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- a discussion of the need for continued monitoring and/or mitigating
actions to lessen the atmospheric impact of plant operation.

3.2 QESCRIPTION OF COOLING TOWER OPERATION

The cooling water that collects heat from the condensers at the Catawba Nuclear
Station is circulated through six circular, mechanical draft cooling towers and
then recirculated back to the condensers. A small percentage of water (tower
blowdown and low pressure service water) is discharged back into Lake Wylie.

The towers are arranged on-site as shown in Figure 1-2.

Each tower is 92 feet tall, 272 feet in diameter and has 13 fans. The fans are
each 28 feet in diameter and rotate at a speed of 154 rpm. When all six towers
are operating, a total of 1.38 million gallons of water per minute are flowing
through the system. Water enters the towers at a maximum temperature of 112°F
and is recirculated at 88°F. A1) 78 fans can produce enough draft to move 1.3
million pounds of air per minute. Air exits each operating fan port saturated
with moisture, Up to 27,700 gallons per minute of water is evaporated and
released through the fan ports at maximum operating capacity. Water is con-
stantly drawn into the system from Lake Wylie to replace the water lost through
evaporation. The entire system is capable of handling a total heat load of

15.8 Billion Btus per hour.

During the winter months when ambient air temperatures are sufficiently cold,
the operation of all the towers may not be required to return the cooling water
to proper temperature. Therefore, air and water temperatures are monitored

constantly and one or more towers may be removed from service for a period of

time,






Site 1 is near the water intake area, about 800 meters north of the cooling
towers. Site 2, about 500 meters south of the cooling towers, is near the

low pressure service water discharge area of the plant, Visibility was con-
tinuously measured at each location using an MRI Fog Visometer Mode! 1580A.
This instrument measures visibility within the range of 50 feet to 6 miles with
a minimum accuracy of £15% in light scattering coefficient in normal atmospher-

ic haze, fog and precipitation.

Surface water temperatures on Lake Wylie were continuously monitored near each
visiometer using a thermistor at a depth of 5 to 8 cm shaded under a buoy.
Temperature readings have an accuracy of $0.5 degrees Celsius. Both visiometer
data and surface water temperatures were averaged over one-hour intervals.
Averaged measurements for the 30 minutes before and after each hour were 1ogged

on the hour.

To supplement these instruments, daily morning fog observations (between 6:00
and 7:30 a.m.) were taken during the same two-year pre-operational period.
Security personnel at the nuclear station made visual observations to compare
fog conditions near the south side (Site 2) visiometer to prevailing conditions
on adjacent land and water. Personnel at the Wylie Mydro Station (located
about 6 kilometers east-southeast of Catawba, downriver) made similar visibili-
ty observations over the lake and land areas visible from the dam. Sample
copies of the fog observation forms filled out by Wylie Mydro and Catawba
security personnel are shown in Figures 1-3 and 1-5, respectively. The corre-
sponding fog observation guides are given in Figures 1-4 and 1-6, respec-

tively. Pictures were normally attached to the guides for reference.



Duke Power meteorologists also personally witnessed steam fog episodes during
the pre-operational phase to define the extent of fog, transport of fog off the
lake, and elevation of the base of the fog. The details and analysis of the

meteorologists' observations are contained in Section 2.2.

The operational phase of the study, also two years of data collection, used
basically the same visual and mechanical monitoring procedures outlined above
with one addition. Catawba security personnel, in addition to each daily
morning fog observation, completed a cooling tower plume questionnaire. The
questionnaire was designed to document the characteristics of the cooling tower
plume itself in terms of plume dimensions, visibility, drift, and icing on
surrounding public and private lands. The visual fog observations at both
locations along with the plume observations were started in September 1984 in
anticipation of the start-up of Catawba Unit 1. Unit 1 began testing procedures
in the early months of 1985, and went into commercial operation in June 1985,
The visiometer and surface water temperature measurements started in August
1985. Unit 2 at Catawba began commercial operation in August 1986. Mechanical
problems and scheduled refueling caused both units to be down from September to
November of 1986. To ensure at Teast one full year of continuous operation of
both units, the visiometer monitoring programs and visual observations were
continued through the end of 1987, The statistical analysis of the visio-
meters, thermistors and visual observations includes only the data collected

while the plant was operating, June 1985 through August 1986 and November 23,

1986 through November 1987,




The piume questionnaires were analyzad from January 1985, when the plant
started testing procedures, through December 1987. The questionnaires were not

noreally filled out if there was no cooling tower plume.

The operational fog observation forms and guides are very similar to those used
in the pre-operational phase. Space was allotted for a brief comment on the
cooling tower plume and several observation points were changed slightly. For
this reason, sample copies of the operational phase fog observation forms and
guides are also shown in Figures 1-7, 18, 1-9 and 1-10. The cooling tower

plume questionnaire is included as Figure 1-11.

Duke Power meteorcologists also observed fogging events during the operational

phase of the study. Their findings are reported in Section 2.2.

A mathematical model (SACTI) for the prediction of seasonal/annual cooling
tower impact was run simulating full operation under two years of
representative meteorological data. The mode] results are compared to the

other methods used in the study in Section 5.0,

Charts illustrating the timetable of events for both phases of the study are

shown in Figures 1-12 and 1-13.
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1.

12,

13.

14,

15.

'7-

18,

if you observed fog, do you think it was natural fog or fog caused by the
plume?

natural fog . plume fog both

If the fog was caused by the plume, place a ""10" at ‘that location.

Did you observe snow falling from the plume only and not from clouds?

Yes No

Did you observe icing on objects in the vicinity of the plume?
Yes No

If you observed icing caused by the plume, check one or more of the types
of surfaces on which you observed it.

a. trees and other vegetation

b. roads
c. uti'ity lines and towers

d. others (please list)

Place a "14" on the map where you observed icing.

As you drove to or from the plant, did you notice changes in road condi-
tions (rain, snow and/or fog)?

Yes No
If yes, please briefly describe what they were and where.

On the map, please sketch the plumes as you saw it.

Other comments (i.e., unusual behavior, olume touching private residencies,

shadowing, etc.):

Figure 1-11

(cont,
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2.0 PLUME OBSERVATIONS

2.1 OBSERVATIONS OF COOLING TOWER PLUME

The Cooling Tower Plume Questionnaire was an attempt to obtain a very subjec-
tive observation of the cooling tower plume itself and the effects on the

immediate area.

Summary results of the questionnaire are given in Figure 2-1. Noteworthy points

and comments from the cooling tower plume survey are:

The condensate plume was by and large confined to the immediate site area;

plumes extending beyond 4 miles occurred in less than 1% of the

observations.
. Restrictions to ground-level visibility due to fog and rime icing from
condensate material were limited to immediate onsite locations (cooling

tower yard) during periods of plume downwash, based on comments and map

plume placements Downwash was noted in about 12% of the observations.

. Snowfall was not initiated from the plume.

. Changes in driving conditions were due exclusively to natural phenomena.

22




2.2 STEAM FOG EPISODES OBSERVED BY METEQOROLOGISTS

Potential steam fog episodes were observed by company meteorologists from the
fall of 1978 through the fall of 1987. Over twenty visits were made «ith many
photographs taken. Although steam fog episodes were the primary reason for the
observations, many meteorological scenarios were observed in order to study a
range of fogging events. Most observations were made in the fall during
maximum air-water temperature differences. Other observations were made of the
cooling tower plume during high wind, during freezing temperatures and during

spring fogoing events.

Figure 2-2 shows the points of observation during the episodes. Not all

points were visited during a particular episode, but the numbers do correspond
to the general order of visitation. The more important observation noints are
(1) for fog 2t Tega Cay and a view of the lake toward Catawba; (2) for a
control where plant impacts would be minimal; (4) for a clear view of the main
body of the iake; (5) to ascertain the steam fog effect on the airport; (7),
(8) and (9) to observe the cooling towers and the visiometer sites; and (10) to
give a panoramic view of the entire Lake Wylie area including most observation

points.

In general, the operation of the cooling towers seems to have no observable
effects on steam fog on Lake Wylie. A change in frequency of fogging events
cannot be determined from the episode observations, but direct effects can be
observed. Steam fog occurs when cold air settles over warm water, aliowing

water vapor of the warm water to become mixed with and cooled by the cold air

and to condense rapidly. Steam fog episodes are characterized by large air-sur-







occurrence than the above situation. Plant Allen may also contribute to
steam fog on the main part of the lake only. The main part of the lake
will cool more slowly than the coves during the fall due to the volume of

water,

Because of the tendency of more steam fog occurring on the main part of
the lake, the lower part of the lake near Wylie Hydro had more occurrences
of heavy steam fog than the Catawba plant area. Also, the steam fog
normally traveled down lake (river) due to northerly winds and/or gravity

flows.

Wind can also change the visibility very quickly at a particular site
during steam fog events. Visibility at the highway bridge observation
point (8) could change from less than a quarter of a mile to greater than
a mile and a half, and back again in a matter of minutes. This is due to

the sometimes fragmented nature of steam fog.

Observations at the visiometer sites were consistent with the visiometer
measurement results regarding the better visibility at the discharge
visiometer (Site 2) particularly in the operational phase. Site 2 gener-
ally had less steam fog than Site 1. Wind direction would probably be the
most important parameter for this phenomenon as Site 1 is exposed to the
lake proper during a north wind which generally occurs during steam fog
events. Even slight breezes can move steam fog around dramatically. Site
2, although more sheltered, is not exposed to a north breeze off the

water,

25



. Steam fog could rise and form a shallow stratus layer above Lake Wylie,
The stratus layer was observed to move one or two miles inland, but rot

the five miles to the Reck Hill airport (observation point 5).

. Ouring steam fog events, fog would affect the Tega Cay area. Generally

this was limited to the residences close to the lake.

. The cooling tower plume was observed during high wind freezing tempera-
ture events for nearoy icing. Ice was observed in the area and the trees
immediately surrounding the cooling towers, but always within the fenced

boundary.

. Light drift from the plume was sometimes observed to fall on the nearby

road when the plume was bent toward the road.

Photographs representative of interesting fogging situations are provided in

Figure 2-3. The following is a description of each photograph.

Photograph 1: Taken pre-operational (1981) at I-77 and the Catawba River (2).
Typical lifted steam fog along the river valley. Plumes to the left are from

the Celanese Plant cooling towers.
Photograph 2: Steam fog, looking toward landmarks at the highway bridge visi-

bility observation point (8). Typical medium steam fog showing potential for

variability in visibility observations.

26



Photograph 3: Operational (1987) taken at visiometer Site 1 (9). Little or no
steam fog near shore, but thick, low steam fog in middle of lake rising to form

a lifted fog area.

Pnotograph 4: 1986 picture during fall, but plant was not and had not been

operating for a month. Taken at Ebenezer Landing (4) looking northwest, thick
steam fog forming over main part of lake, lifting and moving to the southwest.
Can see cumuliform 1ifted fog moving left in picture toward the airport. (See

next photograph.)

Photograph 5: Taken same morning as #4 at airport (5) toward Lake Wylie. Note
fog in distant horizon blocking part of sun above trees. This is typical of
heavy steam fog event on lake, but does not reach far inland. Airport re-

mained open entire morning.

Photograph 6: Taken at highway bridge toward visibility markers (8). Very
light, low steam fog in coves while very heavy tall steam fog on main part of

lake with heights approximately 150 feet.

Photograph 7: Picture of cooling tower plume with all six towers operating

from visitor overlook (7). No fog observed.
Photograph 8: Picture of covling tower plume from visitor overlook (7) witi

steam fog in distance over main part of lake. Isolated coves were relatively

clear of steam fog.

27



Photograph 9: Similar to Photograph 8 except cooling towers are not running.

No fog on land, just steam fog on main part of lake in the distance.

Photograph 10: Pre-operational picture taken from Nanny Mountain Fire Tower
(10) at Lake Wylie. This is typical of heavy steam'fog episodes where fog is
on main parts of lake only and rises up to 200 feet. Litt.e movement inland as

low winds are a prerequisite for steam fog production.

Photograph 11: Same location as Photograph 10, but no steam fog and plant

operating.

Photograph 12: Transparent steam fog at the Wylie Hydro observation point

(3) taken pre-operational. Steam fog is confined to the lake.

Photograph 13: Light, low steam fog at Wylie Hydro (3) looking toward Catawba
with operating cooling towers. Photograph taken later in the morning when

steam fog is dissipating in areas incident by sunlight.

Photograph 14: Heavy steam fog on lake at visiometer site No. 1 (9). Photo-
graph of the erratic coverage of steam fog where the lake has very low

visibility, yet it is clear at the visiometer measurement site.

Photograph 15: Fog collecting in protected valley of a transmission

corridor. Pre-operational photograph taken off Hwy. 274 looking toward lake.

Photograph 16: Cooling tower plume observed on a clear day from Tega Cay

observation point (1).
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Results of
Cooling Tower Plume Questionnaire

Name

Date Time

In the list of types of weather given below, encircle one or more which
best describe the general weather during your observation of the plume.

clear- 59.8% partly cloudy=~ 7.9% rain- 10.7% snow- 0,5%
fog=- 16% cloudy~- 10.5% freezing rain-0.0% thunderstorm- 0, 3%

Was there a visible plume?
Yes~- 74.8% No- 25.2%

How far from the power plant would you estimate that it ended?

on=site site to 2 miles 2=4 miles more than & miles
t8.9% 29.7% 1.4% 0.2%

If it ended at a location on the map, place a '4'" at that location.

What would you estimate the vertical extent of the piume to be?

100=-500 feet 500-100C feet Greater than 1000 feet
49.5% 45.5% 5.0%

Was the wind strong enough to bring the plume or a portion of the plume
to the ground?

YQS- 1202z No- 87-8:

If it was, place a "'6'" everywhere on the map where you saw the plume or a
portion of it contacting the ground.

Did you pass through the plume or a portion of it?
Yes- 1.1% No- 98.,9%

Did you pass under the plume?
Yes~- 4.1% No- 95.9%

If you passed through, under, or near the plume, did you observe drizzle
from it?
Yes~ 33.3% No- 66.7%

29 Figure 2-1



15,

If you observed fog, do you think it was natural fog or fog caused by the

plume?

natural fog- 78.4% plume fog- 6.3%

both- 15.3%

If the fog was caused by the plume, place a '"'10" at ‘that location.

Did you observe snow falling from the plume only and not from clouds?

Yes- 0.0% No~ 100%

Did you observe icing on objects in the vicinity of the plume?
Yes- 0.4% No- 99.6%

If you observed icing caused by the plume, check one or more of the types

of surfaces on which you observed it,
a. trees and other vegetation

b. roads
¢, utility lines and towers

d. others (please list)

Place a ""14'" on the map where you observed icing.

As you drove to or from the plant, did you notice changes in road condi-

tions (rain, snow and/or fog)?

Yes~- 1.5% No- 98.5%

If yes, please briefly describe what they were and where.

On the map, please sketch the plumes as you saw it,

Other comments (i.e., unusual bahavior, plume touching private residencies,

shadowing, etc.):

30
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4.0 YISIOMETER MONITORING PROGRAM

4.1 SUMMARY OF REDUCED DATA

The visibility data collected by Visiometer 1 and Visiometer 2 during the pre-
operational and operational phases of the study have been analyzed on a monthly
and hourly basis (Figures 4-1 and 4-2). The 10th percentile criterion was
chosen because it gives values within the 50 feet to 6 mile accuracy range of
the visiometers, and is easily used to compare the relative visibilities of the
two visiometers and the Charlotte NWS data. Charlotte data, Figure 4-3, are
used as representative of natural variations in regional visibility since it

is collected approximately 13 miles northeast of Catawba at Charlotte/Douglas
International Airport (see Figure 1-1). The 10th percentile value means that
10 percent of the visibility observations for a particular site are below that
value, and conversely 90 percent of the observations are above that value.
Therefore, a higher value for the 10th percentile indicates better relative

visibility compared to a lower value.

Visiometer 1, analyzed on the monthly basis, follows similar trends and values
for the two phases of the study. Based on hourly criteria, Visiometer 1 shows
very similar visibility during the early morning hours (the prime fogging time)
while displaying slightly poorer visibility in the operational phase for the

remainder of the hours.

Visiometer 2 follows similar trends on the monthly and hourly graphs, but shows
marked improvement of visibility during the operational phase. The Charlotte NWS

graphs (Figure 4-3) also show consistently better visibility values for both

4u




the monthly and hourly analyses in the operational phase of the study. In
summary, considering the relative values on Figures 4-1, 4-2 and 4-3, it

appears that natural visibility in the region and visibility measured at
Visiometer Site 2 have improved significantly in the time frame since the

cooling towers became operational. The visibility at Site 1 appears to have
remained fairly constant. Section 4.3 details statistical tests which were

used to study the visiometer and NWS data to determine any significant differences

between the pre-operational and operational data.

4.2 COMPARISON WITH AREA VISIBILITY CLIMATOLOGY

The visiometer data for both sites and the Charlotte NWS data are compared
monthly and hourly on Figures 4-4 and 4-5, respectively. A1l three data bases
show similar trends whether in the pre-operational phase or operational phase,
but the relative 10th percentile values of each vary. Comparing Site 1 and
Site 2, Visiometer 1 shows generally better visibility in the monthly pre-opera-
tiona! phase while Visiometer 2 shows markedly better visibility in the monthly
operational phase. The NWS visibility shows similar trends to the two sites

but the relative values vary somewhat randomly.

On an hourly basis, Site 1 and Site 2 display the same trends as the monthly
data. Site 1 is better in the pre-operational phase while Site 2 is decidedly
better in the operational phase. Charlotte NWS data show similar trends but

relative values vary.
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Figures 4-4 and 4-5 graphically illustrate that visibilities measured at Visio-
meters 1 and 2 follow the regional trends as measured by the Charlotte NWS at

Charlotte/Douglas International Airport.

4.3 STATISTICAL SIGNIFICANCE TEST

A statistical test can be used to assess whether the operation of the Catawba
cooling towers enhances the natural reductions in visibility at the two visio-
meter sites. The purpose of the test is to show if a statistically significant
increase in the number of hours of poor visibility episodes occurs during
operation of the cooling towers. Charlotte NWS records provide a baseline to
indicate natural visibility trends in the region. Ihe :t:v%.t.cal method found
to be most useful is the 2 x 2, or tetrachoric, contingency table. This method
was previously used in a University of Michigan study to test independence of
cooling tower operation and peor visibility/fog occurrences at nearby visiometer
sites to the Falisades Nuclear Plant.[ll This method is especially useful when
samples are not indepencent, as in the case of most meteorological measurcments.
The theory behind this test is that if there are two events, A and B, only one
of which must occur, and two other events, C and D, only one of which must
occur, a determination can be made concerning any association between the

events of Aor B and C or D.

As an example, the frequencies of occurrence of A, B, C and D are set up in the

following form:
Visiometer Site

Visibility > 1 mile Visibility € 1 mile (Total)

Pre-Operational A g l é : 8
Operational C

' A+C g+0 | W= E+8+TH0
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A Chi-square test is performed on the table to determine the independence of

the elements in the table. The premise is that if the elements are found
independent then there is no significant difference in the number of poor

visibility episodes between pre-operation and operation of the cooling towers.

The Chi-square test statistic (x2) is generated from the 2 x 2 tables using the

following equation,
2 = N§|A0 - BC! - O.SNE2
+ + + +

The Chi-square theoretical value (x2) is taken from a standard table.[Z] This
study assumes a 95% confidence level and 1 degree of freedom, which gives a

value of 3.84 on the standard Chi-square distribution table.
The null hypothesis being tested is as follows:

“The occurrence of visibility episodes of less than one mile at each
visiometer site is independent of the operational status of tne cooling

towers."

The hypothesis can be rejected ii{ the minimum expected value (E) of Cell B is 2
5 and if the value of x2 2 x§5. The value of E for Cell B is given by the

following formula:
E8 = (A+B)(B+D)/N

The number of visibility observations used in this study 1s sufficiently large

s0 that the minimum expected value (E) for Cell B is always 2 5. Therefore,
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the main concern when evaluating the visiom ter data with the contingency

tables is whether or not the test statistic x2 is 2 the theoretical value xéS‘

Visiometer Sites 1 and 2 and Charlotte NWS data were evaluated on an annual
basis and also a seasonal basis. Tahle 4-1 lists the visibility frequencies
for all the ccntingency tables. The results are summarized in Table 4-2, which
lists the five categories of analysis for both phases of the study for each
visibility recording site (Visiometers 1 and 2 and Charlotte NWS). A category
with significantly more poor visibility events is marked dependent (DEP).

Visiometer 1 shows independence between the frequancy of poor visibility events

and the pre-operational/operational status of the cuoling towers for the annual
basis as well as for all the seasons except summer. The summer season indi-
cates increased frequency of poor visibility events in the operational phase

for Site 1. Visiometer 2 shows a significantly higher freguency of poor

visibility events during the pre-operational period for the arnual basis and

three of the four seasons. The summer season for Visiometer 2 shows indepen-
dence of the number of poor visibility events and the pre-operational/operational
status of the cooling towers. Charlotte NWS visibilities show independence of
pre-operational/operational data for the autumn season while revealing a higher

frequency of poor visibility episodes in the pre-operational phase for all othar

categories.

A1l but the Visiometer Site 1 summer category on the summary Table 4-1 show
that the operation of the Catawba Nuclear Station cooling towers does not
significantly increase the frequency of poor visibility events (s 1 mile) at

Visiometer Sites 1 and 2.
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The occurrence of increased poor visibility episodes during the operational
phase summer seasons at Visiometer Site 1 appears to be the result of natural
variability. Visual observations of natural fogging events by Duke Fower
meteorologiste usually discovered a moie pronounced fog cover in the cove at
Site 1 as compared to Site 2. Natural variations in weather conditions along
with different site characteristics could adequately explain this decreased
visibility at Site 1 during the summer periods of the operational phase of the

study, as well as the better visibility at Site 2 during the operational phase.
In conclusion, statistical analysis of the visiometer data indicates that the
operation of the Catawba Station cooling towers does not impair the general

visibility of the region surrounding the plant.

4.4 ANALYSIS OF WATER TEMPERATURE DATA FOR STEAM FOG

Surface water temperatures at Site 1 and Site 2 (see Figure 1-2) were measured
continuousiy during both the pre-cperational and operational phases of thre
study. The ~2sults have been tabulated into average monthly surface water

temperatures and appvar on the graphs in Figures 4-6 and 4-7.

Figure 4-6 compares Site 1 and Site 2 for each phase of the study. While Site
2 is generally slightly warmer (less than 2°C) than Site 1 in the pre-operational
phase, the difference is more pronounced during the operational phase. Site 2

is up to 4°C warmer on the average during the winter montus. This is expected

since Site 2 is near the discharge area for plant low pressure service water,




Figure 4-7 compares the two phases uf the study for each site individually.

For Site 1, the operational phase shows warmer average ‘s . atures (up to 3°C)
for January through July (except April) and then basically n, differences for
August through December. Steam fog would most likely appear in the fall months
as night time temperatures can drop sharply while th lake witer remains much
warmer. The Site 1 graph therefore indicates that water teipe atures north of
the plant in the uperational phase would not tend to cause any increase in the
occurrence of steam fog during the prime steam fog months, all other factors
being equal. This agrees with the visibility analyses discussed in Sections
4.1 and 4.3 which conclude that the general visibility at Visiometer Site 1 did

not significantly change during the operational phase of the study.

The Site 2 graph in Figure 4-7 indicates that the average water temperatures

in the low pressure service water discharge area are higher (up to 5°C) during
the operational phase of the study. The prime steam fog months show up to 3°C
warmer average temperatures. This would tend to indicate that, al) other
factors being equal, more steam fog events would have occurred si~ce the
cooling towers began operating. However, the actual number of fogging events
observed at the highway bridge (Co. Rd. 1132), where Site 2 is located, did not
change significantly during the operational phase (see Figure 3-1). In fact,
visibility readings at the Site 2 visiometer indicate that visibility was

actually better during the operational phase.

The higher operational temperatures in Figure 4-7 are consistent with a thermal
piume analysis which was performed on the combined service water and cooling
tower blowdown reledses into the Allison Creek arm of Lake Wylie. The thermal

plume analysis was performed as part of a 316(a) demonstration at Catawba.




Areas enclosed by the 2.8°C isotherm (above ambient lake temperatures) and the
32.2°C isotherm, with the percent of lake surface area affected, are presented
on a seasonal basis in Table 4-3 for average and worst-case conditions (the
2.8°C delta isotherm and the 32.2°C isotherm correspond to water quality

standard limits).

Under worst-case winter (February) conditions the 2.8°C above ambient isotherm
would extend from the mouth of “he discharge cove (bridge location) to less
than 914 m downstream and to 244 m upstream of the Allison Creek arm of Lake
Wylie. This would represent less than 0.9% of the total lake area. Under
average winter conditions it would affect only 0.6% of the total lake area.
Under worst-case summer (August) conditions the 2.8°C above ambient isotherm
would be confined almost entirely to the discharge cove and the 32.2°C isotherm
would extend from the mouth of the discharge cove to less than 914 m downstream
and 244 m upstream of the Allison Creek arm of Lake Wylie. This would repre-
sent an area bounded by the 32.2°C isotherm of about 40 ha or about 1.1% of the
total lake area. Under average summer conditions the 32.2°C isotherm would

enclose 2 ha or 0.1% of the total lake area.
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Table 4-3

Predicted Maximum Thermal Plume Extent Under

Average and Worst-Case Conditions

Average conditions

Worst-case conditiors

Area to 2.8°C Area Area to 2.8°F Area

(5°F) above 4 to 32.2°c % (5°F) above x @ R.2C K

ambient total* (90°F) total* ambient total** (90°F) total**

isotherm, lake isotherm, lake isotherm, lake isotherm, lake
Season ha (acre) area ha (acre) area ha (acre) area ha (acre} area
Spring 32 (80) 0.6 T <0 36 (90) 1.1 0 X0
Summer 2 (5) 0.1 2 (5) 0.1 14 (35) 0.4 40 (100) 1.1
Fall 20 (50) 0.4 ~0 0 24 (60) 0.7 ~0 ~0
Winter 30 (75) 0.6 ~0 ~0 39 (85) 0.9 ~0 ~0

0§

*Based on full pond surface area of 541 ha (12,445 acres).
**Based on maximum drawdown 3 m (10 ft), area of 3724 ha (9,203 acres).
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5.0 PLUME MODELING - SACTI

5.1 DESCRIPTION OF THE MODEL

A mathematical mode! for the prediction of Seasonal/Annual Cooling Tower
Impacts (SACTI) was acquired from the Electric Power Research Institute (EPRI).
This model predicts the physical impacts of cooling tower plumes, including
drift, fogging, icing and shaduwing. SACTI represents improvements in

theory and performance compared to previous models. The model forecasts
seasonal as well as annual effects, and considers the impacts local to the
towers, covering an area of 5 to 10 kilometer radius. For this study, only

foyging and iciny are considered.

The model consists of four submodels, the output of one becoming the input for
the next. Most earlier models used relatively simple calculations on an hour
by hour basis to predict impacts over a season or year. This simplicity was
necessary to keep computational reguirements within reasonable limits. The
SACTI model reduces meteorological data and tower characteristics into repre-
sentative similar cases so that more reliable and complex plume and drift
formulas could be incorporated. The model determines 35 categories of plumes
which may be expected and chooses 10 categories cf environmental conditions to
represent the fogging/icing cases. Fogging is predicted when the visible plume
strikes the ground. Icing is assumed to occur when the visible plume strikes

the ground under freezing conditions.

The SACTI mode! allows for the input of any number of identical natural draft or

mechanical draft (linear or circular) cooling towers in any geometric orientation.
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This is handled with the concept of representative wind directions, another
innovation of the SACTI model. Each of the 16 traditional wind directions is
modeled as one of 3 to 5 representative directions. In this way complex

cooling tower configurations can be handled more easily.

The developers of SACTI calibrated the mode! with existing field and laboratory
data, and have since done extensive validation using more recent field and
laboratory research. A much more detailed description of the mode] can be

found in the code manual‘[3]

5.2 FOG, DOWNWASH AND RIME ICING PREDICTIONS

The SACTI model was run simulating full operation of all six towers with all
fans running. This represents the worst-case scenario. Two years of on-site
meteorological data (1976 and 1977) collected at the plant were used by the

mode.

The model predicts no fogging, downwash or rime icing for the scenario mentioned
above. The seasonal and annual model output is contained in the Appendix of
this report, which includes graphs predicting plume length frequencies and

graphs illustrating no fogging or icing predicted.

5.3 CORRELATION OF SACTI RESULTS WITH OTHER OBSERVATIONS

The results of the SACTI model (no predicted fog or rime icing) are consistent
with the other data collected for this study. The visual observations at the

highway bridge (Co. Rd. 1132) and Wylie Hydro do not indicate any iicrease in
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the frequency of fogging events since the cooling towers began operation.
Visiometer Site 1 monitored essentially the same general visibility for both
pre-operational and operational phases of the study while Visiometer Site 2
shows improved general visibility since the cooling towers began operation.

The visual observations of th2 cooling tower plume itself indicate that the
wind is strong enough to cause the plume to contact the ground only about 12
percent of the time. When the plume does touch the ground it is always direct-
ly adjacent to the cooling towers and within the fenced boundary of the cooling

tower yard.

In summary, the SACTI model verifies the conclusions reached in Section 6.0.
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6.0 CONCLUSIONS

Various analytical and observational tools were used to assess the impact of
cooling tower and plant operation on the fogging climatology in the vicinity of
the Catawba Nuclear Station. These tools all point toward the conclusion that
the magnitude of cooling tower effects on ground level visibility from conden-
sate material and from the heated water discharge are encompassed within the
normal range of climatic variability. If actual effects exist, they are not
discernable in comparison to the noise of the natural variability in radiation/
frontal fog. Significant conclusions from each method used in analyzing the

fogging situation at Catawba are as follows:

- The cooling tower plume questionnaire results show that downwash and
icing effects due to the operation of the cooling towers occur

exclusively in the cooling tower yard.

. Observations of steam fog events on Lake Wylie by meteorologists verify
in a qualitative sense that the cooling towers do not have an observable

effect on the frequency or intensity of steam fog.

- Visual observations by trained personnel at Catawba and Wylie Hydro
indicate improved visibility during the operational phase of the study.
Wylie Hydro has more intense and frequent visibility events than

Catawba.

- Statistical significance tests on data obtained from the visiometer

measurement program show that cooling tower operation does not
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significantly increase the frequency of poor visibility events on an
annual basis. Only visiometer 1 (intake area) during summer showed a
significant increase in poor visibility events in the seasonal breakdown.
Visiometer 2 (discharge area) showed a decrease in poor visibility during

the operational phase for all seasons except summer (not significant).

. Modeling the cooling tower operation using the SACTI mode! for the
prediction of seasonal/annual cooling tower impacts shows no fogging
downwash or rime icing during two years of representative cooling tower

operation.

- Based on observations by meteorologists and the fact that the above
analyses show that operation of the cooling towers has no significant
effects in the area immediately surrounding the plant, there are no
effects due to cooling tower operation at a nearby community (Tega Cay)

and at a nearby airport (Rock Hill).

Other studies have reached similar conclusions that the operation of
mechanical draft cooling towers docs not increase the frequency or duration of
fogging events or decrease area visibility in general [1,4]. Cooling tower
impacts from downwash fogging and icing are usually limited to an onsite arca

less than 1 kilometer (0.5 mile) from the towers [4].

Based on the above conclusions, continued monitoring and/or mitigating action

to lessen the atmospheric impact of plant operation are not recommended.
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oPT VE TE MXHT PLGT FREQ REFERENCE HEIGHT= 4. M
1 FOG 13.5 ©.25 263.1 -0.010 262.6 11.3 297.3 500. 299.37 0.0000
2 FOG 17.5 0.25 2e3.1 -0.010 262.6 11.3 297.3 500. 359.02 0.0000
5 Fos i3.5 0.25 263.1 -0.010 261.1 11.3 297.2 500. 298.89 0.0000
“ FOG 17.5 0.25 263.1 -0.010 261.1 1.3 297.2 500. 358.43  0.0000
5 FOG 17.8 ©.25 263.1 -0.010 258.6 11.3 297.0 £00. 357.56 0.0000
o FOG 13.5 0.26 273.1 -0.010 272.6 11.5 300.8 500. 279.37 0.0000
7 FOG 17.5 0.25 273.1 -0.010 272.6 11.5 300.8 500. 333.81 0.0000
8 FOG 17.% ©0.25 273.1 -0.010 270.1 11.5 300.4 500. 331.84 0.0000
9 FOG 17.5 0.25 28%.1 -0.010 281.1 11.7 304.3 500. 300.85 0.0000
10 FOG 17.5 0.25 293.1 -0.010 291.6 11.9 308.8 500. 263.81 0.0000
11 PLUME 3.6 0.15 299.4 -0.018 285.7 11.9 308.1 370. 63.36 0.1308
12 PLUME 3.2 0.25 297.6 -0.010 286.6 11.9 308.0 370. 56.93 0.1041
13 PLUME 3.1 0.30 296.5 0.030 286.5 11.9 307.8 370. 64.12 0.r199
14 PLUME 8.7 0.15 295.1 -0.018 279.0 11.8 306.0 370. 138.42 0.0013
15 PLUME 9.6 0.25 292.9 -0.010 277.5 11.8 305.4 370. 133.97 0.0034
16 PLUME 13.5 0.25 287.7 -0.010 269.8 11.7 303.4 370. 208.20 9.0001
17 PLUME 3.3 .25 291.1 -0.018 281.4 11.8 305.8 370. 75.06 0.0095
18 PLUME 3.0 0.25 292.1 -0.010 263.9 11.8 306.5 370. 60.% 0.0207
19 PLUME 2.5 0.3 292.5 0.0%0 284.7 11.8 306.8 370 61.10 0.
20 PLUME 9.0 0.15 294.3 -0.018 287.0 11.9 307.6 370. 157.6% .0001
21 PLUME 3.3 0.25 290.8 -0.010 282.5 11.8 306.0 370. 67.% 0.0261
22 PLUME 3.2 0.25 290.1 -0.010 282.0 11.8 305.7 370. 75 82 0.0301
23 PLUME 3.2 0.25 289.2 -0.010 281.6 11.8 305.5 317¢C 7¢.47 0.0282
26 PLUME 3.3 0.25 288.1 -0.010 280.5 11.7 305.1 370. 79.44 0.0252
25 PLUME 3.3 0.25 288.0 -0.010 281.0 11.7 305.2 370. 79.67 0.0280
26 PLUME 3.4 0.25 287.5 -0.010 280.7 11.7 305.0 370. 82.15 0.0356
27 PLUME 3.3 0.25 286.2 -0.010 279.5 11.7 304.5 370. 82.13 0.0229
28 PLUME 3.6 0.25 286.3 -0.010 279.8 11.7 304.6 370. 87.76 0.0311
29 PLUME 3.5 0.25 285.3 -0.010 279.1 11.7 304.3 370. 86.51 0.0317
30 PLUME 3.6 0.25 284.1 -0.9010 278.1 11.7 303.9 370. 38.83 0.0221
31 PLUME 3.7 0.25 285.3 -0.010 279.9 11.7 304.4 376. 90.37 0.0361
32 PLUME 3.6 0.25 283.3 -0.010 277.9 11.7 303.7 370 90.71 V.0248
313 PLUME 3.5 0.25 282.3 -0.010 276.9 11.6 303.3 570. 89.05 0.0261
34 PLUME 3.8 0.25 82.8 -0.010 277.9 11.7 303.6 370. 95.72 0.0281
35 PLUME 3.7  0.35 281.9 ~-0.010 277.5 11.6 303.% 370. 93.48 0.0326
36 PLUME 3.7 0.25 281.3 ~0.010 277.2 11.6 203.2 370. 95.45 0.0271
57 PLUME 3.8 0.25 280.8 -0.010 277.0 1.6 503.1 370. 97.54 0.0284
38 PLUME 3.8 0.25 280 7 -0.010 277.1 11.6 303.0 270. 98.64 0.0278
39 PLUME 3.8 0.25 80 -0.010 277.3 11.6 302.9 370. 98.35 0.0297
40 PLUME 3.7 0.2% 280 -0.010 278.8 11.6¢ 30%.4 370. 96.30 0.0279
41 PLUME 3.7 0.2 281 -0.010 27%.8 11.6 303.7 370. 95.36 0.0288
“2 PLUME 3.4 0.25 282. ~0.010 281.4 11.7 X04.2 370 89.12 0.0288
43 PLUME 3.2 0.25 281.3 -0.010 281.4 11.7 304.0 370 86. 0.0660
G PLUME 2.5 0.30 277.6 0.030 278.2 11.6 302.7 370. 73.11  0.0093
45 PLUME 8.9 0.25 285.3 -0.010 285.0 11.& 305.6 370. 186.74  0.0007
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