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Conclusions

O-

I

1. During 1980, water temperatures in the a,1xing zone were within the '

limits required by the NPDES permit (90 F maximum or 5 F rise
above ambient river temperatures).

'

2. Comparison of observed plumes with predictions of the Carter three-
dimensional bouyant plume model demonstrates that this model is a
reasonable approximation of the Edvin I. Hatch Nuclaar Plant thermal
plume.

3. The results of this investigation fulfill the requirements set forth
in NPDES Permit No. CA-0004120, Part 1. B-4.
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Introduction{}
Water temperatures were measured at Plant Hatch on a weekly basis

as required by the National Pollution _ Discharge Elimination System
(KPDES) Permit No. CA-0004120. In addition, a study to_ verify the
thermal plume predictive model for two-unit operation was completed.

4

Plant Batch, owned jointly by Oglethorpe Power Corporation (30.0%).
Hanicipal Electric Authority of Georgia (17.7%), City of Dalton (2.2%),
and Georgia Power Company (50.1%) is located approximately 11 miles
north of Saxley in Appling County, Georgia. The site is on the south
bank of the Altamaha River, east of U.S. Highway 1. The plant consists j
of two nuclear units. Unit i has a generating capacity of 810 megawatts,

: while Unit 2 has a generating capacity of 820 megawatts. Unit 1 and 2
went into commercial operation on December 31, 1975, and September 5,
1979, respectively.

1

A cooling water flow diagram for Plant _Eatch Unit 2 is presented -

in Figure 1. The cooling water system for Unit 1 is identical to the
system for Unit 2. The mixing box for the river discharge structure
(Figure 2) receives cooling tower blowdown, domineralizer vaste, cooling,
tower overflow, and excess service water from both Unit 1 and Unit 2.
From the mixing box, two 42-inch lines run down to the river and extend
approximately 120 feet out from shore. The point of discharge is approx-
imately 1,260 feet down river from the intake structure and approximately

O 4 feet below the surface when the river is at its lowest level.
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Msterisis and Methods
,

In accordance with the NPDES permit, temperatures were measured on
a weekly basis at the intake btructure or at a midstream point upstream
of the intake, at the mixing chamber, and at the downstream edge of the
mixing zone (approximately 500 feet downstream of the discharge point).

; A complete listing of the temperatures is given in Table 1. The maximus ,

gbserved difference between intake and mixing aone temperatures was 3.2 ,

F, which occurred during one sampling period. Alltesg6taturesmeasured i

are within the limits required by the NPDES permit (90 F maximnun or 3 F !

rise above ambient). i

The NPDF.S permit also requires GPC to field verify and/or fine tune:

the predictive thermal plume model beginning not later than six months ,

af ter concercial operation of Unit 2. hielve thernal plume monitoring ;

surveys were conducted during 1980. During each of the twelve surveys,
temperature sensurements vere taken at depths of 1 ft., 3 ft.. and 5 ft.
All temperature measurements were made from a boat moving along pre-
selected transects in the river (Figure 3) using a temperature probe and
continuous recorder. Monitoring equipment was calibrated in the labora-
tory before each survey and rechecked in the-field before and after each
survey. Other data collected, in addition te the temperature measurements,
are listed in Table 2. No data were collected during inclement weather.

.
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The temperature data collected for five of the twelve surveys re

shown on Figures 4 through 8. These figures show the thermal plumes
existing on each of the survey dates and the corresponding computer
modelprgdictions. The largest rise above ambient river temperatures
was 1.5 F on the 1-foot transects taken on 6-19-80. This plume did not
extend more than 250 feet downstream of tl.e discharge. The maxima rise
aboveambientwaterge=peratureonthe1-foottransectsfortheremain-
ing surveys was 0.5 F. The maximum increases in water temperature for
the 3-feet and 5-feet transects were 0.5 "F or less for all surveys.

In addition to the five surveys shown in Figures 4 through 8, seven
plume surveys yielded inconclusive data (Table 2). Three of these sur-
veys were conducted with only one cooling tower discharging heated water
(8-8-80,10-3-80, and 10-31-80). No thermal plumes were detected in the
river on three of the seven surveys (6-18-80, 8-6-80, and 8-13-80). Mo-

del predictions suggest the possibility of plumes which would not extend
downstream enough to be detected at the transects. The data from the
remaining survey (8-12-80,16:15 EDST) shows the effects of solar heating
iz:: mediately downstream of the barge slip. During this survey, the ambient
air temperature was 97 *F. Because of tha low water elevation, 64.7 fee't,
the shallow areas near the sandbar were heated by extreme solar radiation.
Solar heating resulted in a secondary thermal plume which was entrained

( into the downstream portion of the discharge plume. This seconda p plume
was evident as a localized increase in water temperature to 90.0 F,

approximately 800 feet below the discharge 3 The ambient water tempera-
ture and discharge temperatures were 88.5 F and 89.1 F, respectively.

This secondary plume biased the data colleited, and no comparison vith
model predictions could be made. The precedinE seven surveys are net
presented in figures.

>
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Discussion

The results shown in the 1976 annual report demonstrate that a
suitable thermal plume model, the Carter three-dimensional thermal
plume codel, has been field tested and verified for one-unit operation
(Carter et al. ,1973. Edinger et al. ,1974, and Georgia Power Company,
1977). As required by the h7 DES peruit, this model must also be veri-
fied for two-unit opetation.

Comparisons of observed and predicted surface plumes for each of
the 1980 surveys are presented in Figures 4 through 8. A dimensionless
constant has been adjusted in the model in order to obtain the best fit
between observed and predicted plume dimensions. The constant used for
the 1980 themal plume surveys ranges from 4 to 40 with an average value
of 18.9. This constant adjusts the point where dilution of excess heat
begins and is affected by the AT and the discharge volume. The largest
value of the constant (C = 40) occurred with the lowest AT and the high-
est discharge volume (0.9 F and 98.0 cfs, respectively). Lower dis-
charge volumes or higher AT values required inte.rmediate values for the
constant (ranging from 12 to 20). The lowest value of the constant (C =
4) occurred with a low discharge volume and an elevated AT (34.5 cfs
and 4.5 F, respectively). If the survey with the lowest AT and tne -

highest discharge volume is zxcluded, the constants for the remaining
surveys range from 4 to 20.

O The overa11 diner.> ions of the observed and tredicted >1umes are
sut=arized for each survey in Table 3. The observed and predicted
lengths are tabulated to the nearest 50 feet, which is the accuracy to
which the plumes could be predicted from the data. Table 3 stows a
reasonable comparison between the observed and predicted lengths, con-
sidering that excess temperature isotherms no greater than 1.5 F could
be identified from the field data. Similar results are shown for the
plume surface areas. The higher surface areas of the observed plumes
are attributed to increased surface spreading caused by the sandbar.
These results are within the accuracy to be expected from a simp 1e
empirical model for low excess temperature isotherms.

The plume modet verification was conducted under conditions
co= parable to average summer conditions. The estimated fu11y mixed
excesc temperature for average summer conditions (average river flow
of 3000 cfs and AT = 4.7 F) is 0.09 F (Georgia Power Company, 1975).
During the 1980 thermal plume surveys, the period of lovest river _flov

'

and greatest cooling tower heat rejection occurred during the survey
on 8-7-80 at 17:30 EDST (Table 2). The river discharge on 8-7-80 was
3220 cis. The fully mixed excess temperature at 17:30 pST was 0.05 F
vith a coeling water discharge of 34 cfs and AT of 4.5 F. This demon-

i strates that the cooling towers are operating as predicted.

Suenarv

O Calibration of the carter model to the 1980 field data for discharge
from two units yielded constants ranging from 4 to 20 vith an average

4
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,p value of 13. Mode.1 predictions for a AT value less than 1 F, and
v cooling tower discharge of 98 cis required a constant of 40 and is not

considered typical of normal conditions. Results reported for Unit 1
operation during 1976 yielded constants ranging from 5 to 16 with an
average value of 10 (Georgia Power Company, 1977). These comparisons
demonstrate that the Carter model is a reasonable approximation for the
Batch thermal plume. Thus, a suitable thermal plume model has been
verified and calibrated with field surveys as required in the NPDES per-
mit.
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TABLE 1. EWIN 1. RATCH NUCLEAR PIANTO NPDES TDU'ERATURI HONITORDiG DURD;G 1980

H1xing Chamber
Unit I Unit II Kizing

Intake Discharge Discharge Zone
Date Teep. ( F) Temp. ( F) Ty,cp . ( F) Temp. ( F) JT,

01/02/80 52.0 52.0 79.0 52.0 0.0
01/10/80 48.0 71.0 75.0 48.0 0.0
01/16/80 51.0 71.0 79.0 51.0 0.0
01/23/80 $2.0 71.0 75.0 52.0 0.0
01/30/80 50.0 67.0 52.0 50.0 0.0
02/07/80 44.0 63.5 64.0 44.0 0.0
02/19/80 46.5 68.0 72.0 46.5 0.0
02/20/80 48.0 66.0 58.0 48.0 0.0
02/28/80 51.5 74.0 76.0 $1.5 0.0
03/05/80 48.0 76.8 53.4 48.0 0.0
03/12/80 54.0 75.0 58.0 54.0 0.0
03/19/80 55.0 63.0 60.0 55.0 0.0
03/26/80 59.0 69.0 63.0 59.0 00
04/02/80 62.0 70.0 65.0 62.0 0.0
04/09/80 62.0 73.0 66.0 62.0 0.0
04/16/80 64.0 67.0 64.0 64.0 0.0
04/25/80 66.0 80.0 70.0 66.0 0.0

,t 04/30/80 67.0 84.0 84.0 67.0 0.0
05/07/80 69.0 88.0 72.0 69.0 0.0
05/14/80 75.0 70.0 78.0 75.0 0.0
05/22/80 77.0 91.0 . 78.0 77.0 0.0
05/28/80 * 78.0 87.0 * -

3

06/05/80 76.0 79.0 78.0 76.0 0.0
06/13/80 79.3 79.0 78.0 79.3 0.0
06/18/80 79.2 74.0 88.0 0.2 0.0
06/25/80 81.0 90.0 90.0 81.0 0.0
07/02/80 79.0 80.0 * 79.0 0.0
07/09/80 84.0 83.0 89.0 84.0 0.0
07/16/80 86.0 90.0 90.0 88.0 2.0

' 07/23/80 84.0 79.0 94.0 84.0 0.0
07/31/80 85.0 90.0 * 86.0 1.0
08/06/80 86.0 86.0 82.0 86.0 0.0
08/13/80 85.0 78.0 88.0 85.0 0.0
08/20/80 85.0 95.0 90.0 85.0 0.0
08/28/80 * 90.0 86.0 * -

'
09/03/80 84.2 93.2 92.3 s4.2 0.0
09/10/80 81.0 89.0 76.0 82.0 1.0
09/17/80 83.0 86.0 85.0 84.0 1.0
09/24/80 82.0 92.0 92.0 83.0 1.0
10/01/80 70.2 82.9 79.5 73.4 3.2
10/08/80 67.8 82.6 74.8 68.4 0.6
10/15/80 66.0 67.0 79.0 66.0 0.0

(_s) 10/22/80 67.8 82.6 80.2 68.2 0.4

|
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TABLE 1 (Con' t.) !

Mixing Chamber .

Unit 1 Unit II Mixing
intake Discharge Discharge Zone

Date Temp. (OT) Teep. ( T) Teep. ( T) Temp. ("T) fj[

10/29/80 62.8 82.6 84.4 64.9 2.1
11/05/80 62.4 73.8 67.1 63.5 1.1
11/12/80 58.5 73.0 63.3 59.7 1.2
11/19/80 57.0 71.1 59.5 57.0 0.0
11/26/80 54.5 70.0 58.5 56.8 2.3
12/03/80 53.6 $8.6 56.3 53.6 0.0
12/10/80 55.4 76.8 59.9 55.6 0.2
12/17/80 51.3 69.4 54.1 50.5 -0.8
12/23/80 48.4 60.0 52.0 47.1 -1.3

* Monitor out of service for repairs.
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" TABLE 2. EDVIN I. IIATCH NUCLEAR PIANT THERMAL PLIIME SURVETS

Megawatts River River River Discharge Discharge Discharge River

Thermal Elevation Discharge Velocity Volume Velocity Temperature Temperature

Date Unit 1 Unit 2 (ft) (cfs) (ft/s) (cfs) (ft/a) ("F) ( F)
106-18-80 70 2421 66.2 4970 1.40 71.3 3.71 87.1 83.0

(14:30)
06-19-80 2010 2399 66.0 4720 1.25 75.7 3.98 88.3 81.3

,

(9:25) 208-06-80 1731 2397 65.0 3220 1.64 64.6 3.36 86.0 89.2

(15:10)
08-07-80 2061 2389 65.0 3220 1.31 98.0 5.09 88.0 87.1
(9:30)

08-07-80 2247 2383 65.0 3220 1.04 34.5 1.79 93.9 89.4

(17:30)3
08-08-80 2348 2320 65.0 3220 1.64 35.6 3.71 93.9 86.9

,

'* (10:15) .

08-11-80 2403 2400 64.7 2890 ' 1.31 - 33.4 1.74 88.0 86.4
(16:10)

08-12-80 2415 2419 64.7 2890 1.43 32.3 1.68 89.1 87.4
,

(12:02)3
'

08-12-80 2405 2392 64.7 2890 1.31 36.8 1.91 89.1 88.5 '

(16:15)g
08-13-80 150 2409 64.7 2890 1.31 70.8 3.68 88.0 87.1

(10:45)310-30-80 1951 2380 64.6 2840 0.98 40.1 2.08 81.0 65.5

(14:00)310-31-80 1903 2400 64.6 2840 0.98 39.0 2.03 74.5 63.5
(10:10)

:
:

:No plume detected.
Dischstge temperature less than river temperature.

3Discharge from Unit I cooling towers only.
4Thermal plume af fected by solar heating. -

- - ___;
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- TABLE 3. COMPARISON OF OBSERVED PLtME LENGTRS AND SURFACE ARFAS WITH THOSE
PREDICTED BT THE CARTER THREE-DIMENSIONAL BOUTANT PLUME MODEL

Survey Contour Length (ft) Surface Area (ft )
Date Constant ( F) Observed Predicted Observed Predicted

06-19-80 17 1. 0 400 400 6.7 x 10' 1.0 x 10
(9:25) 0.5 1000+ 1250 14.8 x 10 7.4 x 10

$ 08-07-80 40 0.5 300 300 2.4 x 10 0.5 x 10
(9:30) -

! 08-07-80 4 0.5 250 250 0.7'x 10' O.4 x 10'
} (17:30) ;
4

-)

! 08-11-80 20 0.5 200 200 0.6 x 10' O.4 x 10' ;|
1 (16:10) ij. |

| 08-12-80- 12 0.3' 250 250 1.0 x 10' O.2 x 10'
-} ' (12:02) '
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