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Table A-8

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date

Aluminum, mg/1 ;
Ammonia as N, mg/l
Arsenic, mg/l :
Barium, mg/l
Beryllium, mg/1
Cadmium, mg/1
Calcium, mg/1

 Chloride, mg/l1

Chromium, mg/1 :
Conductivity, 25°C, umhos/cm
Copper, mg/1

Cyanide, mg/1

- Hardness, mg/1

Iron, mg/l

Lead, mg/1

Magnesium, mg/1
Manganese, mg/1
Mercury, mg/l

Nickel, mg/1
Phosphorous, mg/1
Selenium, mg/1

Silica, mg/1

Silver, mg/1

Solids, Dissolved, mg/l
Solids, Suspended, mg/1
Sulfate, mg/1

Zinc, mg/1

NA = Not Available

1/4/73 " 4/2/73 7/3/73 10/1/73
Rive Pond River Pond " River’ Pond ~ River Pon
Inta Discharge  Intake Discharge  iIntake Discharge  Intake Discharge
NA 1.5 NA 11 NA 2.9 NA 3.4
NA 0.07 NA 0.08 NA 0.07 NA 0.23
NA 0.005 NA 0.010 NA 0.010 NA 0.005
NA 0.1 NA 0.4 NA 0.2 NA 0.4
NA <0.01 NA <0.01 NA <0,01 NA <0.01
NA <0.001 NA 0.002 NA <0.001 NA <0,.001
NA 230 NA 340 NA 210 NA 300
NA 8 NA 6 NA 5 NA 8
NA 0.015 NA 0.026 NA 0.027 NA 0.020
NA 1,200 NA 1,400 NA 950 NA 1,600
NA <0,01 NA <0.01 NA 0.01 Na 0.20
NA <0.01 NA <0.01 NA <0.01 NA <0.01
NA 580 NA 850 NA 530 NA 800"
NA 0.17 NA 3.6 NA 0.29 NA 0,20
NA <0.010 NA <0.010 NA <0.010 NA <0.010
NA 0.6 NA 0.9 NA 0.5 NA 11
NA <0.01 NA 0.06 NA <0.01 NA <0.01
NA 0.0002 NA 0.0002 NA <0.0002 NA <0,0002
NA <0.05 NA <0.05 NA <0.05 NA <0.05
NA 0,06 NA 0.03 NA 0.04 NA <0.03
NA 0.008 NA 0.024 NA 0.010 NA 0.016
NA 5.0 NA 5.0 NA 6.2 NA 5.7
NA <0.01 NA <0.01 NA <0.01 NA <0.01
NA 540 NA 680 NA 420 NA 680
NA 6 NA 150 NA 6 NA 8
NA 180 NA 230 NA 22 NA 220
NA 0.07 NA 0.11 NA 0.02 NA 0.01




8¢-Y

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA

Date

Aluminum, mg/1l
Ammonia as N, mg/l
Arsenic, mg/1
Barium, mg/1l
Beryllium, mg/1
Cadmium, mg/l
Calcium, mg/1
Chloride, mg/l
Chromium, mg/1

Conductivity, 25°C, umhos/cm

Copper, mg/l

Cyanide, mg/1

Hardness, mg/1

Iron, mg/l

Lead, mg/1

Magnesium, mg/1
Manganese, mg/1l
Mercury, mg/l

Nickel, mg/1
Phosphorous, mg/l
Selenium, mg/1l

Silica, mg/l

Silver, mg/l

Solids, Dissolved, mg/1
Solids, Suspended, mg/l
Sulfate, mg/l

Zinc, mg/l

Tahle A-8 (Continued)

(Quarterly Samples)

1/15/74 4/9/74 7/16/74 10/16/74
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake ‘'Discharge

2.7 2.0 3.2 4.5 0.6 1.3 0.5 2.1
0.06 0.06 0.06 0.06 0.07 0.05 - 0.03
0.005 <0.005 <0.005 <0.005 <0.005 <0,005 0.005 <0.005
0.2 <0.1 <0.1 0.4 0.2 0.3 <0.1 0.3
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
<0.001 <0.001 <0.001 <0.001" <0.001 0.003 0.001 <0.001
17 160 19 200 17 64 20 98
5 5 5 6 6 4 9 9
0.02 0.011 <0.005 0.039 - - <0.005 0.017
130 270 160 1,500 160 660 180 670
0.13 <0.01 0.11 0.10 0.06 0.07 0.12 0.10
- <0.01 - <0.01 Co= <0.01 - -
57 400 61 500 58 160 68 250
2.40 0.16 0.9 0.95 - - 0.18 0.20
0.016 0.008 <0.01 <0.010 0.024 0.068 0.010 0.012
3.6 0.2 3.4 0.3 3.9 1.1 4.5 0.3
0.1 <0.1 0.24 0.02 0.05 <0.01 0.07 0.02
<0.0002 <0.0002 <0.000z2 <0.0002 0.0006 0.0003 <0.0002 -
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
0.08 <0.01 0.08 0.02 0.05 - 0.09 0.01
<0.001 0.020 <0.002 0.011 - - <0.002 <0.002
5.2 5.6 4.4 5.0 - - 5.8 6.9
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <6.01
80 310 90 580 - - 110 260
9 10 27 37 4 23 2 5
15 150 20 170 - - 12 70
0.08 <0.01 0.08 0.08 0.07 0.07 0.05 0.06




Table A-8 (Continued)

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/14/75 4/7/75 7/14/75 10/14/75
River . Pond River = . Pond River Pond River- --Pond
. Intake Discharge Intake Discharge Intake . Discharge Intake 'Discharge .

- Aluminum, mg/1 1.1 3.6 3.0 1.7

, L 4.3 : 2.9 1.9 2.4 |
_Ammonia as N, mg/l | = . 0.07 0.05 0.07 0.09 - 0.04 . 0.04 0.10 0.05
" Arsenic, mg/l . <0.005  <0.005  <0.005 <0.005  <0.005' 0.010 <0.005 0.130
Barium, mg/1 . . <0.1 <0.1 0.2 . 0.3 0.2 ' <0.1 0.1 <0.1
_Beryllium, mg/1 . ©.<0.01 ' <0.01 <0.01 <0.01  <0.01 : <0.01 <0.01 <0.01
Cadmium, mg/1 ’ . <0.001 <0.001 0.002 0.002 <0.001!  <0.001 <0.001 <0.001
Calcium, mg/1 o 18 68 14 170 20 L 140 16 130
.- Chloride, mg/1 “?‘;‘ 6 7 © 4 : 5 -5 ? 5 T 6 8 ;
'y, Chromium, mg/1 L ~ <0.005 0.020 <0.005.  0.020 <0.005: 0.021 <0.005  <0.005 . -
" Conductivity, 25°C, umhos/cm 160 420 140 690 160 1 840 150. . 680
© Copper, mg/1 0.02 0.02 0.03 0.02 . 0.08 : 0.19 0.07 0.11
* Cyanide, mg/l g ., - - <0,01 - - o - ' - -
Hardness, mg/1 - .57 170 . 48 430 67 ¢ 350 © 54 330
Iron, mg/l ' 1.6 0.07 1.2 0.05 0.57 0.39 0.45 -0.28
Lead, mg/l 0.028 0.022 <0.010 0.015 <0.010-  <0.010 - 0.010  <0.010
Magnesium, mg/1 3.0 0.3 3.1 0.4 4.1 - 0.1 3.4 0.3
Manganese, mg/l - ~0.06 <0.01 0.04 <0.01 0.07 - <0.01 0.04 0.02
Mercury, mg/l B ©<0.0002  <0.0002 <0.0002  <0.0002 <0.0002  <0.0002 <0.0002  <0.0002
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05
Phosphorous, mg/1 0.09 0.01 0.06 0.01 0.07 <0.01 0.09 0.01
Selenium, mg/1 <0.002  <0.002 <0.002 0.014 <0.002 0.008 . <0.001 0.010
Silica, mg/1 : 4.7 5.9 5.0 6.9 4,6 8.4 4.5 7.6
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 100 240 80 350 90 420 100 420
Solids, Suspended, mg/l 38 3 8 6 11 5 16 3
Sulfate, mg/l 25 100 20 170 19 130 15 130

Zinc, mg/l 0.04 0.03 0.18 0.07 0.04 0.03 0.07 0.04
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Table A-8 (Continued)

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

4/12/76

Date 1/19/76

River Pond River Pond

Intake Discharge Intake Discharge
Aluminum, mg/1 2.1 1.5 1.4 1.0
Ammonia as N, mg/l 0.13 0.09 0.10 0.84
Arsenic, mg/l <0.005 <0.010 <0.005 0.010
Barium, mg/l <0.1 0.3 <0.1 <0.1
Beryllium, mg/1 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l <0.001  <0.00L.  <0.001  <0.010
Calcium, mg/l 22 140 26 110
Chloride, mg/l 7 6 6 6
Chromium, mg/l <0.005 0.013 <0.005 0.007
Conductivity, 25°C, umhos/cm 150 650 180 600
Copper, mg/l <0.01 <0.01 0.02 0.02
Cyanide, mg/l - - - -
Hardness, mg/l 69 350 79 280
Iron, mg/l 0.45 0.18 0.40 0.17
Lead, mg/1 = = ] ...<0.010. <0.010 .. _<0.010 .. <KO0.010 ___ . .
Magnesium, mg/l : 3.5 0.3 3.5 0.1
Manganese, mg/l 0.04 <0.01 0.04 0.02
Mercury, mg/l <0.0002 <0.0002  <0.0002  0.0003
Nickel, mg/l : <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/1 0.08 0.02 - 0.06 0.01
Selenium, mg/1 <0.002 <0.002 <0.002 0.005
Silica, mg/l ' 4.9 7.3 3.7 7.0
Silver, mg/l <0.01 £0.01 <0.01 <0.01
Solids, Dissolved, mg/l 100 280 90 280
Solids, Suspended, mg/l 14 18 10 2
Sulfate, mg/l 14 83 19 93
Zine, mg/l : <0.01 <0.01 <0.01 0.09




Table A-9

TVA PLANT F RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date h 1/1/73 - 3/28/73 7/13/73 10/16/73
River Pond River’ Pond River Pond River . .  Pond
Intake Discharge Intake Discharge Intake Discharge Intake 'Discharge

Aluminum, mg/1 : , NA 1.0 NA 2.2 NA 1.8 NA 2.5
Ammonia as N, mg/l ; "~ NA 0.06 NA 0.03 NA 0.06 NA 0.12
Arsenic, mg/1 : NA <0.005 NA 0.005 NA <0.005 NA <0.005
Barium, mg/1 : : ‘ NA <0.1 ‘ NA <0.1 NA <0.1 NA 0.3
Beryllium, mg/1 ? : : NA <0.01 NA <0.01 NA <0.01 NA <0.01
Cadmium, mg/1 : : NA <0.001 NA <0.001 NA <0.001 NA <0.001
Calcium, mg/1 s : NA 100 NA 74 NA 140 NA 140
Chloride, mg/1 o . NA 5 .. N . . 5 NA - -4  NA b

y Chromium, mg/1 ' ‘ © NA 0,030 NA ©0.012 NA 0.059 NA 0.040

I Conductivity, 25°C, umhos/cm = NA 410 " NA 350 NA 650 NA 700

/' Copper, mg/1 " NA © <0.01  NA - <0.01 NA <0.01 NA 0.02
Cyanide, mg/1 - NA <0.01 . NA . €0.01 NA <0.01 NA- <0.01
Hardness, mg/1 - NA 260 - NA 200 NA 350 NA 380
Iron, mg/l " NA 0.19 CNA 1.1 NA - <0.05 NA- <0.05
Lead, mg/1 NA <0.010 . NA <0.010 NA <0.010 = NA <0.010
Magnesium, mg/1 - NA 3.1 - NA 2.7 NA 0.3 NA 702
Manganese, mg/1 - ' NA <0.01 NA 0.04 NA <0.01 NA <0.01
Mercury, mg/1 " NA- 0.0009 NA <0.0002 NA 0.0003 NA 0.0003
Nickel, mg/1 L NAC <0.05 NA <0.05 NA <0.05 NA <0.05
Phosphorous, mg/1 . NA 0.14 NA - 0.24 NA 0.03 NA 10.03
Selenium, mg/1 - NA 0.024 NA 0.009 NA 0.016 NA 0.010
Silica, mg/l - NA 4.8 ~ NAY 4,2 NA 5.9 NA 7.6
Silver, mg/1 NA <0.01 NA <0.01 NA <0.01 NA <0.01
Solids, Dissolved, mg/1 . NA 320 NA 230 NA 390 NA 380
Solids, Suspended, mg/1l ~ NA 1 NA 20 NA 2 NA 2
Sulfate, mg/l NA 140 NA 120 NA 180 NA 230
Z2inc, mg/1 - NA 0.03 " U NA - . 0.01 NA <0.01 NA <0.01

NA = Not Available




Table A-9 (Continued)

TVA PLANT F RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Aluminum, mg/l
Ammonia as N, mg/l
Arsenic, mg/1
Rarium, mg/l
Beryllium, mg/1
Cadmium, mg/1
Calcium, mg/1
Chloride, mg/l
Chromium, mg/1

Conductivity, 25°C, umhos/cm

“Copper, mg/l

Cyanide, mg/1

Hardness, mg/l

Iron, mg/l

Lead, mg/l
Magnesium, mg/1
Manganese, mg/1
Mercury, mg/l

Nickel, mg/l
Phosphorous, mg/1
Selenium, mg/1

Silica, mg/l

Silver, mg/l

Solids, Dissolved, mg/1
Solids, Suspended, mg/l
Sulfate, mg/l

Zinc, mg/l

NA = Not Available
*xCollected 4/22/74.

2/27/14

1/28/74

4/16/74

7/15/74

10/22/74

River
Intake

Pond
Discharge

River
Intake

Pond

Discharge

River
Intake

River
Intake

Pond
Discharge

Pond

'Discharge

3.6

0.03
<0.005
<0.10
<0.01
<0.001
26

4
<0.005

170

<0.01
81

1.1

<0.010

4.0
0.06
0.0033

<0.05
0.10

<0.002
5.4

<0.01

90

26

20
0.18

0.8
0.38
<0.005
<0.1
<0.01
<0.001
80
4
0.050
480
0.04
<0.01
200
0.11

1 <0.010

1.2
<0.01
<0.0002
<0.05

0.03

0.012

6.0
<0.01

280

<1

120
0.08

1.3

0.03
<0.005

0.2
<0.01
<0.001
23

3
- 0.012
150

<0.01
110
28
19

G.22

1.4
0.26
<0.005
0.5
<0.91
<0.001"
98
5
0.040
500
0.04
<0.01
250
0.13
<0.010
0.7
<0.01
<0.0002%
<0.05
0.02
0.018
6.8
<0.01
350
2
14
0.06

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

3.1 <0.1
0.10 0.26
<0.005 <0.006
0.1 <0.1
<0.01 <0.01

0.002 <0.001
130 35
4 "
0.044 <0.005
1,100 250
<0.01 0.02
<0.01 -
330 100q
<0.05 0.36
0.040 <0.010

0.2 77 4.2 T

<0.01 0.03
0.3 <0.0002
<0.05 <0.05
<0.01 0.15
0.028 <0.002
4.5
<0.01

<0.01
540 150

2 6
200 19

0.03 0.13

3.0
0.17
<0.005
0.4
<0.01
<0.001
160
5
0.072
780
0.01

400
0.23
<0.010
0.2
<0.01
<0.0002
<0.05
<0.01
0.012
7.6
<0.01
450
<1
240
0.06




Table A-9 (Continued)

TVA PLANT F RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/20/75  4/1/75 7/15/75 10/14/75
: o ~ River - - - Pond - River - - Pond - River - - Pound - River- - --Pond
Intake Discharge :Intake Discharge Intake Discharge Intake 'Discharge

Aluminum, mg/1 : , 1.3 1.5 2.3 0.9 © 1.0 1.0 <0.2 1.4
Ammonia as N, mg/l . 0.03 0.30 0.05 0.42 - 0.07 0.03 0.10 0.06
Arsenic, mg/1 f ‘ <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 <0.005 0.040
Barium, mg/1 : <0.1 0.2 - <0.1 <0.1 © - <0.1 <0.1 <0.1 <0.1
Beryllium, mg/1 ’ <0.01 <0.01 . <0.01 -~ <0.01 - <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l . 0.002 <0.001 0.001 0.001 : <0.001 <0.001 0.001 <0.001
 Calcium, mg/1 .28 85 19 100 31 67 30 110 -
" Chloride, mg/l ' 4 5 3 5 b b 4 6.
»- Chromium, mg/l = - <0.005 <0.005 - 0.005 ‘0.020 - <0.005 : 0.020 <0.005 <0.005
dy,Conductivity, 25°C, umhos/cm 220 780 150 . 400 190 - < 460 ‘ 210 660
W Copper, mg/1l : , 0.05 0.08 0.046  0.06 -  0.08 0.07 0.05 0.04
“Cyanide, mg/1 ' : - <0.01 - - - = - -
'Hardoness, mg/l : - 86 210 62 260 9 . 170 95 280:
Iron, mg/l 1.1 0.10 2.1 ¢ 0.37 0.97 0.2 0.29  0.10
"Lead, mg/1 0.052 <0.010 0.010 0.015 <0.010 <0.010 <0.010 0.010
‘Magnesium, mg/l ‘3.8 0.3 3.5 1.6 4.4 0.7 4.9 0.6
"Manganese, mg/l 0.07 - <0.01 0.11 0.01 - 0,07 - 0.01 0.07 0.01
Mercury, mg/l <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 " <0.0002. <0.0002 <0.0002
Nickel, mg/1 +<0.05 <0.05 <0.05 <0.05 <0.05  <0.05 <0.05 <0.05
. Phosphorous, mg/l - 0411 <0.01 0.10 0.03. 0.17 . 0.02 0.16 0.02
Selenium, mg/1 <0.002 0.010 <0.002 0.008 <0.002 - 0.010 - <0.001 0.006
Silica, mg/l . ! 5.8 4,8 3.9 . 4.4 6.6 ' 3.5 6.5
Silver, mg/1l <0.01 <0.01 <0.01 <0.01 <0.01  <0.0l <0.01 <0.01
Solids, Dissolved, mg/1 140 450 130 300 110 270 170 430
Solids, Suspended, mg/1 35 3 42 11 27 4 » 15 4
Sulfate, mg/l 18 260 22 140 23" 120 12 160

Zinc, mg/l 0.06 0.07 0.06 0.04 0.13 0.14 0.03 0.02
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Table A-9 (Continued)

TVA PLANT F RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/13/76 4/13/76
River Pond River Pond
Intake Discharge Intake Discharge
Aluninum, mg/1 0.6 1.9 1.3 1.0
Ammonia as N, mg/1 0.07 0.27 0.03 0.11
Arsenic, mg/l <0.005 <0.005 <0.005 <0.005
Barium, mg/l <0.1 0.2 <0.1 <0.1
Beryllium, mg/1 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/1 <0.001 0.001 ° <0.001 <0.001
Calcium, mg/1 35 130 29 110
Chloride, mg/1 4 6 4 4
Chromium, mg/1 : <0.005 0.058 <0.005 0.022
Conductivity, 25°C, umhos/cm 220 580 180 550
Copper, mg/l - <0.01 0.02 0.01 0.02
Cyanide, mg/l1 - - - -
Hardness, mg/1 100 330 91 280
Iron, mg/l 0.73 0.31 1.6 0.24
_Lead, mg/l . .<0.010-- . <0.010 - - <0.010 - <0.010
Magnesium, mg/1 3.5 0.6 4ok 1.0
Manganese, mg/l 0.06 <0.01 0.08 0.01
Mercury, mg/1 <0.0002  <0.0002 <0.0002  <0.0002
Nickel, mg/1 <0.05 <0.05’ <0.05 <0.05
Phosphorous, mg/1 0.09 0.02 0.10 <0.01
Selenium, mg/l <0.004 <0.004 <0.002 0.005
Silica, mg/l 4.6 4.9 4.9 5.6
Silver, mg/1 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 120 390 110 380
Solids, Suspended, mg/1 21 53 18 1
Sulfate, mg/l 17 220 13 170
Zinc, mg/l . 0.02 0.06 0.16 <0.01




Table A-10

TVA PLANT,G RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA

(Quarterly Samples) .
Date » 1/4/73% 4/2/73% 7/2/73 10/1/73
o ‘ River Pond River Pond River Pond River Pond
Intake Discharge  Intake Discharge Intake Discharge Intake Dibghdr5e
Aluminum, mg/l NA 1.1 NA 2.4 NA 2.9 NA © 2.6
Ammonia as N, mg/1 " NA 0.38 NA 0.04 NA 0.10 NA - 0.01 -
Arsenic, mg/l j NA 0.004 NA <6.005 + NA 0.010 NA .- 0.070
Barium, mg/1 : , NA 0.4 NA <0.1 " NA 0.1 NA <0.1
Beryllium, mg/1 - NA <0.01 NA <0.01 _ NA - <0.01 NA <0.01 -
Cadmium, mg/1 , NA 0.005 - NA <0.001 T ONA <0.001 NA <0.001 .
Calcium, mg/1 © NA 240 ‘ NA 25 " NA 110 NA - 72 '
Chloride, mg/1 NA 8 NA 4 - NA : 4 " NA 4 -
Chromium, mg/1 NA <0.005 NA <0.005 NA 0.023 NA - 0.009
Conductivity, 25° C, umhos/cm NA - -1,000 NA 180 " NA 390 “NAT ¢ 360 .
5 Copper, mg/l NA 0.04 NA 0.04 " NA <0.01 NA .<0.01 *
'}, Cyanide, mg/l : , NA <0.01 NA <0.01 _ NA 0.02 NA <0.061
‘0 ‘Hardness, mg/1 NA 660 NA - 81 ‘ ‘NA 280 NA 190
Iron, mg/1 NA 72 NA 4.6 - 'NA - 0.42 NA 0.30
Lead, mg/1 NA <0.010 .« NA <0.010 NA . <0.010 NA <0.010+x
Magnesium, mg/1 NA 14 NA 4.6 " NA. 1.1 NA 1.9
Manganese, mg/1 ‘NA 1.6 NA 0.23 . NA- 0.03 NA 0.02
Mercury, mg/1 NA 0.001 NA - NA <0.0002 NA - -
Nickel, mg/1 NA 0.14 NA <0.05 7 <0.05 NA <0.05
Phosphorous, mg/1 . NA 0.03 NA 0.03 NA 0.12 NA". 0.21
Selenium, mg/1 NA 0.008 NA - NA 0.015 NA <0.001
Silica, mg/1 NA 11 NA 4.9 NA - 5.1 NA 5.7
Silver, mg/l NA <0.01 NA <0.01 NA . <0.01 NA <0.01
Solids, Dissolved, mg/1 NA - 1,100 NA 160 NA 300 NA . 270
Solids, Suspended, mg/l NA 14 NA 37 NA 8 NA 17
Sulfate, mg/1 NA 980 NA 55 NA 140 NA 88
Zinc, mg/l NA 0.59 NA 0.02 NA 0.02 NA 0.01
NA = Not Available
*01ld ash pond containing coal pile drainage only.  Sampling of old pond discontinued after April 2, 1973 sample.
Quarterly samples beginning July 2, 1973 are of new ash pond. 3
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Table A~10 (Continued)

TVA PLANT G RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/14/74 4/15/74 7/15/74 10/21/74
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake Discharge
Aluminum, mg/1 4.1 1.4 0.8 1.7 0.4 0.5 0.1 0.4
Ammonia as N, mg/l 0.03 0.0l 0.02 0.10 0.08 0.01 0.03 0.01
Arsenic, mg/1 <0.005 <0.005 <0.005 <0.030 <0.005 0.055 <0.005 0,030
Barium, mg/1 0.1 <0.1 0.1 0.1 0.1 0.2 <0.1 0.3
Beryllium, mg/1 <0.01 <0.01 <0.01 <0.01 . <0.01 <0.01 <0.01 {0.01
Cadmium, mg/l <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Calcium, mg/l 21 78 17 80 18 73 24 110
Chloride, mg/l 3 3 5 8 3 3 4 2
Chromium, mg/1 - 0.010 0.010 0.023 <0,005 0.010 <0.005 0.006
Conductivity, 25°C, umhos/cm 140 320 140 420 150 420 190 460
Copper, mg/1l 0.16 <0.01 . 0.08 0.06 <0,01 0.09 0.02 <0.01
Cyanide, mg/1 - <0.01 - <0.01 - <0.01 - -
Hardness, mg/1l 69 210 60 210 61 190 78 280
Iron, mg/l 4.6 0.26 0.99 0.41 0.54 0.40 0.55 0.27
Lead, mg/l . . __ 0.04 . <0.010. ... 0.016 <0.010 - . 0.020-- . - 0,022 - -<0.010 - <0.010
Magnesium, mg/l 4,0 2.7 4.3 2.9 4,0 2.1 4.4 2.3
Manganese, mg/l 0.23 0.01 0.05 <0.01 0.07 0.01 0.08 0.03
Mercury, mg/1 <0.0002 0.014 <0.0002 <0.0002 0.0031 0.0026 0.0013 <0.002
Nickel, mg/1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/1 0.12 0.05 0.08 0.05 0.03 - 0.07 0.09
Selenium; mg/1l 0.004 0.018 <0.002 0.008 <0.002 0.006 <0.002 0.010
Silica, mg/l 5.0 4,2 5.4 5.1 - - 4.6 3.9
Silver, mg/1l <0,01 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 100 270 90 290 90 310 110 320
Solids, Suspended, mg/l 67 13 20 20 5 14 6 8
Sulfate, mg/1 13 120 18 . 180 20 190 18 160
0.10 0.07

Zinc, mg/1 0.08 <0.01 0.11 0.06 0.03 . 0.03




Table A-10 (Continued)

TVA PLANT G RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

10/8/75

Date 1/13/75 4/9/75 7/14/175
River =~ Pond River . Pond River . .. Pond River. -~ . Pond
Intake Discharge Intake Discharge 1Intake Discharge Intake Discharge
: Aluminum mg/1 . 0.7 1.3 2,8 1.9 0.8 1.8 <0.2 1.3
- Ammonia as N, mg/l 0.01 0.04 0.02 0.08 0.06 <0.01 0.06 0.62
. Arsenic, mg/l <0.005 0.025 <0.005 0.016 <0.005 0.040 0.005 0.075
.~ Barium, mg/l <0.1 0.2 0.1 0.2 <0.1 <0.1 <0.1 <0.1
L Beryllium, mg/1 <0.01 <0.01 <0.01 <0.01 <0.01 <0,01 <0.01 <0.01
. Cadmium, mg/l <0.001 <0.001 0.001 0.001 <0.001 - <0.001 <0.001 <0.001
-~ Calcium, mg/1l 25 47 13 - 38 19 48 24 75
- Chloride, mg/1 4 . 3 3 s 3 3 4 3 4
- Chromium, mg/1 <0.005 0.020 <0.005 0.009 | <0.005 <0.005 <0.005 <0.005
?' Conductivity, 25°C, umhos/cm 190 330 120 " 320 150 290 150 380
w Copper, mg/l 0.02 0.02 0.07 0.06 0.08 0.11 0.10 0.12
~ Cyanide, mg/l - <0.01 - - - - - -

- Hardness, mg/l 81 130 46 110 62 o130 76 200
Iron, mg/l 0.91 0.61 2.3 0.72 0.33 1.4 0.45 0.52
Lead, mg/1 0.036 0.036 0.011 0.013 <0.010 <0.010 . 0.010 <0.010
Magnesium, mg/1 4.6 3.1 3.4 2.5 3.5 2.3 3.8 3.1
Manganese, mg/1 0.09 0.04 0.09 0.02 0.08 0.04 0.08 0.02
Mercury, mg/l <0.0002  <0.0002 0.0320 0.0037 <0.0002  <0.0002 <0.0002  <0.0002
Nickel, mg/1 <0.05 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

" Phosphorous, mg/1 0.07 0.10 0.09 0.07 0.08 0.14 0.16 0.09
Selenium, mg/1 <0.002 <0.002 <0.002 0.013 <0.002 0.006 <0.001 0.019

- Silica, mg/1 4.8 3.4 3.5 4.9 4.0 7.1 3.5 4.3
Silver, mg/1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/1 110 220 70 200 480 160 100 290
Solids, Suspended, mg/1l 19 18 14 45 6 24 5 27
Sulfate, mg/1 17 100 23 130 22 96 <1 620
Zinc, mg/l 0.05 0.08 0.13 0.10 0.11 0.10 0.08 0.05
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Table A-10 (Continued)

TVA PLANT G RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA

(Quarterly Samples)

Zinc, mg/l <0.01 0.01 <0.01

Date 1/7/76 4/12/76

River Pond River Pond

Intake Discharge Intake Discharge
Aluminum, mg/l 0.7 2.0 1.1 1.4
Ammonia as N, mg/l 0.02 0.12 0.02 0.02
Arsenic, mg/l <0.005 0.070 <0.005 0.078
Barium, mg/l <0.1 <0.1 <0.1 <0.1
Beryllium, mg/1 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/1 <0.001  <0.001 <0.001  <0.001
Calcium, mg/1 28 100 24 42
Chloride, mg/1 5 4 4 4
Chromium, mg/1 <0.005 0.020 <0.005 <0.005
Conductivity, 25°C, umhos/cm 160 370 160 270
Copper, mg/1 _ 0.02 0.01 0.01 0.02
Cyanide, mg/1 - - - -
Hardness, mg/l 88 260 77 120
Iron, mg/l 0.78 0.08 1.5 0.56
Lead, mg/1 0.010  <0.010  <0.010  <0.010

T Magnesium, mg/1 T T 4,5 3.4 4,2 2.6
Manganese, mg/1 0.07 0.03 0.10 0.02
Mercury, mg/l <0.0002  <0.0002  <0.0002  0.0006
Nickel, mg/1 <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/l 0.12 0.08 0.07 0.06
Selenium, mg/l <0.002 0.016 <0.002 0.046
Silica, mg/l 4.5 4.2 4.8 5.6
Silver, mg/l <0.01 <0.01 <0.01  <0.01
Solids, Dissolved, mg/l 110 270 90 160
Solids, Suspended, mg/l 9 41 13 17
Sulfate, mg/l 18 120 21 82
0.04




Table A-11

TVA PLANT H RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/2/73 4/2/73 7/2/73 10/2/73
River ~ Pond River .. Pond River . .. -Pound - "River - - Pond
Intake Discharge Intake Discharge 1Intake Discharge Intake Discharge

Aluminum, mg/l NA

S 1.2 NA 2.9 NA 1.9 NA 2.5

Ammonia as N, mg/l: NA - 0.48 NA - 0.16 NA 0.03 . NA 0.06
Arsenic, mg/1 - NA 0.076 NA 0.070 NA 0.180 - nNa 0.140
Barium, mg/1 . NA 0.1 NA 0.2 NA 0.1 ~ NA 0.1
Beryllium, mg/l - - NA - <0.0l NA <0.01 NA <0.01 ©NA <0.01
Cadmium, mg/l ) NA <0.001 NA <0.001 NA <0.001 ~ NA <0.001
Calcium, mg/1 : NA 39 NA 46 NA - 49 NA Y

. Chloride, mg/1 . NA 12 NA 15 ‘ NA 20 - NA 22

5 Chromium, mg/1 M <0.005 NA <0.005 NA © <0.005 NA 0.008

t Conductivity, 25°C, umhos/cm NA 330 NA 350 NA 380 NA 460

S Copper, mg/l NA £0.01 NA 0.05 NA - <0.01 ~ NA <0.01
Cyanide, mg/l ; NA <0.01 NA <0.01 NA <0.01 NA <0.01
Hardness, mg/1 ‘ NA 130 NA 150 . NA 150 ~ NA 200
Iron, mg/l ' NA 0.48 NA 1.4 NA 0.24 T NA 0.51
Lead, mg/1 ‘ NA <0.010 NA <0.010 NA <0.010 NA <0.010
Magnesium, mg/l ‘ NA 8.1 NA 7.8 "~ NA 7.6 - NA 8.8
Manganese, mg/1 NA 0.07 NA 0.07 NA ' 0.02 NA 0.03
Mercury, mg/1 NA 0.0007 NA 0.0016 NA <0.0002 NA <0.0002
Nickel, mg/1 - NA <0,05 NA <0.05 NA <0.05 NA <0.05
Phosphorous, mg/1 NA 0.40 NA . 0,21 NA 0.62 NA 0.63
‘Selenium, mg/1 : NA <0.004 NA - NA 0.014 " NA 0.024
Silica, mg/1 NA 5.6 " NA 5.2 NA 2.7 NA 3.6
Silver, mg/1 NA <0.01 NA <0.01 NA <0.01 NA <0.01
Solids, Dissolved, mg/1 NA 200 NA 240 . NA 240 NA 300
Solids, Suspended, mg/1 NA 5 NA 19 NA 8 NA 7
Sulfate, mg/l NA 85 NA 45 NA 65 NA 120
Zinc, mg/1 NA 0.01 NA <0.01 NA 0.01 NA 0.02

NA = Not Available




Table A-11 (Continued)

TVA PLANT H RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

7/15/74
Pond
Discharge

12/4/74
River
Intake

1/14/74
River ~Pond
Intake Discharge

5/9/74
River
Intake

Pond
Discharge

Pond
Discharge

River
Intake

Aluminum, mg/1

Ammonia as N, mg/l

Arsenic, mg/1l

Barium, mg/l

Beryllium, mg/1

Cadmium, mg/l

Calcium, mg/1

Chloride, mg/1

Chromium, mg/1

Conductivity, 25°C, umhos/cm 220

Copper, mg/1 " 0.

Cyanide, mg/1

Hardness, mg/1l 100

Iron, mg/l 1.
Lead, mg/l 0.
"Magnesium, mg/l o R
Manganese, mg/1 0.
Mercury, mg/l 0.
Nickel, mg/1 <0.
Phosphorous, mg/1 0.
Selenium, mg/1l 0.
Silica, mg/l 6.
Silver, mg/1 <0.

Solids, Dissolved, mg/l 120
Solids, Suspended, mg/1 27
Sulfate, mg/1 18

Zinc, mg/l 0.

1.4
0.16
0.055
<0.1
<0.01
<0.001
42
8
<0.005
350
15 <0.01
<0.01
130
4 0.88
040 0.030
37 7 6.2 ¢
14 0.07
0008 0.0002
05 <0.05
06 0.06
006 0.014
0 5.3
01 <0.01
200
19
100
08 0.01

230

<0.010

130

- 0.06

1.1
0.24
<0.005
0.2
<0.01
<0.001
26

9
<0.005
350

0.10
<0.01
88 130
0.99 0.70

0.05

5.7
0.10
<0.0002
<0.05
0.06
<0.002
6.6
<0.01

5.8
0.04

<0.05
0.04

5.5
<0.01
210
29 18
17 80
0.07

<0.005

<0.010
<0.0002

0.004

0.6

0.06
<0.005

0.2
<0.01
<0.001
23

9

<0.005 <0.

220 440

0.03 0.
- <0.

82 180

0.59 0.
0.016 0.
5.9 7 6.
0.11 0.
<0.0002 0.
<0.05 <0.
0.06 0.
<0.002 <0.

2.7

<0.01 <0.

110 290
22 5
16 140

0.05 0.

<0.2
0.15
<0.005
0.2
<0.01
<0.001
22
10
0.007
240
04 0.11
01 -
82
22 0.45
010 <0.010
8 —— 6.5 -
02 0.10
0012 0.0002
05 <0.05
13 0.06
002 <0.002
5.9
01 <0.01 <0.01
130 220
10 4
20 70
05 0.10 0.15

005

<0.010

“7.8
0.08

<0.0002
0.07
0.14
0.028
5.5




Table A-11 (Continued)

TVA PLANT H RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/14/75 4/8/75 7/9/75 10/14/75
River Pond River Pond River Pond River Pond .
“ ' ' o Intake Discharge Intake Discharge Iantake ischarge Intake Discharge
Aluminum, mg/1l 0.8 1.2 1.6 1.7 1.3 - 1.6 0.9 1.3
‘Ammonia as N, mg/1 0.42 0.23 © 0412 0.03 0.49 0.18 0.24 0.06
.Arsenic, mg/l ‘ - <0.005 0.060 ; €0.005 0.240 <0.005 0.100 0.010 0.360
Barium, mg/1 <0.1 <0.1 - <0.1 0.3 <0.1 <0.1 <0.1 <0.1
Beryllium, mg/l - <0.01 <0.01 ' <0.01 <0.01 ° <0.01 <0.01 <0.01 <0.01
Cadmium, mg/1 <0.001 0.001 - 0.001 0.002 <0.001 .. <0.001 <0.001 0.002
Calcium, mg/1 32 49 C22 40 34 67 35 65
. Chloride, mg/l 17 13 16 9 cp - 28 S L 24 - .22
.- Chromium, mg/1 © <0.005 <0.005 © <0.005 0.008 <0.005 <0.005 <0.005: <0.005
% Conductivity, 25°C, umhos/cm 280 400 240 420 310 490 . 330 510
- Copper, mg/l =~ ’ 0.02 0.01 0.08 0.04 0.07 0.02 0.08 - 0.09
~ Cyanide, mg/1 - <0.01 oo - = - - -
_ Hardness, mg/l 110 150 . 80 130 120 - 200 140 200
- Iron, mg/l 1.5 0.65 S 0. 44 0.83 0.33 0.92 0.18
 Lead, mg/1 0.020 0.036 0.033 0.021 <0.010 <0.010 0.012° <0.010
Magnesium, mg/1 6.4 7.0 6.2 6.6 8.1 6.8 13 9.7
Manganese, mg/l 0.17 0.10 0412 0.06 0.17 ~  0.07 0.18 0.03
Mercury, mg/l <0.0002 <0.0002 : <0.0002 <0.0002 0.0002 <0.0002 <0.0002 <0.0002
Nickel, mg/l <0.05 <0.05 £ €0.05  <0.05 <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/1 0.45 0.09 - 0.08 0.06 0.18 0.12 0. 14 0.16
~ Selenium, mg/l <0.002 0.020 - <0.002 0.034 <0.002 0.020 <0.001 0.023
Silica, mg/1 5.8 5.5 - 4.6 ‘5.3 4.4 4.6 3.3 4.6
Silver, mg/l <0.01 <0.01 : <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01
Solids, Dissolved, mg/1 170 230 140 270 180 320 180 350
Solids, Suspended, mg/1l 29 15 26 6 24 5 22 - 7
Sulfate, mg/1 19 90 18 150 21 130 22 100
Zinc, mg/l 0.11 0.04 0.07 0.06 0.04 0.04 0.33 0.08
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Table A-12

TVA PLANT H RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA
(Quarterly Samples)

Date

Aluminum, mg/l
Ammonia as N, mg/l
Arsenic, mg/l
Barium, mg/l
Beryllium, mg/l
Cadmium, mg/1
Calcium, mg/l
Chloride, mg/l

‘Chromium, mg/l
_Conductivity, 25°C, umhos/cm

Copper, mg/l
Cyanide, mg/l
Hardness, mg/l
Iron, mg/l

. Lead, mg/l

Magnesium, mg/1
Manganese, mg/l
Mercury, mg/l

Nickel, mg/l
Phosphorous, mg/l
Selenium, mg/l

Silica, mg/l

Silver, mg/l )
Solids, Dissolved, mg/l
Solids, Suspended, mg/l
Sulfate, mg/l

Zinc, mg/l

1/14/76 4/12/76
River Pond River Pond
Intake Discharge Intake Discharge
NA 2,2 NA 2.2
NA 0.19 NA 0.15
NA 0.085 NA 0.220
NA <0.1 NA <0.1
NA <0.01 NA <0.01
NA 0.007 NA 0.010
NA 69 NA 91
NA 11 NA 20
NA 0.011 NA 0.011
NA 440 NA 630
NA 0.02 NA 0.16
NA - NA -
NA 200 NA 280
NA 0.80 NA 2.3
NA  <0.010  NA  <0.0l0
NA 7.4 NA 12 -
NA 0.08 NA 0.19
NA <0.0002 NA 0.0002
NA <0.05 NA <0.05
NA 0.09 NA 0.09
NA 0.019 NA -
NA 5.9 NA 4.9
NA <0.01 NA <0.01
NA 290 NA 450
NA 35 NA 11
NA 140 NA 220
NA 0.10 NA 0.11
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Table A-13

TVA PLANT H RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA
(Quarterly Samples)

Date

Aluminum, mg/1
Ammonia as N, mg/l
Arsenic, mg/1
Barium, mg/1 ,
Beryllium, mg/1
Cadmium, mg/1
Calcium, mg/1

.. Chloride, mg/l

: Chromium, mg/1
Conductivity, 25°C, umhos/cm -

- Copper, mg/1

. Cyanide, mg/1
- Hardness, mg/1
© Iron, mg/l

. Lead, mg/1

Magnesium, mg/1

~ Manganese, mg/1
- Mercury, mg/1
- Nickel, mg/1

Phosphorous, mg/1

- Selenium, mg/1

Silica, mg/l

" Silver, mg/l

Solids, Dissolved, mg/1
Solids, Suspended, mg/1
Sulfate, mg/1

Zinc, mg/1

*Bottle Received Broken,

<0.01

'1/14/76 4/127/76
River  Pond River. ~. Pond
Intake  Discharge Intake Discharge
* 1.7 0.5 0.9
C0,27 0.15 0.55 0.18
- <0.005 0.060 <0.01!0 NES
% <0.1 <0.1 0.4
* <0.01 - <0.01 <0,01
* 0.001 <0.001 <0.001
.k 49 43 55
11 11 27 21
- <0.005 <0.005 = <0.005
260 340 390 . 420
* <0.01 0.03 <0.01
* 150 150 180
* 1.2 0.53 0,72
* <0.010 0.013 <0.010
* 6.1 9.3 11
* 0.04 0.14 0.06
* <0.0002 <0.0002 . <0.0002
* <0.05 <0.05 <0.05
. 0.09 0.12 0.24 0.10
<0.002 0.010 <0.002 *
6.5 5.5 2.3 3.8
* <0.01 <0.01 <0.01
150 210 200 260
23 35 4 2
20 59 42 100
® 0.02 <0.01




vv-v

TVA PLANT I RIVER WATER INTAKE AND COMBINED ASH POND (SOUTH) DISCHARGE

Date

Aluminum, mg/1
Ammonia as N, mg/l
Arsenic, mg/l
Barium, mg/l
Beryllium, mg/1
Cadmium, mg/l
Calcium, mg/l
Chloride, mg/l
Chromium, mg/l

Conductivity, 25°C, umhos/cm

Copper, mg/l
Cyanide, mg/1
Hardness, mg/1
Iron, mg/l
Lead, mg/l

~“Magnesium, mg/l -

Manganese, mg/l
Mercury, mg/l

Nickel, mg/l
Phosphorous, ‘mg/1
Selenium, mg/1

Silica, mg/l

Silver, mg/l

Solids, Dissolved, mg/l
Solids, Suspended, mg/l
Sulfate, mg/1

Zinc, mg/l

NA = Not Available

Table A-14

(Quarterly Samples)

1/3/73 5/16/73 7/9/73 10/1/73

River Pond River Pond River Pond River Pond

Intake Discharge Intake Discharge Intake Discharge Intake 'Discharge
NA 0.6 NA 1.2 NA 1.6 NA 1.1
NA 0.31 NA 0.05 NA 0.05 NA 0.03
NA <0.005 NA - NA 0.005 NA 0.005
NA 0.1 NA 0.2 NA 0.1 NA 0.2
NA <0,01 NA <0.01 NA <0,01 NA <0.01
NA <0,001 NA <0.001 NA - NA <0.001
NA 110 NA 99 NA 140 NA 100
NA 11 NA 6 NA 6 NA 7
NA 0.016 NA 0.006 NA 0.021 NA 0.026
NA 610 NA 540 NA 750 NA 680
NA " <£0.01 NA 0.02 NA 0.02 NA <0.01
NA <0.01 NA <0.01 NA <0.01 NA <0.0]
NA 280 NA 250 NA 350 NA 250
NA 0.05 NA 0.09 NA 0.09 NA <0.05
NA <0.010 NA <0.010 NA - NA 0.010
NA 0.4 ~ - NA 0.2 - “NA 0.4 -~ NA T 0.2 -
NA <0.01 NA 0.01 NA <0.01 NA <0.01
NA 0.0012 NA <0,0002 NA <0, 0002 NA <0, 0002
NA <0.05 NA <0.05 NA <0.05 NA 0.05
NA 0.05 NA 0.03 NA 0.06 NA <0.03
NA <0.004 NA 0.004 NA 0.004 NA 0.006
NA 7.1 NA 7.4 NA 7.0 NA 7.6
NA <0.01 NA <0.01 NA <0.01 NA <0.01
NA 280 NA 230 NA 300 NA 300
NA 3 NA 2 NA 6 NA 3
NA 60 NA 50 NA 75 NA 64
NA <0.01 NA 0.24 NA 0.01 NA 0.03




Table A-14 (Continued)

TVA PLANT I RIVER WATER INTAKE AND COMBINED ASH POND (SOUTH) DISCHARGE
(Quarterly Samples)

2/19/74 4/8/74 7/15/74 10/15/74
River - - Pond - River- -~ - Pond River -~ °  Pond River’ Pond
Intake Discharge ' Intake Discharge Intaker Discharge Intake Discharge

Aluminum, mg/1 1.4 0.8 2.0 1.1 . 0.8 2.0 1.2 2.6
-Ammonia as N, mg/l 0.05 0.03 0.08 0.06 0.02 0.03 0.04 0.03
Arsenic, mg/1 . <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Barium, mg/l 0.2 0.3 0.3 0.2 0.1 0.2 <0.1 0.5
Beryllium, mg/1 <0.01 <0.01 <0.01 <0.01 ' €0.01 <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 <0.001 <0.001 <0.001 <0.001 0.002 0.001 <0.001
Calcium, mg/l 21 7% 20 46 18 92 21 140.
"Chloride, mg/l ' o 4 ' 4 4 4 ‘ 6 5 -8 10
Chromium, mg/1 <0.005 0.030 <0.005 4 <0.005 0,020 - <0.005 0.026
Conductivity, 25°C, umhos/cm 170 540 150 440 - 150 © 750 - 180 940
Copper, mg/1 0.11 0.13 0.10 0.05 0.07 0.15  0.12 0.10
Cyanide, mg/1 - <0.01 <0.01 - - <0.01 - -
Hardness, mg/l - 66 190 120 59 - 230 70 350
Iron, mg/l 1.7 0.15 0.28 0.80 0.25 0.61 0.17
Lead, mg/1 0.021 <0.010 <0.010 0.017 0.038 0.016 0.010
Magnesium, mg/1 3.3 0.4 0.5 : 3.5 0.3 4.3 0.2
Manganese, mg/1 0.11 <0.01 0.5 0.06 <0.01 0.01 0.01
Mercury, mg/l <0. 0002 <0,0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Nickel, mg/l <0.0 <0.005 - <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05
Phosphorous, mg/1 0 15 0.01 0.21 0.04 0.04 '<0.01 - 0.10 <0.01
Selenium, mg/1 0.002 0.08 <0.002 0.007 <0.002 <0.002 <0.002 0.012
Silica, mg/l 5.6 7.9 5.9 7.8 3.2 - - - 9.1
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 100 220 90 190 90 230 100 370
Solids, Suspended, mg/l 18 4 28 2 16 <1 3 2
Sulfate, mg/l 12 61 14 58 10 90 12 100
Zinc, mg/l 0.08 0.07 0.12 0.08 0.09 0.09 0.05 0.08




Table A~14 (Continued)

TVA PLANT I RIVER WATER INTAKE AND COMBINED ASH POND (SOUTH) DISCHARGE
(Quarterly Samples)

1/13/75 4/7/75 7/14/75 10/20/75
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake , Discharge

1.0 1.2
1 0.07 0.07
.110 <0.005 0.160
<0.1 <0.1 <0.1
<0.01 <0.01 <0.01
<0.001 <0.001 <0.001}
58 19 61
4 6 7
<0.005 <0.005 <0.005
330 150 350
0.09 0.04 0.04

Aluminum, mg/1 3.0 A 2.0 1.9
Ammonia as N, mg/l 0.10 .06 0.04 0.10
Arsenic, mg/l <0.005 .010 <0.005 0.100
Barium, mg/1 <0.1 <0.1 0.3 <0.1
Berylliium, mg/l <0.01 <0.01 <0.01 <0.01
Cadnium, mg/l <0.001  <0.001 0.001 0.001
Calcium, mg/1 18 44 17 45
Chloride, mg/l 5 6 6 4
Chromium, mg/1 <0.005 0.024 0.005 0,007
Conductivity, 25°C, umhos/cm 130 310 140 310
Copper, mg/1 0.01 0.02 0.06 0.02
Cyanide, mg/1 <0.01 . -
Hardness, mg/1 120 53
Iron, mg/l 0.35 1.
2

.
(o]
w

[
w
O HUn ¥ X N F F O %

160 61 180
0.47 1.5 0.57
. <0.010 <0.010 <0.010
e 39T 306 305
0.02 0.1l <0.01
.0002  <0.0002 0.0003 <0.0002
<0.05 <0.05 <0.05
.10 0.25 0.26 0.24
.002 0.008 <0.001 0.005
.4 6.0 5.9 6.2
<0.01 <0.01 <0.01

120
0.58
12 0.019

8
Lead, mg/1l 0.012 0
6 - 242
1
0

0
. Magnesium, mg/l - . R - 2.0 e
Manganese, mg/1 0.02 0.
Mercury, mg/1 <0.0002 <0.,0002 0.0005
Nickel, mg/1 <0.05 <0.05 <0.05
Phosphorous, mg/1 0.05 0.15 0.09
Selenium, mg/l <0.002 <0.002 0.007
Silica, mg/l 6.3 6.5 6.0
Silver, mg/1 <0.01 <0.01 <0,01
Solids, Dissolved, mg/l 190 100 210 220 90 230
Solids, Suspended, mg/l 15 16 7 4 31 15
Sulfate, mg/l 50 20 70 200 12 88
Zinc, mg/l 0.04 0.11 0.06 0.11 0.03 0.10

2 0.01

A A :
FE OO %O * % % F ¥ |

N WO
o O

to%

*Bottle Broken
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TVA PLANT I RIVER WATER INTAKE AND COMBINED ASH P

Table A-14 (Continued)

(Quarterly Samples)

Date

‘Aluminum, mg/1

- Ammonia as N, mg/l
-  Arsenic, mg/l
“  Barium, mg/l
° - Beryllium, mg/l
©  Cadmium, mg/1
: -Calcium, mg/1
©  Chloride, mg/1
- Chromium, mg/1

Conductivity, 25°C, umhos/cm

- Copper, mg/l
. 'Cyanide, mg/1
Hardness, mg/1
- -Iron, mg/l
‘Lead, mg/1
~ Magnesium, mg/1

Manganese, mg/1
Mercury, mg/1

Nickel, mg/1
Phosphorous, mg/1
Selenium, mg/1

Silica, mg/1

Silver, mg/1

Solids, Dissolved, mg/1
Solids, Suspended, mg/1
Sulfate, mg/1

Zinc, mg/1

OND (SOUTH) DISCHARGE

.1/12/76 4/12/76
River Pond River Pond
Intake . Discharge Intake Discharge
1.1 - 3.4 1.0 0.4
0.07 . 0.20 0.05 0.07
<0.005' 0.035 <0.005 0.010
<0.1 <0.1 <0.1 <0.1
<0.01 ©  <0.01 <0.01 <0.01
<0.001 . <0.001 <0.001 <0.010
27 © 59 26 140
7 , 6 5 R
<0.005 : 0.012 <0.005 0.006
150 : 310 170 880
<0.01 <0.01 0.03 <0.01
81 160 79 350
1.0 1.0 1.2 0.07
<0.010  <0.010 <0.010 <0.010
3.2 3.6 3.4 0.5
0.07 0.01 0.09 0.01
<0.0002  <0.0002 <0.0002.  <0.0002
<0.05 <0.05 <0.05 <0.05
0.11 0.24 0.11 0.03
©<0.002 0.015 <0.002 0.020
6.3 6.1 5.0 8.1
<0.01 <0.01 <0.01 <0.01
110 200 90 360
9 48 10 15
12 59 12 120
0.02 <0.01 0.02 0.06
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Table A-15

TVA PLANT J RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date

Aluminum, mg/1

Ammonia as N, mg/l
Arsenic, mg/1

Barium, mg/1

Beryllium, mg/1
Cadmium, mg/l

Calcium, mg/l

Chloride, mg/l1
Chromium, mg/1
Conductivity, 25°C, umhos/cm
Copper, mg/l

Cyanide, mg/l

Hardness, mg/1

Iron, mg/l

Lead, mg/1l

Magnesium, mg/l
Manganese, mg/1
Mercury, mg/l

Nickel, mg/1
Phosphorous, mg/1
Selenium, mg/1

Silica, mg/1

Silver, mg/l

Solids, Dissolved, mg/l
Solids, Suspended, mg/l
Sulfate, mg/1

Zinc, mg/l

NA = Not Available

1/3/73 4/3/73 7/2/73 10/1/73

River Pond River Pond River Pond River Pond

Intake Discharge Intake Discharge Intake Discharge Intake Discharge
NA 3.6 NA 5.0 NA 0.4 NA 1.3
NA 0.08 NA 0.04 NA 0.06 NA 0.04
NA 0.018 NA 0.014 NA 0.015 NA 0.080
NA 0.1 NA <0.1 NA <0.1 NA <0.1
NA <0.01 NA <0.01 NA <0.01 Na <0.01
NA 0.002 NA 0.001. NA <0.001 NA <0.001
Na 30 NA 31 NA 39 NA 57
NA 3 NA 3 NA 4 NA 4
NA 0.006 NA <0.005 NA <0.005 NA 0.005
NA 360 NA 340 NA 320 NA 380
NA 0.05 NA 0.03 NA 0.02 NA 0.02
NA <0.01 NA <0.01 NA <0.01 NA <0.01
NA 96 NA 100 NA 130 NA 180
NA 2.7 NA 3.4 NA 0.66 NA 0.58
NA <0.010 NA <0.010 NA <0.010 NA <0.010
N 5.0 N . 6.0 NA 8.2 “NA 09,3
NA 0.66 NA 0.62 NA 0.44 NA 0.16
NA 0.0008 NA <0.0002 NA <0.0002 NA <0.0002
NA <0.05 NA <0.05 NA <0.5 NA <0.05
NA 0.15 NA 0.03 NA 0.04 NA 0.39
NA <0.004 NA 0.003 NA 0.002 NA <0.001
NA 7.5 NA 7.9 NA 5.7 NA 5.6
NA <0.01 NA <0.01 NA <0.01 NA <0.01
NA 210 NA 220 NA 200 NA 250
NA 2 NA 35 NA 2 NA 5
NA 140 NA 120 NA 120 NA 120
NA 0.04 NA 6.06 NA 0.04 NA 0.02




Table A-15 (Continued)

TVA PLANT J RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date 1/14/74 “4/4/74 7/15/74 10/8/74
River Pond River Pond River Pond River . Pond
" Intake Discharge Intake Discharge Intake Discharge intake Discharge
Aluminum, mg/1 . 0.9 7.6 1.4 2.1 0.4 1.0 0.3 0.4
Ammonia as N, mg/l © <0.01 0.05 0.02 <0.08 0.01 <0.01 0.01 0.01
Arsenic, mg/1 <0.005 0.025 <0.005 <0.005 0.110 0.110 <0,005 0.040
Barium, mg/1 <0.1 0.1 0.4 0.3 0.2 0.2 0.2 0.2
Beryllium, mg/1 <0.01 <0.01 <0.01 <0.01 <0.01 <0,01 <0.01 <0.01
Cadmium, mg/1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.002 <0.001 <0,001
Calcium, mg/1 5 32 4 23 26 38 30 47
Chloride, mg/1 2 2 2 . 3 -3 : 2 4 3
m, Chromium mg/1 <0.005 0.007 <0.005 = <0.005 <0.005 <0.005 0.006 0.006
;> Conductivity, 25°¢, umhos/cm 44 370 51 250 - 320 320 240 350
©w Copper, mg/l ‘ 0.13 - 0.08 0.12 0.18 0.04 0.05 0.04 0.04
‘Cyanide, mg/1 - <0.01 - <0.01 - <0.01 - -
Hardness, mg/1 19 100 16 73 95 130 110 150
Iron, mg/l 0.91 9.4 1.5 1.2 0.44° 0.39 0.26 10.10
Lead, mg/1 <0.01 0.028 0.020 <0.010 <0.010 0.038 <0.010 <0.010
Magnesium, mg/1 1.6 5.7 1.5 3.9 7.3 8.2 8.3 8.6
Manganese, mg/1 0.08 0.68 0.67 0.40 0.03 0,05 0.03 0.08
Mercury, mg/1 <0.0002 <0.0002 <0.0002 <0.0002 <0,0002 0.0005 <0.0002  <0.0002
Nickel, mg/1 <0.05 <0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/l <0.01 0.03 0.03 0.04 0.02 0.11 0.02 0.03
Selenium, mg/1 <0.002 0.006 <0.002 <0.002 0.008 . 0.004 <0.002 <0.,002
Silica, mg/1 4.1 6.8 4.5 6.5 1.0 - 4.0 3.5
Silver, mg/1 - <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/1 40 - 250 40 140 210 200 130 - 220
Solids, Suspended, mg/1l 10 81 35 12 7 9 5 1
Sulfate, mg/l 13 170 13 . 120 80 90 14 94
Zinc, mg/1l 0.08 0.09 0.09 0.12 0.08 0.03 0.05 0.03




Aluminum, mg/l
Ammonia as N, mg/l
Arsenic, mg/l
Barium, mg/1
Beryliium, mg/1
Cadmium, mg/l -
Calcium, mg/1

i Chloride, mg/1

- Chromium, mg/l

Table A-15 (Continued)

TVA PLANT J RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

1/15/75

4/8/75

7/14/75

10/15/75

River
Intake D1

Pond
scharge

River
Intake

Pond

Discharge

Pond
Discharge

River
Intake

River Pond
Intake Discharge

0.6
0.02
<0.005

<0.1
<0.01
<0.001
4.0
2
<0.005

" Conductivity, 25°C, umhos/em 44

. Copper, mg/l

" Cyanide, mg/l

' Hardness, mg/l

. Iron, mg/l

Lead, mg/1

- Magnesium, mg/1-
Manganese, mg/1l
Mercury, mg/1
Nickel, mg/1
Phosphorous, mg/1
Selenium, mg/1

- Silica, mg/l
Silver, mg/l
Solids,

- Sulfate, mg/1
Zinc, mg/l

Dissolved, mg/l
Solids, Suspended, mg/l

<0.01

15

0.50

0.18
12

0.06

<0.0002

<0.05

0.01

<0.002

3.9

<0.01

30 2

5

9 1

0.04

<0.01
94
5.2
0.014
5.3
0.79
<0.0002
<0.05
<0.01
<0.002
6.6
<0.01
10
9
80
0.11

1.0
0.23
<0.005

<0.1
<0.01
<0.002
8.0
4
<0.005
90
0.06
30
0.61
0.011

T LA T

0.18
<0.0002
<0.05

0.01
<0.002

4.8
<0.01
50
25
14

0.04

3
3
<0
0.
<0.00
20
21
0.00
420
0.73

6

ot
. o

7

3

0.

4.1
0.
0.
0
0.
0.
8.

OO O

<

\IOOOOJ-\HOW

<0.01
170
9
140

0.25

9

6

o
E

o

<0.010

<0.005
310
0.05
140
1.1 0.86
7.1 777
0.05
<0.0002
<0.05
0.02
<0.002
5.0
<6.01 <0.01
110 200
7 4
16 72
0.03 0.02

9.9
0.14
<0.0002
0.05
0.11
0.008
7.1

<0.010 B

0.3
0.03
<0.005

<0.1
<0.01
<0.001
20
3
<0.005
160
0.09

230
0.05
85

.28 0.52
1

7

6
0
0
6. T 5.6
0.06 0.13
0
<0.05 <0.05
0.03 0.07
<0.001 0.007
3.8 4.7
<0.01 <0.01
100 150

7 6

13 56

0.04 0.08

2
0
A
0
. 0009 <0.0002
0
0
0

0 <0.010



Table A-15 (Continued)

TVA PLANT J RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date | 1/1/76 4/13/76
“ River -~ Pond °  River “Pond ,
Intake Discharge Intake Discharge -

Aluminum, mg/1 " 0.4

1.5 0.6 1.3
Ammonia as N, mg/l1 - 0.01 0.04 0.01 0.07
Arsenic, mg/1 f <0.005 0.090 <0.010 0.100
Barium, mg/l <0.1 0.1 <0.1 <0.1
Beryllium, mg/1 : <0.01 <0.01 <0.01 <0.01
Cadmium, mg/1 B <0.001 0.002 <0.001 0.0001 .
Calcium, mg/1 : 6.0 23 9.0 22 -
Chloride, mg/1l’ - o 3 3 3 3 o
o Chromium, mg/1: Peeo T 0.014 <0.005 <0.005 <0.005
& . Conductivity, 25°C, umhos/cm 48 230 C 74 NES
i Copper, mg/1 g 0.01 0.03  0.05 0.09
Cyanide, mg/1 : - - - -
- Hardness, mg/1 20 70 32 . 68 ,
- Iron, mg/l i ~0.45 3.2 0.84 1.5 - ,
Lead, mg/1 - <0.010 <0.010 <0.010 <0.010 '
Magnesium, mg/1 =~ 1.3 3.0 2.2 3.2
Manganese, mg/1 ; 0.07 0.28 0,11 0.32
Mercury, mg/1 : <0.0002 <0.0002 <0.0002 0.0006
Nickel, mg/1 : <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/1 © 0.0l 0.09 0.02 0.03
Selenium, mg/1 é <0.002 0.004 <0.002 0.004
Silica, mg/1 ; 4.1 5.6 4.6 6.2
Silver, mg/l : <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/1 40 70 50 140
Solids, Suspended, mg/1 4. 14 6 -4
Sulfate, mg/1 . 10 85 18 92

Zinc, mg/l <0.01 0.04 <0.01 0.06




Table A-16

TVA PLANT K RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

1/2/73 4/2/73 7/2/73 10/1/73
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake Discharge

Aluminum, mg/l NA NA 1.9 NA NA

Ammonia as N, mg/l _ NA NA 0.03 NA NA

Arsenic, mg/l NA NA <0.005 NA NA

Barium, mg/l NA NA <0.1 NA NA

Beryllium, mg/1l NA NA <0.01 NA NA

Cadmium, mg/l NA <0.001 NA <0.001. NA <0.001 NA

Calcium, mg/l NA 87 NA 110 NA 130 NA

Chloride, mg/l NA 13 NA 9 NA 13 NA

Chromium, mg/1 , NA 0.022 NA 0.015 NA 0,023 NA
Conductivity, 25°C, umhos/cm NA 380 NA 520 NA 580 NA

Copper, mg/1 NA <0.01 NA <0.01 NA <0.01 NA

Cyanide, mg/l NA <0.01 . NA <0.01 NA <0.01 NA

Hardness, mg/1l NA 220 NA 280 NA 330 NA

Iron, mg/l NA 0.11 NA 0.34 NA 0.17 NA

Lead, mg/1l NA <0.010 NA <0.010 NA <0.010 . NA
“Magnesium, mg/l NA - 1.0 - NMA - - 04 - NA - - 0,7 - - NA

Manganese, mg/1 NA <0,01 NA 0.02 NA <0.01 NA

Mercury, mg/l NA 0.0008 NA 0.0003 NA 0.0008 NA <0.0002
Nickel, mg/1 d <0.05 NA <0.05 NA <0.05 NA 0.22
Phosphorous, mg/1 NA 0.03 NA <0.03 NA 0.06 " NA 0.10
Selenium, mg/1 ~ NA 0.016 NA 0.008 NA 0.008 NA 0.012
Silica, mg/l NA 7.0 NA 7.4 NA 8.8 NA 7.1
Silver, mg/1 NA <0.01 NA <0.01 NA <0.01 NA <0.01
Solids, Dissolved, mg/l NA 220 NA 240 NA 290 NA 310
Solids, Suspended, mg/l NA 7 NA 5 NA 3 NA 6
Sulfate, mg/l NA 72 - NA 55 NA 90 NA 88
Zinc, mg/l NA 0.11 NA <0.01 NA 0.02 NA 0.02

NA = Not Available




Table A-16 (Continued)
TVA PLANT K RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
~ (Quarterly Samples)
Date 1/14/74 4/8/74 7/15/74 10/8/74
River Pond River =~ Pond River . Pond River-- - - Pond
Intake Discharge Intake Discharge Intake Discharge Intake .Discharge
Aluminum, mg/1: 2.8 1.8 2.3 1.8 3.4 2.4 1.4 1.3
‘Ammonia as N, mg/1 0.08 0.06 0.04 0.03 0.06 0.04 0.24 0.07
‘Arsenic, mg/1 0.015 0.010 <0.005 0.005 <0.005 <0.005 <0.005 0.025
‘Barium, mg/l. <0.1  <o.l - 0.3 0.3 0.2 0.2 0.1 0.3
Beryllium, mg/1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
"Cadmium, mg/1 <0.001 0.001 <0.001 <0.001 0.001 0.002 <0.001 <0.001
Calcium, mg/1 15 77 16 52 18 76 28 92
. Chloride, mg/1 6 . 11 6 : 9 6 7 10 12
- Chromium, mg/1- R 0.027 - 0.014 0.012 0.019 - <0.005 0.026 0.006 - 0,026
» Conductivity, 25°C, umhos/cm 140 500 160 460 150 640 260 400
U Copper, mg/1 0.12 - 0.07 0.12 0.08 . <0.01 0.10 0.04 ©0.05
“ Cyanide, mg/l - <0.01 - " <0.01 fo- <0.01 - -
Hardness, mg/1 52 - 190 56 130 . 61 190 98 240
Iron, mg/l 2.6  0.32 2.2 0.33 3.3 0.33 1.3 0.18
Lead, mg/1 0.022 0.017 <0.010  <0.010 0.030 0.040 <0.010 0.014
Magnesium, mg/1 3.6 0.6 3.8 0.6 3.8 0.5 6.9 3.0
Manganese, mg/1 0.09 ° <o0.01 0.11 <0.01 0.18 <0,01 0.07 <0.01
Mercury, mg/1 <0.0002  <0.0002 <0.0002 0.0003  '<0.0002  <0.0002 <0.0002 ' <0.0002
Nickel, mg/1 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/1 0.13 0.01 . 0.10 0.01 0.06 <0.01 0.08 0.06
Selenium, mg/1 <0.002 0.014 <0,002 0.012 <0.002 <0.002 <0.002 0.012
Silica, mg/1 5.3 6.5 4.8 8.0 2.5 - 5.9 6.7
Silver, mg/1 <0.01 - . <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 90 240 100 220 80 250 150 240
Solids, Suspended, mg/1 31 10 26 8 60 3 30 5
Sulfate, mg/1 22 89 18 100 . 13 90 - 31 110
Zinc, mg/1 0.09 0.08 0.08 0.06 0.04 0.04 0.06 0.05
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Table A-16 (Continued)

TVA PLANT K RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date

Aluminum, mg/1

Ammonia as N, mg/l
Arsenic, mg/l

Barium, mg/l

Beryllium, mg/1
Cadmium, mg/1

Calcium, mg/1

Chloride, mg/l
Chromium, mg/1
Conductivity, 25°C, umhos/cm
Capper, mg/l

Cyanide, mg/1

Hardness, mg/1

Iron, mg/l

Lead, mg/1

Magnesium, mg/1
Manganese, mg/1
Mercury, mg/l

Nickel, mg/1
Phosphorous, mg/1
Selenium, mg/l

Silica, mg/1

Silver, mg/1l

Solids, Dissolved, mg/l
Solids, Suspended, mg/1l
Sul fate, mg/1

Zinc, mg/1

1/13/75 4/1/75 7/14/75 10/14/75
River - Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake Pischarge

1.8 3.1 2.6 1.7 1.1 2.2 0.6 1.4
0.05 0.08 0.13 0.10 0.06 0.04 0.05 0.0z
<0.005 0.045 <0.005 0.050 0.024 0.100 <0.005 0.085

<G.1 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
<0.01 <0.01 <0.01 <0.01. <0.01 <0.01 <0.01 <0.M
<0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0,904
21 60 12 47 25 64 22 44
6 8 4 7 8 6 8 9
<0.005 0.036 0.009 0.009 <0.005 0.015 <0.005 <0.005
160 350 120 320 200 340 150 300
0.02 0.02 . 0.08 0.03 0.11 0.01 0.09 0.09
- <0.01 - - - - - -
66 160 40 130 87 180 73 120
1.8 1.0 2,2 0.37 1.4 1.2 0.66 0.18
0.020 0.048 - 0,010 - 0.012 - <6.010-- -~ <0.010° - <0.010 "~ 0.010
3.4 2.4 2.5 2.4 6.0 3.6 4.4 3.0
0.10 0.03 0.07 0.01 0.10 0.04 0.08 0.01
<0.0002 <0.0002 <0.0002  <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
<0.05 <0.05 <0.05 <0.05 <0,.05 <0.05 <0.05 <0.05
0.11 0.06 0.11 0.08 0.09 0.17 0.09 0.12
<0.002 <0.002 <0.002 0.011 <0.002 0.009 <0.001 0.008
5.6 6.6 5.0 4.0 2.5 5.3 5.4 5.8
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
100 210 110 240 120 240 100 180
20 26 21 7 23 6 17 11
12 60 19 88 23 100 21 54
0.04 0.04 0.06 0.02 0.11 0.07 0.06 0.04
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Table A-16 (Continued)

TVA PLANT K RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date 1/12/76 4/12/76
River. . . . Pgnd River - - - Pond
Intake Discharge Intake Discharge
Aluminum, mg/1 1.2 1.4 1.0 : 0.7
Ammonia as N, mg/l 0.05 0.11 0.04 1.3
Arsenic, mg/1 <0.005 0.060 <0.010 0.092
Barium, mg/1 <0.1 <0,1 0.1 0.3
Beryllium, mg/1 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/1 <0.001 <0.001 <0.001 <0.001
Calcium, mg/1 23 59 30 69
Chloride, -mg/1 7 8 8 19
Chromium, mg/1 <0.005 <0.005 <0,005 <0.005
Conductivity, 25°c, umhos/cm 150 - 320 210 370
Copper, mg/1 <0.01 <0.01 0.03 0.04
Cyanide, mg/1 - - ~ -
Hardness, mg/1 71 160 96 180
Iron, mg/1 1.2 0.26 1.7 0.20
Lead, mg/1 <0.010 © <0.010 <0.010 <0.010
Magnesium, mg/1 3.4 3.0 5.0 3.0
Manganese, mg/1 0.07 <0.01 0.14 0.01
Mercury, mg/1 <0.0002 <0.0002 <0.0002 <0.0002
Nickel, mg/1 <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/1 "~ 0.10 0.06 0.13 0.02
Selenium, mg/1 0.009 0.012 <0.002 0.003
Silica, mg/1 5.9 5.9 4.8 5.6
Silver, mg/1 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/1 100 200 110 200
Solids, Suspended, mg/1 22 4 24 4
Sulfate, mg/1 16 59 24 91
Zinc, mg/l <0.01 <0.01 0.04 . 0.03




Table A-17

TVA PLANT L RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date

Aluminum, mg/l
Ammonia as N, mg/l
Arsenic, mg/l1
Barium, mg/l
Beryllium, mg/1
Cadmium, mg/1
Calcium, mg/l
Chloride, mg/l

? Chromium, mg/l

o1 Conductivity, 25°C, umhos/cm

 Copper, mg/l

Cyanide, mg/1

Hardness, mg/l

Iron, mg/l

Lead, mg/l
_Magnesium, mg/l
Manganese, mg/l
Mercury, mg/l

Nickel, mg/1
Phosphorous, mg/l
Selenium, mg/1

Silica, mg/l

Silver, mg/1

Solids, Dissolved, mg/l
Solids, Suspended, mg/l
Sulfate, mg/l

Zinc, mg/l

NA = Not Available

1/8/73 4/2/73 7/2/73 10/1/73
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge 1Intake ‘Discharge
NA 2.1 NA 2.2 NA 2.6 NA 1.8
NA 0.37 NA 1.3 NA 0.20 NA 1.4
NA 0.036 NA 0.030 NA 0.070 NA 0.070
NA <0.1 NA 0.1 NA <0.1 NA <0.1
NA <0.01 NA <0.01 NA <0.01 NA <0.01
NA <0.001 NA <0.001 NA <0.001 NA <0.001
NA 44 NA 38 NA 91 NA 53
NA 6 NA 4 NA 6 NA 9
NA 0.009 NA 0.007 NA <0.005 NA 0.009
NA 120 NA 270 NA 330 NA 360
NA <0.01 NA <0,01 NA 0.01 NA <0.01
NA <0.01 NA <0.01 NA <0,01 NA <0.01
NA 130 NA 110 NA 240 NA 150
NA 0.90 NA 1.0 NA 0.54 NA 0.58
NA <0,010 NA 0.043 NA <0.010 NA <0.010
NA 3.9  NA 40  NA 42 NA_ 35
NA <0.01 NA 0.06 NA <0.01 NA <0.01
NA 0.0009 NA 0.0005 NA - NA <0.0002
NA <0,05 NA <0.05 NA <0.05 NA <0.05
NA 0.19 NA 0.03 NA 0.45 NA 0.42
NA <0.004 NA 0.013 NA 0.013 NA 0.014
NA 5.6 NA 5.0 NA 5.9 NA 5.4
A <0.01 NA <0.01 NA <0.01 NA <0,01
NA 230 NA 190 NA 240 NA 230
NA 11 NA 8 NA 3 NA 5
NA 100 NA 60 NA 75 NA 110
NA 0.04 NA 0.02 NA 0.03 NA 0.02




LS~y

Date

Aluminum, mg/1

Ammonia as N, mg/1

Arsenic, mg/l

Barium, mg/1

Beryllium, mg/1
Cadmium, mg/1
Calcium, mg/1
Chloride, mg/1
Chromium, mg/1

Conductivity, 25°C," umhos/cm

Copper, mg/1
Cyanide, mg/1
Hardness, mg/1

Iron, mg/l

Lead, mg/1
Magnesium, mg/1
Manganese, mg/l
Mercury, mg/1
Nickel, mg/1
Phosphorous, mg/1
Selenium, mg/1
Silica, mg/1
Silver, mg/1

Solids, Dissolved, mg/l
Suspended, mg/1

Solids,

Sulfate, mg/l
Zinc, mg/l

Table A-17 (Continued)

TVA PLANT L RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

1/15/74 4/9/74 7/16/74 10/22/74
River Pond River - Pond - ‘River - " Pond River’ "~ Pond
Intake: Discharge. Intake Discharge Intake  Discharge Intake ' Discharge

2.8 2.0 2.3 2.5 0.7 . 2,2 0.3 1.3
0.04: 0.60 0.05 0.46 0.07 0.06 0.08 0.73
<0.005 0.045 <0.005 0.010 <0.005 0.015 0.010 0.010

0.1 <0.1 0.2 0.2 0.2 0.2 <0.1 <0.1
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
<0.001 <0.001 <0.001 <0.001 <0.001 0.004 <0.001 <0,001

14 60 17 72 17 47 17 - 32.

4 4 o 4 4 6 6 8 : 8
0.021 . 0.00S§ * <0.005 0.010 <0.005 0.010 0.010 0.012

110 300 130 - 560 ‘ 170 310 180 270
0.14 0.07 0.10 0.08 0.04 0.14 <0.01 <0.01
- <0.01 - <0.01 - <0.01 - i -

50 - 160 56 190 60 . 130 61 92
2.40 0.87 : 1.9 0.85 0.61 0.38 0.28 0.41
0.02 <0.010 - : 0.012 <0.010 0.014 0.036 <0.010 <0.010
3.7 2.0 3.4 1.3 4.3 2.6 4,4 3.0
0.12 <0.01 : - 0,08 0.01 0.05 <0.01 0.03 <0.01
0.0002 <0.0002 - <0.0002 0.0002 <0.0002 <0.0002 <0.0002-  <0.0002

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
0.01 0.01 0.06 0.02 0.02 0.08 0.04 0.05

<0,002 0.014 <0.002 0.008 <0.002 <0.002 <0.002 <0.002
5.2 5.2 5.4 6.7 3.6 - 5.1 5.3

<0.01 <0.01 <0.01 <0.01 <0.01 <0,01 <0.01 0.01

80 220 80 230 90 230 100 150

30 27 43 50 8 9 4 4

11 80 . 15 90 14 110 14 55
0.08 0.02 0.07 0.06 0.04 0.05 0.05 0.05




Date

Aluminum, mg/1
Ammonia as N, mg/1
Arsenic, mg/l
Barium, mg/l
Beryllium, mg/1
Cadmium, mg/l
Calcium, mg/l
Chloride, mg/l
Chromium, mg/1l

86-¥

Copper, mg/1l
Cyanide, mg/l
Hardness, mg/1l
Iron, mg/l
Lead, mg/1
. Magnesium, mg/l =
Manganese, mg/1l
Mercury, mg/l
Nickel, mg/1
Phosphorous, mg/l
Selenium, mg/1
Silica, mg/1
" Silver, mg/1
Solids, Dissolved, mg/1
Solids, Suspended, mg/l
Sul fate, mg/l
Zinc, mg/l

Conductivity, 25°C, umhos/cm

Table A-17 (Continued)

(Quarterly Samples)

TVA PLANT L RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE

1/21/75 4/15/74 7/9/75 7/16/75 10/14/75
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake Discharge
1.0 1.5 1.4 2.3 0.7 2.1 0.7 1.7
0.05 0.45 0.06 0.29 0.07 0.29 - 0.04 0.14
<0.005 0.033 <0.005 0.035 <0.005 0.030 <0, 005 0.005
<0.1 <0.1 0.2 0.2 <0.1 <0.1 <0.1 <0.1
<0.01 <0,01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
<0.001 <0.001 <0.001 0.002 0.001 <0.001 <0.001 <0.001
13 42 15 42 21 63 19 62
6 8 4 4 7 5 7 4
0.012 0.018 0.005 0.016 <0.005 <0,005 <0.005 <0.005
150 410 140 320 150 360 - 150 420
0.02 <0.01 0.06 0.12 0.08 0.10 0.08 0.09
- <0.01 - - - - - -
46 120 53 110 70 160 64 160
0.84 0.48 1.1 0.30 0.66 0.36 0.45 <0.05
0.018 <0.010 0.032 0.031 <0.010 <0.010 <0.010 0.010
34 2,7 3.7 %8 . 4.2 1.4 40 0.4
0.07 0.13 0.07 0.07 0.07 0.01 0.04 <0.01
<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
<0.05 <0.05 <0.05 0,05 <0.05 <0.05 <0.05 <0.05
0.03 0.03 0.03 - 0.04 0.04 0.04 0.02
<0.002 0.020 <0.002 0.013 <0.002 0.010 <0.001 0.010
5.1 4.5 5.8 7.1 5.0 9.1 5.3 8.5
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
90 260 70 180 90 230 100 140
12 11 9 7 5 3 4 3
16 6 12 100 9 110 9 67
0.06 0.04 0.09 0.06 0.03 0.03 0.07 0.02
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APPENDIX B
CHLORINE MINIMIZATION PROGRAM
FOR ONCE-THROUGH COOLING WATER

PURPOSE

The purpose of chloﬁine minimization is to reduce the
discharge of chlorine or iCS'related compounds to receiving
waters. This description is intended to explain what a chlorine °
minimization: program is and how to develop and implement one.
Anticipated 51tuatlonal factors and how to approach them are also
presented.

BACKGROUND

- Chlorine is commonly added to condenser cooling water
of steam electric facilities in order to control the growth of
various orgaanms (algae, bacterla barnacles, clams) that would
otherwise attach to surfaces in the condenser, cooling towers, or
to other components of the coollng system and prevent the system
from functioning properly.

The attachment of these various organlsm° to the cool-
'ing water system is called blofoullng. Since the control method
using chlorine involves creating a residual dose of reactive
chlorine, some of the chlorine used to control biofouling is
still present when the coollng water is discharged from the
plant. It is desirable to minimize the discharge of free and
combined residual chlorine fﬁom steam electric powerplants due to

the toxicity these compounds have on aquatic life.




Various powerplants have undertaken some type of pro-
gram to reduce the use of chlorine. The results of these pro-
grams indicate that significant chlorine reduction can be
achieved in many cases. Some of the planti found that chlorina-
tion is not required at all while others have found that the

\
amount of chlorine added can be significant

}y reduced, especially
|
|
|

during the winter months.

GENERAIL APPROACH

In order to determine the minimum;amount of chlorine a
specific powerplant requires, a chlorine minimization study must
be undertaken. A chlorine minimization study may require up to
eighteen months. The first step is the selection of the most
appropriate minimization strategy, which may take up to six
months. During this period, each of the following three vari-
ables is controlled at various levels until the minimum value

that permits proper plant performance is dekermined:

1. Dose of chlorine added - where dose is defined as
the total amount of chlorine added per unit volume
of cooling water. ;

2. Duration of chlorine addition - where duration is
defined as the length of time between the start
and end of a single period ofichlorine addition.

|

3. Frequency of chlorination - where frequency is
defined as the number of periéds of chlorine addi-
tion per day or week. ;

!

During the trials of various combinations of dose,

duration, and frequency, data on plant performance must be




collected. Thééemaété ﬁay inplude condenser vacuum, generator
output, and the cooling water tgmpéféture rise as well as pres-
sure drop across the condenser. The performance data can be
analyzed to determine iﬁ.pfoper plant performance is being
maintained. Different plants will necessarily employ different
measures of performance to ensure that conditions specific to
that plant are taken lnto account. Starting from operational
practices known to malntaln satlsfactory performance of the cool-
ing system, the systematic approach described in the following
sections would be used to select the optimum chlorine minimiza-
tion strategy. This optimum strategy determines the manner in
which dose,wduration, and frequency are best varied to maintain
system performance. ' ‘ -

After the optimal minimization'strategy has been deter-
mined, a full year of application of the optimal strategy is
required to define the minimum dose and duration as well as
optimum frquency to be used during any pdrtion of the year. The
optimal chlorination, procedure will vary with the seasons of the

year due to changes in the chemical, physical, and biological

characteristics of the coollng water source. Water temperature

is an especially important variable, as the growth rate of many

microorganisms drops rapidly with decreasing water temperature.

Therefore, many plants have found they do not need to chlorinate
at all during the winter months.

At the end of a fulilyear of study, the proper chlori-
nation procedure for each seasod'bf the year will have been
defined and the chlorine mlnlmlzatlon program will officially
cease. At this p01nt the proper chlorination procedure is based
upon the data cocllected during the previous years program.
tem performance data must still be collected periodically to

check the adequagy of the procedure and to enable any needed
changes to be made.

Sys-




It is important to mention that plants have some addi-
tional ways of reducing chlorine use besidés conducting a formal
minimization program. For example, chlorine need not always be
applied to the entire cooling system. Although biological growth
occurs in all segments of the cooling systém, the most sensitive
portion is usually the condenser. Biologiéal growth in the other
segments does not generally impair the operation and efficiency
of the plant with the exception of plants with encrustations of
macroinvertabrates (barnacles, clams) in the intake system. The
relocation of the point of chlorine addition to the condenser
inlet box, providing sufficient mixing of chlorine occurs, can
result in significant reduction in the quaﬁtity of chlorine
required to achieve the necessary level of free available chlo-
rine at the condenser outlet. Chlorine adaition, however, is
required in the cooling water intake structure and other sections
of the cooling system for plants with macroinvertabrate fouling
problems. Most experience has demonstrated that the continuous
application of chlorine is necessary to gain control of both
larval and adult forms of the macroinvertabrates where they occur
on the intake structure, intake tunnels, and intake water boxes.
Chlorine minimization in such instances involves applying chlo-
rine only during the growing season and at the lowest concentra-
tions necessary to achieve control. Visual inspection is the
mogt usual and reliable method of measuriné the chlorine effec-
tiveness. For new facilities, the option of utilizing heat
treatment to resolve this problem should be explored.

Another method of reducing chlorine use that falls out-
side the scope of a formal minimization program is the use of a
mechanical condenser antifouling device (mechanical cleaning).

Some plants using on-line mechanical cleaning do not chlorinate
at all; others still require chlorine addition to the critical




components of the cooling system. For existing plants, the
retrofitting of a mechanical. cleaning system may be expensive.
For new plants— costs of a mechanlcal cleaning system are lower
since no retroflt is needed. New plants should seriously con-

sider the use of a condenser mechanlcal cleaning system.

SYSTEMATIC APPROACH FOR DETERMINING MINIMUM AMOUNT OF
CHLORINE ADDITION '

As explained in the preceeding discussion, the control
variables are dose, duration, and frequency. During the optimal
strategy development stage, these factors must be varied in a
systematic fashion. Throughout this period the operating inte-
grity of the plant must be protected ~ To accomplish this, plant
operators will need to establlsh some absolute means of monitor-
ing condenser performance. If at all possible, provisions should
be made to enable visual lnspection of the condenser elements
following a test perlod The actual condition of the system in
terms of blofoullng can then be directly compared. to the indirect
means of monitoring performance (condenser vacuum, pressure drop,
etc.). Actual inspection of the condenser or other part of the
cooling system (which requires plant closure or loading reduc-
tion) should not be considered to be a 'routine' method of eval-
uating the effectiveness of the chlorine addition program as unit
downtime to make such inspections is costly and highly undesira-
ble from the operator's standpoint.

Thegfollo%lngmeections provide additional details con-
cerning: (1) the specific things each plant must be capable of
in order to conduct a minimization program, (2) the specific
steps that make up a minimization program, and (3) how a plant
should use the results of a minimization program to control
future chlorine use.




1.

Required Capabilities

ae.

A means of measuring the apparent waterside
condenser tube fouling. This should include
visual inspections and biofouling sampling at
some point in the test program. Inspection
should include the condens?r tubes, intake tube
sheet, water boxes and, if needed, the cooling
water intake structure. Other measurements may
be substituted with caution such as deviation
from expected condenser vabuum, pressure drop,
etc. The substitute measurements all have
serious problems of ambiguity since many
factors other than biofouling film growth in
the condenser tubes can affect these
measurements. |

A means of relating the periodic inspection
result or other measurements to condenser

performance.

A means of gathering grab ?amples from con-
denser inlet, outlet, and NPDES discharge

point.

A means of measuring freefavailable chlorine
(FAC) and total residual chlorine (TRC) on
samples without delay once collected. The test
method to be employed is ASTM D 1253 Chlorine
in Water, Method A, Direct Amperometric

Titration.




e.

A means ofrcontrolling and measuring with

appropriate accurdcy the addition of chlorine
to the coollng water to the unit or condenser

under study. The arrangement for adding
chlorine varies conSLderably from plant to
plant. The phy51cal differences may influence
the mlnlmlzatlon strategy and may require
phy31cal modlflcatlon of the existing system in
order to properly 1mp1ement the program.

General chemical analytical capability for
properties or substances in water.

A means of determlnlng short -term free avail-
able chlorlne demand of the inlet water either
in the 1aboratory or by difference between
applled chlorlne concentration and the free
avallable chlorlne residual found at the
condenser inlet.

2. Specific Steps in a Minimization Program

a.

Establish a baseline of condenser performance
associlated with the condenser for each seasonal
petiod:ef plant operation (winter, summer,
etc.). This may involve an initial offline
chemlcal or mechanlcal cleaning. It is .
necessary that these baseline conditions be
used to evaluate the results of the various
chlorination strategies. Data needed to estab-
lish baseline conditions will be available at
most fac111t1es and thus, will not require a

delay in systematlc testlng of minimization
strategies.




Conduct screening tests for a iength of time to
be determined by plant Operato}s. A period of
two months for each of the str%tegies tested is
probably appropriate. Different plant cooling
water and chlorine feed confighrations may
require alterations in the selection of the
minimization strategies. Plants with several
units with similar tube metalé intake water,
transit times, temperature grédient across the
condensers and cooling water Qelocity may allow
parallel trials of the minimization strategies
on several units while maintaining other units
on the dose, frequency and duration found
effective in past experience.l The duration of
plant chlorination should be restricted to a

maximum of two hours per day.

There are three basic ways to institute a
chlorine minimization program: (i) reduce the
dose, (ii) reduce the duration, or (iii) change
the frequency. For many facilities it may be
desirable to conduct all three alternmatives in
succession prior to selecting the most suit-
able. In some cases the operétor can choose
one alternative based on previous experience.
The three altermative approaches are explained
in detail as follows: ;

|

(i) Reduction of Dose: Egﬁablish a desired

outlet concentration for TRC. This
"value should be lower éhan 0.14 mg/1.

Maintain the frequency and duration




found effective in past eXxperience but
reduce the dose of chlorine until the
desired effluent concentration is not
exceeded. Cloéely monitor condenser
performance parameters during this
‘period. TIf the system shows signs of
- biofouling, increase the dose. Test
- periods of about two months should be
‘used for evaiﬁating effectiveness of
each new dose used.

Reduction of Duration: Decrease the

duration of chlorine feed while
‘maintaining the dose and frequency found
effective in past experience. Again,
test periods of two months are probably
adequate to evaluate a particular dura-
tion stratégy.

Change the Frquency. Frequency changes

with the goal of minimization can be
made in two ways: (1) reduce the
frequency while keeping dose and

. duration at baseline values; or (2)
increase the frequéncy but simultane-
6ﬁsiywdé¢rease the duration. For
example, increase frequency from one to
three times per day while reducing
duration from one hour to 10 minutes.
Test periods of two months arevprobably
adequate to evaluate a particular
change in frequency.




From the short term screening tests, select
the approach that appears to best fulfill
the purposes of the chlorine @inimization
program. Using the selected étrategy,
conduct a year-long trial making appropriate
adjustments in the dose, duraiton, and
frequency to meet the changing intake water
chlorine demand and biofouling propensity so
as to maintain acceptable plant performance.
The entire test program, from start to finish,
should not require more than 58 months.

3. Using the Results of the Minimization Program

The information obtained in the 18 month
chlorine minimization program should serve as
the guidelines for a permanent chlorination
procedure. The most successfﬁl approach (the
method that provides for adeqﬁate plant
performance while minimizing chlorine
discharge) should be implemented.

The implementation program should take into
account both year-to-year and seasonal varia-
tions in water quality. For example, as was
done in the minimization program, each season
of the year should be approached as a new set
of operating conditions. Different combina-
tions of dose, duration and érequency may be

B-10




applled ln each season. The optimum combina-

tions for each season belng those defined by -
the chlorine minimizatibn study during that
season. Long term year to year variations in
water quality may require changes in dose,
duration, and frequency not encountered during
Ehe‘minlmlzatlon test program

‘Monitoring of condenser performance indicators

" (condenser vacuum, etc.) should continue during

‘the implementation plan. This is necessary to

. prevent serlous ‘biofouling (and potential plant

shutdown) ln the event that the influent
cooling water quallty or plant operating
MCharacteristics undergo a sudden change that

increases the plant S susceptibility to

“Hblofoullng
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APPENDIX C

STATISTICAL EVALUATION_OE CHLORINE MINIMIZATION
oy AND‘DECHLORINATION

INTRODUCTION

Chlorine is one of the pollutants identified in the effluent of
steam electric generating plants. It is used intermittently in
the cooling waters of generating stations to kill organisms which
interfere with the operation of a plant. Chlorine is added to
the cooling water in batches at such times as biofouling becomes
an operational problem. Because chlorination is a batch process,
chlorine in a plant's effluent is of concern only during and
immediately after the period of chlorination.

The effluent guidelines for steam electric plants are to include
standards for chlorine concentrations. Control options which may
be applied to.reduce effluent.chlorine concentrations include
chlorine minimization (use of the least amount of chlorine needed
without impairing operation of the plant) and dechlorination of
the effluent. S )

Three plants have provided data to EPA on chlorine concentrations
under no-control, minimization and dechlorination (where dechlo-
rination may include some level of chlorine minimization as well)
to the EPA. The purpose of the analysis of this data is to
describe the performance of these treatment methods, and to
establish standards for the discharge of chlorine..

Conclusion

The analysis performed on this data was to determine limitations
on the maximum measured concentration. The Agency bases such
limitations on the 99th percentile of the distribution of daily
effluent concentrations. The 99th percentile estimates have been
computed for each plant, within each level of treatment. These
resulting values are the basis for selecting the chlorine
limitation. (See text for further explanation.) :

Table 1
TRC (mg/1)
Treatmentl%;pé!w‘ﬁd Controls 7 0.34
Chlorine Minimization 0.20

Dechlorination 0.14




Descriptive Statistics

|
The data are from three steam electric generating plants in
Michigan and cover the period from January 1977 through December
1978. The data include periods of no controls on chlorine
(January-May 1977), chlorine minimization only (June-October
1977) and dechlorlnatlon (November 1977-December 1978). Data
exist for each plant, for each day on which the plant performed
chlorination. A single chlorination event is defined as any
period in which chlorine is added to the cooling waters of a
steam electric gencrating plant. For each chlorination event, a
number of analyses of the effluents is performed. For each
event, the following aggregate statistics were provided to the
EPA: the number of samples taken, the maximum and minimum value
of the effluent concentration and the average of th« sample
values. The number of distinct samples for each chlorination
event ranges from 1 to over 20, with an average value of 6.24
samples/chlorination event. Concentratlons of chlorine levels in
the effluent are reported in milligrams per liter (mg/l) as Total
Residual Chlorine (TRC).

Data for the most part, were used as they'appeared on the moni-
toring reports of the plants. Three data points were deleted
because they were taken on days of known equipment malfunctions;

a fourth point was removed because of an apparent reporting error
(the dates of edited points were 6/1/77, 7/10/77, 9/30/77 and
10/29/77). The number of chlorination events, for each plant,

and within each level of treatment is reported in table 2.

Table 2

The Number of Chlorination Events

Treatment Plant 2608 Plant 2607 Plant 2603
No Controls 56 44 103
Chlorine Minimization 58 94 87
Dechlorination 52 183 261

Total 166 331 451

The form in which the data were reported (minimum, maximum, aver-
age, and number of samples taken), as well as the character of
the data, limits the kinds of analyses that can be performed on
this data. Often, observations of pollutant levels are log nor-
mally distributed. The chlorine levels for the maximum, minimum
and average values reflect a high degree of skewness, illumi-
nating the fact that this data does not arise from a log normal
distribution.




If the underlying distribution were log normal, it would be a
truncated log normal, with a large probability mass at zero. 1In
table 3, the occurrence of the large percentage of zero values is
made explicit. '

 Table 3

Percentage of Average (i) and Maximum (Max.)
Values Equaling Zgro‘

Treatment Plant 2608 Plant 2607 Plant 2603

% of»i % of Max Z of i % of Max 9% of i % of Max

No Controls 3.6 3.6 15.9 15.9 0 0
Chlorine .

Minimiza" 3-4 0 25-5 : 18|1 2.3 203
tion o :

Dechlori- : S ‘ , '

nation 75.0 51.9 54.9 49.7 52.1 51,7
Total 25.9 17.5 41.4 36.3 30.6 30.4

Without imposing strict distributional requirements on this data,
it may be asserted that the data (both maximum and average
values) are highly skewed in favor of the lower tail, with the
level of skewness increasing with more stringent controls. His-
tograms and plots of the empirical distribution function provide
evidence of large skewness. The histograms for Plants 2608, 2607
and 2603 are shown in figures 1, 2 and 3 respectively. Each
figure consists of six histograms (labeled a through f) as
follows: : o ‘ :

a@ - Histogram of maximum TRC values with no controls.

b HistégfggmofﬂéVerage TRC values with no controls.

¢ - Histogram of maximum TRC values with chlorine
minimization,

d - Histogram of average TRC values with chlorine
minimization.

€ - Histogram of maximum TRC values with dechlorination.

f - Histograbwawébe%ég;‘TRCvalues with dechlorination.
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The empirical distribution functions for Plants 2608, 2607 and
2603 are shown in figures 4, 5 and 6, respectively. Each figure
consists of six distribution functions (labeled a through £) in
the same format as the histograms.

The data were investigated for long term average performance.
From the information reported by the plant, a weighted mean has
been computed. This estimate is based on the number of samples
taken for any single chlorination event, and the average for the
chlorination event. The mean has been computed for each plant,
within each level of treatment.

Table 5

W‘Weigﬁtéa Meén: TRC (mg/1)

Treatment Plant 2608 Plant 2607 Plant 2603

No Controls L1047 L0264 1459
Chlorine Minimization - .0392 0150 0765
Dechlorination ~  .0080  ,0122 .0375

Since thé data are reported in this aggregated form, the conven-
tional estimator of the standard deviation of the chlorine
measurement can not_be applied. Assumed that:

. = g2
j=9 |
And that the Xi- are statistically independent. It follows
that an unbiaseé estimator ofro2 is:

Var Xi

I
z

i=1

&; - ©%//ny - L/2 ng) /1

where nj = the number of observations for the ith chlorination
event. Estimates of ¢ are presented in table 6.
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Table 6

Standard Deviation

Treatment = - “Plant 2608 Plant 2607 Plant 2603
No Controls 7257 .3834 45317
Chlorine Minimizacipnwi‘ A774 0 12349 .2663
Dechlorination ' .0912 - .2307 4218

The medians‘andmgfand means for the results are found in table 7.

The computation for the estimate of the standard deviation is not
as straight-forward as the mean, because individual sample points
are not known. For a given plant, let,Xij be the observed

chlorine concentration for chlorination event i and for i=1, 2,

.-+ Nj. For each chlorination event, the available data are as
follows:

1. The mean TRC concentration of each chlorination event

(Xi), where the mean is calculated using the following
equation: : : - :

Il
1

X, = 1I/n, I X..
i 1 j=1 1]

2. The maximum TRC concentration measured during each
chlorination event (Xjj max).

3. The minimum TRC concentration measured during each
chlorination event (Xij min).

4.. The number of samples collected during each chlorination
event (niy). . S : . — -
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Table 7

Weighted Means and Median of Estimated Standard
Deviation for Treatment Type (Plant Independent)

Treatment Median Mean
No Controls 4531 4765
Chlorine Minimization .2349 .2398
Dechlorination .230? .2972

Derivation of Recommended Standards

A daily maximum permissible value is generally based on estimates
of the 99th percentile of the distribution of effluent concentra-
tions. It is hypothesized that Xj; ~ Fo (Fo is unspeci-

fied). The 99tg percentile is deflned as Xo such that Fgq

(Xo) = .99 (%o = Fo=! [.991).

Ii K(ps)) = 1 X¢n:) < X5 where X L
(ni) iénfge magimum obsé%%gtion
for the ith chlorination event.

0O Otherwise

It is noted that if X(p.) < x5, then for that chlorination
event, all Xjj < xo. Hence:

E (Ii) = .99ni

gg is estimated for each plant by selecting that value such
at ; ‘

E (®I3) = Eg(Ii) = 3i.99ni
1 1 R

The nearest integer greater than or equal to I;.990i is the
rank of that data value (among the set of maximum values) which
will be set equal to xy. Therefore, Ii, defined relative to

satisfies the condition that £iIj (in expectation) =
£i.990%, The estimation procedure required solving for Ij
9901, ranking the data values within a treatment type ané
within a plant and assigning to xg, that value whose rank is
[£3.99R1]. The ranks and the 99th percentile estimates for
daily maxima appear in table 8 and 9 respectively.
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_Table 8

Computation of L99ni
Treatment Plant 2608 ¥ Plant 2607 Plant 2603
No Controls 51.83 ’ 40.45 99.27
Chlorine Minimization 53.40 86.97 83.27
Dechlorination 49:38  179.32  246.46

Table 9

99th Percentile Estimates for a Daily Maximum

Treatnent ~ Plant 2608 Plant 2607 Plant 2603

No Controls .38 .30 .34
Chlorine Minimization 2000 .20 ‘ .20
Dechlorination .69 .16 .14

(Note that all data points are reported accurately to the second
decimal place, hence, percentile points based on the observed
data will be reported as a two digit number. However, an
improvenent could be made, albeit slight, if an interpolation
procedure were applied to the data point associated with the
observed value of .9971 and the adjusted value of that
quantity.) o ' o

The basis forwfbtﬁﬁlatihg”efflﬁenl iiﬁitations is to use the
nedians, across plant, of the 99th percentile points. These
values are reported in table 1.
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APPENDIX D

INDUSTRY COMPLIANCE WITH CHLORINATION OPTION

In order to estimate the percentage of chlorinati
once-through: cooling systems, that would be able t
the regulatory option, the available data on previously conducted
chlorine minimization studies were evaluated. Data are available
for a total of 25 plants using once-through cooling systems that
conducted minimization studies. The available data have been
summarized in Table D-1. The information in the table describes
the plant structure and plant operating conditions at the
conclusion of the minimization study. It can be assumed these
pPlant operating conditions represent the minimum levels of

chlorine use achievable at each plant. The table includes such
information as: , ‘

ng plants using
O comply with

0. Whether the plant is single unit or multiple units

© The dose of chlorine being applied to the cooling water
at the conclusion of the‘miqimization study

The chlorine concentration found at the condenser outlet

O The chlorine concentration (either ‘as FAC or TRC) found
at the plant'srdischarge:point

© Whether Oor not the
water with unchlori
are collected

plant:dilutes chlorinated cooling
nated cooling water before samples

© The general quality of the cooling water

0 Whether or not the plant has”éxperienced biofouling

problems as a result of Operating at the point of minimum
chlorine use

© -The appropriate reference for the data for each plant

The percentage of plants able to comply with the regulation was
estimated through a series of steps. First, the data for all 25
pPlants were examined to determine the number of plants for which
adequate data was available to be able to determine if that
pParticular plant would be able to comply with the requlatory

option. In many cases, the necessary data are not  available.

The second step was to examine in detail each plant for which
the required data were a

vailable and determine how the plarit




SUMMARY OF CHLORINE MINIMIZATION STUDIES AT POWER PLANTS

Table D-1

USING ONCE-THROUGH COOLING SYSTEMS

Plant - HNumber Chlorine Dosage/Concentration®
Number of Units (mg/1)
Condenser Discharge
Dose Qutlet Polnt
1 1 ~3 NA <0.1 TRC
2 1 ~7 (max) NA 0.2-0.9 TRC
3 Hultiple NA 2 FAC (max) <DL
4 1 " NA <0.1 TRC <0.1 TRC
5 1 0.6 NA <0.1 TRC
6 1 2.8 (max) 0.8-1 FAC <0.1 TRC
7 1 RA 0.3-0.5 TRC 0.1 TRC
8 1 0 0 0
9  Hultiple NA NA 0.1 FAC
10 1 NA NA 0.1 FAC
11 1 3.5 0.1-0.2 FAC <0.1 TRC
12 1 0.6-1 NA- 0.1-0.2 FAC
13 1 0.5 NA <0.1 TRC
14 Multiple 3.1 NA 0.2-0.8 TRC
D ) NA T ONA HA 0-0.2 TRC
16 NA NA NA 0-0.2 TRC
17 NA NA 0.5 TRC NA
18 NA NA 1.0 TRC NA
19 NA NA 1.5 TRC NA
20 NA NA 1.0 TRC NA
21 NA NA 0.2 TRC NA
22 NA NA RA 0.4 TRC
2) NA NA NA >0.2 TRC
24 NA NA NA 0.2 TRC
25 NA NA NA 0.2 TRC
#¢pL - Less than detection limit
FAC - Free Available Chlorine
TRC - Total Residual Chlorine

NA

Not Available

Point

of Water Quality of Blofouling

Pilution Cooling Water Problenms References
Condenser Seawater Yes Bl, B2
Condenaer Low TDS No Bl, B2
Unlt Low TDS No Bl, B2
None Brackish o Bi, 52
Condenser + Unlt Seawater Yes Bl, B2
Condenser + Unit Seawster No Bl, B2
Condenser Seawater to B, B2
None Low TDS No Bt, B2
Condenser + Unit <500 ppa TDS No Bl, B2
None <500 ppw TDS Yes s1, B2
Condenser + Unit Low TDS No Bl, B2
None Low TDS No Bl, B2
Condenaer Brackish Yes Bl, B2
Unit NA No Bl, B2

NA RA Ne

NA NA No B4

NA NA No BS

NA NA No BS

NA NA No BS

NA NA No B6

NA NA No B?

NA NA o 88

NA NA No B8

NA NA No B9

NA NA No Bl10

B




could achieve compliance with the option. The percentage of
plants that could achieve compliance under the option was then
calculated by dividing the number of plants found to be able to
achieve compliance by the total number of plants for which this
information was available. The, result, of this calculation is

that 63% of the plants in the data base are estimated to be able
to comply with chlorine minimization.
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