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FDEP NATIONAL POLLUTANT DISCHARGE ELIMINATION PROJECT (NPDES)
RESPONSES TO REQUEST FOR ADDITIONAL INFORMATION (RFI #1)

Comment 1:

Response 1.

Comment 2:

Response 2:

Substantial Permit Revision Request — St. Lucie Plant

As the responses to the request below require engineering review and
calculations, please submit the responses under the seal of Florida Power and
Light’s Engineer of Record for this project in accordance with Chapter 471 (P.E.),
Florida Statutes.

These responses are submitted under the seal of FPL's Engineer of Record, Harold A.
Frediani, Jr., P.E, including the attached Calculations 25, 26, 27, 28, 29, 30, 31, 32, and
33. ‘

It was unclear from the application whether the requested revisions to the

discharge temperature limitations in the existing permit were for an entire calendar

'year or for certain months in the year. Please clarify the request.

FPL requests the following maximum instantaneous discharge temperature limits, with
the cooler months defined as December through May, and the warmer months defined as
June through November:

REQUESTED TEMPERATURE LIMITS NORMAL OPERATIONS

Cooler Months Warmer Months

Discharge Temperature 1M7°F 119°F

Based on the Department's Comment 7, FPL understands FDEP’s position on this matter
that water quality standards for temperature must be applied based on instantaneous
maximum levels; therefore, with this document, FPL revises its request that the discharge
temperature and temperature rise limits be based on averages. Accordingly, in order to
develop proposed instantaneous temperature limits, FPL has performed statistical
analysis on recorded intake temperatures for two annual periods, the cooler months of
December through May, and the warmer months of June through November, for the
period of record August 2005 through May, 2010 (the POR). The maximum intake water
temperature during the cooler months was 82.2°F, during the warmer months the
maximum intake water temperature was 88.4°F. The response to Comment 4 below
describes four operating cases that FPL has analyzed to determine the maximum
instantaneous discharge temperatures and temperature rise values for both periods.
Case 1, which involves both units operating normally at full load with all eight Circulating
Water (CW) pumps operating, can occur during any time of year, and results in a post-

uprate discharge temperature rise of 28°F (see Response to Comment 4 below). Based

e ? Golder
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on that temperature rise, the maximum discharge temperature based on the POR for the
cooler months would be 110.29F (assuming an intake temperature of 82.2°F), and for the

warmer months would be 116.4%F (assuming an intake temperature of 88.4°F).

Case 2, which involves both units operating normally at full load with only six CW pumps
(three per unit) operating, is expected to occur primarily during the cooler months, and
results in a post-uprate discharge temperature rise of 32.1°F (seé Response to Comment
4 below). However, based on the cooler values of intake temperatures recorded, 6-pump
operation could occur during any time of year. Based on the 32.1°F temperature rise, the
maximum discharge temperature based on the POR for the cooler months would be

114.3°F (assuming an intake temperature of 82.2°F).

Case 3, involving the normal operation of only one unit with its four CW pumps
energized, results in a post-uprate discharge temperature rise of 28.4°F (gee Response
to Comment 4 below); therefore Case 3 results in maximum discharge temperatures of
110.6°F during the cooler months (assuming an intake temperature of 82.2°F), and

116.8°F during the warmer months (assuming an intake temperature of 88.4°F).

Case 4 is the maintenance case, involving the operation of both units at full load, with 4
CW pumps energized for one unit and 3 CW pumps energizéd for the other unit. This
operating scenario produces a discharge temperature rise of 29.2°F (see Response to
Comment 4 below). That results in a maximum discharge temperature of 111.4°F for the
cooler months (assuming an intake temperature of 82.2°F) and 117.6°F for the warmer

months (assuming an intake temperature of 88.4°F).

In summary, the maximum discharge temperatures for each case are predicted, based
on the POR, to be as follows:

PREDICTED DISCHARGE TEMPERATURES BASED ON POR

Case No. Cooler Months Warmer Months
Case 1 110.2°F 116.4°F
Case 2 114.3°F N/A
Case 3 110.6°F 116.8°F
Case 4 111.4°F 117.6°F

In developing instantaneous temperature limits, FPL proposes that it is reasonable to
take into account that the POR is less than 5 years, the plant is licensed by the NRC to
operate another 40 years, and the historical record indicates ambient water temperatures
in the past have exceeded those in the POR (see Response 6 below) by as much as

| Golder
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Comment 3:

Response 3:

1.6°F. Accordingly, in proposing temperature limits, FPL has added a safety factor of
1.6°F to the expécted intake watef temperatures, and rounded the result up to whole
numbers. Additionally, as described in Comment 4 below, FPL believes it is appropriate
to add a safety factor to the expected temperature rise of an additional 1°F during cooler
months, based on historical data. The results after adding these safety factors are the
following i’equested temperature limits:

REQUESTED TEMPERATURE LIMITS NORMAL OPERATIONS

Cooler Months Warmer Months

Discharge Temperature 117°F _ 119°F

The normal operation maximum discharge temperatures are greater than or equal to the
maintenance discharge temperatures; therefore, FPL no longer requests separate limits
for discharge temperature during maintenance operationé.

FPL claims in its application that the cooling water discharge temperature is
approaching the permit limitation of 113°F at the point of discharge due to rising
temperatures at the intake to the nuclear units during normal operations,
maintenance activities, or both. The existing permit contains two temperature
limitations: 113°F for normal operations and 117°F for maintenance activities,
which includes chlorination of the cooling water system. The monthly temperature
data submitted to the Department does not separate the discharge temperature

data for normal operations from that associated with maintenance activities.

~ Please provide discharge temperature data for the past five years that shows the

maximum instantaneous and monthly average temperatures for both normal
operation and maintenance activities for each month. If maintenance activities
were not conducted in a given month, please indicate that in the submittal.

As a point of clarification, FPL's request for an increased dischargé temperature limit was
precipitated by a combination of higher Atlantic Ocean temperatures observed in the
latter part of the summer of 2007 and 2009, combined with the approximately 3°F
increase in discharge temperature from the EPU. These higher temperatures are within
the expected range of ambient water temperatures, but were significantly more frequent
than in 2005 and 2006 (the years used as the basis for the previous minor permit revision
request). Under these 2007 and 2009 conditions, and conservatively projecting them as
probable scenarios in the future, the units likely would have to be down-rated to meet the

113°F discharge limit more often than previously expected.

iﬁ Golder
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Comment 4:

FPL does not track and separate discharge temperature observations during
maintenance activities from observations during normal periods of operation unless the
discharge temperature exceeds 113°F. This condition, exceeding 113°F discharge
temperature, has not occurred during the past permit cycle so FPL has no “separated”
temperature information to provide. That being said, the available discharge

temperatures have been provided in the response to Comment 5.¢. below.

The specific condition setting a 117°F discharge temperature limit applicable during
maintenance activities has been present in all St. Lucie NPDES permits issued since the
early 1980s. Since that time, certain chlorination and maintenance procedures at the
plant have changed, which may now warrant a different permitting approach. Below is a
summary and “current situation” for the chlorination and maintenance activities as

requested in an email from Marc Harris requesting clarification on this issue:

M What is the frequency of chlorine addition?

The main turbine condensers are chlorinated daily using sodium hypochlorite for

less than 100 minutes per unit.

B Whatis the frequency of throttling of circulating water pumps?

Circulating water pump discharge valves are throttled very infrequently. This could
occur on a very short term basis during a unit shut down or to mitigate the potential
effects of unusual operating events such as a clogged circulating water filter screen,

or to minimize chlorine usage.

m How often does the once-through cooling water system become biofouled?

Subsequent to installing the Taprogge Debris Filter and Condenser Tube Cleaning
Systems (CTCS), biofouling of the tubes is uncommon. Use of the CTCS minimizes
tube fouling, which increases turbine performance, thus reducing the amount of heat
rejected to the circulating water system. The CTCS normally operates continuously
to maintain optimum turbine efficiency.

B s there a different chlorination practice used when the condenser becomes fouled?

No.

In the application FPL requested that the statistical basis for the temperature rise
limitation across the main condensers during normal plant operations be changed
from instantaneous maximum to monthly average. Based on this request it would
appear that FPL anticipates the temperature rise to exceed the permit limitation

30°F for normal plant operations after the uprate of Units 1 and 2. However, FPL

é Golder
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Response 4:

indicated that the worst-case instantaneous maximum temperature rise would be
28.85°F. Please provide engineering calculations for heat transfer between the
steam system and once-through cooling water system, including the calculated
worst-case temperature rise across the once-through cooling water system, for
both pre- and post-uprate of Units 1 and 2 during both normal plant operations and
maintenance activities. Please indicate the instantaneous maximum and monthly
average being requested for normal plant operations and maintenance activities.
In addition, please provide the rationale for the request if greater than the

calculated temperature rises for post uprate of Units 1 and 2.

As discussed in Response 2 above, FPL has revised it's request for thermal limits based
on average temperatures. FPL requests the following instantaneous maximum discharge

temperature rise above ambient limits:

Discharge Temperature Rise 33°F

The attached Calculation 25 derives the expected temperature rises for four different

post-uprate cases, defined as follows:

B Case 1. Maximum discharge temperature during normal summertime full load

operation of both units (eight Circulating Water (CW) pumps running);

B Case 2. Maximum discharge temperature rise over ambient during normal

wintertime full load operation of both units (six CW pumps running);

B Case 3. Maximum discharge temperature during normal summertime full load

operation of one unit (four CW pumps running); and

B Case 4. Maximum discharge temperature and discharge temperature rise above
ambient during transient full load conditions with both units operating (seven CW

pumps running).

The post-uprate results are summarized on page 5 of Calculation 25, and are as follows:

POST-UPRATE RESULTS

Post-Uprate Temperature
Case Rise (°F)

1 27.99
2 32.08
3 28.36
4 29.2

n—@
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Similarly, Calculation 26 derives the expected temperature rises for the same four
different cases for the pre-uprate condition. The results are summarized on page 5 of

Calculation 26, and are as follows:

PRE-UPRATE RESULTS

, Temperature
Pre-Uprate Qase Rise (°F)

2545
29.16
25.74
26.46

AlW|IN] -

Cases 1, 2, and 3 are all normal operating scenarios while Case 4 is the maintenance
scenario. Examination of the historical data provided in the Response to Comment 5.d.
(see Figure 5-d-1 below) indicates that actual recorded temperature differences have
been as high as 29.6°F on August 19, 2005, when the plant was presumably operating in
Case 1. Because this temperature rise exceeds that predicted above by about 1.6°F, FPL
believes it is appropriate to add a safety factor of 1°F to the requested limits. The

resulting requested limits are summarized below:

Cooler Months Warmer Months

Normal Operations Discharge 33°F 33°F
Temperature Rise

Maintenance Discharge 330F 33°F
Temperature Rise

Because the normal operation maximum discharge temperatures rises are as great as
the maintenance discharge temperature rises, FPL no longer requests separate limits for

discharge temperature rise during maintenance operations.

~

Comment 5: Insufficient information has been received to initiate the review process for thermal

-

mixing zone request. Below is a list of items, at minimum, that are required before
the review process can begin. Additional information and materials may be

requested after the initial review.

a) Coniplete Part 1ll Receiving Water Information on page 2CS-17 of the permit
application. Provide any supplemental documents as needed for a mixing
zone request.

b) Provide all temperature monitoring data for sample point, INT-1, since the

current permit issuance.

‘? Golder
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c) Provide all temperature monitoring data from sample point, EFF-2, since
the current permit issuance.

d) Provide the calculated temperature difference between EFF-2 and INT-1 for
the same period of record.

e) Expand the thermal discharge study to include far-field analysis of the
predicted maximum surface Atemperature rise above ambient and the
location of the isotherms (1°F to 5°F) under slack and bi-directional
velocities (10th and 90th percentiles).

Response 5: a. The completed Part lll is attached as Attachment 5a.
The temperature monitoring data is provided electronically as worksheet INT-1 in
Excel spreadsheet RFI-1-5. These temperatures have been plotted as Figure 5-b-1.
¢. The temperature monitoring data is provided electronically as worksheet EFF-2 in
Excel spreadsheet RFI-1-5. These temperatures have been plotted as Figure 5-c-1.

d. - The calculated temperature difference between EFF-2 and INT-1 is provided
electronically as worksheet Delta T in Excel spreadsheet RFI-1-5. These
temperatures have been plotted as Figure 5-d-1.

e. The Operating License Environmental Report for Unit 2 (SL2-ER-OL) includes
numerous “tests” that were run to document the expected thermal discharge impacts
of operating St. Lucie Units 1 and 2. FPL commissioned field surveys, hydraulic
model simulations, and mathematical modeling efforts to produce these tests. Fora
full description, see Section 5.1 of the SL2-ER-OL (Section 5.1, attached). The
hydraulic model studies not only simulated the two different diffusers, but also the
site-specific morphometry of the ocean bottom and the shoreline. This response
demonstrates which test resuits are applicable to the proposed uprated units, and
what the results from those tests were.

Section 5.1 describes 21 different modeling analyses (tests) for both near and far field

which were performed during the permitting of Unit 2. In the interest of conservatism,

some of these runs were performed for a heat rejection rate significantly larger than what
was expected from the units at full load at that time. Although the heat rejection rate was
nominally set at 7 billion Btu per hour per unit for full load conditions, the actual heat
rejection rates modeled varied above that due to conservative rounding of input numbers.

Table 5-e-1 tabulates the salient characteristics of the model runs (identified as tests)

reported in Section 5.1, including actual modeled heat rejection rates.

Tests 1 through 7 were performed to simulate Unit 2 operating alone. Tests 8 through 14

were performed to simulate Unit 1 operating alone. These tests were performed to

?Golder
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simulate the near-field conditions. The hydraulic model studies demonstrated that in the
near field, the thermal plumes from the Y-port and the multiport diffusers never interfere
with each other (Section 5.1.2.2.2.2 a); therefore, they could be modeled separately and
the resultant estimated individual unit volumes enclosed by each isotherm could then be
added together to obtain the two-unit volumes. The mathematical model used was the
Koh and Fan model, with coefficients calibrated from the hydraulic mode! studies
(Reference 16, Section 5.1).

The hydraulic model studies also demonstrated that the far-field thermal plumes from
Units 1 and 2 do not interfere with each other during the nearshore current patterns of
flow along the shore, which have a prevailing northward direction and a secondary mode
to the south (Section 5.1.2.2.1.2 ¢). Those current conditions, representing 84% of the
measurements taken (Table 5.1-3), were modeled assuming the most frequent current

velocities of 0.85 feet per second northward alongshore and 0.85 feet per second

~southward alongshore (Table 5.1.3). The results from the PDS runs for ’each unit were

then superimposed for those non-slack cases. Slack tide conditions, estimated to occur
about 8% of the time (Section 2.4.2.3 of SL2-ERE-OL, attached) were also modeled and
shown to be the worst case both for near and far field with respect to the volumetric size
of the isotherms. Slack tide was found to be the only condition under which the Unit 1
and Unit 2 far fields interfered with each other. The Prych-Davis-Shirazi model
(PDS, reference 18 in Section 5.1) was calibrated with the hydraulic model study data
and used to simulate the far-field conditions. Under the two longshore current conditions
modeled, the PDS runs were done separately and predicted no interference between
each other. For the slack tide case, the PDS model was run to the point where the two
plumes intersected; at that point a new source was formulated with its characteristics
determined by conserving or combining the total heat,'volume, and momentum flux of

both discharges, and the modeling was continued for that combined source.

FPL has identified two full-load normal operating scenarios that will determine the
maximum expected discharge temperature and the maximum expected discharge
temperature rise from the facility. These two cases will bound the expected size of the
mixing zone. The maximum discharge temperature, which has been identified as Case
1, is expected to occur when the units are both operating at full load with all eight
Circulating Water (CW) pumps energized and the maximum intake water temperature
(CW intake temperature or CWIT). Based on the intake water temperature analysis
described in Response to Comment 6, FPL estimates that the maximum expected CWIT
is 90 degrees F. The maximum discharge temperature rise, which has been identified as
Case 2, is expected to take place during wintertime, when the units are both operating at
full load, with only six CW pumps energized, three per unit. FPL has identified the 90%

e
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intake water temperature (that temperature equaled or exceeded 90% of the time) as
70°F to be used with Case 2.

FPL has identified two other cases to be examined. Case 3 is when only Unit 1 is
operating, and its discharge is leaving via both diffusers. Because the resultant CW flow
rate is approximately half that of Case 1, the jét discharge velocity from all diffuser ports
is lower in Case 3. Therefore, FPL has determined that Case 3 is the worst case with
respect to the 97°F limit on the water surface. Case 4 is a maintenance case, which
assumes Unit 1 is operating at full load with four CW pumps energized and Unit 2 is
operating at full load with three CW pumps energized; with the fourth CW pump out of

service for maintenance.

Table 5-e-2 tabulates the salient features of the four cases FPL has identified. FPL
submits that a comparison of Table 5-e-2 with Table 5-e-1 demonstrates that the
following tests from Section 5.1 adequately address the conditions for modeling the

designated cases:

1. Test 19is a valid simulation for Case 1. They have the following characteristics:

Heat Rejection Temperature CW Flow Rate
Rate (Btu per hour) Rise (°F) (cfs)
CASE 1 ~ 14.2billion 27.99 2,301
TEST 19 14.2 billion 28 2,290

Although the ambient water temperature and discharge water temperature in Test.
19 are 3°F lower than those in Case 1, if the model results are expressed in terms of
temperature rise above ambient, the plume configuration will be nearly identical, as
demonstrated in Section 3.1 of the Thermal Discharge Study submitted with the

original application for permit modification.

2. Test 15is a valid simulation for Case 2. They have the following characteristics:

Heat Rejection Temperature CW Flow Rate
Rate (Btu per hour) Rise (°F) (cfs)
CASE 2 14.3 billion 32.08 2,014
TEST 15 14.2 billion 32 2,003

3. Test 12 is a valid simulation for Case 3. They have the following characteristics:

Heat Rejection Temperature CW Flow Rate
Rate (Btu per hour) Rise (°F) (cfs)
CASE 3 7.2 billion - 28.4 1,143
TEST 12 7.1 billion 28 1,145

% E Golder
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~There are no good matches among the tests for Case 4. However, the Case 4 far field

results are expected to lie between those of Cases 1 and 2, since all three cases have

the same approximate heat rejection rate. Therefore, Case 4 will not be a worst case.

In order to determine which of the tests, or Cases, is the worst case with respect to far-
field surface isotherms, the areal extent of the 2°F and 5°F surface isotherms have been
tabulated in Tables 5-e-3 and 5-e-4, respectively. In the north and south longshore tests
(or Cases), the areas for each unit are tabulated separately and added together to find
the total combined areas for both units. In the stagnant (or slack) condition, the
combined units’ operation has been estimated with the PDS model as described above.
The information from Tables 5-e-3 and 5-e-4 has been plotted in Figures 5-e-1 and 5-e-2,

respectively.

Based on the results shown in Tables 5-e-3 and 5-e-4, and Figures 5-e-1 and 5-e-2, it is
concluded that the largest far-field thermal plumes, with respect to the size of the surface
isotherms, occur during Case 2. This was expected because Case 2 has a higher AT
and lower CW flow rate than the other cases. Because of the lower flow rate, the
discharge velocity at the diffuser ports is lower; therefore, the offshore component of the
plume’s velocity is smaller. Because Case 2 produces the largest thermal plume, and the
thermal plume with the least offshore penetration, the SL2-ER-OL provided surface
isotherm plots only for that Case. Further, because the results of Unit 1 hydraulic model
studies indicate the Unit 1 thermal plume configuration is independent of the current
conditions (see Section 5.1.2.3.2.1), the SL2-ER-OL only presented sun‘acg isotherms for
the Unit 1 thermal plume under slack tide conditions. For that reason, Section 5.1 of the
SL2-ER-OL included Unit 1 effects only in the plots of estimated surface isotherms for the

slack tide conditions.

FPL has used the SL2-ER-OL thermal plume isotherm maps to prepare composite
thermal plume maps of the combined plume for both units under worst-case conditions

based on the thermal plume maps provided in the SL2-ER-OL. Figures 5.1-3 (Unit 2

isotherms for southward current) and Figure 5.1-5 (Unit 1 surface isotherms) have been
combined to produce Figure 5-e-3 Combined Surface Isotherms for Units 1 and 2 under
Southward Current Conditions. Figures 5.1-4 (Unit 2 isotherms for northward current)
and Figure 5.1-5 (Unit 1 surface isotherms) have been combined to produce Figure 5-e-4
Combined Surface Isotherms for Units 1 and 2 under Northward Current Conditions.
Figure 5.1-6 has been reproduced as Figure 5-e-5 Combined Surface Isotherms for Units

1 and 2 under Slack Current Conditions.

Examination of Figures 5-e-3, 5-e-4, and 5-e-5 leads to the following observations:

é’? Golder
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1.  The surface thermal plume is influenced by the ambient current direction, bending to
the north during northward currents, to the south during southward currents, and

moving directly offshore du(ring slack current.

2. The surface thermal plumes in all 3 current conditions that were modeled are
entirely seaward of the 18-foot contour, which crosses the seaward end of the Y-
nozzle diffuser.

3. The only 5°F surface thermal contour is produced by the Unit 1 discharge, and
encompasses less than 5 acres for Cases 1 and 3, and less than 15 acres for Case
2 (see Table 5-e-4). '

Based on these observations, the following conclusions can be drawn:

1. Because the 18-foot depth contour defines the landward extent of Open Waters (see
FAC 62-302.520(3)(f), and the thermal plumes are all seaward of that 18-foot
contour, the thermal plume does not enter the coastal waters; therefore, coastal

. waters thermal limits do not apply to the St. Lucie Plant thermal discharge.

2. Because the thermal criteria for open waters limits water temperatures to 17°F
above ambient, outside of any mixing zone, the mixing zoné needed for the St.
Lucie Plant is smaller than the 5°F isotherm shown on Figure 5-e-3.

3. Outside of the designated mixing zone, water quality standards for open waters will
be met; therefore, it can be presumed that far field effects on biota will not be
adverse.

However, Comment 5.e. specifically asked for the location of the 1°F to 5°F isotherms
under slack and bidirectional currents. Although such isotherms were not produced for
the SL2-ER-OL, they were produced for the earlier Unit 2 Construction Permit
Environmental Report (SL-2), and the construction permit for Unit 2 was granted based
on the environmental impacts described in that document. The analysis performed was
identified as conservative, in that isotherm sizes resulting from the modeling were
understood to be much larger than those which would occur in the real world. They are
more conservative than known at that time because the multiport diffuser modeled in SL2
assumed discharge ports perpendicular to the main diffuser axis (i.e., with no offshore
velocity component). These isotherm maps are presented in response to this comment
with the understanding that they are conservative, including Figure 5.1-14 for southward
currents, Figure 5.1-15 for northward currents, and Figure 5.1-16 for slack conditions.

It is valuable to repeat the conclusions reached by the agency iin charge of the permitting

of St Lucie at the time of the Environmental Reports that have been referenced above. In

the Unit 2 FES, April, 1982, the U.S. Nuclear Regulatory Commission stated, “Heated
Sag—e
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Comment 6:

Response 6:

water will slightly increase the water temperature of the Atlantic Ocean in the vicinity of

the discharge, but the effects on marine biota will be minimal.”

FPL noted an increased rise in ambient temperature at sampling point INT-1 and
attributes the rise to increased Atlantic Ocean temperatures. According to Rule
62-302.520(3)(a), F.A.C., ambient temperature of a receiving body of water is
determined at a location unaffected by manmade thermal discharges and at the
same depth and exposure to winds and currents as the most stable portions of the
receiving body of water. No persuasive data have been submitted to demonstrate
that INT-1 monitoring data are representative of ambient conditions. For instance,
analyses of global surface temperature change are routinely carried out by several
groups including the National Oceanic and Atmospheric Administration (NOAA),
the National Aeronautics and Space Administration (NASA), the National Research
Council {NRC), and the Intergovernmental Panel on Climate Change (IPCC). The
analyses encompass global climate data, decades of long-term measurements and
modeling simulations to determine changes in surface temperature. Similar efforts
by FPL will be necessary to supplant its case that INT-1 is representative of
ambient Atlantic Ocean temperatures at the ocean intake structure and that the
change in ocean temperatures is significantly higher than that claimed by the

organizations mentioned above.

FPL is not asserting that there has been an increased rise in ocean ambient
temperatures as a general matter, but that it is appropriate to account for temperature
extremes that will be faced by a facility expected to operate for the next 40 years. The
U.S. Nuclear Regulatory Commission reported that “Sea water temperatures on the
Atlantic Ocean offshore of the site were found to range from about 15°C (59°F) to 32°C
(90°F) between 1971 and 1978." (Section 4.3.3 of the Unit 2 Final Environmental
Statement related to the operation of St. Lucie Plant Unit No. 2, Docket No. 50-389,
USNRC, April, 1982). Based on that evidence, FPL has assumed a design maximum

intake water temperature of 90°F is appropriate.

With respect to FPL's assumption that the intake water temperature is a reasonable
surrogate for the ambient water temperature, FPL has analyzed the frequency distribution
of water temperatures at the St. Lucie intake and at two National Data Buoy Center
Stations, Station 41114 off Fort Pierce, Florida, and Station 41009, off Cape Canaveral.
Both measure sea surface water temperatures at a depth of about 1 meter. The
frequency distributions for the three sampling locations are shown on Figure 6-1. The

frequency distributions indicate the following: -

f =y
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M The St Lucie intake water temperatures are less than or equal to the Buoy
41114 water temperatures about 94% of the time, for all temperature less than
or equal to 84°F.

| B Both the St Lucie intake water temperatures and the 41114 buoy wat_e'r
temperatures are generally about 2°F lower than the Canaveral Buoy water
temperatures at any given frequency of occurrence.

Based on these data, it is concluded that the St. Lucie intake water temperature is an

excellent surrogate for the ambient water temperature.

Comment 7: In the application FPL requested that the temperature limitation for normal plant
operations be raised from 113°F to 115°F at the point of discharge and that the
statistical basis be changed from instantaneous maximum to monthly average.
Temperature limits as set forth in Rule 62-302.520(5)(b), F.A.C., are based on
maximums not on monthly averages.

The application included a thermal discharge study report in which modeling was

conducted to assess the thermal plume impacts associated with an instantaneous

maximum discharge of 115°F. Based on the request to change the statistical
basis, it would appear that FPL anticipates exceeding a discharge temperature of
118°F. Using the results of the calculations from item 4 and ambient Atlantic

Ocean temperature from item 6 above, please provide the following:

a. calculations for the instantaneous maximum at the point of discharge pre and
post uprate of Units 1 and 2 during both- normal plant operations and
maintenance activities;

b. the instantaneous maximum and monthly average being requested for normal
plant operations and maintenance activities, as well as the rationale of greater
than the calculated temperatures for post uprate of Unit 1 and 2;

c. a revised thermal discharge study report using the absolute instantaneous
maximum temperatures and maximum temperature differences between the
effluent and ambient conditions; and

d.” the revised thermal discharge study report must also demonstrate whether
the thermal discharge plume is entrained back into the plant; taking into
account the approach velocities at the Atlantic Ocean intake structures.

Response 7: a. The attached Calculation 25 derives the expected temperature rises for four differenf

post-uprate cases, as described in Response 4 above. Similarly, Calculation 26
| @ s
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Comment 8:

derives the expected temperature rises for the same four different cases, for the pre-
uprate condition. Cases 1, 2, and 3 are normal operation cases and Case 4 is the

maintenance case.

b. As indicated above, FPL has revised its request for any average temperature limits,

and now requests only instantaneous limits.

FPL requests the maximum instantaneous temperature limitations described in

Response to Comments 2 and 4 above, as follows:

REQUESTED TEMPERATURE LIMITS NORMAL OPERATIONS

Cooler Months Warmer Months

Discharge Temperature 117°F 119°F

Discharge Temperature Rise 33°F 33°%F

Because the normal operation maximum discharge temperatures and temperature rises
are as great as the maintenance discharge temperatures and discharge temperature
rises (see responses to Comments 2 and 4 above), FPL no longer requests separate

limits for discharge temperature and temperature rise during maintenance operations.

c. FPL has revised and attached the Revised Thermal Discharge Study to address the
absolute instantaneous maximum temperatures and maximum temperature

differences between the efﬂuént and ambient conditions.

d. FPL provided a detailed explanation of the process in which a small portion of the
thermal discharge can be recirculated into the intake during the final permitting of
Unit 2. This discussion is in Section 5.1.2.3.3 of the SL2-ER-OL (attached) and
concludes that recirculation can only occur during southw;rd currents, and that it
would amount to a maximum increase of 1.2°F in magnitude. Based on the
response to Comment 6 above, recirculation actually measured appears to be

minimal.

The Department considers the proposed discharge to be an expanded discharge
and thereby subject to anti-degradation requirements in Rules 62-4.242 and
62-302.300, F.A.C. As part of the anti-degradation demonstration, please provide
an evaluation of the feasibility of other options in addition to those proposed in the
submitted analysis. The options evaluation should include extending the multiport
and “Y” port discharge pipes to eliminate any entrainment of heated discharge at
the Atlantic Ocean intake structure, converting the “Y” port into a multi-port
diffuser, as well as options for additional heat removal at the primary, secondary

% E Golder
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and tertiary cooling systems. Please note that FPL may need to conduct modeling
for some of these options to demonstrate whether changes to the thermal plume
are significant.

Response 8:  FPL provided antidegradation analysis in its application for permit revision. As requested,
FPL additionally has evaluated the costs and benefits of the following options (see
Attachment 8-1):

1. Extending the y-port diffuser.
This option would result in removing the existing y-port diffuser and rebuilding it 2,600
feet further seaward to eliminate all possibilities for recirculation. Further modeling
(including physical modeling) would be required to determine an exact location. This
is the same for each of the options. Costs could be less if less piping is required and
more if more piping is required.. The total cost was conservatively estimated at $40
MM. The environmental impacts-of this option, mainly associated with dredging to
install new pipe, would be significant, but temporary.
2. Extending the multi-port diffuser.
This option would include capping the existing multi-port diffuser, extending the pipe
700 feet seaward and construction of a new, identical multiport diffuser. The total
cost is conservatively estimated at $26 MM. The environmental impacts of this
option, mainly associated with dredging to install new pipe, would be significant, but
temporary.
3. Replacing the current y-port diffuser with a new multi-port diffuser 4,100 feet seaward
of the dune line.
This option would require construction of 4,100 feet of a new 16-foot pipe and a new
multi-port diffuser at the end. The total cost is conservatively estimated at $43 MM.
The environmental impacts of this option, mainly associated with dredging to install
new pipe, would be significant, but temporary.
Completely eliminating recirculation would require a combination of either Option 1 and 2,
or Option 2 and 3. The first combination would have a total cost of $66 MM, while the
second would have a total cost of $69 MM. These values represent approximately 8% of
the total cost of the EPU.
Please note that, based on modeling conducted as part of the facility's Unit 2
Environmental Report Operating License Application (Section 5.1.2.3.3, which is
attached), the current configuration of y-port, multi-port and intakes result in recirculation
=
Golder
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Comment 9:

during some southerly currents with a very conservatively estimated maximum increase
in intake temperature of 1.2°F. As demonstrated in FPL’s response to Comment 6, which
compared St. Lucie Plant intake temperatures to the National Data Buoy Center Station
41114, off of Ft. Pierce, Florida, the recirculation actually measured is minimal, as the
plant intake temperatures are less than or equal to the 41114 buoy water temperatures

about 94% of the time, and for all temperatures less than 84°F.

Furthermore, if FPL makes any of the physical modifications presented above, it will not
remove the need for utilizing one of the options presented in the original application

(listed below) so the facility will be able to meet the current 113°F discharge limit.

in the original substantial revision application, FPL explored several options as part of the
anti-degradation determination. As requested by FDEP, FPL is amending that
application to present the percentage of the estimated total cost of the EPU project

associated with each of the options previously presented:

. Percent of Total .
Option Project Cost Estimated Total Cost
Increase Intake Flow 10 —-14% $80 — 120 Million
Helper Cooling Towers 11% $95 Million
Reducing Power When -
Discharge Limit is Exceeded 36 Million/year — O&M Only

Note: FPL has not evaluated "additional heat removal at the primary, secondary and tertiary
cooling systems" for the following reasons: The Intake Cooling Water (ICW) System provides
cooling for various plant primary, secondary and tertiary cooling systems. This system shares the
ocean intake and discharge tunnels with the Circulating Water (CW) System. The total ICW System
flow from both Unit 1 and Unit 2 is 58,000 gpm, which is quite small compared to the total flow of
974,600 gpm form the CW System. The heat rejected by the ICW System is approximately 390
million Btu/hr, which is only 2.8% of the approximately 13,800 million BTU/hr from the CW System.
As such, the contribution of additional heated water flow to the Discharge Tunnels is insignificant.
Miscellaneous effluent discharge flows into the discharge flumes are significantly less than Intake
Cooling Water and are of no significance in the total flow discharged to the Atlantic Ocean. As any
changes to the primary, secondary and tertiary cooling systems are regulated by the NRC, they
would be extremely costly to make such changes at this point of the project, and would result in
little or no reduction to the ocean discharge temperature.

Please note that the application was insufficient to begin a review of whether the
proposed increase in discharge temperature affects the extent of the thermal
plume under certain oceanic con.ditions and ultimately the indigenous population
of flora and fauna in and on the receiving water body. Hence, there may be
additional questions from Department’s Biology Section and the Florida Fish and
Wildlife Conservation Commission after FPL submits the requested information

and modeling for the thermal plume. -

% E Golder
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Response 9:

The response to Comment 5e describes in detail the multiple thermal modeling analyses

. for both near and far field which were performed by FPL during permitting for Unit 2.

Please refer to that response for a detailed description of the extent of the thermal plume
under the most likely oceanic conditions. The current conditions used for this modeling
effort were based on actual current measurements taken during a 12-month period in
1974 — 1975. These current measurements demonstrate that nearshore currents
generally flow parallel to the shoreline, with a prevailing northward direction and a
secondary mode to the south. The oceanic conditions modeled were current patterns of
flow along the shore (representing 84 percent of the time), and slack tide conditions

(representing about 8 percent of the time).

As presented in the Revised Thermal Discharge Study (June 2010) the difference in the
extent and volume of the thermal plume attributable to the increase in discharge
temperature from 113 to 119 degrees F is relatively small. For the Y-nozzle diffuser, the
increase in size for the 17 degrée F isotherm is about 6,858 cubic feet (from about 2,439
cubic feet to 9,297 cubic feet). The 17-degree F isotherm increase for the multiport
diffuser is negligible (from 614 to 652 cubic feet). |

The increase in size of the 17-degree F thermal plume in the Atlantic Ocean is about the
size of a cube, 19-feet on each side. Heated water exiting the diffusers at 119 degrees F
would be cooled down to 97 degrees F within about 25 seconds. The proposed change
in the thermal discharge will increase the temperature of a small volume of the Atlantic
Ocean water column in the vicinity of the St. Lucie Plant discharge. The proposed
thermal discharge is expected to quickly mix with the Ocean waters and is not expected
to interact with benthic organisms (see Section 5 of the original Thermal Discharge
Study).

The plume is expected to float as it mixes, thus water column organisms may interact

‘with the surfacing heated plume. It is important to note that the water is discharged from

the diffusers at high velocity and thus in effect will displace ambient water as it mixes.
This is important in regards to the interaction of planktonic organisms such phytoplankton
(algae), zooplankton (floating early life stages of invertebrates), and ichthyoplankton
(early life stages of fish). These free-floating organisms can't avoid a thermal plume, but
due to the initial exit velocity they would be expected to be pushed away from the diffuser
by the turbulent diffusing thermal plume and are less likely to be entrained in the higher
temperature plume. Fish and other swimming organisms, such as sea turtles, have been

shown to avoid high temperature areas by simply swimming away from the source.

The Operating License Environmental Report for Unit 2 (SL2-ER-OL) includes a thorough
discussion of the effects of the Plant operation on the Atlantic Ocean in the vicinity of the

Mg
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Comment 10:

Response 10:

St. Lucie Plant. This thermal literature review and conclusions remain relevant to the
operation of the Plant. For a full description, see Section 5.1.3.2 of the SL2-ER-OL,
attached. The ABI 1980 report entitled “Effects of Increased Water Temperature on the
Marine Biota of the St. Lucie Plant Area” cited in this section was previously submitted to
the FDEP and it includes the detailed thermal review.

The following are some of the report conclusions:

M Fish: fishes ar,e'highly mobile and will avoid unfavorable thermal regimes near

the discharge;

B Sea Turtles: Adult marine turtles are mobile and will avoid unfavorable thermal
regimes. Based on studies of swimming speed of sea turtle hatchlings in
response to thermal increases, it is anticipated that the few turtles that might
encounter these higher water temperatures would resume normal swimming
speed after leaving the exposure area. No effects on distribution, nesting, egg

development, or survival are expected;

B Benthic Macroinveriebrates: no impact on the benthic macroinvertebrate

community is anticipated;

M Phytoplankton: impact on phytoplankton should be insignificant and rapid
turnover rates in the community would compensate for this reduction; and

M |chthyoplankton, zooplankton: some temperature effects can be expected on

ichthyoplankton and zooplankton being entrained in the heated plume.

The industrial wastewater NPDES permit for the St. Lucie power plant expires on
January 19, 2011. In accordance with federal regulations at 40 CFR 122.5(a), the
Department is unable to finalize a revision to an industrial wastewater NPDES
permit once the permit has expired; even when the permit is administratively
continued. If the revision is not finalized prior to permit expiration, the requested
revision can either be finalized once the permit is renewed or, at the request of the
permittee, included as part of the ‘permit renewal. Note, the thermal plume
modeling requested in this letter is a completeness requirement for this revision
application and the 'upcoming permit renewal application. Please account for this
regulation when scheduiing information gafhering and modeling activities to

provide a complete application and to meet FPL’s own timeframes for completing

the uprate project.

No response required.

. =
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TABLE 5-e-1
MODEL RUNS IN OLER SECTION 5.1.
Tests from U2-OLER (Table 5.1-7)
Heat
Units Ccw —n Rejection
Test Operating pumps i l;l‘ow G chslow :aet:t-R;Jtte;r:lgSr Rate - CWIT CWOT AT
(at full load) | operating op Billion Btu
per Hour
1 2 4 449,473 1001.5 7,088,504,832 7.09 87 119 32
2 2 4 426,809 951 6,731,071,488 6.73 87 119 32
3 2 3 489,192 1090 7,714,897,920 7.71 87 119 32
4 2 3 375,197 836 5,917,114,368 5.92 87 119 32
< 2 4 513,876 1145 7,091,159,040 7.09 87 115 28 Conversion Factor
6 2 4 630,115 1404 8,695,185,408 8.70 87 115 28 221,184
7 2 4 482,460 1075 6,657,638,400 6.66 87 115 28
8 1 449,473 1001.5 7,088,504,832 7.09 87 119 32
9 1 472,138 1052 7,445,938,176 7.45 87 119 32
10 1 305,184 680 4,812,963,840 4.81 87 119 32
11 1 419,179 934 6,610,747,392 6.61 87 119 32
12 1 4 513,876 1145 7,091,159,040 7.09 87 115 28
13 1 397,637 886 5,487,132,672 5.49 87 115 28
14 1 545,292 1215 7,524,679,680 7.52 87 115 28
15 1&2 898,946 2003| 14,177,009,664 14.18 87 119 32
16 18&2 898,946 2003| 14,177,009,664 14.18 87 119 32
17 1&2 794,376 1770, 12,527,861,760 12.53 87 119 32
18 1&2 794,376 1770, 12,527,861,760 12.53 87 119 32
19 1&2 8 1.0279752 2290 14,182,318,080 14.18 87 115 28
20 1&2 8| 1,027,752 2290| 14,182,318,080 14.18 87 115 28
21 1&2 8| 1,027,752 2290 14,182,318,080 14.18 87 115 28
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TABLE 5-e-2.
CASES IDENTIFIED BY FPL TO ANALYZE

Cases from Calc 25

Units cw s Heat Rejection
Case Operating pumps CW Flow | CW Flow | Heat Rejection Rate - Billion Btu| CWIT CWOT AT
! gpm cfs Rate - Btu/hour
(at full load) | operating per Hour
1 1&2 8/ 1,032,600 2,301| 14,199,110,000 14.20 90 118.0 27.99
2 1&2 6 904,000 2,014, 14,298,000,000 14.30 70 102.1 32.08
3 1 4 513,000 1,143 7,148,350,000 7.15 90 118.4 28.36
4 1&2 7 993,000 2,213| 14,246,990,000 14.25 90 119.2 29.20
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TABLE 5-e-3.
MODEL RESULTS FROM SECTION 5.1 FOR
2 DEGREE F. SURFACE ISOTHERM

Test Associated | Area enclosed by 2 degree Isotherm
Number Case
Stagnant | Southward | Northward
19™M 1 :
Unit1® 173 173 173
Unit2®@ 172 175 28
_|Units 1 &2 © 345 348 405
) 15 @ 2
Unit1® 270 270 270
Unit2®@ : 285 872 589
Units 1 & 2© 555 1142 644
12 3
Unit 1 ® 173 173 173
Unit 2 - - -
Units 1 & 2 173 173 173
M Test 19 = Test 5 plus Test 12
@ Test 15 = Test 1 plus Test 8
@ from Table 5.1-7
® from Table 5.1-12
© from table 5.1-13, stagnant conditions only,
by superposition for northward and southward

. e
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TABLE 5-e4.

MODEL RESULTS FROM SECTION 5.1 FOR

5 DEGREE F. SURFACE ISOTHERM

Test Associated Area enclosed by 5 degree Isotherm
Number Case
Stagnant Southward | Northward
197 1 ' '
Unit1® 4.9 49 4.9
Unit2®@ 0 0 0
Units 1 &2 © 49 49 49
159 2 :
JUnit 1® 14.6 14.6 14.6
Unit2®@ 0 0 0
Units 1&2© 14.6 146 14.6
12 3
Unit1® 49 49 4.9
Unit 2 - -
Units 1 & 2 4.9 49 4.9

M Test 19 = Test 5 plus Test 12

@ Test 15 = Test 1 plus Test 8

@ from Table 5.1-7

® from Table 5.1-12

© from table 5.1-13, stagnant conditions only,

by superposition for northward and southward
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SL2-ER-OL

TABLE 5,1-3

FREQUENCY DISTRIBUTION OF LONGSHORE CURRENT
SPEED AND DIRECTION AT THE ST LUCIE SITE

Current Speed Southward Quadrant - Northward Quadrant

Group (fr/sec) Frequency (%) Cumulative Frequency (%) Cumulative
0.0 - 0.1 0.06 0.06 0.44 0.44
0.1 - 0.2 0.33 0.39 0.52 0.96
0.2 ~ 0.3 0.76 1.15 0.22 1,78
0.3 - 0.4 0.97 2,12 0.97 2,75
0.4 - 0.5 3.27 5.39 3.92 6.67
0.5 - 0,6 3.25 8.64 3.68 10.35
0,6 ~ 0,7 4,11 12.75 5.57 15,92
6.7 ~ 0.8 4,28 17.03 6.49 22,41
0.8 - 0.9 5.65 22,068 8.65 31,06
0.9 - 1.0 3.27 25.95 5.61 36.67
1,0 ~ 1.1 3.66 29.61 4,99 T 41,66
.~ 1.2 12,22 - 31,83 3.48 45,14
1.2 - 1.3 1.19 " 33.02 1.69 46,83
1.3~ 1.4 0.58 33,60 1,05 47.88
1.4 - 1.5 - 0.36 33.96 0.48 48,36
1.5~ 1.6 0.20 34,16 0.27 48.63
1.6 ~ 1.7 0.12 34.28 0.24 48.87
1.7 ~ 1.8 0.17 34.45 0.20 49.07
1.8 ~ 1.9 0.03 34.48 0.14 49,21
1.9 ~ 2.0 0.08 34.56 0.19 49,40
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Figure 5-c-1. Discharge Temperature
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Figure 5-d-1. Temperature Difference Between Intake and Discharge
1/4/2005 through 5/31/2008
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Figure 5-e-1. Surface Areas Enclosed by the Two Degree Isotherm
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Figure 5-e-2. Surface Areas Enclosed by the Five Degree Isotherm
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ATTACHMENT A



' HI RECEIVING WATER INFORMATION
: For each surface water that will receive efﬂuent supply the followmo information:

Facility .D. Number:  FL 0002208

I .. -C. D. Type of
: . . Check L
A N@me of Receiving Water B. Check One Classification Receiving Water

Fresh | Salt or Brackish | (SeeCh.62-302, FAC) | (canal, river, lake, etc.)

Atlantic Ocean [1{-Marine Open Waters

olololololo
olololojo|x

E. Minimum 7-day 10-year low flow of the receiving water at each outfall (if appropriate).

Not Applicable

. F. Identify and describe the flow of efﬂuent from each outfall to a major body of water. A suitably marked map or aerial

> photograph may be used.
See Attachment IlI-F

G. Do you request a mixing zone under Rule 62-4.244, F.A. CoIf yes, for what parameters-or poliutants?
Yes, for Water Temperature

IV FLOWS, SOURCES OF POLLUTION, AND TREATMENT TECHNOLOGIES
A. Attach a line drawing showing the water flow through the facility. Indicate sources of intake water, operations
contributing wastewater to the effluent, and treatment units labeled to correspond to the more detailed descriptions in Item
B. Construct a water balance on the line drawing by showing average flows between intakes, operations, treatment units,
and outfalls. If a water balance cannot be determined (e:g., for certain mining activities), provide a pictorial description of

' the nature and amount of any sources of water and any collection or treatment measures.

B. For each outfall, provide a description of:

1. All operations contributing wastewater to the effluent; including process wastewater, sanitary wastewater,
cooling water, and stormwater runoff;

2. The average flow contributed by each operation; and

3. The treatment received Ey the wastewater,

Use the space on the next page. Continue on additional sheets, if necessary.

DEP Form 62-620.910(5) ' 2CS-17
- Effective November 29, 1994



Attachment llI-F

December 2007 2-23 0738-7685 PSL

2.3.4.2 Atlantic Ocean ‘

The continental shelf water mass includes an inner shelf between the beach and the 120-ft isobath
épproximately 12 miles east of the St. Lucie Plant, and an outer shelf from the 120-ft contour to the
600-ft isobath approximately § miles further offshore. Continental shelf waters adjacent to
Hutchinson Island originate north of Cape Canaveral, especially during the winter. Additional
contributions are derived locally from the Indian River and the Florida Current systems. The

northern water mass flows southward as a wind-driven coastal counter-current.

Worth and Hollinger reported salinities of 33 to 38 ppt for inner shelf Hutchinson Island waters less
than 33 ft deep. Highest salinities occur in the summer, when southeasterly winds tend to minimize

the inflow from the north. The reverse occurs during winter. The water temperature range is greatest

‘near shore and diminishes with increasing depth to the shelf break (about 20 miles off-shore).

Anderson, ef al. (1960), reported that the shelf waters off Hutchinson Island ranged from a winter
low of 68.0°F to a summer high of 84.2°F. ' '

The Florida Current is a major component of the Gulf Stream. 1t flows northward at a velocity of 4
to 6 fps in-a parrow channel between the continental U.S. on the west and the Bahamian-Caribbean
Archipelago on the east. The western wall of the Florida Current is usually near the 600-ft isobath
some 20 miles seaward of the St. Lucie Plant. Water temperatures in the western portion of the
Florida Current ranged from a winter 16w of 78.8°F to a summer high of 86.0°F, while salinities

ranged between 36.0 and 36.1 ppt (Wennekens, 1959).

' Intake water temperatures measured hourly at the plant for the period from August 2005 through

September 2007 are presented in Figure 2.3.4-1. These temperatures ranged between a low of 59.8°F
and a high of 88.4°F. '

2.3.4.3  Existing St Lucie Plant Effects

The effects of the existing St. Lug:ie Plant on surface waters occur exclusively within the inner
continental shelf water mass. These effects are a result of the St. Lucie Plant’s Heat Dissipation
System including the CWS, which provides once-through non-contact condenser cooling water, and
the AECWS, which provides once-through non-contact cooling water for auxiliary equipment
(Figure 2.3.4-2).

Y
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Each plant intake structure consists of four bays, each containing one coarse screen, one traveling
screen, and one CWS pump. Each of these structures also contains three AECWS (ICWS) pumps,

two of which are normally operated and one is a spare. Water is pumped from these intake structures

through the unit’s condensers and auxiliary equipment heat exchangers to the discharge canal.

The design flow rates-for each unit are calculated as follows:

- Unit 1 Unit 2
. ‘ ‘ (gpm) (gpm)
Flow rate for each CWS pump 121,000 122,650
Flow rate for each AECWS (ICWS) pump 14,500 14,500
Flow rate for 4 CWS pumps 484,000 490,600
Flow rate for 2 AECWS (ICWS) Pumps 29,000 29,000
Total flow rate 513,000 519,600
Total 2-unit flow rate = 1,032,600 gpm = 1,487 MGD = 2,301 cubic feet per second (cfs).

The discharge canal ends in two headwall structures, each of which connects to a discharge pipeline.

Each discharge pipeline connects to a submerged diffuser. ‘ (

The northernmost discharge pipeline is a 12-fi-diameter pipeline that extends offshore to an ocean
discharge structure consisting of a short transition section and a Y-type 45-degree two-port diffuser
discharging hdrizontally (see Figures 2.3.4-3 and 2.3.4-4). Each port has a diameter of 7.5 ft.
Although the ocean depth at the discharge structure location was originally about 18 ft belowlr mean
low water, the area has been excavated to a depth of 40 ft below mean. low water so that the

centerline of the discharge port is at an elevation of 34 ft below mean low water. At the design

discharge flow rate, the exit velocity from each port is about 13 fps, resulting in a predicted mixing

zone (defined by 17°F above ambient isotherm) extending approximately 63 ft horizontally from
each port, and approximately 0.8 ft vertically (see Figures 2.3.4-5 and 2.3.4-6). Details of the
mathematical thermal discharge modeling performed to estimate the size of the existing thermal

plume are presented in Appendix 10.6.

The second (southernmost) discharge line extends offshore approximately 1,959 ft to the first of
58 ports (see Figure 2.3.4-7). The multiport section is approximately 1',368 ft long, so that the
furthest port is approximately 3,327 ft offshore. Each port is mounted in a 14-ft-high vertical riser

7,
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December 2007 2-25 0738-7685 PSL

with a 4-ft-inside diameter (see Figure 2.3.4-8). The ports have a 17 Y-inch (1.48 ft) inside diameter
and are oriented in an offshore direction at a horizontal angle alternating 25 dégrees left and right
from the long axis of the diffuser. Therefore, ports discharging water to the same side of the diffuser
are 48 ft apart and direct the flow of the j‘et away from the shore. Jet velocity exiting each port
isabout 11.5 fps, resuiting in a mixing zone (defined by the 17°F above ambient isotherm)
extending about 12.4 ft horizontally from each port and essentially horizontal (see Figures 2.3.4-9
and 2.3.4-10). Details of the mathematical thermal discharge modeling performed to estimate the

size of the existing thermal plume are presented in Appendix 10.6.

©
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Circulating Water System Plan (View 1) at the St. Lucie Plant

Source: Golder, 2007.
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5.1 EFFECTS OF OPERATION OF HEAT DISSIPATION SYSTEM
. )
5.1.1 EFFLUENT LIMITATIONS AND WATER QUALITY STANDARDS

St Lucie Unit 2 is an existing unit pursuant to the Clean Water Act,

because FP&L incurred substantial obligation and costs on or before March
4, 1974 for the purchase of facilities and/or equipment for St Lucie Unit
2. Federal thermal effluent limitations for existing electric generating
facilities, as specified in 40CFR423, are currently being reviewed by EPA.

State of Florida rules and regulations pertaining to Water Quality Stan-
dards, Ch. 17-3 Florida Administrative Code (FAC), establish specific
standards for thermal discharges into state waters (s, 17-3.05, Thermal -
Surface Water Criteria). Upon application on a case~by-case basis, the
Florida Department of Pollution Control (now the Department of Environmen-

tal Regulation (DER) can establish a zone of mixing beyond the point of dis-

charge to afford a reasonable opportunity for dilution and mixture of heated
water discharges with the receiving water body.

The discharge from St Lucie Unit 2 will not affect the quality of the

_water of any other State.

5.1.2 + PHYSICAL EFFECTS
5.1.2.1 Introduction

This section describes the characteristics of the St Lucie Unit 2 thermal
plume, including the effects of the St Lucie Unit 1 thermal plume, when

the two plumes interact. Thermal plume analyses for St Lucie Unit 2 were
included in the St Lucie Unit 2 Environmental Report - Construction Permit.
Since that document, the ffsy}ts of sevgr§l studies have'permittéd optimi~
zation of diffuser design In addition, analyses ofgsg)LuCLe Unit 1
discharge characteristics have been performed since 1973

FP&L has also undertaken two bathymetric surveys: one by Continental
Shelf Associates in 1972 and the other by Envirosphere in 1977 to define -
the bathymetry in the vicinity of St Lucie Units ] and 2 discharges.

The original "alternating" St Lucie Unit 2 diffuser, details of which
were presented in the St Lucie Unit 2 Environmental Report - Constfggg}on
Permit, was optimized based on the thermal-hydraulic model studies

The St Lucie Unit 2 diffuser is designed with 58 jet ports, each 16 inches
in diameter. The length of the diffuser is 1368 ft, and the port spacing
is 24 ft. The 16 ft diameter diffuser manﬁfold was optlmlzed with ports
alternating on each ‘side with each port oriented in an offshore direction
at an angle of 25 degrees from the manifold centerline.

Results of recent studies at MIT(JO), Alden Resear?? }aboratort?z(]]),
Acres Laboratory,(lz) Argonne National Labbratoryz) Caltech )

and Iowa Institute of Hydraulic Research (II HR) show that such "off-
shore angled" or "staged diffusers” are state—of~the~art and provide the
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most efficient means of dispersing heated water in semi-infinite coastal
bodies of water. These studies show that such diffusers perform better
under all current situations, unlike 90 degree "alternating' diffusers

_??6¢935h0w "sood" performance only under high currents. Recent studies

also conclude that "offshore angled" or "staged" diffusers with
net offshore momentum perform better than either alternating, coflowing,
tee or oblique diffusers under different current situations, Table 5,1-1
summarizes the qualitative performance of various submerged diffusers
in semi-infinite bodies of shallow water. St Lucie Units 1 and 2 discharge
structures are described in Section 3.4.

5.1.2.2 Methodology

This section discusses the methodology used to select the appropriate
modeling approach, describes the models utilized and presents predicted
thermal plumes for St Lucie Unit 2 and the combined St Lucie Units 1 and
2 discharges, .

5.1.2.2.1 Data Requirements

To predict thermal plume configurations resulting from the operation
of 3t Lucie plant, both plant operating data and ambient oceanographic
data are required. :

5.1.2.2.1.1 Plant Operating Data
a) Plant Discharge Flow and Temperature Rise

The discharge flow consists primarily of condenser .cooling water and
intake cooling water flow. At 100D percsnt power output, the heat
rejection rate of each unit is 6.4 x 10° Bru/hr; the rated dis-
charge flow and condenser rise are 1160 cfs and 25 F respectively.

However to ensure operating flexibility, discherge Flows were com-
puted assuming a heat rejection rate of 7 x 10 Btu/hr/unig for

° eight pump operation and discharge temperature rises of 32 F and
28 F. Plume computations were performed for seven different cases
shown in Table 5.1-2 that envelope different flows, temperatures
and heat discharge rates.

b) Discharge Canal Temperature

Discharge canal temperature, for the purpose of thermal plume
evaluation, is obtained by adding the ambient ocean temperature
to the temperature rise within the plant. In order to maximize
the thermal plume characteristics (such that the impact can be
assesge?lg?nservatively), the September maximum ocean temperature
of 87 F was used in all. cases. Resulting discharge canal
temperature would either be 119°F or IISOF, reflecting a plant
temperature rise of either 32 F or 28°F,

5.1-2
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5.1.2.2.1,2 Oceanographic Data
a) Temperature and Salinity

Ocean temperature data were obtained from National Ocean Survey
"Surffg% Water Temperature and Density" Publication 31-1, March
1973 . Monthly mean and maximum temperature data for the
1946-1962 period of record at Canova Beach, Florida, are used to
represent ambient conditigns at the St Lucie site. The monthly
maximum temperature of 87 F for September is used for thermal
plume analysis. Ocean salinity is specified as 35 ppt.

S

b) Ocean Bathymetry

For each case, an ocean depth corresponding to mean low water
(MLW) was used for purposes of determining initial dilution.
Based on the data available, an ocean depth of 23 ft at the
St Lucie Unit 1 discharge and an average ocean depth of 35 ft
at St Lucie Unit 2 discharge is used.

c) Currents
Current data used to determine surface plume temperatures and

frequencies of occurrence of plume configurations are based on
site specéf%c measurements made during a 12 month period in

1974-1975 . These data were subsequently analyzed for joint-—
frequency distribution of current speed and direction as shown in
Table 5.1-3.

Currfgs measurem?§53 taken at the St Lucie site during 1974~

1975 and 1977 demonstrate that nearshore currents general-

ly flow parallel to the shoreline, with a prevailing northward
direction and a secondary mode to the south (see Section 2.4).

Based on an analysis of current measurements, plume computations are
performed for stagnant ocean conditions and for most frequent cur-
rent in northward (0.85 fps) and southward (0.85 fps) directions.

5.1.2,2.,2 Predictive Techniques
Total cooling water flow from both units is discharged into the common

discharge canal and carried into the ocean through two buried pipelines.
The combined flow is distributed between the existing 12 ft diameter

‘St Lucie Unit | ocean discharge pipeline and the 16 ft diameter St Lucie

Unit 2 ocean discharge pipeline as noted in Table 5.1-2.
5.1.2.2.2.1 St Lucie Unit 2 Thermal Plume

Warn water discharged as a high velocity jet has both inertial and buoyant
forces acting on it. Jet temperature, as the plume.rises. toward the sur-
face, decreases steadily due to turbulent mixing and entrainment. This
region of the jet, where conditions at the discharge point influence jét
temperature distribution, is designated the near-field. Once the submerged
jet reaches the surface, the jet "boils" up at the surface and spreads into
a stable layer over the surface. The jet still has momentum when it
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" reaches the surface and wmoves horizontally in a manner similar to

a surface jet discharge. The plume spreads over the ocean surface and
decreases in temperature due to turbulent mixing ‘and other factors. The
surface jet, as it travels .away from the boil area, reaches a zone where

‘temperature distribution is no longer influenced by the effects of dis-

charge conditions. That zone, where ambient ocean conditions dominate
temperature decay is called the far-field.

With the present "offshore angle™ diffuser, diluting ocean water comes
primarily from the plume sides and the bottom. For the ports located near
the inshore end of the diffuser manifold, the diluent comes from around

the individual jets, while for ports located near the offshore end, diluent
water comes primarily from both sides of the di ffuser. The of fshore jets
entrain part of the thermal plumes from jets located immediately inshore of
them. As a result of this partial re—entrainment of warm water (for jets
located towards the offshore end), the temperature near that end will be
slightly higher than that at the inshore end. Thus, the net volume of
ocean water entrained decreases towards the offshore end, resulting in a
lesser temperature decrease. This difference, however, is compensated for
by the increase of mixing depth with distance offshore, o

a) Near-field (Subsurface) Thermal Plume Characteristics of St Lucie
Unit 2 Discharge..

For modeling discharges from the "°fff?8§e angle" diffuser, a
calibrated Koh-Fan mathematical model was utilized to ,
describe the near-field or submerged jet region. Koh-Fan model
computer runs were made with known plant conditions as used in
the physical model studies. The entrainment coefficient was varied
until the predicted (from Koh-Fan model) and the maximum observed
surface temperature rises (from physical model studies) matched.
The resulting entrainment coefficients are respectively 0.023,
. 0.050 and 0.057 for stagnant, southward and northward currents
conditions, The calibrated Koh~Fan model was utilized to establish
~.near—field jet characteristics for all other discharge and ambient
conditions, : '

- Recently USNRC(17) utilized the Koh-Fan model to amalyze the near-
field performance of the "offshore angle" diffuser for a once-through
cooling system (located near Block Island Sound in Charlestown, RI).
NRC concluded that the results from Koh-Fan model were similar. to
‘those determined in the physical model studies. '

" b) Far-Field (Surface) Thermal Plume Characteristics of Unit 2

Discharges

The thermal plume from the St Lucie Unit 2 "offshore angle' dif-
fuser, when it reaches the surface, interacts with ambient ocean

and moves away from the diffuser due to residual momentum. The
resulting thermal plume does not lend itself to exact analysis

by available state—of-the??§§ models. For modeling surface plumes, -
the calibrated PDS model ~was adopted. From the results of

the calibrated near-field Koh-Fan model (Section 5.1.2.2.2.1a),
maximum temperature rise at the surface and corresponding surface-

5.1-4 .



velocity was obrained feor each casa of interest. From the resulis
of the physical model studies, tae depth of the thermal laysr was
determined Lo be 15.4 feet. With these parameters known, the width
of the surface layer wes deterwined., Thne surface jet source was
assumed to be loecated at the oiishers end of rhe diffuser for stag-
nation conditions and along the diffussr for soulbward and northwarg
currents.
Fovr these known initial cond PDS model was callbrated
for the results of the physi tudies for stagnatfion,
southward and norihw curT values of Bo, (jat entrain-
mene cozfficiant), XK. (spre ‘iclent}, B {horizonta
turbulensg dlffusx@ﬂf&ichnnge t) and R_ ?fqnctlon of
local Richardsen number) for Case arg respectively Q.05
5.0, 0, and 0.03. Similar val ; scuthward and northward our-
rent cases are respactively 0.0%, 160, 0 and 0.00! and 5.05, 70, 0
and 0.001. The PDS model was stilized to obtain suriaces plume ds-
tails for all casss of intersst.

.2.2.2 St Lucie Unite 1 and 7 Inermal Plume Under Combined

Operation ' _

Near-Field {Subsurface) Thermal *lnmr ‘Characteristics Under Combined
St Lucie Unics 1 and 2 '

Uperacion..

PR
Results obtained from the p\yszcal medel stadies ™’ indicare that
the design and separatien distange! aetwﬂﬂ“ “hn two dlscnarge liries
results in negligible interferemce between i

from St Lucig Unics ! and 2. The results

5t Unit 1 and feor St Lucie ¥nig 2 (S 1
wndividually §{%§plao appropriats:.for comb: Tue
Koh—Fan model 7~ is used te describe submsr ﬂd near»;}wla Jjet
remperatures resnlting’ From 8t Lurie Unit 1 discharges.

Far-risld (Surface) Therpal “Iume Charactsristize of St Lucie
Unit ! Dischargas

‘or medeling surface plumes, the calibrated Prych - Davis - Shirazi
L4 N : o X . - .
T omo rdopt Freg, the ¢ id

2sulls of the near-fig]

I3

oh-Fan wodel (fection 5.1.2.2.2 Ja} the jet velocity and tempera-
ture rise at the surface was oblrined for =ach cése. The results of
the Koh-Fan model are used as ont of rthe initial input gonditicns
for the PDS model. From ficld 2 ts and St Lucie Unit |
piiysical model studisz, the loc he beginning of the surfacs
Egger aﬂd‘dﬂ initial surfacs lafe of‘kz.? fert 1s sztablished

- With known values of the heat dischargsd, surface

Cemparatnure and velocily, deplih ne layer, the width of the
suriace layer is then establishe
The Pus{w?deL is calibraced with su]t@ from the phwsical model
studies . The valuszs of the n coefficients for
stagnation conditlions ars; E ( Tainment ceefficisncs) =
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0.05; E (horizontal turbulent dl'%dSlon/exchange coefflc1ent)—
0.00004; XK (spreading coeff1c1en. )= 45; R_ (a Function of

local Richatdson Number) = 0. 003] Correspondlngmwalues for south-
‘ward current conditions are 0. 05, “MO .45 and 0.021l, For northward
current conditions, calibration d& ues are 0. OS 0. 00006, 45 amd

0.0031, respectively.

'results obtalned during the %arch 1977 survey whe St Lucie Unit 1
was operating at 99 percent power eutput. The Pblgmodel predicted
areas are 27 acres and 40! acres-®vxy 3 and 1.5 F'l;espectlvely The

corresponding prototype measurements are 18 acres-and 278 acres, =
establishing the applicability of, PDS model. The: callbrated PDS model
was utilized to obtain surface plmmﬂ details for all test cases.

¢)  Far-Field {Surface) Thermal Plume : Characterlstlcs Under Combined
St Lucie Units 1 and 2 0perat1on i

When St Lucie Units 1 and 2 are in ‘operation, theafollowing
procedure 1s used to estimate plume :area. Details’iof the surface .
plume resulting from the St Lucie Unlt 1 dlscharg”' under stagnation
conditions, were computed ut1lxz1nv ithe calibrated . PDS ‘model. Plume
computations were carried out ‘to.z:distance where xnteractlon witll the
St Lucie Unit 2 discharge occurss,;At that point,“a.new source is -
formulated and its characteristics @such as w1dth,xveloc1ty, tempeara-
ture, depth) are determined by conaerv1ng oT comblnlng the tetal Rheat,
'volume and momentum flux -of both;ﬁischarges With, detalls of the :new
source known, the PDS model 1is ageinr applied to determlne the detalls
of the combined plumes under staghant cond1t10ns ' ‘

Based on tests conducted on St Lusis Unit 1 and ontombined St Lucte
Units 1 and ‘2 discharges, IIHR coirg, ?ded that ”thene is almost no
Lloterference between Units 1 & 2."'%" Essentially-this means that"
under both southward (0.85 fps) aaa«northward currents (0.85 fps),
even though the individual plumes from St Lucie Unlts 1 and 2 are
“orilented 1% the direction of the ‘gugrent, the areas of an isotherm
(such as 2 F), under combined opetation will equal the sum of ‘the .
areas of 1sotherms from the individual units.

5.1.2.3 Results

In this section, results of the thermal {piitme analyses aré .discussed.
Discharge plumes from St Lucie Unit 2 argrdiscussed for stagnatlon, southr
ward and northward currents. Discussion o¢f plumes resulting from the comy
bined vperation of St Lucie Units 1 and s restricted to only .those
{stagnant) cases where the individual plisrgs from bath units (of 2%
interfere . e

Ihe results described Below are conservative, and retrlect the assumed heat
rejection rate of 7x10° -Btu/hr/unit. Ravdlts presented herein for St
Lucie Units 1 and 2 do not reflect normal wperatlng conditions, due to the
above assumption.
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5.1.2.3.1 St Lucie Unit 2 ThermeifBlume
5.1.2.3.1.1 Near-Field (Subsurfage) Plume Characteéristics

For St Lucie Unit .2 discharges, the r®&sdlting maximum:-urface temperatures
sre strongly dependent on oceay, Surrene conditions. Results of the St Lucie
Unit 2 physical model studies showed. that surface.temperatures are
highest for stagnant situations and demrease as ambient current speed in-
creases. This largely reflects the aV¥asilability of additional ambient’ water
for. mixing and dilution, whenever theie i5 a cross current :

The subSurface plume temperature dlstrmvutlon volumes of isotherms and
times of travel for St Lucie Unit 2 d~scharges are developed utilizing the
Koh~Fan model. Table 5.1~4 presents .the results of the. analyses, and
Figure 5.1-1 shows a typical example of the plume in the; subsurface region.
In this analysis, the jet centerline temperature rise at 5/6 the ocean’

cepth over the nozzlel§528?sumed to be. rhe maximum surface temperature.,

{sther imvestigators of jets hav»'shown that at- this depth (i.e.,

the top 1/6 depth of the ocean), temperature decay is sxganlcantly less tha
‘that in the remainder of the water co}aﬂn Further, thls assumption adds
conservatism to the ana1y315 - -

Eoroseven pump operation with a AT o{f F ghe predlcted aT is
4,9°F for a discharge flow of 836 8fs tand 4.3°F for a dlscharge ¥of 1090
cfs, However, for eéght pump operatisgi~Wwith a AT of 3% F, the pre-
dicted AT . 15 4.4°F for a flow of 1981.5 cfs and 4.6 F for g flow

of 951 cfs, "For the same elght pump ogeration, when AT is 2% F,

the predicted AT is 3.6 F for a £low of 1075 cfs and 3. 1'F when
the flow is 1404 cF&r

The AT max discussed above occur durlngzﬁtagnant or slack water ocean
conditions. When other factors which:dnfluence temperature decay are

held constant, the ambient curremt will :¥ncrease m1x1ng and dilution,
resulting in a lower surface temperatufs.rise. This is shown by a review
of che results presented in Table 5.1=&._ The AT varies from 1. 90F

to 3.2 F and surface temperature rlsesfhre abou350 to 30 percent lower
than corresponding temperatures duang stagnation conditions. Further,

all the temperatures presented ‘in Tablégd.l-4 are the resulting temperature

‘rises at the offshore end of the St LUPI&lUnlt 2 "offshore angled" diffuser.
"As discussed in Section 5.1.2.2.2.1 and,«seen from the results of the physxcal

model studies, AT values vary along» the diffuser. At the inshore end,
estimated,‘AT vaiues are one~half t&imne-third of those presented 1&
Table 5.1-4. “%8 this analysis, only chazacteristics of the offshore jet are
considered, to provide conservative es;lmates of areas and vclumes affected
by elevated temperatures, _
Predicted length of the jet trajectoryifTable 5.1-4) varies between Bl and
130 ft, depending upon initial jet conditions. The predictions presented
liere are average lengths. However, unaﬁm.actual ocean conditions (ocean

perience and observations made during Mmreh 1977 field survey s 1t isg

currents, stratification, etc) and from ‘‘‘‘‘ 2t Lucie Unit 1 operafé?g ex-

expected- that the trajectory length would be longer, by as much as 50

percent of the predicted values.

5.1-7



-

The jet surface‘velocitv is wredicted with the Koh-Fan model. Predictéd

velocities vary from 2.7 fpsiwnder stagnant conditions to 2.0 to 1.7 fps
under southward or northward ocean currents.

Time of travel (Table 5.1- ﬁ‘_o?‘a plume-entrained organism through the
200F, 10 F and: SOF isotherms i cwgre predicted. From *he dlscharwe
point, the maximum time requized to traverse the 20° F, 10°F and 5 °F
isotherms are about 2 secs, 7w®cs and 21 secs, resyecclvely

Volumes enclosed by 20°F, 10%%%s°F and 2°F isotherms for all test

cases are shown in Table 5.1-& The largest volumes of 7O°F lde and
3'F are found to be respective

; . , - 0.02 ac-ft, 0.19 ac~ft and 1, 51 ac~ft;
this occurs when the discharge«flow is 1090 cfs and AT is 32 F

Volume envelopvd by each succﬁ*@nve isotherm anreaSESoas the plume 1s
diluted.

‘ 5.1.2.3.1.2 "-Far~Field'(Sﬁfiace) Plume Characteristics

‘The maximum surface temperatur@ rise (AT Y, velocity, width and depth

of the jet impingement zone foré- the pr1%§§y inpur data for computation of
the far-field or surface plumé ¥emperature distribution. Initial thermal
layei ?epth at the offshore eni of the diffuser is estimated to be 13.4
“feet . The width is calculatkd from the heat rejection rate, depth

. of the therwal layer and the near-field analysis. Predicted plume widths

for September vary between aap&ualmately 140" and 760 feet, depending upon

wdlscharge temperature, dlscharg@“zlow and ambient current conditions.

Utilizing the calibrated PDS Mpge1l (Sectiom 5.1.2.2.2.1b), volumes, areas
and travel times up to 90? thre#gh the surface plume are computed for
stagnation, southward and north%%rd currents. The predicted results

are presented in Tables 5.1-5 fhwough 5.1-7. Figures 5.1-2 through 5.1-4
show examples of surface isothesws for a flow of 1001.5 cfs and ATO of
32°F for stagnation, southward aad northward curremts, respectively.

For stagnation conditions, the plume is oriented in the offshore direction
while for other current conditiams, surface plume orlentatxoa and shape 1is
determlned by amblent currernt 8lsectxon and speed.

Table 5.1-7 and F1gures 5.1-3 aaﬁ 5. 14 show that the isothewrm shape for
southward currents is similar and areas are of the same ordex of mag—
nltude as that for northward curren;s. These similarities im the gross
characterlstxca of the shape and size of the isotherms are ex :plained by
the approxxmate symmetry -of the- 4 ffuser with respect to the currents.
lefarences in plume area are attributed to the nature of the shore, The
plume in the southward direction ¥s more likely to encounter shallow
dbpths within a zone where compazatively smaller amounts of ncean water are
available for 'dilution, while the. reverse is true for a northward plume .
Thzs, in general, results in a: d‘mlnlshed ability for the southward plume
to entrain water, which results’ -n slightly higher temperatures and larger
areas of isotherms for southwarénnprrents

Max1mum surface areas general1y aacur with southward current conditions
and mlnlmum areas under elther metthward current or stagnaticn condi-
tions. Maximum area of the 2°F. ijétherm is 963 acres, and results from
arsouthward cuirant when the dla%bgrge flow is 836 cfs andAIc is
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320? " Volume of the 2 F isotherm (ﬁﬁgie 5.1-6) under thls condltxoé.is'
629 ac-ft. : 5

e L
ol :

In one case (discharge flow of 1404~cfs, AT "of 28 F) the AT -ﬁ
will reach 1.9 F, therefore no 2 F ‘supfface gsctherms%wxll occug X A@?r-'
age depth of the ZOF isotherm varies' etween a maxlmym of about 2,5:ft
under stagnation situations to almokt zero under oth?r current fdlséiarge
flow of 1404 CfS and aT of 28°% w1th ‘a northward current) situatiofs.

Travel times of a sur Face plume entpained organism tbrough 2% are 3
presented in Table 5.1-5. Travel tmgvs vary from a max1mum of 169. 4ymin-
utes (flow is 336 cfs and AT is 327F) ro a minimum of less than a

minute (flow is 1404 cfs andoAT is ZBQF)

5.1.2.3.2 St Lucie Units 1 and’ ? Thermal Plume @bder Stagnant
Ocean Conditions ;

5.1.2.3.2.1 Near-Field (Subsutfltei Plume Characterlstxcs

Table 5.1-8 presents subsurface Jet'_ racteristics for the St Lucxe%ﬁnlt

I' Y-nozzle discharge. Unlike the refﬁmtlng saximum surface temperatures

from St Lucie Unit 2, the physical. mdﬁbl studies showed that the thpPratures
From St Lucie Unit % sema1n essentlatks unaltered under different ocean
current conditloas. This is because. of the high rlesidual momentum

‘of the St Lucie Unit | jets through the water column gnd at the surface

in comparison to the momentum of the eg¢éan currents. iThe plume would tra-
verse an estimated horizontal distanee.,ef less than 150 Feet, when 1tfsur—
faces. Given that the separation digrabce between thzgst Lucie Unit A '
Y-nozzle and the St Lucie Unit 2 difwseér is about 45Q.’feet; and the St Lucie
Unit 2 diffuser ports are oriented offshore, for all practical purposes

the St Lucie Unit 1 and St Lucie Unit- 2 subsurf £5° plumes do not influence
each other in any way. Physical modekystudles alsbhshow that the design
and separation distance of the two dyﬁﬁharge lines iswsuch that the sub-
surface or near-field plumes from St “futie Units 1 an@ ‘2 do not interact.
Predicted travel times and volumes for.Stagnant ocean constlons are shown

in Tables 5.1-9 and 5.1-10 respectxvdiy :

C(

g
Results shown in Table 5.1-4 for St Lucme Unit 2 (TeséiCases 1 through 7

‘and Table 5.1-8 for St Lucie Unit 1! (f%st Cases 8 through 14), individually,

would thus hold good for combined operagion of St Lucgchnlts 1 and 2 (Test
Cases 15 through 21) also. Thus, whem the St Lucie plant is under seven
pump operation, discharging a comblnedﬁ£§ow of 1770 cﬁs .at a AT of

32°F, the resultant AT from the Y#ghazle is pred1cted tq be 9.7°F

and Af nax from the di fFa%er will rangsﬁﬁbtween .6 andi4.97F, deppnd~ )

ing upon plant and ambient current coqﬁytxons For elght pump operation,
with a combined flow of 2003 cfs at a. T of 32°, resﬁhtlng AT -~

from the Y-nozzle is predlcsed to be 8.1 F and the AT %. from the dif-
fuser betweea 2.7°F and 4.6 F. Howevetrg:under the same#elght pump
operation, with a combined flow of 2288 efs at a AT ofi28 F, predicted

AT from the Y—nuazle is 7, 3°F and AT 4> 2= from the d?fﬁhser ranges

5 iyt

beLween 1. QOF and 3. 6 F, dependlng up N,glant ‘and ambi
ditions.

current con— .
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Volumes enclosed by the 20 F and 10°F lsotherms for combxggd plant
~operation under stagnant ocean conditiong u§re obtained byadding the
individual volumes for St Lucie Unit 1 (Table 5.1-10) and St Lucie Unit 2

(Table 5.1-6). Results are preseanted in Yable 5.1-11. M&Ximum volumes of
20°F and lOoF isotherms are 0.14 ac-ft amd 0.70 ac-ft tespgctlvely

The volumes of 5°F and 2°F isotherms, under -combined operation, require
surface plume analysis and are discussed. in.Section 5.1.2.3.2.2. Other
characteristics (such as JEE trajectory lbugth times of travel and
‘velocity at the surface) of ‘the Y-nozzle (Tables 5.1-3 and S 1 93 and
di ffuser (Tables 5.1-4 and 5.1-3) that anf'prpsented individually, would
hold good for combined operatiom also. eer
Ty
5.1.2.3.2}2 Far-Field (Surface) Plumé Characteristicsz

Methodology for the computation of surface a&reas, volumes ;and times of

travel, when both units are in operationfaaé“under stagnantgocean condi-

thnb is explained in Section 5.1.2.2.2.2¢, :The surface areas of 5°F and
F isotherms resulting from St Lucie Unlt 1 dlscharges arﬁ -presented 1n

Table 5.1-12. Figure 5.1-5 shows the 2° F: and 5°F surface lsoth?rms

wiien St Lucie Unit 1 is operating alone dlscharglng 1001.5_¢fs av a AT

of 32°F. - :

Input data for the cumbln%d plume analyseywﬂgs obtained fr§fis computations
performed for St Lucie UnLt 1 plume and SfaBficie Unit 2 pluﬁe individually.

Figure 5.1-6 shows the 2°F and 5°F surface'ESOthergs when Bﬁth units !
are operatxn dlscharvxng 2003 cfs at a &m of 32 F

Volumes of the 5° F isotherms presented 1n9$ab19 5.1-11 aregprimarily the
result of St Lucie Unit ! discharges. Maximum volume of thgd,5 F isothexm
is about 25 ac-ft and occurs when the plaﬁ&“us dlscharglngr2903 cfs at a
AT of 32 F . JVg

w» [
Volumes of ZOF, however, reflect contributiyns from both St Lucie Units I
and 2 discharges. The volume of 2°F, under.é&bmbined unit oF?ratlon is
greater than the sum of the 1nd1v1dua1 voﬂ%m@% of 5t Lucxeﬂkpi 1 and Unit -
2. -In some cases, the 2 °F volume under combhned operation e almost 70
percent larger than the sum of the 2°F volﬁnd% found when tﬁh units are

~operating individually. The maximum volum&uﬂf 2°F lu 1889 3% ft and occurs%
9}

when plant glscharge flow is 2003 cEs and AT .is 32°F. Theid®inimum _
volume of 2°F is 3873 ac-ft and occurs whenrf?ew is 2290 cfsydand &T 1is

- 28°%. Average depths of 5°F and 2°F lsotheuns under cunb1na&50peragxon

are about 2 ft and 3 ft, respectively..

a o . o iy
Surface areas of 5°F isotherms presented in Table 3.1-13 aréya result of

St Lucie Unit | discharges. The maximum axes..of " SOF Ls 13.3acres and
this results wien plant flow is 1770 cfs and: AT is 32%F. Yader

o
‘stagnant conditions the 2 F isotherms frcmabogh units lnterﬁﬂre and the

arvas in Table 5.1-13 are a result of the gpntribution of dyggharges from
bouth unlts

Combined or total areas of 2°p, similar to NaTumes, are greager than the
sum of the individual areas generated by StuLMc1e Unit 1 anngt Lucie Unit

2. In some cases (Table 5.1-13), the 2% ishthern areas frof combined
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. Table 5.1-14 result from St Luciépd

15 193 minutes, this occurs whenj

 duced periphery and therefore a {

DTN M

operatwn are almost 25 percent @Iﬁg& than sum of %he areas four.x_ when
the units are vperating individugiay:: The maximuf#urface area 18

ac-tes, this occurs when dxschatg ) J2¢F;
The minimum area of 2 °r 1sothem§m,5f acres, rescifi¥ when Plow isE2290

ckis and AT is 28°F,

Tlme of travel for an entrained f$iism to reacml? presentrd o

lnit 1 dischargBge Maximum traye 31

time 15 9.5 minutes and occurs wiegéthe plant flgwpss 1770 cfs an ‘ATO
is 32 °F. A ainimum travel time gl_;_? 8 minutes ocERs when the FT w :.s‘
2290 cfs and AT is 28° P. Travé Wmes to reac&m 2 °r isotherf s
however, are cheoresult of both % cie Unit 1 @9us? dzschargps.“
travel time to reach 2% Lsother'-:.ﬁde-r combinegmgperations is gp
than the sum of individval St Lupf ‘Unit 1 and U 2 travel tzme§,
‘some cases, the travel times und_ &mbmed operasimn is almost ]
S0l times Eound swhen the uanits @
“travel txme,ém reach 2°F iso ‘“S,—m
: & is 1770 cfxgnd the AT 15%&\ F.
l‘he minimum travel time is 95 winl ""s and this oGeMrs when fPow ng 2290
cfa and AT is 28 F o ’ .

- [

" lonber .than the sum of the 2 F t

i
vperating individually. The maxf'

2 .'{F sur-

Frum the discussion presented aby for a stagn@en case, the
face areas, volumes and travel t@ when both usi® sre in operd on are
sreater thaa for sither individufgg®nit. This ."‘cts the follc f_ ng phenc
menoa; when individual plumes inffEpi single plum w1l:h re-
entrain su oundmg
zzng a
lume temperatlire to

water. The combined plume will ey
greater area to entrain sufficieffyy
2°F above ambient.

acean current conditioms, when
individual discharge plumes of 2%¥l
i5 concluded that the thermal eff@mn
Unit 2 when both units are in opg}
effects obtained when St Lucie U
dorthward or southward curtrents §

ributed by Sc ucxe
e same as the g;hemal
.ting, vhen afbient

5..1.2.3.3 ~ Recirculation

'Esnmaces of surface temperature¥@t the intake,#riler St Lucie I;{mt 2 or

¢ombined unit operation are comp¥ gated, since tnﬁggystems dealt Arith do
not lend themselves to exact mat atxcal analys ' \.onsequentlf; re-
:circu% Smn estimates are based mhe results o HR physical wodel
study and the calibrated PDS m;u.

@recirculationepf

ffEnt unit operation

i The recirculdtion tem-
\ L3 s, N N

Physical model studies have showj
5t Lucie thermal plumes for eith
under stagnatton and northward '



by théishorelxne boundary.

S12-EXSGL

Phyblcal model studies showed that thlﬂSt Lucéie Unit 2 plume wouid be

diluted at least 260 Pimes with a E18#iof 1156 cfs and AT of 26 °F.
For Test Cases 1 tuLSu h 7, tke ﬁallb“ﬁted PP5 model shows that maximum

o
temperéturp rise neaf he intake wou;& “be about 0. 5 F at the surface and
almosi%anbient at sMbotrtom. Thls qH&uld pr«duce a recirculkation

cvmperSLure of no ni ggtr thaa 0.2 F.

Uider combined ogeraﬁ?an, with +4T 05806 °F and dxscharge flow of - ,
1150 cfs from each uwaTt, the physicat¥mbdel studies showed that nedr the
intake.the surface temperature rise whitld bé about 2°F and near the bottom
it would be about 0. ZQF This vesulWBiin a rﬁleCUl&;LOn temperature of
about $.8°F or a mlﬂﬂﬁun dilution ofiiabout 3’ " The calibrated PD$ model

~bhuwb surface and boE¥bm temperature§“Ef 0. g ¢ 7 and 0.1 F respectively.

Thi .ohld result in a recirculationwemperature of no hlgh%r than 1.2°%F,
" ’ ,g,

The recvrculatxon temppratures presepﬁfﬁ

Unit 2, and L 3 Frﬁg cambined unlt&ﬁ

assumptlons These t¥nperature risef

temperature variatiosfand should noﬂ

opvra[lon *

hets O;ZOF dur to 8t Lucie

rat¥of, are based on.conservative
Ve small compared to natural ambient .
p'ae significant problems Cor plant

A
1y

] qg: '
5.1.2.3.4 Pnuﬂe‘trqurn~y Analy!f#'

+

Seyond. the regian oF\hzgh jet velocikwy pluse orientation and shape 1is

determined by ambientidurrent directyod and :speed. Since the,plume

is controlled by neaflhore flow, thewd¥equency of occurrencerof plume
orientation will be tRe same as that%of the. kecal current. :Figure 2.4-5
presen;s a curreat rose, ‘ ‘ :
For c“e nearshore regﬁ@n at St LUCLe’HﬁgeqwéﬁBy distribution: of curremt
nh'ectxcr is bimodal ,Fwith the prxmagﬁgbodekau the northward direction.
within% this 1300-030 degzee quadrant,pithe Lzéaaency of current direction and
plume Er tentation 153#9 percent, F?m’;he ‘opposite quadrant {120-2i0
deygrees) 1t decrease ﬁto 34 percent $Y8oagahnre flow within both quadrants
accounts for plume oE§%ntat10n g3 peﬁln‘t aft zthe time.

Ao onshore current wighin 210-300 dej
aine perceat, which & slightly grea¥
the offshore directioffg. The lower fg gnencv‘of onshore plume orientation in
conpa rﬁsnﬂ to lungsbg§e directions i§¥@ue fnithe deformation of onshore flows

4 L .
deian?longshore curdent speed is bDesagwen D. 8 and 0.9 feet per secoud
{fps) 4n either diregg.on, ten per*ew;;of the flow is less than 0.5 fps.
AT nhigh current speed, ten percent ofiforthward flow occurs at 1.4 fps
acd i,? fps for southward flow. At o current speeds, plume shape will
teod th spread more dhiformly ia the ck.fkow, whereas at high current

the plume ulﬂg tend to streang

Qithﬁgge current,

snpvdgi
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5.1.3 . BIOLOGICAL EFFECTS OF ST LUCIE UNIT 2 OPERATION

5.1,3.1 Intake Effects

. The flow through the St Lucie intake lines from the Atlantic Ocean will be

approximately 2,320 cfs when St Lucie Unit 2 goes on-line. This represents
a doubling of the present capacity (St Lucie Unit 1) and will result in a .
doubling of' velocities through the system. This increased flow will in-
crease the rate that biota are removed from the of fshore environment,’
whether this increase will result in a doubling in the number of plankton
and fish entrained through the system is. unknown, However, such an assump-
tion is an appropriate boundary condition for the following discussion.

The planktonic community, comprised of phytoplankton, zooplankton and ich-—
thyoplankton, is passively conducted through the circulating water system
with the flow of water and returned to the ocean. In contrast, fish en-
trained from the ocean into the intake canal are removed from the offshore
environment and not returned to the ocean. However, not all fish in a
given volume of water are entrained into the intake pipeline, because they
exhibit species and/or size-specific susceptibility to such entrainment.
Estimates of possible entrainment and impingement impacts by St Lucie Unit
2 are discussed below,

5.1.3.1.1 - Planktonic Organisms

Plantonic organisms should be entrained into the St Lucie Unit 2 circula-
ting water system in a nonselective manner. The impact of entrainment on
the waterbody is then computed on the basis of intake water flow relative
to the source water volume (and planktonic community) available to entrain-
ment over a reasonable amount of time.

Applied Biology Inc. (ABI) has previously computed entrainment rates for
St Lucie Unit 1 based on a mathematical model and a source water volume
defined as that circumscribed by the array of sampling stations., Their

results indicated that entrainment would be 1,8 percent of this near-field

commuiity based on the assumption of 100 percent mortality of organisms

through the system, and stagnant (worst case) ocean conditions (Table
5,1-15).

St Lucie Unit 2 will double the flow, or entrfiTmigtzg?te at the station.
Using the source water volume computed by ABI ~ ’"77777, this results in
a doubling of the estimated portion of the near-field plankton community

- affected. A worst case entrainment rate of 3.6 percent of the near-field

plankton community present of fshore of St Lucie Unit 2 should not consti-

tute a significant impact. '

5.1.3.1.2 Active Swimmers

5

Impingment data collected during the three years of operational monitoring
at St Lucie Unit 1 are summarized in Table 5.1-16, Figures 5.1-7 through
5.1-14 represent time series of total numbers and weight of finfish and
shellfish impinged on the traveling sceens over that period,

5.1-13
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The dominant species impinged at St Lucie are: anchovy, grunt, “jack,
croaker and mojarra (numerically) and jack, mojarra and grunt (gravime-
trically). The length distribution of impinged organisms collected in

1978 indicates that samples are dominated by small organisms. Over 80
percent of the impinged fish were less than or equal to 3 cm in length,

and almost 100 percent of the impinged shrimp were 4 cm in length or less.
The number of impinged species which are commercially important is low
(Table 5.1-16). Although the fish impinged are primarily forage species

or species of winor commercial importance, comparison of St Lucie plant
annual impingement with the commercial catch illustrates the insignificance
of impingement at this station. The total weight of fish impinged in any -
year (conservatively assuming 365 days operation of St Lucie Unit 1) is
less tan 0.04 percent of the commercial landings docked in either St. Lucie
or Martin counties., The shrimps and blue crabs impinged represent or-
ganisms of commercial value; however, the biomass of impinged shellfish

is less than 0.005 percent of commercial shellfish landed in either St
Lucie or Martin Counties.

Current impingement rates, assuming piant operation during 365 days per
year ranged from approximately 34,000 (1978) to 131,000 (1976) finfish
and from 26,000 (1976) to 37,000 (1978) shellfish.

Addition of St Lucie Unit 2 capacity to the total station circulating

- cooling water capacity is expected to incrdase the impingement rate at

the station. When a fish or group of fish encounters the intake, as
velocity increases, the probability of impingement should also increase.
However, most species will have a finite probability of encountering the
intake and of those, some of the more important species appear capable

of avoiding entrainment (e.g., Spanish mackerel, bluefish). As an upper
(conservative) boundary, impingement at St Lucie Units 1 and 2 is esti-
mated at approximately 160,000 fish per year and 60,000 shellfish per year.
These numbers represent twice the mean annual impingement estimates calcu-
lated from three years of St Lucie Unit 1 impingement data. These are re-
latively low impingement rates for a power plant, and should not produce
significant ecological impacts.

5.1.3.1.3 Marine Turtles ¢

Marine turtles presently enter the intake canal through the intake pipe-
line, Current research is examining whether turtles are being drawn into
the intake pipe as they move through the area or if they actively swim into
the structure in search of food or shelter. The increase in volume of
water from 1160 cfs to 2320 cfs when St Lucie Unit 2 becomes operational
will increase water velocity at the perimeter of the velocity cap from 0.5
to 1.0 fps. This increase will not appreciably enlarge the area from which
turtles are unable to escape the intake velocity. Hence, no increase in
the number of turtles entering the intake canal is expected due to velo-
city. :

Even if current research demonstrates that turtles are deliberately enter-
ing the intake pipeline, no increase in the number of turtles in the intake

‘canal is expected since the of fshore configuration of the intake structure

will not be changed.

5.1—14
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Water in the intake pipelines will travel at a speed of 10 ft per second.
This velocity will carry turtles from the intake structure to the intake
canal in less than two minutes., There is no evidence that this activity

"is haxmful to the animals. Turtles entering the canal are generally re- -

stricted from access to the entire canal by a block net at the AlA bridge.
Turtles are captured and removed from the canal by netting and .are released

‘into the cocean., Additional studies on the behavior of turtles, physical

characteristics of captured turtles and tagging and recapture studies are
being conducted in cooperation with federal and state agencies.

5.1.3,2  Discharge Effects

An ABI report entitled "Eftects of Incfe?sz§ Water Temperature on the
Marine Biota of the St Lucie Plant Area" addressed the lmpact of the

St Lucie Unit | wye-port diffuser and a 32°F plant temperature rise on
Atlantic Gcean biota. This report incorporated results of thermal plume
modeling conducted by Envirusphere Company, ecological monitoring performed
by ABI and results of thermal bicassays reported in the literature., Be-
cause the St Lucie Unit 2 multiport diffuser will provide greater dilution
of the thermal plume than does the St Lucie Unit | wye-port diffuser, ABI's
conc lusions are considered conservative as applied to St Lucie Unit- 2 im-

pacts,

A summary of thermal bloassay, preference, and avoidance work applicable
to St Lucie Unit 2 impact assessment is given in Table 5.1-17. Thermal
tests conducted in laboratory facilities establish specific organism
temperature tolerances. However, these tests generally record tolerance
to increased temperatures for extended periods (e.g. 24, 4§, or 96 hour
exposure) and, generally, preclude avoidance behavior. As such, these
reported temperature tolerances do not reflect exposure regimes that en—
trained organisms would encounter in the St Lucie Unit 2 plume.

In the case of St Lucie Unit 2, physical modeling indicates that an or-
ganism entrained into the thermal plume during September (worst case
conditions) at the point ot dlBChalge would be exposed to a cumulative
bgosure of two seconds at 107°F; 7 seconds at 97°F; 2I seconds at

F and 85 minutes at 89°F (travel time along the plume center line,
Table 5.1-5) before reaching water ambient ocean temperatures (87°F).
Therefore exposure to potentially stressful temperatures lasts for less
than one minute, Similarly, exposure duration along the plume center-
lines from St Lucie Unit 1 through Unit 2, to the 2 F isotherm, would
be 188 minutes (from Table 5.1-14, 6 seconds at 107°F; 15 seconds at
97°F; 7.7 minutes at 92 'F), Thus, the1ma1 bioassay data may overesti-
mate impact., Also, exposure to water 2°F sbove average ambient tempera-

"ture is within the(Egglm of natural temperature variation offshore of

Hutchinson Island.

5.1.3,2.1 * Effects on Benthos, Plankton and Fish

The thermual plume from St Lucie Unit 2 rises rapidly from the discharge
diffuser, resulting in little plume contact or scouring of the benthic
substrate (Figure 5,i-1). Therefore, it is assumed that the plume will
not affect the benthic biota, :

5.1-15 Amendment No. 2, (6/81)
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Thermal tolerances of plankton species resident in the St Lucie area which

are available in the literature (Table 5.1-17) suggest that the brief ex-
posures (less than 8 minutes) to increased temperatures will result -in
negligible effects. The temperatures inducing optimum growth and abundgnce
for phyt apkt ecies, indigenous to the St Lucie area range from 77 F
to 9?0; ?Bé,2§,38,§g,§§,§4} coinciding with temperatures which occur

during periods of observ?gsTa§imum cell density and productivity (Table
2.2-7). Work by Ukeles indicates that temperatures exceedingaz)

'102°F completely inhibit growth of marine diatoms. Saks and Lee

found that chronic exposure to temperatures of 102 F resulted in zero.

percent survival of 12 species of salt marsh epiphyges. Recorded upper
i : (

lethal tempefﬁsg?es foizﬁgveral dlagaeﬁgyere. 84.2 F (Chaetoceros

laciniosus) 5 93,2 and 9?3§)F (Skeletonema costatum) ;
and 95 F (Nitzscia acicularis) . No instantaneous thermal maxima

are available for phytoplankton species found in the St Lucie area. How-
ever results for other tropical species, exposure duration models for St
Lucie plumes, and empircal results suggest that impact on phytoplankton
should be insignificant. ‘

Studies conducted at utility sites in Florida suggest that zooplankton
are comparatively'toler?gs)to thermal stress resulting from plume entrain-

ment. Reeve and Casper showed that at ambient temperatures of 85°F
Acartia tonsa exhibiged less th 8 5 percent mortality following a six
hour exposure to 96.8"p, Adlen noted that mortality of virtually

all species tested from the Crystal River Estuary increased significantly
at temperatures in excess of 95°F, Thermal tolerance data for some
shrimp species which have meroplanktonic (larval) life stages (Penaeus -
aztecus and Bé setiferus) also indicate that brief exposure to tempera-
tures above 95 F should not cause significant mortality. For example,

24 hour LTS50's for P. aztecus post larvae ranged from 97.3 to 100.90F,
Qﬁgsnding on accliﬁgfion temperature in studies conducted by Wiesepape

Observed thermal tolerance ranges from ichthyoplankton found of f Hutchinson
Island are quite variable (Table 5.1-17). Also, due to seasonal spawning
and developmental patterns, some ichthyoplankton species will ngt encounter
worst case conditions in which ambient ocean temperatures- of 37 F and
maximum plume temperature of 105°F occur . ,

Temperature ranges of ichthyoplankton observed empirically at St Lucie
N o . . / .

range from 32 F (menhaden larvae) to 95 F (silverside prejunveniles).

The lowest 96 hour LTS50 reported for a St Lucie area species was 79.5°F

(mullet embryo). The highest thermal tolerance reported for a 96 hour

LT50 was 97.2°F (pompano juveniles). Very short-term thermal maxima

data which would be applicable to plume entrainment exposure durations at

3t Lucie are apparently not available for the species concerned. - Some

ichthyoplankton mortality will occur as a result of this additional stress

in the fishes early life history, but it is unlikely that this stress

will be significant in relation to other sources of mortality.

Operation of St Lucie Unit 2 should not have a signifiéant'impactvon fish.
A number of studies have suggested that adult fish(ggt;ge¥%_9¥oéa)areas
where water temperat?5§s75§ach lethal temperatures 210 08 L

3

Gallaway and Strawn, observed avoidance behavior of gulf menhaden

S

5.1-16



"and bay anchovy within a temperature range of 86 to 91%%

SL2-ER-OL

It is expected
that most of the fish offshore St Lucie would avoid the plume during the
warmest months of the year. For the situation studied in this report, some
25.5 acre~-feet could be so affected by the interaction of St Lucie Units

1l and 2 plumes if flsh avoid temperatures exceeding 92° F (sum of volumes

at zoop 10 F, and 5 ®F on line 4 of Table 5.1~ 11). Attraction of

fish durlnb other seasons should not present a potential for cold shock

if both generating units shut down (unlikely), nor should the area affected

"by the plumes be considered to represent a significant influence with re-

spect to fish behavior or life functions dependent on such behavior.
5.1.3.2.2 Effects on Marine Turtles

Variations in ambient water temperatures have been associated with changes
in the timing of sea turtle nesting activity and nesting rates. During all
four study years, the nest1n§ season began when maximum ocean temperatures
ranged between 71.6 and 76,1 F (Figure 5.1-17). A positive relationship
between rising water temperatures and increased nesting activity was ob-
served at the onset of each nesting season at Hutchinson Island (Figure
5.1-17). Nesting and nesting crawl activity levels increased until June.
or July and then declined, despite generally rising water temperatures,
through the remainder of the nesting season. In 1973, cooler ocean tem-
peratures may have partially inhibited nesting until July, when the

waters warmed and a great influx of nesting females was observed. In
contrast, increased nesting activity was observed during the early nesting
season periods of 1975 and 1977, when ambient ocean temperatures were
warmer than those in the other years of observation.

while the peak period of nesting appears to be related to temperature,
there is no evidence that higher temperatures caused by the operation

of St Lucie Unit 1 has caused premature nesting. Many reptiles require
interaction between photoperiod and temperature which may preclude nesting
until minimal requirements of both factors are present.

The volume of St Lucie Unit 1 and Unit 2 discharge plumes that will exceed
9°F in March and April immediately prior to normal nesting will not ex-
ceed 1900 acre-ft. This water mass will be located primarily in the water
column immediately above the point of discharge and will have a velocity

‘of about 14 ft/sec coming from the multiport diffusers. These conditions

are not expected to influence the onset of turtle nesting or nesting be-
havior, Turtles encountering the thermal plume would move to waters of
ambient temperatures for Feeding., Hatchling turtles leaving the beach in
the vicinity of the thermal plume may be exposed to elevated temperatures
but the combination of currents and swimming activity should enable them
to 1eave the plume area without excessive stress.

The discharge p1pe will be buried below the sea Eloor, and will not 1impede

turtle movement since they will be able to swim between the vertical risers
and 'discharge jets. :

5.1-17
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5.1.4 OTHER EFFECTS OF HEAT DISSIPATION SYSTEM

Re-evaluation of potential fogging over the St Lucie Plant discharge canal,
based on a condenser rise of 32 F, site specific meteorological data
(Dec 1976 to Nov 1977) and actual intake water temperatures (Dec l?gé\

to Nov- 1977), has shown a low occurrence of fogging for all months .
However, the probability of St Lucie Unit 2 operation at 32°F during

these months is extremely low.

Ten hours of fog, which p:oduded‘visibiiity of less than 50 m, were
predicted for the entire year. Seven hours were predicted for January
1977 and three hours were predicted for -December 1976, No cases of natural

fog were predicted during these occasions.

Because of the low incidence of fog predictéd over the discharge canal,

the vccurrence of fog in the Atlantic Ocean, resulting from the operation

of St Lucie Unit 2, is considered to be very low. This reflects the much
lower surface water temperatures produced by discharge from the St Lucie
Unit 2 multiport diffuser, :

5.1~-18
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TABLE 5.1-~1

IN SEMI-INFINITE SHALLOW WATER®

TYPE OF (a) L(b) (c) (d) (e)
- DIFFUSER ALTERNATING COFLOWING TEE OBLIQUE STAGED**
Receiving
Water
Current . (SR
+V
—) '
) .
Net Offshore No No Yes Yes Yes -
Momentum 4 :
Low
Speed Poor Good Good Good Fair
2 .
E - Moderate
3 § Speed Poor Good Fair Good Good
i
M| o
‘3 § High
213l speed Fair Good Poor Fair Good
I
s Low
3 Speed Poor Fair Good Fair Fair
8 -
o2 1oderate _
4l 3] Speed © Poor Poor Fair Poor “Good
K
¢l 4 nigh _
&l A  Speed Fair Poor Poor Poor Good

l

From Reference 10,

Staged or off-shore angled diffuser.
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TABLE 5.1-2

CCEAN DISCHARGE PIPELINE FLOW DISTRIBUTION

Discharge  Dbischarge - Heat Dis- | Unic 1% Unit 2%= , Flowss

Flow Temp Rise - charge Rais Discharge Fiow Velocity Fristion Discharge Flow Velocity Friction  Head Variation

(cfs) 7 (B:u/h_xlo') (cfe) (£ps) factor (cfs) (ips) . dfactor (£2) (percent)

2003 32 14 941 10.65 0.013 1062 13.11 0.015 4.4 18.9 to 8.4
2003 32 14 ) 836 '9.46 0.030 1167 14.40 0.015 5.1 27.9 to 0.6
2003, 32 14 ¢ 766 8.67 0.045 1237 15.27 0.015 5.7 34 to 6.6
2003, 32 14 1001.5 11.33 0.013 1001.5 12.36 0.030 5.0 13.7

2003 32 14 J052 11.90 0.015 951 11.74 '0.045 5.5 2.3 to 18
}770% 32 12.25 830 9.39 0.015 949 11.60 0.015 5.5 9.3 to 18
17704 32 12.25 745 8.43 0.030 1025 12.65 0.015 4.0 35.8 to 11.6
17708 32 12.25 680 1.7 0.045 1090 13.45 0.015 4.5 41.4 to 6.0
1770¢ 32 12.25 880 © 9.96 0.015 890 10.99 0.030 3.8 24.1 to 23.2
17702 32 : 12.25 934 10.57 0.013 836 10.32 0.045 4.3 19.5 to 27.9 2
2290 28 1% 1065 12.05 0.013 1225 15.12 0.015 5.7 8.2 to 5.6
2290, 28 14 956 10.82 0.030 - 133 16.47 0.015 6.7 17.6 to 15
2290 28 14 886 10.02 0.043 1404 17.33 0.015 7.5 23.6 to 21.0
2290 28 14 1145 12.95 0.015 1145 14.13 0.030 6.6 1.3 .
2290" . 28 14 1215 13.75 0.015 1075 13.27 0.045 7.3 4.7 to 7.3

* -
w12 Dfame:er
16’ Dirmeter
# Refers to 7-pump operation (one waterbox out of service). -
f# With respect to a base flow of 1160 cfs per unit.
Test cases for plume evaluation.
- Elevation difference between ocean and.discharge canal.

(18/9) ‘T ‘oN uswpudwy
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TABLE 5.1-3

FREQUENCY DISTRIBUTION OF LONGSHORE CURRENT
SPEED AND DIRECTION AT THE ST LUCIE SITE

Current Speed Southward - Quadrant Northward Quadrant
Group (ft/sec) ~ Frequency (%) Cumulative Frequency (%) Cumulative
0.0 - 0,1 0.06 0.06 0.44 0.44
0.1 - 0.2 0.33 0.39 0.52 0.96
0.2 - 0.3 0,76 I.15 0.22 1.78
0.3 - 0.4 0.97 2.12 0.97 2,75
0.4 - 0.5 3.27 5.39 3.92 6.67
0.5 - 0.6 3.25 B.64 3.68 10,35
0.6 ~ 0,7 4,)1 12,75 5.57 15.92
0.7 ~ 0.8 4,28 ‘ 17.03 - 6.49 22.41
6.8 - 0.9 .5.65 22.68 8.65 31.06
0.9~ 1,0 3.27 25,95 5.61 36,67
1.0~ Hl 3.66 29.61 4,99 41,66
1.1~ 1.2 2,22 31.83 3.48 45,14
1.2 - 1.3 .19 33,02 1.69 ~ 46,83
1.3 - 1.4 0.58 33.60 1.05 47.88
Y.4 - 1.5 0.36 33.96 0.48 T 48,36
1.5~ 1.6 0.20 34,16 0.27 48.63
1.6 = 1.7 0,12 34,28 0.24 48.87
b7 - 1.8 0.17 34,45 n.20 49,07
1.8 - 1.9 0.03 - 34.48 0.14 49,21
1,9 ~ 2.0

0.08 34,56 0.19 49.40
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TABLE 5.1-4 .

ST LUCIE UNIT 2: - SUBSURFACE JET CHARACTERISTICS

. . Max Surfacg Ave Distance to Reach + . Jet Trajectory Jet Velocity at
Discharge Discharge Temp.Rise ('F) 17°F Above Ambient (£t) Length {(fr) the Surface (fps)
4Test Flow Temp Rise Southward Notthward Southward Northward - Southward Northward Southward Northward
No. (cfs) (°r) Stagnant _ Current Current  Stagnant Curreat Currént ‘Stagnant _ Current Current  Stagnant Current Current
1 1001.5 32 4.4 2.9 2.7 15.6 13.4 13.2 10] 91 87 2.7 1.9 1.8
2 951 32 4.6 3.0 2.7 15.6 13.4 13.2 98 38 86 2.6 1.9 1.8
3 1090 32. 4.3 2.8 2.6 15.6 13.4 13.2 106 95 93 2.7 2.0 1.8
4 . 836 32 4.9 3.2 2.9 15.6 . 13.4 - 13.2 91 83 81 2.6 1.9 1.8
5 1145 28 3.5 2.3 2.1 13.5 12.0 12.0 114 100 96 2.6 1.9 1.7
6 1404 28 3.1 2.1 1.9 13.5 12.0 12.0 130 109 105 2.7 1.9 1.8
7 1075 - 28 3.5 2.4 2.2 13.5 12.0 12.0 110 - 98 93 2.5 1.8 1.7

Note:
(1) Ambient ocean temperature = 87%.
(2) Jet characteristics shown are for the offshore port omly.
Distance computed along centerlinevof discharge, which is oriented 25° from the

diffuser centerline. To determine the distance to the 17°F isotherm normal to
the diffuser centerline, multiply the distance given by sin 25°.
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TABLE 5.1-5

ST LUCIE UNIT 2: TRAVEL TIME ALONG PLUME CENTER LINE

Plume Travel Time

Stagnant Southward Current Northward Current

Discharge Discharge Up to Up to Up to Up to Upto Upto Upcto Up to Up to Upto Upto Upto

Test Flow  Temp Rise 10%F 5°F 2°F 20°F  10°F 5°F 2°F 20°F  10°F 5°F 2°F
No. (cfs) °r (se;) (sec) (sec) (min) (sec)  (sec) . (sec> (min) (sec)  (see) (sec) (min)
1 1001.5 32 6 19 70.5 24 12 1263 2 4 11 137.8

2 951 32 6 20 74.1 2 4 13 132.8 2 4 11 149.3
3 1090 32 5 18 66.2 2 4 11 115.3 1 3 10 118.0
4 "836 32 7 21 85.1 2 4 T 14 147.5 2 A 13 169.4
5 1145 28 4 14 42.0. 1 3 "9 55.5 1 3 8 28.1
6 1404 28 3 12 '32.5 1 S 2 7 18.4 1 2 6 0.5
7 1075 28 4 15 43.0 1.3 9 66.9 - 1 3 8 40.8
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TABLE 5.1-6

ST LUCIE UNIT 2: VOLUME ENCLOSED BY ISOTHERMS

Volume (acre~ft) Enclosed by Isotherms, and Max Temp Rises

] Discharge Discharge Stagnant Southward Current . Northward Current
Test Flow Temp Rise AT, AT* AT* .
No. (cfs) (°F) Max  20°F  10°F 5% 29 Max  20°% 10°¢ 5°F 29 Max  20°%F 10%F s9F 2%
1 1001.5 32 4.4 0.02 0.19 1.48 584 2.9 0.02 0.12 0.8 599 2.7 0.02 0.10 0.78 500
2 951 32 4.6 0.02 0.19 1.47 536 3.0 0.02 0.12 0.88 621 2.7 0.02 0.10 0.78 534
3 1090 32 4.3 0.02 0.19 1.51 590 2;8 6.0z 6.12 0.89 567 2.6 0.02 0.10° 0.79 435
4 836 32 4.9 0.02 Q.19 1.41 588 3.2 0.02 0.12 0.8 629 2.9 0.02 0.10 0.77 582
5 1145 28 3.5 . 0.02 0.12 1.04 314 2.3 0.02 0.08 0.60 170 2.1 0.02 0.07 0.53 85
6 1404 28 3.1 0.02 0.12 I.QS 290 2.1 0.02 0.08 0.61 86 1.9 0.02 0.07 0.53 8
7 1075 28 . 3.6 0.02 0.12 1.03 250 2.4 0.02 0.08 0.60 iOl 2.2 0.02 0.07 0.53 100

*Maximum surface temperature rise.
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TABLE 5.1-7

ST LUCIE UNIT 2: AREA OF ISOTHERMS

Area (acres) Enclosed by 2°F Isotherms
and Max Surface Temp Rises

Discharge Discharge Southward Northward

Test - Flow Temp Rise ' Stagnant _ Current Current
No. (cfs) ("F) AT* Max Area AT¥* Max Area AT* Max Area
1 1001.5 132 4.4 273 2.9 825 2.7 528
2 951 ' 32 4.6 , 285 3.0 872 2.7 589
.3 1090 32_ 4.3 | 258 2.8 739 2.6 427
4 836 : 32 ' 4.9 294 3.2 963 ‘ 2.9 720
5 1145 28 3.5 . | 172 2.3 175 2.1 28
6 1404 28 3.1 133 2.1 21 L9 0
7 1075 28 3.6 192 2.4 226 2.2 .53

*Maximum surface temperature rise.
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‘TABLE 5.1-8 N ~

ST LUCIE UNIT l: SUBSURFACE JET CHARACTERISTICS

Jet

, ‘Max Jet Velocity
Discharge Discharge - Surface Trajectory at

Test Flow Temg Rise ' Temp Rise Length the Surface
No. (cfs) (®» ¢ (£¢) (£ps)
8 1001.5 32 8.1 130 3.9

9 1052 32 7.9 134 4.0
10 680 32 9.7 - 110 3.5
11 934 .32 8.4 126 3.8
12 1145 28 6.4 144 3.9
13 886 28 7.3 127 3.6
14 1215 - 28 6.2 149 3.9
Notes: (1) Ambient ocean temperature = 37°F.

(2) Subsurface jet characteristics remain essentially unaltered
under stagnant, southward and northward ocean current con-
ditions. '
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TABLE 5.1-9

ST LUCIE UNIT l: TRAVEL TIME ALONG PLUME CENTERLINE
: UNDER STAGNANT OCEAN CONDITIONS

Plume Travel Time

Max

. Discharge Discharge Surface Up to Up to Up to Up to

Test Flow Temp Rise Temg Rise 20°F 10°F SQF 2%
No. (cfs) (?F\ (F) {sec) (gee) (min)  (min)
8 1001.5 32 8.1 6 14 7.3 5%.2
9 1052 : 32 7.9 6 13 7.0 56,2
10 680 32 9.7 8 19 9.5 75.9
11 934 32 8.4 6 15 7.7 61.5
12 1145 - 28 6.4 5 10 4.2 39.1
13 886 28 7.3 6 11 5.8 48.1
14 1215 ' 28 6.2 4 10 3.8 37.3
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TABLE 5.1-10

ST LUCIE UNIT 1: VOLUME ENCLOSED BY ISOTHERMS
UNDER STAGNANT OCEAN CONDITIONS

Volume (acre—ft) Enclosed by Isotherms

Max Sur-
- Discharge Discharge  face

Test Flow Temp Rise Temp Rise o o o
No. _ (&fs) . Cp 20 10°F 5°F 2%
8 1001.5° 32 8.1 0.12 0.51 23.1 542
9 = 1852 32 7.9 0.12 0.51 22,8 550
10 680 32 9.7 0.12 0.49 22.6 469
11 934 32 8.4 0.12 0.51 23.3 531
12 1145 28 6.4 0,09 0.37 10.9 ~ 369
13 886 28 7.3 0.09  0.37 13.0 343
14 1215 28 6.2 0.09 0.37 10.2 372
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TABLE 5,1-11

ST LUCIE UNITS 1 and 2: VOLUME ENCLOSED BY ISOTHERMS
UNDER STAGNANT OCEAN CONDITIONS

Yolume (acre-ft) Enclosed by Isotherms

Discharge Discharge

Test Flow ‘Temp Rise
No. (cfs) (°r) 20°*  10°F  5°F 2°F
15 2003 32 0.14 0.70 24.6 1701
16 2003 32 0.14 0.70 24.3 1839
17 1770 32 0.14 0.68 24,1 1673
18 1770 - 32 0.14 0.70 24.7 1721
19 2290 28 0.11 0.50 11,9 963
20 2290 28 0.11 - 0.50 14.1 873
0.11 0.50 11.2 932

21 2290 28
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TABLE 5.1-12

ST LUCIE UNIT l: AREA OF ISOTHERMS UNDER STAGNANT OGEAN CONDITIONS

Area (acres) Enclosed by Isotherms

Discharge Discharge Max Surface
Test Flow Temp Rise Temp Rise

No. (cfs) (°F) °r) 5% 2%
8 1001.5 32 8.1 146 270
9 1052 32 7.9 14,0 268
10 680 32 9.7 18.3 284
11 934 32 8.4 15.8 274
12 1145 28 6.4 4.9 173
13 886 28 7.3 8.2 188

14 1215 28 6.2 4,1 171
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TABLE 5.1-13

ST LUCIE UNITS 1 and 2: AREA OF 1SOTHERMS UNDER STAGNANT QCEAN
CONDITIONS ‘

Areas (acres) Enclosed by Isotherms

Discharge Discharge

Test Flow Temp Rise .
No. (cfs) (°F) 5%F , 2°F
15 2003 32 14.6 644
16 2003 - 32 14.0 605
17 1770 32 18.3 677
18 1770 32 15.6 660
19 2290 28 4.9 405
20 2290 28 8.2 353
21 2290 28 4.1 422
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TABLE 5.1~14

ST LUCIE UNITS 1 AND 2: TRAVEL TIME ALONG THE PLUME CENTER LINES
UNDER STAGNANT OCEAN CONDITIONS

Travel Time

Discharge DischaFge' Upoto Upoto 'Ug to Ug to

Test Flow - Temg Rise 20°F 10°F § F ? F

No. (cfs) (°F) (sec) (sec) (min) (min)
15 2003 32 6 14 7.3 165
16 2003 32 6 13 7.0 172
17 1770 | 32 8 19 9.5 193
18 1770 32 6 15 7.7 188
19 2290 28 5 '10 4.2 104
20 2290 28 6 13 5.8 98

21 2290 28 4 10 3.8 95
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TABLE 5.1-135

PERCENTAGE LOSS ESTIMATES OF FISH LARVAL ENTRAINMENT BASED ON
PLANT OPERATING AND ICHTHYOPLANKTON SAMPLING STATISTICS
" ST LUCIE PLANT
1976, 1977 AND 1978

(a) Percentage loss (mean depth-9.2m) Percentage loss (mean depth—3.0m)
Variables oC oC . Co oC
Year Caregory C C Q ¢ m P £ 1 P =} P g1 P =1
' T P r P c c T ¢
r r r r
1976 eggs 3.848 1.259 S474[1785] '32.36 1.0 0.19 0.59 0:59 1.81
larvae 0.205 0.041 5474[1785] 32.36 1.0 1.07 0.59 3.29 1.81
1977 egzs. . 0.429 0.366 54741785} 32,36 1.0 0.50 0.59 1.55 1.81
: larvae 1.345 0.028 5474[1785) 32.36 1.0 0.01 0.59 0.04 1.81
1978(b) eggs 2.709 1.503 5474(1785] 32.36 1.0 0.40 0.59 . 1.23 .8
larvae 0.421 0.087 5474[1785] 32.36 1.0 0.15 0.59 0.47 1.81
aCr = Geometric mean concentration of organisms per m3 (based on surface tows only) in offshore areas (Stations O through 5).
Cp = Geometric mean concentration of organisms per m3 in the intake water (Station 11).
~Qr = Flow in m3 per gecond past the Blant, based on a cross—sectional area of 32,200m2; numbers in brackets are based on a
crogg~sectional area of 10,500m". -
QP = Warer flow in m3 per second through the plant intake, based on maximum recorded daily value.
m = Mortality rate of entrained organisms (assumed to be 100%, making o = 1.0).

= Mean numbers of eggs or larvae per m3 are calculated from data collected from 14 December 1977 through 28 November 1978.
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SUMMARY QF ST LUCIE UNIT | IMPINGEMENTI SAMPLING (MARCH 1976 — DECEMBER 1978)(])

1976 1977 1978

Days Sampled/Days on-line (%) " 457192 (23.4%) 97/339 (28.86%) 84/297 (28.3%) .
FINFISH (2) _ '
Mean Number Impinged/24 hours 351 223 92
Mean Weigh% Skg) Impinged/ : :
24 hours(? ' 1.2 2.7 1.2
Species' Relative Abundance (%) Anchovy: 54.4 Grunt: 5€.3 Anchovy: 18.2
Jack: 30.8 Anchovy: 28.0 Jack: 15.0
Remaining: <2.8% Mojarra: 6.7 Croaker: 14.5
: Jack: 4.7 Mo jarra: 12.5
‘Remaining: 2.9 Herring: 9.9
Grunt: 7.2
Remaining: <{3.8

Species’ Representative

Weight (%) ) Anchovy: 22.9 Jack:. 40.9 Jack: 20.7
Jack: 12.2 Grunt: 31.1 Mo jarra: 9.0
Grunt: 10.7 Mojarra: 3.7 Herring: 6.1
Remaining: ¢€5.8 Croaker: 3.6 Croaker: 5.0
Filefish: 3.4 Anchovy: 1.7
Anchovy: 3.1 ‘Remaining: (4.8
Remaining: <J.5 '

Peak Sampling Period October August December

Number Commercially-Important
Organisms Impinged

(Annual Total) 10 ' 76 37
SHELLFISH (2)
Mean Number Impinged/24 hours 72 72 101
Mean WeighEZSkg) Impinged/
24 hours 0.8 0.3 ' 0.5
Species' Relati§e,Abundance (%) Shrimp: 78.2 Shrimp: 88.7 Shrimp: 84.1
Blue Crab: 21.4 Blue Crab: 1J0.l Blue Crab: 15.€
Remaining: <0.4 Remaining: 0.8 Remaining: 0.2
Species’ Representative . . :
Weight () Blue Crab 75.3  Blue Crab 54.9 Shrimp: 53.3
: - Shrimp: 23.9 Shrimp: 42.1 Blue Crab: 44.8

Remaining: <0.7 Remaining: <2.3 Remaining: <1.7
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1976 : 1977 1978 <
Peak Sampling Period November August ' " December

(D

(2) Summarized from Annual Monitoring Reports, Applied Biology, Inc, 1977-1979.

Means for 1976/1977 data are arithmetic means; 1978 means are geometric.

*Each remaining taxon comprised no more of the sample than the percentage shown.
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THERMAL TOLERANCE DATA: ORGANISMS INDIGENOUS TO

Organism

HUTCHINSON ISLAND OFFSHORE ENVIRONMENT

Physiological
Response

Temperature (°F)

Reference

PHYTOPLANKTON

Nitzschia
sigma
Chaetoceros

laciniosus .

Skeletonema
cogtatum

Rhizosolenia

delicatula

§ye1etonema
costatum

Nitzschia
filiformis
various marine

diatoms

12 spp salt
marsh epi-
phytes

Nitzschia
acicularis

Gymnodinium
simplex

‘Prorocentrum

various marine
di atoms

Z0OPLANKTON

Acartia
tonsa

Acartia
tonsa

Optimal growth
Upper lethal
Upper lethal

(68°F acclimation)

Optimal growth

. Upper lethal

Optimal growth
Optimal abundance
Chronic exposure:

0% survival

Optimal growth
Depressed growth
Upper lethal

Optimal growth

Optimal growth

No growth

-Normal nauplii
development

{25% mortality

77

84,2

93.2

55.4

98.6

78
87.3 ~ 95.0
102,2

77
91.4
95

73;4 - 82‘4

77

>102

41 ~ 77

96,8 (6 hours) -

26
27
27
28
29
30
31
32

33

34

34

35

36
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TABLE 5.1-17  Sheet 2 of 5
Physiological o :
Organism Responge - Temperature ( F) Reference
Crystal River
estuary spp Increased mortality 95 . 38
Penaeus LTS0 (10,000 minutes) 95 ~ 96.8 39
aztecus LT50 (24 hour acclimation 97.3, 99.5, 100.,9

T = 75.2, 84.2, 93.29F)

P, setiferus LT50 (10,000 minutes; 96.8, 98.6 -39
acclimation T=84,2, 93.2°F)
LT50 (24 houréacclimation {00.9, 102.2
T=84.2, 93.2°F) ,

P, setiferus Good growth 89.6 . 40
P, aztecus No growth 95 40
MACROINVERTEBRATES

Puerto Rico Decreased species diversity 95 41

. benthic fauna Decreased biomass
o

Tampa Bay Restrictive to benthic 89.6~91 .4 42
fauna fauna .
Biscayne Bay Optimal temperature 78.8~82.4 43
fauna :
50% reduction in 95~102.2 43
representative species o
Phragmatopoma Optimal larval develop~ 75,2~78.8 44
lapidosa ment (to age 48 hrs)
: LT50 (48 hr exposure 85.1
from fertilization) -
No embryonic development 95
Biscayne Bay Upper instantaneous 99,5~104.9 45
ophiuroids lethal temperatures
ICHTHYOPLANKTON
Frog fish em— Observed temperature 70~-81 46
bryo, larvae range
Silverside Thermal tolerance 46-95 47,48
prejuvinels range
Silverside em~ Incipient lethal 82.4 o 49,50

bryos, larvae “(upper)



larvae
juveniles
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TABLE 5.1~17 Sheet 3 of 5
Physiological o
. Organism Response Temperature ("F) Reference

Jacks embryo Observed range 82.4 51
larvae

Menhaden larvae Observed range 32-77 52
Sardine larvae Thermal tolerance 79-92 53

range

Sheepshead Observed range 109.4 54
minnow

juvenile

Tarpon larvae Observed range 68~90 55,56

Bay anchovy Incipient lethal 82 53
larvae, embryo

Striped anchovy Incipient lethal 69.8 57
embryo '

Clingfish Optimal temperature 75 58
embryo

Neon goby Observed range 82.4 59
embryo

Code goby Observed range 59.9-87.8 60
embryo

Striped mullet  Thermal range 45,9~87.1 61
embryo, larvae :

Striped mullet Incipieﬁr lethal 89.6 57
larvae

Speckled worm Observed range 64.,4~75.2 62
eel larvae

French grunr Critical thermal max 96.8~100.4 63
juventiles

Spot post Critical thermal max 88 . 64
larvae~

juveniles

Pinfish post Critical thermal max 87.8 64



SL2-ER~OL

TABLE 5.1~-17

Physiological

Sheet 4 of 5

fishes

Decreased spp diversity

295

Organism Response Temperature (°F) Reference
Drum larvae Optimal larval develop~ 76 65
24~hour LT50 82~90
Menhaden Critical thermal maximum 85 66

Spot Critical thermal maximum 88
Pinfish Critical thermal maximum 88
FISH - SHELLFISH
Gray snapper Lower tolerance limit 52~57 67
Spot Observed range 34-96 68
Atlantic croaker Observed range 32~96
Mummi chog Upper lethal (10,000 97.4 - 69
minutes) . :
Incipient lethal 99.5 70
Mullet 96 hour TL50 98 71
" Pompano 96 hour TL50 97 71
Blue crab 96 hour TL50 98
" Menhaden Incipient lethal 91.4 72
Bay anchovy Observed ranged 47-91 73
Clingfisl Incipient lethal 88 58
Crested goby Observed range 81~82 74
Atlantic 61~190% increase in increases over ambient 75
mackerel gwim 8peed
Bluefish Tautog
Tropical marine Observed range 88~90 57
fishes Maximum survival temperature 95
Boney fishes Upper lethal 100 76
Sharks/rays Upper lethal 86
Marine fishes No large or diverse ">95 77
populations
Galveston Bay Observed range 91~95 78,79



-

Increased swimming speed

>85
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TABLE 5.,1~17 Sheet 5 of 5
Physiological :
Organism Response Temperature (°F) Reference
Atlantic _Occurrence, 99
croaker, Sea )
‘cat fish
Striped mullet  Occurrence | 04 78,79
Gulf menhaden, Avoidance behavior 86-91 78,79
Bay anchovy
Sea catfish Occasional mortality 78,79
Gulf menhaden
King mackerel Minimum of range 68 80
Spanish Ripening of gonads 72 8l
mackerel Spawning 78
Bluefish Preferred thermal range 66~72 82
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2.4 HYDROLOGY

2,4.1 INTRODUCTION

The Atlantic Ocean, to the east of the site (Figure 2.1-1), will provide most
of the water required for plant operation. In addition, the St Lucie plant
dissipates waste heat and discharges liquid wastes, after treatment, to

that body of water (see Sections 3.4, 3.5, 3.6 and 3.7). This section
describes surface water hydrology, ground water hydrology and surface water
quality characteristics. '

2.4.2 SURFACE WATER HYDROLOGY
2.4.2.1 " Bathymetry

As shown in Figure 2.1-1, the Hutchinson Island shoreline and nearshore
bathzmetry to -30 ft Mean Low Water (MLW) are oriented along a NNW-SSE
(340~ - 160° ) line. The nearshore ocean bottom slopes at a one on 80

gradient to about -35 ft MLW for approxxmately 0.5 miles before rising to
Pierce Shoal (~-21 ft MLW).

A slight trough with depths of nearly -50 ft MLW separates Pierce Shoal from
the northward extension of St Lucie Shoal, which is five miles seaward of
the coastline. Across the coastal shelf to the -120 MLW contour, the
overall slope is gentle, approxlmately one on 600. At about 12 miles off-
shore, the sea floor slope increases to one to 100, reaching the ~G600 ft

MLW contour approximately 18 miles east of Hutchinson Island. Bathymetric

profiles across the coastal shelf off Hutchinson Island are shown in Figure
2.4~1.

2.4.2.2 Ocean Tides

Tidal analyses by the National Qcean Survey for several locations near the St

Lucie plant are referenced to the( §arest primary control station which is

Miami, Florida. Published datums are referred to local Mean Low Water
(MLW), although all datums can be reduced to the National Geodetic Vertical
Datum which is accepted as Mean Sea Level (MSL). A time series of semi-
diurnal high and low tides is shown in Figure 2.4-2,

At Miami Beach, the mean range between high and low tides is 2.5 feet, and
the spring range (average semi-monthly new and full moon tide) is 3.0 feet.
Tide ranges increase northward to 2.8 and 3.% feet, respectively, at Palm
Beach and 3.5 and 4.1 feet at Cape Canavarel

For tides monitored at Vero Beach (the temporary subordinate station
nearest the St Lucie site), mean tidal range is 3.4 feet. A short interval
record for October, 1972, indicates that the mean range is 3.0 feet at
Seminole Shores, about 11 miles south of the plant site (unpublished
records of the National Ocean Survey). The largest astronomical tide range

should be approximately 5.0 feet bai%g on maximum-mean ratio of solar and
lunar tractive forces of 13 to nine

2.4-1
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A tide monitoring program was undertaken at the site by Florida Power &

Light Company from May 1976 to May 1977. For the full year of measure- .
ments, a mean tidal range of 3.28 feet was determined. A comparison of

these site specific measurements to corresponding predicted tides resulted

in a standard deviation between 0.3 and 0.4 feet, This difference in tidal

range reflects meteorological factors.

2.4.2.3 Surface Currents

Surface water circulation in the nearshore region of the St Lucie site is

of the combined wind ‘driven and rotary tidal current type. The Florida
Current, a branc?3?f-the Gulf Stream System, is found offshore, beyond the
300 foot contour . .The rotary tidal current continuously changes direc-
tion through 360 degrees during a 12.4 hour cycle. However, near a shoreline
boundary the rotary characteristic is deformed into an elliptical pattern
with an ebb and flood flow alongshore.

Wind driven currents are directly related to wind direction and intensity,
although near the shoreline the surface current is deflected into a long-
shore direction depending on the angle of the wind to the shoreline. Be-
cause.of the variability of local winds at the site, current patterns will
change frequently with changes in weather patterns.

To describe currents at the St Luclie site, a monitoring program was
conducted from September, 1973 to May 1975 (See Section 6.1.1). Current
speed and direction were measured in 32 feet of water about 2000 feet from
shore in the area of the discharge location. Current data wefz)analyzed
for the frequency distribution of current speed and direction .

Directional frequency distribution of the nearshore current shows a
bimodal annual distribution with a prevailing flow oriented 335 degrees
and a secondary flow toward 165 degrees. These directions are nearly
parallel to the coastline. As shown in Tables 2.4-1 and 2.4-2, respec-
tively, the prevailing direction is within the 300-360 degree sector about
49 percent of the time at the surface and 32 percent near the bottom. In
the secondary 120-180 degree sector, the respective occurrence frequencies
are nearly 23 and 24 percent. Onshore flow within the 210-270 degree sec-
“tor occurs less than eight percent of the time. Seasonal differences in
the bimodal distribution of current direction are represented by the July
and October profiles-shown as Figure 2.4-3.

Average current speed is 0.74 fps near the surface and decreases to

0.54 fps close to the bottom. About 33 percent of bottom currents are
less than 0.4 .fps, which is the upper limit for tidal currents in open
waters off Florida (Tables 2.4-3 and 2.4~4). The 50th percentile speed
near the bottom is 0.4 fps, which suggests that at least half of all
nearshore flows are caused by wind driven currents. Current speed ranged
from near zero to more than 1.6 fps. Approximately ten percent of all
current speeds measured exceeded 1.0 fps at the surface and less than
three percent exceeded 1.6 fps.

2.4-2
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Summertime flow appears to be weaker than during other seasons as indicated
by the modal frequency of lower current speed during July, in comparison to
October (Figure 2.4-4). When wind speed is light, the wind driven current
becomes negligible, and the semidiurnal tidal current becomes more
apparent,

Additional current data acquired at the St Lucie site in March - April,
1977, confirmed the prevailing longshore flow that was recngnized in the
earlier monitoring program. However, lower current speeds for onshore flow
indicate that the earlier measurements may include a wave motion component.
The current rose in Figure 2.4-5 shows current direction and speed dlstrl-
bution mnnitored for ten days in 1977,

2.4.3 GROUNDWATER

The groundwater regime of the St Lucie site and surrounding region has

been described in Section 2.5 of the St Lucie Unit 2 Environmental Report -
Construction Permit. The Final Environmental Statement Related to Con-
struction of 8t Lucie Plant Unit 2 discusses groundwater at the site,.

2.4.4 SURFACE WATER QUALITY

Wnorth and Hollinger(s), and Applied Bialogy Inc,(6’7’8) have reported
surface water quality data from the St Lucie site. The majority of the
data presented are from Atlantic Ocean coastal waters off Hutchinson
Island, near the St Lucie site. Details of the water quality sampling pro-
grams are noted in Section 6.1.4. Figure 2.4-6 shows the locations of -
water quality sampling Stations 0 through 5.

A number of physical and chemical parameters are reported, including
temperature, salinity, dissalved oxygen, and dissnlved inorganic nutrients
(nitrogen, phosphorus, and silicon)., The physical aud chemical data
nbtained in the?g §tggiea from the siz offshore stations sampled by
Applied Biology are summavized in Table 2.4~5. The ranges of
concentrations of several water quality parameters investigated for the
Indian River in the summer of 1974 are presented in Table 2.4-6.

2.4.4.1 Temperature

Sea water temperatures reported in these studies range from about }5 to

32 C. The mean temperature for all stations and depths repnrted is about
25°¢. Figure 2.4-7 illustrates the seasonal variation in temperature from
September, 1971 through 1978, at Station 2 which is representative of the
offshnre stations. Additional daily monitoring of temperature at a loca-

tion near Station 1 has been performed by FP&L, and is reported by Worth

and Holllnger(S), and Applied Biolngy 6,7,8)

2.4.4,2 Salinitz

‘The average salinity of the Atlantic Ocean off Hutchinsnn Island is about

35.5 parzg)per thousand(ppt). A range from 33,0 to 38.5 ppt has been
reported ; however, most values fall between 34.0 and 36.0 ppt. In
general, salinity is low during fall and winter, and increases to a seasnnal

2,4-3
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for thie Atlantic Ccean at Canova Beach, Florida, 5C milcs north of the plant
site, indicated that mean salinity values are highest in May at 36.6 ppt, and
lowest in November at 35.4 ppt. The wider range in values observed at the
plant site are probably due to the effects of the Fort Pierce and St Lucie
Inlets, int(giions of Gulf Stream water, and current effects created by the
Gulf Stream .

maximum during the summer. Data reported by the US Coast and Geodctic Survey'

2.4.4.3 Dissolved Oxygen

Typical dissolved oxygen levels in the area range between five and eight
mg/l. Almost all observations fall in the range of four to eight mg/l,
although extremes of 3.2 and 10.3 mg/1l have been observed. Table 2.4-7
illustrates the distribution of dissolved oxygen values for the six off-
sliore stations. About 50 percent of the values observed range between six
and seven mg/l. Of all values reported, 5.9 percent were below five mg/l,
and 1.7 percent were above eight mg/l. The mean seasonal distribution of
dissolved oxygen for all stations is presented in Figure 2.4-8. The
monthly means vary from 5.9 mg/l in August, to 6.9 mg/l in February. All
months, with the exception of August, have mean dissolved oxygen levels in
excess of six mg/l.

The very low dissolved oxygen concentrations (less than four mg/l) observed

in July, August and September 1972 coincided with decreased water temper-

ature, increased phosphate levels and low phytoplankton density. These

phenomena are characteristic of an upwelling of deep waters, which are

typically relatively cool, nutrient rich, and oxygen depleted (see Section

2.7 of the St Lucie Unit 2 Environmental Report - Construction Permit). .

2.4.4.4 Nutrients

Nutrieut levels are generally low. Total dissolved inorganic nitrogen
(the sum of nitrate, nitrite, and ammonia) averages from about 0.03 to
0.1 mg/l as N. Dissolved silica averages 0.2 to 0.3 mg/l as Si. The
‘'values reported for dissolved phosphat%sihow considerable disparity.
Values reported by Worth and Hollinger for the period 1971-1?837 8)
average about 0.15 mg/l as P. However, in the more recent data '°’
for 1976, 1977 and 1978, phosphate levels rarely exceed 0.0l mg/}! as P
(Table 2.4-5).

Nutrient concentrations measured at the St Lucie site show no clear
seasonal patterns. Nitrate and nitrite tend to peak in spring and fall.
Ammonia peaks occur in summer or fall. Silica levels tend to peak in
summer. No seasonal trends in phosphate levels are apparent. In general,
no statistically significant variation between stations was observed for
the chemical parameters measured, indicating that the coastal area
investigated is well mixed. )
Significant temporal variation was observed. Worth and Hollinger(S)
attribute this variation to the tidal exchange between the estuarine,
nutrient rich water of the Indian River and the generally low nutrient
coastal water. Intrusion of Gulf Stream water was also observed during

summer months. .

2.4-4
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2.4.4.5 ' Conclusions

The water quality of the nearshore coastal environment at the plant

site reflects the interrelation of physical, chemical, and biological
effects. Water circulation patterns, including tidal effects, rainfall,
flows from the St Lucie and ¥Fort Pierce inlets, upwellings, and possible
Gulf Stream intrusions, appear to have a dominant effect on water quality
at the St Lucie site.

Nutrient concentrations in coastal environments show considerable variation
from site to site. Table 2.4-8 illustrates the range in nuE§}ent‘values
for c??SSal waters in(fgsveys reported by Riley and Skirrow » Sverdrup,
et al and Raymont . With the exception of the ?%sh phosphorus
levels (~0.15 mg P/l) reported by Worth and Hollinger for the period
1971-73, the nutrient values typically observed at the site are generally
low and are well within the ranges reported for coastal oceans (see Table
2.4-5). Atypically high nutrient values were observed in isolated instan-
ces,

2-4"5 .
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TABLE 2.4-1

FREQUENCY DISTRIBUTION OF SURFACE CURRENT DIRECTION
MONTHLY AND ANNUAL AVERAGES WITHIN 30 DEGREE SECTORS
: (PERCENT)

Month - . .
1974 0G0-030 030-060 060-090 090-120 120~150 150-180 1680—-210  210-240 240~270 270-300 300-330 330-360

Jan 12.6 6.2 3.4 4.2 0.9 3.0 4.5 2.2 4.0 5.7 18.5 32.7
" Feb 1.7 . 1.3 1.2 2.6 6.0 11.1 4.7 1.9 1.7 6.1 27.8 33.8
Mar 3.9 1e 1.5 4.0 10.6 16.8 9.6 2.2 0.9 3.4 12.4 33.1
Apr 3.7 1.0 1.3 2.2 9.0 15.0 5.5 1.8 2.1 7.6 2.7 - 26.4
May 4.7 1.5 1.4 1.1 5.1 7.4 1.9 1.9 1.9 7.5 27.8 37.9
Jun ' . ~Dacta Missing-~-
Jul 4.1 0.6 0.9 3.9 8.3 13.2 4.4 0.8 1.1 5.3 17.8 39.5
Aug 5.4 2.0 ‘ 1.5 5.8 16.9 14.0 5.1 2.1 2.1 4.0 19.0 21.7
. Sep 5.7 2.6 2.0 4.2 12.8 20.8 5.8 3.6 3.0 4.8 12.3 22.6
oct™ 4.3 3.4 3.1 6.6 16.7 22.8 10.5 . 6.4 6.0 5.4 8.1 6.5
Nov 4.2 3.3 1.8 2.7 11.4 18.1 7.9 3.4 2.4 3.3 16.3 - 27.4
Dec 4.3 23 L5 2.2 5.8 19.2 15.2 3.4 0.6 4.3 11.5 26.6
Annual
Average 5.0 2.2 1.9 3.3 9.0 13.9 6.5 2.3 2.0 5.2 18.6 30.2

. . ”° . - .
Annual average based on ten months data. 1973 measurements not included in annual average.
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'TABLE 2.4~2

FREQUENCY DISTRIBUTION OF BOTIOM CURRENT DIRECTION
MONTHLY AND ANNUAL AVERAGES WITHIN 30 DECREE SECTORS

{PERCENT)
Month - ’ - . '
1974 000-030 030-060 060-090  090-120 120-156 150-180  180-210  210-240  240-270 270-300  300-330  330-360
Jan 4.8 1.7 2.4 5.0 2.6 2.6 6.4 2.6 7.2 16.9 30.1 17.8
Feb™* 1.0 3.2 L2 1.3 2.2 8.7 33.1 1.7 1.3 2.2 4.3 29.9
Mar 3.0 6.0 1.6 7.2 8.3 9.0 6.6 4.0 4.9 10.2 18.2 21.0
Apr ’ 5.3 2.8 1.6 4.7 7.6 14.8 11.0 3.0 1.4 7.9 16.5 23.5
Hay 3.8 - 2.0 2.9 8.2 14.0 1.1 7.1 5.5 6.1 16.8 17.0 5.5
Jun -Data Missing~-
Jul 5.9 3.0 2.8 3.4 5.4 6.7 8.1 2.5 4.9 16.9 19.6 20.9
Aug 2.9 5.6 7.3 10.8 1.4 ' 11.2 10.0 6.3 6.6 8.9 8.9 10.2
Sep 2.5 3.6 2.8 6.0 9.8 . 18.3 9.8 5.8 6.8 7.4 15.1 12.1
Oct 2.3 . 1.7 2.4 5.3 15.6 21.2 10.8 3.0 3.1 7.6 16.5 10.4
Nov 3.1 2.0 3.0. 5.2 15.4 21.2 5.2 2.9 1.5 4.1 14.3 22.1
Dec 10.9 3.3 3.6 3 9.2 205 182 L1 10 3.0 7.6 161
Annual '
Average 4.5 3.8 3.0 6.2 9.9 13.7 9.3 3.7 4.6 - 10.0 16.3 16.0

* . .
Annual average based on ten months data. 1975 measuremeants not included in ananual average.



S EE S A TN a S S & 2am U o0 G G By R B e .

SL2-ER-OL
TABLE 2.54-3
FREQUENCY DISTRIBUTION OF SURFACE CURRERT SPEED

MONTHLY AND ANKNUAL AVERAGES WITHIN (.1 FPS INCREMENTS
(PERCENT)

Month .
1974 0.0-0.1 0.1-0.2 0.2-0.3 (.3-0.4 0.4-0.5 0.5-0.6 _0.6-0.7 0.7-0.8 0.8~0.9 0.9-1.0 1.0~-1.1 1.1-1.2 }1.2-1.3 1.3-1.4 1.4-1.5 1l.5-1.6 1.6

Jan G.1 0.7 2.8 4.4 13.8 9.9 15.7 16.6 14.3 6.9 7.7 4.0 - 0.7 1.0 0.4 0.2 0.9

Feb 0.4 1.4 1.7 3.3 12.3 6.9 13.5 16.3 12.9 11.0 10.4 5.3 1.5 1.2 6.4 0.15 1.4

Mat G.4 1.1 0.8 3.3 11.0 5.8 14.7 12.1 13.3 7.3 10.7 €.7 3.3 2.3 v.8 6.7 2.5

Apr .2 2.5 2.1 1.3 8.0 7.3 11.7 12.5 13.6 11.8 9.2 7.4 3.0 3.1 - 1.4 0.6 4.3

May u.6 1.4 2.3 2.3 4.8 7.5 7.2 9.5 21.0 12.3 §.3 8.0 4.9 2.5 1.8 0.5 4.7
Jun - Darcta Missing -

Jul 1.7 1.3 5.1 4.0 11.3 8.4 11.4 . 14.2 14.9 8.8 7.4 5.5 2.8 0.9 0.8 0.5 1.3

Aug 1.7 1.4 3.7 4.5 9.7 13.0 16.1 13.5 10.8 9.4 6.7 4.8 2.8 1.7 1.5 0.6 1.3

Sep 0.2 1.6 3.0 3.3 4.5 13.7 1.4 17.3 13.6 10.7 8.4 5.1 3.4 0.8 1.1 0.4 1.4

Oct - - D a.t a Missing = -

Nov 1.1 3.4 4.2 3.6 11.8 9.8 11.1 6.2 18.6 7.6 8.3 6.0 3.6 1.7 0.7 1.0 1.1

bee - 0.0 LS L8 31 132 23 17 10 253 51 2.0 35 L& L8 07 0.5 2.0
Annual

Average 0.64 1.63 2.87 3.31 10.04 9.3 12.55 12.89 15.63 9.09 §.63 5.63 2.74 1.7 0.97 0.52 2.3
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TABLE 2.4-4

" FREQUENCY DISTRIBUTION OF BOTTOM CURRENT SPEEDL
MONTHLY AND ANNUAL AVERAGES WITHIN (.1 FPS INCREMENTS
~ (PERCENT)

Moath .
1976 0.1-0.1 0.1-06.2 0.2~0.3 0.3-0.4 ¢.4-0.5 0.5-0.6 0.6-0.7 0.7-0.8 0.8-0.9 0.9-1.0 1.0~1.1 1.1-1.2 1.2-1.3 1.3-1.4 1.4-1.5 1.5-1.6 1.6

Jaa 2.7 3.2 10.1 5.9 26.4 19.5 . 15.4 9.4 2.5 0.7 0.4

Feb . —~Dara Missing -

mar 0.9 5.0 4.1 10.5 20.7 9.0 19;5 11.5 9.7 . 4.1 3.9 1.1 : 0.1
Apr 3.7 12.2 12.0 7.7 15.4 - 16.1 13.9 7.7 3.3 1.9 0.4 0.3 0.5 0.6
May 0.5 14.8 15.7 4.2 4.6 25.0 6.5 18.1 6.9 - 3.7

Jun ‘ - Data "Missing .-

Jul 9.3 14.1 21.0 13.4 16.7 10.7 6.2 4.6 2.8 ' 0.8' 0.6

Aug 3.8 3.3 k 24.6 13.6 22.2 18.0 7.7 3.6 1.4 1.0 0.4 0.3 0.08 0.08

Sep 0.2 7.3 26.4 11.9 27.8 13.4 6.5 5.2 0.9 0.7

Cct 0.7 4.0 11.4 - 8.4 19.0 12.0 12.8 7.6 12.2 4.6 2.6 3.1 . 0.6 c.3 0.1 0.4
Nov 0.1 1.3 11.4 9.2 25.7 11.6 13.9 5.0 13.6 4.6 2.1 1.2 0.1

Dec 0.1 0.4 5.6 8.9 34.6 12.4 18.7 10.5 6.0 1.7 0.7 0.5 . - . . .
Annual

Average 2.2 6.6 14.2 9.8 21.7 14.8 12.1 13.3 5.9 2.5 1.1 0.7 0.1 0.05 0.5
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TABLE 2.4-5

ST. LUCIE PLANT SITE - WATER QUALITY MONITORING DATA

Worth and Hollingér(5)> - “Applied Biology Inc(6’7’8)#
1971 - 1974 _ 1976 - 1978
Surface Bottom Range Reported Surface Mid=-Depth Bottom Range Reported
Parameter ] Hean N Hean ] Heau N  Mean N hean
Temperature, °c 199 25.5 199 24.9 19-32 | 204 26.3 144 23.7 204 23.8 14.6-30.8
Salinity, ppt 193 35.6 193 35.8 33.0-38.5 o199 35.6 135 35.8 198 35.8 33.0-36.6
Dissolved Oxygen, mg/l 184 6.4 162 6.2 3.2-10.3 198 6.5 144 6.6 198 6.4 4.6-8.6 -
N03—N; mg/l as N 96% 0.018* 97= 0.013= <.01-.651 - 126 0.013 126 '0.013 126 0.014" <0.001-0.28
NHs-N, mz/l as N 91* 0.013x 91* 0.013% {.01-.121 204 0.064 203 0.067 204 0.067 <0.01-0.57
NOZ_N’ mg/l as N 96% 0.002* 97* 0.008* {.001-.060 204 0.001 203 0.001 204 0.001 €0.001-0.007
lPOQ-P, wg/l as P 156 0.117 158 0.111 {.01~.186 174 <{0.01 176 <0.01 174 0.01 <0.01-0.17
Sioz-si, mg/l as Si 156 - 0.203 159 0.204 <.05-0.91 174 0.19 174 0.19 174 0.21 <0.02~0.99
Total Particulate, mg/l 176 6.65 176 10.17 0.2-69.0 - - - - - - -
Total Organic Carbon, mg/l - - - - - - v 204 6.5 204 5.8 204 ;'6.7 0.6-35.5
Turbidity, FTU - - -, - - 144 - s - 144 - 0.0-26.8

* September, 1971 to August, 1973 only

# During the course of the monitoring program conducted
by Applied Biology, Inc, methods of analysis for NO,»
POA’ and Sio2 were modified. Data reported here
include only“data obtained using the more sensitive .
and accurate methods incorporated for NO, in ) -
April, 1977, and for PO, and $iO, in
August, 1976.
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TABLE 2.4-6

- INDIAN RIVER WATER QUALITY DATA-SUMMER, 1974(5)

A. Nutrients, Range of Values

St. Lucie Inlet

Reported

Link Port to Jensen Beach

NH,-N, ng/l as N No* < 0.221 ND - 0.046
N03—N, mg/l as N ND - 0.154 0.001 - 0.270
POQ-P, mg/l as P 0.046 - 0.329 0.050 - 0.198
8102~Si, mg/l as Si 0.003 - 7.28 0.255 - 6.78
B. Salinity, Range in 0/00
Ebb Tide Flood Tide

Surface 2m Depth Surface 2m Depth
Indian R. - North 20-32 20-35 15-33 22-35
Indian R, - Souéh 24-35 27-35 24-35 24-35
Taylor Creek 3~12 24-33 7-14 26-31
Fort Pierce Inlet 22-36 25-36

% ND = not detectable

24-36 26-36
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TABLE 2.4-7

DISTRIBUTION OF MEASURED DISSOLVED OXYGEN DATA(®:6:7:8)

o No. Values Dissolved Oxygen, mg/l
Station ' Reported {5 5-6 6-17 7-8 > 8
0 87 3.40  24.1%  46.0X  26.4% -
1 181 - 4.4%  29.3%7  45.3%  20.4%  0.5%
2 . 182 ‘ | 3.3 25.8% 49.4%  20.9%  0.5%
3 177 4,07 19.2%  53.6%  21.5%  1.7%
4 130 | 6.12  20.0% 44.6%  25.4%  3.8%
5% 127 6.3% 20.5% 43.3% 27.6% 2.4%
Total 884 4.5%  23.4%  47.5%  23.1%  1.5%

* No values reported for these stations September, 1973 to August, 1974,
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TABLE 2.4-8 /

REPORTED RANGES OF NUTRIENT IN COASTAL OCEAN AREAS

glti::o:;?deS (9) E’Zei‘fff“’im (10) EZ_;?TE )
po4—p,'mg/1-as P 0-0.035 0.0015-0.062 0-0.060
N03-N, ng/1l as N 0.070-0.350 0.007-0.378 <{0.005-0.300
NH,-N, mg/1 a8 N 1 0-0.055 © ~0-0,031 0.007-0,200
NO,-N, mg/1 as N - - ~0-0.011 0-0.015
810,-51, mg/1 as Si 0.010-1.68 - 0.014-1.68 0.010-1.50
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1.0 INTRODUCTION

Florida Power & Light Company (FPL) §ubmitted a request to modify the National Poilutant Discharge
Elimination System (NPDES) permit for the St. Lucie Nuclear Power Plant (St. Lucie Plant); specifically to
increase the maximum heated water temperature at the point of discharge for Outfall D-001 from 113
degrees Fahrenheit (°F) to 115°F. FDEP issued a Request for Additional Information (RFI #1) requesting
that FPL revise the Thermal Discharge Study using the absolute instantaneous maximum discharge
temperatures and temperature differences between the efﬂuent and ambient conditions, and to
demonstrate whether the thermal discharge plume is entrained back into the plant. Golder Associates Inc.
(Golder) has performed modeling to address the former concern, and provided a copy of previous work

done during the initial licensing of Unit 2 to address the latter.

‘ ' é Golder
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2.0 DETERMINATION OF INSTANTANEOUS MAXIMUM DISCHARGE
TEMPERATURE AND DISCHARGE TEMPERATURE RISE

FPL has analyzed four different cases to determine which would produce the maximum instantaneous
discharge temperature and discharge temperature rise. The calculations presented in this report that
perform that determination are:

25. Waste Heat Discharged for Modeling Cases
26. Waste Heat Discharged for Existing Units

27. Specific Heat of Sea Water at Varying Temperatures

32. Mixing Zone Volumes for Cases 1 through 4

Case 1 is the normal full load operation of both units with all 8 Circulating Water (CW) pumps operating.
This case was expected to produce the highest discharge temperature. Based on analysis of plant intake
water temperatures '(see response to RFI#1 Comment 6), the design peak intake water temperature was
set at 90°F. Based on the analysis in Calculation 25, the resultant discharge temperature is 117.81°F,
with a temperature rise of about 28°F.

Case 2 assumes that only 3 CW pumps are operating for each unit. This mode of operation is feasible
when the intake water temperature is low enough so that 3-pump operation does not result in excessive
back-pressure penalties on the steam turbines. This case was expected to produce the maximum
discharge temperature rise. Based on analysis of plant intake water tempefatures (see response to RFI#1
Comment 6), the typical intake water temperature selected for Case 2 was 70°F , which terﬁperature is
equaled or exceeded 90% of the time. Based on the analysis in Calculation 25, the resultant discharge

temperature is 102.1°F, with a temperature rise of about 32.1°F.

Case 3 was invéstigated because it was felt that a separate case, in which only one of the units was
operating would produce a higher surface water temperature than when both units were operating. This is
because the reduced CW flow rate (only 4 CW pumps operating) results in a reduced discharge velocity
from the diffusers’ ports, which in turn results in less turbulent mixing before the thermal plume intersects
the water surface. If the surface water temperature is predicted to exceed 97°F, then a mixing zone on
the water surface would be required. Maximum discharge temperature with only Unit 1 operating at full
load on 4 CW pumps is estimated in Calc 25 to be about 118.4°F, with a temperature rise of about
28.4°F. Unit 1 was selected to be the operating unit in Case 3 because it produces a slightly higher
temperature rise than Unit 2, due to a slight difference in CW pump flow rates.

Case 4 was investigated to determine whether a separate limit on discharge temperature and discharge
temperature rise is needed for maintenance activities. It was assumed that the maximum flow reduction
during the maintenance load would be when one unit was operating on 4 CW pumps and the other on 3.
Unit 2 was selected to be the unit on 3 CW pumps because the Unit 2 CW pumps are each rated to
produce a slightly higher flow rate than each Unit 1 CW pump, at the same pumping head. Therefore,

Golder :
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shutting down a Unit 2 CW pump would result in a slightly higher discharge temperature than would
shutting down one of the Unit 1 CW pumps. Maximum discharge temperature with Unit 1 operating on 4
CW pumps and Unit 2 operating on 3 CW pumps is calculated in Calculation 25 to be 119.2°F, at a
temperature rise of about 29.2°F.

é Golder
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3.0 MODELING METHODS

It is not obvious which of the four cases would result in the largest mixing zone. Therefore, FPL has
performed near-field modeling for alil four cases. The details of that modeling are provided in the following
Calculations:

28. MULDIF Run - Y-Nozzle with 123°F Discharge Temperature — Case 2
29. MULDIF Run - Y-Nozzle with 118°F Discharge Temperature — Case 1
30. MULDIF Run - Y-Nozzle with 119°F Diséharge Temperature — Case 3
31. MULDIF Run - Y-Nozzle with 120°F Discharge Temperature — Case 4
m 33. Revised Multiport Diffuser MULDIF Run

In order to maintain conservatism in the modeling, Case 2 was run with the same assumed ambient water

N~

temperature of 90°F as the other cases, although it is unlikely such a condition would actually occur.

The St. Lucie thermal discharge is into open waters, as defined by FAC 62-302.520(3)(f). The thermal
standard for open waters is defined in FAC 62-302.520(4)(c) and is three-pronged:

1. Heated water up to 17°F above ambient may be discharged to'open waters without a mixing
zone;

2. The surface temperature of the RBW shall not be raised above 97°F ; and
The POD must be sufficient distance offshore to ensure that adjacent coastal waters are not
heated beyond the temperatures permitted in such waters.(Limits on coastal waters are codified
in 62-302.520(4)(b) and are no more than 2°F higher than ambient during June, July, August, and
September, or 4°F higher during the remainder of the year).

The response to RF| # 1, Comment 5., demonstrates that the 2°F isotherm is seaward of the 18-foot
depth contour; therefore, Item 3 above is met. As a result, only near-field modeling is needed to
determine the éxtent of the 17°F- isotherm for each case, and the maximum surface water temperature.
The model used was MULDIF, which is the Envirosphere version of the near-field Koh and Fan model.
Appendix 10.6 of the St. Lucie Plant Uprate Site Certification Applicat'ion (SCA) includes a listing of the

program and previous calculations, as well as a discussion of the historical verification of the model.

The Koh and Fan near-field model is a submerged jet model consisting of a set of seven simultaneous
differential equations. They include equations of conservation of mass, horizontal momentum flux,
vertical momentum flux, density deficiency flux, thermal energy flux, and two equations of horizontal and -
vertical distance. The solution of these equations provides jet width, dilution, temperature, density, jet
trajectory, and temperature rise as a function of position. The Koh and Fan model was calibfated with

physical model studies and used during the initial permitting of the St. Lucie units.
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4.0 MODEL RESULTS

4.1 Temperature _

Case 1 was modeled using the temperatures derived in Sectionv 2.0 above, rounded to whole numbers.
Assuming an ambient water temperature of 90°F and a temperature rise across the plant of 28°F, the
discharge temperature is 118°F. Details of the modeling are described in Calculation 29, and the resultant
mode! output is shown in Table 1. The water temperature along the ‘plume centerline is plotted on Figure
1. The centerline temperature drops to 107°F (17°F above ambient) within about 65 feet, and the
maximum'surface temperature is 96.6°F. ‘

Case 2 was modeled using the temperatures derived in Section 2.0 above, rounded up to whole numbers.
Based on minimum intake water temperature analysis described in RFI # 1 Response 2, intake water
temperatures are cool enough to implement case 2 (3 CW pumps operating per unit) during all months.
As an upper bound to Case 2 discharge temperatures, an ambient water temperature of 90°F was
assumed. Coupled with the temperature rise across the plant rounded up to 33°F (for conservatism), the
discharge temperature is 123°F. Details of the modeling are described in Calculation 28, and the resultant
model output is shown in Table 2. The water temperature along the plume centerline is plotted on Figure
2. The centerline temperature drops to 107°F (17°F above ambient) within about 72 feet, and the
maximum surface temperature is 97.4°F. In order to meet the surface water temperature limit of 97°F,
FPL will take a permit limit to not operate Case 2 whenever the intake water temperature exceeds 89.5°F.

The resuitant thermal plume for Case 2 with an intake temperature of 89.5°F has been assumed to be the

same as shown in Table 2 for the 90°F intake temperature, except that the plume temperature and

temperature rise above ambient are % °F lower.

Case 3 was modeled using the temperatures derived in Secﬁon 2.0 above, rounded to wholé numbers.
Assuming an ambient water temperature of 90°F and a temperature rise across the plant of 29°F, the
discharge temperature is 119°F. Details of the modeling are described in Calculation 30, and the resultant
model output is shown in Table 3. The water temperature along the plume centerline is plotted on Figure
3. The centerline temperature drops to 107°F (17°F above ambient) within about 66 feet, and the
maximum surface temperature is 98.4°F. FPL will take a permit limit to not operate Case 2 whenever the
intake water temperature exceeds 88.5°F in order to avoid exceeding the 97°F surface temperature limit.
The resultant thermal plume for Case‘3 with an intake temperature of 88.5°F has been assumed to be the
same as shown in Table 3 for the 90°F intake temperature; except that the plume temperature and

temperature rise above ambient are 1% °F lower.

Case 4 was modeled using the temperatures derived in Section 2.0 above, rounded up to whole numbers.
Assuming an ambient water temperature of 90°F, and a temperature rise across the plant of 30°F, the
discharge temperature is 120°F. Details of the modeling are described in Calculation 31, and the resultant

model output is shown in Table 4. The water temperature along the plume centerline is plotted on Figure

éz Golder
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4. The centerline temperature—drops to 107°F (17°F above ambient) within about 68 feet, and the

maximum surface tem perature is 96.0°F.

Based on the plume trajectories from Tables 1 through 4, the volume enclosed within the 17°F isotherm
for each case has been determined in Calculation 32. The results are shown in Table 5. Based) on those

results, Case 2 produces the largest mixing zone.

In order to determine the maximum mixing zone size, the thermal plume for the multiport diffuser has
been modeled for Case 2 conditions, and the volume associated with the 17°F above ambient isotherm
from the multiport diffuser (652 cubic feet) has been added to that from the Y-nozzle diffuser (8,937 cubic
feet) to obtain the maximum total volume of the 17°F isotherm of 9,589 cubic feet. The details of that
model run and the associated determination of maximum volume of the mixing zone are provided in
Calculation 33. The resultant model output is shown on Table 6, and the water\’temperature'along the
plume centerline has been plotted in Figure 5. The resultant maximum mixing zone size for both diffusers
is thus 9,589 cubic feet. '

4.2 Time/Temperature .

Because the time/temperature relationship is similar for both diffusers, only the Y-nozzle diffuser has
been analyzed. The time/temperature relationship is shown in Figure 6. If a particle of water were
entrained into the center of the plume at the hottest temperature of 122.5°F, it would be cooled down to
97°F within about 25 seconds. The relationship for the multiport diffuser would be of the same

magnitude, i.e., measured in seconds.
4.3 Dissolved Oxygen

Although the solubility of oxygen in water decreases slightly as the water temperature is increased, that
effect is more than compensated for by the effects of Henry’s/Law, which states that the solubility of a gas
in water is proportional to the partial pressure of that gas above the water. Because the St. Lucie
discharges are released at depth, the pressure to keep the dissolved oxygen (DO) in solution is a function
of the depth. At 24 feet depth, the extra water pressure is 10.4 psi. When added to the atmospheric
pressure of 14.7 psi, this results in a pressure increase at the discharge depth of about 71%. At this
pressure, DO will not come out of solution, even at the expected elevated temperature. As the thermal
plume rises and the pressure lessens, mixing also causes the water temperature to drop, and the

saturated DO value to rise again. Therefore, no adverse impacts to DO are expected.

4.4 Thermal Plume Vertical Profile
Figure 7 illustrates the thermal plume vertical profile for the Y-nozzle diffuser. This diffuser discharges in
an area where the sea bottom was excavated to about 6 feet below natural sea bottom. As shown in

Figure 7, the model predicts that the 97°F isotherm will not come in contact with the sea bottom. Figure 8

€ Goider
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illustrates the vertical profile of the thermal plume for the multiport diffuser. As shown, the multiport
diffuser is located about 8 feet above sea bottom. The thermal discharge dissipates in the water column

and does not come in contact with benthic organisms in the sea bottom.
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50 SUMMARY AND CONCLUSIONS

The difference in the extent of the thermal plume attributable to the increase in discharge temperature
from 113°F to 119°F is relatively small. For the Y-nozzle diffuser, the increase in size of the 17-Degree F.
isotherm is about 6,858 cubic feet, from about 2,439 cubic feet to about 9,297 cubic feet. For the multiport
diffuser, the volume of the 17-degree F. isotherm increases from about 614 to about 652 cubic feet. The
combined volume of the 17-degree F. isotherm from both diffusers is thus about 9,949 cubic feet for the
119°F discharge. Heated water exiting the diffusers at 119°F would be cooled down to 97°F within about
25 seconds. There is no potential decfease in dissolved oxygen concentration due to the discharge at

depth; the increase in pressure more than compensated for any temperature effect.

The proposed change in the thermal discharge will increase the temperature of a small volume of the
Atlantic Ocean water column in the near vicinity of the St. Lucie Plant discharge. The proposed thermal
discharge is expected to quickly mix with the Ocean waters and is expected to interact with the bottom
sediments.in a similar manner as the currently permitted discharge; the heated water will float as it mixes.

é Golder
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TABLE 1
RESULTS OF MODELING CASE 1

MULTIPORT SUBAQUEOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED

AA=115.00 FEET

|

|

1------ AA------ 1 A= 7.50 FEET
1 | |
*__A--* *ox JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ
3k 3k sk ok %k %k %k K sk %k %k ok ok 5k k % 3 ok & sk Kk Kk ok K K e ok e 3 ke o o ok Kk | |
*  JET DISCHARGE VELOCITY= 13.02 FT/SEC
* | |
& ok o 2k ke 3k ok ok ok 3k 3k ok Kk sk ok ok ok ok sk sk sk sk ok ok sk ok ok sk ok sk ok sk ok sk sk ok sk ok sk ok sk sk ok JET DISCHARGE TEMPERATURE= 11800 F
JET DISCHARGE DENSITY= 1.016065 GRAM/CC )
JET DISCHARGE DEPTH= 34.00 FEET
X Y JET WIDTH DILUTION |JET TEM JET DENS |AMB DEN [AMB TEM |DELTAT |ALLOWT
0 0 7.5 118 - 28

46.84| 0.00016 15.15771| 1.01051| 114.1504| 1.01695 1.0225 90| 24.15036 17
76.69405 1.67631 28.94036| 1.93676| 102.6006 1.0196 1.0225 90, 12.60056| , 17
91.44384) 4.14679 35.63834| 2.40262| 100.1573| 1.02017 1.0225 90| 10.15735 17
105.8959 7.9878 42.05587| 2.87322| 98.49369| 1.02055 1.0225 90, 8.49369 17
119.8729| 13.30134 48.07619| 3.35172| 97.28113| 1.02083 1.0225 90| 7.28112 17
133.2027| -20.07683 53.63039| 3.84166| 96.35253| 1.02104 1.0225 90| 6.35253 17
145.7549| 28.20403 58.72078| 4.34653| 95.61466| 1.02121 1.0225 90, 5.61466 17

THIS IS FREE SURFACE
Calc 29
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TABLE 2
RESULTS OF MODELING CASE 2

MULTIPORT SUBAQUEOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED

AA=115.00 FEET

1--—-- AA----—- 1 A= 7.50 FEET
1 | |
*oA--* * oo* JET DISCHARGE ANGLE= - .00 DEGREES W/HORIZ
Wokdokok ko kR Rk k  Rkkokkkkkkk  kdokkkkokokkk ‘ I
* JET DISCHARGE VELOCITY= 11.40 FT/SEC
* | |
Rk kR Rk Rk Rk kR KRRk R KRR KR KRR RRRKRRRRE  |CT DISCHARGE TEMPERATURE= 123.00 F
JET DISCHARGE DENSITY= 1.014705 GRAM/CC
JET DISCHARGE DEPTH= 34.00 FEET
X Y JETWIDTH |DILUTION [JETTEM |JET DENS {AMB DEN |AMB TEM |DELTAT ALLOWT
0 0 123 ’ 90

46.84) 0.00026 15.1577 1.01051| 118.4629| 1.01578 1.0225 90| 28.46292 17
76.59764| 2.63063 28.80174 1.93823| 104.8394| 1.01899 1.0225 90| 14.83941 17
91.05657| 6.42867 35.18377 2.4087| 101.941| 1.01968 1.0225 90| 11.94097 17
104.8715| 12.13786 41.02435 2.88996| 99.95247| 1.02015 1.0225 90 9.95247 17
117.7805| 19.67609 46.25394 3.38778| 98.48999| 1.02049 1.0225 90 8.48999 17
129.6308| 28.79219 50.94408 3.90735| 97.36105| 1.02076 1.0225 90 7.36105 17

THIS IS FREE SURFACE

51.56| 0.417418 107 90 17

Calc 28
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TABLE 3
RESULTS OF MODELING CASE 3
MULTIPORT SUBAQUEOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED

AA= 115.00 FEET

| | ] |
1-e-AA--—-1 A= 7.50 FEET
1] | ] |
*pAX K JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ

dokokdokodokdokAckokkokk  kokokkokokokokokk  oskokok kokokok ok { ‘

* JET DISCHARGE VELOCITY= 6.47 FT/SEC

o | |
A koo sk sk R KoK ok kR OK Kok R R KRR R Rk kR k% ET DISCHARGE TEMPERATURE= 119.00 F
JET DISCHARGE DENSITY= 1.015798 GRAM/CC

JET DISCHARGE DEPTH= 34.00 FEET 9387687

X Y |JETWIDTH  |DILUTION JETTEM |JET DENS |AMB DEN |AMB TEM |DELTAT |ALLOW T
, of - o 119 90 29

46.84| 0.00069 1515765/ 1.01051| 115.0129] 1.01672| 1.0225 90| 25.01287 17

75.73824| 6.59876 27.65854| 1.95197| 102.9489| 1.01951| 1.0225 90| 12.94889 17

88.19025| 14.33348 32.35958|: 2.45883] 100.2796] 1.02012| 1.0225 90| 10.27962 17

98.78712| 25.36724 36.36976 3.0083| 98.40205, 1.02056 1.0225 90| 8.40205 17
THIS IS FREE SURFACE '

Calc 30

s
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(FE Golder
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TABLE 4
RESULTS OF MODELING CASE 4
MULTIPORT SUBAQUEOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED

AA=115.00 FEET

| | | |

1---AA------1 A= 7.50 FEET

1] | | |
*oA--* * oo JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ

% ok Sk sk ok ok ok ok dk ok ok ok k ok k ok 3k ok 3 3k ok %k ok k % 3k ok ok 3k %k %k %k k ’ I

*  JET DISCHARGE VELOCITY=-12.52 FT/SEC
* | |
ko ok o KK KO KRR KRR R RO R Rk R Rk kR kT DlSCHARGE TEMPERATURE= 120.00 F
JET DISCHARGE DENSITY= 1.015529 GRAM/CC
JET DISCHARGE DEPTH= 34.00 FEET

X Y JET WIDTH |DILUTION [JETTEM |JET DENS |AMB DEN (AMB TEM |DELTAT |ALLOWT
0 0 120 90
46.84| 0.00019| 15.15771, 1.01051| 115.8754| 1.01649 1.0225 90| 25.87539 17
76.66982| 196048 28.90529| 1.93713| 103.498| 1.01936 1.0225 90| 13.49804 17
91.3447| 4.83454] 35.51991, 2.40416| 100.8759| 1.01997 1.0225 90| 10.87591 .17
105.626| 9.26266| 41.77459| 2.87754| 99.08672| 1.02039 1.0225 90| 9.08672| 17
119.3012| 15.30707| 47.55079| 3.36126| 97.77905| 1.02069 1.0225 90| 7.77905 17
132.1881| 22.88941| 52.81058| 3.85953| 96.77477| 1.02093 1.0225 90| 6.77477 17
- 144.1751| 31.82872 57.6038| 4.37615| 95.97499| 1.02111 1.0225 ) 90| 5.97499| 17
THIS IS FREE SURFACE
Calc 31
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June 2010 09387687
TABLE 5 -
A " Calculation of Volume of 17-Degree F Isotherm for Each Case
Uprate as Site-
Certified with Present
113 deg F Permit
Case 1l Case 2 Case 3 Case 4 Discharge*
X at start first time step 0 ' 0 0 0
Y at start first time step 0 0 0 0
X at end first time step 46.84 46.84 46.84 " 46.84
y at end first time step 0.00016 0.00026 0.00069 0.00019
S for first time step 46.840|. 46.840 46.840 46.840
jet diameter start of first time step 7.500 7.500 7.500 7.500
jet diameter end of first time step 15.158 15.158 15.158 15.158
centerline delta T at start first step 28.000 33.000 29.000 30.000
centerline delta T at end of first step 24.150 28.463 25.013 25.875
ratio of 17 deg to centerline delta T 0.863 0.863 0.863 0.863
from normal distribution, # of SDs 0.540 0.540 0.540 0.540
17 deg jet diameter end of first step 2.046 2.046 2.046 2.046
17 deg volume of first step - cu ft 4,303 4,303 4,303 4,303
x at end second time step 65.322 71.878 66.034 68.230
y at end second time step - 1.0378 2.2135 4.3831 1.4058
S for second time step . 18.511 25.136 19.688 21.436
jet diameter end second time step 23.690| 26.638 23.461 25.016| "
centerline delta T at end second step 17 17 17 17
17-degree volume of second step 122 165 129 141
Total volume 17-degree isotherm per port 4,425 4,468 4,433 4,444
for two ports (cubic feet) : ' - 8,850 8,937 8,865 8,888 2,676 12,367,168
* From Calculation 18 (original Thermal Discharge Study)
Calc 32

X:\Clients\Florida Power and Light\09387687\200_Reports\100602\Attachments\Revised Thermal Discharge Study\FINAL Tables\
Table5.xisx i
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LESH

Underwater Engineering Services, Inc.
June 2, 2010 ‘

Florida Power & Light
Environmental Services
Attn: Ron Hix ’

Subject: Budgetary Estimate for St. Lucie Nuclear Plant Offshore Work

Underwater Engineering Services, Inc. (UESI) is pleased to provide the following budgetary
estimate for the St. Lucie Nuclear Plant Offshore Work.
1) Remove existing Y — port diffuser and replace 2600 feet seaward - $40,453,641 OO
Includes — Engineering up front administrative - §  512,966.00
Field Mobilization (includes trestle) $20,646,815.00

Materials $ 9,389.750.00
" Labor $ 8,874,180.00
Trestle (assumes 2 cost) - $12,500,000.00

2) Extend the multi port diffuser — Extend the multiport 700 seaward-$26,105,236.00
Includes — Engineering up front administrative -  $  512,966.00
Field mobilization (includes trestle) $20,646,815.00

Materials ' $ 2,435,125.00
Labor - $ 1,540,700.00
Trestle (assumes Y cost) $12,500,000.00
3) Replace Y Port diffuser - ‘ $43,157,480.00
Includes — Engineering up front administrative -  $  512,966.00
Materials $ 9,389.750.00
Labor : $ 8,874,180.00

Trestle (assumes Y2 cost) $12,500,000.00

This is a budgetary estimate only based on numerous assumptions including that work will be
done to both discharge pipes. Actual costs will be based on conditions, drawings, specifications.

Should you have any questions or require additional information, please do not hesitate to
contact me at (772) 337-3116.

Sincerely,

J Digitally signed by Joe Frederickson .
Oe DN: cn=Joe Frederickson, o=UESI,
-ou=Construction,

1 email=jfrederickson@UESl.com, c=US
F red e rICkSO n Date: 2010.06.02 17:13:19 -04'00'
Joe Frederickson '

VP of Construction Operations
LO65A

3306 Enterprise Road, Ste. 103 0 Fort Pierce, Florida 34982
Phone: 772-337-3116 0 Fax: 772-337-0294
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Golder . SUBJECT : Waste Heat Discharged for Modeling Cases
Job No. 09387687 Made By: H. Frediani Date 5/19/2010
Associates Ref. FPL PSL - Checked Sheet 1 of 5
NPDES Mod, Calc 25 Reviewed : :

In response to FDEP's first request for additional infoﬁnation associated with the NPDES Permit FL0002208 Modification
Request to increase the permit limit for discharge temperature at Outfail D-001, it was decided to model four cases:

Case 1. Maximum discharge témperature, both units operating at fult load on 4 CW pumps each.

Case 2. Maximum discharge temperature rise, both units operating at full load on 3 CW pumps each.

Case 3. Maximum discharge température, one unit operating at full ioad on 4 cw pumps.

Case 4. Maximum discharge temperature, maintenance mode, Unit 1 operating at full load on 4 CW pumps and

Unit 2 operating at fult load on 3 CW pumps.

Based on the intake temperature frequency distribution developed in Calculation 20, the highest intake temperature seen in
the Period of Record August 2005 through October 2009 was 88.4 deg F. The 90th percentile intake temperature was 70
deg F. In the Unit 2 Final Environmental Statement (FES), it was stated that the maximum ambient water temperature
between 1971 and 1978 was 90 deg F. (Unit 2 FES, Page 4-19). Assume the worst-case discharge temperature will ocour
when the CW inlet Temperature (CWIT) is at 90 deg F.

. Case 1: Normally, four CW pumps operate per unit as follows (see the attached response to FDEP's RF| #1 dated March 5,

2008, for a previous NPDES permit modification, for flow derivation):
: ~
Unit 1 CW pumps , four pumps at 121,000 gpm each = 484,000 gpm
Unit 1 also has 2 AECW pumps at 14,500_gprh each=_ 29,000 gpm

(AECW = ICW) total Unit 1= 513,000 gpm
Unit 2 has four CW pumps at 122,650 gpm each = 480,600 gpm

Unit 2 has two AECW pumps at14,500 gpm each =- 29,000 gpm
: ) )
total Unit2 = 519,600 gpm

From PEPSE Heat Balances summarized in FPL's e-mail of 5/14/2010, the heat rejected for each unit with
operating and 90 deg F Circulating Water Inlet Temperature (CWIT) is:

Unit 1 = 6952.35 Million Btu per hour

Unit 2 = 6854.76 Million Btu per hour

AT is calculated as follows: AT = heat rejected /(CW flow times specific heat), where CW flow is in Ibs per hour
Based on Calculation 27, the specific heat of sea water in the expected range of temperatures is about 0.96 Btu per Ib per

degree F.
; . .
Use the density of sea water relationship developed in Calc 7 and detailed in spreadsheet "Book1.xlsx to determine the

density of sea water at the desired temperatures.




Golder SUBJECT : Waste Heat Dischaged for Modeling Cases .

Job No. 09387687 Made By : H. Frediani Date 5/19/2010
Associates Ref. FPL PSL Checked Sheet 2 of 5
NPDES Mod, Calc 25 Reviewed

In order to obtain the discharge temperature rise, we need to add in the heat load from the ICW systems. Per the FPL e-mail

of 5/7/2010, Table 4.1.4-1 applies for Unit 1 :

Jable 4.1.4-1 - Unit 1 EPU Noymal Operaion

Minimum
Components Flowrate Heat Load {CW Outlet Temp
{gpm) (Mbtu) Ry
CCW HX A 4,395 26.06 106.6
CCWHXB 4,395 26.06 106.6
TCW HX A 1,716 264 128
TCWHX B 3,119 48.0 125
OBCS HX A 2,248 34.6 125
OBCS HX B . 2,248 34.6 125
TOTAL 18,124
ICW Heat Rate = 26.06 + 26.06 + 26.4 + 48 +34.6 +34.6 = 196 million Btu/hour = 196,000,000  Btu/hour

This is the Unit 1 value, assume the Unit 2 value is the same.

For Case 1:

 Assume that the maximum discharge temperature case (Case 1) occurs with 4 CW pumps operating per unit, and with an

inlet CW temperature (CWIT) of 90 deg F. For Unit 1, the 4-pump flow (Case 1):

-AT, = (6,952,350,000 + 196,000,000)Btu/hour/((513,000 gpm / 7.48 galfcu ft) * p *C,* 60 min/hr)

at CWIT of 90 deg F, p = 63.8 pcf.

- AT, =(6,952,350,000+196,000,000)/(513,000 /7.48"63.8*.96*60) = 28.36 deg F.

For Unit 2, Case_1:
AT,= (196,000,000 +6,854,760,000)/({519,600/7.48) * 63.8 *.96 *60) = '27.62 deg F.

For the combined flow of both units:
ATt:ombined = (AT1' Q1+ AT2 * 02)/ (Q1 + QZ) = 27.81 deg F.

For Case 2
Assume the maximum AT occurs when only 3 CW pumps are operating for each unit. Based on the attached document from
FPL entitled "Determination of Flow Through CW System with 6 CW Pumps Opera&_ing.doc". the CW flows through each

unit are as follows: Unit 1 Unit 2
422,114 gpm 423,886 gpm




GOIder SUBJECT : Waste Heat Discharggd for Modelinﬁg Cases
Job No. 07387685 Made By : H. Frediani Date 5/19/2010
ASSOCiates Ref. FPL PSL . §Checked _ Sheet 3 of 5
, NPDES Mod, Calc 25 Reviewed

Adding in the ICW flow rates, assumed unchanged from Case 1:

Unit 1 CW pumps , three pumps = 422,114 gpm
Unit 1 still has 2 AECW pumps at 29,000 gpm = 29,000 gpm
' total Unit 1 = 451,114 gpm
Unit 2 has 3 CW pumps = 423,886 gpm
Unit 2 still has two AECW pumps at 29,000 gpﬁ\ = 29,000 gpm
fotal Unit 2 = 452,886 gpm

Assume 3-purﬁp per unit operation can only occur at lower CWIT,; otherwise, the units would suffer a backpressure penalty
and have to derate. Use the 90% temperature for CWIT of 70 degrees F. From PEPSE Heat Balances summarized

in FPL's e-mail of 5/14/2010, the heat rejected for each unit with 6 pumps operating and 90 d.eg F. Circulating Water

Inlet Témperature (CWIT) is:

Unit 1 = 7003.36 Million Btu per hour

Unit 2 = 6902.64 Million Btu per hour

assume these values are still good for the 70 degree F CWIT case.
For Unit 1, Case 2:
AT, =(7,003,360,000 + 196,000,000)Btu/hour/((451,114 gpm / 7.48 gal/cu ft) * p *C,* 60 min/hr)

at CWIT of 70 deg'F, p = 64.02 pcf.
AT, = (7,003,360,000+196,000,000)/(451,114 /7.48*64.02*.96*60) = 32.37 deg F.

For Unit 2, Case 2:
AT,= (186,000,000 +6,902,640,000)/((452,886/7.48) * 64.02 *.96 *60) = 31.79 deg F.

For the combined flow of both units:

ATcombinea = (T4 Q1 + AT, * Q2)/(Q1 + Q2) = 32.08 deg F.




Golder ' SUBJECT : Waste Heat Dlscharged for Modeling Cases
. Job No. 07387685 Made By: H. Frediani Date 5/19/2010
NPDES Mod, Calc 25 Reviewed

For Case 3:

For Case 3, which assumes only one unit operating, the highest discharge temperature is expected with a CWIT of 90 deg F
and only Unit 1 operating. The parameters for this case have already been established as part of Case 1:

AT =28.36 deg F ' '

CW flow = 513,000 gpm .

CWIT =90 deg F.

CWOT (CW OQutlet Temperature , of discharge temperature) = 118.36 deg F.

For Case 4:

For case 4, we assume a Unit 2 CW pump has tripped off , and full load is maintained on both Units. FPL has provided an
ana.lysis of the resultant 7-pump flow (see attached document "Determination of Flow Through CW System with 7 CW
Pumps Operating”) and concludes that the unit flow rates would be as follows:

Unit 1 - 532,663 gpm

Unit 2 - 402,337 gpm

Adding in the ICW flow rates, assumed unchanged from Case 1:

Unit 1 CW pumps four pumps = : 532,663 gpm
Unit 1 still has 2 AECW pumps at 29,000 gpm = 29,000 gpm
total Unit 1 = 561,663 gpm
Unit 2 has 3 CW pumps = : 402,337 gpm
Unit 2 still has two AECW pumps at 29,000 gpm = 29,000 gpm

total Unit 2= 431,337 gpm

Using the Unit 1 heat rejection rate from Case 1,Unit1= 7,148,350,000 Btu/hour
Using the Unit 2 heat rejection rate from Case 2, Unit 2 = 7,088,640,000 Btu/hour

AT, =(7,003,360,000 + 196,000,000)Btu/hour/((451,114 gpm / 7.48 gal/cu ft) * p *C,* 60 min/hr)

" atCWIT of 90 deg F, p = 63.8 pcf.
AT, =(7,148,350,000)/(561,663 /7.48*63.8*.96*60) = 25.91 degrees F.




Golder SUBJECT : Waste Heat Diséharged for Modeling Cases
Job No. 07387685 Made By: H. Frediani Date 5/19/2010
ASSOCiates Ref. FPL PSL Che.cked Sheet 65 of 5
NPDES Mod, Calc 25 Reviewed
Eor Case 4, Uit 2:
AT,= (7,098,640,000)/((431,337/7.48) * 63.8 *.96 “60) =  33.5 degrees F.
For the combined flow of both units:
AT compined = (BT4* Q1 + AT, * Q2)/(Q1 + Q2) = 29.2 degrees F.
In Summary:
Case 1 Case 2 Case 3 Case 4
CWIT - degF. 90 70 90 %
AT - degF 27.81 32.08 28.36 29.20
CWOT - deg F. 117.81 102.08 118.36 119.20
CW Flow - gpm 1,032,600 904,000 513,000 993,000
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1.0 INTRODUCTION

This report provides information to the Florida Department of Environmental Protection (FDEP) ,

Industrial Wastewater Section in response to their Request for Information (RFT) letter of January 18,

2008 (DEP File No. FL0002208-008-IWB/MR), relative to FPL’s application for a minor permit
revision to the St. Lucie Plant NPDES Permit No. FL0002208. The information provided herein has

been compiled to comply with the clarifications obtained during a telephone conversation on January

30, 2008, between FPL and FDEP.

2.0 BACKGROUND

During the preparation of the Site Certification Application for the St. Lucie Uprate Project, it was
discovered that an approximation had been made in calculating the design system discharge flow rate
when both units are operating. In order to correct that approximation, FPL requested a minor revision
to the facility’s NPDES permit. The permit reviewer raised questions about the relationship between
the design flow rate and the actual flow rates as influenced by tidal stages and the cleanliness of the
intake and discharge piping as well as the plant facilities, primarily the condensers.

3.0 DESIGN FLOW RATE

Initially, the design flow rate was calculated for Unit 1. The discharge flow is primarily composed of
two components, circulating water (CW) which is pumped through the condenser, and. auxiliary
equipment water (AECW, also known as Intake Cooling Water (ICW)). Figure 1 is a copy of the
pump curves for Unit 1 CW, showing a design flow rate of 121,000 gpm per pump at a system head
of 40 feet. Figure 2 is a copy of the pump curves for Unit 1 AECW, showing a design flow rate of
14,500 gpm at a system head of 130 feet. During normal operation of Unit 1, there are 4 CW pumps
and 2 AECW pumps running, giving a total flow rate of :

4 CW Pumps @ 121,000 gpm = 484,000 gpm
2 AECW Pumps @ 14,500 gpm = 29,000 gpm

Total =513,000 gpm = 1143 cfs =739 MGD

When Unit 2 was added, the additional flow was estimated to be the same as Unit 1, thus the total
flow rate was estimated at;

2 units @ 739 MGD = 1478 MGD

However, the actual Unit 2 CW pumps that were purchased delivered slightly more flow than the
Unit 1 CW pumps. Figure 3 is a copy of the Unit 2 CW pump curves, showing a design flow rate of
122,650 gpm at a system head of 40 feet. The Unit 2 AECW pumps are the same design as those of
Unit 1. During normal operation of Unit 2, there are 4 CW pumps and 2 AECW pumps running,
giving a total flow rate of : ’ '

4 CW Pumps @ 122,650 gpm = 490,600 gpm

2 AECW Pumps @ 14,500 gpm = 29,000 gpm

Total =519,600 gpm = 1158 cfs =748 MGD

Golder Assoclates
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Thus Unit 2 actually has a design flow rate 9 MGD higher than Unit 1, an increase of about 1%.
Therefore, the actual design flow rate for both units combined is:

739 MGD + 748 MGD = 1487 MGD = 2,301 cfs

The St. Lucie Uprate scope does not address a change to the design flow rate; therefore, the correct
design flow rate will remain at 1487 MGD, since Unit 2 came on line in 1983.

4.0 TIDAL EFFECTS

The configuration of the St. Lucie cooling water system includes intake pipes with entrance velocity
cap structures, an intake canal from which the CW and AECW pumps take suction, a discharge canal,
and discharge pipes terminating in subsurface diffusers (see PSL Uprate SCA Figure 2.1.2-1).

The CW pumps and AECW pumps remove water and pump it through the condensers and auxiliary
equipment heat exchangers and into the discharge canal. The intake canal level drops below the
ocean level causing water to flow from the ocean into the intake canal through the velocity cap
structures/intake pipes to replace the water withdrawn by the CW and AECW pumps. The discharge

. canal level rises above the ocean level causing water to flow through the discharge pipes/subsurface

diffusers back to the ocean. As the cooling water flow remains virtually constant, the canal systems
reach quasi-equilibrium with the flow entering the intake canal essentially at the same rate as the flow
leaving the discharge canal, each being about the same as the flow through the CW/AECW pumps.
During a rising tide, the elevation difference between the ocean and intake canal water levels increase
resulting in more flow into the intake canal than is being pumped out, causing the intake canal water
level to rise. During the same rising tide, the difference between the ocean and discharge canal water
levels decreases resulting in less flow out of the discharge canal than is being pumped in causing the
discharge canal water level to rise. When the tide ebbs, ocean level decreases and the process
reverses.

FPL has simulated the above flow scenario with a mathematical model -for various conditions of
fouling within the intake and discharge pipes. Figure 5 depicts the results of one such simulation,
assuming both the intake and discharge pipes are fouled. The simulated CW pump flow holds very
constant near the design rate, while the accompanying discharge flow rate follows a sinusoidal curve,

increasing on the ebbing tide and decreasing on the flood tide. The magnitude of the increase or

decrease relative to the pump flow rate is dependent on the magnitude of the tidal change. The tidal
range simulated in Figure 5 varied between 4.2 and 4.9 feet.

Golder Associates



Florida Power & Light Company . _ March 5, 2008
3. 07387685

50 EFFECTS OF CLEANLINESS OF INTAKE AND DISCHARGE PIPING

Although normal operation of the St. Lucie Plant has been with intake and discharge piping in the
fouled condition, as simulated on Figure 5, FPL has also performed a simulation assuming the intake
piping was cleaned, but the discharge piping was not. The results are shown on Figure 6. The
patterns are similar to those on Figure S, except the flow magnitudes are all slightly higher. For
instance, Figure 7 shows the simulated pumped flow rates for both conditions. Although the pumped
flow is slightly higher with the cleaned intake pipes, the change is relatively small. Similarly, Figure
8 shows the simulated discharge flows for both conditions. Again, the flows with cleaned intake
pipes are greater, the increase is not significant. ’

6.0 CONCLUSIONS

The discharge flow varies over time as the tidal phase changes; however, the long-term average of the
discharge flow is virtually the same as the Jong-term average of the pumped flow.

Golder Associates
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Figure7. Simulated Pumped Flow with Varying IntakePiping Cleanliness
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Figure 8. Simulated Discharge Flow with Varying Intake Piping Cleanliness
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FPL PSL Uprate

T Rho(actual) |Rho(est)
30] 6425 .. 842420
40]  64.20 64.2090
50 64.17 64.1600
. 60l 64.10 .. _564.0950
70[ 64.02 64.0140
80{ 63.95 63.9170
901  63.80 .. 63.8040
91 63.7918
;92 63.7795
... 63.7670
94 © 63.7543
95 63.7415
96 - .63.7285
97 63.7154
98 63.7021|
99 _.. _.b3eese
__100[ _ 63.70 63.6750
101] 63.6612
L7 N .. 636473
103] 63.6332
104 63.6189
.. 105 _ ... 636045
106] 63.5899
107] _ 63.5752
- 108 635603
109 63.5452
110 63.5300
) O ___ 635146
M2 63.4991
113 63.4834
__d; . 634675
R TT 63.4515
116 63.4353
M 634190
118 63.4025
119 63.3858
120 63.3690
5/17/2010 9:09 AM

Calculation 7
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Harold Frediani

From: ' Frediani, Harold [Harold_ Fredlam@golder com]
Sent: Friday, May 14, 2010 12:32 PM
To: Hal Frediani
Subject: FW: Simplified Delta-T Calculation - Calc 24A
Attachments: Calc-24A-Writeup-lan.xls
Regards-

-Hal

Harold A. Frediani, Jr.
(semi-retired, part-time)
Golder Associates, Inc.
3730 Chamblee Tucker Rd.
Atlanta, GA 30341

Phone: 770-992-2633
Fax: 770-934-9476

From: Watters, Ian [mailto:Ian.C.Watters@fpl.com]
Sent: Wednesday, May 12, 2010 1:01 PM

To: Frediani, Harold

Cc: Abbatiello, Tom; Hix, Ron

Subject: Simplified Delta-T Calculation - Calc 24A

Hal

The Table below shows the heat rejected to the Condenser for 8 CW Pumps operating and 6 CW Pumps operating, pre
and post EPU from the PEPSE data files.

| have used this total heat rejected for each Unit in Calc 24A. The revised spreadsheet is attached. | don't think that we
need the 3050 MWt case since we will never operate at that power due to the licensed power limit.

Let me know if this approach is acceptable.

Results: Pre-EPU EPU Increase
deg F .degF deg F
"8 CW Pumps 25.50 28.12 2.62
6 CW Pumps 31.33 34.57 3.24

!

Heat Rejected to Condenser Based on PEPSE Heat Balances

Case: EPU -8 CW Pumps in Service
Current ‘ Post-EPU
Heat Rejected to Condenser Heat Rejected to Condenser



cwIT Unit 1 Unit 2 Total Unit 1 Unit 2 " Total

90 6.29069E+09 6.22784E+09 1.25185E+10 6.95235E+09 6.85476E+09 1.38071E+10

Case: EPU - 6 CW Pumps In Service

Current Post-EPU
Heat Rejected to Condenser Heat Rejected to Condenser
CWIT Unit 1 Unit 2 Total Unit 1 Unit 2 Total

90 6.33420E+09 6.26982E+09 1.26040E+10 7.00336E+09 6.30264E+09 1.39060E+10



Golder
Associates

'SUBJECT: Heat Rates, CW Flows, and ATs for Modeling for RFI #1

Job No. 07387685 Made By: H. Frediani Date 5/1/12010
Ref. FPL Uprate PSL Checked Sheet 1of 3
Calc 24A Reviewet

Look at two cases: pre-uprate and post-uprate, for both units combined, assuming 8-pump flow:
p .

pre-uprate post-uprate
NSSS thermal power - MW : 5410.0 : 6068.0
gross generation- MWe@90°CWIT 1793.0 1969.6
waste heat - MWt @90° CWIT B0 40984
4-pump flow rate - gpm 1,032,600 1,032,600
specific heat of fresh water @ 90° 0.998 ' 0.988
density of water @ 80° - Ibs/cu ft 62.106 : 62.105
(fresh water)
mass flow rate - Ibs per hour 613,762,080 §13,782,080
(fresh water)
waste heat - Btu per hour 12,518,500,000 13,807,100,000
AT fresh water- ° F 24.41 26.93
for sea water
specific heat (Btuflb) 0.930 ' 0.930
density 63.8 63.8
mass flow rate - Ib/hr 527,804,471 527,804,471
AT seawater-°F - 2550 28.12

262

1,032,600

499.925 Ib/hr per gpm

63.8
0.13368



SUBJECT: Heat Rates, CW Flows, and ATs for Modeling for RF] #1

Golder
Associates

Job No. 07387685

Calc 24A

Ref. FPL Uprate PSL

Made By: H. Frediani Date 5712010
Checked Sheet 2 of
Reviewec

3

Look at two cases: pre-uprate and post-uprate, for both units combined, assuminé 6-pump flow:

pre-uprate post-uprate
NSSS thermal power - MWt ; 5410.0 6068.0
gross generation- MWe@90°CWIT 1793.0 1969.6
waste heat - MWt @90° CWIT 3617.0 4098.4
3-pump flow rate - gpm 846,000 846,000
specific heat of fresh water @ 90° 0.998 0.998
density of water @ 90° - Ibs/cu ft 62.105 62.105
(frgsh water)
mass flow rate - Ibs per hour 420,937,090 420,937,090
(fresh water)
waste heat - Btu per hour 12,604,000,000 13,806,000,000
AT fresh water-° F 30.00 33.10
for sea water
specific heat (Btu/lb) 0.930 ' 0.930
density 63.8 63.8
mass flow rate - Ib/hr 432,425 511 432,425,511
AT sea water-°F 31.33 34.57

3.24
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Golder
Associates

SUBJECT: Heat Rates, CW Flows, and ATs for Modeling for RFI #1

Job No. 07387685
Ref. FPL Uprate PSL
Calc 24A

Made By: H. Frediani

Checked
Reviewec

Date
Sheet

5/7/2010
30f 3

Look at two cases: pre-uprate and post-uprate, for both units combined, aésuming 8-pump flow and 3050 MWt for uprate:

No PEPSE Data

pre-uprate post-uprate
NSSS thermal power - MWt 5410.0 6100.0
gross generation- MWe@90°CWIT 1793.0 1969.6
waste heat - MWt @90° CWIT 3617.0 41304
4-pump flow rate - gpm 1,032,600 1,032,600
specific heat of fresh water @ 90° 0.998 0.998
density of water @ 90° - Ibs/cu ft / 62.105 62.105
(fresh water)
mass flow rate - Ibs per hour 513,782,080 513,782,080
(fresh water)
waste heat - Btu per hour 42—34—11743-991 44.003,60%,186
AT fresh water-° F 24.07 27.49
for sea water
specific heat (Btu/lb) 0.930 0.930
density 63.8 63.8
mass flow rate - Ib/hr 528,411,538 528,411,538
AT seawater-°F 2511 28.67




Heat Rejected to Condenser Based on PEPSE Heat Balances

Case: EPU -8 CW Pumps in Service

Current : Post-EPU
Heat Rejected to Condenser Heat Rejected to Condenser
CwWIT Unit 1 Unit 2 Total Unit 1 Unit 2 Total

90 6.29069E+09 6.22784E+09 1.25185E+10 6.95235E+09 6.85476E+09 1.38071E+10

Case: EPU -6 CW Pumps in Service

Current Post-EPU

Heat Rejected to Condenser Heat Rejected to Condenser

CWIT Unit 1 Unit 2 Total Unit 1 Unit 2 Total

90 6.33420E+09 6.26982E+09 1.26040E+10 7.00336E+09 6.90264E+03 1.39060E+10



Harold Frediani

From: Frediani, Harold [Harold_Frediani@golder. com]

Sent: 3 " Friday, May 07, 2010 4:47 PM

To: Harold Frediani

Subject: . FW: Primary, Secondary and Tertiary Cooling
Attachments: U1 ER Sections 4.1.4 &4.1.6 RO (FINAL) - ICW &UHS.pdf
Regards- .

-Hal

Harold A. Frediani, Jr.
(semi-retired, part-time)
Golder Associates, Inc.
3730 Chamblee Tucker Rd.
Atlanta, GA 30341

Phone: 770-992-2533
Fax; 770-934-9476

From: Watters, Ian [mailto:Ian.C.Watters@fpl.com]
Sent: Friday, May 07, 2010 8:35 AM

To: Frediani, Harold; Hix, Ron; Harold Frediani

Cc: Abbatiello, Tom

Subject: RE: Primary, Secondary and Tertiary Cooling

Hal

This is an excerpt from the Shaw Evaluation of the ICW System for EPU. The complete Evaluation is attached for your
information. |
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3.0 EVALUATIONS
3.1 ICW-1 ICWFiow and Heat Removal Capability

Two ICW pumps operate duning normal fuli load power and cooldown. The design capacity and
head of each ICW pump is 14.500 gpm at 130 # TDH (References 7 and 8) The evaluations of
the .components supphed with intake coohing water detemuned the minimum required ICW fow
rates to confirm thew capabilty 15 sufficent for EPU condibons.  The results of lhe evaluations
incheate that IC\ outlet temperature remans. bounded by the system de atwre at
EPU condtwns dunng nornial, cooldoam or acaident conditons EIRENITERSSS BN,

The EPU svaluations of ICW system capabiiity under nomat operabion, acodem and nomal
cootdoan condiions are summanzed as fobows.

Noml Operaton

Under normal plant operation, the IC\W system prondes cooling water to-the Congonem
Cooting Water {CCW). Turbne Cooling Water (TCW) and Open Blowdown Coolng System
{OBCS) heat exchangers

Reference 23 calculated the mnimum required flow rates for each of the heat exchangers
conled by ICW, based on ther EPU heat loads. to mantam a boundmg outlet temperature of
125°F with the excephon of the CCW beat exchangers which were set (o the low floa alarm
setpont of 3,395 gpm An IGVY inlet temperature of 95°F was assumed for these calculations
based upon the current pre-EPU madmum ICW indet temperature contamed in References 7
and & The fofipang table grves the calcutated mxnmum required ICW flow rates for the Unit 1
CCW, TCW and OBCS heat exchangers for normal operaton.

Tabled ) 4.1 —&lr.u! 1 ECU Normal Operation

Mmimum
Components Flowerate HeatLond ICW Qutiet Temp
igpm) (Mbtuy) (*F)
CCW H A 4,365 26.08 106 6
COWHER & 36¢ 26.06 106 6
TCW HX A 1.7% 26 4 12¢ -
TCWHYB 3 11e 480 128
QRCSHN A |7 248 ME . 125
CBCS HA B 2.24E 346 124
TOTAL 18,421

The pymaram required fiow shown i the above table s well below the combmed design flow
rate of 24 097 gpmo for two ICW pumps, such that the heat exchangers will remove the EPU
heat loads. It 15 noted the TCW heat exchangers are bemg7 replaced at EPU, though the
calculated tube side differential pressure only ncreases fom 1.7 psid {Reference 32. Att. B, pg
1110 2 %3 pa (Reference 33, At B. Pg 2) such that the dfference 1s 0.66 psid at the design

fioa. ehich wit have neghyble iImpact on the ICW fiow supply  The cumrent design of the Unit
ICW system i acoeplable to pedorm its design basis functions for EPU normal operation.

The Unit 2 evaluation will e performed upon rssue of Reference 26. [DPENTTENIR)

From: Frediani, Harold [mailto:Harold_Frediani@golder.com]
Sent: Thursday, May 06, 2010 11:30 PM

To: Hix, Ron; Harold Frediani

Cc: Abbatiello, Tom; Watters, Ian

Subject: RE: Primary, Secondary and Tertiary Cooling

These are flow rates, can we put a heat load onto the ICW discharge.

Regards-



St. Lucie Circulating Water System
Flow with 2 CW Pumps (1 in each Unit) Out of Service

Determination of Flow Through CW System with 6 CW Pumps Operating

CW Pump Curves:

The Certified Pump Test Curves provide the CW Pump performance head vs. flow
characteristic. Curve number N-3429 was used for Unit 1, and Curve number N-3672 for
Unit 2. Table 1 shows the pump flows and corresponding heads in the flow range of
interest, based on the Certified Pump Test Curves.

Table 1

Unit 1 “Unit 2
Pump Flow Pump Head Pump Head

100,000 gpm 50 ft 50 ft
110,000 gpm 46 ft 46.5 ft
120,000 gpm 41 ft 41,5 ft
130,000 gpm 35 ft 3551t
140,000 gpm 27.5ft 28 ft
145,000 gpm 22 ft 23 ft

Combined Pump Curve:

A combined pump curve can be established by adding pump flows at a series of points
with the same heads for each pump. Since the Unit 2 CW Pump performance is slightly
better than Unit1, the rated flow of the Unit 2 pump at the same head as the Unit 1 pump

must be calculated. Table 2 shows the pump heads for the Unit 1 and Unit 2 pumps at the
same pump heads. '

Table 2
Unit 1 ‘ Unit 2
Pump Head Pump Flow  Pump Flow

50 ft 400,000 gpm 100,660 gpm

46 ft 110,000 gpm 110,273 gpm

41 # 120,000 gpm 120,783 gpm

351t 130,000 gpm 131,182 gpm
275t 140,000 gpm 140,789 gpm

22 ft 145,000 gpm 145,438 gpm
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St. Lucie Circulating Water System
Flow with 2 CW Pumps (1 in each Unit) Out of Service

The combined pump curve for 3 Unit 1 CW Pumps and 3 Unit 2 CW pumps is
determined by multiplying the flow for each pump by 3, and then adding these flows to
obtain the curve for 6 pumps, as shown in Table 3.

Table 3
Unit 1 Unit 2 Unit1 &2

Pump Head 3 Pump Flow 3 Pump Flow 6 Pump Flow
50 ft 300,000 301,980 601,980

46 ft 330,000 330,820 660,820
411t o 360,000 - 362,348 722,348

35 ft ' 390,000 393,546 783,546
27.5 ft 420,000 ' 422,366 842,366

22 ft 435,000 436,314 871,314

CW System Friction Head Loss:

Table 4 is based on the CW System Hydraulic Gradient calculation performed by Ebasco.
(Ref. Engineering Evaluation PSL-ENG-SECS-06-040, Rev. 0, Attach. 2, page 4)

Table 4
Intake Loss ‘ 6.48 ft
Discharge Loss 682 ft ‘
Total Common Loss 133 ft ‘
Total System Loss 37 ft
Piping Loss 237 f
Common Flow 2344 cuft/sec
1,052,068 gpm
ICW Flow 58,000 gpm

Plant CW Piping Flow 994,058 gpm

Piping friction losses are propoftional to the square of the flow. Using the friction losses
in Table 4, and dividing by the square of the corresponding flow, the following friction
loss factors were determined.

Common Friction Loss Factor 4
(Intake and Discharge) 1.20164E-11  ftigpm®
Plant CW Friction Loss Factor
(Piping between intake and Discharge) 2.39842E-11  f/gpm’

Determine CW System Operating Point With 6 CW Pumps in Service

Based on the friction loss factors detenﬂined above, the total CW System friction loss
was calculated for a range of CW Pump flows. The results are shown in Table 5 below.



St. Lucie Circulating Water System
Flow with 2 CW Pumps (1 in each Unit) Out of Service

Total Plant CW Plant Piping Common Total
System Flow (gpm) Head Loss {ft) Head Loss (ft) Head Loss (ft)
300,000 2.2 1.5 3.7
350,000 . ) 29 20 49
400,000 38 25 6.4
450,000 4.9 ' 3.1 8.0
500,000 : 6.0 37 9.7
550,000 ’ 7.3 4.4 11.7
600,000 8.6 52 13.8
650,000 ' 10.1 6.0 16.2
700,000 118 6.9 18.7
750,000 135 7.8 213
800,000 153 8.8 242
850,000 173 9.9 272
900,000 194 11.0 30.5
950,000 216 12.2 339
1,000,000 24,0 13.5 374
1,050,000 . 26.4 14.8 41.2
1,100,000 ' 29.0 16.1 45.1

Figure 1 shows the plot of the combined 6 CW Pump curve and the CW System friction
loss curve. The intersection of these two curves is the operating point. At this point the
total CW pump flow is 846,000 gpm with a head of 27 ft.

PTN CW System Operation with 8 CW Pumps in Service

Fig. 1
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The individual Unit flows are 422,114 gpm in Unit 1, and 423,886 gpm in Unit 2.



Harold Frediani

From: Watters, lan [lan.C.Watters@fpl.com]

Sent: Wednesday, May 19, 2010 2:18 PM

To: . 'Frediani, Harold'; Hix, Ron .

Cc: o Abbatiello, Tom; Harold Frediani

Subject: 7 CW Pump Case for Saint Lucie Calc 25 '
Attachments: Determination of Flow Through CW System with 7 CW Pumps Operating.doc
Hal

As discussed, see attached for 7 CW Pump Case.

The total CW pump flow is 935,000 gpm with a head of 33 ft.

The individual Uhit flows are 532,663 gpm in Unit 1, and 402,337 gpm 'in Unit 2.

PTN CW Syserr Operzlon wth T C'A Furps n Serdce

Fig.2
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From: Frediani, Harold [mailto:Harold_Frediani@golder.com)

Sent: Wednesday, May 19, 2010 11:23 AM

To: Hix, Ron; Watters, Ian

Cc: Abbatiello, Tom; Harold Frediani : -,
Subject: RE: Saint Lucie Calc 25 '

Sorry, bad night. Wasn’t'up at 10:30

Normal conditions for 2 units, | see a 28 deg delta T and 118 deg CWOT in summer, and 33 deg delta T and 103 deg
CWOT in winter. , : ‘



~

St. Lucie Circulating Water System
Flow with 1 CW Pump Out of Service:

Determination of Flow Through CW System with 7 CW Pumps Operating

CW Pump Curves:

The Certified Pump Test Curves provide the CW Pump performance head vs. flow
characteristic. Curve number N-3429 was used for Unit 1, and Curve number N-3672 for
Unit 2. Table 1 shows the pump flows and corresponding heads in the flow range of
interest, based on the Certified Pump Test Curves.

Table 1 :
Unit 1 Unit 2 _ -
Pump Flow Pump Head Pump Head
100,000 gpm 50 ft 50 ft
110,000 gpm 46 ft 46.5 ft
120,000 gpm 41 ft 415 ft
130,000 gpm 351t 35.5ft
140,000 gpm 275t 28 ft
145,000 gpm 22 ft 231t

Combined Pump Curve:

A combined pump curve can be established by adding pump flows at a series of points
with the same heads for each pump. Since the Unit 2 CW Pump performance is slightly
better than Unitl, the rated flow of the Unit 2 pump at the same head as the Unit I pump
must be calculated. Table 2 shows the pump heads for the Unit 1 and Unit 2 pumps at the
same pump heads.

Table 2
Unit 1 Unit 2
- Pump Head Pump Flow Pump Flow

. 501t 100,000 gpm 100,660 gpm
46 ft 110,000 gpm 110,273 gpm

41 ft 120,000 gpm 120,783 gpm

35 ft 130,000 gpm 131,182 gpm

27.5 ft 140,000 gpm 140,789 gpm

22 ft 145,438 gpm

145,000 gpm



"

St. Lucie Circulating Water System
Flow with 1 CW Pump Out of Service

The combined pump curve for 4 Unit I CW Pumps and 3 Unit 2 CW pumps is "
determined by multiplying the flow for each pump by the number of operating pumps,
and then adding these flows to obtain the curve for 6 pumps, as shown in Table 3.

Table 3
Unit 1 Unit 2 Unit18&2

Pump Head 4 Pump Flow 3 Pump Flow 6 Pump Flow
50 ft 400,000 . 301,980 701,880

46 ft 440,000 330,820 770,820

41 ft 480,000 362,348 842,348
35ft 520,000 393,546 913,546
2751t 560,000 422,366 982,366

21 ~ 580,000 436,314 1,016,314

.CW System Friction Head Loss:

Table 4 is based on the CW System Hydraulic Gradient calculation performed by Ebasco.
(Ref. Engineering Evaluation PSL-ENG-SECS-06-040, Rev. 0, Attach. 2, page 4)

Table 4
Intake Loss 648 ft
Discharge Loss 6.82 ft
Total Common Loss 13.3 ft
Total System Loss 37 ft
Piping Loss 237 #
Common Flow 2344 cuft/sec
1,052,058 gpm
ICW Flow 58,000 gpm

Plant CW Piping Flow 994,058 gpm

Piping friction losses are proportional to the square of the flow. Using the friction losses
in Table 4, and dividing by the square of the corresponding flow, the following friction
loss factors were determined. '

Common Friction Loss Factor .
(Intake and Discharge) 1.20164E-11  ftigpm’
Plant CW Friction Loss Factor
(Piping between Intake and Discharge) 2.39842E-11  ft/gpm?

Determine CW System Operating Point With 7 CW Pumps in Service

Based on the friction loss factors determined above, the total CW System friction loss.
was calculated for a range of CW Pump flows. The results are shown in Table 5 below.



Total Plant CW
System Flow (gpm)

300,000
350,000
400,000
450,000
500,000
550,000
600,000
650,000
700,000
750,000
800,000
850,000
900,000
950,000
1,000,000
1,050,000
1,100,000

Figure 1 shows the plot of the combined 7 CW Pump curve and the CW System friction
loss curve. The intersection of these two curves is the operating point. At this point the
total CW pump flow is 935,000 gpm with a head of 33 ft.
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PTN CW System Operation with 7 CW Pumps In Service
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G Ol d er SUBJECT : Waste Heat Discharged for Existing Units
Job No. 09387687 Made By: H. Frediani Date 5/27/2010
Associates Ref. FPL PSL Checked: S. Hoschek Sheet 1 of 5
] NPDES Mod, Calc 26 ' JReviewed: G. Powell

In response to FDEP's first request for additional information associated with the NPDES Permit FL0002208 Modification
Request to increase the permit limit for discharge temperature at Outfall D-001, it is necessary to calculate theaT for the
existing pre-uprate Units. Based on Calc 25, the following cases are addressed,

Case 1. Maximum discharge temperature, both units operating at full load on 4 CW pumps each.

Case 2. Maximum discharge temperature rise, both units operating at full load on 3 CW pumps each.

Case 3. Maximum discharge temperature, one unit operating ét full load on 4 CW pumps.

Case 4. Maximum discharge temperature, maintenance mode, Unit 1 operating at full load on 4 CW pumps and

Unit 2 operating at full load on 3 CW pumps.

Based on the intake temperature frequency distribution develobed in Calculation 20, the highest intake temperature seen in
the Period of Record August 2005 through October 2009 was 88.4 deg F. The 90th percentile intake temperature was 70
deg F. In the Unit 2 Final Environmental Statement (FES), it was stated that the maximum ambient water temperature
between 1971 and 1978 was 90 deg F. (Unit 2 FES, Page 4-19). Assume the worst-case discharge temperature will occur

when the CW Inlet Temperature (CWIT) is at 90 deg F.

Case 1: Normally, four CW pumps operate per unit as follows (see the attached response to FDEP's RF! #1 dated March 5§
2008, for a previous NPDES permit modification, for flow derivation):
Unit 1 CW .pumps , four pumps at 121,000 gpm each = 484,000 gpm
Unit 1 also has 2 AECW pumps at 14,500 gpm each = 29,000 gpm
(AECW = ICW) total Unit 1= 513,000 gpm
Unit 2 has four CW pumps at 122,650 gpm each = 490,600 gpm

Unit 2 has two AECW pumps at14,500 gpm each = 29,000 gpm
total Unit2 = 519,600 gpm -

From PEPSE Heat Balances summarized in FPL's e-mail of 5/12/2010, the heat rejected for each unit with 8 pumps
operating and 90 deg F Circulating Water Inlet Temperature (CWIT) for the pre-uprated plant is:

Unit 1 = 6290.69 million Btu per hour

Unit 2 = 6227.84 million Btu per hour

AT is calculated as follows: AT = heat rejectéd /(CW flow times specific heat), where CW flow is in Ibs per hour
Based on Calculation 27, the specific heat of sea water in the expected range of temperatures is about 0.96 Btu per Ib per

degree F.
Use the density of sea water relationship developed in Calc 7 and detailed in spreadsheet "Book1.xIsx to determine the

density of sea water at the desired temperatures.




G 0' der SUBJECT : Waste Heat Discharged for Modeling Cases
Job No. 09387687 Made By: H. Frediani Date 5/19/2010
Associates JRef. FPL PSL Checked: S. Hoschek Sheet 2 of 5
NPDES Mod, Calc 26 Reviewed: G. Powell

~

in order to obtain the discharge temperature rise, we need to add in the heat load from the ICW systems. Calc 25,

Table 4.1.4-1 applies for Unit 1 :

JTable 4
Minimum
Components Flowrate Heat Load ICW Outlet Temp
tgpm} {Mbtu) {*F)
CCW HX A 4,395 26.06 106.6
CCWHX B 4,395 26.06 106.6
TCW HX A 1716 264 125
TCWHXB 3.119 . 480 125
OBCS HX A 2,248 34.6 - 128
OBCS HX B 2.248 346 125
TJOTAL 18,121
ICW Heat Rate = 26.06 + 26.06 + 26.4 + 48 +34.6 +34.6 = 196 million Btu/hour = 196,000,000  Btu/hour

This is the Unit 1 value, assume the Unit 2 value is the same.

For Case 1:

Assume that the maximum discharge temperature case (Case 1) occurs with 4 CW pumps operating per unit, and with an

inlet CW temperature (CWIT) of 90 deg F. For Unit 1, the 4-pump flow (Case 1):

AT, = (6,290,690,000 + 196,000,000)Btu/hour/((513,000 gpm / 7.48 galicu ft) *p *C;,* 60 min/hr)

at CWIT of 90 deg F, p = 63.8 pcf.
AT, = (6,290,690,000+196,000,000)/(513,000 /7.48"63.8".96'60) = 25.74 deg F.

For Unit 2, Case 1:
AT,= (196,000,000 +6,227,840,000)/((519,600/7.48) * 63.8 *.96 *60) = 25.16 degF.

For the combined flow of both units:
AT compined = (AT Q1 + AT, * Q2)/(Q1 + Q2) = 25.45 deg F.

Eor Case 2
Assume the maximum AT occurs when only 3 CW pumps are operating for each unit. Based on the attached document from

FPL entitled "Determination of Flow Through CW System with 6 CW Pumps Operating.doc", the CW flows through each

unit are as follows: Unit 1 Unit 2
422,114 gpm 423,886, gpm




Golder SUBJECT : Waste Heat Discharged for Modeling Cases
: Job No. 07387685 Made By: H. Frediani Date 5/19/2010
Associates Ref. FPL PSL Checked: S. Hoschek Sheet 3 of 5
NPDES Mod, Calc 26 Reviewed: G. Powell

Adding in the ICW flow rates, assumed unchanged from Case 1:

_Unit 1 CW pumps , three pumps = 422,114 gpm
Unit 1 still has 2 AECW pumps at 29,000 gpm = 29,000 gpm
total Unit 1 = 451,114 gpm
Unit 2 has 3 CW pumps = 423,886 gpm
Unit 2 still has two AECW pumps at 29,000 gpm = 29,000 gpm
total Unit 2 = 452,886 gpm

Assume 3-pump per unit operation can only occur at lower CWIT; otherwise, the units would suffer a backpressure penalty
and have to derate. Use the 90% temperature for CWIT of 70 degrees F. From PEPSE Heat Balances summarized

in FPL's e-mail of 5/12/2010, the heat rejected for each unit with 6 pumps operating and 90 deg F. Circulating Water

inlet Temperature (CWIT) is:

Unit 1 = 6334.20 Million Btu per hour
Unit 2 = 6269.82 Million Btu per hour

assume these values are still good for the 70 degree F CWIT case.

For Unit 1, Case 2:

4T, = (6,334,200,000 + 196,000,000)Btu/hour/((451,114 gpm / 7.48 gal/cu ft) *p *C,* 60 min/hr)

at CWIT of 70 deg F, p = 64.02 pcf.
- AT, = (6,334,200,000+196,000,000)/(451,114 /7.48*64.02*.96*60) = 29.36 deg F.

For Unit 2, Case 2:
AT,= (196,000,000 +6,269,820,000)/((452,886/7.48) * 64.02 *.96 *60) = 28.96 deg F.

For the combined flow of both units:

AT combined = (AT ¢ Q1+ ATZ *Q2y/ Q1+ Q2) = 29.16 deg F.




Golde'r SUBJECT : Waste Heat DischarJg_ed for Modeling Cases
Job No. 07387685 Made By: H. Frediani Date 5/19/2010
Associates Ref. FPL PSL . Checked: S. Hoschek Sheet 4 of 5
NPDES Mod, Calc 26 Reviewed: G. Powell

For Case 3:

For Case 3, which assumes only one unit operating, the highest discharge temperature is expected with a CWIT of 90 deg F

and only Unit 1 operating. The parameters for this case have already been established as part of Case 1:

8T =25.74degF

CW flow = 513,000 gpm

CWIT=90degF. .

CWOT (CW Outlet Temperature , or discharge temperature) = 115.74 deg F.

For Case 4;

/

For case 4, we assume a Unit 2 CW pump has tripped off , and full load is maintained on both Units. FPL has provided an

analysis of the resultant 7-pump flow (see attached document "Determination of Flow Through CW System with 7 CW

Pumps Operating") and concludes that the unit flow rates would be as follows:
Unit 1 - 532,663 gpm
Unit 2 - 402,337 gpm

Adding in the {CW flow rates, assumed unchanged from Case 1:

Unit 1 CW pumps four pumps = 532,663 gpm
Unit 1 still has 2 AECW pumps at 29,000 gpm = 29,000 gpm
total Unit 1 = 561,663 gpm
Unit 2 has 3 CW pumps = , 402,337 gpm
~ Unit 2 still has two AECW pumps at 29,000 gpm = 29,000 gpm

total Unit2= 431,337 gpm

Using the Unit 1 heat rejection rate from Case 1, Unit 1 = 6,486,690,000 Bturhour
Using the Unit 2 heat rejection rate from Case 2, Unit2= 6,423,840,000 Btu/hour

AT, = (6,486,690,000 )Btu/hour/(561.663 gpm / 7.48 gallcu ft) * p *C,* 60 min/hr)

at CWIT of 90 deg F, p = 63.8 pcf.
AT, = (6,486,690,000)/(561,663 /7.48'63.8*.96‘60i = 23.51degreesF.




Golder SUBJECT : Waste Heat Discharged for Modeling Cases

Job No. 07387685 Made By: H. Frediani Date 5/19/2010
0 H Ref. FPL PSL Checked: S. Hoschek Sheet 5 of 5
Associates NPDES Mod, Calc 26 Reviewed: G. Powell

For Case 4, Unit 2:
AT,= (6,423,840,000)/((431,337/7.48) * 63.8 *.96 *60) =  30.31 degrees F.

For the combined flow of both units:

ATeompinea = (BT Q1+ AT,* Q2)/(Q1+Q2) = 26.46 degrees F.
In Summary: .
Case 1 Case 2 : Case 3 Case 4
CWIT - degF. ‘ 90 70 90 90
AT - degF 25.45 29.16 2574 26.46
CWOT - degF. 115.45 : 99.16 115.74 116.46
CWFlow - gpm “. 1,032,600 ) 904,000 513,000 993,000




Harold Frediani

From: Frediani, Harold [Harold_Frediani@golder.com]
Sent: Thursday, May 27, 2010 5:05 PM

To: Harold Frediani

Subject: FW: Simplified Delta-T Calculation - Calg 24A
Attachments: Calc-24A-Writeup-ian.xis

Regards-

-Hal

Harold A. Frediani, Jr.
(semi-retired, part-time)
Golder Associates, Inc.
3730 Chamblee Tucker Rd.
Atlanta, GA 30341

Phone: 770-992-2533
Fax: 770-934-9476

From: Watters, Ian [mailto:Ian.C.Watters@fpl.com]
Sent: Wednesday, May 12, 2010 1:01 PM

To: Frediani, Harold

Cc: Abbatiello, Tom; Hix, Ron

\Subject: Simplified Delta-T Calculation - Calc 24A

Hal

The Table below shows the heat rejected to the Condenser for 8 CW Pumps operating and 6 CW Pumps op‘erating, pre

and post EPU from the PEPSE data files.

I have used this total heat rejected for each Unit in Calc 24A. The revised spreadsheet is attached. | don't think that we

need the 3050 MWt case since we will never operate at that power due to the licensed power limit.

Let me know if this approach is acceptable.

Results: Pre-EPU EPU Increase
deg F degF deg F

8 CW Pumps 25.50 28.12 2.62

6 CW Pumps 31.33 34,57 3.24

Heat Rejected to Condenser Based on PEPSE Heat Balances

! Case: EPU -8 CW Pumps in Service

Post-EPU
"Heat Rejected to Condenser

Current
Heat Rejected to Condenser



CWIT Unit 1 Un@t 2 Total Unit 1 Unit 2 Total -

90 6.20069E+09 6.22784E+09 1.25185E+10 6.95235E+09 6.85476E+09 1.38071E+10

Case: EPU -6 CW Pumps Iin Service

Current Post-EPU -

Heat Rejected to Condenser Heat Rejected to Condenser
CWIT  Unit1 Unit 2 Total Unit1 - Unit 2 Total

90 6.33420E+09 6.26982E+09 1.26040E+10 7.00336E+09 6.90264E+09 1.39060E+10
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GOIdef ' SUBJECT: Calculate Specific Heat of sea water at varying temperatures

: Job No. 09387687 Made By: H. Frediani Date: 5/16/2010

Associates Ref: FPLPSLNPDES  [Checked fSheet 1 of 1
Mod Reviewed

In order to calculate the temperature rise across each condenser, based on the heat rejection rates provided by FPL, it is

necessary to be able to calculate the specific heat (Cp) of sea water at the varying water temperatures.

From Shargawy, Lienhard, and Zubair, page 9 of Seawater_Property_tables[1].pdf (attached), we can do a table of Cp vs.

water temperature at salinities of 30 and 40 PPT. See C-sub-P.xIsx, worksheet Cp.

From the St Lucie Unit 2 Final Environmental Statement (FES), page 4-19, the average salinity of the Atlantic Ocean off

Hutchinson Island is 35.5 PPT. Interpolate linearly for C, at 35.5 PPT on worksheet Cp. Next, convert from metric to useful
units as folloWs: -
1 Joule=  0.000948 Btu

11b = 0.4535924277 kilograms

1degK= 1.8 degF f

1 Joule per kg per deg K = (.000948 Btu) per (1/.4535924277) 1b per (1.8 deg F.)
1 J/kg-degk = 0.000238892 Btu/ib/deg F

Add a column of temperatures in degrees F., then plot specific heat as a function of temperature. See worksheet "Plot".
Do a second plot for the temperature range of interest, from 50 to 122 deg F, call it Pllot 2. Add a trend line on Plot2
Linear trend line works, equation is Cp = 0.9514 + .00005 * T (deg F.) and an R"2 of 0.997. Verify the equattion in a table

on worksheet "curve fit".

Use this equation in Calc 25 to calculate temperature rises associated with the heat loads to be modeled. Add to worksheet

curve fit a table of estimated Cp values from 50 deg F to 130 deg F.




Water
Temperature | Actual C, | Curve-FitC,
‘deg F
50 0.9539 09539 ] T j
68 0.9549 0.9548
8 [ 0oss7 | ogss7f [
104 0.9566 0.9566
122 0.9576 - 0.9575
Water Water Water
Temperature Cp Temperature Cp Temperature Cp
deg F degF deg F
50 0.9539 77 0.9553 104| 0.9566
51 0.9540 78 0.9553 105| 0.9567.
52 0.9540 79 0.9554 106{ 0.9567
53 0.9541 80 0.9554 107| 0.9568
54 0.9541 81 0.9555 108| 0.9568
S5 0.9542 82 0.9555. 109} 0.9569
- 56 0.9542 83 0.9556 110] 0.9569
57 -0.9543 84 0.9556 111} 0.9570
58 0.9543 85 0.9557 112] 0.9570
59 0.9544 86 0.9557 113} 0.9571
60 0.9544 87 0.9558 114} 0.9571
61 0.9545 88 0.9558 115 0.9572
62 0.9545 89 0.9559 116] 0.9572
63 0.9546 90 0.9559 117| 0.9573
64 0.9546 91 0.9560 118} 0.9573
65 0.9547 92 0.9560 119 0.9574
66 0.9547 93 0.9561 120| 0.9574
67 0.9548 94 0.9561 121} 0.9575
68 0.9548 95 0.9562 122| 0.9575
69 0.9549 96 0.9562 123| 0.9576
70 0.9549 97 0.9563 124| 0.9576
71 0.9550 98 0.9563 125] 0.9577
72 0.9550 99 0.9564 126 0.9577
73 0.9551 100 0.9564 127 0.9578
74 0.9551 101 0.9565 128| 0.9578
75 0.9552 102 0.9565 129] 0.9579
76 0.9552 103 0.9566 1301 0.9579

5/16/2010 6:24 PM

C-sub-P.xlsx curve fit



Cp as a function of Sea-Water Temperature
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5/16/2010 3:24 PM : C-sub-P.xlsx Plot



Curve-Fit C,

Water Temperature deg F Actual C,
50 0.9539 . 0.9539
N __. 09549 09548
o 86 0.9557 0.9557
104 0.9566 0.9566
122 0.9576 0.9575

§
5/16/2010 3:32 PM

C-sub-P.xisx curve fit



Specific heat at constant pressure, J/kg K /’,,,_,Mu...

Mostafa H. Sharqawy, John H. Lienhard V and Syed M. Zubair, Thermophysical Properties of Seawater: A Review of Existing Correlations and Data, Desalination and

Water Treatment, 2010

' - . Salinity, g/kg
Temp, °C 0 10 20 30 40 50 60 70 80 90 100 110 120
0 4206.8 4142 .1 4079.9 4020.1 3962.7 3907.8 3855.3 3805.2 3757.6 3712.4 3669.7 3629.3 3591.5
10 4196.7 4136.7 4078.8 . 40228 3968.9 3916.9 3867.1 3819.2 37733 3728.5 3687.7 3647.9 - 3610.1
20 4189.1 41328 4078.2 . 4025.3 3974.1 39245 3876.6 3830.4 3785.9 3743.0 3701.8 3662.3 3624.5
30 41839 41305 40785 40278 39786 39308 38844 38394 37958 3753.6 37127 36733 36353
40 4181.0 41297 40796 40307 39829 . 3936.4 3891.0 3846.7 3803.7 3761.8 37211 3681.6 3643.2
50 4180.6 4130.8 4081.9 4034.1 3987.3 3941.5 3896.6 3852.9 3810.1 3768.3 3727.5 36878 3649.0
60 4182.7 4133.7 4085.5 ' 4038.3 3992.0 39465 3902.0 3858.3 38155 3773.7 37327 3692.6 3653.4
70 4187.1 4138.5 4090.6 4043.6 3997.3 3951.9 3907 .4 3863.6 3820.6 3778.5 3737.2 3696.7 3657.0
80 41940 41453 4097.3 4050.1 4003.7 3958.1 3913.3 3869.2 3825.9 3783.5 3741.7 3700.8 3660.7
90 4203.4 4154.2 4105.9 4058.3 . 40115 3965.4 3920.2 3875.7- 38320 3789.1 3746.9 3705.6 3665.0
100 4215.2 41654 41164 4068.2 4020.9 39743 3928.5 3883.6 3839.4 3796.0 3753.5 3711.7 3670.8
110 4229.4 4178.8 4129.1 4080.2 4032.2 . 3985.1 3938.7 3893.3 3848.6 3804.9 3761.9 37199 3678.6
120 4246.1 4194.7 41442 4094.6 4045.9 : 3998.2 3951.3 3905.4 3860.3 3816.2 3773.0 3730.7 3689.4
4300 ——— Accuracy $0.28%
) e 0
4200
0
< 4100 - 40
£ 4000 | —
;’- 60
2 3900 1 80
e —
gwo] 100
& )
3700 e I
S =120 g/kg
3600 —m
3500 r — - - - - r - v
0 10 20 30 40 50 60 70 80 90 100 110 120 130
Temperature, °C
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157 cms (62 in.). Surface runoff, however, is very small at the site because
of high soil permeability and evapotransp1ratlon There are no freshwater
streams in the vicinity of the site.

The nearshore bottom of the Atlantic Ocean off the site slopes at a one on

80 gradient to about -10.7 m (-35 ft) MLW. The ocean bottom maintains this
depth for about 800 m (0.5 mi) before rising to Pierce Shoal at about -6.4 m
(-21 ft) MLW. A slight trough 8 km (5 mi) wide and approximately 15 m (50 ft)
deep separates Pierce Shoal from the northward extension of St. Lucie Shoal.
The ocean bottom then slopes at a gradient of approximately one in 600 for

19 km (12 m1) across the continental shelf, to a depth of 36 m (120 ft). The
slope then increases, resulting in a depth of 183 m (600 ft) approximately

29 km (18 mi) east of the Plant site.

A tide monitoring program undertaken by the applicant from May 1976 to May 1977
showed a mean tidal range of 1 m (3.28 ft). This compares favorably with mean
tidal ranges determined from established tide gauges at Miami 0.76 m (2.3 ft),
Palm Beach 0.85 m (2.6 ft), and Vero Beach 1.084 m (3.1 ft).

f
Currents in the nearshore region of the site are affected primarily by winds
and tides. The Florida Current, a part of the Gulf stream system, is found
farther offshore, beyond the 91 m (300 ft) contour. Ocean currents near the
St. Lucie 1 discharge were measured by Continental Shelf Associates (CSA),
Tequesta, Florida, from November 1973 through-May 1975. Average current speed
was found to be 22.5 cm/s (0.74 ft/sec) near the surface and 16.4 cm/s
(0.54 ft/sec) near the bottom. The prevailing surface current direction is
alongshore toward the north and occurs about 49% of the time. Flow toward the
south occurs about 35% of the time. Current speeds were found to range from
near zero to 48.8 cm/s (1.6 ft/s). Frequency distributions by month for
surface and bottom current directions and speed are provided in the appllcant s

ER-OL. 16

- —— i g

Sea water temperatures on the Atlantic Ocean offshore of the site wer

{ range from about 15°C (59°F) to 32°C (90°F) between 197 The mean
temperaturg Yor all ¥tations and depihs.mony ¥ing_the period q%%zﬁf:§:>
(112F). JThe average salinity of the Atlantic Ucean off Hutchinson Is is”

; (about 35.5 parts per thousand (ppt). JA range of 33.0 ppt to 38.5 ppt has been:

reported with most values between 34.0 ppt and 36.0 ppt. Salinity is generally
lowest during fall and winter and increases to a maximum during the summer. '

4.3.4 Ground Water Hydrology

Underlying the one to two meters (3 to 6 ft) of surface organic material on
Hutchinson Island is the Anastasia Formation. The Anastasia Formation is an
unconfined water table aquifer consisting of grey slightly silty fine to medium
sand with varying amounts of fragmented shells. The Anastasia Formation
extends to a depth of about -41 m (-135 ft) MSL to -47 m (~155 ft) MSL. Below
the Anastasia Formation lies the Hawthorne formatjon. The upper 30 meters of
the Hawthorne formation at the site consists of a slightly clayey and silty
‘very fine sand. Below this zone and extending to about -122 m (-400 ft) MSL
are sandy clayey silts which form an aquiclude for the underlying Floridian
artesian aquifer. The Floridian aquifer, which lies about 210 m below the land
surface in St. Lucie County, underlies all of Florida and southern Georgia.

The Floridian aquifer is a highly porous limestone formation with an estimated

St. Lucie 2 fES _ . 4-19
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SUBJECT  MULDIF Run- Y-Nozzle with 123 ° F discharge temperature - Case 2

JobNo: 09387687 . |Madeby H Frediani Date 5/29/2010

Ref. FPL PSL Checked S. Hoschek Sheet 1of2
o]

PSL Caic 028 Reviewed G. Powell

In response to the FDEP RFI#1, Comment 7, we will run the MULDIF model for both St Lucie diffusers assuming 6-pump flow and a
discharge temperature of 123°F. The original calculations for the two diffuser runs in support of the 1/21/10 Thermal Discharge Study

included Calc 16 for the Y-Nozzle diffuser. This calculation is a revised version of Calc 16 for the Y-Nozzle diffuser

at the discharge temperature of 123° F, which is derlved from Case 2 in Calculation 25, assuming a 90 deg F CW inlet
temperature (CWIT).

s

Reference Drawings are 8770-G-664-1 for discharge diffuser profile, and 8770-G-66303 for plan view, and are attached to calculation

16. )
From Calc 16, we see the Y-nozzle is actually a 45° nozzle with discharge centerline at 34 ft mlw.
From the unit 1 FES (see'Calc 16) we have the ports as 7.5 ft diameter .

From Calc 7, we know that the 7.5 foot diameter is the inside diameter (ID) of each port, thus each port has an area of :
A=rR"2=3.14159* (7.5/2) * (7.5/2) = 44.18  square feet

Using two ports at 44.18 sq ft each, assume the flow is evenly split:

From Calc 25, flow is 904,0000 gpm for both Units 1 and 2; therefore each port has a flow of 904,000/4 226,000 gpm
= 504 cfs

Therefore, the discharge velocity = Q/A = 504/44.18 = 11.40 ft/sec

We will use the near-field model of Koh & Fan (MULDIF) for submerged mu]uport diffusers.
From MULDIF listing ( Attached to Calc 16)
First Data card:
NC = 2 points defining one stratified layer
DO=jet ID 7.5 feet
U0 = 11.40 ft/sec
TO is discharge Temp = 123 , from above.

From Calc 7, we have Book!.xlsx defining a curve fit of density of sea water as a function of temperature.

DEN1 = discharge density in g/cc
at123deg F,= 1.0147048

ThetaQ = angle of discharge = 0°

DJ = Depth of discharge = 34 ft

SPACJ= Jet spacing, call it 115' (because jets are at 45” angle, make them far enough apart so they don't interfere with
each other.)

Card 2 and 3: There are 2 cases of ambient depth and density, at the sufface and near the bottom.
D=depth=34and 0
TA = ambient temperature = 90. degrees F.
Dena = ambient density = 1.02250000

Card 4 GRAVAC= 32.2
BLDR =50 cfs

RIVR = receiving water flow, = 0 for slack tide / worst case




SUBJECT  MULDIF Run- Y-Nozzle with 123 ° F discharge temperature - Case 2

Job No: 09387687 Made by H Frediani Date
Ref, FPL PSL Checked S. Hoschek Sheet
PSL Calc 028 Reviewed G. Powell

5/29/2010

20f2

Tabulate in Worksheet "Input Parameters” and also save as "Y123.DAT" as a Notepad txt file.

Create blank output file Y123.0UT
Using these inputs and output files, run MULDIF.

Open output files in excel and clean up -save as Y123-OUT.xls and ;;]ot centerline temperature vertically.

Plot on axis for each of the Y ports on Attachment 1 of Calc 7..
See attachment 1 for results.




FPL PSL Uprate
T Rho(actual) |Rho(est) g/ce
| 30[_ 6425 ~_ 64.2420] 1.029519
32| 64.25 64.2367| 1.029434
40]  64.20 64.2090| 1.028990
... 50| 6417 . 64.1600, 1.028205
60 64.10 64.0950| 1.027163
70l  64.02 ~64.0140] 1.025865
80/ 63.95 63.9170| 1.024311
86.4 63.8465 1.023181
90[ ~ 63.80 63.8040[ 1.022500
91 63.7918| 1.022305
02 . 63.7795] 1.022107
93 63.7670| 1.021907
94  63.7543| 1.021704
95 63.7415| 1.021498
96 63.7285| 1.021290
97 ~63.7154] 1.021080
08 63.7021| 1.020867
99 63.6886| 1.020651
__ . Jool 63.70 . 63.6750| .1.020433
101 63.6612| 1.020212
102 63.6473| 1.019988| -
103] ~ 63.6332| 1.019763
104 63.6189| 1.019534
105 63.6045| 1.019303
106  63.5899] 1.019069),
107 63.5752| 1.018833
108 63.5603| 1.018594
___tosf | .635452| 1.018353
110 | 635300/ 1.018109
111 63.5146] 1.017863].
112 i 63.4991! 1.017613
113 63.4834{ 1.017362
114 63.4675 1.017108
115 63.4515 1.016851
116 63.4353|' 1.016592
7 63.4190] 1.016330
118 ] 63.4025| 1.016065
119 63.3858| 1.015798|
120 63.3690| 1.015529
121 | 63.3520{ 1.015257
122 63.3349| 1.014982
123 63.3176| 1.014705

5/29/2010 7:06 PM

Calculation 7

Book1.xIsx Interpolate



MULDIF- Y-Port Diffuser
Input Parameters

Definition

Parameter |Y-Port Units Note

NC 2 none Number of layers Assume 2 layers at same temp and density
DO 7.5 Ft Jet diameter Discharge is through

Uo 11.4 Ft/Sec Discharge velocity per jet From Calc 6

[ro 123 Deg F Discharge Temperature From Conference call on 10/19 with Ron Hix
bENl 1.01470481 g/cm’ Discharge density Calculated
[THETAO 0 none Angle of discharge with respect to horizontal Two scenarios

|D3 34 Ft Depth of discharge Depth of discharge

_IsPAC] 115 Ft Spacing between jet centers Only 1 jet

D 0 and 34 Ft Depth of discharge Depth of discharge

TA 90 Degq F Ambient River temperature

Dena 1.0225 g/cma Ambient River density

GRAVAC 32.2 Ft/Secz . Gravitational constant Gravitational constant

IBLDR 504 cfs Discharge flow Calculated

[RIVR 0 River flow ( O for slack tide) Assume slack tide

5/29/2010 2:36 PM

Calc-28.xlIsx Input Parameters




6/7/2010 2:27 PM

MULTIPORT SUBAQUEOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED ENVIRONMENT
AA= 115.00 FEET
1 AA--e-] A= 7.50 FEET
1] l l
Ak k JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ
0 o ok ke ok sk ok ok ok % ok e ok ok K o %k e e ok ok ok ok ok o ke sk 3 e ok ke ok sk % ‘ !
* JET DISCHARGE VELOCITY= 11.40 FT/SEC
’ | 1
ok e e o o 3k o sk e e o ok e ok ok 3K ok ok ok e 3k ok sk ok ok ke e Sk ok ok dle ok e e ok ok o ok ok ok ok ok ok ok JET DISCHARGE TEMPERATURE= 123‘00 F
] JET DISCHARGE DENSITY= 1.014705 GRAM/CC
JET DISCHARGE DEPTH= 34.00 FEET
X Y JETWIDTH _|DILUTION [JETTEM |JET DENS |AMB DEN |AMB TEM |DELTAT  |ALLOW T
0 0 123 90

46.84| 0.00026]  15.1577|  1.01051| 118.4629| 1.01578|  1.0225 90| 28.46292 17
76.59764] 2.63063] 28.80174|  1.93823] 104.8394] 1.01899] 1.0225 90| 14.83941 17
91.05657| 6.42867|  35.18377 2.4087| 101.941] 1.01968] 1.0225 90| 11.94097 17
104.8715| 12.13786|  41.02435|  2.88996| 99.95247| 1.02015]  1.0225 90|  9.95247 17
117.7805| 19.67609]  46.25394| - 3.38778| 98.48999| 1.02049  1.0225 90|  8.48999 17
129.6308] 28.79219]  50.94408|  3.90735| 97.36105] 1.02076]  1.0225 90|  7.36105 17

THIS IS FREE SURFACE

—
71.88| 0.417418 107 90 17

¥123-OUT.xIsx Y123



MULTIPORT SUBAQUEOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED ENVIRONMENT

N

AA= 115.00 FEET

=== AR~——-=— 1 A=  7.50 FEET
1
*o—p——* * * JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ
e de %k ek % ek de kv ko R * kK gk ke ko ok kkhkhhkkkkhA
* JET DISCHARGE VELOCITY= 11.40 FT/SEC
*
*****jk*************************************** JET DISCHARGE TEMPERATURE= 123.00 F

JET DISCHARGE DENSITY= 1.014705 GRaM/CC
JET DISCHARGE DEPTH= 34.00 FEET

X Y JET WIDTH DILUTION JET TEM JET DENS AMB DEN AMB TEM DELTA T ALLOW T
46.84000 . .00026 15.15770 1.01051 118.46290 1.01578 1.02250 90.00000 28.46292 17.00000
76.59764 2.63063 28.80174 1.93823 104.83%40 1.01899 1.02250 90.00000 14.83941 17.00000
91.05657 6.42867 35.18377 2.40870 101.94100 1.01968 1.02250 90.00000 11.940%7 . 17.00000

104.87150 12.13786 41.02435 2.88996 ° 99.95247 1.02015 1.02250 90.00000 9,95247 17.00000
117.78050 19.67609 46.25394 3.38778 98.48999 1.02049 1.02250 90.00000 8.48999 17.00000
129.63080 28.79219 50.94408 3

.90735 97.36105 1.02076 1.02250 90.00000 7.36105 17.00000
THIS IS FREE SURFACE :

Y123-out.docx . Saturday, May 29, 2010
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CALCULATION 29



— SUBJECT  MULDIF Run- Y-Nozzle with 118 ° F discharge temperature - Case 1
JobNo: 09387687 Made by H. Frediani Date 5/29/2010
FGolder Ref. FPL PSL Checked  S.Hoschek|  Sheet ‘

10of2
PSL Calc 029 Reviewed G. Powell

Calc 28 ran the MULDIF model for the St Lucie Y-nozzle diffuser assuming 6-pump flow and a discharge temperature of 123°F.
The results indicated that, although Case 2 has the highest discharge temperature, the predicted mixing zone , which is defined by the
17 degree F isotherm, may not have been the maximum sized mixing zone . This calculation is a revised

version of Calc 28 for the Y-Nozzle diffuser based on case 1 as described in Calc 25. Case 1 includes 8 CW pumps operating, a
temperature rise of 28 deg F, a CW inlet temperature (CWIT) of 90 deg F., and a CW flow of 1,032,600 gpm. The objective is to
determine whether Case 2 or Case 1 results in the larger mixing zone.

Reference Drawings are 8770-G-664-1 for discharge diffuser profile, and 8770-G-66303 for plan view, and are attached to calc. 16.
From Calc 16, we see the Y-nozzle is actually a 45° nozzle with discharge centerline at 34 ft mlw.

From the unit 1 FES (see Calc 16) we have the ports as 7.5 ft diameter .

From Calc 7, we know that the 7.5 foot diameter is the inside diameter (ID) of each port, thus each port has an area of :
A=nR*2=3.14159* (7.5/2) * (7.512) = 44.18  square feet '

Using two ports at 44.18 sq ft each, assume the flow is evenly split:
From Calc 25, flow is 1,032,600 gpm for both Units 1 and 2; therefore each port has a flow of 1,032,60( 258,150 gpm

=575 cfs
Therefore, the discharge velocity = Q/A = 575/44.18 = 13.02  ft/sec

We will use the near-field model of Koh & Fan (MULDIF) for submerged multiport diffusers.
From MULDIF listing ( Attached to Calc 16)
First Data card:

NC = 2 points defining one stratified layer

DO=jet ID 7.5 feet

UO = 13.02 ft/sec

TO is discharge Temp = 118 deg F, from above.

From Calc 7, we have Book]1.xIsx defining a curve fit of density of sea water as a function of temperatlire.

DENI1 = discharge density in g/cc
at118degF,= 1.016065

ThetaO = angle of discharge = 0°

DJ = Depth of discharge =34 ft

SPACI= Jet spacing, call it 115' (because jets are at 45° angle, make them far enough apart so they don't interfere with
each other.)

Card 2 and 3; There are 2 cases of ambient depth and density, at the surface and near the bottom.
D =depth=34and 0
TA = ambient temperature = 90. degrees F.
Dena = ambient density= 1.02250000

Card 4 GRAVAC = 32.2
BLDR =57 cfs

RIVR = receiving water flow, =0 for slackbtide / worst case




5

= : SUBJECT  MULDIF Run- Y-Nozzle with 118 ° F discharge temperature - Case 1
JobNo : 09387687 Made by H. Frediani Date 5/29/2010
> GOIdgr Ref. FPL PSL Checked S. Hoschek Sheet

PSL Calc 029 Reviewed

G. Powell

20f2

Tabulate in Worksheet "Input Parameters” and also save as "Y118.DAT" as a Notepad txt file.

Create blank output file Y118.0UT
Using these inputs and output files, run MULDIF.

Open output files in excel and clean up -save as Y118-OUT .xls and plot centerline temperature vertically.

Plot on axis for each of the Y ports on Attachment 1 of Calc 7..
See attachment | for results.
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MULDIF- Y-Port Diffuser
Input Parameters

[Parameter |Y-Port Units Definition Note
fnc 2 none Number of layers Assume 2 layers at same temp and density
loo 7.5 Ft Jet diameter Discharge is through
fuo 13.02 Ft/Sec Discharge velocity per jet From Calc 6
T0 ) 118 Deg F - Discharge Temperature From Conference call on 10/19 with Ron Hix
DEN1 1.01606500 g/cm3 Discharge density Calculated
THETAO 0 none Angle of discharge with respect to horizontal Two scenarios
iD) 34 Ft Depth of discharge Depth of discharge
SPAC) 115 Ft Spacing between jet centers Only 1 jet
D 0 and 34 Ft Depth of discharge ~ Depth.of discharge
TA 30 Deg E Ambient River temperature

1.0225 2 Ambient River density

Gravitationat constant Gravitational constant

]BLDR 575 cfs Discharge flow Calculated
JRIVR 0 River flow { 0 for slack tide) Assume slack tide

5/30/2010 5:18 AM

Calc-29.xisx Input Parameters




Water Temperature vs. Horizontal Center-Line Distance
‘Casel-118degF discharge ,

125

120

115 e —

110 N\

\ 95.6 Deg F. at the free surface
105 : N\
100 . : \\"\ ' ‘ \

Temperature - Degrees F.

95
90 - —— » - - — -
85 -+
0 20 40 60 ) 80 100 120 140 . 160

Horizontal Distance in Feet

6/7/2010 2:41 PM Calc 29 Case 1 - Y118-Out.xIsx Centerline Temperature



MULTIPORT SUBAQUEOQUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED ENVIRONMENT

1 !
AA= 115.00 FEET
1 l 5 T
1-e-AA-——1 A= 7.50 FEET
1] B 1 1
*__pA—* * % JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ
Sokkokkokddokokkkkkk  RERRERRKRE  kkRakkkkkk L o

* JET DISCHARGE VELOCITY= 13.02 FT/SEC

| |

****t*******#******?****‘********************$ JET D'SCHARGE TEMPERATURE= 118.00 F

- JET DISCHARGE DENSITY= 1.016065 GRAM/CC

JET DISCHARGE DEPTH= 34.00 FEET

5/30/2010 9:19 AM

1
X Y JET WIDTH DILUTION JET'FéM JET DENS 'AMB DEN (AMB TEM (DELTAT ALLOWT
0 0 7.5 ~ 118 ‘ 28.

26.84] 0.00016] 1515771 1.01051] 114.1504| 1.01695  1.0225 90| 24.15036' 17
76.69405] 167631 28.94036] 193676] 102.6006 10196, 1.0225 90| 12.60056! 17
91.44384| 4.14679 35.63834| 2.40262] 100.1573 1.02017fI 1.0225 90{ 10.15735! 17
105.8959] 7.9878| 42.05587] 2.87322] 98.49369] 1.02055.  1.0225 90| 8.49369 17
119.8729| 13.30134| 48.07619| 3.35172] 97.28113] 1.02083] 1.0225 90| 7.28112 17
133.2027( 20.07683|  53.63039] 3.84166| 96.35253] 1021041 1.0225 90| 6.35253, 17
145.7549] 28.20403|  58.72078] 4.34653| 9561466 1.02121] 1.0225 90| 5.61466; 17

THIS IS FREE SURFACE ; :

Calc 29 Y118-Out.xlsx Y118



CALCULATION 30



= SUBJECT.  MULDIF Run- Y-Nozzle with 119 ° F discharge temperature - Case 3
l JobNo : 09387687 Made by H. Frediani Date 5/30/2010
= GO dgl' Ref. FPL PSL Checked . Hoschek Sheet

1of2
PSL Calc 030 Reviewed G. Powell

This calculation will run the MULDIF model for the St Lucie Y-nozzle diffuser for Case 3 as described in Calc 25, assuming only one
unit operating at full load. This case is expected to produce the highest surface water temperature of the 4 cases. This calculation is a
revised version of Calc 28 for the Y-Nozzle diffuser. B

Case 3 includes, 4 CW pumps operating for Unit 1 which is at full load, and Unit 2 is shut down. The temperature rise is 29 deg F,
rounding up to the next highest whole number. The CW inlet temperature (CWIT) is 90 deg F., and the CW flow is 513,000 gpm.
The objective is to show that Case 3 results in a smaller mixing zone than Case 2 or Case 1, and to determine water temperature at the
free surface. Reference Drawings are 8770-G-664-1 for discharge diffuser profile, and 8770-G-66303 for plan view, and are attached
to Calc. 16. From Calc 16, we see the Y-nozzle is actually a 45° nozzle with discharge centerline at 34 ft mlw.

From the unit 1 FES (see Calc 16) we have the ports as 7.5 f;t diameter .

From Calc 7, we know that the 7.5 foot diameter is the inside diameter (ID) of each port, thus each port has an area of :
A=nR"2=3.14159* (7.5/2) * (7.5/2) = 44.18  square feet

Using two ports at 44.18 sq ft each, assume the flow is evenly split:
From Calc 25, flow is 513,000 gpm for Unit 1; therefore each port has a flow of 513,000/4 = 128,250 gpm

= 286 cfs
Therefore, the discharge velocity = Q/A = 575/44.18 = 6.47 ft/sec

We willuse the near-field model of Koh & Fan (MULDIF) for submerged multiport diffusers.
From MULDIF listing ( Attached to Calc 16)
First Data card:

NC = 2 points defining one stratified layer

DO=jet ID= 7.5 feet ,

UO = 6.47 ft/sec

TQ is discharge Temp = 119 deg F, from above.

From Calc 7, we have Book1.xIsx defining a curve fit of density of sea water as a function of temperature.

DEN1 = discharge density in g/cc
at119degF, = 1.015798

ThetaQ = angle of discharge = 0°

DJ = Depth of discharge =34 ft

SPACJ= Jet spacing, call it 115' (because jets are at 45° angle, make them far enough apart so they don't interfere with
each other.)

Card 2 and 3: There are 2 cases of ambient depth and densityi at the surface and near the bottom.
D = depth =34 and 0
TA = ambient temperature = 90. degrees F.
Dena = ambient density=  1.02250000

Card 4 GRAVAC= 32.2
BLDR =286 cfs

RIVR = receiving water flow, =0 for slack tide / worst case




= SUBJECT  MULDIF Run- Y-Nozzle with 119 ° F discharge temperature - Case 3
Job No : 09387687 Made by H. Frediani Date 5/30/2010
i3 GOld@l’ , Ref. FPL PSL Checked  S. Hoschek Sheet

PSL Calc 030 Reviewed

G. Powell

20f2

Tabulate in Worksheet "Input Parameters” and also save as "Y119.DAT" as a Notepad txt file.

Create blank output file Y119.0UT
Using these inputs and output files, run MULDIF.

Open output files in excel and clean up -save as Y1 19-OUT xls and plot centerline temperature vertically.




MULDIF- Y-Port Diffuser
Input Parameters

Parameter |Y-Port Units Definition Note

NC 2 none Number of layers Assume 2 layers at same temp and density
DO 7.5 Ft Jet dlameter Discharge is through

Uo ' 6.47 Ft/Sec Discharge velocity per jet From Calc 6

TO 119 Deg F Discharge Temperature From Conference call on 10/19 with Ron Hix
DEN1 1.01579800 glem® | . Discharge density Calculated

THETAO g none Angle of discharge with respect to horizontal Two scenarios

D) 34 Ft Depth of discharge Depth of discharge

SPAC] 115 Ft Spacing between jet centers Only 1 jet

D 0 and 34 Ft Depth of discharge Depth of discharge

TA 90 Deg F Ambient River temperature

Dena 1.0225 g/cr? Ambient River density -

GRAVAC 32,2 Ft/Sec2 Gravitational constant Gravitational constant
1BLDR 286 cfs Discharge flow Calculated
JRIVR 0 River flow ( O for slack tide) Assume slack tide

5/30/2010 10:15 AM

Calc-30.xIsx Input Parameters
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Water Temperature vs. Horizontal Center-Line Distance
Case 3 - 119 deg F discharge |
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5/30/2010 10:41 AM Calc 30 Y119-OUT.xIsx Center-Line Temperature



MULTIPORT SUBAQUEQUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED ENVIRONMENT

AA=115.00 FEET

]
A= 7.50 FEET

*oox JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ

EREERREAEE  RREARERRRE i i

~* JET DISCHARGE VELOCITY= 6.47 FT/SEC

* l | |

FEREEAERRERRRRCARRAL AL ARRS S SRR CRRCALRE2%4*  [ET DISCHARGE TEMPERATURE= 119.00 F
JET DISCHARGE DENSITY= 1015798 GRAM/CC

*__A__t R
R EREENRE R RK kK

JET DISCHARGE DEPTH= 34.00 FEET
X Y JET WIDTH DILUTION |JETTEM |JET DENS |AMB DEN [AMB TEM |DELTAT |ALLOWT
0 0 : 119 90 29
46.84| 0.00069 15.15765| 1.01051] 115.0129] 1.01672 1.0225 90| 25.01287 17
75.73824| 6.59876 27.65854| 1.95197| 102.9489| 1.01951 1.0225 90; 12.94889 17
88.19025; 14.83348 32.35958{ 2.45883| 100.2796| 1.02012 1.0225 90! 10.27962 17
98.78712; 25.36724 36.36976 3.0083| 98.40205| 1.02056 1.0225 90| 8.40205 17
THIS IS FREE SURFACE
5/30/2010 10:38 AM Calc 30 Y119.0UT Y119



FPL PSL Uprate

T Rho(actual) |Rho(est) g/cc
30] 6425 64.2420| 1.029519
32| 6425 64.2367| 1.029434
40| 6420 64.2090 1.028990
50] 6417 64.1600| 1.028205
60] 64.10 ~64.0950] 1.027163
70| 64.02 64.0140] 1.025865
80| 63.95 63.9170] 1.024311
86.4 63.8465| 1.023181
90[__63:80 638040 '1:022500
91 63.7918| 1.022305
92 63.7795| 1.022107
93 63.7670| 1.021907
94 63.7543] 1.021704
95 63.7415, 1.021498
96 63.7285| 1.021290
97 63.7154] 1.021080
98 63.7021] 1.020867
99 63.6886| 1.020651
100] 63.70 63.6750| 1.020433
101] 63.6612] 1.020212
102 63.6473| 1.019988
103 63.6332] 1.019763
104 63.6189| 1.019534
105 63.6045| 1.019303
106 63.5809| 1.019069
107 63.5752| 1.018833
108 63.5603] 1.018594
109 63.5452| 1.018353
110 ~ 63.5300| 1.018109
111 ~ 63.5146] 1.017863
112 63.4991] 1.017613
113 63.4834| 1.017362
114 63.4675| 1.017108
115 ) 63.4515| 1.016851

[ 116 63.4353| 1.016592
117 63.4190| 1.016330]
118 63.4025] 1.016065
119 '63:3858' 1.015796
120 63.3680| 1.015529
121 63.3520] 1.015257
122 63.3349| 1.014982
123 63.3176| 1.014705

5/30/2010 10:14 AM

Calculation 7

Book1.xisx Interpolate



'CALCULATION 31



SUBJECT  MULDIF Run- Y-Nozzle with 120 ° F discharge temperature

JobNo : 09387687 - |Made by HAF Date 5/30/2010
Ref. FPL PSL Checked Sheet

1of2
PSL Calc 031 Reviewed

This calculation will run the MULDIF model for the St Lucie Y-nozzle diffuser for Case 4 as described in Calc 25, assuming both
units operating at full load, but with only 7 CW ‘pumps operating. This is the Maintenance case. This calculation is a
revised version of Calc 28 for the Y-Nozzle diffuser.

Case 4 includes. 7 CW pumps operating for Units 1 and 2, which are both at full load. The temperature rise is 30 deg F, -
rounding up to the next highest whole number. The CW inlet temperature (CWIT) is 90 deg F., and the CW flow is 993,000 gpm.
The objective is to show that Case 4 results in a smaller mixing zone than Case 2 or Case 1, and to determine water temperature at

the free surface. Reference Drawings are 8770-G-664-1 for discharge diffuser profile, and 8770-G-66303 for plan view, and are

+ attached to Calc. 16. From Calc 16, we see the Y-nozzle is actually a 45° nozzle with discharge centerline at 34 it mlw.

From the unit 1 FES (see Calc 16) we have the ports as 7.5 ft diameter .
From Calc 7, we know that the 7.5 foot diameter is the inside diameter (TD) of each port, thus each port has an area of ;
A=aR"2=3.14159*(7.5/12)* (7.5/2) = 44.18  square feet

Using two ports at 44.18 sq ft each, assume the flow is evenly split:
From Calc 25; flow is 993,000 gpm ; therefore each port has a flow of 993,000/4 = : 248,250 gpm

= 553 cfs
Therefore, the discharge velocity = Q/A = 553/44.18 = 12,52 ft/sec

We will use the near-field model of Koh & Fan (MULDIF) for submerged multiport diffusers.

~ From MULDIF listing ( Attached to Calc 16)

First Data card:
NC = 2 points defining one stratified layer
DO=jet ID 7.5 feet
UO =12.52 ft/sec
TO is discharge Temp = 120 deg F, from above.

From Calc 7, we have Book1.xIsx defining a curve fit of density of sea water as a function of temperature.

DENI = discharge density in g/cc
at120deg F,= 1.015529

ThetaO = angle of discharge = 0°

DJ = Depth of discharge =34 fi

SPACIJ= Jet spacing, call it 115" (because jets are at 45° angle, make them far enough apart so they don't interfere with
each other.)

Card 2 and 3: There are 2 cases of ambient depth and density, at the surface and near the bottom.
D =depth=34and 0
TA = ambient temperature = 90. degrees F.
Dena = ambient density = 1.02250000

Card 4 GRAVAC= 322

BLDR = cfs
RIVR = receiving water flow, = 0 for slack tide / worst case




@Goldgr
Associates

SUBJECT  MULDIF Run- Y-Nozzle with 120 °F discharge temperature

JobNo: 09387687 Made by HAF Date 5/30/2010
Ref. FPL PSL Checked Sheet 2 0f2
PSL Calc 031 Reviewed °

Tabulate in Worksheet "Input Parameters" and also save as "Y119.DAT" as a Notepad txt file.

Create blank output file Y120.0UT

Using these inputs and output files, run MULDIF,

Open output files in excel and clean up -save as Y120-OUT .xls and plot centerline temperature vertically.




MULDIF- Y-Port Diffuser

Input Parameters
[Parameter {Y-Port Units Definition Note

Inc 2 none Number of layers Assume 2 layers at same temp and density
oo 7.5 Ft Jet diameter Discharge is through
Juo 12.52 Ft/Sec Discharge velocity per jet From Calc 6

TO 120 Deg F Discharge Temperature From Conference call on 10/19 with Ron Hix
DEN1 1.01552900 g/em® Discharge density Calculated

THETAQ 0 none Angle of discharge with respect to horizontal Two scenarios

103 34 Ft Depth of discharge Depth of discharge

SPAC) 115 Ft Spacing between jet centers Only 1 jet

D 0 and 34 Ft Depth of discharge Depth of discharge
[t 90 Deg F Ambient River temperature

1.0225

Ambient River density

Ft/Sec Gravitational constént Gravitational constant
JBLDR 553 - cfs Discharge flow Calculated
JRIVR 4] River flow ( O for slack tide) Assume slack tide

5/30/2010 11:03 AM

Calc-31.xlsx Input Parameters



MULTIPORT SUBAQUEOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED ENVIRONMENT

i

i

AA=115.00 FEET

1—AA——1 A= 750FEET | |
1 | l . l
*-A--* ¥ o* JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ
EAERRRRRERRRRRERE  RRERRKERKE  RAKRRERRRK [ l T
* JET DISCHARGE VELOCITY= 12.52 FT/SEC
* [ J
e e o ok o ok e o ok o ofe e o o o e ok ok 3 o ok ok ok ok sl o ok ke o e i ok ol ok o oK e o ok ok e e JET DlSCHARGE TEMPERATURE‘-‘- 120.00 F
JET DISCHARGE DENSITY= 1.015529 GRAM/CC
JET DISCHARGE DEPTH= 34.00 FEET
X Y JETWIDTH (DILUTION JETTEM [JET DENS |AMB DEN AMBTEM |DELTAT JALLOWT
(4] 0 ' 120 . 90
46.84| 0.00019| 15.15771] 1.01051 115.8754| 1.01649 1.0225. 90 25.87539 17
76.66982| 1.96048| 28.90529| 1.93713 103.498; 1.01936 1.02253 90| 13.49804 17
91.3447| 4.83454| 35.51991 2.40416. 100.8759{ 1.01997 1.0225; 90) 10.87591 17
105.626] 9.26266] 41.77459 2.'87754.{ 99.08672| 1.02039 1.0225 90( 9.08672 17
119.3012) 15.30707| 47.55079| 3.36126: 97.77905| 1.02069 1.0225: 90; 7.77905 17
132.1881) 22.88941| 52.81058 3.85953§ 96.77477; 1.02093 1.0225° 90| 6.77477 17
144.1751| 31.82872 57.6038 4.376152 95.97499| 1.02111 1.0225% 90| 5.97499 17
THIS IS FREE SURFACE T | ‘
5/30/2010 11:21 AM Calc 31

"Y120.0UT Y120



FPL PSL Uprate
T Rho(actual) |{Rho(est) glcc
30 64.25 64.2420] 1.029519
32 64.25 64.2367| 1.029434
40 64.20 64.2090| 1.028990
50 64.17 64.1600( 1.0282056
60 64.10 64.0950] 1.027163
70 64.02 64.0140] 1.025865
80 63.95 63.9170] 1.024311
86.4 63.8465| 1.023181
90| 6380 . 63.6040 1.022500
91 63.7918| 1.022305
92 63.7795| 1.022107
93 63.7670| 1.021907
94 63.7543| 1.021704
85 63.7415] 1.021498
96 63.7285| 1.021290
97 63.7154| 1.021080
08 63.7021| 1.020867
99 63.6886| 1.020651
100 63.70 63.6750| 1.020433
101 ' 63.6612| 1.020212
102 63.6473| 1.019988
103 63.6332| 1.019763
104 63.6189| 1.019534
105 63.6045| 1.019303
106 63.5899 1.019069
107 63.5752| 1.018833
108 ©63.5603| 1.018594
109 63.5452| 1.018353
110 63.5300| 1.018109
111 63.5146{ 1.017863
112 63.4991| 1.017613
113 63.4834] 1.017362
114 63.4675| 1.017108
115 63.4515] 1.016851
116 63.4353] 1.016592
117 63.4190| 1.016330|
118 63.4025| 1.016065
119 63.3858| 1.015798
120 63:3690° 1.015529
121 63.3520| 1.0156257
122 63.3349| 1.014982
123 63.3176| 1.014705

5/30/2010 11:04 AM

Calculation 7

Book1.xIsx Interpolate .
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Water Temperature - Deg rees F

Water Temperature vs. Horizontal Center-Line Distance

115 -

Caseqd - 120degF
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SUBJECT  MULDIF Run- Y-Nozzle with 120 ° F discharge temperature - Case 4

l Job No: 09387687 Made by H. Frediani Date 5/30/2010
FGO dgl' Ref. FPL PSL Checked S Hoschek |  Sheet

PSL Calc 031 Reviewed G. Powell

1of2

. This calculation will run the MULDIF model for the St Lucie Y-nozzle diffuser for Case 4 as described in Calc 25, assuming both
units operatmg at full load, but with only 7 CW pumps operating. This is the Maintenance case. This calculation is a
revised version of Calc 28 for the Y-Nozzle diffuser.
Case 4 includes 7 CW pumps operating for Units 1 and 2, which are both at full load. The temperatufe rise is 30 deg F,
rounding up to the next highest whole number. The CW inlet temperature (CWIT) is 90 deg F., and the CW flow is 993,000 gpm.
The objective is to show that Case 4 results in a smaller mixing zone than Case 2 or Case 1, and to determine water temperature at
the free surface. Reference Drawings are 8770-G-664-1 for discharge diffuser profile, and 8770-G-66303 for plan view, and are

attached to Calc. 16. From Calc 16, we see the Y-nozzle is actually a 45° nozzle with discharge centerline at 34 ft miw.
From the unit 1 FES (see Calc 16) we have the ports as 7.5 ft diameter .
From Calc 7, we know that the 7.5 foot diameter is the inside diameter (ID) of each port, thus each port has an area of :
A=mRMN2=3.14159 * (7.5/2) * (7.5/2) = 44.18  square feet

Using two ports at 44.18 sq ft each, assume the flow is evenly split:
From Calc 25, flow is 993,000 gpm ; therefore each port has a flow of 993,000/4 = 248,250 gpm

. _ =553 cfs
Therefore, the discharge velocity = Q/A = 553/44.18 = 1252  ft/sec

We will use the near-field model of Koh & Fan (MULDIF) for submerged muitiport diffusers.
From MULDIF listing ( Attached to Calc 16)
First Data card:

NC = 2 points defining one stratified layer

DO=jet ID= 7.5 feet

N . UO = 12.52 ft/sec

TO is discharge Temp = 120 deg F, from above.
From Calc 7, we have Book1.xlsx defining a curve fit of density of sea water as a function of temperature.

DEN]I = discharge density in g/cc
at120degF,=  1.015529

ThetaO = angle of discharge = 0°
DJ = Depth of discharge = 34 ft

SPACI= Jet spacing, call it 115' (because jets are at 45° angle, make them far enough apart so they dont interfere with
each other.)
j .
ICard 2 and 3: There are 2 cases of ambient depth and density, at the surface and near the bottom.
D=depth=34and 0 :
TA = ambient temperature = - 90. degrees F.

Dena = ambient density= 1.02250000 : !

Card 4 GRAVAC = 322
BLDR =553 cfs

RIVR = receiving water flow, = 0 for slack tide / worst case




SUBJECT  MULDIF Run- Y-Nozzle with 120 ° F discharge temperature - Case 4

Job No : 09387687
Ref. FPL PSL

PSL Calc 031

Made by
Checked

Reviewed

H. Frediani
S. Hoschek

G. Powell

Date 5/30/2010

Sheet
20f2

Tabulate in Worksheet "Input Parameters” and also save as "Y119.DAT" as a Notepad txt file.

Create blank output file Y120.0UT
Using these inputs and output files, run MULDIF.

Open output files in excel and clean up -save as Y120-OUT .xls and plot centerline temperature vertically.




MULDIF- Y-Port Diffuser
Input Parameters

-

Parameter |Y-Port Units Definition Note

NC 2 none Number of layers - Assume 2 layers at same temp and density
DO 7.5 Ft Jet diameter Discharge is through

(V]o] 12.52. Ft/Sec Discharge velocity per jet From Calc 6

TO 120 Deg F Discharge Temperature From Conference call on 10/19 with Ron Hix
DEN1 1.01552900 g/t:m3 Discharge density ' Calculated

THETAO 0 none Angle of discharge with respect to horizontal Two scenarios

DJ ) 34 Ft Depth of discharge Depth of discharge

SPACT 115 Ft Spacing between jet centers Only 1 jet

D. 0 and 34 Ft Depth of discharge Depth of discharge

TA 90 Deq F Ambient River temperature

Dena 1.0225 gfem® Ambient River density

GRAVAC 32.2 Ft/Se.c:2 Gravitationa! constant Gravitational constant

BLDR 553 cfs Discharge flow Calculated

RIVR 0 River flow ( O for slack tide) Assume slack tide

5/30/2010 6:32 PM

Calc~31.xIsx Input Parameters




N

FPL PSL Uprate
T Rho(actual) |Rho(est) g/cc
30f 6425 64.2420| 1.029519
i 32| 64.25 64.2367| 1.029434
40| 64.20 64.2090| 1.028990
_ 501 6417 . 64.1600| 1.028205
B 60] 64.10 64.0950| 1.027163
70|  64.02 64.0140| 1.025865
_ 80| 6395 i _ _ 639170| 1.024311
"~ 86.4 63.8465| 1.023181
go[  63.80 63.8040 1.022500
91 ...63.7918| 1.022305
92 63.7795| 1.022107
93 63.7670| 1.021907
_ 94 __ 637543 1,021704
T 63.7415; 1.021498
96 63.7285] 1.021290
o7 '63.7154| 1.021080
98 63.7021| 1.020867
99 63.6886| 1.020651
100[  63.70 . 63.6750| 1.020433
101 63.6612| 1.020212
102 63.6473] 1.010088
103 . 63.6332| 1.019763
104 63.6189| 1.019534
105 63.6045 1.019303
106 ~63.5899| 1.019069
C 107 63.5752| 1.018833
108 63.5603] 1.018594
09, | 635452 1.018353
77110 63.5300| 1.018109
111 N 63.5146| 1.017863
112 - 63.4991] 1.017613
113 63.4834| 1.017362
114 ~63.4675| 1.017108}
115 ] ~ 63.4515] 1.016851
118l 63.4353| 1.016592
117 63.4190| 1.016330]
118  63.4025| 1.016065
119 63.3858| 1.015798
120 63.3690 1.015529
121 — . 63.3520] 1.015257
122 63.3349] 1.014982
123 63.3176] 1.014705

5/30/2010 6:33 PM

Calculation 7

Book1.xIsx Interpolate



MULTIPORT SUBAQUEOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED ENVIRONMENT

1
i

AA= 115.00 FEET

1---—-AA-——1 A= 750FEET |
1( L ! i : i i
*A--* i JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ i
KEERRRRKRKERRAE  Kkekdkkokkdr  kkkkkR KRR kE l ( :

* JET DISCHARGE VELOCITY= 12.52 FT/SEC

* | l }
XEEREEEERBRRAKRER LR AR R ERRR TR R Rk kR kK v JET DlSCHARGE TEMPERATURE= 12000 F
JET DISCHARGE DENSITY= 1.015529 GRAM/CC

JET DISCHARGE DEPTH= 34.00 FEET N
‘ i
. ! .
X Y JETWIDTH |DILUTION JETTEM [|JET DENS |AMB DEN |AMB TEM |DELTAT |ALLOWT
0 o _ 120 .- 90
46.84) 0.00019] 15.15771] 1.01051 115.8754| 1.01649| 1.0225. 90| 25.87539 17
76.66982| 196048 28.90529 1.93713 103.498| 1.01936| 1.0225 90| 13.49804 17
91.3447| 4.83454] 35.51991] 240416 100.8759| 1.01997| 1.0225] 90| 10.87591 17
105.626| 9.26266] 41.77459| 2.87754! 99.08672| 1.02039| 1.0225 90| 9.08672 17
119.3012] 15.30707| 47.55079| 3.36126: 97.77905| 1.02069|  1.0225! 90{ 7.77905 17
132.1881] 22.88941] 52.81058] 3.85953' 96.77477] 1.02093]  1.0225: 90{ 6.77477 17
| 144.1751| 31.82872| 57.6038| 4.37615; 95.97499| 1.02111|  1.0225 90| 5.97499 17
THIS IS FREE SURFACE ; ' H !
5/30/2010 6:33 PM Calc 31 Y120-out.xIsx Y120
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Water Temperature vs. Horizontal Center-Line Distance ;
Case 4 - 120 deg F discharge |
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CALCULATION 32



GOIder SUBJECT  Mixing Zone Volumes for Cases 1 through 4
Job No. 09387687 . {Made By: H. Frediani Date 5/30/2010 '
Assoclates Ref. St Lucie NPDES Checked: S. Hoschek Sheet 1 of 1
Calc: 32 ) Reviewed: G. Powell

The MULDIF model has been run for the Y-nozzle diffuser for the four cases identified in Calc 25 and documented in the

following calculations: Output file Max temp at free surface
Calculation 29 - Case 1 Y-118-out 95.6 degrees F
Calculation 28 - Case 2 Y-123-out - 97.4 degrees F
Calculation 30 - Case 3 Y-119-out 98.4 degrees F
Calculation 31 - Case 4 Y-120-out 96.0 degrees F

The purpose of this calculation is to calculate the volume enclosed by the 17 deg F above ambient isotherm for each case,
because that is the limit of the mixing zone . We will need to determine which of the four cases produces the largest mixing
zone.

First, take the tables from the output files from each of Calc 28 through 31 and place as worksheets in Calc32.xIsx

The model predicts a plume with circular cross-section perpendicular to the axis of the plume centerline. Calculate the
volume within each model step as the product of the average of the cross-sectional areas and the distance along the centerline.
On worksheet5, Calc-32.xlsx, tabulate the x and y coordinates of each time step for each case down to the 17 degree F
abdve ambient temperature at the centerline. Note the 17 degree location along the centerline has been calculated by linear
interpolation. Calculate centerline distance S of each time step as square root of sum of squares of X and Y. Tabulate
centerline jet delta T at end of step 1. Assume top hat distribution at start of first step; so the 17 degree isotherm is assumed
to extend all the way across the discharge port. Next, calculate the jet width to the 17 degree isotherm, first calculate ratio

of 17 degrees to delta T at centerline. Then from normal.pdf (normal distribution) calculate corresponding number of standard
deviations. (see Calc 18 for an example calc). Next, from the jet width, assuming the full jet is four standard deviations across,
multiply by # of SDs divided by 4 to get 17-degree width. Then calculate volume of that step. repeat the proces, at the end of
the second step we are at 17 degrees and the area is.zero (a point). Add the volumes of the two steps to get the total volume
enclosed by the 17 degree isotherm.

Based on the table on sheet 5, the largest 17-degree above ambient isotherm volume is for Case 2, and totals 9,297 cubic

feet.




Case 1 Case 2 Case 3 iCase 4
X at start first time step L 0 0 0! 0!
Y at start first time step ) 0 0 o
X at end first time step 46.84 46.84 46.84] 46,84
y at end first time step % 0.00016 0.00026 0.00069! 0.00019
s for first time step 46.840 46.840 46.840! 46.840'
jet diameter start of first time step s 7.500 7.500 7.500; 7.500:
jet diameter end of first time step [ 15.158 15.158 15.158] 15.158:
centerline delta T at start first step - 28.000 33.000 29.000! 30.000
centerline delta T at end of first step 24.150 28.463 25.013! 25.875!
ratio of 17 deg to centerline delta T 0.863 0.863 0.863; 0.863;
from normal distribution, # of SDs 0.540 0.540 0.540 0.540:
17 deg jet diameter end of first step 2.046 2.046 2.046 2.046
17 deg volume of first step - cu ft 4,303 4,303 4,303; 4,303|
x at end second time step 65.322 71.878 66.034. 68.230.
y at end second time step 1.0378 2.2135 43831 1.4058
S for second time step 18.511 25.136 15.688; 21.436:
jet diameter end second time step 23.690 26.638 23.461; 25.016
centerline delta T at end second step 17 17 17 17
17-degree volume of second step 122 165 129; 141)
Total volume 17-degree isotherm per port 4,425 4,468 4,433 4,444
for two ports (cubic feet) : 8,850 8,937 8,865 8,888

6/1/2010 6:44 AM

Calc-32.xlIsx Sheet5



|

MULTIPORT SUBAQUEOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED ENVIRONMENT
T

AA= 115.00 FEET 3
1—AA——1 A= 7.50 FEET
, j
1] i 1 ]
A * JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ
KEREERRRE R KR ERNK EE IR 21 L3 AR KRR R ' I

* JET DISCHARGE VELOCITY= 11.40 FT/SEC

*

]

I

i

EAFREENERRCRNERFRLRRERRLRERKRRDRRXRRRKAEREE LT DISCHARGE TEMP

ERATURE= 123.00 F

JET DISCHARGE DENSITY= 1.014705 GRAM/CC

JET DISCHARGE DEPTH= 34, 00 FEET

i

1

"JET DENS

'ALLOW T

X JETWIDTH |DILUTION [JET TEM AMB DEN |AMB TEM :DELTAT
) 0 0 123; 90! 33;

46.84| 0.00026 151577  1.01051| 118.4629] 1.01578] 1.0225 90i 28.46292 17
71.87829| 2.213472] 26.6378941 ! 17!
76.59764] 2.63063] 28.80174| 1.93823| 104.8394; 1.01899] 1.0225 90; 14.83941 17
91.05657| 6.42867|  35.18377 2.4087| 101.941. 1.01968! 1.0225 90! 11.94097, 17
104.8715| 12.13786]  41.02435]  2.88996| 99.95247; 1.02015]  1.0225 90|  9.95247: 17
117.7805| 19.67609]  46.25394]  3.38778| 98.48999! 1.02049] 1.0225 90|  8.48999! 17
129.6308| 28.79219] 50.94408|  3.90735| 97.36105, 1.02076] 1.0225 90|  7.36105 17

THIS IS FREE SUR

FACE

5/30/2010 7:12 PM

interpolated linearly for 17 deg

Calc-32.xIsx Case 2



MULTIPORT SUBAQUEQUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED ENVIRONMENT

AA= 115.00 FEET

+

1AA—-1 A= 7.50 FEET ;
] | | | : 1
A * ® JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ
REERRERRERERRRR Rk RRR KR e el e e ke gk \ :

* JET DISCHARGE VELOCITY= 13.02 FT/SE

* | l | |

5/30/2010 7:13 PM

e e e ot e o ohe e e e ol e ok e ok o dle ol ol e 3 ot e e e e ol e ok e sk ke ol ol e e oje o o ok ok e O R JET D'SCHlARGE TEMPERATURE= 118.00 F
JET DISCHARGE DENSITY= 1.016065 GRAM/CC '
JET DISCHARGE DEPTH= 34.00 FEET ‘
|
X Y JETWIDTH |DILUTION |JET TEM JET DENS :AMB DEN |AMB TEM |[DELTAT §ALLOW T
0 0 7.5 118 28.
46.84| 0.00016 15.15771| 1.01051| 114.1504| 1.01695 1.0225 90| 24.15036: 17
65.32233| 1.037847| 23.65040401 ' : 17!
76.69405| 1.67631 28.94036] 1.93676] 102.6006 1.0196 1.0225 90| 12.60056 17
91.44384| 4.14679 35.63834] 2.40262! 100.1573| 1.02017 1.0225 90 10.15735 17
105.8959 7.9878 42.05587| 2.87322{ 98.49369] 1.02055; 1.0225 90| 8.49369 17
119.8729| 13.30134 48.07619| 3.35172| 97.28113; 1.02083 1.0225 90| 7.28112 17
133.2027| 20.07683 53.63039) 3.84166] 96.35253| 1.02104 1.0225 90| 6.35253 17
145.7549 28.20403 58.72078| 4.34653! 95.61466| 1.02121 1.0225 90| b5.61466 17
THIS IS FREE SURFACE
Calc 29 Calc-32.xlsx Case 1



MULTIPORT SUBAQUEOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED ENVIRONMENT
{ j

i

H
¥

Rk kkkkhkk ]

H i

AA= 115,00 FEET
1--AA-—1 . A=" 7.50 FEET N !
1] | 1 § |
*A--* * * JET DISCHARGE ANGLE= .00 DEGREES W/HORIZ
RpkpRR R rkkkhkkk o2t sk ok ok ok ot ok gk ok t
T

* JET DISCHARGE VELOCITY= 6.47 FT/SEC

. il |

AERERRREKRRERERREKEKR LR LR AR R R KRR EREER R LRk EEX JETD'SC;{ARGETEMPERATURE= 119.00F

JET DISCHARGE DENSITY= 1.015798 GRAM/CC
JET DISCHARGE DEPTH= 34.00 FEET

X Y JETWIDTH  DILUTION [JETTEM |JET DENS :AMB DEN |AMB TEM |DELTAT ALLOWT
0 0 119 90 29
46.84| 0.00069 15.15765 1.01051| 115.0129| 1.01672! 1.0225 90; 25.01287 17
66.03415| 4.383114! 23.4607147: 17
75.73824) 6.59876 27.65854° 1.95197| 102.9489| 1.01951: 1.0225 90! 12.94889 17
88.19025| 14.83348 32.35958' 2.45883| 100.2796]/ 1.02012{ 1.0225 90| 10.27962 17
98.78712| 25.36724 36.36976.  3.0083| 98.40205; 1.02056] 1.0225 90 8.40205 17
THIS IS FREE SURFACE ;
5/30/2010 7:13 PM

Calc 30

Calc-32.xIsx Case 3




“MULTIPORT SUBAQUEQOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED ENVIRONMENT

AA= 115.00 FEET
| I ! :

1-——AA--—1

1] I l

A% * %

A= 7.50 FEET

:00 DEGREES W/HORIZ -

JET DISCHARGE ANGLE=

xRk AkkkkkR

o0 ok ok o A o o o o ke e ok o ok

Ty | ! i

* JET DISCHARGE VELOCITY= 12.52 FT/SEC

* 1

I

—

L
LRI R L2232 222222222222 222222 22 R 2223 22 2

JET DISCHARGE TEMPERATURE= 120.00 F . .

JET DISCHARGE DENSITY= 1.015529 GRAM/CC ( '

JET DISCHARGE DEPTH= 34.00 FEET ,
X Y JET WIDTH |{DILUTION JETTEM |JET DENS |AMB DEN AMBTEM |DELTAT |ALLOW T
0 o 120 » 90 30
46.84| 0.00019] 15.15771] 1.01051, 115.8754] 1.01649] 1.0225 90| 25.87539 17
68.22998| 1.405849| 25.015647 17
76.66982| 1.96048| 28.90529] 1.93713] 103.498) 1.01936] 10225 90| 13.49804 17
91.3447| 4.83454] 35.51991] 2.40416; 100.8759| 1.01997| 1.0225 90 10.87591 17
105.626| 9.26266| 41.77459| 2.87754) 99.08672| 1.02039| 1.0225 90| 9.08672 17
119.3012} 15.30707| 47.55079| 3.36126; 97.77905] 1.02068| 1.0225 90| 7.77905 17
132.1881| 22.88941| 52.81058| 3.85953] 96.77477| 1.02093] 1.0225 90| 6.77477 17
144.1751] 31.82872] 57.6038] 4.37615| 95.97499] 102111 1.0225 90{ 5.97499 17
THIS IS FREE SURFACE
5/30/2010 7:13 PM Calc 31

Calc-32.xIsx Case 4
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Table 4-1. Requested Instantaneous Maximum Discharge Temperatures and

Discharge Temperature Rises Above Ambient

Pre-Uprate Post-Uprate
' Discharge Discharge Discharge '
Case * Discharge Temperature Temperature Temperature Rise
Temperature ** Rise Above . Above Ambient
Ambient ** .
1 116 26 118 28
2 100 30 123 33
3 116 26 119 29
4 117 27 120 30

* Cases 1, 2, and 3 are normal operating cases, Case 4 is the maintenance case.
** All temperatures are in degrees F. )

s/30/7010 3:05 PM

RFI-1-Tahlac-Figiirae vicy Tahla A.1
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Golder SUBJECT Revised Multiport Diffuser MULDIF Runs
Job No. 09387687 Made By H. Frediani Date 5/30/2010
Associates Ref. St Lucie NPDES Checked S. Hoschek Sheet 1of 2
Calc 33 Reviewed: G. Powell

Based on Calculation 32, the largest mixing zone for temperature, as defined by the 17-degree F. above ambient isotherm
will occur during Case 2 (see calc 25) in which each unit is operating at full load but with only three CW pumps
energized. In order to determine the required volume of the total mixing zone, it is necessary to predict its size for the

discharge via the multiport diffuser, and then add that volume to the volume calculated in Calculation 32 for the Y-nozzle

diffuser.

This calculation follows the procedure used in previous Calculation 13, during the uprate project, to set up and run the
computer model MULDIF for the multiport diffuser. The model inputs are tabulated in worksheet “Input" as folilows: '

Many of the parameters are the same as was determined in Calc 28, which was the MULDIF run for the Y-nozzle diffuser

simulating Case 1.

From Calc 28, the flow rate is 2 * 504 = 1008 cfs
Because there are 58 ports, the individual-port flow rate is 1008/58 =  17.38 cfs.

As described in Calc 13, the ports each have a diameter of 17 3/4 inches; therefore, the discharge velocity is calculated as:
V= Q/A = 17.38/(((17.75/12)*(17.75/12))*3.14159/4) = 10.11 feet per second

Port spacing is set at 42 feet.

Input data are put into Notepad file called PSL-M.DAT, and a blank output file called PSL-M.POUT was provided to receive the
output. ' '
Results are shown in file PSL-M-out.xisx. The discharge drops to the 17-degree level between the first and second step.

Calculate the volumes in the same manner as Calc 32. Need to determine the ratio of 17 to the centerline temperature at the

_end of the first step, which is 28.0396 deg F; therefore ratio = 17/28.0396 = 0.6063 From the normal distribution

table (attached to Calc 32), the standard deviations at 0.6063 = 1.00 therefore the jet width to the 17 deg isotherm at the

end of the first step = 1/4 * full jet width = 0.25 * 3.03464 = 0.76 feet.

Length of first step = SQRT( ((9.33539*9.33539) + (0.00008"0.00008)) ) = 9.33539 feet

Length of second step = SQRT(((14.17385-9.33539)*(14.17385-8.33539))+((0.10856-0.00008)*(0.10856-0.00008)))=  4.8397
feet




GOlder SUBJECT Revised Multiport Diffuser MULDIF Runs
. Job No. 09387687 Made By H. Frediani Date 5/30/2010
ASSOCiates Ref. St Lucie NPDES Checked S. Hoschek Sheet 20of 2
Calc 33 Reviewed: G. Powell
Volume of first step = (((1.4792*1.4792%3.14159/4)+(0.76*0.76"3.14159/4))/2)*9.33539 = 10.14  cubic feet
Volume of second step = ((.76*.76"3.14159/4)/2)"4.8397 = 1.10 cubic feet
Total volume forone port=" 11.24  cubic feet

For 58 ports volume =58 * 11,24 =

652 - cubic feet.

For both diffusers, total volume of 17-degree isotherm = 9,297 + 652 =

9,949 cubic feet




MULDIF- Multiport Diffuser Case 4
Input Parameters

[o—

Parameter |Existing Multiport_[Units Definition ) Note
NC 2 none Number of layers Assume 2 |ayers at same temp and density
DO 1.4792 Ft Jet diameter Discharge is through
uo 10.11 Ft/Sec Discharge velocity per jet From Calc 6
TO 123 Deg F Discharge Temperature From Conference call on 10/19 with Ron Hix
|oent 1.01470481  |g/em® Discharge density Calculated
JTHETAQ 0 none Angle of discharge with respect to horizontal Two scenarios
| 3% 26.5 Ft Depth of discharge Depth of discharge
SPAC] 42 Ft Spacing between fet centers
D 34 Ft Depth of water body Depth of water body
TA 90 Deg F Ambient River temperature
Dena 1.0225 g/cmT Armbient River density
GRAVAC 32.2 Ft/Sec Gravitational constant Gravitational constant
{BLDR 17.38 cfs Discharge flow Calculated
[RIVR 0 River flow ( O for slack tide) Assume stack tide
5/30/2010 6:48 PM Calc-33.xIsx Input
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Multiport Diffuser Run - Case 2

l

MULTIPORT SUBAQUEOUS DIFFUSER IN AN ARBITRARILY DENSITY STRATIFIED ENVIRONMENT

‘*##t#*#ﬁ#lttt* Bk kok sk ok &

**t**“#**

AA= 42.00 FEET
R e wo T e SRt
1 ] l l
A v e JET DISCHARGE ANGLE= 00 DEGREES W/HORIZ

* JET DISCHARGE VELOCITY= 10.11 FT/SEC

*

L

I

L

TR AR R R AR AR K K R

JET DISCHARGE TEMPERATURE= 123.00 F

JET DISCHARGE DENSITY= 1.014705 GRAM/CC

e JET DISCHARGE DEPTH= 26.50 FEET N
X v JETWIDTH _ |DILUTION [JETTEM |JET DENS |AMB DEN |AMB TEM [DELTAT |ALLOWT
9.33539| 0.00008| 3.03464| 102577 118.0396| 1.01588) 10225 90| 28.0396 17
'14.17385 0.10856 5.27731 107.000 | el T17.00 17
15.08585| 0.12901 5.70003| 1.92787| 104.9191] 1.01898] 1.0225 90| 14.91915 17
18.03765] 0.32409| _ 7.06454| 2.39223| 102.0232] 101966 1.0225| 90| 12.02316 17
TT31.1424|  0.65643]  8.49367| 2.88324| 99.97565| 1.02014| 1.0225| 90| 997565 17
24.06521] 1.11191 9.82068| 3.34985| 98.58611] 1.02047| 1.0225 90| 8.58611 17
26.95967] 172179 11.13945| 3.81871] 97.53191] 1.02072] 10225 = 90| 7.53191 17
729.65629| 2.45174 12.34392| 4.26451 96.74454| 1.02001] 1.0225 90| 6.74454] 17
32.45942|  3.396 13.57593| 4.74087| 96.06686] 1.02107| 1.0225 90| 6.06686 17
35.19543| 4.51993]  14.7561] 5.22209| 95.50685| 10212] 10225 90 5.50685| 17
"37.85149 5.82159 15.8798| 5.71226| 95.03516] 1.02131] 1.0225| - 90| s.03517] 17
40.41677| 7.29414 16.94586| 6.21008| 94.63153| 1.02141] 1.0225 90| 4.63153 17
42.88323]  89269]  17.95647| 6.71774] 94.28152] 1.02149] 10225 90| 4.28153 17
T45.24585| 10.70666]  18.91641| 7.23641 93.97465| 1.02156| 1.0225| 90| 3.97465| 17
47.50258] 12.61899 19.83208| 7.76708] 93.70309] 1.02163| 1.0225 90| 3.70309 17
49.65387| 14.6493]  20.71054| 8.31059] 9346091 1.02168] 1.0225| 90| 3.46091 17
'51.70213] 16.78358] . 21.5587| 8.8676| 93.24352] 1.02173| 1.0225 90; 3.24351] 17
53.65114] 19.00891 22.38289] 9.43861| 93.04729] 1.02178] 1.022% 90| 3.04729 17
55.50558] 2131367|  23.18857|  10.024] 92.86933| 102182] 10225| 90| 2.86933 17|
'57.27067] 23.68763 23.98033| 10.62403| 92.70728| 1.02186] 1.0225] 90| 2.70728 17
58.95172| 26.12184 24.76187| 11.23888| 9255917] 1.0219] 1.0225 90| 255917 17
THIS IS FREE SURFACE '
5/30/2010 7:17 PM Calc 33 PSL-M-out.xlsx PSL-M





