
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. 



A -13 

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 



c-4 

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. 
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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  
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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  



G-3 

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 
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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 ) , 



1-3 

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. 
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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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