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Additional Information Regarding the Environmental Review of the
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This letter provides supplemental information for Duke Energy's response to the
Nuclear Regulatory Commission's request for additional information (RAI) included in
the referenced letter.

RAI 63 Supplement, Aquatic Ecology

The supplemental response to this NRC information request is addressed in the
enclosure, which also identifies associated changes to the Combined License
Application for the Lee Nuclear Station, when appropriate.
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Loren Plisco, Deputy Regional Administrator, Region II
Allen Fetter, Acting Branch Chief of Reactor Projects Branch 3
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Sarah Lopas, Project Manager, DSER
Brian Hughes, Senior Project Manager, DNRL
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AFFIDAVIT OF PETER S. HASTINGS

Peter S. Hastings, being duly sworn, states that he is Licensing Manager, Nuclear
Development, Duke Energy Carolinas, LLC, that he is authorized on the part of said
Company to sign and file with the U. S. Nuclear Regulatory Commission this
supplement to the combined license application for the William States Lee III Nuclear
Station and that all the matter and facts set forth herein are true and correct to the best
of his know edge.

'Peter S. Harstings

Subscribed and sworn to me on •o_.,.;, 2 0o//

Notary Public

Notary Public. North Ca=olinaSEAL Mecklenburg County
••~May 11, 2016 'u
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Duke Letter Dated: June 16, 2011

Lee Nuclear Station Response to Request for Additional Information (RAI)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAI 63 Supplement, Aquatic Ecology

NRC RAI:

Duke is requested to conduct further modeling of low flow events focusing on temperature increases
during low flow periods and the predicted durations of these elevated temperature events to help
ecologists determine the level of impacts to the small mouth bass population below the Ninety - Nine
Islands dam. Modeling should include a re - evaluation of the CORMIX modeling results downstream of
the dam, considering smallmouth bass thermal tolerances as an input.

Duke Energy Response:

Duke Energy responded to this RAI on September 24, 2007 and October 28, 2008 and is
supplementing these previous responses as follows.

Duke Energy performed an optimization assessment of the wastewater discharge diffuser to
ensure that the diffuser design promotes efficient mixing and limits temperature rise of the
wastewater discharge of Lee Nuclear Station in the Broad River. The result of this assessment,
as documented in Attachment 63 S-01, is a wastewater discharge diffuser with 64 four-inch ports
spaced 1.4 feet apart. The wastewater diffuser description in ER Subsections 4.3.2.1.1, 5.2.1.6,
5.3.2 and 9.4.2.2.3.4 is updated as shown in Attachments 63S-02, 63S-03, 63S-04 and 63S-05,
respectively, to reflect the results of this assessment. ER Figure 5.3-4 is updated as shown in
Attachment 63 S-06 to reflect the enhanced design.

Results of CFD (Computational Fluid Dynamics) thermal modeling of the wastewater discharge
of Lee Nuclear Station were submitted in a previous supplemental response to RAI 63
(Reference 2). Duke Energy has performed additional CFD analyses to further evaluate thermal
discharges under critical low flow conditions when the Ninety-Nine Islands hydroelectric
generating station is operating in pulsed-generation mode. These additional CFD analyses
address heat accumulation in the Ninety-Nine Islands Dam forebay and support development of
mixing zone requests as documented in Attachment 63S-07. ER Subsections 5.2.3.1, 5.3.2.1,
6.1.1 and ER Table 5.2-1, Sheet 1 of 2, are updated as shown in Attachments 63S-08, 63S-09,
63S-10 and 63-11, respectively, to refer to the results of the additional CFD analyses. ER
Subsection 5.2.4 is updated as shown in Attachment 63S-12 to add references to the diffuser
optimization assessment (Attachment 63S-01) and to the additional CFD analyses (Attachment
63S-07). ER Subsections 5.3.5 and 6.1.5 are updated as shown in Attachments 63S-13 and 63S-
14, respectively, to add reference to the additional CFD analyses (Attachment 63 S-07).
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Reference:

1. Letter from B.J. Dolan to Document Control Desk, Duke Energy Carolinas, LLC,
William States Lee III Nuclear Station - Docket Nos. 52-018 and 52-019, APIO00
Combined License Application for the William States Lee III Nuclear Station Units I and
2, Response to Request for Additional Information, Ltr# WLG2008.10-13, dated October
28, 2008 (ML083080273)

2. Letter from B.J. Dolan to -Document Control Desk, Duke Energy Carolinas, LLC,
William States Lee III Nuclear Station - Docket Nos. 52-018 and 52-019, AP1000
Combined License Application for the William States Lee III Nuclear Station Units I and
2, Response to Request for Additional Information, Ltr# WLG2009.09-10, dated
September 24, 2009 (ML092730480)

Associated Revisions to the Lee Nuclear Station Combined License Application:

ER Subsection 4.3.2.1.1

ER Subsection 5.2.1.6

ER Subsection 5.3.2

ER Subsection 9.4.2.2.3.4

ER Figure 5.3-4 Sheets 1 and 2 of 2

ER Subsection 5.2.3.1

ER Subsection 5.3.2.1

ER Subsection 6.1.1

ER Table 5.2-1 Sheet 1 of 2

ER Subsection 5.2.4

ER Subsection 5.3.5

ER Subsection 6.1.5

Attachments:

Attachment 63 S-01

Attachment 63 S-02

Attachment 63 S-03

Attachment 63 S-04

Attachment 63 S-05

Attachment 63S-06

Roberts, Philip J.W, PhD, PE; Technical Memorandum Prepared for
Duke Energy dated May 21, 2010: Diffuser Design for the Lee
Nuclear Power Station; Atlanta, Georgia

Updated ER Subsection 4.3.2.1.1

Updated ER Subsection 5.2.1.6

Updated ER Subsection 5.3.2

Updated ER Subsection 9.4.2.2.3.4

UpdatedER Figure 5.3-4 Sheets 1 and 2 of 2
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Attachment 63S-07

Attachment 63S-08

Attachment 63S-09

Attachment 63S-10

Attachment 63S-i 1

Attachment 63S-12

Attachment 63S- 13

Attachment 63S-14

Page 3 of 3
June 16, 2011

Geosyntec Consultants, Mixing Zone Analyses, Lee Nuclear Station,
NPDES Permit, Cherokee County, South Carolina, Project Number
GK4270, April 18, 2011

Updated ER Subsection 5.2.3.1

Updated ER Subsection 5.3.2.1

Updated ER Subsection 6.1.1

Updated ER Table 5.2-1 Sheet 1 of 2

Updated ER Subsection 5.2.4

Updated ER Subsection 5.3.5

Updated ER Subsection 6.1.5
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Attachment 63S-01

Roberts, Philip J.W, PhD, PE; Technical Memorandum
Prepared for Duke Energy dated May 21, 2010: Diffuser Design

for the Lee Nuclear Power Station; Atlanta, Georgia

Page I of 17



PHILIP J.W. ROBERTS, PHD, PE
CIVIL ENGINEER

790 ATLANTIC DRIVE - ATLANTA • GEORGIA 30332-0355

Memorandum

To: David Hargett
Date: May 21, 2010
Subject: Diffuser Design for the Lee Nuclear Power Station

INTRODUCTION

Dr. Philip Roberts was retained by HRI and Duke Energy to conduct an

optimization assessment of a wastewater discharge diffuser for the proposed Lee
Nuclear Station near Gaffney, SC. The proposed facility will discharge the cooling

tower blowdown from the nuclear station into the Broad River. The purpose of this

memorandum is to present the results of this optimization assessment.
Several documents related to station design, reservoir and dam conditions, river

flow conditions, diffuser specifications, discharge constraints, and regulatory
requirements were reviewed as a part of this assessment as cited in the reference list.

DIFFUSER SETFING

A multiport diffuser will be fixed to the upstream face of the dam at Ninety-Nine

Islands (NNI) reservoir on the Broad River just upstream from the intakes for a
hydroelectric plant. The purpose of the diffuser is to promote mixing and limit
temperature rise in the river.

A diffuser design has been proposed that is about 65 ft long consisting of 64
three inch diameter ports spaced 1 ft apart. The port centerlines are submerged 6 ft
below the water surface at full pool elevation of 511.1 ft MSL (Shaw, 2009). The

blowdown flow can be 9, 18, 32, or 64 cfs depending on the plant operation mode,

with temperatures up to 91OF (Shaw, 2o09). The discharge regulations state that the
temperature rise above natural ambient conditions in the water passing through the
turbines and in the river must be less than '50F, and the maximum river temperature
must be less than 9o0F (Geosyntec Consultants, 20o9b). The average annual flow in

the river is 2,538 cfs, but the flow varies widely from an extreme low of 138 cfs to
more than 60,000 cfs; the highest flow ever recorded is 119,ooo cfs (Geosyntec
Consultants, 2oo9b). The minimum flow through the hydroelectric plant is 483 cfs,
unless the river flow is less than 483 cfs, which occurs less than 2% of the time.
When the river flow drops below 483 cfs, the hydroelectric plant goes offline until
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full pool level is achieved. At that time the leakage flow rate through the turbines is
about 53 cfs.

RIVER FLOW PATrERNS

Measurements of velocities in the river were made by means by a downward-
looking Acoustic Doppler Current Profiler (ADCP) attached to a boat (Devine Tarbell

& Associates, 2008). The measurements were conducted in the river near the dam

and upstream along the tracks shown in Figure 1. The flow rate in the river when the

measurements were conducted was about 691 cfs. They were done with one unit

operating on 4 and 5 December 2007, and with no units operating on 5 December

2007. The measurements were made with an RD Instruments 12oo kHz Rio Grande

ADCP and are reported in Devine Tarbell & Associates (2008). The data were

obtained at approximately 1.5 second intervals as the boat slowly traversed the river.

35.6

35W•

35..

35,0a,-

Al" ýýff -81A44 -81.493

Figure 1. Boat Tracks
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The individual reported velocity vectors are quite noisy and vary widely.
Therefore, they were spatially averaged and are plotted in Figure 2. The currents
through the channel near the proposed diffuser are predominantly parallel to the
face of the dam, and therefore to the axis if the diffuser. With no units operating,
velocities are typically less than about 0.1 ft/s with no units operating (leakage flow
of around 53 cfs), and about 0.2 to 0.5 ft/s with one hydro station unit operating.

35.03

35M0

35rn1

35&M

35.0
-01094• -01.40 -01 490 -a1 4W -0149 -01.407 -014,9 -81 495

a) No units operating b) One unit operating

Figure 2. ADCP Current Measurements

TEMPERATURES

Temperatures were measured in the river near the intake from 1 January 2008
to 15 December 2oo8 at one hourly intervals (Bowling, 2olo). The time series of
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temperature is shown in Figure 3. The seasonal variation of blowdown temperature
has been estimated by models described in correspondence SSWN-DUKE-oooo12,
dated April 2, 2007, and is summarized in Attachment A, WLG-RWS-M3C-oo2, Rev
C. The estimated monthly blowdown temperatures are summarized in Table 1 and
are plotted on Figure 3.

Figure 3. Blowdown and river temperatures (2008)

Table 1. Monthly Average Temperatures

Blowdown River Difference
( OF) (OF) (OF)

January 69.1 43.8 25.3
February 69.9 47.9 22.0

March 73.1 54.2 18.9
April 76.6 58.7 17.9

May 81.0 72.4 8.5

June 84.7 82.3 2.4

July 86.8 82.3 4.5

August 86.3 81.3 5.0

September 83.2 74.6 8.6

October 77.4 63.8 13.7
November 73.4 50.4 23.0

December 70.4 44.1 26.3

Base case 91.0 82.3 8.7

The river and blowdown temperatures vary considerably through the year, and
by several degrees over a few days. The river temperatures were averaged by month
to estimate the mean difference between the river and blowdown. The results are
summarized in Table 1. In addition, an estimated "base case" for maximum
anticipated blowdown temperature is 91.o0F (Geosyntec Consultants, 2oo9b).

The thermal requirements in the river are that the temperature rise AT in the
river be less than 50F and the absolute temperature be less than 9o0F at all times
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(Geosyntec Consultants, 2oo9b). From Table 1 it can be seen that the highest river
temperature occurs in summer, in June and July, and is about 82.30 F, but the largest
temperature difference occurs in winter, in December, when it is about 26.3 0F.
Therefore, the critical time for the absolute temperature difference to be exceeded is

winter, but the likeliest time for the absolute temperature to be exceeded is summer.

DILUTION CALCULATIONS

The maximum temperature difference between the blowdown and river is

26.30 F, so to achieve a temperature rise AT in the river of less than 50F requires a
dilution greater than 26.3/5 = 5.3:1. This can readily be accomplished by discharging

the blowdown as jets from a multiport diffuser (Fischer et al., 1979). This is a
standard method of discharging wastewaters and power plant cooling waters because

it can result in rapid and efficient mixing and dilution (Fischer et al., 1979). Because
the blowdown is heated, there is a density difference between it and the river water
that creates a buoyancy force on the jets, which are therefore termed buoyant jets.
The general characteristics of a horizontal buoyant jet in a stationary unstratified
water body are shown in Figure 4 (Roberts, et al., 201O). Laboratory images

obtained by laser-induced fluorescence, which indicates temperature rise, are shown
in Figure 5. These are conceptual images to illustrate the dynamics and mixing of

buoyant jets.

I

Figure 4. Definition diagram for horizontal
buoyant jets (Roberts et al., 2010)
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Figure 5. LIF images of a horizontal buoyant jet into
stationary homogeneous environment (Roberts, 2010).

The general flow characteristics are as follows. The jet follows a curved
trajectory to the water surface. As it rises, it entrains ambient water that mixes with
and dilutes the discharge and reduces the temperature rise. The maximum surface
temperature occurs where the jet centerline impacts the water surface. This
corresponds to the minimum surface dilution, denoted by Sm in Figure 4. It occurs at
a horizontal distance xm from the nozzle. After impacting the water surface the
diluted effluent spreads horizontally as a density current with a thickness h,. Some
additional mixing and dilution occur in the transition to horizontal flow at the water
surface, so the surface dilution is everywhere actually less than Sm. The dilution and
impact distance depend primarily on the source momentum and buoyancy fluxes and
the water depth. The fluxes depend on jet exit velocity, the nozzle diameter, and the
density difference between the effluent and receiving water. As the waters here are
essentially fresh, their densities depend only on temperature.

To compute the dilution, and therefore the temperature rise at the water surface,
the US EPA model Visual Plumes was used (Frick et al., 2003; Frick 2004). Visual
Plumes consists of a suite of models intended for various purposes. In this case,
UM3 is the most appropriate model and was used here. UM3 is a three-dimensional
Lagrangian entrainment model for jets and plumes. It is described in Frick et al.
(2003) and Frick (2004). The general characteristics of entrainment models are
discussed in Fischer et al. (1979) and Roberts et al. (2O0O). External fluid is assumed
to be entrained into the rising plume at a rate proportional to the local plume
centerline velocity. The local profiles of velocity, density deficiency, and tracer
concentrations are assumed to be self-similar, and the equations for conservation of
mass, momentum, are integrated over the plume cross-section. For this reason,
entrainment models are also sometimes called integral models. The equations are
solved numerically to predict plume conditions, including dilution and plume width,
along the jet trajectory. If the ports are close together, the plumes may merge. This
merging is incorporated into UM3. Entrainment models are widely used in
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engineering to predict a wide variety of flows related to wastewater and atmospheric

discharges. For further details, see Jirka (2004, 2006).

The assumed outfall pipe internal diameter is 36" (Shaw, 2009). The hydraulic

design of multiport diffusers is discussed in Fischer et al. (1979). The total cross-

sectional area of the ports should be less than the cross-sectional area of the pipe.

According to Fischer et al. (1979), ratios of total port area to pipe area generally

range from 1/3 to 2/3 for marine wastewater discharges, but can be higher for a

gently sloped river diffuser as in the present case. A further criterion is that the jet

densimetric Froude number, 1) must be greater than one for all ports to prevent

intrusion into the pipe, where:

U. ~(1)

where uj is the jet exit velocity, g' =g (Ap/p)is the modified acceleration due to

gravity where g is the acceleration due to gravity, and Ap the density difference

between the effluent and receiving water, p a reference density, and d the nozzle

diameter.
The previous design assumed 64 three inch diameter ports and one end port of

six inch diameter. The ratio of the total port area to the pipe area is then 0.47, which

is quite small. At the peak flow of 64 cfs, this leads to a high jet exit velocity of 19.2

ft/s and a large total head loss (see below). To reduce this head loss the port

diameters can be increased to four inches, so both three and four inch diameters

were tested. The area ratio for 64 four inch ports is 0.79. As previously mentioned,

area ratios for marine wastewater outfalls usually range from 1/3 to 2/3. However,
this is for marine wastewater outfalls where the density difference between the

effluent and receiving is much greater (essentially freshwater into seawater) than the

present case. Furthermore, they typically consist of hundreds of ports with a large

variation in flow rates, and are laid on steeper slopes, all of which make it more

difficult to create a uniform flow distribution between the ports. Internal hydraulic

calculations and issues are discussed further below and it is shown that the essential

criteria are satisfied for the area ratio of 0.79: a reasonably uniform flow distribution

between the ports, and all ports have Froude numbers greater than one.
The preliminary diffuser design had ports whose centerlines were submerged six

ft below the water surface. However, the water near the diffuser is about 12 ft deep,
so the diffuser could potential be placed deeper in the water column. The maximum

potential port centerline depth is 8 ft (Smith, 2010). Therefore, port depths of 8 ft

were also evaluated.
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• Visual Plumes was run for various combinations of flows, port spacings, port
diameters, and port depths. The flows were 9, 18, and 64 cfs, port spacings of 10, 2,

and 1 ft, port diameters 3 and 4 inches, port depths 6 and 8 ft, and the maximum
(worst case) temperature difference. As previously discussed, this occurs in winter
(Table i) when the blowdown temperature is 70.4 0F and the river temperature 44.1°F
for AT = 26.3'F. The range of conditions analyzed and the results for each scenario
evaluated are summarized in Table 2. Zero current speed was assumed. This is a
conservative assumption, as the current will always increase dilution. The ports are
assumed to discharge horizontally, which is a standard configuration that maximizes
dilution.

Table 2. Plume Simulations Conditions and Results

Discharge parameters Visual Plumes Predictions

Port Nozzle Nozzle Jet Froude Minimum Impact Plume
depth diam. Flow Spacing velocity, number dilution distance diameter

(ft) d (in) (cfs) (ft) uj (ft/s). Fj Sm Xm (ft) (ft)

6 3 9 10 2.9 22.8 17 19. 7.5

6 3 9 2 2.9 22.8 9.7 20 7.7

6 3 9 1 2.9 22.8 7.0 .22 8.4

6 3 18 10 5.7 45.6 25 31 12
6. 3 18 2 5.7 45.6 12 35 14

.6 3 18 1 5.7 45.6 9.1 39 15

6 3 '64 10 20:4 162 40 78 31

'"6 3 64 2 20.4 162 20 97 38

6 .. 3 64 1 20.4 '162' 1510

6 9 10ý -1.6 11.1 jo1 13 5.4
6 4 9 2 . :6' 11.1 6.5 -14 5.2
6 4 . 9 1 -1.6 - 11.1. 4.6 14 5.5.

6 4 -18 10 3.2 22.2 15 22 8.9
6 • , 18 2, 3.2 22.2 7.9 24 9.4

6 4 18. 1' 3.2 22.2 5.8 26 .10
6 4 64 10 11.5 '78.9 25 56 22

6 4 64 2 11.5 78.9 13 68 27

6 4 64 1 .11.51, 78.9 9.4 76 *. 30

8 4 9 10 1.6 11.1 12 15 6.0

8 ý4 9 2 1.6 11.1 7.1 15 5.7

8 4 9 1 1.6 11.1 5.1 16 6.1
8 4 18 10 3.2 22.2 17 25 9.8
8 4 18 2 3.2 22.2 8.5 27 10
8 4 18 1 3.2 22.2 6.2 30 11
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8 4 64 10 11.5 78.9 .27 62 25
8 4 64 2 11.5 78.9 14 78 31
8 4 64 1 11.5 78.9 9.9 85 33

A number of observations can be made from this table. As the flow increases,
the dilution increases. This is because of the increased effect of momentum flux,
which causes a more flattened and longer jet trajectory that increases the distance Xm

to the surface impact point, to a maximum of more than ioo ft. This distance would

be even larger for smaller temperature differences (less buoyancy). Dilution
decreases as the ports are moved closer together and the individual jets merge.
(Note that the number of ports is fixed at 64, so reducing the port spacing also

reduces the diffuser length. For a 1o ft spacing the diffuser length is 630 ft, and for a

1 ft spacing the diffuser'length is 63 ft. This is not the same as keeping the diffuser
length fixed and adding more ports closer together, which increases dilution.)

Most combinations meet the minimum dilution requirement of 5.3:1 except for
the four inch ports at one ft spacing for the critical case of low flow. The three inch
ports meet the requirement, but as previously discussed this results in excessive head
loss at peak flow. All combinations meet the requirement for internal hydraulics to
prevent intrusion into the ports that F_ > 1.

The results in Table 2 imply that four inch ports with spacing between one and

two feet will meet the temperature rise requirement. Therefore, further simulations
were performed for port diameters of four inches, and depths of 6 and 8 ft, gradually
increasing the port spacing above 1 ft until the dilution of 5.3 was exceeded. The
results are summarized in Table 3.

Table 3. Plume Simulations for Port Spacings to Achieve Dilution at Least 5.3

Discharge parameters Visual Plumes Predictions

Port Nozzle Nozzle Jet Froude Minimum Impact Plume
depth diam. Flow Spacing velocity number dilution distance diameter

(ft) m'in (cfs) (ft) uj (if/s) Fj Sm X () (ft)

6 4 9 1.4 1.6 11.1 5.4 14 5.3

8 4 9 1.1 1.6 11.1 5.3 16 6.0

The eight foot depth requires 1.1 ft spacing and the six ft depth requires 1.4 ft
spacing, corresponding to diffuser lengths of 70 ft and 88 ft. The increase in length

for the more shallow diffuser is modest, and the shallow depth is preferred as it
results in a thinner surface layer (about 5.3 ft thick) which is less likely to be directly

entrained into the hydro plant intakes (the crown of the intake pipes are about 8 ft

below the water surface at full pool). Therefore, the final recommendation for the
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diffuser is 64 four inch ports spaced 1.4 ft apart with centerlines at 505.1 ft msl (6 ft
below water surface at full pool).

For this design, what is the maximum river temperature expected through the

year? According to Table 1, the maximum river temperature is 82.30F in summer
and the maximum blowdown temperature is 91°F, for a temperature difference of
7.70F. Visual Plumes was run for this case, with the result that the minimum surface

dilution was predicted to be 5.2. Therefore, the maximum surface temperature is
82.3+(91.o-82.3)/5.2=84.o°F, and the temperature rise is 1.70F. Therefore, the river
surface temperature will never exceed 9o°F, even for the assumed worst-case
summer conditions.

Now consider the areal extent of the river impacted by the elevated temperature.
For the worst-case temperature rise condition, Table 3 shows the impact distance of
the plume centerline at the water surface (Xm in Figure 4) is 14 ft. The plume
diameter just before it impacts the water surface is 5.3 ft, so the horizontal distance

to the outer plume boundary from the diffuser ports is 14+5.3/2 = 16.7 ft. The
diffuser is 88 ft long, so the area in which temperature rises may exceed 50F is a
rectangle 88 ft long by 16.7 ft wide = 1500 ft2 = 0.034 acre. We emphasize that this is
the planform area where AT may exceed 50F somewhere in the water column, but it
does not extend though the whole water column, only that part that is occupied by
the region in the plume where dilutions are less than 5.3.

The above computations are for zero current speed. This is a conservative
assumption as currents increase dilution. The effect can be estimated by Visual
Plumes for widely spaced jets and the increase in dilutio n is substantial, but is less,

and more difficult to estimate, for merging jets in a parallel current, which is the
situation here. Nevertheless, dilution, will still be greater with currents than

estimated above.

INTERNAL HYDRkTruCS

The internal hydraulics for the preliminary diffuser design were previously
calculated by standard manifold computations and presented in Shaw (20o9). The
diffuser consisted of 64 three inch diameter ports and one end port of six inch
diameter. It was predicted that the total head loss in the diffuser was about 6.5 ft at
the peak flow of 64 cfs. However, their calculations assumed a port discharge
coefficient CD given by:

CD 0975 - v 12g3/8(2)
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where V is the internal pipe velocity and E is the total head in the pipe. This is
appropriate for rounded ports such as ports cast into a concrete pipe wall, but not for
ports in the wall of an HDPE pipe, where they would be simply drilled into the pipe
wall. For the proposed 36 inch id pipe with three inch wall thickness, the equation
for sharp-edged orifices is more appropriate and is recommended:

CD= 0.63- O.58-ý v2 J (3)

Because the jet velocity is quite high at the peak flow of 64 cfs, us of Eq. 3 predicts a
considerably higher total head loss, of about 16.7 ft for the 64 three inch ports. For
four inch ports, the peak head loss reduces to about 5.8 ft.

Hydraulics calculations are summarized in Attachments 1 and 2. The 64 four
inch ports results in an acceptably uniform flow distribution and a jet densimetric
Froude that always exceeds one, even at low flow. Duckbill check valves are not
necessary to prevent intrusion at low flows or to meet dilution requirements at low
flows.

CONCLUSIONS

Dilutions and temperature rises were computed by the US EPA mathematical
model UM3 of Visual Plumes for various designs of a diffuser proposed to discharge
heated blowdown water into the Broad River at Ninety-Nine Islands (NNI) reservoir.
The diffuser is fixed to the face of the dam so its axis is parallel to the predominant
currents (Figure 2). The temperature rise in the river must be less than 50F above
ambient conditions, and the river temperature must be less than 9o°F at all times.
Seasonal variations of expected blowdown and river temperatures were analyzed and
it was concluded that the limiting criterion is the temperature rise, and this is most
likely to be exceeded in winter when the temperature difference between blowdown
and river is greatest. At this time, the temperature difference is 26.3°F so the
diffuser must result in a dilution greater than 5.3 to 1. This can be readily
accomplished by discharging the effluent form a multiport diffuser as high velocity
turbulent jets.

Various diffuser options were evaluated to find the design that could achieve this
dilution for the winter worst-case condition. It is recommended that the diffuser
consist of 64 four inch diameter ports spaced 1.4 ft apart discharging horizontally
with their centerlines submerged six ft below the normal pool level water surface.
For this design, simulations were then run to estimate the maximum temperature
rise that could occur in summer. It was predicted that the maximum surface
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temperature would be 84.o°F and would never exceed 9o 0 F for the assumed

conditions.
Estimates of the planform area where AT could exceed 50F were made for the

recommended diffuser and worst-case temperature rise conditions. This is rectangle
whose long side is the diffuser length of 88 ft parallel to and bounded by the dam

face, extending 17.6 ft from the dam for an area of 1500 ft2 (0.034 acre). However,

this does not imply that temperatures will exceed 50F all through the water column

in this area, only in the smaller parts of the water column occupied by the plume.

The Visual Plumes calculations were made by ignoring the effects of currents on

dilution. This is a conservative assumption as currents always increase dilution (and

therefore reduce temperature rise).

The heated water should form a surface layer a few feet thick that will not be

directly entrained into the hydroelectric plant intakes.

All hydraulic and dilution constraints are met by the proposed design without

the use of duckbill check valves.
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APPENDIX: HYDRAULICS CALCULATIONS

The following attachments summarize the internal hydraulics calculations for
the recommended diffuser configuration: 64 four inch ports at 1.4 ft spacing, port
submergence of 6 ft. The flows are the minimum (9 cfs) and maximum (64 cfs). The
calculations were made by the method given is Section 10.3 of Fischer et al. (1979).
The port discharge coefficient appropriate for a sharp-edged orifice, Eq. 3, was used.



Values wipwted by the seer
No. of ports per riser, Nr = 100

Riser spacing, Sr (m) = 043
Depth of end port, Hend (m) = 2.

Slope otdiffuser, SI = O.0000
Drho = 0.0M

Ouefall velocity: 0.39 (mls)
Oulfatl Reynolds number: 3.2E005

Outfall friction factor: 0.0185
Outfall fricton headloes: 0.0 (m)

DiMfeser headless: 0.0 (m) Hs
Density head: 0.0 (m) Targ

Outfall pipe length, L (m): 200
Outfall depth, H (m) = 2.0

Outfhll diameter, Dp (m) = 011
Roughness height, ks (mm) = 0.5

Gravity, g (m2/s) = 921
Kinematic viscosity, nu (m2/s) = 1.1E-0.

Port Flow Distribution

,i

0.05

0.04

0+03

0.02

0.01

O00

ead at end: 0.035 (in)
at floirate: 2.33 (m3is) 0 0 10 24 32 40 40 55 e4

s;-
Pipe Port Riser Distance Depth Head Din'h. Flow Velocity Port Reynolds Friction Friction
ID dime. no. from end _ coeff. Pont Riser Cumul. Pipe Port Froude no. factor loss

914 102 1 0 2.0 0.04 0.63 0.004 0.00 0.00 0.01 0.5 11.7 5AE403 0.038 0.000
914 102 2 0 2.0 0,04 0.63 0.004 0.00 0.01 0.01 0.5 11.7 1,1E+04 0.031 0.000
914 102 3 1 2.0 0.04 0.63 0.004 0.00 0.01 0.02 0.5 11.7 1.60.04 0.028 0.000
914 102 4 1 2.0 0.04 0.63 0,004 0,00 0.02 0.03 0.5 11.7 2.20.04 0.027 0,000
914 102 5 2 2.0 0.04 0.63 0.004 0.00 0.02 0.03 0.5 11.7 2.7E.+04 0.025 0.000
914 102 6 2 2.0 0.04 0.63 0.004 0.00 0,03 0.04 0.5 11.7 3.2E404 0.025 0.000
914 102 7 3 2.0 0.04 0.63 0.004 0.00 0.03 0.05 0.5 11.6 3.8E904 0.024 0.000
914 102 8 3 2.0 0.04 0.63 0.004 0.00 0.03 0.05 0.5 11.6 4.3E"04 0.023 0.000
914 102 9 3 2.0 0.04 0.63 0.004 O.DO 0.04 0.06 0.5 11.6 4.9E.04 0.023 0.000
914 102 10 4 2.0 0.04 0.63 0.004 0.00 0.04 0.06 0.5 11.6 5AE.404 0.023 0.000
914 102 11 4 2.0 0.04 0.63 0.004 0.00 0.05 0.07 0.5 11.6 5.9E004 0.022 0.000
914 102 12 5 2.0 0.04 0.63 0,004 0.00 0.05 0.08 0.5 11.6 6.5E".04 0.022 0.000
914 102 13 5 2.0 0.04 0.82 0.004 0.00 0.06 O.09 0.5 11.6 7.0E0.4 0.022 0.000
914 102 14 6 2.0 0.04 0.62 0.004 0.00 0.06 0.09 0.5 11.6 7.5E.04 0.021 0.000
914 102 15 6 2.0 0.04 0.62 0.004 0.00 0.06 0.10 0.5 11.5 06.0E'4 0.021 0,000
914 102 16 6 2,0 0.04 0.62 0.004 0.00 0.07 0.10 0.5 11.5 8.6E-,04 0.021 0.000
914 102 17 7 2.0 0.04 0.62 0.004 0.00 0.07 0.11 0.5 11.5 9.11E+04 0.021 0.000
914 102 18 7 2.0 0.04 0.62 0.004 0.00 0.08 0.12 0.5 11.5 9.7E+04 0.021 0.000
914 102 19 8 2.0 0.04 0.62 0.004 0.00 0.00 0.12 0.5 11.5 1.OE+05 0.021 0.000
914 102 20 a 2.0 0.04 0.62 0,004 0.00 0.00 0.13 0.5 11.4 1.1M&05 0.020 0.000
914 102 21 9 2.0 0.04 0.62 0.004 0.00 0.09 0.14 0,5 11.4 1.1E+05 0.020 0.000
914 102 22 9 2.0 0.04 0,61 0.004 0.00 0.09 0.14 0.5 11,4 1.2E005 0,020 0.000
914 102 23 9 2.0 0.04 0.61 0.004 0.00 0.10 0.15 0.5 11.4 1.2E+05 0.020 0.000
914 102 24 10 2.0 0.04 0.61 0.004 0.00 0.10 0.15 0.5 11.3 11.30.05 0.020 0.000
914 102 25 10 2.0 0.04 0.61 0.004 0.00 0.11 0.16 0.5 11.3 1.30E05 0.020 0.000
014 102 26 11 2.0 004 0.61 0.004 10.00 0.11 0.17 0.5 11.3 1.40.09 0.020 0.000
914 102 27 11 2.0 0.04 0.81 0.004 0.00 0.11 0.17 0.5 11.3 1.4E.05 0.020 0.000
914 102 28 12 2.0 0.04 0.60 0.004 0.00 0.12 0.18 0.5 11.2 1.5E.05 0.020 0.000
914 102 29 12 2.0 0.04 0.60 0.004 0.00 0.12 0.19 0.5 11.2 1.5.E05 0.020 0.000
914 102 30 12 2.0 0.04 0.60 0.004 0.00 0.13 0.19 0.5 11.2 1.6E0.5 0.020 0.000
914 102 31 13 2.0 0.04 0.60 0.004 0.00 0.13 0.20 0.5 11.1 1.6E005 0.020 0.000
914 102 32 13 2.0 0.04 0.60 0.004 0.00 0.13 0.20 0.5 11.1 1.7E.05 0.019 0.000
914 102 33 14 2.0 0.04 0.59 0.004 0.00 0.14 0.21 0.5 11.1 1.0E'05 0.019 0.000
914 102 34 14 2.0 0.04 0.59 0.004 0.00 0.14 0.22 0.5 11.0 1.8E.05 0.019 0.000
914 102 35 15 2.0 0.04 0.59 0.004 0.00 0.15 0.22 0.5 11.0 1.9E"05 0,019 0.000
914 102 36 15 2.0 0.04 0.59 0.004 0.00 0.15 0.23 0.5 10.9 1.9E005 0.019 0.000
914 102 37 15 2.0 0.04 0.59 0.004 0.00 0.15 0.24 0.5 10.9 2.00E.05 0.019 0.000
914 102 38 16 2.0 0.04 0.58 0.004 0.00 0.16 0.24 0.5 10.9 2.00E05 0.019 9.000
914 102 39 16 2.0 0.04 0.58 0.004 0.00 0.16 0.25 0.5 10.0 2.10E05 0.019 0.000
914 102 40 17 2.0 0.04 0.58 0.004 0.00 0.17 0.25 0.5 10.0 2.10E05 0.019 0.000
914 102 41 17 2.0 0.04 0.58 0.004 0.00 0.17 0.26 0.5 10.7 2.2E"05 0.019 0.000
914 102 42 18 2.0 0.04 0.57 0.004 0.00 0.17 0.27 0.5 10.7 2.2E405 0.019 0.000
914 102 43 18 2.0 0.04 0.57 0.004 0.00 0.18 0,27 0.5 10.7 2.3E+05 0.019 0.000
914 102 44 18 2.0 0.04 0.57 0.004 0.00 0.18 0.28 0.5 10.6 2.3E05 0.019 0.000
914 102 45 19 2.0 0.04 0.57 0.004 0.00 0.19 0.28 0.5 10.6 2.E+05 0.019 0.000
914 102 46 19 2.0 0.04 0.56 0.004 0.00 0.19 0.29 0.5 10.5 2.4E005 0.019 0.000
914 102 47 20 2.0 0.04 0.56 0.004 0.00 0.19 0.29 0.5 10.6 2,4E005 0.019 0.000
914 102 48 20 2.0 0.04 0.56 0.004 0.00 0.20 0.30 0.5 10.A 2.50405 0.019 0.000
914 102 49 20 2.0 0.04 0.56 0.004 0.00 0.20 0.31 0.5 10.4 2.50405 0.019 0,000
914 102 50 21 2.0 0.04 0.55 0.004 0.00 0.20 0.31 0.5 10.3 2.6E405 0.019 0.000
914 102 51 21 2.0 0.04 0.55 0.004 0.00 0.21 0.32 0.5 10.3 2.60.05 0.019 0.000
914 102 52 22 2.0 0.04 0.55 0.004 0.00 0.21 0.32 0.5 10.2 2.7E0.5 0.019 0.000
914 102 53 22 2.0 0.04 0.54 0.004 0.00 0.22 0.33 0.5 10.2 2.7E-05 0.019 0.000
914 102 54 23 2.0 0.04 0.54 0,004 0.H0 0.22 0.33 0.5 102 2.8E005 0.019 0.000
914 102 55 23 2.0 0.04 0.54 0.004 0.00 0.22 0.34 0.5 10.1 2.8.E05 0.019 0.000
914 102 05 23 2.0 0.04 0.53 0.004 0.00 0.2 9.35 0.4 10.1 2.9E+05 0.019 0.000
914 102 57 24 2.0 0.04 0.53 0.004 0.00 0.23 0.35 0.4 10.0 2,9E.05 0.019 0.000
914 102 00 24 2.0 0.04 0,53 0.004 0.00 0.23 0.36 0.4 10.0 3.0E.05 0.019 0.000

0 8 10 24 32 40 48 56 64
Rler no.

Pipe Velocity

2

0

0 8 16 24 32 40 48 56 64
Riser no.

914
914
914
914

102 1 59 25 2.0 0.04 0.53 0.004

0.004
0.004

0.00 0.24 1 0.36 0.4 9.9 3.0E.05 0.019 0.000
0.24 1 0.37 0.41 9.9 3.1E+05 0.019 0.000
0.25 0.37 0.41 9.8 3.10E05 0.019 0,000

102 1 62 26 1 2.0 1 0.04 1 0.52 0.00 1 0.25 1 0.38 1 0.4 1 9.8 1 3.10E05 1 0.019 1 0000
914 11 26 2.0 0.04 0.511 0.004 0.00 0.25 0.38 10.4 9.7 3.2E405 10.019 1 0.000

27 2.0 0.04 0.511 0.004 0.001 0.26 0.39 1 0.4 9.7 3.2E.05 1 0.019 [0000914 11

Attachment 1: Hydraulics Calculations for Recomended Diffuser - Four Inch Ports, 9 cfs



No. of ports per oiser, Nr = 1M
Riser spacfng, Sr (m) = 0A3

Depth of end port, HInd (m) = ZU
Slope of diffuser, SI =

Drho= 0•A

Outfall pipe length, L (m): 2M
OutfaJl depth, H (in) = U

Outfale diameter, Dp (m) = 3
Roughness height, ks (mm) a U

Gravity, g (m2/s) = 9J2
Kinematic viscosity, nu (m2s) = 1.1146

Port Flow Dlstribution

Outfall veocity: 2.75 (nm/)
Outfall Reynolds number: 23E06

Ouffall friction factor: 0.0173
Outfafl friction headlooo: 1.5 (im)

Diffuser headoss: 1.8 (m)
Denotyfhead: 0.0 (m)

Total hmdlos: 3.3 lreT;

ina

0.05

0.04

0.03

0.02

0.01
Head alend: 1.75 (m)

Target fowrate: 2.33 (m3ts)
Flowiuta: 1.111 Im3/fat

pipeI Port Riser Distance Depth Head Diwch. Flow Velocity Port Reynolds Friction Friction
ID diam, no. from end coeff. Port Riser Cumul. Pipe Port Froude no. factor loss

(mam) fm) n ( in) (m) (m) -mflss dw.s) (Nms) (m)
WW 1 1 0 2.0 1.75 0.63 0.030 0.03 0.03 0.05 3.7 82.5 3.8E+04 0.024 0.000
914 102 2 0 2.0 1.75 0.63 0.030 0.03 0.06 0.09 3.7 82.5 7.66E-04 0.021 0.000
914 102 3 1 2.0 1.75 0.63 0.030 0.03 0.00 0.14 3.7 82.5 1.1E+05 0.020 0.000
914 102 4 1 2.0 1.75 0.63 0.030 0.03 0.12 0.1U 3.7 f2.5 1.5E+05 0.020 0.000
914 102 5 2 2.0 1.75 0.63 0.030 0.D3 0.15 0.23 37 82.4 1.9E+05 0.019 0.000
914 102 6 2 2.0 1.75 0.63 0.030 0.03 0.18 03ff 3,7 82.4 2.3E+05 0.019 0.000
914 102 7 3 2.0 1.75 0.63 0.030 0.03 0.31 0.32 3.7 824 2.7E+05 0.019 0.000
914 102 8 3 2.0 1.75 0.63 0.030 0.03 0.34 0.37 3.7 82.3 3.1E.05 0.019 0.000
914 102 9 3 2.0 1.75 0.03 0.030 0.03 0.27 0.41 3.7 82.2 3.4E+05 0.018 0.000
914 102 10 4 2.0 1.75 0.63 0.030 0.03 0.30 0.46 3.7 82.1 3.8E605 0.018 0.000
914 102 11 4 2.0 1.75 0.63 0.030 0.03 0.33 0.50 3.7 82A 4.2E.05 0.018 0.000
914 102 12 5 2.0 1.75 0.63 0.030 0.03 0.36 0.55 3.7 82.0 4.6E.+05 0.018 0.000
914 102 13 5 2.0 1.75 0.62 0.030 0.03 0.39 0.60 3.7 81.9 5.0E+05 0.018 0.000
914 102 14 6 2.0 1.75 0.62 0.030 0.03 0.42 0.64 3.7 81.8 5.3E+05 0.018 0.000

914 102 15 6 2.0 1.75 0.62 0.030 0.03 0.45 0.69 3.7 81.0 5.7E.05 0.018 0.000
914 102 16 6 2.0 1.75 0.62 0.030 0.03 0.48 0.73 3.6 81.5 6.1E+05 0.018 0.000
914 102 17 7 2.0 1.75 0.62 0.030 0.03 0.51 0.78 3.6 81.4 6.50E05 0.018 0.000
914 102 18 7 2.0 1.75 0.62 0.030 0.03 0.54 0.82 3.6 81.2 6.8E-f-05 0.018 0.000
914 102 19 8 2.0 1.75 0.62 0.030 0.03 0.57 0.87 3.6 81.1 7.2E405 0.018 0.000
914 102 20 8 2.0 1.75 0.62 0.030 0.03 0.60 0.91 3.6 80.9 7.6E.05 0.018 0.000
914 102 21 9 2.0 1.75 0.62 0.030 0.03 0.63 0.96 3.6 80.7 8.06E05 0.018 0.000
914 102 22 9 2.0 1.75 0.61 0.029 0.03 0.66 1.00 3.6 f0.6 8.3E+05 0.018 0.000
914 102 23 9 2.0 1.75 0.61 0.029 0.03 0.69 1.05 3.6 80A4 8.7E.05 0.018 0.000
914 102 24 10 2.0 1.75 0.61 0.029 0.03 0.72 1.09 3.6 80,2 9.10E05 0,018 0.001
914 102 25 10 2.0 1.75 0.61 0.029 0.03 0.75 1.14 3.6 f0.0 9.4E-05 0,018 0.001
914 102 26 11 2.0 1.75 0.61 0.029 0.03 0.78 1.18 3.6 79.8 9.8E+05 0.018 0.001
914 102 27 11 2.0 1.76 0.61 0.029 0.03 0.80 1.23 3.6 79.6 1.08E06 0.018 0.001
914 102 28 12 2.0 1.76 0.60 0.029 0.03 0.83 1.27 3.5 79.3 1.1E+06 0.018 0.001
914 102 29 12 2.0 1.76 0.60 0.029 0.03 0.86 1.31 3.5 79.1 1.11E06 0.018 0.001
914 102 30 12 2.0 1.76 0.60 0.029 0.03 0.89 1.36 3.5 78.9 1.1E+06 0.018 0.001
914 102 31 13 2.0 1.76 0.60 0.029 0.03 0.92 1.40 3.5 78.6 1.2E.06 0.018 0.001
914 102 32 13 2.0 1.76 0.60 0.029 0.03 0.95 1.45 3.5 784 1.2E.06 0.018 0.001
914 102 33 14 2.0 1.76 0.59 0.029 0.03 0.98 1.49 3.5 78.1 1.2E+06 0.018 0.001
914 102 34 14 2.0 1.76 0.59 0.028 0.03 1.01 1.53 3.5 77.9 1.3E006 0.018 0.001
914 102 35 15 2.0 1.76 0.59 0.028 0.03 1.03 1.58 3.5 77.6 1.3E.06 0.017 0.001
914 102 36 15 2.0 1.76 0.59 0.028 0.03 1.06 1.62 3.5 77.3 1.3E806 0.017 0.001
914 102 37 15 2.0 1.76 0.59 0.028 0.03 1.09 1.66 3.4 77.1 1.4E.06 0.017 0.001
914 102 38 16 2.0 1.7 0.58 0.028 0.03 1.12 1.70 34 76.6 1.4E.06 0.017 0.001
914 102 39 16 2.0 1.77 0.58 0.028 0.03 1.15 1.75 3.4 76.5 1.5E806 0.017 0.001
914 102 40 17 2.0 1.77 0.58 0.028 0.03 1.17 1.79 3.4 76.2 1.5E.06 0.017 0.001
914 102 41 17 2.0 1.77 0.58 0.028 0.03 1.20 1.83 34 75.9 1.5E.06 0.017 0.001
914 102 42 18 2.0 1.77 0.57 0.028 0.03 1.23 1.87 3.4 75.6 1.68.06 0.017 0.001
914 102 43 18 2.0 1.77 0.57 0.028 0.03 1.26 1.92 34 75.3 1.6E+06 0.017 0.002
914 102 44 18 2.0 1.77 0.57 0.027 0.03 1.28 1.96 3.4 75.0 1.6E8.6 0.017 0.002
914 102 45 19 2.0 1.77 0.57 0.027 0.03 1.31 2.00 3.3 74.7 1.7E.06 0.017 0.002
914 102 46 19 2.0 1.78 0.56 0.027 0.03 1.34 2.04 3.3 744 1.7E.06 0.017 0.002
914 102 47 20 20 1.78 0.56 0.027 0.03 1.37 2.08 3.3 74.0 1.78E06 0.017 0.002
914 102 4f 20 2.0 1.78 0.56 0.27 0.03 1.39 2.12 3.3 73.7 1.8.E06 0.017 0.002
914 102 49 20 2.0 1.78 0.56 0.027 0.03 1.42 2.16 3.3 734 1.8E.06 0.017 0.002
914 102 50 21 2.0 1.78 0.55 0.027 0.03 1.45 2.20 3.3 73.0 1.8.06 0.017 0.002
914 102 51 21 2.0 1.79 0.55 0.027 0.03 1.47 225 3.3 72.7 1.9E806 0.017 0.02
914 102 52 22 2.0 1.79 0.55 0.026 0.03 1.50 2.29 3.2 72A 1.9E806 0.017 0.002
914 102 53 22 2.0 1.79 0.54 0.026 0.03 1.53 233 3.2 72.0 1.9E.06 0.017 0.002
914 102 54 23 2.0 1.79 0.54 0.026 0.03 1.55 2.37 3.2 71.7 2.08E06 0.017 0.002
914 102 55 23 2.0 1.79 0.54 0.026 0.03 1.58 2.41 3.2 71.3 2.08E06 0.017 0.002
914 102 56 23 2.0 1.80 0.53 0.026 0.03 1.60 2.44 3.2 71.0 2.06E06 0.017 0.002
914 102 57 24 2.0 1.80 0.53 0.026 0.03 1.63 24ff 3.2 70.5 2.1E+06 0.017 0.003
914 102 58 24 2.0 1.80 0.53 0.026 0.03 1.66 2.52 3.1 70.3 2.18E06 0.017 0.003
914 102 59 25 2.0 1.80 0.53 0.026 0.03 1.68 2.56 3.1 69.9 2.18E06 0.017 0.003
014 102 60 25 2.0 1.81 0.52 0.025 0.03 1.71 2.60 3.1 69.5 2.2E+06 0.017 0.003
914 102 61 26 2.0 1.81 0.52 0.025 0.03 1.73 2.64 3.1 692 2.2E.06 0.017 0.003
914 102 62 26 2.0 1.81 0.52 0.025 0.03 1.76 2.68 3.1 68.8 2.2E+06 0.017 0.003
914 102 63 26 2.0 1.82 0.51 0.025 0.03 1.78 2.72 3.1 68.5 2.3E806 0.017 0.003
914 102 64 27 2.0 1.82 0.51 0.025 0.02 1.81 2.75 3.0 68.1 2.3E806 0.017 0.003

0 a 16 24 32 40 48 56 64
Ris ne.

Pip Veloit

0.0

2

0
0 8 16 24 32 40 48 56 64

Riser no.

Attachment 2: Hydraulics Calculations for Recommended Diffuser - Four Inch Ports, 64 cfs
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Revise COLA Part 3, ER Chapter 4, Subsection 4.3.2.1.1, Paragraph 6 as follows:

The diffuser pipe is expected to be constructed using divers and a barge. This portion of the
project is planned to last 3 months and is scheduled for the late summer to fall time frame.
Censtruction of a aoffer-dam is not expected to be necessary. No diversion of the river- flew is
a.ticipated n.r. is any dis..ban.e of r.iver subsa. e xpte.. ... Minimal dredging is required at the
shoreline to support installation of the diffuser pipe. Additional dredging of sediments is
required near the end of the diffuser pipe to maximize mixing volume at the Ninety-Nine Islands
Dam forebay. Actual construction occupation of the river is expected to be minimal. The pipe
sections would be assembled onshore, positioned using the barge, and attached to the Ninety-
Nine Islands Dam using divers. The use of divers and very short construction time is expected to
minimize stress to the aquatic community. The timing of this part of the construction should
avoid any disruption in the spawning runs or seasonal migration.
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Revise COLA Part 3, ER Chapter 5, Subsection 5.2.1.6, Paragraph 5 as follows:

The wastewater discharge pipe is attached to the upstream face of the Ninety-Nine Islands Dam,
running along the dam (approximately 925 ft.) and ending just before the intake structure of the
Ninety-Nine Islands Hydroelectric Station (Subsection 3.4.2.2). The center line of the 36-inch
(in.) inside diameter discharge pipe is 6 ft. below the full pond elevation of the Ninety-Nine
Islands Reservoir. Thus, the top of the inside of the discharge pipe is 4.5 ft. below full pond. The
last 6-588 ft. of the discharge pipe are perforated with -04064 enefour-in. diameter holes, and the
end of the pipe is capped, which creates a diffuser effect at the outfall (Reference 14). The
diffuser maximizes thermal and chemical dissolution. Only the upstream portion of the piping is
perforated, allowing the discharge to be directed into the forebay. During normal station
operation, 18 cfs of wastewater are continuously discharged through the diffuser section at an
exit velocity of 3.2 fps. Sedimentation around the discharge structure is not expected to be
significant due to the discharge exit velocity and the velocity of water in the vicinity of the
Ninety-Nine Islands Hydroelectric Station (Subsection 2.3.1.2.1.3). Based on the location of the
diffuser on the upstream face of the dam, hydrological impacts near the discharge structure are
SMALL.
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Revise COLA Part 3, ER Chapter 5, Subsection 5.3.2, Paragraph 3 as follows:

The combined discharges flow through a 36-in. inside diameter pipe routed along the reservoir
side of the Ninety-Nine Islands Dam to the hydroelectric station. The final 6-588 ft. of the
discharge pipe is a diffuser with sieesixt four 4-4-in. holes per-feet located at the inlet to the
hydroelectric station.
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Revise COLA Part 3, ER Chapter 9, Subsection 9.4.2.2.3.4, Paragraph 1 as follows:

The mid river single port diffuser structure consists of a single, 3-ft.- inside diameter exit pipe
that extends into the Broad River at an approximate elevation of 505.1 ft. above msl. This places
the diffuser approximately 6 ft. under the normal water level of the river. The diffuser is
composed of a steeHDPE (high density polyethylene) pipe with sixteensixty four -t4-in.-
diameter holes per-feet-over a length of 6-588 ft., Which p..vides mfo.r. than 1000 holes. The port
is located immediately upstream of the Ninety-Nine Islands Dam, at a position which allows the
discharged water to flow directly into the turbine of the hydroelectric station. The selected
discharge structure is shown in Figure 5.3-4 Sheets 1 and 2.
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1. INTRODUCTION

Duke Energy Carolinas, LLC (Duke Energy) is making application to the South
Carolina Department of Health and Environmental Control (SCDHEC) for a National
Pollutant Discharge Elimination System (NPDES) permit for its proposed new William
States Lee III Nuclear Generating Station (Lee Nuclear Station) to be constructed near
Gaffney, Cherokee County, South Carolina.

This document presents background and technical information supporting formal
requests to SCDHEC for Thermal and Whole Effluent Toxicity (WET) mixing zones for
the Lee Nuclear Station effluent discharge to the Broad River pursuant to Rule 61-68
(Water Classifications and Standards) Section C. 10.

1.1 Facility Description

Lee Nuclear Station will be a twin reactor facility with a total electric generating
capacity of approximately 2,200 MWe. A Combined Construction and Operating
License (COL) application was prepared for the facility in accordance with U.S. Nuclear
Regulatory Commission (NRC) regulations, and submitted to NRC at the end of 2007.
Plans are for Lee Nuclear Station to be operational by 2021.

Lee Nuclear Station will use as its primary cooling water source waterbody, an existing
impoundment on the Broad River created by the Ninety-Nine Islands Hydroelectric
Project. The Ninety-Nine Islands (Ninety-Nine Islands) impoundment/reservoir covers
about 430 acres and has a total storage capacity of about 2,300 acre-feet (ac-fl)
[Reference 1; Chapter 2]. The reservoir is characterized by three hydrographic areas,
the main river channel and two backwater areas that have developed because of
sedimentation patterns since impoundment of the river. The two backwater regions
exhibit very little circulation during non-flood periods. Therefore, the average transit
time through the reservoir is conservatively estimated from the volume of the reservoir
along the main channel excluding the backwater areas. Consequently, a storage volume
of 570 ac-ft along the main channel results in an average hydraulic retention time of
about 3 hours under annual average flow conditions [Reference 1; Chapter 2].

As further described below, the Ninety-Nine Islands Hydroelectric project is regulated
by the Federal Energy Regulatory Commission (FERC) who has specified certain

I
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minimum water levels to be met in the reservoir and minimum seasonal flows to be
released downstream of Ninety-Nine Islands Dam.

1.2 Operational Discharges to the Broad River

As a twin reactor/unit facility, Lee Nuclear Station will require (under normal operating
conditions) approximately 35,030 gallons per minute (gpm) (78 cubic feet per second
(cfs)) of cooling water withdrawal from the Broad River for its closed-cycle cooling
system [Reference 1; Chapter 3 - Figure 3.3-1]. Approximately 71 percent (24,800 gpm
or 55 cfs) of the withdrawal will be consumptive due to evaporative and drift losses
from the cooling towers, with 2,000 gpm (5 cfs) returned to the river as screen wash
water. In addition to approximately 18 cfs (8,200 gpm) of cooling tower blowdown
discharged to the Broad River, other waste streams of much lesser volume include
facility process (< 0.28 cfs [< 125 gpm]) and treated radionuclide wastewaters (< 0.009
cfs [<4 gpm]) [Reference 1; Chapter 3 - Figure 3.3-1]. For the purposes of evaluating
Lee Nuclear Station discharges to the Broad River, a total average discharge flow of
18.3 cfs (8,329 gpm; as associated with two-unit, normal operation) was used in the
current analyses of mixing as reported herein.

The plant will discharge 18.3 cfs of cooling water blowdown and treated process waters
to the Broad River more than 95 percent of the time. Less than 5 percent of the time,
blowdown discharge could be as low as 9 cfs or as high as 64 cfs. The variation in
atypical discharge flows are associated respectively with scheduled unit refueling
outages and adjusted (lower) cooling tower cycling rates when necessary to manage
high total solids originating from the cooling water source waterbody.

Discharge to the Broad River will be via a submerged multi-port diffuser attached to the
upstream face of the Ninety-Nine Islands dam spillway in the western portion of Ninety-
Nine Islands reservoir forebay (Figure 1). The diffuser design (see Section 2) will
consist of an 88-foot (ft)-long pipe, 36 inches inside diameter and having 64 4-inch
holes (ports) spaced 1.4 ft apart discharging horizontally [Reference 2]. Extending
horizontally from west to east along the dam (and parallel to flow), the diffuser will be
positioned approximately 750 ft from the west shore near the Ninety-Nine Islands dam
trash sluice structure, and submerged midway in the water column (approximate
centerline elevation 505 ft above mean sea level (msl)) [Reference 1; Chapter 5 - Figure
5.3-4]. At normal water elevation of 511 ft msl, the centerline of the pipe will be
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submerged approximately 6 ft; total depth at this location is approximately 12 ft. Based

on FERC-specified management of the Ninety-Nine Islands impoundment (see next

section), depth of the submerged diffuser could range seasonally from 4 to 6 ft (greater
during flood flows), with the shallower depth associated with low river flows and pulsed

operation of the Ninety-Nine Islands Hydroelectric facility; conditions that occur rarely.

The Lee Nuclear Station cooling water system is designed to achieve a maximum

discharge temperature of 91'F during critical summertime conditions of high ambient

river and air temperatures, and seasonally low flows. However, as presented later, a

discharge temperature of 95'F was also considered in the mixing zone modeling as a

rare worst case scenario. Duke Energy is requesting the thermal mixing zone associated

with the postulated 95'F discharge temperature as this approach provides added

conservatism to the compliance format. Maximum discharge temperatures would be

expected to occur during extreme summertime conditions when water temperature and

ambient air temperatures are at their seasonal highs.

Additional details about the Lee Nuclear Station cooling water and process wastewater

system, including a water balance diagram, have been provided on SCDHEC/U. S.
Environmental Protection Agency (EPA) Forms I and 2D of the primary NPDES
application package.

1.3 Ninety-Nine Islands Dam Operations

Duke Energy's Ninety-Nine Islands Dam is located on the Broad River approximately

4.5 river miles downstream from the Cherokee Falls Darn and is operated under a

FERC license (FERC Project No. 2331) [Reference 3]. The Ninety-Nine Islands Dam

and associated hydroelectric plant were constructed in 1910, and the dam structure is a

concrete gravity dam. The facility operates as a modified peaking plant where the

reservoir, augmented by inflow, supports daily operation (i.e., there is no appreciable

storage volume).

Although initially designed with six hydroelectric power turbine units, currently only

Units 1-4 are operable. Units 5 and 6 have been inoperable for several years and there

are currently no plans to make then operable. Units are numbered sequentially from the

east side of the powerhouse beginning with Unit 1. Thus, the two idled units are those

located closest to the proposed Lee Nuclear Station discharge diffuser. Range in
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approximate distance from the centerline of the proposed discharge diffuser to the
turbine units is 75 ft (Unit 6) to 200 ft (Unit 1). Currently, the closest operable unit
(Unit 4) is approximately 150 ft from the proposed diffuser location. At normal water
elevation (511 ft. msl), centerline elevation of the turbine inlets is approximately 494.1
ft msl [Reference 3], or about I ft deeper than the centerline elevation of the proposed
Lee Nuclear Station discharge diffuser (505 ft msl).

During normal river flows, the Ninety-Nine Islands hydroelectric generating units are
operated within the FERC license-specified drawdown limits' for the reservoir (I ft
below full reservoir (511 ft msl) from March through May and 2 ft below full reservoir
from June through February) [Reference 4]. Total hydraulic capacity of the 20
megawatt (MW) Ninety-Nine Islands Dam powerhouse (six units authorized) is 5,220
cfs [Reference 3]. Hydraulic capacity of the four currently operable units (Nos. 1-4;
rated at -14.450 MW total) is 3,510 cfs; thus, as currently configured/operated, the
Broad River flows in excess of this amount pass over the dam spillway.

In addition to drawdown limitations, the FERC license for Ninety-Nine Islands Dam
also specifies certain seasonally adjusted minimum flows to be maintained below the
dam [Reference 4]:

* 966 cfs January through April;

* 725 cfs May, June, and December; and,

* 483 cfs July through November.

If the above-referenced flows cannot be maintained during December through June
without dropping below the reservoir level restrictions described above, then at least
483 cfs is required to be released. If there is insufficient water to maintain at least 483
cfs of continuous flow release, the operating license provides that one hydroelectric unit
can be operated at its minimum hydraulic output for that portion of every hour that is

I Drawdown limits may be temporarily modified in the event of operating emergencies beyond Duke
Energy's control.
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necessary to release the approximate accumulated inflow, i.e. a pulse flow operational
format (FERC 1996).

As indicated above, the FERC-specified July through November minimum flow is 483
cfs. Based on analysis of the Broad River period of record flows (81 years) performed
by Duke Energy contractor Devine, Tarbell & Associates (DTA), flows were greater
than 483 cfs 98.2 percent of the time [Reference 5]. Of the 30,316 days that flows were
measured by the U.S. Geological Survey (USGS) for the Broad River since 1926, flows
less than 483 cfs were recorded for just 532 days (1.8 percent). Consequently, pulsed
flow operations of Ninety-Nine Islands hydroelectric power generation are rare events.

1.4 Chronolo2ical Summary of Related Modeling Work

There have been a number of numeric modeling efforts conducted as part of the design
and NRC licensing of Lee Nuclear Station. These efforts are summarized in the
following sections.

1.4.1 Clemson University Study

The thermal discharge to the Broad River was initially evaluated through limited work
performed by Clemson University [Reference 6]. The researchers employed simplifying
assumptions and analytical calculation methods, in lieu of a three-dimensional model, to
identify any "fatal flaws" in the discharge diffuser concept being developed at that time
with regard to thermal gain in the Ninety-Nine Islands forebay and downstream of the
dam. The results, not meant to be highly definitive, provided gross insight into the
potential thermal effects of the Lee Nuclear Station cooling water discharge in the Broad
River above and below Ninety-Nine Islands Dam. The Clemson researchers concluded
that, based on conservative assumptions, thermal gain above the dam may range from
1.2 to 3.71F; with a thermal gain of up to 1.77F predicted for waters below the dam.

1.4.2 Enercon Study

In support of the COL application, additional modeling was conducted by Duke Energy
contractor Enercon, which used a more sophisticated modeling approach employing
Cornell Mixing Zone Expert (CORMIX) modeling software (Version 4.3) to simulate
the thermal plumes above and below Ninety-Nine Islands Dam [Reference 1]. This
effort was coupled with a mass balance analysis to determine expected temperature of
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water discharged by Lee Nuclear Station after mixing with the Broad River water in the

Ninety-Nine Islands hydroelectric station turbines.

Results of the CORMIX simulations predicted a small thermal plume that dissipates

quickly. Results of the heat balance calculation indicated that the maximum temperature
change downstream of Ninety-Nine Islands Dam is expected to be less than 1.4°F.

1.4.3 Computational Fluid Dynamics Modeling

The results of the CORMIX modeling, though more accurate than the Clemson work,

still did not consider the important effects on Lee Nuclear Station thermal discharge
mixing characteristics brought about due to variation in reservoir bathymetry, flow

velocity, and flow vector (direction) in the Ninety-Nine Islands Dam forebay at the

diffuser location. Likewise, the hydraulic influences of the Ninety-Nine Islands Dam
hydroelectric generating units on thermal plume characteristics were not considered.

In subsequent discussions with regulatory agencies pertaining to the appropriate
permitting approach for Lee Nuclear Station, concerns were raised about the mixing
behavior of the thermal discharge from the station in the forebay and the potential effect
of this discharge on the aquatic community, particularly on the smallmouth bass
(Micropterus dolomieui) fishery present downstream of Ninety-Nine Islands Dam.

In order to more definitively characterize the Lee Nuclear Station thermal discharge into
the hydrodynamically and spatially complex mixing environment present in the Ninety-
Nine Islands Reservoir forebay, a more robust modeling approach was needed. As such,

three-dimensional Computational Fluid Dynamics (CFD) modeling technology was
conducted [Reference 7].

CFD modeling is based on the Navier-Stokes equations for fluid motion, which are
simply an expression of Newton's laws of motion with additional viscous stress terms
required to calculate fluid flow [Reference 8]. The equations express the laws of
conservation of mass, momentum and energy and are hence a "fundamental" set of
equations (i.e., no assumptions are made in forming the basic equation set).

CFD modeling has been used successfully for over 40 years in a variety of industrial and
environmental applications. Similar to its use in the current study, the Tennessee Valley
Authority (TVA) used CFD modeling to evaluate the multi-port diffused thermal
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discharge from its Browns Ferry Nuclear Power Plant to Wheeler Reservoir in north

Alabama [Reference 9]. The CFD model allowed TVA to determine thermal plume

mixing and temperature rise patterns as well as other hydrodynamic features of the
discharge. Notably, TVA found close agreement between CFD model predicted water
temperatures and direct temperature measurements at the operating diffusers.

Other examples of CFD environmental applications include the U.S. Department of

Energy's Pacific Northwest National Laboratory use of CFD in the hydrodynamic

evaluation of the North Fork Dam forebay on the Clackamas River in Oregon and to
model the three-dimensional velocity field below Bonneville Dam to enhance fish
passage [Reference 10]. CFD has also been used to investigate the increased discharge

associated with the re-powering of an existing power plant [Reference 11 ].

In this initial CFD evaluation of the Lee Nuclear Station thermal discharge, mean annual

flow (2,538 cfs), low flow (483 cfs) and extreme low flow (157 cfs) discharge scenarios

were conservatively calculated to determine the potential effects of the Lee Nuclear

Station cooling water discharge on the Broad River and Ninety-Nine Islands Reservoir
environments. Discharge temperatures of 91'F and 95°F were evaluated. In all the cases

studied, the maximum temperature rise at the Ninety-Nine Islands hydro turbine intakes
was 0.72'F. Therefore, the maximum temperature rise passed through to the NNI Dam

tailrace would also be 0.72°F. For all other scenarios examined, predicted water
temperature rises at the turbines were less than 0.4°F. Based on the minimal temperature

rise predicted by the CFD model, the study concluded there would be no substantive

changes to the summertime thermal regime that currently exists in the tailrace. Thus,

there would be no detrimental impacts to the smallmouth bass fishery.

Modeling of the extreme low flow scenario (157 cfs) also predicted that under certain

conditions heat may accumulate in the Ninety-Nine Islands Dam forebay if the pattern
of Ninety-Nine Islands hydroelectric station pulsed flow operation is insufficient to fully
remove the Lee Nuclear Station heat addition. A pulsed flow operational pattern

matched to 322 cfs was predicted through extrapolation to preclude accumulation of

heat in the forebay.
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1.4.3.1 Presentation of CFD Model Results to SCDHEC

A comprehensive report of the initial CFD thermal modeling, prepared in support of the
COL application, was submitted to NRC on 24 September 2009 [Reference 7]. Results
were presented directly to SCDHEC on 27 August 2009. Based on SCDHEC feedback
regarding apparent accumulation of heat in the Ninety-Nine Islands forebay, additional
modeling was performed to further evaluate thermal discharges under critical low flow
at times when the Ninety-Nine Islands hydroelectric generating station is operating in
pulsed generation mode. The 7Q10 critical low flow of 464 cfs was determined by
SCDHEC [Reference 12] to be the appropriate flow value to use for modeling NPDES-
permitted discharges to the Broad River from Lee Nuclear Station. The additional CFD
modeling was conducted as requested by SCDHEC to: 1) address the issue of heat
accumulation in the Ninety-Nine Islands Dam forebay; and 2) to support requests for
thermal and whole effluent toxicity (WET) mixing zones in accordance Rule 61-68
(Water Classifications and Standards) Section C. 10. [Reference 13]

SCDHEC also requested additional information about the design of the proposed
submerged multi-port discharge diffuser; particularly with regard to its efficiency in
mixing Lee Nuclear Station discharges with the Broad River receiving waters.

The sections that follow present technical information on optimization of the Lee
Nuclear Station discharge diffuser, and supporting information for the Thermal and
WET Mixing Zone requests.

8



MMI Geosyntec"
I:• N,;EI N L T I. .. -Jill consultants

2. DISCHARGE DIFFUSER OPTIMIZATION

Duke Energy contracted with Philip J. Roberts, Ph.D. of Georgia Tech's School of Civil
and Environmental Engineering to support design optimization for the Lee Nuclear
Station submerged multi-port discharge diffuser [Reference 2]. Dr. Roberts has
published extensively on such technical topics as environmental fluid mechanics,
mixing and dynamics of rivers, lakes, coastal waters, and estuaries; optimization of
outfalls for wastewater discharge; and mathematical models of wastewater fate and
transport. Dr. Roberts' work is cited multiple times in EPA's Technical Support
Document for Water Quality-Based Toxics Control (EPA/505/2-90-001), which is the
seminal work upon which permitting of potentially toxic discharges to waters of the
United States is based.

The following represents a summary of Dr. Roberts' work in optimizing the design of
the Lee Nuclear Station discharge diffuser.

2.1 Design Study Obiectives

Dr. Roberts' work focused on the optimization of the Lee Nuclear Station diffuser
engineering design to satisfy plant operational parameters, promote efficient mixing of
the effluent, and limit temperature rise in the receiving waterbody (Broad River).
Performance criteria for the discharge design included achievement of a temperature rise
in the river at the water surface near the diffuser of no more than 5°F with a maximum
temperature not to exceed 90'F (analysis of mixing needed to address chemical
constituents in the discharge was not conducted). While water quality criteria for
temperature were used to inform the design of the diffuser, it was not the intent of Dr.
Roberts' work to directly address an NPDES compliance-based mixing zone. That
objective was addressed by the additional CFD modeling reported herein (see Sections 3
and 4).

2.2 Assessment Methodology

The initial multi-port diffuser design proposed by Duke Energy was a submerged 65-ft-
long pipe of 36-inch diameter attached to the upstream face of the Ninety-Nine Islands
Dam spillway in the western portion of Ninety-Nine Islands Reservoir forebay. The
diffuser was to consist of 16 3-inch holes (ports) per square foot. For the optimization

9
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study, multiple discharge flow rates (9 cfs [4,039 gpm] to 64 cfs [28,725 gpm]), diffuser
port depth (6 to 8 ft), diffuser nozzle spacings (1 to 10 ft) and nozzle diameters (3 to 4
inches) were modeled by Dr. Roberts using EPA's Visual Plumes model. Modeling
targeted two seasons: (i) winter when differential between monthly average ambient
river temperature (44.1°F) and cooling tower blowdown (discharge) temperature
(70.47F) is estimated to be greatest (AT=26.30 F); and (ii) in summer when maximum
monthly average river temperature and blowdown discharge temperature are at their
seasonal highs: 82.37F and 917F, respectively. The modeling assumed there was no
ambient river flow whatsoever in the forebay into which the discharge was made, an
attribute reported as conservative by Dr. Roberts [Reference 2].

The Visual Plumes model predicts the buoyant thermal plume to follow a curved
trajectory from the submerged diffuser as it rises to the water surface (ports/nozzles are
located on the upstream side of the diffuser, away from the face of the dam). As the
plume rises, it entrains ambient water that mixes and dilutes the discharge and reduces
the temperature rise. The maximum surface temperature occurs where the jet centerline
impacts the water surface [Reference 2]. This impact zone represents the maximum
spatial extent of model predictability for surface water temperature (i.e., the model
domain extends from the point of port/nozzle discharge to impact of the plume with the
water surface).

Visual Plumes consists of a suite of models intended for various purposes. In this case,
the UM3 model was considered the most appropriate model [Reference 2]. UM3 is a
three-dimensional Lagrangian entrainment model for jets and plumes. External fluid is
assumed to be entrained into the rising buoyant thermal plume at a rate proportional to
the local plume centerline velocity. The local profiles of velocity, density deficiency,
and tracer concentrations are assumed to be self-similar and the equations for
conservation of mass and momentum, are integrated over the plume cross-section. The
equations are solved numerically to predict plume conditions, including dilution and
plume width, along the jet trajectory. If the ports are close together, the plumes may
merge. The merging of the thermal plumes is considered in the routines of the UM3
model. Entrainment models are widely used in engineering to predict a wide variety of
flows related to wastewater and atmospheric discharges.
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2.3 Study Findings

It was determined that a minimum mixing dilution ratio of 5.3 to 1 was needed to meet

the applicable thermal water quality criteria (AT < 5°F and 90'F maximum). All
combinations of discharge flow rates, diffuser port spacings and port diameters modeled
indicated the needed dilution could be achieved. Based on Dr. Roberts' analysis, the

optimally designed submerged, multi-port discharge diffuser (pipe) is approximately 88-

ft long with an inside diameter of 36 inches and has 64 4-inch ports spaced 1.4 ft apart.
The Visual Plumes model indicates that if the Lee Nuclear Station heated effluent were

discharged to the Broad River via a diffuser of this design, the result will be a
temperature rise at the water surface (where the buoyant plume emerges) that will
always be less than 5°F and have a maximum temperature at the water surface of less
than 901F based on the assumed conditions. The lateral distance from the diffuser port
to the point of plume impact with the water surface was estimated to range from 14 ft (9
cfs discharge flow rate) to about 76 ft (64 cfs discharge flow rate).
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3. THERMAL MIXING ZONE REQUEST

The Lee Nuclear Station thermal discharge is predicted at times to potentially exceed
water quality criteria for temperature (e.g. 90'F). Because the spatial extent of such
exceedance in the receiving waterbody is expected to be small, a regulatory mixing zone
presents an allowable compliance approach provided requirements specified in Rule 61-
68 (Water Classifications and Standards) Section C. 10 can be met [Reference 13].

3.1 Background

As indicated previously, Dr. Roberts' work focused on optimizing the design of the
submerged multi-port discharge diffuser and not the determination of a regulatory
mixing zone. It is important to note, however, that rapid mixing of the Lee Nuclear
Station discharge was demonstrated by Dr. Roberts' analysis, with achievement of
temperature criteria predicted upon impact of the buoyant plume with the receiving
water surface (under the conditions considered).

The limitations of the Visual Plumes model used by Dr. Roberts (as well as the
CORMIX model used by Enercon [Reference 1]) to evaluate thermal discharge mixing
zones are primarily associated with the orientation of the discharge diffuser parallel to
ambient flow along the Ninety-Nine Islands Dam (Figure 1). Typically, a discharge
diffuser is oriented perpendicular to flow whereby the discharge from each port/nozzle
may be entrained into ambient receiving water unaffected by the discharge. Such
orientation provides for efficient mixing of the discharge with the receiving waterbody.
The Visual Plumes and CORMIX models are best suited for these conditions.

Constraints imposed by conditions in the Broad River (i.e., heavy debris and sediment
accumulation) necessitated placement of the Lee Nuclear Station discharge diffuser
along the face of Ninety-Nine Islands Dam, parallel to flow. In the case of diffuser
orientation parallel to flow, the discharge from ports located on the "downstream" end
of the diffuser entrains the effluent discharged from the "upstream" ports thereby
affecting mixing characteristics. This physical phenomena is accounted for in the CFD
model, since the parallel flow of the thermal discharges are included automatically (or,
more accurately, the parallel flow in the CFD model is due to the influence of the river
flow being obstructed by the dam) and allowed to mix according to the fundamental
laws of fluid motion. The discharge diffuser is not modeled explicitly as jets emanating
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from each port, as this would be too computationally expensive. Rather, the discharge is
treated as a mass source at the location of the discharge diffuser, and is allowed to
diffuse equally in all directions and mix as the ambient flow dictates.

In the CFD model, a temperature transport model derived from the law of conservation
of energy is included. Temperature is transported in the model domain by convection
with the water flow, and molecular and turbulent diffusion. It has an influence on the
flow profile as the heated water plumes rise - this is included in the calculations via the
Boussinesq buoyancy model. As the temperature and flow fields are interdependent it is
essential that the flow, turbulence and temperature equations are calculated
simultaneously. Heat can also be lost or gained through the model boundaries. For
example, heat lost or gained through the free surface will modify the temperature in the
reservoir and this can be included in the calculation by selection of appropriate
boundary conditions. It is likely that heating and cooling in the forebay is influenced by
river temperature, air temperature, cloud cover, sun elevation, shading by vegetation and
other effects. In the absence of full knowledge of these variables, heat loss/gain through
the free surface cannot be calculated accurately. Instead, adiabatic conditions were
specified at the free surface, a conservative modeling approach.

3.2 Current Thermal Modeling Effort

Geosyntec Consultants/MMI Engineering (Geosyntec) was contracted by Duke Energy
to conduct the necessary calculations/modeling to determine the Lee Nuclear Station
thermal discharge mixing characteristics in the Broad River for the purposes of NPDES
permitting of the new facility. Based on SCDHEC feedback received at the 27 August
2009 meeting regarding apparent accumulation of heat in the Ninety-Nine Islands
forebay, additional modeling was performed to further evaluate thermal discharges
under critical low flow at times when the Ninety-Nine Islands hydroelectric generating
station is operating in pulsed generation mode. The 7Q10 critical low flow of 464 cfs
was determined by SCDHEC [Reference 12] to be the appropriate flow value to use for
modeling NPDES-permitted discharges to the Broad River from Lee Nuclear Station.
This modeling scenario (critical conditions and pulsed flow) was used to estimate
spatial boundaries for a thermal mixing zone.

The SCDHEC further indicated their focus will be on the size of the Lee Nuclear Station
thermal plume relative to the specified acute mixing zone boundary. Duke Energy has
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assumed SCDHEC is referring to that portion of the plume/mixing zone where
temperatures may potentially exceed 90'F (maximum ambient water quality criterion)
as discharge temperatures in excess of 90'F would only be expected to occur during
summer - the time when critical low flows in the river (e.g., 7Q10 flows) can also occur.
The other component of the state's temperature criteria (adapted from EPA), "free
flowing [waters] shall not be increased more than 5F (2.8'C) above natural
temperature conditions", [Reference 13] is largely based on the objective to "maintain a
well-rounded population of warmwater fishes" [Reference 14]. In the case of power
plant additions, it is further based on the objective to avoid fish lethality resulting from a
sudden drop in water temperature (should the plant shut down) during winter months
when the potential for AT > 5°F to occur is greatest [Reference 2]. As such, the 90'F
maximum temperature criterion was selected as the acute condition and the additional
CFD modeling was conducted to address this component of the mixing zone request.

Duke Energy is also aware of SCDHEC's interest in temperature differential between
the discharge and ambient Broad River as exemplified by the AT < 5'F criterion
[Reference 13]. The comprehensive CFD thermal modeling report (see Section 1.4.3)
speaks directly to this issue and includes several CFD modeling runs that address plume
characteristics of AT > 50F. In all cases conservatively modeled, plume spatial
dimensions associated with temperatures of AT > 5'F were very small ranging from
0.002 to 0.01 acre in size. This finding is further supported by Dr. Roberts' additional
analysis of the discharge diffuser that indicates the AT will always be < 5'F at the point
of buoyant plume impact with the water surface [Reference 2].

As is presented in the following text, an approved mixing zone request based upon
plume dimensions for the > 90'F isotherm associated with a discharge temperature of
950F will fully encompass the area occupied by that portion of the plume exhibiting AT
> 50F. Therefore, as the additional modeling requested by SCDHEC (acute, critical
summer condition) is most relevant to the Thermal Mixing Zone request, the results
thereof are summarized in the following text.

3.3 Critical Conditions Modelin•

The Lee Nuclear Station thermal discharge characteristics under critical condition 7Q 10
flow of 464 cfs were conservatively calculated using CFD models to determine the
potential effects of the Lee Nuclear Station cooling water discharge on the Broad River
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and Ninety-Nine Islands Reservoir forebay environments, particularly with regard to
that portion of the thermal plume where temperatures are > 90'F plume. Under 7Q10
flow conditions, the Ninety-Nine Islands Hydroelectric Generating Station is expected
to operate in a pulsed mode format whereby a single turbine is pulsed "on" and "off'
over an hourly cycle to comply with FERC-specified minimum water levels to be
maintained in the impoundment and minimum seasonal flows to be released
downstream. The CFD model was configured to address this pulsed mode of operation.

In this specific case, bathymetry data, as well as water column acoustic Doppler velocity
and vector data directly for the Ninety-Nine Islands Reservoir forebay measured by
Duke Energy, were incorporated into the CFD model. This and other CFD model spatial
and temporal features supported a more definitive evaluation of the influences of the
Lee Nuclear Station thermal discharge on ambient forebay temperatures and prediction
of water temperatures at the Ninety-Nine Islands Dam turbine inlets, and thus, the
temperatures that would be discharged to the Broad River below the dam.

The CFD model used in this study is similar to the earlier work [Reference 7] where a
more detailed overview of the model is given. The geometry and mesh were unchanged
from the previous study, and are shown in Figures 2 through 5 for reference 2.

The model was run in transient mode to capture the pulsed operation of the turbines. As
with the previous studies, the diffuser discharge was applied as a mass source at the
location of the diffuser and allowed to diffuse equally in all directions. This tends to
result in a conservative result for the thermal plume as the momentum induced by the
multi-port discharge diffuser will be greater in reality than in the model. This increase in
momentum will encourage entrainment of ambient water and enhance cooling of the
plume. Therefore, the under-representation of momentum in the CFD model is
conservative.

3.3.1 Methodology

Geosyntec/MMI Engineering uses a variety of classical and computational analysis
techniques to assess the performance of fluid systems and processes. For detailed CFD
analysis, calculations are made with the general purpose, commercial CFD code

2 Please note that for Figures 4 and 5 the viewer's perspective is from the east bank of Broad River (looking southwesterly),

upstream of the dam, and somewhat elevated. This is also true for subsequently-referenced Figures 6-9, 12, 14, 17 and 18.
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ANSYS-CFX Version 11 [Reference 15]. This is the CFD model code selected for the
current analysis.

The extent (geometry) of the Ninety-Nine Islands Reservoir/Broad River environment in
the CFD models included:

" The Ninety-Nine Islands Dam, forebay, turbine intakes, and Lee Nuclear Station
diffuser discharge;

* the backwater areas in the locality of the forebay; and,

* a reach of the Broad River extending approximately 0.5 mile upstream of the
forebay.

Total surface area of the modeled domain was approximately 61 acres.

Bathymetry data for the reservoir forebay area and river was provided by Duke Energy
contractor, DTA [Reference 16] in the form of point-depth measurements in a series of
transects. These point data were interpolated to form the river/reservoir bed in the CFD
models. The data received did not include the dam or turbine intakes, which were
incorporated into the model by reference to the civil engineering drawings of the
Ninety-Nine Islands hydropower station [References 17 and 18].

The Lee Nuclear Station cooling water discharge was defined in the CFD models based
on reference to the Duke Energy drawings of the discharge [References 18 and 19]. The
location of the discharge relative to the turbine intakes is shown in Figure 1. Only the
discharge diffuser detail was included in the model; the remainder of the discharge pipe
work has no significant effect on plume behavior.

3.3.1.1 CFD Model Relationship to Dr. Roberts 'Diffuser Design Study

It is important to acknowledge that at the time the additional CFD modeling (reported
herein) was conducted, Dr. Roberts' work in optimizing the discharge diffuser design
had not been completed. As such, the CFD modeling was performed based on the initial
Duke Energy design; the primary difference was the length of the diffuser: 65 ft vs. the
Dr. Roberts' optimized 88 ft length. However, the increase in diffuser length would be
expected to make very little difference to the results as there is a fixed energy source

16



liMM Geosyntec"
......... .. r--I consultants

that is distributed (in the CFD model) over the length of the diffuser. The greater that
length is, the more diffused the energy source is initially, and as a result the temperature

increase will be lower. Given that the diffuser is shorter in the CFD model, the
temperature rise will initially be on the high side (compared to the longer diffuser) and

the thermal plume will be greater. Thus, the CFD model results are conservative.

It should be noted that that Dr. Roberts used a maximum monthly average temperature
of 82.37F and normal discharge temperature of 91°F in his discharge diffuser design

optimization study; whereas, the CFD model uses a daily average maximum
temperature of 88.2'F and both 91PF and 95'F discharge temperatures to evaluate worse

case conditions of summer in the determination of mixing zones. These differences are
simply the result of independent investigations, conducted at different times, and with
differing objectives in mind, and would have no material impact on the CFD model

results.

3.3.2 Scenarios Modeled

Two CFD calculations (scenarios or cases) were performed with the following variables
common to both cases:

* River flow rate was set to 464 cfs in accordance with the 7Q10 level specified by
SCDHEC for the NPDES permitting [Reference 12] ;

* River temperature (background) was set to 88.2°F as determined from Duke
Energy continuous water temperature data collected in the Ninety-Nine Islands
forebay during June-August 2008 (when 7Q10 flows might be expected to
occur) [Reference 20];

" Turbine flow rate was set to 500 cfs when "on" and 53 cfs when "off' (due to
leakage through the turbine penstock);

" Ninety-Nine Islands Hydroelectric Station turbine operation:

• Only I turbine unit is in operation.

* The unit is "off' for the first 4.3 minutes per hour, flow accumulates in the

forebay and only leakage flow passes to the tailrace. The unit is "on" for the
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remaining 55.7 minutes per hour. These timings were calculated by
considering the balance of the river and turbine flow rates only.

Diffuser discharge rate was set to 18.3 cfs.

The scenarios differed in the temperature of the diffuser discharge. In Scenario 1 the
discharge temperature was set to 957F, while in Scenario 2 it was 91'F.

3.3.3 Model Results

For the 7Q10 river flow rate of 464 cfs, the peaks of the average temperatures at the
Ninety-Nine Islands Hydroelectric Station turbine inlet calculated from the CFD model
are as follows:

" Scenario 1 (95'F discharge temperature): 88.57'F or 0.37'F above ambient river
temperature (88.2'F).

" Scenario 2 (91°F discharge temperature): 88.36'F or 0.16'F above ambient river
temperature (88.2'F).

It is apparent from the above that the Lee Nuclear Station thermal discharge will have
minimal impact on the thermal regime of the Broad River downstream of the Ninety-
Nine Islands Hydroelectric Project.

With regard to the Ninety-Nine Islands Dam forebay, the CFD modeling of two
consecutive one-hour cycles demonstrated that heat did not accumulate in the forebay
beyond initial start-up, and that steady-state conditions were reached by the end of the
second hour of pulsed operation. This was determined to be true for both Scenario 1,
and is a feature of Scenario 2 as well, although the thermal plumes are much smaller.

For Scenario 1 (951F discharge temperature), Figure 6 illustrates the 90'F area by the
blue iso-surface 20 minutes into the first cycle modeled. At the end of the first cycle, the
plume is of a different shape and slightly smaller (see Figure 7). The variation in plume
size and shape throughout the cycle is an important consideration in the modeling, and
is a feature of Scenario 2 as well, although the thermal plumes are much smaller
because the discharge temperature is lower for Scenario 2 (91'F). See Figure 8 and
Figure 9 for the thermal plumes for Scenario 2.
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The variation in plume volume over two cycles for Scenario 1 is shown on Figure 10,

where the first 1-hour cycle is shown in blue and the second 1-hour cycle is shown in

green. As the CFD model uses a uniform temperature throughout the domain of 88.2'F

as a starting point (an initial assumption to start the model), the 90'F thermal plume is

zero volume, but after the first 15 minutes the volume is approximately constant for the

first cycle. Because the turbine is turned off at the start of the second cycle, the thermal

plume increases in size, and even increases when the turbine is turned back on for a

short period (this lag is to be expected as the turbine does not immediately influence the

entire domain as soon as it is turned on), before returning to approximately the steady-

state volume in the first cycle. As the plume volume at the end of the second cycle is

approximately the same as at the end of the first cycle, the second cycle can be assumed

to be the "repeating" cycle. The plume volume for the first cycle of Scenario 2 is shown

on Figure 11. The volume transient over the second cycle was not generated, but it was

assumed based on the results from Scenario I that the second cycle would also be the

repeating cycle.

Dimensions of the thermal plume were taken at the end of the second cycle in each case,

as this is the "steady-state" plume that is the best representation of the plume over the

hourly cycle. Figures 12 through Figure 15 show the steady-state plumes for Scenarios 1

and 2, respectively. The plan views (Figure 13 and Figure 15) of the plumes provide a

perspective of the size of the plume in comparison to the forebay of the dam. A detailed

summary of the plume dimensions for each scenario are shown on the table in the

following section. The volume of the thermal plume for Scenario 1 is 0.600 ac-ft

(26,152 ft3), while the surface area is 0.138 acres (5,997 ft2). The cross-section area (see

Figure 17) is 503 ft2 which constitutes 3.0 percent of the forebay cross-sectional area.

The maximum plume length is 145 ft (approximately 15 percent of the forebay length)

while the width of the plume is 73 ft. The maximum and average depths are 14.8 ft and

2.9 ft, respectively. The bar chart showing percent of plume volume against depth for

this scenario (Figure 16) indicates that the majority of the plume is less than 7 ft depth -

in fact, 95% of the plume volume is less than 7ft depth for Scenario 1.

For Scenario 2 the thermal plume is significantly smaller, as would be expected, with a

volume of 0.109 acre-ft (4,744 ft3) and a surface area of 0.033 acres (1,437 ft2). The

cross-section area (see Figure 18) is 255 ft2 which constitutes 1.5 percent of the forebay

cross-sectional area. The maximum plume length is 86 ft (approximately 9 percent of
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the forebay length) while the width of the plume is 37 ft. The maximum and average
depths are 7.3 ft and 2 ft, respectively. The bar chart showing percent of plume volume
against depth for this scenario (Figure 19) indicates that the majority of the plume is less
than 5 ft depth.

3.3.4 Results Summary

The CFD model inputs and resulting spatial dimensions of the > 90'F plume under each
scenario were determined for the steady-state condition and are summarized on the
following table:

Scenario I Scenario 2

River Flow 464 cfs 464 cfs
7Q10 Critical Flow 7Q10 Critical Flow

River Temperature 88.20F 88.2°F

Discharge Flow 18.3 cfs 18.3 cfs

Discharge Temperature 95°F - 91 0F

Dimensions of Steady-state > 90*F Thermal Mixing Zone for Repeating Cycle

_______Scenario I

- Volume

- Surface area

- Cross-Sectional area
o Percent of forebay

- Average Depth/Thickness

- Maximum Depth/Thickness

- Maximum Width

- Maximum Length

0.600 acre-ft

26,152 ft
3

0.138 acre
5,997 ft

2

503 ft2

3.0 %

2.9 ft

14.8 ft

73 ft

145 ft

Scenario 2

0.109 acre-ft4,744 ft-3

0.033 acre
1,437 ft2

255 ft2

1.5%

2.0 ft

7.3 ft

37 ft

86 ft
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It is important to note (as detailed in the next section) that proper interpretation of the

model results (i.e. spatial attribute) relative to a regulator mixing zone should consider

orientation of the diffuser and buoyant properties of the thermal plume.

Hereafter, discussion of the thermal plume and associated mixing zone for Lee Nuclear

Station conservatively assumes the 95'F discharge temperature under critical low flow

(7Q 10) conditions.

3.4 Relevance to the Thermal Mixin2 Zone Request

As indicated previously, SCDHEC indicated a significant consideration in its analysis

will be on the size of the Lee Nuclear Station thermal plume relative to the specified

acute mixing zone boundary. Duke Energy has assumed this to be that portion of the

plume/mixing zone where temperatures are in excess of the 90'F criterion. As the

discussion hereafter focuses on the plume area characterized by temperatures > 90'F
and analogous to the acute mixing zone, the terms "plume" and "mixing zone" are used

interchangeably.

Mixing zone boundary conditions set by SCDHEC seek to keep the size of mixing

zones to a minimum. According to SCDHEC requirements, acute mixing zones are

limited to no more than one-tenth (10 percent) of the width of the stream (width) and a

length downstream of one-third (33.3 percent) the width of the stream, although

alternatives may be considered for larger mixing zones [Reference 21 ].

Unlike the conventional configuration where the discharge diffuser extends laterally

from shore and is positioned perpendicular to the flow, the Lee Nuclear Station

discharge diffuser is attached to a dam and oriented parallel to river flow (i.e., flow is

along the dam face toward the hydroelectric turbines). These attributes make the direct

application of the SCDHEC acute mixing zone length/width proportional dimensions to

the Lee Nuclear Station thermal plume somewhat atypical.

For example, given the placement of the discharge diffuser parallel to flow along the

face of the Ninety-Nine Islands Dam, it is necessary to define length of the

plume/mixing zone as running parallel to the longitudinal centerline of the diffuser pipe

(i.e., easterly), and width as perpendicular to the diffuser (i.e., northerly). As such, the

maximum downstream length of the buoyant 90'F plume (acute mixing zone) is
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conservatively estimated to be 145 ft, which is approximately 14 percent of the width of
the Broad River at the forebay of the dam (1,031 ft), while the plume width is
conservatively estimated to be 73 ft, or 7 percent the width of the stream. Accordingly,
the size of the acute thermal mixing zone for the Lee Nuclear Station discharge as
conservatively determined by the CFD model falls well within the maximum spatial
boundary conditions, for the mixing zones established by SCDHEC. Moreover, the
plume length should be considered within the context of the length of the diffuser which
is approximately 61 percent of the plume length. In addition, including the enhanced
mixing properties afforded by the high-velocity multi-port diffuser, which was not fully
considered by the CFD model (see Section 3.3), will further diminish the size of the
thermal mixing zone reported herein.

Also, while seasonal temperature data for the Ninety-Nine Islands forebay demonstrate
the water column is well mixed and oxygenated all year, the buoyancy of the thermal
plume results in an uneven dispersal of heated water vertically in the water column.
That is, at the maximum horizontal extent (length) of the > 90TF plume (145 ft), the
plume/mixing zone does not extend vertically downward into the water column.
Although the maximum depth of the mixing zone (extending from the surface
downward) is 14.8 ft, only a very small proportion of the plume is at that depth; 95
percent of the mixing zone volume is found at 7 ft depth or less (Figure 16). The
average depth/thickness of the mixing zone is just 2.9 ft. As the average depth is so
shallow, there is a significant distance between the mixing zone and the bottom of the
forebay where fish may escape or swim around the area.

Given the above discussion, an alternative/analogous approach for evaluating
minimization of the size of the Lee Nuclear Station thermal mixing zone relative to the
receiving waterbody may be to use percent cross-sectional area of the forebay occupied
by the > 90 TF or greater plume/mixing zone. This approach is fully consistent with
SCDHEC mixing zone requirements and EPA guidance [Reference 22], which seeks to
limit exposure to fish and other organisms to acute conditions. Using this approach, the
cross-sectional area of the plume was determined by positioning an east-west oriented
line (aligned with the dam and diffuser) through the thickest part of the vertical plane of
the plume. This cross-sectional area of the > 907F plume (associated with a 957F
discharge temperature) measures 503 if2 in size; proportionally, this represents just 3.0
percent of the cross-sectional area of the forebay (Figure 17). Thus, under conservative
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conditions there is very limited potential exposure to the thermal plume for free-
swimming fish or benthic organisms and their passive life stages.

EPA guidance provides that the areal extent and concentration isopleths (for toxics) of a
mixing zone must be such that the 1-hour average exposure of organisms passing
through the mixing zone is less than the acute criteria [Reference 22]. Though
maximum temperature criteria are based on experimental studies using longer averaging
periods [Reference 14], the 1-hour average exposure period was used as a conservative
means of evaluating, through additional analysis, the potential lethality to passive
organisms from exposure to elevated water temperature (> 900F) in the mixing zone.

The average velocity in the steady-state plume was obtained from the CFD model and
divided into the greatest length of the plume (145 ft) to estimate potential travel time
through the plume for a passive organism. For Scenario 1, the average velocity was
estimated at 0.184 feet per second (if's). As such, travel time through the plume was
determined to be approximately 13 minutes. For Scenario 2 the average velocity is
0.164 ft/s and the length of the plume is 86 ft, so travel time is 9 minutes. Thus, no
passive organisms/life stages will be exposed to water temperatures > 90'F for extended
periods of time and any exposures will be well below an hour.

Determination of velocities throughout the plume is a complex exercise given the
dynamic conditions in the forebay. However, the analysis is conservative in that the
conditions considered (i.e., flow velocities) have been determined for the steady state
condition of the plume under rare pulsed-flow conditions. Under typical continuous
operation of the Ninety-Nine Islands hydroelectric facility turbines, ambient and
turbine-induced flows would be expected to substantially reduce travel time for passive
organisms through the mixing zone.

With regard to the downstream extent of the thermal plume, it is important to note that
based on the CFD-modeling results (see Section 3.3.3 above), water temperatures
greater than 90'F are not predicted to reach the Ninety-Nine Islands hydroelectric
turbine inlets and pass downstream to the tailrace under critical conditions. Thus, the
acute mixing zone boundary does not extend downstream from the forebay area.
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3.5 Thermal Mixin2 Zone Request

The text provided in this document constitutes Duke Energy's formal request to
SCDHEC to authorize a thermal mixing zone for the Lee Nuclear Station thermal
discharge to the Broad River. The technical information presented herein fully
addresses South Carolina Regulation 61-68 Water Classifications and Standards as they
relate to mixing zones for surface waters (Section C. 10.); specifically:

* The size of the requested thermal mixing zone has been reasonably minimized
based on the proportion of the discharge flow to receiving waterbody critical
7Q10 flow (i.e., < 4 percent). This will be accomplished through the active
design and construction of a closed-cycle re-circulating cooling water system at
Lee Nuclear Station as opposed to an open-cycle, once-through cooling water
system.

* The size of the requested mixing zone has been further minimized through the
use of a submerged multi-port discharge diffuser that provides rapid mixing of
the thermal discharge in the receiving waterbody.

* Considering potential acute thermal affects to aquatic life, under a rare worst
case discharge temperature of 95°F concurrent with critical 7Q10 low flow
conditions, the areal extent of the > 90'F acute mixing zone is predicted by the
conservatively applied CFD modeling to be well within SCDHEC's specified
spatial boundaries for such mixing zones of no more than one-tenth (10 percent)
of the width of the stream (width) and a length downstream of one-third (33.3
percent) the width of the stream [Reference 21]. The Lee Nuclear Station
thermal mixing zone width and length are predicted by the model to be 7 and 14
percent, respectively, of the width of the Broad River at the discharge location.

Under the same discharge scenario, the cross-sectional area of the > 90'F plume
is proportionally 3.0 percent of the total cross-sectional area of the Broad River
at the discharge location. In addition, the plume is relatively shallow (95% of the
plume is at 7.5 ft depth or less, and the maximum plume depth is 14.8 ft) so that
there is a significant distance between the thermal plume and the bottom of the
forebay where fish may escape, or swim under the plume.
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Further, the CFD modeling indicates that under the worse case conditions
considered, water temperatures > 90'F will not extend to the Ninety-Nine
Islands Hydroelectric Station turbine inlets and pass downstream to the tailrace.
Notably, maximum temperature rise at the turbine inlets under modeled
conditions is predicted to be < 0.4'F.

Additionally, travel time for passive organisms through the thermal
plume/mixing zone was determined to be approximately 13 minutes for Scenario
I (95'F discharge temperature), and 9 minutes for Scenario 2 (91PF discharge
temperature). Thus, exposure of passive organisms/life stages to water
temperatures > 90'F for extended periods of time will not occur under critical
conditions.

" Given the small size of the thermal discharge area and acute mixing zone (>
90'F) relative to the receiving waterbody, there is no reasonable expectation that
the thermal discharge and requested mixing zone would "result in undesirable
aquatic organisms or a dominance of nuisance species outside of the mixing
zone".

" Given there are no federally-listed endangered or threatened aquatic species or
habitats in the Broad River in the vicinity of the discharge [Reference I], there is
no reasonable expectation that the requested thermal mixing zone "would
adversely affect a federally-listed endangered or threatened aquatic species, its
habitat, or a proposed or designated critical habitat".

* Based on the small proportion of the discharge flow to receiving waterbody
critical 7Q10 flow (i.e., < 4 percent), minimization of the thermal mixing zone to
meet SCDHEC spatial requirements for mixing zones, and limited travel time
through the plume for passive organisms, the requested thermal mixing zone will
allow for safe passage of aquatic organisms and the protection and propagation
of a balanced indigenous aquatic community in and on the Broad River.

" The requested mixing zone will not endanger public health and welfare.

The CFD modeling was conservatively applied in this study and demonstrates the
minimal impact the Lee Nuclear Station thermal discharge is predicted to have on the
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thermal regime of the Broad River and Ninety-Nine Islands Reservoir forebay, and
associated aquatic communities they support.

Based on the above evidence, Duke Energy requests that SCDHEC authorize a thermal
mixing zone as defined for a potential discharge temperature of 95TF, as part of the
NPDES permit for the Lee Nuclear Station thermal discharge to the Broad River.
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4. WHOLE EFFLUENT TOXICITY MIXING ZONE REQUEST

South Carolina water quality regulations allow mixing zones for discharges to state
waters [Reference 13]. A mixing zone is defined in the regulations as:

"...an area where a discharge undergoes initial dilution and is extended to cover the
secondary mixing in the ambient waterbody. A mixing zone is an allocated impact zone
where water quality criteria can be exceeded as long as acutely toxic conditions are
prevented (except as defined within a Zone of initial dilution) and public health and
welfare are not endangered."

Zone of Initial Dilution is defined as:

"that minimal area of a mixing zone immediately surrounding the outfall where water
quality criteria are not met, provided there is no acute toxicity to drifting organisms
and public health and welfare are not endangered."

As an applicant for an NPDES point source discharge permit in South Carolina,
SCDHEC provided Duke Energy with procedures for requesting a WET Mixing Zone
[Reference 21 ], including a form to be completed and submitted as part of the NPDES
permit application package for Lee Nuclear Station. Completion of the form provides
SCDHEC with information needed to determine mixing zone size for chemical
constituents potentially present in the Lee Nuclear Station discharge and associated
WET requirements.

CORMIX is a common water quality model used by SCDHEC and other regulatory
permitting agencies to determine mixing zone size and other attributes to establish WET
requirements. In the case of the Lee Nuclear Station submerged multi-port discharge
diffuser, the orientation of the discharge diffuser parallel to ambient flow along the
Ninety-Nine Islands Dam precluded the use of the more traditional CORMIX model to
determine mixing zone size (see discussion in Section 3.1). Consequently, Geosyntec
employed CFD modeling to accomplish this task. The results thereof are summarized in
the following text.
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4.1 Computational Fluid Dynamics Modeling - Approach

Modeling was conducted to evaluate mixing characteristics of the discharge with the
Broad River, and determine spatial dimensions of the mixing zone needed to
accommodate the most conservative chemical constituent potentially present in the

discharge (i.e., the chemical in the discharge requiring the most mixing to achieve water

quality criteria). The model output yielded dilution isopleths/contours amenable to

spatial determination.

Using chemical constituent data provided by Duke Energy on NPDES Application Form

2-D, projected concentrations in the Lee Nuclear Station discharge were compared
directly to established South Carolina water quality criteria for the protection of aquatic

life [Reference 13] to determine potential exceedances. For those constituents
potentially exceeding criteria, the mixing needed to meet criteria was determined and
correlated to dilution contours output by the CFD model for the steady-state discharge
plumes. The spatial boundary correlating to the area where the criterion maximum

concentration (CMC) or acute criteria may be exceeded represents the Zone of Initial
Dilution (ZID) for the purposes of the WET Mixing Zone request. While acute criteria

may be exceeded, acutely toxic conditions may not be present. The size of the ZID must

be minimized such that chemical exposure for passive organisms moving through the
ZID is minimized. The spatial boundary correlating to the area where the CMC and

criterion continuous concentration (CCC) or chronic criteria may be exceeded represents
the size of the Lee Nuclear Station mixing zone to be requested. The size of the ZID
and full mixing zone are included on the SCDHEC Mixing Zone Request form.

4.1.1 Scenarios Modeled

Similar to modeling of the thermal discharge, the two CFD calculations (scenarios or

cases) were performed with the following variables common to both cases:

" River flow rate was set to 464 cfs in accordance with the 7Q10 level specified by

SCDHEC for the NPDES permitting [Reference 12];

" River temperature (background) was set to 88.2'F as determined from Duke

Energy continuous water temperature data collected in the Ninety-Nine Islands
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forebay during June-August 2008 (when 7Q10 flows might be expected to
occur) [Reference 20];

" Turbine flow rate was set to 500 cfs when "on" and 53 cfs when "off' (due to
leakage through the turbine penstock);

* Ninety-Nine Islands Hydroelectric Station turbine operation:

" Only 1 turbine unit is in operation.

* The unit is "off' for the first 4.3 minutes per hour, flow accumulates in the
forebay and only leakage flow passes to the tailrace. The unit is "on" for the
remaining 55.7 minutes per hour. These timings were calculated by
considering the balance of the river and turbine flow rates only.

* Lee Nuclear Station discharge rate was set to 18.3 cfs.

The scenarios differed in the temperature of the cooling water discharge which affects
water density and associated mixing characteristics. In Scenario 1 the discharge
temperature was set to 95°F, while in Scenario 2 it was 91 'F.

4.1.2 Model Methodology

The CFD model used in this study is similar to that reported above for the thermal
discharge analyses (see Section 3). The geometry and computational mesh are
unchanged and are shown in Figure 2 through Figure 5 for reference.

The model was run in transient mode to capture the pulsed operation of the turbines. As
with the previous effort, the diffuser discharge was applied as a mass source at the
location of the diffuser and allowed to diffuse equally in all directions. This will tend to
result in conservative results for the mixing zones as the momentum induced by the
multi-port discharge diffuser will be greater in reality than in the model. This increase in
momentum will encourage entrainment of ambient water and enhance mixing. As a
result, the under-representation of momentum in the CFD model is conservative.

The discharged constituents were assumed to be non-reactive with the receiving water
and a "passive scalar" approach (physically similar to a dye tracer) was used to model
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the dilution of the discharge in the Broad River, as the concentration of constituents was
low enough that they would have no significant effect on the overall flow field. A
source for this passive scalar was imposed on the volume representing the discharge
diffuser. From the concentration of the passive scalar at each point in the flow field,
relative to the initial concentration, the dilution of the diffuser discharge could be
determined.

4.1.3 Definition of Dilution Ratio

A "dilution ratio" was defined that represented the total number of parts of fluid
(background plus discharge) to the number of parts of discharge fluid only. Thus, a
dilution ratio of one represents fluid that is purely from the discharge, while a dilution
ratio of four indicates three parts background to one part discharge fluid. A useful
alternative view is that a dilution ratio of one represents a 100 percent concentration of
discharge fluid, while a dilution ratio of four indicates a 25 percent concentration. This
is particularly useful as the discharge fluid concentration is a direct output of the CFD
model, so that the dilution ratio, r, can be calculated using:

1r=- c (1)
Cs

where C, is the concentration of the passive scalar (in the CFD model, the initial passive
scalar concentration is I so that the above equation holds).

When calculating what dilution ratio is required for a specific constituent to comply
with regulatory limits, the following equation is required:

Cd -C +1 (2)

C -Cb

where C is the concentration of interest (e.g., a water quality criterion), Cd is the
discharge concentration and Cb is the background concentration. Equation (2) can be
derived by considering the concentration at any one point given the number of parts of
background fluid, Nb, and the number of parts of discharge fluid, Nd:

C- NbCb + NdCd (3)

Nb +Nd

Substituting the definition for r into this equation, which in terms of fluid parts is:
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r - Nb-•Nd (4)

results in Equation (2) once r is made the subject.

4.2 Analysis

The mixing needed for specific constituents to meet aquatic life criteria was determined
and correlated to dilution contours output by the CFD model for the steady-state plumes
(i.e., Scenarios 1 and 2).

4.2.1 Chemical-Specific Mixing

Lee Nuclear Station is a proposed new facility that is not currently expected to be
operational until 2021. As such, the chemicals present and associated concentrations in
the discharge are not fully known and have been determined herein based on the best
available data and best professional judgment. This is consistent with SCDHEC and
EPA guidance/instructions for completion of EPA Application Form 2D - New Sources
and New Dischargers.

The primary wastewater stream (18 cfs) associated with Lee Nuclear Station operations
is cooling tower blowdown, with other waste streams comprising much lesser volume
(< 0.3 cfs). The cooling water blowdown was considered the dominant source of
potential pollutant discharge to the Broad River relevant to the WET Mixing Zone
request.

Cooling water will be drawn from the Broad River at a typical (two-unit) rate of
approximately 35,030 gpm (78 cfs). The raw river water will be conveyed to Pond A
where settlement will occur prior to direct intake by the plant. After four cycles of
circulation through the closed-cycle cooling system (i.e., mechanical draft towers), as
dictated by solids build-up, approximately 18.0 cfs will be "blown down" and
discharged to the Broad River via the submerged, multi-port discharge diffuser at
Ninety-Nine Islands Dam. Due to evaporative cooling, it was conservatively assumed
that whatever constituents were present in the influent raw river water upon intake
(primarily metals) would be concentrated by a factor of 4 in the discharge. It was further
conservatively assumed that no reduction in metals concentrations in the cooling water
system attributable to raw water settling in Pond A or other factors (e.g., drift) would
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occur. The model also assumed that any metal pollutant additions attributable to the
recycling of the cooling water system itself were absent or negligible.

4.2.2 Projected Discharge Constituents

As part of the COL application to NRC, Duke Energy collected surface water samples
from the Broad River in the vicinity of the planned cooling water intake structure over
the period 2006-2009. The samples were analyzed for conventional pollutants and toxic
metal constituents (total recoverable). The best available data were then compiled and
normalized to address variation in detection limits of the analyses over time. For
example, in some cases detection limits for certain constituents decreased (i.e.,
improved). Where more definitive data were available later in the collection effort, they
were used to replace values reported early on as "less than the detection limit." The full
data set was then used in an averaging step to obtain a single representative influent
river value for each parameter. These values were then multiplied by a factor of 4 to
yield a projected potential constituent concentration in the cooling water (blowdown)
discharged to the Broad River.

Ten metal constituents plus ammonia were detected in the influent/ambient Broad River
(Table 1). Rule 61-68 provides no ambient water quality aquatic life criteria for
aluminum, barium, iron, magnesium, or manganese (Reference 13). As such, these
constituents were excluded from further analysis. The absence of surface water quality
criteria for a chemical is often because toxicological concern by the regulatory/scientific
community over that chemical is low [Reference 23]. That is, chemicals that lack
criteria are often considered to be relatively less toxic than those for which criteria do
exist. To the extent that this position is accurate (though there may be exceptions), toxic
effects associated with detected chemicals for which water quality criteria are not
available are unlikely to contribute risks of the same magnitude as those predicted for
chemicals that do have published criteria. Given the predictive nature at this time of
estimating the constituents and concentrations potentially present in the Lee Nuclear
Station discharge that has yet to occur, excluding constituents lacking aquatic life
criteria at this stage of permitting allows for focus on those constituents with a known
potential for toxicity to aquatic life. Once the facility is in operation and discharge
monitoring data become available, additional, more detailed analysis can be undertaken
and the need for chemical-specific permit limits determined.
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For the remaining constituents detected in ambient river water, SCDHEC Rule 61-68
provides aquatic life criteria. These include: ammonia, arsenic, chromium (hexavalent),

copper, lead, and zinc. Upon comparison of projected discharge concentrations of these
six constituents to applicable aquatic life criteria, only copper was determined to

potentially exceed its acute criterion (CMC) and, logically, the chronic criterion (CCC).
Lead was found to exceed the CCC in the influent/ambient Broad River.

Because lead exceeded chronic criteria in the influent/ambient Broad River,

mixing/dilution to achieve criteria is not possible (i.e., mixing of the cooling water
discharge with the Broad River will not result in achievement of chronic criteria).

Further, as lead in the Lee Nuclear Station discharge is a function only of its presence in

the Broad River (i.e., in the intake water), no additional mass loading of lead to the river

is expected. As such the remainder of this analysis for the WET mixing zone will focus

on copper as the primary constituent of interest in the Lee Nuclear Station cooling water
discharge.

4.3 Model Results

Contours of dilution ratio (defined as shown in Equation (1)) for Scenario 1 (95'F

discharge temperature) are shown on Figure 20. As expected, the low values of dilution
ratio are located close to the discharge diffuser, with the higher values (indicating that

the fluid is mostly background) much further away. It should be noted that as the turbine
switches on and off during the hourly cycle, the shape of the dilution contours changes
throughout the cycle. However, for the majority of the cycle the plume does not change

significantly, and this is referred to as the "steady-state" plume. The results here, and in
all other figures, are for this steady-state plume, which is shown after the second hourly

cycle in the CFD model. Tests have shown that these results are accurate (in other words
the steady-state plume does not increase in size) for subsequent cycles.

Figure 21 shows contours of dilution ratio for Scenario 2 (91 'F discharge temperature).
The plume in this case is less spread than in Scenario 1. This is due to the difference in

discharge temperature in the two scenarios. For Scenario 1 where the discharge

temperature is higher, the plume rises to the surface quickly due to its positive buoyancy
and then spreads in a relatively thin, shallow layer. The "cooler" discharge in Scenario 2
rises much slower and does not spread as rapidly just below the water surface.
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Therefore, in general, the cooler plume of Scenario 2 is less spread, but deeper. The
differences between the two plumes become greater as the dilution ratio increases.

The particular dilution ratios of interest are for the SCDHEC aquatic life acute and
chronic criteria for copper. These criteria are hardness-dependent, and as presented,
were determined based on formula provided in SCDHEC Rule 61-68 using the default
hardness value of 25 milligrams per liter (mg/L) as CaCO3 [Reference 13]. Based on
water quality samples collected by Duke Energy, the average hardness for the Broad
River is 16.03 mg/L.

To achieve the resulting acute criterion for copper of 3.8 micrograms per liter ([tg/L), a
dilution ratio of 2.2:1 (45.5 percent) is required. The chronic criterion of 2.9 jig/L
requires a dilution ratio of 3.9:1 (25.6 percent). These levels are highlighted specifically
by the blue (acute) and yellow (chronic) areas Figure 22 for Scenario I and Figure 23
for Scenario 2. These figures also provide a good perspective on the overall sizes of the
mixing zones relative to the forebay area.

The results indicate that acutely toxic conditions attributable to copper are not expected
to occur when the discharged waste stream has mixed with the receiving stream to a
concentration of 45.5 percent or less; this is accomplished by proportional mixing of 2.2
parts receiving water with 1 part discharge effluent. Thus, WET testing of the cooling
water discharge at an "instream waste concentration" of 45.5 percent is expected to
result in no acute toxicity demonstrated. An analogous example can be made for
examining chronic toxicity.

34



MMI
Geosyntec&I

consultants

4.3.1 Spatial Dimensions of the WET Mixing Zone

Results of the CFD modeling targeting a mixing zone for copper are summarized in the

table below:

Scenario I Scenario 2

River Flow 464 cfs 464 cfs
7Q10 Critical Flow 7Q10 Critical Flow

River Temperature 88.2°F 88.2°F

Discharge Flow 18.3 cfs 18.3 cfs

Discharge Temperature 950F 91OF

COPPER ACUTE MIXING ZONE (2.2:1145.5 percent dilution)

- Volume 0.158 acre-ft 0.225 acre-ft
6,904 ft3  9,820 ft3

- Surface area 0.069 acre 0.065 acre
2,998 ft2  2,819 ft2

- Cross-Sectional area 217 fte 456 ft2
1.3% of forebay x-area 2.7% of forebay x-area

- Average Depth/Thickness 1.5 ft 2.0 ft

- Maximum Depth/Thickness 6.2 ft 7.8 ft

- Maximum Width 57 ft 43 ft

- Maximum Length 100 ft 107 ft

COPPER CHRONIC MIXING ZONE (3.9:1/25.6 percent dilution)

- Volume 0.527 acre-ft 0.458 acre-ft
22,964 ft3  19,942 ft3

- Surface area 0.135 acre 0.106 acre
5,869 ft2  4,609 ft2

- Cross-Sectional area 490 ft" 611 ftW
2.9% of forebay x-area 3.6% of forebay x-area

- Average Depth/Thickness 2.3 ft 2.5 ft

- Maximum Depth/Thickness 9.8 ft 12.7 ft

- Maximum Width 79 ft 50 ft

- Maximum Length 154 ft 149 ft
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There were noted differences in the lateral extent of mixing zones output by the CFD
model for the two scenarios considered (Figures 22 and 23). This was the result of
changes in density/buoyancy attributable to the two different discharge temperatures
modeled. In establishing the ZID and mixing zone sizes for the WET Mixing Zone
request, worst case maximum dimensions for length and width were used from each of
the scenarios modeled.

Recall from the thermal mixing zone request narrative that the Lee Nuclear Station
discharge diffuser is different than the conventional configuration where the discharge
diffuser extends laterally from shore and is positioned perpendicular to river flow (see
Section 3.1). In this case, plume length runs parallel to the longitudinal centerline of the
diffuser pipe (i.e., easterly); and width as perpendicular to the diffuser (i.e., northerly).
As determined from the CFD model, the worst case maximum lateral dimensions of the
acute mixing zone (i.e., ZID) needed to provide a 2.2 to 1 (45.5 percent) dilution for
copper is 107 ft in length and 57 ft width (associated with Scenarios 1 and 2). SCDHEC
requirements for acute mixing zones [Reference 21] specify that the length of the
mixing zone extending downstream should not exceed one-third (33.3 percent) the
width of the river and the width of the mixing zone should not exceed one-tenth (10
percent) the width of the river.

In the current case, the length and width of the acute mixing zone/ZID for copper is
approximately 10.4 percent and 5.5 percent, respectively, of the width of the Broad
River at the forebay of the dam (1,031 ft). Again, the plume length should be considered
in relationship to the length of the diffuser which is approximately 88 ft and thus
comprises approximately 82 percent of the plume length. In any event, the size of the
acute mixing zone for copper in the Lee Nuclear Station discharge falls well within the
maximum spatial boundary conditions for mixing zones established by SCDHEC as
conservatively determined by the CFD model.

The worst case maximum lateral dimensions of the chronic mixing zone needed to
provide a 3.9 to 1 (25.6 percent) dilution for copper is 154 ft long by 79 ft wide
(associated with Scenario 1). According to SCDHEC requirements, chronic mixing
zones are limited to no more than one-half (50 percent) the width of the river (width)
and a length downstream of twice (200 percent) the width of the river [Reference 21].
The length and width of the chronic mixing zone for copper represent approximately 15
percent and 7.7 percent, respectively of the width of the Broad River at the forebay of
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the dam (1,031 ft). Thus, the size of the chronic mixing zone (inclusive of the acute
mixing zone/ZID) for copper in the Lee Nuclear Station discharge likewise falls well
within the maximum spatial boundary conditions for mixing zones established by
SCDHEC.

As for the thermal mixing zone described previously, it is also important to consider the
vertical profile of the mixing zone as the lateral dimensions of maximum length and
width perhaps overstate the potential impact on aquatic organisms that might be
exposed to acute and chronic conditions. Although the maximum depth of the acute
mixing zone (extending from the surface downward) is 7.8 ft, only a small proportion of
the mixing zone is at that depth. Specifically, 90 percent of the mixing zone volume is
found at 3 ft depth or less for Scenario 1. For Scenario 2, 81 percent of the acute mixing
zone volume is 3 ft depth or less. The average depth/thickness of the acute mixing zone
is just 2.0 ft.

A similar point can be made for the chronic mixing zone where approximately 92-93
percent of the volume is 5 ft depth or less for each scenario. In this case, average
depth/thickness of the chronic mixing zone is just 2.5 ft.

The relative profile of the mixing zones is further demonstrated by considering cross-
section area, which for the acute mixing zone is just 1.3 and 2.7 percent of the total
forebay cross-sectional area for Scenarios 1 and 2, respectively. For the chronic mixing
zones under both Scenarios 1 and 2, cross-sectional area relative to the forebay was less
than 4 percent.

Thus, given the relatively small lateral dimensions and cross-sectional profile of the
mixing zones modeled under very conservative conditions, there is limited potential
exposure to acute and chronic conditions for free-swimming fish or benthic organisms
and their passive life stages.

As presented earlier (Section 3.4), EPA guidance provides that the areal extent and
concentration isopleths of a mixing zone must be such that the 1-hour average exposure
of organisms passing through the mixing zone is less than the acute criteria [Reference
22]. Based on this guidance, the potential lethality to passive organisms from acute
exposure within the ZID was determined.
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The average velocity in the steady-state plume was obtained from the CFD model and
divided into the greatest length of the acute mixing zone/ZID for copper (107 ft) to
estimate potential travel time through the zone for a passive organism. For Scenario 2
(91°F discharge), the average velocity was estimated at 0.184 ft/s. As such, travel time
through the plume was determined to be less than 10 minutes. For Scenario 1 (95°F),
the average velocity is 0.164 ft/s. The length of the plume is 100 ft so travel time is 10
minutes. Thus, no passive organisms/life stages will be exposed to acute concentrations
of copper for extended periods of time and certainly not an hour.

Again, determination of velocities throughout the plume is a complex exercise given the
dynamic conditions in the forebay. However, the analysis is believed conservative in
that the conditions considered (i.e., flow velocities) have been determined for the steady
state condition of the plume under rare pulsed-flow conditions. Under typical
continuous operation of the Ninety-Nine Islands hydroelectric facility turbines, ambient
and turbine-induced flows would be expected to substantially reduce travel time for
passive organisms through the mixing zone.

Further, as previously stated, including the enhanced mixing properties afforded by the
high-velocity multi-port diffuser not fully considered by the CFD model (see Section
3.3) will further diminish the size of the mixing zones reported herein and lessen
exposure for passive organisms.

4.3 Whole Effluent Toxicity Parameters

Duke Energy is requesting a WET mixing zone be authorized for the Lee Nuclear
Station discharge to the Broad River and has completed the SCDHEC-provided WET
Mixing Zone Request Form. Information requested on the SCDHEC form is repeated
here with supporting narrative.

What is the proposed ZID size (in meters)? Length 32.6 m x Width 17.4 m

Based on the CFD modeling reported herein, the ZID has been sized to allow for
adequate mixing of the Lee Nuclear Station discharge to achieve acute aquatic life
criteria for copper at the edge of the acute mixing zone/ZID.
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What is the proposed acute WET test concentration? 45.5 percent

The concentration of copper after mixing with the receiving water is projected to be 1.8
gg/L and thus, below the acute aquatic life criterion of 3.8 [Ig/L (based on a hardness
value of 25 mg/L as CaCO 3). The criterion is achieved with a 45.5 percent dilution of
the Lee Nuclear Station discharge.

What is the proposed mixing zone size (in meters)? Length 47 m x Width 24 m

This proposed mixing zone size is deemed necessary to allow for adequate mixing of
the discharge to achieve chronic criteria for copper at the edge of the mixing zone, and
was conservatively determined based on the CFD model output.

What is the proposed chronic WET test concentration? 25.6percent

The concentration of copper after mixing with the receiving water is projected to be 1.8
ptg/L and thus, below the chronic aquatic life criterion of 2.9 gg/L (based on a hardness
value of 25 mg/L as CaCO 3). The criterion is achieved with a 25.6 percent dilution of
the Lee Nuclear Station discharge.

4.4 WET Mixin2 Zone Request

In addition to the completed SCDHEC WET Mixing Zone Request Form, this document
constitutes Duke Energy's formal request to SCDHEC to authorize a WET mixing zone
for the Lee Nuclear Station discharge to the Broad River. The technical information
presented herein fully addresses South Carolina Regulation 61-68 Water Classifications
and Standards as they relate to mixing zones for surface waters (Section C.10.);
specifically:

" The size of the requested mixing zone has been reasonably minimized based on
the proportion of the discharge flow to receiving waterbody critical 7Q10 flow
(i.e., < 4 percent).

" The size of the requested mixing zone has been further minimized through the
use of a submerged, multi-port discharge diffuser that provides rapid mixing of
the discharge in the receiving waterbody.
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The spatial dimensions of the acute mixing zone (ZID) fall well within
SCDHEC's specified spatial boundaries for such mixing zones of no more than
one-tenth (10 percent) the width of the stream (width) and a length downstream
of one-third (33.3 percent) the width of the stream [Reference 21]. For the Lee
Nuclear Station discharge, the length and width of the acute mixing zone for
copper was conservatively determined by the CFD model to be approximately
10.4 percent and 5.5 percent, respectively, of the width of the Broad River at the
forebay of the dam.

Similarly, the spatial dimensions of the chronic mixing zone fall well within
SCDHEC's specified spatial boundaries for such mixing zones of no more than
one-half (50 percent) the width of the river (width) and a length downstream of
twice (200 percent) the width of the river [Reference 21]. For the Lee Nuclear
Station discharge, the length and width of the chronic mixing zone for copper
represent approximately 15 percent and 7.7 percent, respectively of the width of
the Broad River at the forebay of the dam.

" The cross-sectional areas of all mixing zones modeled relative to the total
forebay cross-sectional area were small ranging from 1.3 to 3.6 percent. As
such, there is limited potential exposure to acute and chronic conditions for free-
swimming fish and their passive life stages.

" Travel time through the acute mixing zone/ZID under each discharge scenario
was determined to be approximately 10 minutes. Thus, no passive organisms/life
stages will be exposed to acute concentrations of copper for extended periods of
time (well less than an hour).

" Given the small size of the discharge area and requested mixing zone relative to
the receiving waterbody, there is no reasonable expectation that the Lee Nuclear
Station discharge would "result in undesirable aquatic organisms or a
dominance of nuisance species outside of the mixing zone."

" Given there are no federally-listed endangered or threatened aquatic species or
habitats in the Broad River in the vicinity of the discharge [Reference 1], there is
no reasonable expectation that the requested mixing zone "would adversely
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affect a federally-listed endangered or threatened aquatic species, its habitat, or

a proposed or designated critical habitat."

" Based on the small proportion of the discharge flow to receiving waterbody

critical 7Q10 flow (i.e., < 4 percent), minimization of the mixing zone to meet

SCDHEC spatial requirements for mixing zones, and limited travel time through

the plume for passive organisms, the requested mixing zone will allow for safe

passage of aquatic organisms, and allow for the protection and propagation of a

balanced indigenous aquatic community in and on the Broad River.

" The requested mixing zone will not endanger public health and welfare.

Based on the above weight of evidence, Duke Energy requests that SCDHEC authorize

a WET mixing zone as defined in this request for a potential discharge temperature of

95'F, as part of the NPDES permit for the Lee Nuclear Station thermal discharge to the

Broad River.
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Table 1. Lee Nuclear Station Projected Discharge Constituents, Concentrations, and Receiving Water Mixing

Influent Estimated Estimated DHEC Acute Dilution DHEC Chronic Dilution Needed
Constituents Broad River Discharge In-stream Aquatic Life Needed to Aquatic Life to Meet CCC or

ab c c
Detected Concentration Concentration Concentration CMC Meet CMC CCC c In-Stream Conc.

Aluminum 227.6 910.4 254.7 NC --- NC ---

Ammonia 0.112 0.45 0.13 36.09 NONE 5.51 NONE

Arsenic 1.3 5.32 1.49 340 NONE 150 NONE

Barium 18.4 73.76 20.63 NC --- NC ---

Chromium 1.1 4.54 1.27 16 NONE 11 NONE
Copper 1.6 6.44 1.80 3.8 2.2 2.9 3.9
Iron 984 3935 1100.7 NC --- NC ---

Lead 1.04 4.16 1.16 14 NONE 0.54 25.8
Magnesium 1708 6830.4 1910.7 NC --- NC ---
Manganese 53.89 215.55 60.30 NC --- NC ---

Zinc 3.8 15.29 4.28 37 NONE 37 NONE

i i I I

Notes:

All units in micrograms per liter except for Ammonia provided in milligrams per liter.

a. Based on analytical data from March 2007 through November 2009 collected by Duke Energy at the proposed
intake structure location on the Broad River. Values shown represent averages over the period collected.

Prepared by: TEC
Date: March 16, 2010
Checked By: CCK

Date: March 22, 2010

b. Calculated concentrations after discharge mixes with the receiving waterbody; based on traditional mass balance equation using 18.3 cfs Lee Nuclear Station
discharge flow, discharge constituent concentration, ambient constituent concentration in the river, and the Broad River critical 7Q10 flow of 464 cfs.

c. Denotes SCDHEC Rule 61-68 Acute (Criterion Maximum Concentration or CMC) and Chronic (Criterion Continuous Concentration or CCC)

Aquatic Life Criteria.

Ammonia criteria calculated based on DHEC Rule 61-68 formulae: CMC assumed salmonids absent and pH=7.0; and CCC assumed early life stages
(ELS) present, pH=7.0, and water temperature =15.6°C (60.1' F)

Metals criteria are hardness dependent for Copper, Lead, and Zinc. The Broad River hardness is <25 mg/L CaCO3; as such a hardness value of 25 mg/L

CaCO3 was used in the calculation per DHEC Rule 61-68.

There are no Total Chromium criteria. To be conservative, Chromium VI criteria were used in the analysis; these criteria arenot hardness dependent.

d. Based on mass balance, it is not possible to achieve background/influent concentration after discharge. Thus, the maximum of the in-stream
concentration or the criterion (CCC) drives the dlution needed.
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Figure 1 - Plan view of the geometry used in the CFD model
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Figure 2 - Plan view of the geometry used in the CFD model
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Figure 22 - Acute mixing zone (blue) and chronic mixing zone (yellow) for copper, Scenario 1.
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Enclosure 1 Page 2 of 2
Duke Letter Dated: June 16, 2011

Revise COLA Part 3, ER Chapter 5, Subsection 5.2.3.1, Paragraph 8 as follows:

The CFD results in Table 5.2-1 demonstrate that, for an expected operational discharge of 18.3
cfs, the 57F isotherm covers an area of less than 0.02 ac for mean annual flows. For low flows
(483 cfs), a 5°F isotherm was considered negligible. For the unusual condition of extreme low
flow (157 cfs), the 5°F isotherm would cover an area of approximately 0.01 ac. An additional
CFD analysis addressed heat accumulation in the Ninety-Nine Islands Dam forebay during low
flow conditions when the Ninety-Nine Islands hydroelectric generating station is operating in the
pulsed generation mode (Reference 15). For this condition, the 5°F isotherm would cover an area
of approximately 0.03 ac. Because the aerial extent ofthisthese isotherms isare small, the impact
of the thermal discharge is expected to be SMALL.
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Enclosure 1 Page 2 of 2
Duke Letter Dated: June 16, 2011

Revise COLA Part 3, ER Chapter 5, Subsection 5.3.2.1, Paragraph 2 as follows:

Computational Fluid Dynamics (CFD) modeling is based on the Navier-Stokes equations for fluid
motion, which are an expression of Newton's laws of motion with additionally viscous stress terms
required to calculate fluid flow. For a geometrically complex model such as the Ninety-Nine Islands
Reservoir, it is necessary to discretize the equations. In this process the geometry is subdivided into a
large number of computational cells and the Navier-Stokes equations are re-formed to calculate the values
of pressure, velocity, temperature, and turbulence in each cell. As these values in each computational cell
are influenced by their neighboring cells, an iterative solution technique must be used. The result of
appropriately refined CFD is a three-dimensional flow-map of the entire geometry, which can be
interrogated to provide values of flow rate, temperature, chemical concentration, and other attributes
throughout the domain, as appropriate to specific study objectives. (References 17 and 188)
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Enclosure 1 Page 2 of 2
Duke Letter Dated: June 16, 2011

Revise COLA Part 3, ER Chapter 6, Subsection 6.1.1, Paragraph 3 as follows:

Modeling of the thermal data was performed using the computational fluid dynamics (CFD)
model (References 2 and 3). The CFD model incorporates equations to express the laws of
conservation of mass, momentum, and energy. The details and results of 4!isthese evaluations
are provided in Sections 5.2 and 5.3.
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TABLE 5.2-1 (Sheet 1 of 2)
SUMMARY OF THERMAL PLUME ANALYSIS

(COMPUTATIONAL FLUID DYNAMICS
THERMAL MODELING)

90OF Thermal Plume (2)

Themal
Plume
>50F

Above
Ambient

(2)

River
Flow
(cfs)

Forebay
Temp (i)

(OF)

Discharge
Flow
(cfs /
qpm)

Max.
Temp

Increase
at

Turbine
Inlet
(OF)

Discharge
Temp

(OF)
Areal Extent

(ac)

Max.
Volume Depth
(ac-ft) (ft)

Areal
Extent
(ac)

Turbine
in

OperationScenario Description
Mean Annual 18.3 /

1 (Ref 10) Flow 2538 52.7 8216 91 (3) (3) (3) 0.02 2,3,4 0.72
18.3/

2 (Ref 10) Low Flow 483 88.2 8216 91 0.025 0.057 2.11 (3) 4 0.10
Extreme Low 18.3/

3 (Ref 10) Flow 157 84.0 8216 91 (3) (3) (3) 0.01 4 0.38
18.3/

2 (Ref 15) 7Q10 Flow 464 88.2 8216 91 0.033 0.109 7.3 L3A 4 0.16

(1) Based upon Lee Nuclear Station monitoring (Subsection 2.3.3.1.2).
(2) Based upon SCDHEC aquatic life maximum.
(3) None predicted.

Reference 10: Geosyntec Consultants, July 2009, Computational Fluid Dynamics Thermal Modeling Lee Nuclear Station, Cherokee
County, South Carolina, Project Number GK4258

Reference 15: Geosyntec Consultants, Mixing Zone Analyses, Lee Nuclear Station, NPDES Permit, Cherokee County, South
Carolina, Project Number GK4270, April 18, 2011
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Revise COLA Part 3, ER Chapter 5, Subsection 5.2.4, References, as follows:

Page 2 of 2

14. Roberts, Philip J.W, PhD, PE; Technical Memorandum Prepared for Duke Energy dated
May 21, 2010: Diffuser Design for the Lee Nuclear Power Station, Atlanta, Georgia

15. Geosyntec Consultants, Mixing Zone Analyses, Lee Nuclear Station, NPDES Permit,
Cherokee Countv, South Carolina. Project Number GK4270. Amril 18. 2011I I I
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Page 2 of 2

Revise COLA Part 3, ER Chapter 5, Subsection 5.3.5, References, as follows:

18. Remove Geosyntec Consultants, Mixing Zone Analyses, Lee Nuclear Station, NPDES
Permit, Cherokee County. South Carolina. Project Number GK4270. April 18. 2011



Enclosure I
Duke Letter Dated: June 16, 2011

Page I of 2

Attachment 63 S- 14

Updated ER Subsection 6.1.5



Enclosure 1 Page 2 of 2
Duke Letter Dated: June 16, 2011

Revise COLA Part 3, ER Chapter 6, Subsection 6.1.5, References, as follows:

3. R-em lGeosyntec Consultants, Mixing Zone Analyses, Lee Nuclear Station, NPDES
Permit, Cherokee County, South Carolina, Proiect Number GK4270, April 18, 2011


