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Annex A-1.1 Hydraulic Modeling and Calculations

ANNEX A-1.1 HYDRAULIC MODELING AND CALCULATIONS

Existing and proposed canals and structures referred to in Annex A-1.1 are shown on the LOCAR Overall
Site Plan for the Recommended Plan included in Annex C-1. Cross-section drawings of the proposed canals
and structures are included in Annex C-1.

1.0 Preliminary HECRAS Canal Conveyance Assessments

The Corps’ HECRAS 6.3.1 software program was used to assess the canal conveyance of the existing and
proposed canals in the LOCAR Project. Canals were modeled with a Manning’s n value of 0.03 for clean,
straight channels, full, no rifts or deep pools. Losses in the canals were calculated using steady state
calculations. Tailwater elevations were estimated used SFWMD’s DBHYRO database.

1.1 Existing Canals Conveyance

1.1.1 C-38 Canal Conveyance Modeling from S-65E to Lake Okeechobee for PS-1 Maximum Pumping Rate
Scenario

Flow conveyance from Lake Okeechobee to S-84+/PS-1 through the C-38 and C-41A canals was modeled
using HEC-RAS. This modeling assesses channel losses and restriction caused by back pumping 1,500 cfs
through the C-38 canal downstream of structure S-65E. Figure A-1.1-1 shows the extent of the C-38 Canal
included in the simulation. Available record cross-sections from the Corps survey, and structure record
drawings were used to develop the model. Simulations considered the low water level in Lake
Okeechobee of 10.25 ft NAVD88. S-65EW was inputted in accordance with the record drawings for this
structure, by Wantman Group, dated 9/25/2008, which show that S-65EW includes an upstream sheetpile
wall weir with a crest length of 202 ft and an average crest elevation of -0.6 ft NAVD88 (0.6 ft NGVD29),
and a downstream sheetpile wall weir with a crest length of 203 ft and an average crest elevation of -12.5
ft NAVDS88 (-11.3 ft NGVD29). Model simulation results are presented in Figure A-1.1-2 and Tables A-1.1-
1 and A-1.1-2. The results indicate any restrictions and channel losses were negligible for the proposed
back pumping.
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Figure A-1.1-1. C-38 Canal assessed with HECRAS.
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Figure A-1.1-2. C-38 Canal water surface profile based on 1,500 cfs from Lake to S-84.

Table A-1.1-1 HECRAS results for C-38.

|[Reach  [River Sta QTotal | Min ChE |W.5. Eev| Crit W.5. |E.G. Bev |E.G. Slope| vel Chl [Flow Area | Top Width Frudeﬂ:hll
[cfs) i} () () () (R (Ftjs) (sq ) (F
C38 42057 150000 -16.60  10.39 10,39 0.000000 0.12| 12657.73  557.03 0.00
C38 37669 150000, -14.30 10.39 10,39 0.000000 0.12| 12081.39  57L.80 0.00
C38 33101 150000 -14.60, 10.39 10,39 0.000000 0.13| 11657.79  533.59 0.00
Cc38 27803 1500.00 -17.10/ 10.39 1039 0.000000 0.12 1277194  5496.78 0.00
C38 2371 150000 -15.70,  10.38 10.39 0.000000 0.12 1355190  610.66 0.00
[ukc" ] 14157 150000 -14.40  10.38 10.38| 0.000000 0.12/ 12510.18  766.86 0.00
C38 9401 150000, -15.00  10.38 | 10,38 0.000000 | 0.12| 12182.82 $85.79 .00
c3s 8504 1500.00, -0.45 10.37  0.75  10.38 0.000011  0.69 216530  200.10 0.04
C38 412 Inl Struct
c38 g192 1500.00 40,45 10.36 10,37 0.000011| 0.69) 2163.37 200.10 0.04
38 671 1500.00 -15.60 10.37 10,37 0.000000 | 0.089 1665360 §49.95 0.00
C38 4766 1500.00 -18.60  10.37 10.37| 0.000000  0.09 16683.41 849.94 0.00
i 3907 1500.00 -&.00 10.36 10.37| 0.000009 | 0.62 242.13 243.62 0.03
38 2348 1500.00 0.20| 10.34 10,35 0.000009 0.81 1842.53 108.57 0.03
c3s 1049 1500.00 -5.20  10.33 10.34] 0.000009  0.81 184121  108.55 0.03
c3 200 150000 9.20) 10.32 | 1033 0.000011  0.82 1840.29  108.54 0.03
=] 100 1500.00 2.80 10.25 4497 10,32 0.000217 212] W70l 109.50 0,15
Table A-1.1-2. HECRAS results for S-65EW.
Reach River 5ta |E.G. Bev |W.5. Blev| QTotal | QWeir | Q Gates | Q Culv |Q Inline RC|Q Outlet TS| Q Breach
(o {ft) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

C38 #4312 10.38 10,37 1500.00 1500.00 .00
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Annex A-1.1 Hydraulic Modeling and Calculations

1.1.2 C-41A Canal Conveyance Modeling from S-83 to S-84 for PS-2 Maximum Pumping Rate Scenario

Back pumping from S-84+ to the PS-2 pump station was simulated to access the channel losses in the C-
41A canal using HEC-RAS. Figure A-1.1-3 shows the extent of the C-41A canal included in the simulation.
To model this scenario, Corps record drawings for the C-41A canal were coded into the software.
Simulation was conducted using a flow rate of 1,500 cfs, from S-84 to the LOCAR East Cell. This simulation
is based on the simultaneous operation of pump stations PS-1 and PS-2 (to be constructed as part of the
Recommended Plan), both pumping at their maximum design rate of 1,500 cfs. In the simulation, PS-1 is
located at S-84, and pumps water from the tailwater side of S-84 to the headwater side of S-84, while PS-
2 located near the southeast corner of the reservoir, pumps water from C-41A into the reservoir East Cell.
The tailwater stage at S-83 in the model, was set to S-83’s historical low tailwater stage of 21.6.
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Figure A-1.1-3. C-41A backflow canal assessed with HECRAS.

Results from this simulation are presented in Figure A-1.1.4 and Table A-1.1-3 and show that the back
pumping can be accomplished with minimal losses. As a comparison the C-41A was designed to handle
discharge rates in excess of 5,000 cfs.
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Figure A-1.1-4. C-41A Canal backflow profile.
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Table A-1.1-3. C-41A Canal backflow assessed with HECRAS.

HEC-RAS Plan: SS3 River: C-41A Reach: C-41A WEST Profile: PF 1
Reach River Sta | Q Total | Min Ch El |W.S. Elev| Crit W.S. |E.G. Elev |E.G. Slope| Vel Chnl |Flow Area|Top Width |Froude # Chl
(cfs) () (f (fo) (f (ft/fo) (ft/s) | (saft) (fo)

C-41A WEST| 107076 1500.00 2,80 21.93 21,94 0.000005 0.66 2262.64 156.53 0.03
C-41A WEST| 107075.8| 1500.00 2.80 21.93 21,94 0.000005 0.66| 2262.63 156.53 0.03
C-41A WEST| 103727.7| 1500.00 2.80 21.91 21,92 0.000006 0.66| 2259.75 156.45 0.03
C-41A WEST| 103623 1500.00 3.80 21.91 21,92 0.000007 0.71| 2105.02 152.45 0.03
C-41A WEST | 97496 1500.00 3.80 21.87 5.97 21.88 0.000007 0.71, 2098.71 152.28 0.03
C-41A WEST| 97398 Bridge

C-41A WEST|97329 1500.00 3.80 21.87 21.88 0.000007 0.71, 2098.39 152.27 0.03
C-41A WEST | 94787 1500.00 3.80 21.85 21,86 0.000007 0.72| 2095.76 152.20 0.03
C-41A WEST| 94689 1500.00 3.80 21.85 21.86 0.000007 0.72| 2095.65 152.20 0.03
C-41A WEST| 89813 1500.00 3.80 21,82 21,82 0.000007 0.72| 2090.58 152.07 0.03
C-41A WEST| 89732 1500.00 4.80 21.81 21,82 0.000008 0.77| 1940.21 148.06 0.04
C-41A WEST| 89472 1500.00 4,80 21.81 6.97 21,82 0.000008 0.77| 1939.89 148.05 0.04
C-41A WEST|89381.69 Bridge

C-41A WEST | 89272 1500.00 4.80 21.81 21.82 0.000008 0.77| 1939.38 143.04 0.04
C-41A WEST| 88416 1500.00 4,80 21.80 21,81 0.000008 0.77| 1938.30 148.01 0.04
C-41A WEST| 86715 1500.00 4.80 2179 21.80 0.000009 0.77| 1936.16 147.95 0.04
C-41A WEST | 86629 1500.00 5.80 21.79 21,80 0.000011 0.84 1789.84 143.94 0.04
C-41A WEST | 86484 1500.00 5.80 21.78 21.79 0.000011 0.84 1789.62 143.93 0.04
C-41A WEST | 84680 1500.00 5.80 21.76 21.78 0.000011 0.84 1786.84 143.86 0.04
C-41A WEST| 84002 1500.00 5.80 21.76 7.97 21,77 0.000011 0.84 1785.80 143.83 0.04
C-41A WEST |83909.20 Bridge

C-41A WEST| 83825 1500.00 5.80 21.75 21.76 0.000011 0.84 1785.25 143.81 0.04
C-41A WEST | 79470 1500.00 5.80 2171 21.72 0.000011 0.84 1778.98 143.62 0.04
C-41A WEST| 74522 1500.00 5.80 21.65 21,66 0.000011 0.85| 1770.73 143.41 0.04
C-41A WEST| 71736 1500.00 5.80 21.62 21.63 0.000011 0.85| 1766.33 143.29 0.04
C-41A WEST| 71622 1500.00 6.80 21.62 21,63 0.000014 0.92| 1624.54 139.27 0.05
C-41A WEST| 70068 1500.00 6.80 21.60 8.97 21,61 0.000014 0.93| 1621.49 139.18 0.05
C-41A WEST |69982.92 Bridge

C-41A WEST| 69925 1500.00 6.80 21.59 21,61 0.000014 0.93| 1620.98 139.17 0.05
C-41A WEST | 69529 1.00 6.80 21.60 21.60 0.000000 0.00, 1822.08 139.20 0.00
C-41A WEST| 52680 1.00 6.80 21.60 21,60 0.000000 0.00 1622.08 139,20 0.00
C-41A WEST| 52577 1.00 6.80 21.60 21.60 0.000000 0.00 1474.08 129,20 0.00
C-41A WEST| 50410 1.00 6.80 21.60 21,60 0.000000 0.00 1474.08 129,20 0.00
C-41A WEST| 50298 1.00 6.80 21.60 21,60 0.000000 0.00 1326.08 119,20 0.00
C-41A WEST| 39933 1.00 6.80 21.60 6.83 21,60 0.000000 0.00 1326.08 119.20 0.00

1.1.3 C-38 Canal Conveyance Modeling from S-65E to Lake Okeechobee for Maximum Discharge Rate
Scenario

Flow conveyance from S-84+ and S-65E to Lake Okeechobee through the C-41A and C-38 canals was
modeled using HEC-RAS, for the condition when S-84+ and S-65E are simultaneously discharging at their
maximum design rates (which are their Standard Project Flood [SPF] peak discharge rates) of 9,000 cfs
and 24,000 cfs, respectively; and S-65EX1 is simultaneously discharging at its SPF peak discharge rate of
13,000 cfs (S-65EX1’s maximum design discharge rate is 12,000 cfs). This modeling assesses channel losses
and restriction in C-41A and C-38 when the combined SPF peak discharge from these structures flows
through C-38 to Lake Okeechobee.

A steady state model was used for this evaluation, with the C-41A Canal modeled from the S-83 structure
to the C-38 Canal confluence, and the C-38 Canal modeled from the S-65E structure to Lake Okeechobee.
Record Drawings for C-41A and C-38 were used for the model. See Figure A-1.1-5 for model limits. Model
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Annex A-1.1 Hydraulic Modeling and Calculations

includes a tailwater stage of 18.0 feet NAVD88 in Lake Okeechobee for the SPF event, which matches the
Lake Okeechobee stage used in the dam breach model simulations for the 100-yr storm and PMP events,
as described in Section 4.5 of Annex A-2.7. A stage of 18 feet NAVD88 was chosen as the tailwater
conditions based on the tailwater used in the previous modeling of the dam breach, documented in Annex
A-2.7 of the LOCAR Section 203 Feasibility Study report. Canal flows rate through C-41A and C-38 canal
are shown in Table A-1.1-4. C-41A flows in the model were based on the SPF flows used in the Corps
design report for the C-41A Canal, titled Central and Southern Florida Project For Flood Control and Other
Purposes, Part Il, Kissimmee River Basin and Related Areas, Supplement 7 — Detail Design Memorandum
Canal C-41A (Slough and Stub Canals) Structures 66, 68, 83 and 84, Serial No. 22, dated January 22, 1958.

[ T . \.\\ k ;
& S-65E and S-65EX
Y | : RESALREN . &
G
_ Okeechobee

Figure A-1.1-5. Model Limits from S-83 to S-84+ and S-65E to Lake Okeechobee.

The model includes the revised S-84+ Structure, which consists of three, 22 feet wide gates. Each gate
opening includes an ogee weir with a crest elevation of 12 feet NAVD88. Gates were fully open for the
model run.

Table A-1.1-4. C-41A and C-38 Canal flow rates in cubic feet per second for each tailwater condition.

| FlowChangelocaton |
River Reach RS PF 1

1|C38 C33_Upper 49124 |37000
2|C38 C381ower 47300.7z| 46000
3|C41A C41A 78350 4150
4|C41A C41A 64663.6%| 5000
5|C41A C41A 57512.5%| 5750
6|C41A C41A 51572.27|6500
7|C41A C41A 45745.6%| 7150
8| C41A C41A 41821.4%| 7600
9|C41A C41A 37992.8%| 8000

10| C41A C41A 34067.0%|8150
11|C41A C41A 24800 8300

12| C41A C41A 19235 8500

13| C41A C41A 17216.0%(8600

14| C41A C41A 13683.5%(8700
15(C41A C41A 7268.00%| 9000
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Simulation results are shown in the water surface profile for C-41A in Figure A-1.1-6 and the water surface
profile for C-38 in Figure A-1.1-7. In each of these figures, the approximate top of the levee and the top
of the maintenance bench on each side of the canal is shown. The LOB and ROB profile lines represent
the approximate top of the maintenance bench on the left and right sides of the canals, respectively. The
LTL and RTL profile lines represent the approximate top of the levee on the left and right sides of the
canals, respectively. Simulation results for C-41A and C-38 are shown in Table A-1.1-5.
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Figure A-1.1-6. C-41A Canal water surface profile.
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e 20230914 SFWMD LOCAR SYSTEM NAVD88  Plan: 20230831 C41to Lake O PMP varTW  2/18/2024
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Figure A-1.1-7. C-38 Canal water surface profile with Lake Okeechobee at 18.0 feet NAVDS88.
Lake Okeechobee Storage Reservoir A-1.1-9 June 2024

Section 203 Study
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Table A-1.1-5. C-41A and C-38 Canal water surface profile and flow.

River Reach River Sta | Q Total | Min Ch El |W.S. Elev | Crit W.S. |E.G. Elev |E.G. Slope| Vel Chnl |Flow Area|Top Width |Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (Ft/ft) (ft/s) (sq ft) (ft)
C41A C41A 78350 4150.00 6.78 30.97 31.01 0.000026 1.58 2621.83 156.76 0.07
C41A C41A 63700 5000.00 6.78 30.56 30.62 0.000038 1.94 2703.71 237.91 0.08
C41A C41A 54100 5750.00 6.78 30.27 30.33 0.000034 191 3187.48 257.96 0.08
C41A C41A 44289 7150.00 6.78 29.80 29.89 0.000057 244 3112.27 301.60 0.10
C41A C41A 35600 8000.00 5.78 29,22 29.33 0.000069 2.68) 3114.19 288.17 0.11
C41A C41A 30246 8150.00 5.78 28.83 28.95 0.000074 2.78| 3123.57 302.67 0.12
C41A C41A 24800 8300.00 4.78 28.44 28.55 0.000068 2,72 331208 319.96 0.11
C41A C41A 16821 8600.00 3.78 27.90 28.02 0.000075 2.78| 3097.27 218.33 0.12
C41A C41A 10400 8700.00 3.78 27.34 27.47 0.000084 2.90 2995.63 174.26 0.12
C41A C41A 6857 9000.00 2.78 27.10 27.22 0.000078 2.87 3210.68 263.31 0.12
C41A C41A 6710 S000.00 2.78 27.07 9.67 27.20 0.000078 2.88 3175.89 218.46 0.12
C41A C41A 6571 9000.00 9,22 22.42 22,48 0.000026 1.97 4751.59 291.00 0.07
C41A C41A 1679 9000.00 9,22 22,29 22.35 0.000027 1.99| 4713.33 290.25 0.07
C38 C38-ower | 47300.72 | 46000.00 -18.60 22,30 22.34 0.000012 1.67 29178.69| 1479.52 0.05
C38 C38-Lower | 44230 46000.00 -0.45 20.13 11.34 22.07 0.001156 11,17 4118.36 200.19 0.43
C38 C38-1ower| 43639 46000.00 -15.00 19.42 19.52 0.000031 2.55 19290.52 1161.30 0.08
C38 C38-ower |9820 46000.00 -16.60 18.32 18.42 0.000032 2.55 19587.68 1203.69 0.09
C38 C38-Lower | 357 46000.00 -16.60 18.00 -7.75 18.10 0.000034 2,59 19208.58 1188.54 0.09

Model results for SPF flows through C-41A and C-38, with the Lake Okeechobee stage at 18.0 feet NAVD8S,
show some flow on top of the maintenance benches, with average cross-sectional flow velocities less than
3.0 feet per second for the C-41A and C-38 canals, with the exception of the flow velocity through the S-
65EW fixed weir structure. As shown in Figures A-1.1-6 and A-1.1-7 the levees on each side of the C-41A
and C-38 canals were not overtopped in this simulation with SPF flows through these canals. The Corps
computation in 1958 used a 2-gated structure at S-84, that raised stages upstream of the structure.
Structure S-84+ is proposed to be an improvement from S-84, since it will be a 3-gated structure. With
the addition of a third gate, stages in the canal were modelled lower than the 1958 estimate.

1.2 Proposed Canals Conveyance

1.2.1 CNL-1 Reservoir Perimeter Canal

Based on the existing topography of the reservoir site, and the control elevations recommended for CNL-
1 in Section A.9, CNL-1 will have two cascading flow paths, as shown in the LOCAR Overall Site Plan (in
Annex C-1), which include:

e Western Flow Path: Reach 2B to Reach 7
e Eastern Flow Path: Reach 3A to Reach 7

The greatest amount of stormwater and seepage flow will be conveyed along the western flow path of
CNL-1. CNL-1 was sized so that its flow velocity would be less than 1.5 ft/sec when conveying combined
seepage flows and stormwater flows. Based on the 3D seepage modeling described in Section A.9, the
maximum seepage flow through the canal is estimated to be 14.7 cfs (would occur during the wet season
for seepage collected in CNL-1, flowing in a cascading fashion along its western flow path.

Hydrologic and Hydraulic modeling was done to simulate simultaneous conveyance of seepage flows and
stormwater flows (from onsite and offsite runoff) through the reservoir perimeter canal (CNL-1) to the C-
41A canal (via the existing project culverts and proposed reservoir perimeter canal (CNL-1) overflow
structures located along the LOCAR'’s southwest side). This modeling is documented in Annex A-2.6.
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1.2.2 CNL-2 Reservoir East Inflow-Outflow Canal

CNL-2 was sized based on the pump intake bay width required for PS-2, which includes four pump intake
bays, that each direct flow to a 375 cfs pump. Based on the information provided by the pump
manufacturer, a 375 cfs pump will have an impeller diameter of 66.2 inch and bell diameter of 108 inches.
The Hydraulic Institute (HI) recommends two times the bell diameter for the pump bay width. Following
this recommendation, each bay would have a width of (108 in) x 2 = 216 in (18 ft). However, for the
conceptual design of PS-2, it was decided to model the design after the recently constructed SFWMD S-
470 Pump Station, which like PS-2, has four pump intake bays, that each direct flow to a 375 cfs pump.
The four pump intake bays for S-470 are each 24-ft-wide, with 3-ft-wide bay divider walls. Therefore, CNL-
1 will need to have a bottom width of 105 ft to match the total width of the PS-2 pump intake bays and
divider walls. CNL-2 bottom elevation will match the C-41A bottom elevation of 6.8 ft NAVD88, and then
transition at a slope of 10 degrees to the pump bay inverts of (-) 2.1 ft NAVD88. Canal area is 2,211 square
ft (ft2), based on its bottom elevation of 6.8 ft NAVDS8S, a stage of 21.6 ft NAVDS8S in the canal, bottom
width of 105 ft, and 3H:1V side slopes. Therefore, the maximum design flow velocity of CNL-2 which occurs
at the location where its cross-sectional area is smallest, when conveying the PS-2 maximum pumping
rate of 1,500 cfs, or conversely when conveying the maximum CU-1B or PCOS-2 maximum outflow rate of
1,500 cfs, will be 0.68 ft/sec.

1.2.3 CNL-3 Reservoir West Outflow Canal

CNL-3 was sized to ensure that the flow velocity in the canal would be less than 1.5 ft/sec when conveying
the maximum outflow from CU-2 of 1,500 cfs. Canal area is 2,516 ft?, based on its bottom elevation of 8.8
ft NAVDS8S, a stage of 30.6 ft NAVD88 in the canal (based on the normal low headwater operating stage
for S-83), bottom width of 50 ft, and 3H:1V side slopes. Therefore, the maximum design flow velocity of
CNL-3, which occurs when conveying the maximum CU-2 outflow of 1,500 cfs, will be 0.60 ft/sec.

The dimensions of the proposed improvements were coded into HEC-RAS to determine the overall system
operation at low water levels in the reservoir. Figure A-1.1-5 shows the extent of CNL-3 included in the
simulation.
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ow LOCAR
CU-3 \ ‘Canai CNL-3 West Cell

Figure A-1.1-5. CNL-3 Canal limits.

Data presented in Figures A-1.1-6 and A-1.1-7, and Tables A-1.1-4, A-1.1-5 and A-1.1-6 are the results of
this simulation and indicate the channel velocity and structure losses are acceptable.
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Figure A-1.1-6. CNL-3 water surface profile.
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Figure A-1.1-7. CNL-3 proposed cross-section.

Table A-1.1-4. CNL-3 HECRAS results.

Profile: PF 1
Reach |River 5ta | Q Total | Min Ch El |W.5, Elev| Crit W.S. | E.G. Blev |E.G. Slope| Vel Chnl | Flow Area | Top Width | Froude = Chi
fcfs) (Ft) (Ft) (f) () (i | (i) | (saf) (ft)

CHL-3 4793 1500.00 8.80 30,00 30,00 0.000007 0,62 2407.85 177.18 0.03
CML-3 4763 1500.00 &.B0 30.00 1165 30,00 0.000007 0.62 24907.78 177.18 0.03
CHL-3 A66R Inl Struct

CML-3 4504 1500.00 8.80 29,63 29,64 0.000003 064 234381 175.00 0.03
CML-3 24991 1500.00 B8.80 29.63 29.63 0.000003 0.64) 2342.35 174.95 0.03
CHL-3 572 1500.00 8.80 29.61 11.65 29,62 0.000008 054 2339.93 174.87 0.03
CHL-3 265 Culvert

CHL-3 1 1300.00 8.80 28,90 11.65 28,41 0000010 0.0 2132.98 167.60 0.03

Table A-1.1-5. CNL-3 HECRAS results.

Reach: CNL-3 Profile: PF 1
Reach |River Sta [E.G. Elev |W.S. Elev| QTotal | QWeir | QGates [ QCulv [Q Inline RC|Q Outlet TS| Q Breach

(ft) (ft) (cfs) |_(cf) (cfs) | () (cfs) (cfs) (cfs)

CNL-3 4668 33.33 33.33 1500.00 1500.00 | 0.00
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Annex A-1.1 Hydraulic Modeling and Calculations

Table A-1.1-6. CNL-3 HECRAS results.

HEC-RAS Plan: 553 River: CHL-3 Reacdh: CHL-3  Profile: PF 1
Readh Ziver Sta |E.G. Elev |W.5. Elev| Vel Head |FretnLoss|C BELess| QLeft Q) Channel| O Right | Tap Width
(Ft} (Ft) () (F) (ft) (efs) (=fs) (=fs) ()
iCHL-3 4793 30,00 30,00 0.01 .00 Q.00 1500.00 177.14
CHL-3 4783 30.00 30.00 0.0l 1500.00 17718
ICHL-3 4568 Il Struct
ICHL-3 46504 29,64 29,63 0.01 0.00 0.00 1500.00 175,00

2.0 Pump Station Hydraulic Calculations

A full-page version of each horsepower calculation table shown in Sections 2.1 through 2.3, is provided
in Annex A-1.2.

2.1 PS-1 Pump Station

Pump Station PS-1 will back pump from the C-38 Canal into the C-41A Canal for conveyance to the
reservoir pump station. To estimate power pump station facilities sizes, horsepower estimates were
calculated for the PS-1 based on the range of pumping conditions. Pump dimensions and operation curves
were provided by Xylem Flygt for the types of pumps (Figure A-1.1-8 and Figure A-1.1-9) that would
operate at PS-1. Based on the pump curves and pump head conditions, operating horsepowers were
estimated. The operating condition varied from initial startup to normal operation. These conditions are
the power requirements provided in Table A-1.1-7. These estimates were used to determine electrical
equipment requirements. Head conditions were based on historic water levels in C-41A and C-38.

e A| Dimensions

][ | :

B 78

J; C 90

B D 211

DIA: D E 90

DISCH. F 396

* c G 94

H 6.0

— = M— 1 J 43

. X . 4 o] 66
H |-— G DA ——4

NOTE :
1 All dimensions are " Approximate " and are
subject to change
oAl 2 Pump length is based on minimum

submergence + 3ft

Weight of Pump Later b
Weight of Motor LAter b
fo) Total Dynamic Weight LAter b

All dimensions are in"in ".

DEAL NO.
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Project SFWMD C3007.00
j K J Pump Type 108x78 WCA
AN . P EE—
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SUCTION Drawing No | | Rev | 0 ‘ Date ‘ 06/09/23

e Xylem Flygt AC

Figure A-1.1-8. PS-1 preliminary dimensions for typical 375 cfs pump (pump shown has intake bell that
will be replaced with formed suction intake FSI).
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108x 78WCA 274 rpm roveE
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Pump Performance

Discharge Flangs Diamster 78 inch MAX_SHAFT POWER_FPO 1610 hp
Suction Flange Diameter 108 inch

Impeller diameter @ inch

Mumber of blades 5

Throughlet diameter 36 116 inch
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1 21.1%

22"
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[ 1012 hp)

8004 227 (F2)
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Figure A-1.1-9. PS-1 Example Performance Curve for Typical 375 cfs Pump.
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Annex A-1.1 Hydraulic Modeling and Calculations

Table A-1.1-7. PS-1 Pump Station horsepower calculations.

PS-1 (at 5-84 Structure)
4 - pumps 375 cfs each
Intake High 16.4 (ft NAVDES) Discharge High 24 (ft NAVDBB)
Water Level Avg 12.8 (ft NAVDSSE) Water Level Avg 24 (ft NAVDBS)
Range Low 9.5 (ft NAVDES) Range Low 24 (ft NAVDBS)
Horsepower per Pump
Operating Water Levels Horsepower
Flow Intake Discharge Losses Head Water Pump eff Motor | Service Required Use Comment
Horsepower eff Factor
(gpm) (ft NAVDBS8) | (ft NAVDBS) (ft) (ft) (hp) (hp) (hp)
160200 13.75 30.3 7.5 24.6 994 0.87 0.9 1.15 1467 Priming
174600 13.75 21.9 8.4 17.1 753 0.72 0.9 1.15 1337 Rated
168300 13,75 24.2 8.0 19.0 806 0.79 0.9 1.15 1304 Design
172000 164 231 8.2 149 650 0.80 0.9 1.15 1043 Min
Motor eff = Electric motor efficiency 1600
Notes:
PS5-1 is designed to operate with a maximum of four 375 cfs pumps running simultaneously. Start-up of each pump will be staggered. Priming discharge
stage is based on discharge pipe raised for backflow prevention, with a max. invert elev. of 26.00 (24.00 C-41A high operating stage+2' buffer) and the
discharge pipe flowing 2/3 full and 0.5' loss in trash rack. See Appendix A.12.1 for additional detail on Losses calculation.

2.2 PS-2 Pump Station

Pump Station PS-2 will pump from the C-41A Canal into the LOCAR. For estimating power pump station
facilities sizes horsepower estimates were calculated for the PS-2 based on the range of pumping
conditions. Pump dimensions and operation curves were provided by Xylem Flygt for the pumps (Figure
A-1.1-10 and Figure A-1.1-11) that would operate at this station. Based on the pump curves and pump
head conditions, operating horsepowers were estimated. The operating condition varied from initial
startup to normal operation. These conditions are power requirements are provided in Table A-1.1-8.
These estimates were used to determine electrical equipment requirements.

e Dimensions
[ = f A 108
(=) B 78
; 1 C 90
// B D 211
+ DA—— D E 90
‘/\-\ DISCH. F 396
/\/) | — ¢ G 94
[ / H 6.0
L — L, ] 1 J 43
¥y I - 0 66
H —— |—--G DIA. =

[=———r——"T NOTE :

1 All dimensions are " Approximate " and are
subject to change

Al 2 Pump length is based on minimum

A
submergence + 3ft
F
Weight of Pump Later o
e Waight of Molor LAter I
— O |—] Total Dynamic Weight LAter b
[ ] All dimensions are in "in".
DEAL NO.
IMPELLER EYE Client
S = i Project SFWMD C3007.00
/ \ J Pump Type 108x78 WCA
LN 1
A DIA. Title [Dimensional Drawing - CW Pump
SUCTION Drawing Nn| | Rev. | 0 | Date | 06/09/23
e Xylem Flygt AC

Figure A-1.1-10. PS-1 preliminary dimensions for typical 375 cfs pump (pump shown has intake bell
that will be replaced with formed suction intake FSI).
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Pump Performance
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Figure A-1.1-11. PS-1 example performance curve for typical 375 cfs pump.
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Table A-1.1-8. PS-2 Pump Station horsepower calculations.

PS-2 (on C-41A Canal NW SR70)

Motes:

4 - pumps 375 cfs each
Intake High 20 (ft NAVDBB) Discharge High 51.7 (ft NAVD88)
Water Level Avg 19 (ft NAVDES) Water Level Avg 41.85 (ft NAVDES)
Range Low 18 (ft NAVDSE) Range Low 32 |(ft NAVDES)
Horsepower per Pump
Operating Water Levels Horsepower
Flow Intake Discharge Losses Head Water Pump eff Motor | Service Required Use Comment
Horsepower eff Factor
{gpm) (ft NAVD8S8) | (ft NAVDES) (ft) (ft) (hp) (hp) (hp)
144000 22 63.9 9.6 52.0 1853 0.91 0.9 1.15 2658 Priming
164000 22 51.7 10.7 40.9 1696 0.9 0.9 1.15 2408 Rated
168300 22 41.5 12.0 32.0 1361 0.85 0.9 1.15 2045 Design
182000 24 35 13.0 24.0 1105 0.77 09 1.15 1833 Min
Motor eff = Electric motor efficiency 2700

PS-2 is designed to operate with a maximum of four 375 cfs pumps running simultaneously. Start-up of each pump will be staggered. Priming discharge stage is
based on discharge pipe raised for backflow prevention, with a max. invert elev. of 59.60 (56.30 peak PMF stage + 1.3' max. wind setup + 2" buffer) and the
discharge pipe flowing 2/3 full and 0.5' loss in trash rack. See Appendix A.12.1 for additional detail on Losses calculation.

2.3 SPS-1 Seepage Pump Station

Pump Station SPS-1 will pump seepage from the perimeter canal into the LOCAR. For estimating power
pump station facilities sizes horsepower estimates were calculated for the SPS-1 based on the range of
pumping conditions. Pump dimensions and operation curves were provided by Xylem Flygt for the pumps
(Figure A-1.1-12 and Figure A-1.1-13) that would operate at this station. Based on the pump curves and
pump head conditions, operating horsepowers were estimated. The operating condition varied from
initial startup to normal operation. These conditions are power requirements are provided in Table A-1.1-
9. These estimates were used to determine electrical equipment requirements.

l— g 4.*
|
i
B
DIA: D
DISCH.
—c
| i | ¢
e e
H F— G DA 4
— e ]
E
— O ——
[ ]
1 IMPELLER EYE
J U
| i
A DIA.
SUCTION

Dimensions

O|l«|T|®|m|m|O|O|w|>
IS
)

NOTE :
1 All dimensions are " Approximate " and are
subject to change
2 Pump length is based on minimum
submergence + 3ft

Weight of Pump Later Ib
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All dimensions are in "in "
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Figure A-1.1-12. PS-2 preliminary dimensions for typical 375 cfs pump (pump shown has intake bell
that will be replaced with formed suction intake FSI).
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Figure A-1.1-13. PS-2 example performance curve for typical 375 cfs pump.
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Table A-1.1-9. SPS-1 Pump Station horsepower calculations.

SP5-1 (on C-41A Canal NW SR70)

2 - pumps 50 cfs each (plus an auxillary 50 cfs pump)

MNotes:

Intake High 23 (ft NAVDEB) Discharge High 51.7 (ft NAVDBS)
Water Level Avg 23 (ft NAVDES) Water Level Avg 41.85 (ft NAVDBS)
Range Low 23 (ft NAVDES) Range Low 32 (ft NAVDES)
Horsepower per Pump
Operating Water Levels Horsepower
Flow Intake Discharge Losses Head Water Pump eff Motor | Service Required Use Comment
Horsepower eff Factor
(gpm) (ft NAVDEB) | (ft NAVDESB) (ft) (ft) (hp) {hp) (hp}
18000 24 61.6 5.9 44.0| 200 0.90 0.9 1.15 284 Priming
19900 24 51.7 6.6 34.8] 175 0.88] 0.9 1.15 254 Rated
21500 24 53.6 7.3 25.9 141 0.83 0.9 1.15 217 Design
22900 24 35 79 189 109 0.70 09 1.15 200 Min
Mator eff = Electric motor efficiency 300

5P5-1 is designed to operate with a maximum of two 50 cfs pumps running simultaneously. Start-up of each pump will be staggered. 5P5-1 will include an
auxiliary 50 cfs pump, to be used in the event that one or both primary pumps is not operational. Priming discharge stage based on disch. pipe raised for
backflow prevention, with a max. invert elev. of 59.60 (56.30 peak PMF stage + 1.3' max. wind setup + 2' buffer) , the disch. pipe flowing 2/3 full and 0.5' loss in
trash rack. See Appendix A.12.1 for additional detail on Losses calculation.

3.0 Structure Hydraulic Calculations

For the structures, a low water elevation of 33.5 ft NAVD88 was used in the reservoir to calculate flow.

3.1CU-1A

Gated outflow culvert from East Cell to the to the Perimeter Canal. This structure will use two roller gates
to control flow. Gate opening were sized based on the minimum area needed to convey the flow of 1,500

cfs with 1 ft of headloss.

A low water level of 33.5 ft NAVD88 in the reservoir was used to calculate gate size. A stage of 33.5 ft
upstream and 26.2 ft downstream was used. The gated structure will have a flat bottom and gate above
the water would flow as an open channel. Ground elevation 27.0 ft NAVDS88 at the structure site. The
equation for tranquil flow through a box culvert shown in Figure A-1.1-14 was used to perform the
preliminary design calculations for CU-1A. The results of the calculations are summarized in Table A-1.1-
10. Two 14-ft-wide by 10-ft-tall box culverts will convey the flow with 1 ft of headloss.

Box Culvert Equations
1458555
\I K.‘.Kl
A, =B*h,
_hL*B
PoB+2y,
Y, =0.90(h, - z)
_ h,*B
' B+2h,
. 1486 2
K,=-"R74,
n
where:
x=2or3and C2=1.0
Y- first guess is 0.90(h, - z)
then check the estimation with

Tvpe 3 — Tranquil Flow

Figure A-1.1-14. Box culvert partial flow equation and diagram.
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Table A-1.1-10. CU-1A Box Culvert partial flow equation calculations summary table.

w (ft) h (ft)
Box 14 10
Q (cfs) C A (sqft) g inv upstm hl dwstm h2 L
751.7 1 105 32.2 25 33.5 8.5 30.0 7.5 400
3.2 CU-2

Gated outflow culvert from the West Cell to C-41A via CNL-3. This structure will use two roller gates to
control flow in CNL-3. Gate opening were sized based on the minimum area needed to convey the flow of
1,500 cfs between the West Cell and CNL-3 with 1 ft of headloss.

A Low water level of 33 ft NAVD88 in the reservoir was used to calculate gate size. A stages of 33.5 and
32.5 ft, upstream and downstream respectively was used. The gated structure will have a flat bottom and
gate above the water would flow as an open channel. Ground elevation 27.0 ft NAVD88 at the structure
site. The equation for tranquil flow through a box culvert shown in Figure A-1.1-14 was used to perform
the preliminary design calculations for CU-2. The results of the calculations are summarized in Table A-
1.1-11. Two 14-ft-wide by 10-ft-tall box culverts will convey the flow with 1 ft of headloss.

Table A-1.1-11. CU-2 Box Culvert partial flow equation calculations summary table.

w (ft) h (ft)
Box 14 10
Q (cfs) C A (sqft) g inv upstm hi dwstm h2 L
751.7 1 105 32.2 25 33.5 8.5 32.5 7.5 400
3.3CU-3

An ungated culvert will connect CNL-3 to the C-41A, west of the S-83 structure. This culvert will have an
invert of 8.8 ft NAVDS88 to match the bottom of the C-41A canal west of the S-83. Design flow conditions
are 1,500 cfs with 1.0 of headloss. Minimum water levels in the C-41A canal are 26.4 ft NAVDS88. Flow
calculations are based on culvert flowing full conditions. Hydroflow Express by Autodesk was used to
calculate headloss through CU-2. The results of of these calculations are shown in Figure A-1.1.15. Two
10-ft-wide by 12-ft-tall box culverts will convey the flow with 1 ft of headloss.
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Figure A-1.1-15. CU-3 Box Culvert Full Flow Calculations Summary.

3.4 DDS-1

A dam divider structure will be used to equalize levels between the East and West Cells. This structure will
use two roller gates to control flow and a concrete channel to connect the cells. Gate openings were sized
based on the minimum area needed to convey the flow of 1,500 cfs between the cells with 0.5 ft of
headloss.

A low water level of 33 ft NAVD88 in the reservoir was used to calculate gate size. A stage of 33.5 ft
upstream and 33.0 ft downstream was used. The gated structure will have a flat bottom and gate above
the water would flow as an open channel. Ground elevation of 27.0 ft NAVD88 was used at the structure
site. The equation for tranquil flow through a box culvert shown in Figure A-1.1-16 was used to perform
the preliminary design calculations for DDS-1. The results of the calculations are summarized in Table A-
1.1-12.
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Box Culvert Equations
Zg(hl —hy )
L2 g4I LC;
KZ K3

0=C4,
1

A, =B*h,
_hL*B
B+2Y, '
Y, =0.90(h, - z)
_ h*B
B+2h,

K, - 1.486 RX%A
n

2

3

X

where:

x=2or3and C3=1.0

Y2 first guess is 0.90(, — z)
then check the estimation with

Tvpe 3 — Tranquil Flow

Figure A-1.1-16. Box Culvert Partial Flow Equation and Diagram.

Table A-1.1-12. DDS-1 Box Culvert partial flow equation calculations summary table.
w (ft) | h (ft)
Box 22 10
Q(cfs)] C |A(ft?)| g |Inv(ft NAVD88) Upstm (ft NAVD88)| h1(ft) IDwstm (ft NAVD88) h2 (ft)(L (ft)
7913 1 154 (32.2 26 335 7.5 33 7 1400

Two 22-ft-wide gates with a bottom elevation of 26.0 ft NAVDS88.

3.5 PCW-1 through PCW-7, PCOS-1 through PCOS-4, and ODCD-0S-1

PCW-1 through PCW-10 are adjustable weir structures to be used to control the water levels within
Reaches 1A through 7 of the Reservoir Perimeter Canal (CNL-1) to minimize seepage impacts outside of
the reservoir as well as keep seepage exit gradients from the reservoir into the perimeter canal within
allowable limits to ensure stability of the Reservoir Perimeter Dam. The weir crest width of each of these
structures will be finalized during the PED phase with the updated seepage rates from the various
locations around the reservoir, together with updated results of stormwater routing through CNL-1.
Planning level modeling of these conditions is documented in Annex A-2.6.

3.6 PCOS-1 through PCOS-4, and ODCD-0S-1

PCOS-1 through PCOS-4 and ODCD-0S-1 are fixed weir structures with one or more outfall culverts,
located within Reach 7 of the perimeter canal or in the case of ODCS-1 located within ODCD-1, that will
function as gravity overflow structures for Reach 7 and ODCD-1. The preliminary crest elevation for each
of these structures has been set to 25.5 ft NAVD88, which is 18 inches above the wet and dry season
control elevation of Reach 7 (24.0 ft NAVD88). The weir crest width of each of these structures will be
finalized during the PED phase with the updated seepage rates from the various locations around the
reservoir, together with updated results of stormwater routing through CNL-1. Planning level modeling
of these conditions is documented in Annex A-2.6.
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3.7 S-84+ Spillway

The S-84+ spillway will replace existing spillways S-84 and S-84X. An ogee weir configuration will be used
with a crest elevation of 13.5 ft NAVD88 for S-84+. The Three-22-ft-wide gates proposed for S-84+ will
each provide a flow capacity of 3,010 cfs based on uncontrolled free discharge and an ogee weir
coefficient of 3.7, per the ogee weir flow equation shown in Figure A-1.1-17. The results of the calculations
are summarized in Table A-1.1-13.

Criteria:

£<1.0 and }—1<O.5
G H

il

0=C, LK

Figure A-1.1-17. Ogee Weir Flow Equation.

Table A-1.1-13. S-84+ Ogee Weir flow equation calculations summary table.

Q (cfs) cd L (ft) HW Crest H
3010 3.7 22 24.6 13.5 11.1
Gate
Ogeé. type =
1 spillway: -
Talr T 1
Figure A-1.1-18. Ogee Weir Flow Diagram.
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SFWMD LOCAR
Pump HP Estimates

Pump Power Requirements

PS-1 (at S-84 Structure)

4 - pumps 375 cfs each

Intake High 16.4 (ft NAVDS838) Discharge High 24 (ft NAVDS8S8)
Water Level Avg 12.8 (ft NAVD88) Water Level Avg 24 (ft NAVDS8S)
Range Low 9.5 (ft NAVDS8S) Range Low 24 (ft NAVDS8S8)
Horsepower per Pump
Operating Water Levels Horsepower
Flow Intake Discharge Losses Head Water Pump eff Motor | Service Required Use Comment
Horsepower eff Factor
(gpm) (ft NAVDS88) | (ft NAVDS8S) (ft) (ft) (hp) (hp) (hp)
160200 13.75 30.3 7.5 24.6 994 0.87 0.9 1.15 1467 Priming
174600 13.75 21.9 8.4 17.1 753 0.72 0.9 1.15 1337 Rated
168300 13.75 24.2 8.0 19.0 806 0.79 0.9 1.15 1304 Design
172000 16.4 23.1 8.2 14.9 650 0.80 0.9 1.15 1043 Min
Motor eff = Electric motor efficiency 1600
Notes:

PS-1is designed to operate with a maximum of four 375 cfs pumps running simultaneously. Start-up of each pump will be staggered. Priming discharge
stage is based on discharge pipe raised for backflow prevention, with a max. invert elev. of 26.00 (24.00 C-41A high operating stage+2' buffer) and the
discharge pipe flowing 2/3 full and 0.5' loss in trash rack. See Appendix A.12.1 for additional detail on Losses calculation.

1/21/2024
pa# C3007.00
F:\jaco\jacolosa\ENG-DES\CALC\20240117 pump power requirement update.xlsx lof3



SFWMD LOCAR
Pump HP Estimates

PS-2 (on C-41A Canal NW SR70)

4 - pumps 375 cfs each

Intake High 20 (ft NAVDS8S8) Discharge High 51.7 (ft NAVD88)
Water Level Avg 19 (ft NAVDS838) Water Level Avg 41.85 (ft NAVDS8S)
Range Low 18 (ft NAVD88) Range Low 32 (ft NAVDS8S)
Horsepower per Pump
Operating Water Levels Horsepower
Flow Intake Discharge Losses Head Water Pump eff Motor | Service Required Use Comment
Horsepower eff Factor
(gpm) (ft NAVDS8S8) | (ft NAVD88) (ft) (ft) (hp) (hp) (hp)
144000 22 63.9 9.6 52.0 1893 0.91 0.9 1.15 2658 Priming
164000 22 51.7 10.7 40.9 1696 0.9 0.9 1.15 2408 Rated
168300 22 41.5 12.0 32.0 1361 0.85 0.9 1.15 2045 Design
182000 24 35 13.0 24.0 1105 0.77 0.9 1.15 1833 Min
Motor eff = Electric motor efficiency 2700
Notes:

PS-2 is designed to operate with a maximum of four 375 cfs pumps running simultaneously. Start-up of each pump will be staggered. Priming discharge stage is
based on discharge pipe raised for backflow prevention, with a max. invert elev. of 59.60 (56.30 peak PMF stage + 1.3' max. wind setup + 2' buffer) and the
discharge pipe flowing 2/3 full and 0.5' loss in trash rack. See Appendix A.12.1 for additional detail on Losses calculation.

1/21/2024
pa# C3007.00
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SFWMD LOCAR
Pump HP Estimates

SPS-1 (on C-41A Canal NW SR70)

2 - pumps 50 cfs each (plus an auxillary 50 cfs pump)

Intake High 23 (ft NAVDS8S8) Discharge High 51.7 (ft NAVD88)
Water Level Avg 23 (ft NAVD88) Water Level Avg 41.85 (ft NAVDS8S)
Range Low 23 (ft NAVDS8S8) Range Low 32 (ft NAVDS8S)
Horsepower per Pump
Operating Water Levels Horsepower
Flow Intake Discharge Losses Head Water Pump eff Motor | Service Required Use Comment
Horsepower eff Factor
(gpm) (ft NAVDS8S8) | (ft NAVD88) (ft) (ft) (hp) (hp) (hp)
18000 24 61.6 5.9 44.0 200 0.90 0.9 1.15 284 Priming
19900 24 51.7 6.6 34.8 175 0.88 0.9 1.15 254 Rated
21500 24 53.6 7.3 25.9 141 0.83 0.9 1.15 217 Design
22900 24 35 7.9 18.9 109 0.70 0.9 1.15 200 Min
Motor eff = Electric motor efficiency 300

Notes:

SPS-1 is designed to operate with a maximum of two 50 cfs pumps running simultaneously. Start-up of each pump will be staggered. SPS-1 will include an
auxiliary 50 cfs pump, to be used in the event that one or both primary pumps is not operational. Priming discharge stage based on disch. pipe raised for
backflow prevention, with a max. invert elev. of 59.60 (56.30 peak PMF stage + 1.3' max. wind setup + 2' buffer), the disch. pipe flowing 2/3 full and 0.5' loss in
trash rack. See Appendix A.12.1 for additional detail on Losses calculation.

1/21/2024
pa# C3007.00
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ANNEX A-2
Hydrologic Modeling

e A-2.1 PMP Determination and PMF Routing Technical Memorandum

e A-2.2 STWAVE Overtopping Analysis Technical Memorandum
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Prepared for:  South Florida Water Management District

Prepared by:  Collective Water Resources on behalf of J-Tech, an Alliance between Jacobs Engineering and
Tetra Tech, Inc.

Date: November 15, 2023
Subject: Lake Okeechobee Component A Storage Reservoir Feasibility Study - PMP Determination and
PMF Routing

1.0 Background/Introduction

This document summarizes the methods and outcome for both the Probable Maximum Precipitation (PMP) and
the Probable Maximum Flood (PMF) routing for the Lake Okeechobee Component A Storage Reservoir (LOCAR
or Reservoir). The PMP was determined for the Reservoir site to support the development of the PMF routing
model. The PMF routing model was developed to determine the reservoir emergency spillway sizes under design
criteria specifications, as well as to support the wind and wave runup analyses that were performed to
determine the required dam embankment height of the Reservoir.

The proposed LOCAR site is in the C-41A Basin, just north of the C-41A Canal and east of the S-83 gated spillway
and northwest of the S-84 gated spillway. Surrounding lands consist mostly of mixed agricultural uses. Major
roads near the project site include State Road 70 to the south and County Road 721 to the east.

For the PMP development, three reservoir alternatives were considered as shown in Figure 1. HEC-MetVue was
utilized to develop the PMP for each of the alternatives as described in Section 2.

For the PMF routing, only the LOCAR Recommended Plan; which is based on the Alternative 1 reservoir
footprint, modified to avoid an environmentally sensitive area along the south side of the reservoir was
evaluated. Time series datasets were created using the developed PMP and the scenarios outlined in the South
Florida Water Management District (SFWMD) and US Army Corps of Engineers (USACE) Design Criteria
Memorandum 2, dated February 6, 2006 (DCM-2). A HEC-RAS model was developed using the Alternative 1
specifications provided by the J-Tech project team to size the ungated spillways in each cell. Peak allowable
discharge was managed to ensure that total outflow from the reservoir did not exceed the capacity of the C-41A
canal. The PMF Routing is described in Section 3.
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Figure 1. LOCAR Location and Alternatives

2.0 Probable Maximum Precipitation Development

The National Oceanic and Atmospheric Administration (NOAA) Hydrometeorological Report (HMR) No. 55A
(1988) defines the PMP as “theoretically, the greatest depth of precipitation for a given duration that is
physically possible over a given area at a particular geographic location at a certain time of year.” As part of this
task, multiple scenarios were run for the three reservoir alternatives, to determine the maximum PMP depth for
each reservoir alternative.

2.1 PMP Model Development

HEC-MetVue, including the integrated HMR52 plugin, was utilized for development of the PMP. HEC-MetVue is a
precipitation viewing and analysis tool developed by the USACE. The HMR52 plugin automates the process
outlined in the NOAA HMR52 (1982) Storm Precipitation Method by using the user-input storm area, location,
storm orientation, and temporal pattern combined with the integrated Depth-Area-Duration values from NOAA
HMR 51 (1978) to compute a subbasin average PMP hyetograph.
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2.1.1 Model Inputs

User inputs included basin extents and location, storm area, temporal pattern, and storm orientation. Storm
location was determined by the centroid of the proposed reservoir boundary uploaded as a shapefile to the
HEC-MetVue interface. Storm orientation was run both as the preferred storm orientation for Florida (195
degrees) per HMR52 Figure 10, as well as the default storm orientation that aligned best with the reservoir
orientation to optimize overlap. Storm size was selected for the storm that produced the largest PMP. A
summary of user defined inputs is presented in Table 1 for each reservoir alternative.

Table 1. HEC-MetVue Model Inputs for Reservoir Alternatives 1, 2 and 3.

Reservoir . ] Storm Area Centroid Coordinates
Model Run . Storm Orientation (degrees) . ) .
Alternative (sg. mi) (Latitude| Longitude)
1 Preferred 195
1 — 175 27.27 -81.11
2 Basin Aligned 94
3 Preferred 195
2 - - 300 27.31 -81.13
4 Basin Aligned 146
5 Preferred 195
3 - - 175 27.32 -81.15
6 Basin Aligned 169

2.2 PMP Results

The model was simulated for each of the model runs identified in Table 1, which resulted in the PMP depths
summarized in Table 2. The LOCAR Alternative 1 results were selected to use for the PMF routing because the
Alternative 1 reservoir footprint aligns with the LOCAR Recommended Plan reservoir footprint. The Alternative 1
basin aligned storm orientation was selected for use in the PMF routing due to the greater PMP depth produced.
The rainfall time series for the selected PMP is presented in Table 3.

Table 2. Simulated PMP Depths

. Storm PMP Depth
Model Run Alternative . . .
Orientation (inches)
1 1 Preferred 52.79
2 Basin Aligned 53.94
3 5 Preferred 50.46
4 Basin Aligned 51.76
5 Preferred 53.47
6 3 Basin Aligned 53.72
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Table 3. 15-Minute Time Series for Alternative 1 with Basin Aligned Storm Orientation

Hours Inches Hours Inches Hours Inches Hours Inches
0.25 0.04 9.75 0.04 19.25 0.05 28.75 0.14
0.50 0.04 10.00 0.04 19.50 0.05 29.00 0.14
0.75 0.04 10.25 0.04 19.75 0.05 29.25 0.15
1.00 0.04 10.50 0.04 20.00 0.05 29.50 0.15
1.25 0.04 10.75 0.04 20.25 0.05 29.75 0.15
1.50 0.04 11.00 0.04 20.50 0.05 30.00 0.15
1.75 0.04 11.25 0.04 20.75 0.05 30.25 0.25
2.00 0.04 11.50 0.04 21.00 0.05 30.50 0.25
2.25 0.04 11.75 0.04 21.25 0.05 30.75 0.25
2.50 0.04 12.00 0.04 21.50 0.05 31.00 0.25
2.75 0.04 12.25 0.05 21.75 0.05 31.25 0.26
3.00 0.04 12.50 0.05 22.00 0.05 31.50 0.26
3.25 0.04 12.75 0.05 22.25 0.05 31.75 0.26
3.50 0.04 13.00 0.05 22.50 0.05 32.00 0.26
3.75 0.04 13.25 0.05 22.75 0.05 32.25 0.26
4.00 0.04 13.50 0.05 23.00 0.05 32.50 0.26
4.25 0.04 13.75 0.05 23.25 0.05 32.75 0.26
4.50 0.04 14.00 0.05 23.50 0.05 33.00 0.26
4.75 0.04 14.25 0.05 23.75 0.05 33.25 0.29
5.00 0.04 14.50 0.05 24.00 0.05 33.50 0.29
5.25 0.04 14.75 0.05 24.25 0.10 33.75 0.29
5.50 0.04 15.00 0.05 24.50 0.10 34.00 0.29
5.75 0.04 15.25 0.05 24.75 0.10 34.25 0.34
6.00 0.04 15.50 0.05 25.00 0.10 34.50 0.34
6.25 0.04 15.75 0.05 25.25 0.11 34.75 0.34
6.50 0.04 16.00 0.05 25.50 0.11 35.00 0.34
6.75 0.04 16.25 0.05 25.75 0.11 35.25 0.41
7.00 0.04 16.50 0.05 26.00 0.11 35.50 0.41
7.25 0.04 16.75 0.05 26.25 0.12 35.75 0.41
7.50 0.04 17.00 0.05 26.50 0.12 36.00 0.41
7.75 0.04 17.25 0.05 26.75 0.12 36.25 0.52
8.00 0.04 17.50 0.05 27.00 0.12 36.50 0.52
8.25 0.04 17.75 0.05 27.25 0.13 36.75 0.52
8.50 0.04 18.00 0.05 27.50 0.13 37.00 0.52
8.75 0.04 18.25 0.05 27.75 0.13 37.25 0.85
9.00 0.04 18.50 0.05 28.00 0.13 37.50 0.85
9.25 0.04 18.75 0.05 28.25 0.14 37.75 0.85
9.50 0.04 19.00 0.05 28.50 0.14 38.00 0.85
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Hours Inches Hours Inches Hours Inches Hours Inches
38.25 1.23 47.75 0.18 57.25 0.05 66.75 0.04
38.50 1.23 48.00 0.18 57.50 0.05 67.00 0.04
38.75 1.23 48.25 0.07 57.75 0.05 67.25 0.04
39.00 1.23 48.50 0.07 58.00 0.05 67.50 0.04
39.25 2.95 48.75 0.07 58.25 0.05 67.75 0.04
39.50 2.95 49.00 0.07 58.50 0.05 68.00 0.04
39.75 2.95 49.25 0.07 58.75 0.05 68.25 0.04
40.00 2.95 49.50 0.07 59.00 0.05 68.50 0.04
40.25 1.03 49.75 0.07 59.25 0.05 68.75 0.04
40.50 1.03 50.00 0.07 59.50 0.05 69.00 0.04
40.75 1.03 50.25 0.07 59.75 0.05 69.25 0.04
41.00 1.03 50.50 0.07 60.00 0.05 69.50 0.04
41.25 0.68 50.75 0.07 60.25 0.05 69.75 0.04
41.50 0.68 51.00 0.07 60.50 0.05 70.00 0.04
41.75 0.68 51.25 0.07 60.75 0.05 70.25 0.04
42.00 0.68 51.50 0.07 61.00 0.05 70.50 0.04
42.25 0.25 51.75 0.07 61.25 0.05 70.75 0.04
42.50 0.25 52.00 0.07 61.50 0.05 71.00 0.04
42.75 0.25 52.25 0.07 61.75 0.05 71.25 0.04
43.00 0.25 52.50 0.07 62.00 0.05 71.50 0.04
43.25 0.25 52.75 0.07 62.25 0.05 71.75 0.04
43.50 0.25 53.00 0.07 62.50 0.05 72.00 0.04
43.75 0.25 53.25 0.07 62.75 0.05 Total 53.94
44.00 0.25 53.50 0.07 63.00 0.05
44.25 0.24 53.75 0.07 63.25 0.05
44.50 0.24 54.00 0.07 63.50 0.05
44.75 0.24 54.25 0.05 63.75 0.05
45.00 0.24 54.50 0.05 64.00 0.05
45.25 0.23 54.75 0.05 64.25 0.05
45.50 0.23 55.00 0.05 64.50 0.05
45.75 0.23 55.25 0.05 64.75 0.05
46.00 0.23 55.50 0.05 65.00 0.05
46.25 0.20 55.75 0.05 65.25 0.05
46.50 0.20 56.00 0.05 65.50 0.05
46.75 0.20 56.25 0.05 65.75 0.05
47.00 0.20 56.50 0.05 66.00 0.05
47.25 0.18 56.75 0.05 66.25 0.04
47.50 0.18 57.00 0.05 66.50 0.04

Page 5 of 12



/ Lake Okeechobee Compartment A Storage Reservoir
PMP Determination and PMF Routing

L OleClive

WATER RESOURCES

3.0 Probable Maximum Flood Routing

The PMF is defined by USACE in Engineer Manual (EM) 1110-21417 (1994) as “the flood that may be expected
from the most severe combination of critical meteorologic and hydrologic conditions that are reasonably
possible in the region.” The PMP developed, in combination with routing scenarios outlined in the DCM-2,
provided the conditions to be routed through the proposed reservoir. The PMF routing was conducted for the
LOCAR Recommended Plan. The PMP rainfall depths used in the PMF routing are the result of the PMP
development for Alternative 1 with a storm orientation aligned with the basin, as it produced the largest PMP
depth of 53.94 inches.

3.1 Routing Criteria

3.1.1 Allowable Discharge

The total reservoir allowable peak discharge into the C-41A canal from the Reservoir was determined to be
1,500 cfs. This allowable discharge was calculated by J-Tech in order to assure no downstream impacts or
adverse impacts to the C-41A channel and inline infrastructure.

3.1.2 Routing Scenarios

DCM-2 presents the design criteria for determining freeboard for reservoirs and impoundments. The scenarios
evaluated in this memorandum are Case 1, Scenarios 1 and 2, as summarized below.

DCM-2 PMP Scenario 1:

Routing starts when the reservoir stage is at Normal Full Storage Level (NFSL)

e Route 30 percent of the 72-hour PMF (16.18 inches) (0 to 72-hr), gated structures are closed.

e A 3-daydry (72 to 144-hr), gated structures are operable. Assumed gated structures and ungated
spillways can discharge at a combined rate up to 1,500 cfs during this time.

e Route 100 percent of the 72-hour PMF (53.94 inches) (144 to 216-hr), gated structures are closed.

e A 10-daydry interval (216 to 456-hr), gated structures are operable. Assumed gated structures and
ungated spillways can discharge at a combined rate up to 1,500 cfs during this time.

e Route 30 percent of the 72-hour PMF (16.18 inches) (456 to 528-hr), gated structures are closed.

DCM-2 PMP Scenario 2:

Routing starts when the reservoir stage is at Normal Full Storage Level (NFSL)

e Route 40 percent of the 72-hour PMF (21.58 inches) (0 to 72-hr), gated structures are closed.

e A 5-daydryinterval (72 to 192-hr), gated structures are operable. Assumed gated structures and
ungated spillways can discharge at a combined rate up to 1,500 cfs during this time.

e Route 100 percent of the 72-hour PMF (53.94 inches) (192 to 264-hr), gated structures are closed.

e A 10-day dry interval (264 to 504-hr), gated structures are operable. Assumed gated structures and
ungated spillways can discharge at a combined rate up to 1,500 cfs during this time.

e Route 40 percent of the 72-hour PMF (21.58 inches) (504 to 576-hr), gated structures are closed.
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3.2 Model Setup

The PMP rainfall analysis results were applied to a HEC-RAS model (Version 6.3.1) with the LOCAR
Recommended Plan configuration. The HEC-RAS model for the LOCAR Recommended Plan contains two cells, a
10.2 square mile (6,453 acres) East Cell and a 7.4 square mile (4,701 acre) West Cell (at NFSL). Each cell has a
gated outflow culvert and an ungated overflow spillway. A gated culvert (DDS-1) connects the east and west
cells. A portion of the C-41A canal is also represented in the model to serve as a downstream boundary
condition for the reservoir outflow structures. S-83 is a SFWMD gated spillway in the C-41A canal, represented
as an inoperable weir in the model. Figure 2 shows the configuration of the LOCAR Recommended Plan HEC-RAS
PMF routing model.

West Cell Gated
Outflow Culvert

West Cell
Ungated Spillway

East Cell

Ungated Spillwa
& P Y East Cell Gated o

Outflow Culvert 3629

‘\\__,f 630

Figure 2. LOCAR Recommended Plan HEC-RAS Configuration.

*The model schematic is not representative of the reservoir footprint, for schematic purposes only.

3.2.1 Boundary Conditions

The purpose of the C-41A canal in the HEC-RAS model is to serve as a downstream boundary condition receiving
the reservoir outflows. DBHYDRO stage levels were reviewed at the headwater and tailwater stations of SFWMD
structures S-83 and S-84. The measurements available from the past 10 years were evaluated and the high
stages measured from Hurricane Irma in September 2017 were used as the stage boundaries. The constant
stage values at the upstream and downstream ends of the C-41A canal are presented in Table 5.
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Table 4. LOCAR Recommended Plan: HEC-RAS Boundary Conditions

Stage

s
(ft -NAVD) ource

Boundary Condition Location

DBHYDRO: Maximum Stage in September
2017 for S-83 Headwater (DBKey 1Y959)
DBHYDRO: Average of maximum stages in
26.58 September 2017 for S-83 Tailwater (DBKey
IY961) and S-84 Headwater (DBKey 1Y964).

C-41A upstream of S-83, 960 feet upstream 31.78

C-41A downstream of S-83, 11 miles
downstream

3.2.2 PMP Time Series

Two time series data sets in 15-minute time intervals were created for Scenarios 1 and 2 as described above.
The PMP time series output (in inches) was converted to cubic feet per second by multiplying by the
corresponding reservoir cell area at normal full storage level (NFSL). The converted time series was then
manipulated per the DCM-2 scenarios described above resulting in a 22-day time series for Scenario 1 and a 24-
day time series for Scenario 2. These time series were used as the inflow hydrographs for the reservoir cells. The
model, with no additional inflow, was run 24 hours past the duration of each rainfall scenario, for a total of 23
days (Scenario 1) and 25 days (Scenario 2), so that the peak stages could be observed.

3.2.3 Model Input and Data Sources

The following sections describe the model input and data sources for the LOCAR Recommended Plan project
features.

3.2.3.1 C-41A Canal

A HEC-RAS model of the C-41A canal was developed by the J-Tech Team and the PMF HEC-RAS model
incorporated the pertinent portion of the C-41A canal from that model. The cross sections were developed by
the J-tech Team based on the USACE Canal-41A, Section 2 Plan dated July 1960. Manning’s n values of 0.04 and
0.03 were used for the banks and channel, respectively.

3.2.3.2 Stage-Area & NFSL of the Reservoir Cells

The stage-area relationships for the east and west cells of LOCAR Recommended Plan reservoir were provided
by J-Tech and incorporated into the storage features of the HEC-RAS model. At Normal Full Storage Level (NFSL),
based on the stage-area relationships, the East cell provides a cumulative storage volume of 114,791 acre-ft
(excluding storage provided within the east cell borrow area) and the West cell provides a cumulative storage
volume of 84,716 acre-ft (excluding storage provided within the east cell borrow area). The initial stage of each
cell is the NFSL of 51.7 ft-NAVD.

3.2.3.3 Cell Connection Structure, DDS-1

Specifications for the cell connecting structure, DDS-1, were provided by J-Tech. The structure is gated but was
assumed to be open for the entirety of all simulations. The structure was modeled as a box culvert with two
barrels, each 17 feet wide by 12 feet tall, as per the conceptual design plans. Inverts were set at 23.0 feet-NAVD
based on the bottom of the reservoir cells.
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3.2.3.4 Gated Outflow Culverts

PMP Determination and PMF Routing

Both the east and west cells are designed with a gated outflow culvert, with a design maximum discharge of
1,500 cfs per structure. The west cell gated culvert discharges in the C-41A canal upstream of S-83, while the
east cell gated culvert discharges downstream of S-83. Per the DCM-2 routing scenarios, the gates are required
to remain closed during the time steps when the PMP events are occurring; however, they may open during the
dry periods. As discussed in Section 3.1.1, the total discharge from the reservoir, which accounts for outflow
from all gated culverts and the spillways collectively, must remain below the calculated allowable discharge
(1,500 cfs). The East and West uncontrolled spillway outflows were given priority so that when the gated culvert
was permitted to operate in the dry periods, the gated culverts only discharged at a rate equal to the allowable
rate less spillway discharge, divided equally between the two gated culvert outlets. To achieve this, both the
west and east cell gated culverts were modeled as separate pump stations in HEC-RAS and pump rule operations
were set for each pump. Pump rules were written so that they were only operable during the dry period time
steps and only when the cell stage was greater than the NFSL. When the pumps were allowed to operate, the
rules were written to allow the total discharge (controlled and uncontrolled) to equal the calculated allowable
discharge for the reservoir. This calculation was performed within HEC-RAS for each 15-minute time step. A
summary of the pump rules 