro logy  and Atomic Energy, 1968 ,I1 SEC Report, 
TID-24190, Ju ly  1968. 

"~tmospheric Diffusion Experiments with SF6 Tracer Gas at Three 
Mile Island Nuclear Sta t ion Under Low Wind Speed Inversion 
Conditions, 'I Pickard , Lowe, and Associates, Inc . , The Research 
Corporation of New England, General Public U t i l i t i e s  Service 
Corporation, January 1972. 

C. M. Lederer, e t  a t . ,  Table of Isotopes,  Sixth  Edit ion,  John Wiley 
and Sons, New York, 1968. 

"Background Material f o r  t h e  Development of Radiation Protection 
Standards , " Federal Radiation Council Report No. 2, September 1961. 

Neil Gaeta, "An Evaluation of t h e  Offs i t e  Radiological Health 
Aspects from t h e  Nuclear F a c i l i t y  of t h e  Yankee Atomic Elec t r i c  
Company," U.S. Department of Health, Education, and Welfare, 
Public Health Service, Nuclear F a c i l i t i e s  Environmental Analysis 
Section. 

"Recommendations of t h e  Internat ional  Commission on Radiological 
Protection,  Report of Committee I1 on Permissible Dose fo r  In te rna l  
Radiation," ICRP Publication 2, Pergamon Press,  New York, New York, 1959. 

K.E. Cowser, e t  a l . ,  " ~ o s e  Estimation Studies Related t o  Proposed 
Construction of an Atlantic-Pacific Interoceanic Canal with Nuclear 
Explosives : Phase I ,  " Oak Ridge National Labor at ory Report , ORNL- 
4101, March 1967. 

Census of Agriculture, County Data Reports f o r  Alabama, Georgia, and 
Tennessee, U.S. Bureau of Census, 1969. 

S t a t e  Crop Reporting Services f o r  Alabama, Georgia, and Tennessee, 1972. 

Personal Communications, County Agents within s t a t e s  of Alabama, Georgia, 
and Tennessee, September 1972. 

Personal Communication; Harold C. Young, National F e r t i l i z e r  Development 
Center, USTVA, Muscle Shoals, Albbama, October 1972. 

T. J. Burnett,  "Aderivation of t h e  'Factor of 700' f o r  ' 3 1 ~  , Ir Health 
Physics, Vol. 18, pp. 73-75, 1970. 

H. J. Dunster, " ~ i s t r i c t  Surveys Following t h e  Windscale Incddent, 
October 1957," Proceedings of t h e  Second U.N. In ternat ional  Conference 
on t h e  Peaceful Uses of Atomic Energy, Vol. 18, ~ 1 3 1 6 ,  p. 306, 1958. 



1 4 .  "Background Material  for  t h e  Development of Radiation Protection 
Standards, " Federal Radiation Council Report No. 5, Ju ly  1964. 

15. A.  R. Tamplin, "1-131, 1-13, and Cow  ilk," University of 
Cal i fornia ,  Lawrence Radiation Laboratory, Livermore, California,  
UCRL-14146, ~ p r i l  1965. 



Table 1-1 

AVERAGE GAMMA AND BETA ENERGIES USED TO ESTIMATE EXTERNAL DOSES 

FROM NUCLIDES RELEASED I N  GASEOUS EFnUENTS 

A v e r a g e  Gamma E n e r g y  A v e r a g e  B e t a  E n e r g y  
Isotope (MeV/dis) (MeV/dis) 

1-131 3.8 (-1) 2.0 (-1) 

1-132 2.5 5.0 (-1) 



Table 1-2 

T o t a l  Routine Releases 

Inc luding  60-day Inc luding  45-day Inc luding  Inc luding  Cryogenic or Gas 
Holdup Holdup Re combiners Absorption Removal System 

Maximum Ind iv idua l  
Gamma Dose at 
S i t e  Boundary 

(mem) 

Maximum Ind iv idua l  
Beta Dose a t  

S i t e  Boundary 
(mrem) 

To ta l  Populat ion 
Gamma Dose 

Within 50 m i l e s  
(man-rem) 

T o t a l  Populat ion 
Beta Dose 

Within 50 mi l e s  
(man- r em) 

a. For ope ra t ion  of two u n i t s  a t  f u l l  power wi th  0.25 percent  f a i l e d  f u e l .  
b. 1 . 5 ~ 1 0 ' .  



Table 1-3 

T o t a l  Routine Releases  

Inc luding  60-day Inc luding  45-day Including Inc luding  Cryogenic or Gas 
Holdup Holdup Recombiners Absorption R e m o v a l  System 

Iodine  Inha la t ion  

Maximum Ind iv idua l  
Thyroid Dose 

a t  S i t e  Boundary 
(mr em) 1 . 0  (-1lb 

T o t a l  Populat ion 
Thyroid Dose Within 

50 mi l e s  
(man-rem) 2 .1  (-1) 

Iodine  Inges t ion  v i a  Milk 

Maximum 1ndividualC 
Thyroid Dose a t  

Nearest  Dairy Farm 
(mr em) 7.5 (-1) 

T o t a l  Populat ion 
Thyroid Dose 

Within 50 mi l e s  
(man- r em) 2.3 2.3 2.3 2 .3  

a. For ope ra t ion  of two u n i t s  a t  f u l l  power w i t h  0.25 percent  f a i l e d  f u e l .  
b. 1 .0  x lo-'. 
c .  See Appendix I1 for  iodine ingestion dose calculated by methods spec i f i ed  i n  Regulatory Guide 1.42. 



Appendix I1 

CHILD THYROID DOSE RATE FROM INGESTION OF RADIOIODINE CALCULATED 

USING METHODS SPECIFIED IN REGULATORY GUIDE 1.42 

USAEC Regulatory Guide 1.42 was distributed in June 1973 

shortly before issuance of the Sequoyah Nuclear Plant Final Environ- 

mental Statement and the Final Safety Analysis Report but subsequent 

to the completion of all radiological impact assessments by the 

Tennessee Valley Authority. This appendix describes the results of 

an analysis of the thyroid dose to a one-year-old child from ingestion 

of milk containing 1-131. The calculations are performed according 

to the guidelines specified in Regulatory Guide 1.42. 

The TVA procedure for calculating the 1-131 milk-ingestion 

dose rate is the same as specified in Regulatory Guide 1.42 for internal 

radiation dosimetry and meteorological dispersion. However, the source 

term (i.e., 1-13 released), is calculated to be 0.1 Ci/yr of 1-131 

using the procedure given in the guide. Information concerning the cow 

locations within the area surrounding the Sequoyah Nuclear Plant is 

supplied by TVA's Agricultural Resource Development Branch and dose 

rates from ingestion of 1-131 are determined for each location. The 

cow location which resulted in the highest calculated dose rate is 

2.8 miles (4,506 meters) NNE of the Sequoyah Nuclear Plant. The child 

thyroid dose rate due to ingestion of 1-13 in milk is estimated to be 

12 mremlyear which is lees than the 15 mrem/yr design objective dose 

rate specified in Regulatory Guide 1.42. 

It is estimated that the dose calculated by the methods specified 

in Regulatory Guide 1.42 from releases of 1-133 and 1-135 would be less 

than 10 percent of the dose calculated for releases of 1-131. 



Appendix J 

ESTIMATION OF POTENTIAL INTERNAL DOSE FROM RADIOACTIVE PARTICULATES 

A conservative estimate of the internal dose due to airborne 

radioactive particulates originating from the Sequoyah Nuclear Plant 

gaseous effluents is presented in this appendix. The estimated doses 

due to releases of radioactive iodines, kryptons, and xenons are 

specifically addressed in Appendix I and are not considered in this 

analysis. 

The maximum inventory within a 50-mile radius of the plant 

is estimated for each particulate. In calculating these particulate 

inventories, direct releases from the plant and particulate ingrowth 

due to radioactive decay are considered. These particulate inventories 

are multiplied by the maximum average-annual atmospheric dispersion 

factor (XI&) within a 50-mile radius of the plant to obtain an estimate 

of the maximum particulate air concentrations. In calculating these 

air concentrations, depletion of the plume due to deposition on the 

ground is neglected. 

For radioactive particulates with half-lives of less than 3 

hours it is assumed that an air concentration of MPC*'~ x will 

limit the internal dose to the whole body or to any organ to 15 mrem 

per year. For particulates with half-lives equal to or greater than 

3 hours it is assumed that an air concentration of MPC x will 

limit the internal dose to the whole body or to any organ to 15 mrem 

per year. Inherent in this philosophy is the assumption that inhalation 

*Maximum permissible concentration as given in Appendix B, Table 11, 
Column 2 of 10 CFR Part 20. 



is the major internal dose pathway for particulates with half-lives 

less than 3 hours. For particulates with half-lives equal to or greater 

than 3 hours it is assumed that reconcentration through the food chains 

is the major internal dose pathway. It is also assumed that the internal 

dose due to particulate reconcentration through food chains is 1,000 

times greater than the internal dose due to inhalation. In the proposed 

2 Appendix I to LO CFR Part 50 it is stated that the factor of 1,000 used 

to predict the dose due to reconcentration through food chains is "highly 

conservativen for particulates with half-lives greater than 8 days. 

Application of this rec~ncentration factor to particulates with half- 

lives between 3 hours and 8 days adds additional conservatism to the 

analysis . 
To estimate the maximum internal dose due to particulates, the 

following equation is used: 

where 

D = estimated internal dose due to airborne particulates 
P 

= calculated maximum air concentration of the i t h 

particulate with half-life of less than 3 hours (uCi/cc) 

(MPC ) = maximum permissible air concentration for ith particulate 

as given in 10 CFR Part 20 (u~i/cc) 

3 = calculated maximum air concentration of the jth particulate 

with half-life equal to or greater than 3 hours (uCi/cc) 



(MPc) = maximum permissible air concentration for jth particulate 

as given in 10 CFR Part 20 (u~i/cc) 

For a particulate not listed in 10 CFR Part 20 the lowest value for the 

isotopes of the element which are listed is used except for Rb-88 and 

03-138. For ~b-88 and Cs-138 an MPC is calculated using the procedures 

and data given in ICRP Publication 2.3 Dose limits which are a factor 

of 10 below those given in ICRP Publication 2 are used. The data 

required for use with Equation 1 t o  estimate the internal dose due to 

particulate are listed in Table 1-1. 

The maximum rndividual internal dose due to particulates is 

estimated to be 0.5 mrem per year. This dose is calculated using very 

conservative methods and assumptions. Therefore, it should not be com- 

pared directly with the doses due to liquid and gaseous releases presented 

in Appendices H and I which are calculated using more realistic methods 

and assumptions. However, since a maximum individual internal dose of 

only 0.5 mrem per year is estimated by this very conservative analysis, 

it is concluded that airborne particulates are not a major contributor 

to internal dose for the projected releases from the Sequoyah Nuclear 

Plant. 
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Table J-1 (Continued) 

Isotope 

Cs-134 
(3-135 
Cs- 13 6 
Cs-137 
(3-138 
Ba-137m 
Ba-140 
La-140 
Ce-144 
Pr-144 

DATA USED TO ESTIMATE INTERNAL DOSES FROM PARTICULATES 

Maximtrm Par t i cu la te  Calculated MPC 
Inventory Haximun Concentration, X, 10 CFR 20 X X 
(Ci/sec) (pCi/cc) (VC~/CC)  MPC x 10'" MpC x lo'* 

a .  An MPC is not  l i s t e d  f o r  t h i s  isotope i n  10 CFR 20. The lowest MPC given i n  10 CFR 20 f o r  the element 
is used. 

b. Calculated using the  procedures and da ta  given i n  ICRP Publicat ion 2 and dose l i m i t s  a f a c t o r  of 10 
below those given i n  ICRP Publication 2. 



Appendix K 

RADIOLOGICAL IMPACT OF EXTERNAL DOSE 

FROM REFUELING WATER, PRIMARY WATIER, AND CONDENSATE STORAGE TANKS 

The d i r ec t  gsmma rad ia t ion  dose r a t e  at  t h e  s i t e  boundary 

from two r e f i e l i n g  water storage tanks,  two primary water storage tanks,  

and two condensate storage tanks has been calculated.  The assumptions 

used i n  performing these  analyses a r e  given below: 

1. The dose r a t e  model considers t h e  tanks t o  be cy l indr ica l ,  

"self-absorbing" volume sources surrounded by a t h i n  s t e e l  

s lab.  

2. The physical dimensions and volumes of t he  tanks are :  

Refueling water storage tank: 43'6" dia .  x 32'0" high, 

350,000 gallons per tank; primary water storage tank: 

32' 6" d ia .  x 30'9" high, 187,000 gallons per tank; and 

condensate storage tank: 46'0" dia .  x 35'0" high, 

397,000 gallons per tank. 

3 .  The refuel ing and primary water storage tanks a r e  con- 

sidered f i l l e d  t o  t h e  volumes shown i n  2 above. The con- 

densate storage tank is  f i l l e d  t o  190,000 gallons per tank 

3 
and a l l  tank l i qu id  i s  assumed t o  have a density of 1.0 g/cm . 

4. The isotopic  d i s t r i bu t i on  of t h e  rad ioac t iv i ty  i n  each 

tank i s  shown i n  Table K-1. The spec i f ic  a c t i v i t y  i n  t h e  

refuel ing water storage tank is 0.0012 uCi/ml, t he  primary 

water storage tank spec i f ic  a c t i v i t y  is  0.0012 uCi/rnl, and 

t h e  condensate storage tank spec i f ic  a c t i v i t y  is  0.0036 u ~ i / m l .  



The t o t a l  a c t i v i t y ,  exclusive of tritium, i n  each 

refueling water storage tank i s  1.51 C i ,  0.81 C i  i n  

primary water storage tank, and i n  each condensate 

storage tank the  t o t a l  a c t i v i t y  i s  2.56 C i .  

5. The isotopic mixture i s  considered uniformly d i s t r ibu ted  

i n  the  tank. 

6. Decay of t he  isotopes i s  not considered i n  the  calculation.  

7. Only those gamma rays of s ignif icant  energy (MeV) and in tens i ty  

(number per dis integrat ion)  a r e  included i n  t h e  calculations.  

8. The average  EL ima energy fo r  t he  mixture of isotopes given 

i n  Table K-1 is calculated t o  be 0.60 MeV per photon f o r  

t h e  refueling water and primary water storage tanks and 

0.65 MeV per photon fo r  t he  condensate storage tank. 

9. The individual contribution from each nuclide t o  t he  t o t a l  

photon and energy emission r a t e  is  weighted according t o  

i t s  f rac t ion  of t he  t o t a l  ac t iv i ty .  

10. The distance from the  tanks t o  t h e  nearest point on t he  

s i t e  boundary i s  used f o r  these calculat ions  (540 meters 

fo r  the  refuel ing water storage tanks,  525 meters f o r  t h e  

primary water s torage tanks,  and 579 meters f o r  t h e  con- 

densate storage tanks. ) 

11. Attenuation and buildup fo r  a i r  and f o r  t he  1 /4"  s t e e l  tank 

w a l l  a r e  considered i n  t he  calculations.  Self-absorption 

and buildup due t o  the  water i n  t he  tanks is  a l so  considered. 

12. No c r ed i t  f o r  t he  a i r -ear th  in te r face  absorption and 

sca t te r ing  e f f ec t  is  taken i n  the  calculations.  



Using these  assumptions, t h e  d i r e c t  gamma dose r a t e  at  t h e  

s i t e  boundary from a c t i v i t y  contained i n  each re fue l ing  water s torage  

tank i s  ca lcu la ted  t o  be 0.006 mrem/yr and 0.005 mrem/yr for  each 

primary water s torage  tank. For each condensate water s torage tank,  

t h e  d i r e c t  gamma dose r a t e  is  0.007 mrem/yr. The t o t a l  d i r e c t  gamma 

dose r a t e  at  t h e  r e s t r i c t e d  a rea  boundary from t h e  two re fhe l ing  water 

s torage t m k s ,  t h e  two primary water s torage  t anks ,  and the two con- 

densate s torage  tanks is  calcula ted  t o  be 0.036 mrem/yr. 



K-4 

Table K-1 

ISOTOPIC DISTRIBUTION OF ACTIVITY IN REFUELING WATER, 

PRIMARY WATER, AND CONDENSATE STORAGE 

Refueling Water 
Storage Tank 

Tsotope (curieltank) 

Total 1.51 

Primary Water 
Storage Tank 
(curie/ t ank) 

Condensate 
Storage Tank 
(curie1 tank) 

a. Exclusive of tritium. 



Appendix L 

CUMULATIVE RADIOLOGICAL IMPACT ON THE TENNESSEE RIVER 

FROM THE OPERATION OF TVA PKJCLEAR PLANTS 

TVA has calculated the expected radiation doses to man and 

to species other than man resulting from radionuclides in liquid 

effluents released to the Tennessee River from the operation of the 

Watts Bar, Sequoyah, Bellefonte, and Browns Ferry Nuclear Plants in the 

year 2010. A summary of these doses is given in Table H-1. Data were 

generated for reaches bnd drinking water supplies between Watts Bar Dam 

and Paducah, Kentucky, and the Tennessee Valley population doses are 

summations of all the appropriate populations within this region. 

Population figures are derived from 1960 and 1970 census values for a 

125-county Tennessee Valley region using linear interpolation of recent 

1 data for public water supplies, commercial and sport2 fish harvests, 

and the use of the Tennessee River for water sports.3 Doses are calcu- 

lated using the models and assumptions described in Appendix H. Esti- 

mated doses are listed for Chickamauga Lake and for the individual 

drinking water supplies within approximately 50 miles downstream from 

the Sequoyah Nuclear Plant site. Doses are estimated to be smaller at 

water supplies farther downstream. 

The maximum dose* to an individual from eating fish and drinking 

water near the Sequoyah site from the cumulative releases of radionuclides 

in the liquid effluents from TVA nuclear plants is calculated to be less 

*Tritium doses are not included in the values listed in Table 1. Doses 
from tritium released from TVA nuclear plants in liquid effluents are 
estimated to be less than 10 percent of the doses from the mixture of 
radionuclides excluding tritium. 



than 0.2 mrem per year, which is less than 0.2 percent of the total dose 

that an individual receives from natural background radiation. The 

*,** 
Tennessee Valley population dose from the cumulative releases of 

radionuclides in liquid effluents from TVA nuclear plants is calculated 

to be 54 man-rem, which is less than 0.04 percent of the dose from 

naturally occurring background radiation. 

It is concluded that the combined doses resulting from the 

normal operation of the Watts Bar, Sequoyah, Bellefonte, and Browns 

Ferry Nuclear Plants will present no significant risk to the health 

and safety of the publ~c. 

*Tritium doses are not included in the values listed in Table 1. Doses 
from tritium released from TVA nuclear plants in liquid effluents are 
estimated to be less than 10 percent of the doses from the mixture of 
radionuclides excluding kritium. 

**Based on a projection for the year 2010 of 1,100,000 people served by 
the water supplies listed in Table L-1 of Appendix with the conserva- 
tive assumption that all edible fish harvested from the Tennessee River 
are consumed by this population. 
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Table L-1 

RADIOLOGICAL IMPACT OF TVA'S NUCLEAR PLANTS ON TKE TENNESSEE RIVER IN 2010~ 

Average Annual Radioactivity Released b 

I. Average Annual Doses to Humans 

A. Ingestion of Tennessee River Water 

1. Water supplies 

Tennessee Valley Authority Nuclear Plants 
Watts Bar Sequoyah Bellefonte Browns Ferry Total 

Atlas Chemical Industries 
a. individual 1.3 (-2) 
b . population 3.8 (-2) 

Farmers Chemical Corp. 
E.I. Dupont 
Chattanooga 
South Pittsburg 

d 2. Tennessee Valley population dose 7.7C 

B. Eating Fish Taken from the Tennessee River 

1. Chickamauga Lake downstream from the 
Sequoy& Nuclear Plant 

a. maximum individual 2.6 (-2) 
b. population 4.0 (-1) 

2. Tennessee Valley population dose 7. 5e 

30 man-rem 

7.5 (-llf 2 4 man-rem 



Table L-1 (Continued) 

Tennessee Valley Authority Nuclear Plants  
Watts Bar Sequoyah Bellefonte Browns Ferry Total - 

C. Use of the Tennessee River fo r  
Water Sports 

1. Chickamauga Wce below the  
Sequoyah Nuclear P lan t  s i t e  

a. above-water 
b. in-water  

2. Tennessee Valley population dose 

a. above-water 
b. in-water 

II. Doses t o  Organism Living near  the  
Sequoyah Nuclear P lan t  s i t e  

A. T e r r e s t r i a l  Vertebrates 8.8 (+I) 2.7 (+2) - - 3.6 (+2) madh 

B. Aquatic Organisms 

1. Plants  

2. Invertebrates  

3. Fish 

8.5 mrad 
h 

h 8.7 (-1) mrad 

a.  Assuming normal operation f u l l  time 
b. Excluding tritium 
c.  Doses t o  thyroid t i s sue  
d. Between Watts Bar Dam and Paducah, Kentucky 
e. Doses t o  bone t i s s u e  
f . Doses t o  G. I. t r a c t  t i s sue  
g. Doses t o  sk in  t i s sue  
h. Doses t o  the t o t a l  organism 



M-1 

Appendix M 

RESERVOIR THERMOHYDRODYNAMICS AND THE DIFFUSER SYSTEM 

This appendix describes the prediction and control of 

water temperatures in Chickamauga Reservoir during operation of 

the Sequoyah Nuclear Plant in the open mode. 

The construction of cooling towers will make possible 

the operation of the condenser cooling system in a helper mode where 

a portion of the heat will be removed from the condenser water by 

the towers before it is discharged into the river. Although the 

details of the design are not final, it will involve the same condenser 

3 waterflow (1,250 ft /s) for each unit, the same condenser rise (29.5OF), 

but a lower temperature rise in the discharged water than in an open- 

mode operation. This difference from open-mode operation will result 

in a different relationship between the reservoir flow magnitude and 

the temperature rises in the reservoir. The temperature rises in the 

reservoir will be lower, but operations in general should result in 

similar flow and temperature patterns as described below for the open 

mode of operation. 

The thermal regime in Chickamauga Reservoir during the 

operation of Sequoyah Nuclear Plant will depend upon the effects of 

the heated water discharged on the natural temperature distribution. 

The diffusers will mix the heated condenser water with some portion of 

the reservoir flows in a jet mixing region. The mixed flow leaving the 

jet mixing region may spread upstream as a wedge and/or laterally into 



the shallow areas of the reservoir during low streamflows. The 

submerged dam is designed to decrease the upstream movement of heated 

water and to allow only cooler water from upstream to be drawn under 

the skimmer wall even if a warm-water wedge exists. In the region 

downstream from the plant, the mixed flow may (1) form a surface layer 

and lose heat to the atmosphere, (2) be essentially at normal surface 

temperature and therefore produce no change in surface temperatures, 

or (3) be confined beneath a warmer natural surface layer. 

The qualitative descriptions of the thermal regime at Sequoyah 

. were deduced fron the Browns Ferry model studies on the basis of similari 

of the diffuser design. The dimensions of the initial jet mixing region 

are believed to be a sufficiently local phenomena that the estimates of 

the approximate extent of the mixing region will not be affected by the 

upstream dam or any other geometrical features which differ from Browns 

Ferry. However, an accurate quantitative description of the percent of 

the river flow which mixes with the diffuser discharge and a precise 

knowledge of the lateral and upstream distribution of heated water would 

require a physical model study of the Sequoyah site. 

The following discussion centers first on 2-unit operation and 

then on the differences expected when only one unit is operating. For 

convenience the discussion has been separated into three sections: (1) tl 

initial jet mixing in the immediate vicinity of the diffusers, (2) an 

intermediate region covering a 4- to 6-mile reach upstream and downstrean 

from the plant, and (3) the far field or extended downstream reach 

including the releases from Chickamauga Dam. 



1. Two-unit operation - 
(1) Initial jet mixing - When both 

units are operating at full load, the diffusers will have a total 

3 discharge, Qc, of about 2,500 ft 1s at a temperature rise, ATc, of 

29.5'~. This flow will be discharged through thousands of 2-inch 

diameter ports at a velocity of about 10 fils. Initial mixing of the 

jets with that portion of the reservoir flow passing over the diffusers 

will occur rapidly. Based upon model tests conducted for the Browns 

Ferry diffusers, it is estimated that complete mixing should occur 

within about 50 feet flom the diffusers. Figure M-1 shows the tempera- 

ture distribution obtained from the Browns Ferry model tests in the 

immediate vicinity of the diffusers for a steady total reservoir flow 

of 30,000 fi3/s. Within a few feet, the temperature rise had dropped 

from 29'~ to 13OF. For a similar dilution ratio for Sequoyah, a similar 

rapid mixing will occur. The Browns Ferry tests also showed that the 

maximum temperature rise at the bottom will be about 7' to 8OF for a 

distance of about 30 feet downstream from the diffuser. Since the Sequoyah 

diffusers will be situated on a low fill, the temperature rise at the 

reservoir bottom should be similar but over a shorter length. 

The steady-state mixed temperature, Tm, 

resulting from mixing with a portion of the total reservoir flow, &R, is: 

T~ = IQCTC + (PS - QC)T~I I (%) (1) 

where P is the portion of the reservoir flow that mixes with the diffuser 

flow in the near field, Qc is the flow through the diffusers, and Tc is 

the temperature of the diffuser discharge. Equation (1) can also be 

expressed in terms of temperature rises: 



ATR = TM - TR = QcA TC/P% 

where ATc a Tc - TR = 29.5'~. 

Field t e s t s  have indicated tha t  P without 

the  proposed structures i s  about 0.6. 

Four factors  w i l l  tend t o  modify t h i s  

factor i n  the  immediate v ic in i ty  of the  proposed diffuser  pipes. These 

are: (1)  the  proposed u n d e m t e r  dam, (2)  l a t e r a l  (or  end) entrainment 

into the  diffuser  Je ts ,  (3)  the  discharge pond dikes, and ( 4 )  the  location 

of the  diffuser  pipes such tha t  they w i l l  occupy part  of the  present flow 

area i n  the  r ight  overuank area and i n  the  main channel. 

Equation (2)  is plotted as shown i n  figure 

M-2 for  P = 0.6. The m i n i m  t o t a l  flow required t o  meet an allowable 

3 temperature r i s e  of 5.4 '~ w i l l  be about 22,000 ft /s when the  condenser 

3 flow i s  2,500 ft 1s. 

When the  reservoir exhibits s t r a t i f i ca t ion ,  

the mixed temperature can be estimated by using: 

Thl = IQCTC + PsssTRs + ( P B h  - Qc)TRB1 / (P,Qs + P,%) ( 3 )  

where sS, sB : reservoir flows i n  the  surface and bottom layers,  
respectively 

Ps' p~ : the  percentages of sS, b, respectively, mixed 
with the  diffuser  flow. 

If the  surface layer  is  or iginal ly  warmer 

than the  bottom layer  (T Rs>TRB), it i s  possible tha t  TM could be greater 

than, equal to ,  o r  l e s s  than T 
RS ' 

Equations (1)  t o  (3) predict  steady-state 

temperatures that a re  approached asymptotically a f t e r  any change i n  flow 



3 conditions. At flows above approximately 10,000 ft /s, the steady- 

state mixed temperature is approached rapidly. At very low reservoir 

flows, an upstream moving underflow is induced along the bottom by 

the diffuser jet action. This underflow is significant because it 

prolongs the time required to reach steady-state conditions. 

(2) Intermediate re~ion - In the 
intermediate region, which may extend several miles upstream and down- 

stream from the diffusers, the temperature distribution is considerably 

affected by the fact that TM is always greater than the upstream natural 

reservoir temperature a d  thus stratification may occur. 

As the mixed flow (at temperature T ~ )  leaves 

the jet mixing region, it immediately flows adjacent to that portion of 

the reservoir flow which did not pass through the jet mixing zone. For 

2-unit operation, the unaffected reservoir flow is primarily the 200-foot 

width of flow on the lef% side of the main channel. There also will be 

some unaffected flow on the right overbank area. Generally, the density 

difference between the mixed and natural flows will promote the formation 

of stratification. The cooler water will flow under the warmer mixed 

flow of temperature TM in the main river channel downstream from the 

diffusers, while the mixed flow will move downstream, laterally over the 

shallow area and, under certain conditions, upstream against the reservoir 

flow. The larger the flow in the reservoir, the weaker the stratification 

will be; for sufficiently large streamflows no upstream wedge will form 

and additional mixing may occur by natural turbulent processes, resulting 

in a downstream mixed temperature less than the initial mixed temperature 

T ~ '  



It is possible t o  calculate theoretically 

the riverflows which w i l l  prevent the upstream movement of heated water 

i n  the intermediate region. For an assumed value of P = 0.6, i n  the 

3 case of f l ow  l e s s  than 30,000 ft /s, a warm water wedge of temperature 

equal t o  or l e s s  than TM w i l l  extend upstream. The stablized length of 

the upstream wedge w i l l  depend upon the reservoir flow. For flows 

3 greater than 30,000 f't Is, there w i l l  be no heated water upstream from 

the submerged dam, although a wedge may extend from the diffisers t o  the 

3 dam. For flows greater than 50,000 f t  /s, there w i l l  be no heated water 

upstream from the  dif  "users. 

The possible thermal regimes i n  the  inter- 

mediate region are qualitatively i l lus t ra ted  i n  figures M-3 through M-6. 

F i r s t ,  figure M-3 shows the  case of a reservoir flow of l e s s  than 30,000 

f't3/s. In t h i s  case, a warm water wedge extends upstream past the  

3 3 submerged dam and the  reservoir flow between 30,000 ft /s and 50,000 ft /s 

such tha t  the  warm water wedge i s  confined below the submerged dam. In 

3 figure M-5 a flow of more than 50,000 f t  /s has prevented the formation 

of any upstream wedge. Figure M-6 i l lus t ra tes  the case i n  which a large 

reservoir flow has provided sufficient turbulence t o  destroy the downstream 

s t ra t i f ica t ion .  It should be noted tha t  portions of the  shallow overbank 

downstream from the  discharge pond w i l l  always experience some induced 

temperature r i s e  ei ther  by the  formation of a s t r a t i f i ed  system or  by 

l a t e r a l  turbulent mixing. 

(3)  Downstream region - In i t i a l ly ,  just  

below the diffusers,  the downstream-moving heated flow w i l l  be limited 

t o  the deep r iver  channel but within 2 miles it w i l l  be spread over the  



full width of the reservoir. The vertical temperature distribution 

in the region downstream from this point will be dependent upon the 

interaction of the mixed flow with the natural stratification in 

Chickamauga Reservoir. 

When there is little or no natural 

stratification in the reservoir, the mixed temperature will always be 

greater than the ambient surface temperature. In this case, the mixed 

flow will form a surface layer which will flow downstream. However, 

since the mixed temperature will be only slightly above the equilibrium 

temperature, the amour,', of heat lost between the plant and Chickamauga 

Dam will be small. During the summer when periods of natural stratifi- 

cation occur, little change will be noted in the surface water temperature 

in the recreational area of Chickamauga Dam. In most instances, the 

temperature of the mixed layer will be essentially the same as the present 

surface temperature. In some instances the natural surface temperature 

may be greater than the mixed flow temperature and the mixed flow will 

spread across the reservoir beneath the naturally heated surface water. 

In either case, little or no heat will be lost from the mixed layer as 

it flows downstream since it is either near equilibrium temperature or 

not exposed to the atmosphere. In all cases there may be a cooler, lower 

layer composed of riverflow which did not pass through the diffuser mixing 

region and which mrs not mixed during passage through the intermediate 

zone. The turbines at Chickamauga at present withdraw from the entire 

depth of the reservoir. It is expected that they will continue to withdraw 

over the entire depth after the Sequoyah plant goes into operation even 

though the reservoir m y  at times be stratified to a deeper depth. 



In calculating downstream temperature, 

the following assumptions have been made: 

1. During the  summer months (~une-~ugus t  ) the discharge from 

the Sequoyah diff'users i s  insulated from losing heat t o  the  

atmosphere by an overlying natural surface layer i n  Chickamauga 

Reservoir which is a t  a temperature greater than the mixed 

heated discharge issuing fromthe mixing zone of the  diffusers. 

During the  remaining months of the  year, the heated discharge 

becomes a surface layer i n  Chickmmuga Reservoir and begins t o  

lose heat im2diately as  it flows downstream. 

2. Complete mixing of the diffuser discharge and the ent i re  river- 

flow occurs a s  the  flows pass through Chickamaugs Dm. 

Figures M-7 and M-8 show calculations of 

t h e  downstream decay of the temperature r i s e  induced by 2-unit operation 

of the  Sequoyah plant for  winter and summer conditions. In a l l  cases an 

i n i t i a l  temperature r i s e  of 5.4'~ (3 '~)  i s  assumed. The cslculations 

are based on a 1-dimensional temperature equation: 

where T = temperature r i s e  

K = heat loss  coefficient 

b = surface width of the  r iver  

Q = riverflow 

x = distance downstream from the  plant 

2. One-unit operation - 
(1) I n i t i a l  jet mixinp; - When there is  

only one un i t  i n  operation at f u l l  load, the t o t a l  diffuser discharge, Qc, 



3 will be 1,250 ft /s and will occur at a 5 ft/s velocity through all 

diffuser ports if two diffusers are in use (the anticipated nonnal 

operating procedure). The diffuser discharge temperature, Tc, will 

again be 29.5'~ above the reservoir temperature, TR. 

The steady-state mixed temperature, TM, 

can be obtained by quati on (1) , and the mixed temperature rise, hTR, 

I can be obtained by equation (2). Since the discharge is expected to 

be through two diffusers, the assumed value of P will remain at 0.6. 

I The  AT^ values are plotted as a f'unction of €$ as shovn in figure M-2. 

3 The minimum reservoir f3.0v rate required is ll,000 ft /s for the 5.4'~ 

rise. 

(2) Intermediate region - As discussed 
above, for any given reservoir flow 1-unit operation will result in a 

I lower mixed temperature, TM, than for two units. Thus, the temperature 

I of the mixed layer in the intermediate region will be less for one unit. 

The reservoir flow necessary to prevent a heated wedge upstream from 

the submerged dam will be 22,000 ft3/s; 40,000 ft3/s will prevent any 

I movement of heated water upstream from the diffusers. Otherwise, it is 

I expected that the general thermal regime for 1-unit operation will be 

I similar to that described for two units (see figure M-3 through M-6) . 
( 3 )  Downstream region - The downstream 

temperature regime for 1-unit operation is expected to be similar to 

I that described for two units except that any temperature rise induced 

I downstream will be smaller for one unit than for two. When surface heat 

loss occurs, the temperature decrease downstream will be more rapid for 

I one unit because of the smaller heat addition by the plant. The calculated 



downstream decay of the temperature rise induced by 1-unit operation 

of the Sequoyah plant for winter and summer conditions is shown by 

I$! 

figures M-9 and M-10. 
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