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EQUIPMENT:

Hewlett-Packard Quarty thermometer is presently being used on NASA Grant

NGR - 01-001-025 in further water quality studies on the Tennessee River.

Hewlett-Packard Quarty thermometer
Serial No 1239400684



ABSTRACT:

Physidal, chemical, and biological water quality parametérs have been
investigatéd at the Widow's Creek Steam Plant., The water quality parameters
and fileld site locations have been seleéted 580 as to be compatable with
the interests and needs of the Environmental Application Office at Marshall

Space Flight Center. All sampling and testing was conducted as directed in

the 13th Edition of Standard Methods of Analysis for Water and Waste Water
or as suggested by NASA'S Technical Officer., Data is presented in a form

compatible-with that presently being collected by other agencieé.



DISCUSSION:

Sampling stations were established at 24 sites located on traverses across(
the Tenhessee River; and one site (13A) was lodated in the effluent basin used
for both powér generating facilities at Widows Creek. Sampling stations were
located with respect to landmarks - power lines, buildings, ballards etec. -
water intakes, and outfalls. Figure 1 shows the locaﬁion of the sampling sites
and their relation to major landmarks. For example station 13 corresponds to the
ballard marked 13, located at the mouth of the effluent bay, and station 13A is
located in the effluent basin.

Initial water sampling was carried out at all 24 stations, Additional
sampling was conducted at several points within the effluent basin and at several
"feeder" streams located a short distance paét the last transverse. Analysis of
these samples dndicated no significant differgnce existing in the main body of
the river where the current is approximately five knots or more and mixing occuxs..
Therefore, we felt three sampling stations on the main body of the river would
be adequate for extensive analysis in the laboratory. These stations were chosen
because they are rép;esentative of thelareas of the river which are not effected
by the effluent, which make up the plant's intake, and which are effected by the
plant's effluent. Sﬁation 2 is representative of the river before it is éffect by
the'plant; station 9 is representative of the inﬁake water§ and station 22 is
representative of the water which receives efflugnt from thé plant, A fourth
sampling site, station 13A, is taken within the outfall.bay-and 1s representative

of the plant effluent,



Temperatufe profiles of the river were made with measurements of one
~ meter intervals at all 25 statdions. |

The temperature at omne meter intervals was gathered and recorded
by a thermocouple recorder provided by NASA., The recorder's accuracy was
checkéd by a Hewitt-Packard, quartz crystal thermometer, -temperature probe
purchased for the project and found to be accurate within 0.5°F,

These individual profiles, when accumulated, can give a three
dimensional temperature profile of the entire river area. In addition,
false color photographs of the area, provided by NASA, show a clear line
of demarkation between the warmer water, which is the result of the plant
effluent, and the consistently colder water bf the main body of the river.
Occasionaly this line of demarkation-is visable to the naked éye; _This
physiéal occurance is graphically illusﬁrated in Figure 1A.

A most interesting phenomené is observed in FigureZ', showing a
representative temperature profile at station 17. Temperature dif-
ferentials of lOdF werelfound to be common at this station; while temp-
erature differentials between the effluent bay and the average river tem-—
perature of 22,5°F have been observed. The warmer body of water follows
a channel along the west bank of the river and is dispersed in the river
within a mile of the outfall. Beyond this point, the river temperature

appears to be unaltered.



Tables 5 through 8 show the important river parameters of temperature,
dissolved oxygen, pH, and specific'conductance for sampling sites 2, 9, BA
22. This data is displayed with the date it was taken.

Completing the data 1s a section of temperature profiles of the river.

Table 1 through 4 show several of the water quality parameters of
stations 2, 9, 13A, and 22 respectively. Figure 3 through 6 representing
the above stated stations respectively, show the inverse relationship
between dissolved oxygen (DL .) and temperature is apparent while the pH
values vary only slightly. Other parameters such as Biochemicai Oxygen
Demand (B.0.D.) and Chemical Oxygen Demand {(.0.D.'s were found to vary
from 50 ppm to 260 ppm over the ten month pefiod; and C.0.D.'s ranged
from about 50 ppm to 300 ppm. Total hardness values were found to be in
the range of 100 ppm to 140 ppm and silica in fhe range of 3 ppm to 4 ppm,
Phosphates and nitrates were found to be present in unmeasurable trace
‘amounts,

We tried to maintain a schedule of sampling and recording every Tues-
day. However, due tb mechanical probléms with the boat,‘Our weekly  schedule
was often interrupted and occasionally cancelled. Also on various dates,
high waﬁgr, high winds, and rapid currents hampefed both water sampling and
temperature recording. Therefore the realization of a completely consistent

program was thwarted.
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DATA:



Table l

ANALYSIS OF TYPICAL WATER FROM

Site # 2

Constituent gy
Property

Specific Conductane
pH

Color

Turbidity
Dissolved Solids
Silica

Iron

Calcium
Magnesium
Sodiun
Potassium

Qil and Grease
Sulfate
Chloride -
Florida

Nitrate
Phosphate

B. 0. D,

c. 0. D.
Alkalinity

Total Hardness (as Ca-Mg Hardness)

Units ppm

1500 Moh

6.6

40
67
114
3.7
0.33

37

2.0

0.4
Trace
5.6

3.8
Trace
Trace
Trace
1.0 ppm
13.>pn
2.7 ppm

120 ppm
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TABLE 2

ANALYSIS OF TYPICAL FROM

'SITE #9
Constituent or , : Units : pPpm_
Propexty : .
|
Specific conductane | 2600 md
pH | 6.8
Color S 20
Turbidity ' 50
Dissolved solids ' | 110
Silica | o | 3.0
Tron : ‘ 0.33
Calcium : . - 25
Magnesium . : | : 2.8
Sodium 3.2
Potassium C . ‘ Trace
0il and grease | | .011
Sulfate : 6.8
Chloride ' : 4.3
Floride _ Trace
Nitrate : Trace
Phosphate . Trace
B. 0. D .95
C. 0. D | | 36.8
Alkalinity _ _ . 43.5

Total hardness (As Ca-Mg hardness) 135



Constituent or -
Property

Specific conductance
pH

Color

Turbidity
Dissolved solids
Silica

Iron

Calcium

" Magnesium
Sodium
Potassium

011 and grease
Sulfate
Chloride

" Floride

Nitrate
Phosphate_

B. 0. D

c. 0. D

Alkalinity

12

TABLE 3

ANALYSTS OF TYPICAL WATER FROM

SITE # 13A

Units ppm

1415 moh

616

35
42
123
3.5
3.2

3l6

Trace
Tface
Trace
Trace -
Trace

Trace

27.8
5-75

" Total hardness (As Ca~Mg hardness) : : 140
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Co TABLE 4

ANALYSIS OF TYPICAL WATER FROM

SITE # 22

Constituent or -

Property Units _ppm _
Specific conductance 1500 moh
pH 6.6
Calor 35
Turbidity 27
Digsolved soiids 122
Silica 3.4
Iron 3.3
Calcium 3;3
Magnesium -
Sodium 3
Potassium 6
01l and grease Trace
Sulfate 3.0
Chloride 2:3
Floride Trace

\

"Nitrate - Trace
Phosphate Trace
B. 0. D 82
c. 0. D 32.5
Alkalinity 5.4
Total hardness (As Ca-Mg hardness) 133



Date
10-17-72
11-7=72
11-14~72
11-21~72
11-28~72
12-5-72
12-12-72
12-19-72

1-11-73
1-23-73

1-30-73
2-21-73
2-26-73
3-28-73
4-2-73

4-10-73

4-26~73

5-2-73

5-8-73

Temp. - (93)
69.8 )
60.8

58.0

53.8

51.5

50.5

47.5

49.0

41.5
44.5

43.4
41.3

bbb

53.5

54,1

58.3

' 61.0

60.3

61.5

14

TABLE FIVE
Data From Station 2

D.0. (ppm)
4.0
5.4
9,2
9.3

10.0
10.2
10.4
10.6

10.6

10.2

10.4
11.7
10.2

10.2

9.5

10.0

pH

6.7
6.2
6.7
6.7
6.5
6.7
6.4
7.3

7.3
6.5

6.5

6.6
6.9
6.6
7.4

7.7

6 0'9

Sp. Cond (mhos)
1.4x103
1.3x103
1. 4%103

1.1x10°

1.4x103
1.1x103
1.1x103

1.2x10°

1.9x10°

1.4x103
1.4x10°

1.05x10°

1.5x103

8.0x102

1.22x10°
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TABLL SIX
Data From Station 9

- Date | Temp (°F) D.0. (ppm) pH Sp. Cond(mhos)

10-3-72 51,7 10.0 6.8 2.64x10>
0-17-72 69.5 5.8 6.05 1.1x103
11-7-72 60.2 9.6 7.4 1,16x103
11-14-72 57.5 - - -
11-21-72 54,4 10.0 6.3 . 1,28x103
11-28-72 51.4 10.4 6.0 1.4x103
12-5-72 51.4 10.2 6.6 1.16x103
12-12-72 48.3 10.0 6.4 1.25x103
12-19-72 48.3 - | - -
1-11-73 44.1 - - -
1-18-73 43,2 7 - | - -
1-23-73 46,5 | - - -
1-30-73 43.6 10.6 6.5 1.44x10°
2-26-73 45.0 10.4 6.5 1.42x103
3-28-73 54,0 11.0 6.9 -
4-2-73 54.5 . 10.2 6.6 1.56x103
4-10-73 57.8 10.2 N | -
4-26-73  61.0 9.5 7.6 -
5-2-73 67.7 9.7 7.0 6.48x102

5-8-73 61.0 9.6 7.2 1.2x103
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TABLE SEVEN
Data From Station 13A

Dalte Temp (OF) D.0.(ppm) pH Sp. Cond (mhos)
10-10-72 652 7.9 6.3 2.1x103
11-7-72 60.6 9.8 6.4 1.23x10°
11-14 -72%

12-21-72 64.2 9.0 6.5 1.23x103
12-19-72%

1-11-73*

1-18-73 54,2 - - .
1-23-73 54.4 10.6 6.4 1.2x103
1-30-73 51.2 11.2 | 6.5 1.46x103
2-21-73 52.6 - - 1.5x103
2-26-73 53.5 - - -
3-28-73 6640  10.8 7.0 1.25x103
4-2-73 62.5 10.2 6.6 1.4x103
4-10-73 63.0 +11.0 7.7 -
4=26=73 72.0 | 9.8 7.6 . . -
5-2-73 70.2 | 9.6 7.2 5.4x102
5-8-73 64.7 9.8 7.2 - 1,48x103

#Data not taken due to weather conditions
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TABLE EIGHT
Data From Station 22

Date Temp .(°F) D.0. (ppm) pH Sp. Cond (whos)
10-17-72 71.0 9.1 7.1 2,0%10°
11-7-72 61.0 - - -
11-14-72%

11-21-72 54.2 9.1 6.4 1.1x10°
11-28~72 51.6 10.3 6.45 1.36x103
12-12-72 49.5 10.4 6.7 1.2x10%
12-19-72%

1-11-73%

1-18-73 44.5 - - -
1-23-73 4£5.0 - 6.2 1.54x103
1-30-73 4.1 10.6 6.2 -
2-21-73 46.1 11.2 6.7 1.35x103
2-26-73 49.4 10.4 6.7 -
3-28-73 57.0 9.1 7.0 1.4x10°
4-2-73 54.7 10.2 6.6 1.5%10°
4-10-73- 58.6 10.2 7.6 -
4-26-73 59.9 9.4 7.4 -
5-2-73 61.5 10.4 7.5 5.7x10°
5-8-73 61.5 9.4 7.2 1.04x10°

#Data not taken due to weather conditions
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Meters From Bottom

Site 1 2 -3 4 ' s 6 7 _ 8 9

1 49.5  49.5  49.6 49.7
2 51.6 51.6 51.6 51.6 51.5 51.55 '
3 53.3  53.4  53.4 53.4 53,4  53.4
& 52,2 52.3  52.3
5 51.0 -
6 52.5 - 53.4 53.1  52.8 52,7
7 53.0 - 53.2 53.0  52.9 52.9
8 52.0
9 . 51.6 = 52.7 52.3  51.9 -51.7
10 51.5 - 53.7 53.2 52.8 52.9
11 52.4 - 54.0 53.6  53.1  52.8
12 52.0 - ‘
13 53.2 = - 54.7 54.4  54.3  Sk4.h
14 53.3 -  55.0 54.1  53.6  53.6 53.3
15 52.8 - 54.3 53.4  53.2 53,1
16 52,7 - 55.0 58.5
17 52.6  53.6
18 53.2  54.7  53.6 53.0 ° 53.1  52.6
19
20
21 54,5 -  60.0 56.0  55.5
22 52,0 - 55.0 53.2  52.9  52.8 52,7 52.5
23 52.6 - - - 53.1 52.9 52.8 52.5 52.5
24 52,5
134  65.0 - 66.5 65.2

Date 10-4-73
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Meters From Bottom

- 13

site 1 2 3 4 5 6 7 8
1 69.0 69,1  69.2 69.2  69.2  69.0
2 69.9  69.9  69.9 69.8 = 69.7 69,6
3 70.3  70.3  70.3 70.3 70.3  70.3
4 68.3  68.3  68.3 68.3  68.3  68.3
5 69.1  69.0  69.0 68.9  68.9  68.95 69.3
6 69.4  69.35 69.4 69.6  69.4  69.3 69.4  69.45
7 69.75 70.0  69.9 69.75 69.6  69.6 69.5 69.4
8 68.5  68.75 68.75 68.8
9 69.5  69.5  69.5 69.5  69.5  69.4
10 69.6 69.6 69.6 69.6 69.6 69.7 69.7
11 69.5  69.5  69.5 69.5  69.5  69.5
12 68.9 69.0 68.8 68.8 68.75  68.75
70.0  70.0  70.2 73.4  75.4  74.9 78.8
14 69.6  69.6  69.6 69.6  69.5  69.5 69.5
15 69.0 69.0 69.0 69.0 '6941 69,2 69.1
16
17 69.2 69.2  69.35 69.2  69.1  69.1 69.1
18 69.3  69.5 - 69.5 69.5  69.5  69.6
19
20 70.5  70.55 70.6 70.6  71.75 72.4 72.6 72.6
21 70.1 f 70.2 |
22
23

Date: 10-17-72
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Meters From Bottom

=
[\

=
o

Site 1 2 3 4 5 6 i 8 9
1 60.25 60.0 60.2 60.3  60.5 60.25
2 60.4  60.2  60.1  60.0 60.1  60.0
3 61.25 61.25 61.25 61.0 61.0 61.0
4 60.4  60.4 60.4 60.25 60.2 60,1
5 60.6 - 60.4 60.4 60.0 60.0
6 60.6 60.75 60.75 60.8 60.8 60.8
7 61.4 61.4 61.4 61.4 61.4 61.4
8 60.6 60.75 = 60.75 60.75 60.6 60.6 60.6
9 60.0 60.0 60.25 60.2 * 60.2 60.25  60.0
10 60.5 60.5 60.4 60.3 60.25 60.2 60.1
11 60.9 61.0 61.0 61.0 61.0 61.0 60.6
60.2 60.2 60.4
13 59.5 60.0 60.0 60.2 60.4 68.0 69.5 . 71.2
14 60.6 60.75. 60.75 60.8 60.75 60.8 ~ 60.6
15 6L.4 61.4 6l.4 61.4 61.4 6L.4  6i.4
60.75 60.8 60.9 60.9 60.9 '
17 60.4 60. 4 60.4 62.6 63.5 64.0 64.4 64 .4 64.0
18 60.5 60.5 60.5 60.5 60.5 60.5 60.5 = 60.5
19 61.5 61.5 61.5 61.5 61.5 61.5 61.5
20 61.5 - 61.5 61.5 61.5°  61.5 61.4
21 60.8 60.75 60.5 60.75. 60.6 60.5 60.5 60.5
22 . 60.75  60.9 60.9 61.0 61.0 61.1 61.0  61.0 61,0
23 61.6 61.5 61.5 61.5 6L.5 6L.4 61.3
24 60.5 60.6 . 60,7 60.75 60.75 60.75
13a 60.6 60.6 60.6 60.6 60.6 60.6 60.6 60.6
13B 73.75 73.75 73.75

Date : 11/7/72
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Meters From Bottom

Site: 1 2 3 4 g5 & 1 8

1 54.3 54.3 54,2 54.0 53.5

2 '53.9 53.8 53.6 53.7 53.6 53,7

3

4 56.0 55.3 54.8 54.8 54.7

5 52.4 52.5 52.5 52,5

6 53.2 53.1 53.1 153.0 53.0 53.1

7 53.0 53,2 53.1 53.1 53.1 53.0

8 52.9 52.9 52.9 52.9 52.8 ‘

9 ~ 55.0 54.7 54.6 54.6 54,4 54.4
10 53,2 53.0 - 53.0 52.7 52.8
11 54.0 54.0 - 54.0 53.9
12 53.7 53.7 53.7 53.7 53.7
13 52.7 52.7 - - 54,7 56.7 57.5  58.5
14 53.7 53.7 53.7 - 53.6 53.6 53.5 53.4
15 53.5 53.5 53.6 53.4 53.3 53.4
16 53.4 53.4 _
17 53,1 53.2 53.3 54,0 56.3 58.3 56.0  56.3
18 53.2 53.2 - 53,7 56.4 56.6 57.2 57.2  56.8
19 54,2 53.7 53.7 53.6 53.6 53.5 '
20 54,4 54.2 54.0 53.9
21 54.4 54.4 54.4
22 54.1 54,2 54.3 54.4 54.3 54.2 54,0  54.1
23 53,5 53.6 53.5 53.6 53.5 53.4 53.4
24 53.2 53.2 - 53.3 53.2
134 64.4 64.2

64.4

Nov. 20, 1974



26

Meters From Bottom

Site 1 2 3 4 5 6 1 8
1 51.5  51.4 - 51.25 '
2 51.0 50.8  50.9 50.9 50,8 50.75 50.75
3 51.5 - - 51.1  51.0  51.0
4
5 63.25 52.3  52.0
6 50.4  50.45 50.5  50.49 50.49  50.49
7 53.6 51.6 51.5 51.4 51.3  51.25
8 50.1  50.2 | |
9 51.9  5L.5 - 51.5  51.4  S51.4

10 51.6  51.5 51.5 51.4  51.4  51.3

11 52,8  51.6  51.5 S5l.4  51.2 5.0

12 50.5  50.5

13 51.1 = 54.4  53.8  53.7  54.75 56.25
14 54.4  52.0 51.8 51,75 5L.5  51.5

15 50.5  50.5  50.5  50.4  50.4  .50.3

16 52.25  52.0 |

17 52,0  51.5 51.5 51.5 54,0  53.8
18 50.8  50.8  50.8  50.850.8 -  50.8

19 52,9 52,1  52.1 52,0 51,8  51.7

20 50.75 50.6  50.5

21 54.0  54.0  53.9° 53.9  53.8

22 52.4  52.0 52,0 51,9 51,6 51.6 5L.0  52.5
23 50.6  50.6  50.6  50.75 50.75 50.75
24 52.25 51.6  51.6

25 50.0  51.1  5L.4  53.0

Date: 11/28/72
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Meters From Bottom

Site 1 2 3 4 5 6 7 8 9
1 51.6 51,6 51.6 S1.4  51.3 51,2  51.1  51.0  51.0
2 5.0 51.0 5L.0 51,0 51.0 51.0 51.0 51.0  51.0
3 51.4  5L.3 51.2 511  51.0 50.9  50.8  50.75. 50.75
4 50.75 50.75 50.6  50.5  50.5  50.4  50.25 50.2  50.2
5 54,2 54,0 54,0  53.9 53,6  53.6  53.0  53.0 52,65
) | | |
7 51,5  51.5  51.5  51.5  51.5  51.5 514 51,4  51.4
8 51.4  51.25 51,2 51,0 50.9  50.8  50.6  50.5  50.4
9 51.8 51,75 51.7  51.6 51.6 S51.5 51.5  5L.4 514

10

11

12

13 510 51.0 51.0 51.0 51.0 51.0 51.0 - 5.0 5.0

14

15

16 )

17 52.6  52.6  52.6  52.5  52.4  52.4  52.3  52.25 52.1
18 52.0 51,7 51.7 5.6 51.4 5L.4 51,1 50.8  50.8

19 -

20 |

21 51.4 51,3  51.25 5l.4  51.25 51,25 50.9  51.1 = 51.1
22 '

23

24

134 56.0 56.0 56,9 57.1  57.1  57.1

Date: 12/5/72



Meters From Bottom
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Pate 12/12/72

T

Site 1 2 3 4 5 6 7 8

1 47.5  48.0  48.3 48.5  48.6  4B.6

2 46.3 46.5 46.6 46.6  46.7 46.8

3 47.6  47.8  47.9 47.9  48.1  48.0 48.2

4 415 47.6  47.8 47.8  47.9  47.8

5 47 48.1 48.4 48.5 - 48.4  48.5 48.7

6 48.4  48.6  48.9 49.0 49.0 49;0'

7 48.0  48.5  48.8 49.0  48.9  48.9

8 48.5  48.9  49.1 49,2  49.1  49.1

9 47.9  48.0  48.3 48.3 48,3  48.2 48.3
10 48.2  48.8  49.3 49.3  49.3  49.3 |
11 48.5  48.8  48.9 49.0  48.9  48.9 48.9
12 47.5 479 48,2 48.2  48.2 |
13 47.9  48.0  48.8 49.7  50.3  53.9 55.9 i
14 47.7  47.8  47.9 48.0 - 48.0  48.0
15 48,7  49.2  49.5 49.6 49.6 49.6 ;

16 48.5  48.8  49.3 49.3  49.3 ?

17 50.0  50.0  50.0 50.4 52,0  53.0 53.0 53.0 E
18 49.4  49.5  49.5 49.6  49.6  49.5 49.4
19 49.6  49.7  49.75 49.8  49.8  49.8
20 48.8  48.8  48.9 49.0  48.9  48.8
21 51..1  51.1 51,1 51,1 51.1 5Ll
22 49.7 49,7  49.8 49.8  49.8  49.8 49.5 49.5

23 49.6°  49.5  49.2 49,1  49.0  49.0
24 49,7 49.7  49.7 49.6  49.6  49.6
13A 54.9  55.0



Merters From Bottom
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Site 1 2 3 4 5 6 7 8
1 42,6 42.6  42.5 42.5  42.4  42.4 42.3
2 42,3 42,2 42,1 42.1  42.3  42.4
; _
4 42,02 41.7 . 41.7 413 4L.2 414
5 42,04 42.3 42,4 42.3 42,4
6 42.4  42.3 42,1 422 42,2 42.2
7 43.3  43.0  42.8 42.9  42.6  42.8 42.6
8 43,0 42.7  42.65 42.6  42.5°  42.6 42.7
9 43.2  43.3  43.2 43.1  43.2  43.2
10 42.9  42.8  42.6 42.6
11 41,7 416 418 418 416 4L.6 51.6 41.9
12 42.3  42.4  42.45 42.4  42.4 42,6
13 43.4  43.4 44,0 47.3  50.5  51.2
14 45,0  47.7  48.4 48.8 . 51.3
15 41.9  41.9  51.8 41.8  4i.6 4.7
16 42.1  41.8  41.6 41.6  41.5  41.5
17 442 44,2 445 47.6 46.9  48.9 52.7 54,4
18 43.0  42.8  42.6 42.7  42.6  42.6 42.5
19 42,6 42.5 42,3 42.6 42,4 h2.4
20
21 47.4  47.5  47.6 47.5  47.5  47.6
220+ 4h.6  b4.6  4b.6 4.5 445 444
23
2,
13A  53.7  53.4 54,2

Date 1-18-~73
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Meters From Bottom

Site 1 2 3 4 5 . 6 7 8
1 47.4  46.9  46.9 46.9 46,7  46.7
2 45;6 44.7 44,75 44,8 44,7 446
3 46.0 - 45.0 44,95 44.75  44.7
4 4.3  43.9 43,95 44.0 © 43.8  43.8
5 47.5  47.4
6 45.6  54.2  45.1 45.1  44.9  45.0
7 44.5  h4.2  4A,2 Lh.4 463 444 44,1
8 4s.2 44,9
9 46.7  46.6  46.6 46.4  46.5  46.35
10 C45.0  44.75  4h.6 44,6 4h.h bbb
11 45.2 45.0  45.045.0 44,75
12 45.6  44.8  45.1
13 | 50.0  50.3 51.1 50.6  50.8  51.4 . 52.4
14 45,1 451, 45.2° 45.1 45,2 - 54.1
15 45.4 . 45.2 45,2 44,9 44,8 44.8
16 44.5  44.5 44,6 44.8
17 50.6  50.7  50.5 50.3  50.1  50.0 51.5
18 45,0 44,75 44.75 44.8 44,75 44.5
19 45.2 45.2  45.1 45,1  45.1  45.1
20 45.1  44.9 44,7
21 .47.8 47.5  47.8 47.8
22 45,1  45.2  45.4 45,3 45.4 45,2 449 44 .8
23 4.9 44,8 44.8 A8 445 Gh.2 44.0
24 5.0 45.0  45.0 45.0  44.8

13A 54,75 54.3 54.4

Date 1f23-73
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Meters From Bottom

Site 1 2 3 4 6 7 8 9
1 K4.2 441 44,1 44,1 43.9  43.8
2 43.4  43.35  43.4 43.4 43,4 43.35
3 13.25  43.25 43.5 43.5  43.56 43.4
4 4h.3  4h.1 46.0 44.0 . 43.9
5 43.75  43.6  43.8
6 43.0 - 42.8  42.9 432 431 42.9
7 44,2  43.7  43.8 43.9  43.8  43.6
8 42,6 44.6  43.2 43.2  43.2
9 43.6 43.5  43.5 43.8  43.6  43.6
10 43.5  43.5  43.75 43.75 43.6  43.7
11 Ghl  43.9  43.9 44.0  43.75
12 42,7  42.6  42.75 43.1
13 3.8  43.8  43.9 44.6  48.0 50,1 51.6
14 43.6  43.6  43.8  44.0  43.9  43.9 42.9
.15 43.75 43.5  43.7 43.7 . 43.6  43.6
16 42.6  42.3 42,6 42.7  42.7
17 44.9  4b.4  45.3 45.3  46.1  51.6 49.1
18 3.4 43.3  43.4 43.4 462 43,3 43.4
19 42.75 42,6 42.9
20 47.6 47.6  48.0
21
22 46,0 439 440 - Kauh  bb.1 4.1 43.9
23 433 43.1 "43Q4A - 43.7  43.5
24 42.8  42.4 42,5 - 42.9
134 5L.7  51.2  45.0
138 61.0  63.75

Date: 1-30-73
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' Meters From Bottom

Site 1 2 3 4 -5 6 7 g
1 45.0  44.5  44.4 442 44,1 43.9
2 41,5 41.5  41.5 415 41.4 413
3 41.5  41.6  41.6  41.75 41,75
4 42,0  41.8  41.8  41.75 41.75
5 43.6  43.5  43.6  43.6
6 42,0  42.0 42,0 42,0  41.9  41.9
7 42,0  41.9 41,9  42.0  42.0  42.1
8 42.0 42,0 42,0  42.1  42.1
9
10 41.5  4l.4  4L.5 54,5  41.5  41.4
11
12
13 Wh.4 bbb 44,75
14 42,0  41.9 . 41.7 41,5  41.5
15 42,4 42,25 42.25 42,25 42.25 . 42.2 42,1
16 43.9.  41.85
17 43.0  43.0  44.0  44.3 45,6  45.8 46,4 48.0
18 41.5 41.6  41.6  41.6  41.6  41.6  41.6
19 4.4  41.4  41.5 41,5  41.5  41.5
20 41.4  41.5  41.5  42.0
21 43.0 43,0 44,1 44.1 441, 44.1 441
23 '
23
24
25
13A 52.8 52,7  52.6

Date 2-21-73
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Meters From Bottom

site 1 2 3 4 5 6 7 8 9
1 45,00 45.1  45.2 - 45.7 |
2 46,0 440 441 - . 4hus
3 46.5  44.55 Gh.6 - . 45.2
4 bhoh 4G5 44,6
5 45.7  45.8 45,8
6 46,1 44,1 43.8 - | 44.5
7 42,9 42,8 42,8 - 42.9  42.8
8 43.8  43.6  43.6
9 446 446 4h.6 - 45.0  44.9
10 43.5  43.6  43.7 - 46,0 43.9
11 43.0  42.9  43.0 - 43.5
12 474
13 46,6 4h.8  46.5 = 49.0 - 50.6
14 46,0 44.0° 44,0 - a7 b
15 43.1  43.1  43.3 - 43.6
16 43,9 44.0
17 44.8 45,7 . 45.6 - 48.4  48.2 50.0 50.0.  50.0
18 63.6  43.5  43.5 - 43.5 43,5
19 43.8  43.6  43.6 - C 4s 44l
20 46.0 440 |
21 47.5  47.5  47.6
22 - 4h.2 443 | 44.3 - 45.7 46.4 '47.0 49.4
23 43.7  43.75  43.8 |

13A 53.4 53.7 53.5

Date: 2-27-73



Meters From Bottom

I

Date 3-27-73

TUF f e e

Site 1 2 3 4 5 4 7 8 9

1 54.0  54.1  54.5  54.6  54.6  54.6

2 53.4  53.4  53.4  53.25 53.4  53.6  53.3

3 54.25 54.3  54.25 54.2  54.1 54,1  54.25

4 54,0 54.0  54.0

5 54.1  54.2 54,2 = |

6 54.0  53.8  54.0 - 53.75 53.6  53.9  53.6 =

7 $3.0  53.2  53.2  53.0 52,9  52.9  52.6

8 53.0  53.0  53.0

9 54,0  54.0  S54.1 - 53.9  54.0 . 53.9
10 53.5  53.5  53.6 - 53.6  53.3  53.2  53.1  53.0

11 53.5 53.5 53.6 - 53.7 54.0 53.9

12 53.4  53.1 | f
13 55.0  55.8  56.6 - 60.5 - 60.5 :

14 52.9  52.9  52.9  52.9 - 52,9  52.9  52.9 E

15 53.6  53.6  53.7 - 53.9  53.8 53,6 ;
16 54,0 - 54.0  54.0 |
17 55.5  55.5  55.5 - 58.2. 58.2  58.1  58.1  58.6 :
18 56.6  56.6 56,75 = 57.75 57.75 57.75 57.6  58.0 |
19 57.3  57.4  S57.4 - 56.2  56.2 i
20 60.0  60.0  60.0 -

21 58.5  58.5  58.5 = 57.0 !
22 5.1 56.1 56.2 - 57.0 57.0  57.0 57.0 57.0 ,
23 55.0 55.0 55.0 - 55,1 55.1 55,1 551 = |
2 56.0  56.0  56.0 =

25 - |
134 60.5  66.0  65.9 -



Meters From Bottom
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site f¥;1 2 3.4 5 6 7 8 9
1 55.0 55.1 55.2 55.2
2 54,2 541 S6.1 54,3 Skl 54.2
3 56.1 54,1 54.3 54,2 54.3  54.2
4 55.6  55.6  55.6 55.6
5 56.0  56.0 -
6 55.3  55.3  55.4 55.3  55.3  55.3 55.2
7 54,8  S54.9  54.95 55.0  55.0  55.0 54.9
s 543 54.3
9 Sh.4 54,45 Sh.4 54.55  54.5  54.5 564,45
10 53.75  53.8  53.8 53.9 53.2  53.2 53.2
11 55.0  55.0  49.9 49.9  49.9  49.8
12 55.0
13 57.0 55.8  55.6 60.5  60.1  63.2 64,4
14 55.3  55.3  55.4 55.4  55.3 ° 55.3 55.3
15 54,7 54,9  55.0 54.9 54.9  54.9 54,6 54,6
16 54.5  54.4 54,5 54,9  54.9 . 54.9 54.6 54.6
17 57.3  56.6  S56.4 56.4  56.3  56.8 57.1 58.2 58.4
18 55.6  55.7  55.7 55.6  55.2  55.0 55.0 55.0
19 55.0  55.0  55.0 55.0  55.0  55.0 55.0
20 55.4  55.4
21 56.0  55.8  56.0 55,9
22 s4.7  S4.7  54.6 54.5  54.6  S4.7 54.7
23 54,1 54,1 54.3 54,2 54,2 54.4 54.2
94 55.5  55.5  55.5 55.3
135 62.5  62.5  62.5
138 . 64.9  64.6  64.7 6h.h

" Date: 4-3-73
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Meters From Bottom

Date

4/11/72

Site’ 1 2 3 4 5 6 7 8
1 58,00 58.00 58.00 58.00 58.00 58.00
2 58.50 58.50 58.25 58.25 58.25 58,25
3 58.0  57.5 57.5 57.5 57.5  57.51
4 58.0 58.0  57.8  57.75 57.5  57.5  56.25
5 57.27. 57.75 57,75 57.9
6 58,7 58,9  58.9  58.9  58.8  54.7
7 58.7  58.7  58.7  58.8  58.5 ° 58.6  58.5
8 57.5  57.5 57.7  57.7  57.5  57.5
9 58.5 58,5 57.8 57.9  57.8  57.8
10 59.5  59.5  50.5  59.4  59.4  59.3 .
11 58.8  58.6  58.75 58.8  58.75
12 57.8  57.9.  57.9  57.9  57.9
13 57.5  57.5 57.5 57.5 61.2 62.2 64.75 68.0
14 57.4 57.r  57.3 57.5  57.4  57.75
15 57.8  57.75 57.75 57.6  57.6  57.6
16 58,3 58,3  58.4  58.4 S
17 59.0 59.0  60.25 61.4  6l.4  6L.3 61,2
18 58.25 58.25 58.4 58,25 58,1 - 58,25 57.25
19 58.0  57.75 57.75 57.6  57.6
20 57.5 57.5 57.5 57.5 57.5  57.5
21 57.75 57.8 58,0  58.25 58.9  59.0
22 59.0 59.0 59.0 59.0 59.0  59.0  58.6
23 58.25 58.4° 58,5 58.5  58.5  58.5  58.0
24 57.75 57.75 57.6  57.6
25 58.9 58,9 - 58.9  59.0  59.4  59.5
134 - 63.0  63.0
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Meters From Bottom

79.0

site 1 2 3 4 5 . 7
1 61.5 '
2 61.0 61.0 61.0  61.0 610  6L0
3 60.1  60.4  60.4  60.3
4 60.4  60.4  60.4  60.3
5 61.0  61.3 -
6 60.5 60.5 60.5° 60.8 60.7  60.6
7 59.8  60.0  60.0  60.0  59.9  59.9
8 60.8  60.8  60.9 |
9 60.7  61.0 60.7  60.7  60.9  60.9
10 61.0 61.0 6l.1 61.0 61.0 61.0  60.9
11 61.1 61.0 61.00 61.0 61.0  60.7
12 61,0 _ |
13 61.3  61.6  62.6  63.7 = 67.8  67.8
14 60.0  60.0 60.1 60,1 - 60.3  60.1
15 61.3  61.3  6l.4  6l.4
16 61.1  61.3  61.5 |
17 61.1  61.2 61.3 61.5  63.0  65.0  66.3
18 60.7 60.7° 60.8  60.9 . 60.6
19 .
20 61.0 61.0 6l.- 61.0 - . 51.9
21
22
23 59.5  59.5  59.5  59.5 - 60.0  59.9
24 |
13A 72.0  72.0  72.0
138 75.5  78.8

Date 4-~26-73
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Meters From Bottom

Site 1 2 4 5 6 7 8
1 - 61.0 61.0
2 - 60.6 60.3 60.2 - 60.3 60.0
3 - 61.4 61.0 61.0 - 61.1
4 - 61.2 61.1
5 - 61.4 61.2
6 - 60.7 60.5 60.3 - 60.5 60.4
7 - 61.1 61.3 61.3 - 61.3 61.1
8 - 61.2
9 60.7 60.6 60.5 - 60.5
10 62.5 61.7 61.5 - 61.0 61.0
11 60.4 60.3 60.1 - 60.0
12 - 59.8
13 - 60.0 60.0 60.5 - 64.0 67.7 67.4
14 - 61.25 60.6 60.5 . - "~ 60.6 60.4
15 - 61.25 61.0 61.0 - 61.3 61.1
16 - 61.2
17 - 62.0 -  64.2 - 64.0 63.9  64.0 64C
18 - 60.7 - 6L.4 - 60.6
19 - 61.0 - 61.1 60.9 60.7 60.4
20 - 61.1
21 - 61.7 - 61.5 |
22 - 61.0 - 62.6 61.6 61.5 61.1 61.1 61.5
23 - 62.2 61.4 61.4 61.3 61.3 61.1
24 - 61.5 61.3 61.2 61.2
13A - 70.5 70.1 70.2
Date: 5-2-73
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Meters From Bottom

Site i 3 A 5 6 7 8
1 64.0 '
2 - - , 62.2 62.2 62.1 62.0
3 - - 63.7 63.5 63.5 63.4
4
5
6 ,
7 63.5 - 64.0 - 63.3 63.5
8 - - 59.0 59.4 © 63.2
9 1 63.5 - 64.2 63.9 63.9
10 64.6 - 64.6 644 64.5 64.3
11 64.3 - 65.0 64.3 64.6
12 64.0
13 63.6 - C O 69.6 - 73.9 75.5 75.3
14 63.4 - 64.5 63.5 63.5 63.4
15 64.2 -  65.0 64.6 64.5 642 -
16 63.5 | | |
17 - 64.0 - 645 65,3 65.8 66.5  68.0 |
18 63.5 - 64.2 64.0 63.9 63.8 2
19 64,5 - 64.5 64.5 64.5 64,5 5
20 63.4 - 64.2
21 ‘ |
22 64.0 - 64.2 64.0 64.2 65.5 66.5 68.0
23 64.0 - 64.3 64.1 64,2 64,0 ,
24 65.0 | g
13A 73.6 - - 74.6 1
|
|
|
Date: 5-15-73
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Meters From Bottom

May 8, 1973

Site 1 2 3 b 5 6 7 8

1 59.0

2 61.25 61.3 - 61.5  61.5 61.5  61.5

3 61.1 61.2 - 61.5 61.5 61.5

4 60.5 60.6

5 60.75 60.75

6 61.5 61.6 - 62.4 62.5 62.5 62.5

7 61.6 61.5 - 62.0 62.0 61.75  61.6

8 61.0 |

9  60.5 60.6 - 61.1 61.0 61.0 60.9

10 61.5 61.5 - 61.9 . 61.75 61.75  61.5

11 60.75 60.6 - 61.3 61.0 60.9

12

13 62.4 67.3 - 69.6 72.0 72.2

14 61.25 61.3 - 61.4 61.2 6.2  61.1  6l.1
15 61.5 61.6 - 62.0 61.9 61,9 61.75 {

16 61.0 61.0 | |

17 60.0 - © 62.8 62.8 63.2  70.3  72.1
18 62.0 62,8 62.8 63.2 70.3  72.1 |
19 61.0 - - 61.5 - 61.3 61.2 61.0 '
20 62.0 - -

21 61.6 - - 62.5 1
22 61.4 - - 61.9 61.6 61.5 61.5  61.5 .
23 62.0 - - 63.0 62.5 62.5 62.4 ‘
24 61.3 - 61.1 !
134 63.6 - - 64.7 |
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Conclusion:

I'\ .
The presentation of this data leavesi@gch interpretation open for

o

discussion. Hoﬁever, undisputably this data doés show & definite warming
of the river water by the steamgeneration plant. 'The effluent heat is
dissipated quickly by a mixing action of the river. This physical effect

is clearly shown. The chemical and biological effects are not so definitive
and do warrent further and more complete-analysis.. This study is being

continued under NASA Grant NGR 01-001-025,





