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1.0 PURPOSE

The purpose of this calculation is to:

1.1) To design the trench drains and culverts to safely pass the 25 year, 72-hour and 100 year, 72-hour storm
events.

1.2) To calculate the time of concentration for each trench drain and culvert and determine the longest time of
concentration for the pond design.

2.0 REFERENCES

2.1) Technical Paper No. 40, Rainfall Frequency Atlas of the United States, United States Department of Commerce,
May 1961

2.2) Technical Release 55 (TR55), Urban Hydrology for Smalil Watersheds, USDA Soil Conservation Service,
Conservation Engineering Division, June 1986.

2.3) State of Florida Department of Transportation Drainage Manual, January 2006

2.4) Modern Sewer Design, American Iron and Steel Institute, Third Edition, 1995

2.5) Black & Veatch Drawings 147651-4STF-S3000 through 147651-4STF-S3002

2.8) Black & Veatch Drawing 147651-4STF-S3050, Grading and Drainage Details.

3.0 ASSUMPTIONS
No assumptions.

4.0 DEFINITION OF UNITS AND CONSTANTS
Due to the high number of units and constants, they are defined within Section 7.0 Analysis.
5.0 PROCEDURE/METHODOL.OGY OF DESIGN

5.1) Determine lengths and slopes of travel from AutoCAD drawings of Reference 2.5 (See Appendix A for sketches).

5.2) Calculate times of travel for sheet flow using TR-55, Reference 2.2.

5.3) Calculate times of travel for shallow concentrated flow using TR-55, Reference 2.2.

5.4) Calculate times of travel for open channel flow using TR-55, Reference 2.2.

5.5) Determine rainfall intensity from Reference 2.3 (Zone 7, See Appendix D for IDF Curve).

5.6) Calculate weighted runoff coefficient.

5.7) Determine sub-basin area from AutoCAD drawings of Reference 2.5 (See Appendix A for sketches of each
sub-basin area).

5.8) Calculate storm water runoff using Rational Method.

5.9) Calculate wetted perimeter and flow area of open channel flow using FlowMaster and CulvertMaster (See
Appendix B for Haestad FlowMaster 2005 and Appendix C for CulvertMaster Output.)

5.10) Calculate time of travel for open channel flow using TR-55, Reference 2.2.

5.11) Calculate sub-basin time of concentration using TR-55, Reference 2.2.

6.0 CONCLUSIONS

6.1) See Reference 2.6 for trench drain and culvert sizes.
6.2) The longest time of concentration to the pond is 0.127 hour.

7.0 ANALYSIS
7.1) Trench Drain T-1 7.5) Trench Drain T-5
7.2) Trench Drain T-2 7.6) Trench Drain T-6
7.3) Trench Drain T-3 7.7) Culvert C-1
7.4) Trench Drain T-4 7.8) Culvert C-2

8.0 APPENDICES

8.1) Appendix A - TOC Figures

8.2) Appendix B - FlowMaster Output
8.3) Appendix C - CulvertMaster Output
8.4) Appendix D - Reference Figures
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7.1 Trench Drain T-1

7.1.1 _Time of Concentration (No Other Contributing Areas)

Sheet Flow Inputs: i=1.3
(Total length of all segments must be less than or equal to 300 ft.)

Flow Segment One

Lsheetl = 12.00 ft Flow length

Nsheet, = 0.011 Manning's Roughness Coef. for sheet flow

P2Yr24hr1 =475 in 2-yr, 24-hr rainfall depth

Ssheet 1= 0.0200 fu/ft Slope of watershed for sheet flow

Flow Segment Two

Lsheet2 = 5.25 ft Flow length

Nsheet_:= 0.011 Manning's Roughness Coef. for sheet flow
2

P2yr24hr2 =475 in 2-yr, 24-hr rainfall depth

Ssheet, = 0.0110 ft/ft Slope of watershed for sheet flow

Flow Segment Three

Lsheet3 = 68.0 ft Flow length

Ngheet_ := 0.011 Manning's Roughness Coef. for sheet flow
3

P2yr24hr3 =475 in 2-yr, 24-hr rainfall depth

Ssheet, = 0029 fu/ft Slope of watershed for sheet flow

Sheet Flow Calculation:

Tp:= Z 0.007-

0.5 0.4
i ( l:’2yr24hri) ‘(Ssheeti)

0.8
(nsheeti : Lshee’ci)

Shallow Concentrated Flow Inputs:

No inputs.

(Ref. 2.5, Appendix A)

(Ref. 2.2, pg. 3—3‘, Smooth suﬁaces)
(Ref. 2.1, Appendix D)

(Ref. 2.5, Appendix A)

S {Ref. 2.5, Appendix A)

(Ref. 2.2, pg. 3-3, Smooth surfaces)
(Ref. 2.1, Appendix D)

(Ref. 2.5, Appendix A)

(Ref. 2.5, Appendix A)
(Ref. 2.2, pg. 3-3, Smooth surfaces)
(Ref. 2.1, Appendix D)

(Ref. 2.5, Appendix A)

(Ref. 2.2, eq. 3-3)

T;=0031 hr

T1-60=1.883 min
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of Concentration

Open Channel Flow Inputs:
Flow Segment One - T-1 Part A

LOCfl = 391.10 ft Length of open channel flow segment
Socf, = 0.005 ft/ft
nocf1 = 0.033

prCf1 = 8.10 ft

fagef = 3.18 ft Flow area of open channel cross section
1

Flow Segment Two - T-1 Part B
LOCf2 = 23.768 ft Length of open channel flow segment
Socf, = 0.0025 ft/ft
Nocf, = 0.033

wpomc2 = 8.76 ft

2

faOCf2 = 4.03 ft Flow area of open channel cross section

Open Channel Flow Calculation:

Total Time of Concentration:

Te=T1+ Ty

Slope of watershed for open channel flow segment

Wetted perimeter of open channel cross section

Slope of watershed for open channel flow segment

Wetted perimeter of open channel cross section

(Ref. 2.5, Appendix A)

(Ref. 2.5, Appendix A)

Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)

(Appendix B)

(Appendix B)

(Ref. 2.5, Appendix A)

(Ref. 2.5, Appendix A)

Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)

(Appendix B)

(Appendix B)

(Ref. 2.2, egs. 3-4 & 3-1)

2
fa
Voot i= 149 ocf; (s . 05 1 v (1-712) Segment One ft
ocf = 1.47- | Socf, : ocf = -
i WPocf, ') Nocf, 1.345)  segment Two sec
l-oc:fi
T2y ———— T»=0.068 hr
2 Z 3600'Vocf 2
i I

T»-60 =4.102 min

(Ref. 2.2, eq. 3-2)
Tc - 01 hr

Te-60 =5.986 min
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7.1.2 Storm Water Runoff (Rational Method)

Composite Runoff Coefficient
Area (A) c A*c

Area T1a: Impervious Areas (paved streets & roads, paved parking lots & driveways, roofs, etc.)

2
AT1a:= 7187.22-ft CareaT1a = 0.95 AcareaT1a = AT1aCareaT1a

4

AT1a = 2578)( 10— m|2 ACareaT']a = 6827.9 ftz

Area T1b: Aggregate Areas

2
AT1p = 20882.88-ft CareaT1b = 0.75 ACareaT1b = AT1b-CareaT1b
A —-4 .2 2
Tip = 7491x 10 "mi AcCareaT1b = 15662.2 ft
Total:
AT1.T:= AT1a + AT1b AcCareaT1.T := ACareaT1a *+ ACareaT1b
2 2
AT'] T = 0.001 mi ACareaT‘] T= 22490 ft
Composite ¢ Value:
ACareaT1.T
CareaT1.T = ———— CareaT1.T = 0.801
AT1T
Time of Concentration
Time of Concentration, t_ (hr):
tcareaT1 = Tc tcareaT1 =0.1 hr (This calculation - See above)

Intensity (An 8 minute intensity will be used since that's the shortest duration shown on the chart)

. in . in )
lareaT1.25 = 9.O-W lareaT1.100 = 10.4~H (Ref. 2.3, Appendix D)
Runoff
QareaT1.25 = CareaT1.T'iareaT1.25-AT1.T QareaT1.100 = CareaT1.T lareaT1.100-AT1.T
ﬁ3 ﬁ3
QareaT1.25 = 4.685— QareaT1.100 = 5.414—
sec sec

(52.5406.1101.01 Trench Drain and Culverts Page 5 of 27




Owner: Florida Municipal Power Agency Prepared by:_A. L. MORGAN
% Plant: Cane Island Power Park Date:_ &3 /G;é/ﬁg

Unit: 4 Verified by:_ /

Project No. 147651 Date:_ &3/ joB
BLACK & YEATCH File No._52.5406.1101.01 PageNo._ 6 of ']

Title:_Trench Drain and Culvert Design and Time Calc Rev: 0

of Concentration

7.1.3 Trench Drain T-1

The runoff from the contributory area of Trench Drain T-1 was used to design Trench Drain T-1. The
FlowMaster program was used for the design with the following inputs:

Manning's Roughness Coefficient (Concrete Trench) = 0.013 (Ref. 2.4, Appendix D)
Trench Slope = 0.005 ft/ft

Bottom Width of the Trench = 1.5 ft

Design Discharge Flow in the Trench (Qy5) = 4.685 cfs
Check Discharge Flow in the Trench (Q,,,) = 5.414 cfs
Road (Paved) Centerline Elevation = 81.50

Road (Paved) Edge Elevation = 81.25

Maximum Allowable Headwater Elevation = 81.25
Trench Drain Inlet Invert Elevation = 79.88

Trench Drain QOutlet Invert Elevation = 79.66

Trench Drain Length =43.12 ft

The FlowMaster design report for Trench Drain T-1 is shown in Appendix B of this calculation. A 1.5 ft
wide Trench is sufficient to keep the design headwater and check headwater below the maximum
allowable headwater elevation.

Trench Drain T-1 = 1.5' wide concrete trench

7.2 Trench Drain T-2

7.2.1 _Time of Concentration (No Other Contributing Areas)

Sheet Flow Inputs: i=1.2

Flow Segment One

Lsheet = 2577 ft Flow length (Ref. 2.5, Appendix A)
nsheet1 = 0.011 Manning's Roughness Coef. for sheet flow (Ref. 2.2, pg. 3-3, Smooth surfaces)
P2Yr24hrl =475 in 2-yr, 24-hr rainfall depth (Ref. 2.1, Appendix D)
Ssheetl = 0.0100 ft/ft Slope of watershed for sheet flow (Ref. 2.5, Appendix A)

Flow Segment Two

Lsheet2 = 10229 f Flow length (Ref. 2.5, Appendix A)
Nsheet, = 0.011 Manning's Roughness Coef. for sheet flow (Ref. 2.2, pg. 3-3, Smooth surfaces)
szmhrz =475 in 2-yr, 24-hr rainfail depth (Ref. 2.1, Appendix D)
Ssheet, := 0.0033 ft/ft Slope of watershed for sheet flow (Ref. 2.5, Appendix A)
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Sheet Flow Calculation: (Ref. 2.2, eq. 3-3)

0.8
(nsheeti 'Lsheeti)
T :=Z 0.007- Ty=0042 hr

0.5 0.4
i (P2yr24hri) '(ssheeti)

T1-60 =2.525 min

Shallow Concentrated Flow Inputs:

No inputs.
Open Channel Flow Inputs: h=1..2
Flow Segment One - T-2 Part A
Locf = 372.48 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
1
Socf. = 0.0033 fifft  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
1
Nocf. = 0.013 Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)
1
WpPocf = 6.02 ft Wetted perimeter of open channel cross section (Appendix B)
1
fagef = 2.72 ft2 Flow area of open channel cross section (Appendix B)
1
Flow Segment Two - T-2 Part B
Locf = 73.90 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
2
Socf_:= 0.0033  ft/it  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
2
Nocf_ = 0.013 Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)
2
WpPocf. = 6.53 ft Wetted perimeter of open channel cross section (Appendix B)
2
fagef = 2.81 ft2 Flow area of open channel cross section {Appendix B)
2
Open Channel Flow Calculation: (Ref. 2.2, egs. 3-4 & 3-1)
2
fa
oc, 05 1 3.877) Segment One ft
Vocf, = 1.49- -(s ) ‘ ocf = eon
i WPocf, Y DNocf, 3.753)  Segment Two sec
Locfi
Ty = Z — T,=0032 hr
3600-Vocf.
i ¥

T-60 = 1.929 min
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Total Time of Concentration: (Ref. 2.2, eq. 3-2)
Te=T1+T Tc=0.074 hr

T 60 = 4.455 min

7.2.2 Storm Water Runoff (Rational Method)

Composite Runoff Coefficient

Area (A) c A’c

Area T2a: Impervious Areas (paved streets & roads, paved parking lots & driveways, roofs, etc.)

2
AT2g := 47429.37 1t CareaT2a = 0.95 AcCareaT2a = AT2a'CareaT2a

3 .2

AT2a = 1.701 x 10” > mi ACareaT2a = 45057.9 2

Area T2b:Self-Contained Areas

0

5 ;
AT2p = 1392.00-ft CareaT2b = 0 ACareaT2b = AT2b-CareaT2b
-5 .2 2
ATop =4.993x 10 “mi AcgreaTop =0 ft
Total:
AT2.T:= AT2a - AT2b ACareaT2.T = ACareaT2a
2 2
AT2.17=0.0017mi ACareaT2.T = 45057.9 ft
Composite ¢ Value:
ACareaT2.T
CareaT2.T = ————— CareaT2.T = 0.95
AT2a
Time of Concentration
Time of Concentration, t_ (hr):
tcareaT2 == Te tc.areaT2 = 0.074 hr (This calculation - See above)
Intensity (An 8 minute intensity will be used since that's the shortest duration shown on the chart)
i in . in
lareaT2.25 = 9.0-— lareaT2.100 = 10.4-—
hr hr (Ref. 2.3, Appendix D)

(52.56406.1101.01 Trench Drain and Culverts Page 8 of 27
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Runoff ﬁ3
QareaT2.25 = CareaT2.T lareaT2.25°AT2.T QareaT2.25 = 9.1 12;;
3

. ft
QareaT2.100 == CareaT2.T lareaT2.100-AT2.T QareaT2.100 = 10-529;;5

7.2.3 Trench Drain T-2

The runoff from the contributory area of Trench Drain T-2 was used to design Trench Drain T-2. The
FiowMaster program was used for the design with the following inputs:

Manning's Roughness Coefficient (Concrete Trench) = 0.013 (Ref. 2.4, Appendix D)
Trench Slope = 0.005409 ft/ft

Bottom Width of the Trench = 2 ft

Design Discharge Flow in the Trench (Q,5) = 9.112 cfs
Check Discharge Flow in the Trench (Q,,,) = 10.529 cfs
Road (Paved) Centerline Elevation = 81.05

Road (Paved) Edge Elevation = 80.80

Maximum Allowable Headwater Elevation = 80.80
Trench Drain Inlet Invert Elevation = 79.60

Trench Drain Qutlet Invert Elevation = 79.42

Trench Drain Length = 33.4 ft

The FlowMaster design report for Trench Drain T-2 is shown in Appendix B of this calculation. A 2 ft
wide Trench is sufficient to keep the design headwater and check headwater below the maximum
allowable headwater elevation.

Trench Drain T-2 = 2" wide concrete trench

7.3 Trench Drain T-3

7.3.1_Time of Concentration (No Other Contributing Areas)

Sheet Flow Inputs: i=1.2

Flow Segment One

Lsheet, := 54.99 ft Flow length (Ref. 2.5, Appendix A)
”sheetl = 0.011 Manning's Roughness Coef. for sheet flow (Ref. 2.2, pg. 3-3, Smooth surfaces)
P2yr24hrl =475 in 2-yr, 24-hr rainfall depth (Ref. 2.1, Appendix D)
Ssheetl = 002 fuUft Slope of watershed for sheet flow (Ref. 2.5, Appendix A)

(52.5406.1101.01 Trench Drain and Culverts Page 9 of 27
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Flow Segment Two
Lsheetz = 9739 ft Flow length (Ref. 2.5, Appendix A)

”sheet2 = 0.011 Manning's Roughness Coef. for sheet flow (Ref. 2.2, pg. 3-3, Smooth surfaces)

. Ref. 2.1, A dix D
P2yr24hr2 =475 in 2-yr, 24-hr rainfall depth (Re ppendix D)

Ssheet2 = 0.0028 ft/ft Slope of watershed for sheet flow (Ref. 2.5, Appendix A)

Sheet Flow Calculation:

Ty:= Z 0.007-

0.5 0.4
i (P2yr24hri) '(Ssheeti)

0.8
(nsheeti : Lsheeti)

Ty =0061 hr

T1-60=3.686 min

Shallow Concentrated Flow Inputs:

No inputs.

Open Channel Flow Inputs:

No inputs.
Total Time of Concentration: (Ref. 2.2, eq. 3-2)
Te=T Tc=0061 hr Te-60 = 3.686 min
7.3.2 Storm Water Runoff (Rational Method)
Composite Runoff Coefficient
Area (A) c A*c

Area T3a: Impervious Areas (paved streets & roads, paved parking lots & driveways, roofs, etc.)

2
AT3g = 20225.53-ft CareaT3a = 0.95 ACareaT3a = AT3a'CareaT3a
.A.T3a = 7.255 X 10’ 4m|2 ACareaTSa = }92}4.3 ﬁz
Total:
AT3.T7:= AT3a ACareaT3.T = ACareaT3a
.2 2
AT3T = 0.0007 mi ACareaTs_T = 192143 ﬁ

(52.5406.1101.01 Trench Drain and Culverts Page 10 of 27
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Composite ¢ Value:
ACareaT3.T
CareaT3.Ti= — CareaT3.T = 0.95
AT3T
Time of Concentration
Time of Concentration, t_ (hr):
tc.areaT3 = Tc tc.areaT3 = 0.061 hr (This calculation - See above)

Intensity  (An 8 minute intensity will be used since that's the shortest duration shown on the chart)

. in , in )
lareaT3.25 = 9.0;—; lareaT3.100 = 10.4-—6; (Ref. 2.3, Appendix D)

Runoff

. Q =C - A
QareaT3.25 = CareaT3.T lareaT3.25-AT3.T areaT3.100 areaT3.T lareaT3.100 " AT3.T

3

3 ft
QareaT3.100 = 4.626 —

ft
QareaT3.25 = 4.003 — sec
sec

7.3.3 Trench Drain T-3

The runoff from the contributory area of Trench Drain T-3 was used to design Trench Drain T-3. The
FlowMaster program was used for the design with the following inputs:

Manning's Roughness Coefficient (Concrete Trench) = 0.013 (Ref. 2.4, Appendix D)
Trench Slope = 0.00495 fi/ft

Bottom Width of the Trench = 2 ft

Design Discharge Flow in the Trench (Q,;) = 4.003 cfs

Check Discharge Flow in the Trench (Q,) = 4.626 cfs

Road (Paved) Centerline Elevation = 81.32

Road (Paved) Edge Elevation = 81.25

Maximum Allowable Headwater Elevation = 81.13
Trench Drain Inlet Invert Elevation = 80.50
Trench Drain Outlet Invert Elevation = 80.00
Trench Drain Length = 100.95 ft

The FlowMaster design report for Trench Drain T-3 is shown in Appendix B of this calculation. A 2 ft
wide Trench is sufficient to keep the design headwater and check headwater below the maximum
allowable headwater elevation.

Trench Drain T-3 = 2' wide concrete trench

(52.5406.1101.01 Trench Drain and Culverts Page 11 of 27
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of Concentration

7.4 Trench Drain T-4

7.4.1 Time of Concentration (No Other Contributing Areas)

Sheet Flow Inputs:

Flow Segment One

Lsheetl = 14.34 ft
nsheetl = 0.011
P2yr24hr1 =475 in

Ssheetl = 0.0070 ft/ft

Flow Segment Two

Lsheetz = 22594 ft

nsheet2 = 0011
P2yr24hr2 =475 in

Ssheetz = 0.0050 fu/ft

Sheet Flow Calculation:

i=1.2

Flow length
Manning's Roughness Coef. for sheet flow
2-yr, 24-hr rainfall depth

Slope of watershed for sheet flow

Flow length
Manning's Roughness Coef. for sheet flow
2-yr, 24-hr rainfall depth

Slope of watershed for sheet flow

0.8
(nsheeti 'Lsheeti)

Ti= Z 0.007-

0.5 04
i ( P 2yr24hri) ‘(Ssheeti)

Shallow Concentrated Flow Inputs:

No inputs.

Open Channel Flow Inputs:

No inputs.

Total Time of Concentration:

TC = TI

Te=0.061 hr

(Ref. 2.5, Appendix A)
(Ref. 2.2, pg. 3-3, Smooth surfaces)
(Ref. 2.1, Appendix D)

(Ref. 2.5, Appendix A)

(Ref. 2.5, Appendix A)
(Ref. 2.2, pg. 3-3, Smooth surfaces)
(Ref. 2.1, Appendix D)

(Ref. 2.5, Appendix A)

Ty =0061 hr

T1-60 =3.644 min

(Ref. 2, eq. 3-2)

Te 60 =3.686 min

(52.5406.1101.01 Trench Drain and Culverts
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7.4.2 Storm Water Runoff (Rational Method)
Composite Runoff Coefficient
Area (A) c A’c

Area T4a: Impervious Areas (paved streets & roads, paved parking lots & driveways, roofs, etc.)

2
AT4a = 18638.70-ft CareaT4a = 0.95 ACareaT4a = AT4a CareaT4a
A ~4 2 2
Tda — 6.686 x 10 mi ACareaT4a = 17706.8 ft

Total:

AT4.T:= AT4a ACareaT4.T = ACareaT4a

2 2

AT4.T = 0.0007mi ACareaT4. T = 17706.8 ft

Composite ¢ Value:
ACareaT4.T
CareaT4.Ti= — CareaT4.T = 0.95
ATaT

Time of Concentration

Time of Concentration, t_ (hr):

tc.areaT4 = T¢ tc.areaT4 = 0.061 hr (This calculation - See above)

Intensity (An 8 minute intensity will be used since that's the shortest duration shown on the chart)

. in . in
iareaT4.25 = 9.0-3; iareaT4.100 = 10-4-;;; (Ref. 2.3, Appendix D)
noff
Runo ﬁ3
QareaT4.25 = CareaT4.T'lareaT4.25'AT4.T QareaT4.25 = 3-589;‘;
3

. ft
QareaT4.100 = CareaT4.T lareaT4.100°AT4T  QareaT4.100 = 4.263 o
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of Concentration

7.4.3 Trench Drain T-4

The runoff from the contributory area of Trench Drain T-4 was used to design Trench Drain T-4. The

FlowMaster program was used for the design with the following inputs:

Manning’s Roughness Coefficient (Concrete Trench) = 0.013
Trench Slope = 0.00545 ft/ft

Bottom Width of the Trench = 2 ft

Design Discharge Flow in the Trench (Q,;) = 3.689 cfs

Check Discharge Flow in the Trench (Q,,) = 4.263 cfs

Road (Paved) Centerline Elevation = 81.50

Road (Paved) Edge Elevation = 81.25

Maximum Allowable Headwater Elevation = 81.25
Trench Drain Inlet Invert Elevation = 80.27
Trench Drain Outlet Invert Elevation = 80.10
Trench Drain Length = 31.19 ft

The FlowMaster design report for Trench Drain T-4 is shown in Appendix B of this calculation. A 2 ft
wide Trench is sufficient to keep the design headwater and check headwater below the maximum

allowable headwater elevation.

Trench Drain T-4 = 2'wide concrete trench

7.5 Trench Drain T-5

7.5.1 Time of Concentration (No Other Contributing Areas)

Sheet Flow Inputs: i=1.3

Flow Segment One

LSheetl = 4.84 ft Flow length
Nsheet, = 0.011 Manning's Roughness Coef. for sheet flow
P2yr24hr1 =475 in 2-yr, 24-hr rainfall depth

Ssheetl = 0.0207 fifft Slope of watershed for sheet flow

Flow Segment Two

Lsheet2 =7945 ft Flow length

Nsheet := 0.011 Manning's Roughness Coef. for sheet flow
2

P2yr24hr2 =475 in 2-yr, 24-hr rainfall depth

Ssheet2 = 0.005 fU/ft Slope of watershed for sheet flow

(Ref. 2.5, Appendix A)
(Ref. 2.2, pg. 3-3, Smooth surfaces)
(Ref. 2.1, Appendix D)

(Ref. 2.5, Appendix A)

(Ref. 2.5, Appendix A)
(Ref. 2.2, pg. 3-3, Smooth surfaces)
(Ref. 2.1, Appendix D)

(Ref. 2.5, Appendix A)

(52.5406.1101.01 Trench Drain and Culverts
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of Concentration

Flow Segment Three

Lsheet3 - 983 ft Flow length (Ref. 2.5, Appendix A)

Nsheet, = 0.011 Manning's Roughness Coef. for sheet flow (Ref. 2.2, pg. 3-3, Smooth surfaces)

P2yr24hr3 =475 in 2-yr, 24-hr rainfall depth (Ref. 2.1, Appendix D)

Ssheet3 = 0.015 ft/ft Slope of watershed for sheet flow (Ref. 2.5, Appendix A)

Sheet Flow Calculation:

Ti= Z 0.007-

0.5 0.4
i (PZyr24hri) ‘(Ssheeti)

0.8
(”sheeti 'Lsheeti)

T;=0028 hr

T1-60 =1.702  min

Shallow Concentrated Flow Inputs:

No inputs.

Open Channel Flow inputs:

No inputs.
Total Time of Concentration: (Ref. 2, eq. 3-2)
Te=Ty Tc=0028 hr Te-60 = 1.702 min
7.5.2 Storm Water Runoff (Rational Method)

Composite Runoff Coefficient
Area (A) [ A'c

Area T5a: Impervious Areas (paved streets & roads, paved parking lots & driveways, roofs, etc.)

2
ATBa = 11746.1618-ft CareaT5a == 0.95 ACareaT5a = AT5a CareaT5a

4

Atsa = 4213 x 10~ *mi® ACareaTsa = 11158.9 ft2

Area T5b: Self-Contained Areas

2
ATsp = 150.7500-ft CareaT5b = 0 AcareaTsb = AT5b CareaT5b

6 .2

ATsp = 5407 x 107 " mi AcareaTsb = 0 f°
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Total:
AT5.T:= AT5a — AT5b ACareaT5.T = ACareaT5a
AT5T = 0.0004 mi ACareaTs.T = 11158.9 2
Composite ¢ Value:
AcCareaTs.T
Careal5.T = — CareaT5.T = 0.95
AT5a
Time of Concentration
Time of Concentration, t, (hr):
tc.areaTs = Tc tc areaTs = 0.028 hr (This calculation - See above)
Intensity (An 8 minute intensity will be used since that's the shortest duration shown on the chart)
. ) in . _ in
lareaT5.25 = 9-0"h‘r lareaT5.100 = 10-4'F (Ref. 2.3, Appendix D)
Runoff ﬂ3
QareaT5.25 == CareaT5.T lareaT5.25'AT5.T QareaTs.25 = 2.295 e
f,[3

QareaT5.100 := CareaT5.T iareaT5.100 AT5.T QareaT5.100 = 2-652;;

7.5.3 Trench Drain T-56

The runoff from the contributory area of Trench Drain T-5 was used to design Trench Drain T-5. The
FlowMaster program was used for the design with the following inputs:

Manning's Roughness Coefficient (Concrete Trench) = 0.013 (Ref. 2.4, Appendix D)
Trench Slope = 0.00554 ft/ft

Bottom Width of the Trench = 2 ft

Design Discharge Flow in the Trench (Q,;) = 2.295 cfs

Check Discharge Flow in the Trench (Q,4,) = 2.652 cfs

Road (Paved) Centerline Elevation = 81.50

Road (Paved) Edge Elevation = 81.25

Maximum Aliowable Headwater Elevation = 81.25
Trench Drain inlet invert Elevation = 80.85
Trench Drain Outlet Invert Elevation = 80.70
Trench Drain Length = 27.10 ft

The FlowMaster design report for Trench Drain T-5 is shown in Appendix B of this calculation. A 2 ft
wide Trench is sufficient to keep the design headwater and check headwater below the maximum
allowable headwater elevation.

Trench Drain T-5 = 2’ wide concrete trench
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of Concentration

7.6 Trench Drain T-6

7.6.1 _Time of Concentration (No Other Contributing Areas)

Sheet Flow Inputs: it=1.73

Flow Segment One

Lsheetl = 5075 ft Flow length

nsheetl = 0.011 Manning's Roughness Coef. for sheet flow

P2yr24hr1 =475 in 2-yr, 24-hr rainfall depth

Ssheetl = 0020 fi/ft Slope of watershed for sheet flow

Flow Segment Two

Lsheet2 = 80.13 ft Flow length

Nsheet, = 0.011 Manning's Roughness Coef. for sheet flow

P2yr24hr2 =475 in 2-yr, 24-hr rainfall depth

Ssheet, == 0050 fuft Slope of watershed for sheet flow

Flow Segment Three

Lsheet3 = 16912 ft Flow length

Nsheet, = 0.011 Manning's Roughness Coef. for sheet flow

P2yr24hr3 =475 in 2-yr, 24-hr rainfall depth

Ssheet3 = 0.0050 ft/ft Slope of watershed for sheet flow

Sheet Flow Calculation:

i ::Z 0.007- s
i (szr24hri) ' '(Sshee’ti

0.8
("'shee’ti 'Lsheeti)

)0.4

(Ref. 2.5, Appendix A)
(Ref. 2.2, pg. 3-3, Smooth surfaces)
(Ref. 2.1, Appendix D)

(Ref. 2.5, Appendix A)

(Ref. 2.5, Appendix A)
(Ref. 2.2, pg. 3-3, Smooth surfaces)
(Ref. 2.1, Appendix D)

(Ref. 2.5, Appendix A)

(Ref. 2.5, Appendix A)
(Ref. 2.2, pg. 3-3, Smooth surfaces)
(Ref. 2.1, Appendix D)

(Ref. 2.5, Appendix A)

Ty =0.092 hr

T1-60 =5.539 min
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of Concentration

Shallow Concentrated Flow Inputs: ji=1.1
Lecf := 24.76 ft Length of shallow concentrated flow segment (Ref. 2.5, Appendix A)
1

Sscf | = 0.0050  ft/ft Slope of watershed for shailow concentrated flow segment (Ref. 2.5, Appendix A)

Surfacej := 1 Surface designation for segment (paved=1, unpaved=0)

Shallow Concentrated Flow Calculation: (Ref. 2.2, eq. 3-1)

Vecf = if[Surface; =0, 16.1345 -(sscf_)0'5 , 20.3282-(33.3,:‘)0‘5}
i I i

fit
Veef = (1.437) —
secC

Lscf i

o
— 3600 Vecr, Ty=4.785x 107> hr T2-60 = 0.287 min

Open Channel Flow Inputs:

No inputs.
Total Time of Concentration: (Ref. 2.2, eq. 3-2)
Te=T1+ T Tc=0.097 hr Te-60 = 5.826 min
7.6.2 Storm Water Runoff (Rational Method)

Composite Runoff Coefficient

Area (A) c A*c

Area T6a: Impervious Areas (paved streets & roads, paved parking lots & driveways, roofs, etc.)

ATea = 4232231 A CareaT6a = 0.95 ACareaT6a = AT6a CareaT6a
ATea = 1.518 x 10”2 mi’ ACareaTéa = 40206.2 fi
Area T6b:Self-Contained Areas CareaTéb == 0
ATeb = (1408.00 + 844.48 + 150.75 + 446.59)f’t2 ACareaTsb = AT6b CareaT6b
4 .2 AcareaTsb = 0 #2

ATeb = 1.022x 10 "mi
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of Concentration
Total:
ATe.T:= ATea — ATéb ACareaT6.T := ACareaT6a
2 2
Atg.T=0.0014mi AcCzreaTs.T = 40206.2 fi
Composite ¢ Value:
ACareaT6.T
CareaT6.T:i= ——— CareaT6.T = 0.95
AT6a
Time of Concentration
Time of Concentration, t_ (hr):
tc.areaT6 = Tc tc.areaTe = 0.097 hr (This calculation - See above)

Intensity  (An 8 minute intensity will be used since that's the shortest duration shown on the chart)

in , in :
lareaT6.25 = 9.0~ lareaTs.100 = 10.4--— (Ref. 2.3, Appendix D)
r

Runoff

. Q = C i A
QareaT6.25 = CareaT6.T iareaT6.25-AT6.T areal6.100 areaT6.T lareaT6.100 " AT6.T

3

3
f =9.028—
QareaT6.25 = 7812— QareaTs.100 —

7.6.3 Trench Drain T-6

The runoff from the contributory area of Trench Drain T-6 was used to design Trench Drain T-6. The
FlowMaster program was used for the design with the following inputs:

Manning's Roughness Coefficient (Concrete Trench) = 0.013 (Ref. 2.4, Appendix D)
Trench Slope = 0.00556 ft/ft

Bottom Width of the Trench = 2 ft

Design Discharge Flow in the Trench (Q,s) = 7.812 cfs

Check Discharge Flow in the Trench (Q,q,) = 9.028 cfs

Road (Paved) Centerline Elevation = 81.50

Road (Paved) Edge Elevation = 81.25

Maximum Allowable Headwater Elevation = 81.25
Trench Drain Inlet Invert Elevation = 80.03
Trench Drain Outlet Invert Elevation = 79.85
Trench Drain Length = 32.36 ft

The FlowMaster design report for Trench Drain T-6 is shown in Appendix B of this calculation. A 2 ft
wide Trench is sufficient to keep the design headwater and check headwater below the maximum
allowable headwater elevation.

Trench Drain T-6 = 2'wide concrete trench
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of Concentration

7.7 Culvert C-1

7.7.1_Time of Concentration (Culvert C-1 Contributory Area New Trench Drains T-1, T-3 and Existing

Unit 3 Trench Drains T-2, T-5, T-4)

Unit 4 T-1 and T-3 and Unit 3 T-2, T-5, and T-4 were used to size C-1.

Sheet Flow Inputs: i=1..1

Flow Segment One

Lsheetl = 4995  ft Flow length

nshe&t1 = 0.011 Manning's Roughness Coef. for sheet flow

P2yr24hr1 =475 in 2-yr, 24-hr rainfall depth

Ssheet, == -0070 ft/ft Slope of watershed for sheet flow

Sheet Flow Calculation:

Ty:= Z 0.007-

0.5 0.4
i (P2yr24hri) ‘(Ssheeti)

0.8
(“sheeti : Lsheeti)

Shallow Concentrated Flow Inputs: '~ 11

Lsc'f1 = 92.11 ft
Sscf1 = 0.0065 fuft

Surfacej = 1

Shallow Concentrated Flow Calculation:

Vscf_ = if!:surfacei =0 s 16.1345 '(SscfA)O.S N 20.3282 '(Sscf_)o.s:l
1 I i

ft
VScf = ( 1.639) -
sec

Lscf i

Ty:= —
Zs: 3600-Vcf, Ty =0.016 hr

Length of shallow concentrated flow segment

Slope of watershed for shallow concentrated flow segment

The runoff from the contributory area Existing T-2, T-5, and T-4 govern the TOC for C-1. Runoff from both

(Ref. 2.5, Appendix A)
(Ref. 2.2, pg. 3-3, Smooth surfaces)
(Ref. 2.1, Appendix D)

(Ref. 2.5, Appendix A)

T,=0.014 hr

Ty-60 = 0.869 min

(Ref. 2.5, Appendix A)

(Ref. 2.5, Appendix A)

Surface designation for segment (paved=1, unpaved=0)

(Ref. 2.2, eq. 3-1)

T,-60 = 0.937 min
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Open Channel Flow Inputs: i=1.9

Flow Segment One - Unit 3 Trench Drain T-1

Lo(;f1 = 30.00 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
Socf, = 0.0130 fi/ft  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
Nocf, = 0.011 Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)
Wpocf 1= 1.70 ft Wetted perimeter of open channel cross section

faocfl = .35 ft2 Flow area of open channel cross section

Flow Segment Two - Unit 3 Trench Drain T- 2

Locf2 = 60 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
socf2 = 0.0033 ft/ft  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
Nocf, = 0.011 Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)
Wpocf, = 25 ft Wetted perimeter of open channel cross section

faocf2 = .75 ft2 Flow area of open channel cross section

Flow Segment Three - Existing Ditch From Unit 3 Trench Drain T-2 to Unit 3 Trench Drain T-5

Locf3 = 100.3455 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
Socf3 == .0020 fft  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
nocf3 = 0.011 Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)

wpocf3 = 11.32 ft Wetted perimeter of open channel cross section

faOCf3 = 8 #  Flow area of open channel cross section

Flow Segment Four - Unit 3 Trench Drain T-5

Locf4 = 30.00 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
Socf, 1= 0067 fi/ft  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
Nocf, := 0.011 Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)
WPocf, 1= 4.5 ft Wetted perimeter of open channel cross section

faocf4 = 1.75 ft2 Flow area of open channel cross section

(52.5406.1101.01 Trench Drain and Cuiverts Page 21 of 27




Owner: Florida Municipal Power Agency Prepared by:_A. L. MORGAN
% . ' Plant: Cane Island Power Park Date:__ o2/ 1/0%

Unit: 4 Verified by:_ 45

Project No. 147651 Date:__ o iz /o8
BLACK & YEATCH File No.__52.5406.1101.01 PageNo. 22 of 27

Title:_Trench Drain and Culvert Desian and Time Calc Rev: 0

of Concentration

Flow Segment Five - Existing Ditch From Unit 3 Trench Drain T-5 to Unit 3 Trench Drain T-4

Locf5 = 40.9183 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
Socfs = .0049 ftift  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
”ocfs = 0.011 Manning's Roughness Coef. for open channel flow segment(Ref. 2.4, Appendix D)
Wpocfs = 9.74 ft Wetted perimeter of open channel cross section

faocf5 = 6.42 ft2 Flow area of open channel cross section

Flow Segment Six - Unit 3 Trench Drain T-4

Locf6 = 42.00 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
Socf, = .0071 ft/ft  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
Nocf P 0.011 Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)
Wpocf6 = 5.3 ft Wetted perimeter of open channel cross section

faocf6 = 2.15 ft2 Flow area of open channel cross section

Flow Segment Seven - New Ditch From Unit 3 Trench Drain T-4 to Unit 4 Culvert C-1, Part A

Locf ;= 274.6903 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
Socf, = .0020 fft  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
Nocf, = 0.033 Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)
WpOCf7 = 15.58 ft Wetted perimeter of open channel cross section (Appendix B)
faocf7 = 17.83 ft2 Flow area of open channel cross section (Appendix B)

Flow Segment Eight - New Ditch From Unit 3 Trench Drain T-4 to Unit 4 Culvert C-1, Part B

Locf := 102.4070 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
8
Socfg = 0024 ft/ft  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
Nocf = 0.033 Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)
8
wpocfs = 15.03 ft Wetted perimeter of open channel cross section (Appendix B)
fagef = 16.55 ﬁ2 Flow area of open channel cross section (Appendix B)
8
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of Concentration

Flow Segment Nine - New Ditch From Unit 3 Trench Drain T-4 to Unit 4 Culvert C-1, Part C

Locf9 = 80.3584 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
Socf, = .0030 ft/ft  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
Nocf, = 0.033 Manning's Roughness Coef. for open channel flow segment(Ref. 2.4, Appendix D)
wpo(;f9 = 15.84 ft Wetted perimeter of open channel cross section (Appendix B)
faccf9 = 15.89 ft2 Flow area of open channel cross section (Appendix B)

Open Channel Flow Calculation:

5385\ Segment One

3487 | Segment Two
2 4806 | Segment Three
5907 | Segment Four
faOCfi 05 1 ft
Vocf, = 1.49- '(Socf.) o Vocf =| 7.181 | Segment Five —_
i WPocf. i Nocf. sec
ocf oct; 6.255 | Segment Six
2209 | Segment Seven
2.359 | Segment Eight
2478 ) Segment Nine
Locfi
Ty:= U T3 =0.073 hr
3 Z 3600'Vocf 3
H i
! T3-60 = 4.355 min
Total Time of Concentration: i:=1..3 (Ref. 2.2, eq. 3-2)
Te:= Z Ti Te=0.103 hr Te60 = 6.161 min
i
7.7.2 Storm Water Runoff (Rational Method)

Composite Runoff Coefficient

Area (A) [+ A’c

Area C1a: Unit 3 Impervious Areas Draining to Unit 3 T-1, T-2, T-4, and T-6

2
AC1a = 74260-ft CareaCla = 0.95 AcareaC1a = AC1a‘CareaC1la

3.2

AC1a = 2,664 x ]O— mi ACareaC']a = 70547 ftz
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of Concentration

Area C1b:Impervious Areas Directly Draining to Culvert C-1

2
AC1p = 23520-ft CareaC1b = 0.95 AcareaC1b := AC1b-CareaC1b

4 .2

AC1p = 8437 x 10” *mi ACareaCib = 22344 >

Area C1c:Self-contained areas (Unit 3 and Unit 4 Cooling Tower)

Ac1c:= 36268 CareaC1c:= 0 AcCareaC1c = AC1c CareaClc
Actc= 1301 x 10 > mi® ACareaGic = 0 ft2

Area C1d:Aggregate areas
Actd:= 380821 CareaC1d := .75 ACareaC1d = AC1d-CareaC1d
Ac1q = 1366 x 107 > mi® ACareaCid = 28561.5 ft

Total:

Ac1T:=AT1.T+AT3.T+AC1a + AC1b + AC1c + AC1d

ACareaC1.T = ACareaT1.T + ACareaT3.T + ACareaC1a + ACareaC1b + ACareaC1c + ACareaCild

Ac1.T = 0.0079 mi ACareaC1.T = 163156.8 72
Composite ¢ Value:

ACareaC1.T
CareaC1.T = —7\—(3—1—1?—— CareaC1.T = 0.74

Time of Concentration

Time of Concentration, t, (hr):

tc.areaCt = Tc tc.areaC1 = 0.103 hr (This calculation - See above)
Intensity (An 8 minute intensity will be used since that's the shortest duration shown on the chart)
, in . in ‘
iareaC1.25 = 9.0-?; iareaC1.100 = 10.4-—6; (Ref. 2.3, Appendix D)
Runoff
QareaC1.25 = CareaC1.T-iareaC1.25°AC1.T QareaC1.100 := CareaC1.T-iareaC1.100‘AC1.T
£ 73
QareaC1.25 = 33.991 — QareaC1.100 = 39.278 —
sec sec
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of Concentration

7.7.3 Culvert C-1

The runoff from the contributory area of Culvert C-1, T-1, T-3, Unit 3 T-1, Unit 3 T-2, Unit 3 T-4, and Unit 3
T-5 were used to design Culvert C-1. The CulvertMaster program was used for the design with the
following inputs:

Manning's Roughness Coeff. of Outlet Ditch (aggregate-lined ditch) = 0.033 (Ref. 2.4, Appendix D)
Outlet Ditch Slope = 0.005 fi/ft

Outlet Ditch Side Slopes = 3H:1V

Outlet Ditch Bottom Width = 3 ft

Design Discharge Flow in the Culvert (Q,5) = 33.991 cfs
Check Discharge Flow in the Culvert (Q,,,) = 39.278 cfs
Road (Paved) Centerline Elevation = 81.50

Road (Paved) Edge Elevation = 81.25

Maximum Allowable Headwater Elevation = 81.25
Culvert Inlet Invert Elevation = 77.75

Culvert Outlet Invert Elevation = 77.50

Culvert Length = 48.50 ft

The CulvertMaster design report for Culvert C-1 is shown in Appendix C of this calculation. A double
barrel 24" diameter CHDPE culvert (smooth interior) is sufficient to keep the design headwater and
check headwater below the maximum allowable headwater elevation.

Culvert C-1 = 2 - 24" CHDPE Culverts (smooth interior)

7.8 Culvert C-2

7.8.1_Time of Concentration (Culvert C-2 Contributory Area New Trench Drains T-4 and T-5)

The runoff from the contributory area for Culvert C-1 govern the TOC for C-2. Runoff from C-1, T-4, and T-5
were used to size C-1.

Sheet Flow Inputs:

No Inputs.
Shallow Concentrated Flow Inputs:
No Inputs.
Open Channel Flow Inputs:
Flow Segment One - New ditch from Culvert C-1 to Culvert C-2 Part A

Locf_Czl = 183.85 ft Length of open channel flow segment (Ref. 2.5, Appendix A)
socf.Cz1 = 0.0027 f/ft  Slope of watershed for open channel flow segment (Ref. 2.5, Appendix A)
nocf.Czl = 0.033 Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)
WPocf.C2, = 19.99 ft Wetted perimeter of open channel cross section (Appendix C)
faocf_cz1 = 25.64 ft2 Flow area of open channel cross section (Appendix C)

(52.5406.1101.01 Trench Drain and Culverts Page 25 of 27
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of Concentration

LOCf_022 = 96.45 ft

noch22 = 0.033

faocf_C22 = 1691 ft2

T=y —
: Z 3600 ‘Vocf.C2i
i

Total Time of Concentration:

Te:=Ty Te=0.025 hr
7.8.2 Storm Water Runoff
Composite Runoff Coefficient
Area (A) [4

AG2a = 290781t

3 .2

AC2a=1.043x 10 “mi

Acop = 107034'f’t2 CareaC2b = 0.75

3.2

Acop =3.839x 100 “mi

Length of open channel flow segment

Socf.C2, = 0.0078 ft/ft  Slope of watershed for open channel flow segment

Wetted perimeter of open channel cross section

Flow area of open channel cross section

Open Channel Flow Calculation: j:=1.2
2
fa
ocf.C2i 05 1
Voci.c2, = 149 ————— '(Socf.CZ.) s
! Wpocf.CZi ! nocf.C2i
Locf.C2i

Area C2a: Impervious Areas Draining to Culvert C-2

CareaC2a = 0.95

Area C2b:Aggregate Areas Draining to Culvert C-2

Flow Segment Two - New ditch from Culvert C-1 to Culvert C-2 Part B

(Ref. 2.5, Appendix A)

(Ref. 2.5, Appendix A)

Manning's Roughness Coef. for open channel flow segment (Ref. 2.4, Appendix D)

(Appendix C)

(Appendix C)

2-77) Segment One ft

V, =
ocf.C2 (4'20]

Segment Two S€C

T;=0.025 hr
T1-60 = 1.489 min
(Ref. 2, eq. 3-2)
Te-60 = 1.489 min

(Rational Method)

>
n’(-

ACareaC2a ‘= AC2a-CareaC2a

ACareaCZa =27624.1 ﬁz

AcareaC2b = AC2b-CareaC2b

ACareaCob = 80275.5 ft>

(52.5406.1101.01 Trench Drain and Culverts
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of Concentration

Total:
Ac2T=AT4T+AT5T+AC1T +AC2a + AC2b

AcCareaC2.T = ACareaT4.T + ACareaT5.T + ACareaC1.T + ACareaC2a + ACareaC2b

Aco T = 0.0139 mi ACareaCa T = 299922 fi
Composite ¢ Value:

ACareaC2.T
CareaC2.T = _A—CZ'_"_““‘ CareaC2.T =0.775

Time of Concentration

Time of Concentration, t, (hr): (This calculation - See above)
tc.areaC2 = Tc + tc.areaCt tc.areac2 = 0.127 1r (Conclusion 6.2)
Intensity
. in , in .
iareaC2.25 = 8‘8';‘ iareaC2.100 = 10-2-;]— (Ref. 2.3, Appendix D)
r r
Runoff
QareaC2.25 := CareaC2.T'lareaC2.25'AC2.T QareaC2.100 := CareaC2.T lareaC2.100-AC2.T
73 73
QareaC2.25 = 61.095 — QareaC2.100 = 70.815 —
Sec sec

7.8.3 Culvert C-2

The runoff from the contributory area of Culvert C-1 and C-2 and Trench Drains T-4 and T-5 were used to
design Culvert C-2. The CulvertMaster program was used for the design with the following inputs:

Design Discharge Flow in the Culvert (Q,5) = 61.095 cfs
Check Discharge Flow in the Culvert (Q,,) = 70.815 cfs
Road (Paved) Centerline Elevation = 81.50

Road (Paved) Edge Elevation = 81.25

Maximum Allowable Headwater Elevation = 81.25
Culvert Inlet Invert Elevation = 76.75

Culvert Outlet Invert Elevation = 76.33

Culvert Length = 56.00 ft

The CulvertMaster design report for Culvert C-2 is shown in Appendix C of this calculation. A triple barrel
24" diameter CHDPE culvert (smooth interior) is sufficient to keep the design headwater and check
headwater below the maximum allowable headwater elevation.

Culvert C-2 = 3 - 24" CHDPE Culverts (smooth interior)

(52.5406.1101.01 Trench Drain and Culverts Page 27 of 27
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Project Des¢

Worksheet for T-1 Ditch Part A

Friction Method Manning Formula

Solve For Normal Depth

!nput Daia ,,,,,,,
Roughness Coefficient 0.033

Channel Slope 0.00500 fi/ft

Left Side Slope 3.00 fft(H:V)
Right Side Slope 300 fi/it (H:V)
Bottom Width 500 tt
Discharge 541 ft/s
Resuls

Normal Depth 049 ft

Flow Area 318 f#*
Wetted Perimeter 810 ft

Top Width 794 ft

Critical Depth 0.31

Critical Slope 0.02508 fuft
Velocity 1.70 fts
Velocity Head 0.05

Specific Energy 0.54

Froude Number 0.48

Flow Type

Subcritical

Downstream Depth 0.00
Length 0.00 ft
Number Of Steps 0
Output Data. -
Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity fi/s
Upstream Velocity Infinity  ft/s
Normal Depth 0.49
Critical Depth 031 ft
Channel Slope 0.00500 fu/tt
Critical Slope 0.02508 fuit

FiowMaster [08.01.058.00]
Page 1 of 1

Bentiey Systems, Inc. Haestad Methods Solution Center

3/7/2008 10:43:03 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06785 USA +1-203-755-1666
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Unit: 4

Prepared by:_A. L. MORGAN
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Project Description: -
Friction Method

Solve For

Roughness Coefficient
Channel Siope

Left Side Slope

Right Side Siope
Bottom Width

Discharge

Result
Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

Downstream Depth
Length
Number Of Steps

Worksheet for T-1 Ditch Part B

Manning Formula
Normal Depth

Subcritical

0.033
0.00250
3.00
3.00
5.00
5.4

0.59
4.03
8.76
8.57
0.31
0.02508
1.34
0.03
0.62
0.35

0.00

f/ft
ft/ft (H:V)
f/ft (H:V)

ft*/s

ftZ

ft/ft
ft/'s

Upstream Depth 000 1t
Profile Description
Profile Headloss 000
Downstream Velocity Infinity ft/s
Upstream Velocity infinity fi/s
Normal Depth 058
Critical Depth 0.31
Channel Slope 0.00250 i/t
Critical Slope 0.02508 fft
Bentiey Systems, inc. Haestad Methods Solution Center FlowMaster [08.01.068.00]
3/7/2008 10:46:00 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Project Description

Worksheet for T-1 25 yr

Friction Method Manning Formula

Solve For Normal Depth

InputData

Roughness Coefficient 0.013
Channel Slope 0.00500 fu/it
Bottom Width 150
Discharge 469 fto/s
Results

Normal Depth 074 ft
Flow Area 112 ¢
Wetted Perimeter 2.99

Top Width 1.50
Critical Depth 0.67
Critical Slope 0.00660 fuft
Velocity 419 fUs
Velocity Head 0.27
Specific Energy 1.02 ft
Froude Number 0.86

Flow Type

GVF Input Data

Subcritical

Downstream Depth 0.00 ft
Length 0.00
Number Of Steps 0
GVF Output Data
Upstream Depth 0.00 ft
Profile Description
Profile Headloss 000
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity ft/s
Normal Depth 074 #r
Critical Depth 0.67
Channel Slope 0.00500 fuft
Critical Slope 0.00660 fi/ft
Bentley Systems, Inc. Haestad Methods Solution Center FlowMaster [08.01.058.00)
3/7/2008 10:23:47 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 08795 USA +1-203-755-1666 Page 1 of 1
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Unit: 4

Project Description -
Friction Method Manning Formula

Solve For Normal Depth

Input Data
Roughness Coefficient
Channel Slope

Bottom Width
Discharge

Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number
Subcritical

Flow Type

Downstream Depth
Length
Number Of Steps

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Worksheet for T-1 100 yr

0.013
0.00500 fuft
150
ft’/s

5.41

083 ft

125 ft*

3.16 ft

1.50

074 ft
0.00680 ft/ft

435 ft/s

0.29

112

0.84

0.00
0.00 ft

000

000 ft
Infinity fi/s
Infinity  ft/s

0.83

074 ft

0.00500 fuft
0.00680 fyft

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1668

3/7/2008 10:33:40 AM

Page 1 of

FlowMaster [08.01.0568.00]
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Worksheet for T-2 25 yr

Project Description
Flow Element:
Friction Method:

Solve For:

Input Data

Roughness Coefficient:

Channel Slope:
Bottom Width:
Discharge:

Resuits

Normal Depth:
Flow Area:
Wetted Perimeter:
Top Width:
Critical Depth:
Critical Slope:
Velocity:
Velocity Head:
Specific Energy:
Froude Number:

Flow Type:

GVF Input Data
Downstream Depth:

Length:
Number Of Steps:

GVF Cutput Data
Upstream Depth:

Profile Description:
Profile Headloss:
Downstream Velocity:
Upstream Velocity:
Normal Depth:
Critical Depth:
Channel Slope:
Critical Slope:

Rectangular Channel
Manning Formula

Normal Depth

0.013
0.00549
2.00
8112

0.89
1.78
3.78
2.00
0.86
0.00593
512
0.41
1.30
0.96

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity
0.89
0.86
0.00549
0.00583

File No.: 52.5406.1101.01

Computed By: JMS
Date: 03[0 [o¥

Verified Bv: ALYV
Date: 3 /427
Page: B ofg 22
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ft/s

fu/ft
ft/ft



BLACK & Owner: Florida Municipal Power Agency Computed By: JMS

VEATCH Plant: Cane Island Power Park Unit 4 Date: 63/C /o8
Project No.: 147651 File No.: 52.5406.1101.01 Verified By: At
Title: Trench Drain & Culvert Design Date: _3/s2/08

Worksheet for T-2 100 yr Page: B%7of B 1.2

Project Description

Flow Element: Rectangular Channel

Friction Method: Manning Formula

Solve For: Normal Depth

input Data

Roughness Coefficient: 0.013

Channel Slope: 0.00549 ft/ft
Bottom Width: 2.00 ft
Discharge: 10.529 ft¥/s
Resuits

Normal Depth: 0.99 ' ft
Flow Area: 1.98 ft2
Wetted Perimeter: 3.98

Top Width: 2.00

Critical Depth: 0.95

Critical Slope: 0.00611 f/ft
Velocity: 532 ft/'s
Velocity Head: 0.44

Specific Energy: 1.43

Froude Number: 0.94

Flow Type: Subcritical

GVF Input Data

Downstream Depth: 0.00

Length: 0.00

Number Of Steps: 0

GVF Qutput Data

Upstream Depth: 0.00 ft
Profile Description:

Profile Headloss: 0.00 ft
Downstream Velocity: Infinity fi/s
Upstream Velocity: Infinity ft/'s
Normal Depth: 0.99

Critical Depth: 0.95

Channe! Slope: 0.00549 f/ft

Critical Slope: 0.00611 fuft
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Project No.: 147651 File No.: 52.5406.1101.01
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Worksheet for T-2 Ditch1

Project Description
Flow Element:
Friction Method:

Solve For:

Input Data )
Roughness Coefficient:
Channel Slope:

Left Side Slope:

Right Side Slope:
Discharge:

Results
Normal Depth:

Flow Area:
Wetted Perimeter:
Top Width:
Critical Depth:
Critical Slope:
Velocity:

Velocity Head:
Specific Energy:
Froude Number:

Flow Type:

GVF Input Data
Downstream Depth:

Length:
Number Of Steps:

GVF OQutput Data
Upstream Depth:
Profile Description:
Profile Headloss:
Downstream Velocity:
Upstream Velocity:
Normal Depth:
Critical Depth:
Channel Slope:
Critical Slope:

Triangular Channel
Manning Formula

Normal Depth

0.013

0.00330 ft/ft
3.00 f/ft (H:V)
3.00 ft/ft (H:V)
10.528 ft*/s
0.95 ft
272 ft?
6.02

572

0.95

0.00339 fi/ft
3.87 ft/s
0.23

1.18

0.99

Subcritical

0.00 ft
0.00 ft

0

0.00 k ft
0.00 ft
Infinity ft/s
Infinity ft/s
0.95

0.95

0.00330 ft/ft
0.00339 ft/ft

Computed By: JMS
Date: O%(/ o 7[' o%
Verified By: A& M
Date: 3122 /058
Page: &2 of B2Z.
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Project No.: 147651 File No.: 52.5406.1101.01
Title: Trench Drain & Culvert Design

Worksheet for T-2 Ditch2

Project Description
Flow Element:
Friction Method:

Solve For:

Input Data
Roughness Coefficient:

Channel Slope:
Left Side Slope:
Right Side Slope:
Bottom Width:

Discharge:

Results

Normal Depth:
Flow Area:
Wetted Perimeter:
Top Width:
Critical Depth:
Critical Slope:
Velocity:
Velocity Heaad:
Specific Energy:
Froude Number:

Flow Type:

GVF Input Data
Downstream Depth:

Length:
Number Of Steps:

GVF Output Data
Upstream Depth:

Profile Description:
Headloss:
Downstream Velocity:
Upstream Velocity:
Normal Depth:
Critical Depth:
Channel Slope:

Trapezoidal Channel
Manning Formula

Normal Depth

0.013

0.00330 f/ft
3.00 ft/ft (H:V)
3.00 ft/ft (H:V)
2.50 ft
10.529 /s
0.64 it
2.81 ft2
6.53

6.32

0.63

0.00337 fuft
3.74 ft/s
0.22 ft
0.86 ft
0.99

Subcritical

0.00

0.00

0

0.00 ft
0.00 ft
Infinity ft/s
Infinity ft/s
0.64 ft
0.63 ft
0.00330 ft/ft

Computed By: IMS
Date: 08/07/08
Verified By: A&AYL
Date: __3/4z/08
Page: B4 of B2.2



BLACK & Owner: Florida Municipal Power Agency

VEATCH Plant: Cane Island Power Park Unit 4
Project No.: 147651 File No.: 52.5406.1101.01
Title: Trench Drain & Culvert Design

Worksheet for T-3 25 yr

Praject Description

Flow Element: Rectangular Channel

Friction Method: Manning Formula

Solve For: Normal Depth

Input Data

Roughness Coefficient: 0.013

Channel Slope: 0.00485 ft/ft
Bottom Width: 2.00 ft
Discharge: 4.003 ftfs
Restits

Normal Depth: 0.51 ft
Flow Area: 1.02 ft2
Wetted Perimeter: 3.02 ft
Top Width: 2.00

Critical Depth: 0.50 ft
Critical Slope: 0.00533 ft/fit
Velocity: 3.91 ft/s
Velocity Head: 0.24

Specific Energy: 0.75

Froude Number: 0.96

Flow Type: Subcritical

GVF Input Data

Downstream Depth: 0.00

Length: 0.00

Number Of Steps: 0

GVF Output Data

Upstream Depth: 0.00 ft
Profile Description:

Profile Headloss: 0.00 ft
Downstream Velocity: Infinity ft’'s
Upstream Velocity: Infinity ft/s
Normal Depth: 0.51 ft
Critical Depth: 0.50 ft
Channel Slope: 0.00495 ft/ft

Critical Slope: 0.00533 ft/ft

Computed By: JMS
Date: 030?08
Verified By: 4L/

Date: _32/i/2./08
Page: g/cof B 2 2.
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Page: | . ;
Worksheet for T-3 100 yr age: 2\t of B2 Z

Project Description

Flow Element: Rectangular Channel

Friction Method: Manning Formula

Solve For: Normal Depth

Input Data )

Roughness Coefficient: 0.013

Channel Slope: 0.00495 ft/ft
Bottom Width: 2.00 ft
Discharge: 4.626 ft*/s
Results .

Normal Depth: 057 ft
Flow Area: 1.13 fiz
Wetted Perimeter: 3.13

Top Width: 2.00

Critical Depth: 0.55

Critical Slope: 0.00539 ft/ft
Velocity: 4.08 ft/s
Velocity Head: 0.26 ft
Specific Energy: 0.83 ft
Froude Number: 0.96

Flow Type: Subcritical

GVF Input Data

Downstream Depth: 0.00 ft
Length: 0.00 ft
Number Of Steps: 0

GVF Output Data

Upstream Depth: 0.00 ft
Profile Description:

Profile Headloss: 0.00 ft
Downstream Velocity: Infinity ft/'s
Upstream Velocity: Infinity ft’s
Normal Depth: 0.57 ft
Critical Depth: 0.55 ft
Channel Slope: 0.00495 ft/ft

Critical Slope: 0.00539 ft/ft



BLACK & Owner: Florida Municipal Power Agency Computed By: IJMS

VEATCH Plant: Cane Island Power Park Unit 4 Date: 03/ 0"7/ oF
Project No.: 147651 File No.: 52.5406.1101.01 Verified By: é&f}fh}
Title: Trench Drain & Culvert Design Date: _J/s2./05

. £ . z
Worksheet for T-4 25 yr Page:Biz <t B2

Project Description

Flow Element: Rectangular Channel

Friction Method: Manning Formula

Solve For: Normal Depth

Input Data o

Roughness Coefficient: 0.013

Channel Slope: 0.00545 ft/ft
Bottom Width: 2.00 ft
Discharge: 3.689 ft/s
Results

Normal Depth: 0.47 ft
Flow Area: 0.94 ft2
Wetted Perimeter: 294

Top Width: 2.00

Critical Depth: 0.47 ft
Critical Slope: 0.00530 ft/ft
Velocity: 3.94 ft’'s
Velocity Head: 0.24 ft
Specific Energy: 0.71 ft
Froude Number: 1.02

Flow Type: Supercritical

GVF Input Data

Downstream Depth: 0.00

Length: 0.00

Number Of Steps: 0

GVF Cutput Data .

Upstream Depth: 0.00 ft
Profile Description:

Profile Headloss: 0.00 ft
Downstream Velocity: Infinity f/s
Upstream Velocity: Infinity ft/'s
Normal Depth: 0.47 ft
Critical Depth: 0.47 ft
Channel Slope: 0.00545 ft/ft

Critical Slope: 0.00530 ft/ft



BLACK & Owner: Florida Municipal Power Agency

VEATCH Plant: Cane Island Power Park Unit 4
Project No.: 147651 File No.: 52.5406.1101.01
Title: Trench Drain & Culvert Design

Worksheet for T-4 100 yr

Project Description

Flow Element: Rectangular Channel

Friction Method: Manning Formula

Solve For: Normal Depth

Input Data

Roughness Coefficient: 0.013

Channel Slope: 0.00545 ft/ft
Bottom Width: 2.00 ft
Discharge: 4.263 ft/s
Resuits

Normal Depth: 0.52 ft
Flow Area: 1.03 ft?
Wetted Perimeter: 3.03

Top Width: 2.00

Critical Depth: 0.52

Critical Slope: 0.00535 ft/ft
Velocity: 412 ft/s
Velocity Head: 0.26

Specific Energy: 0.78 ft
Froude Number: 1.01

Flow Type: Supercritical

GVF Input Data

Downstream Depth: 0.00

Length: 0.00

Number Of Steps: 0

GVF Output Data

Upstream Depth: 0.00 ft
Profile Description:

Profite Headloss: 0.00 ft
Downstream Velocity: Infinity ft/s
Upstream Velocity: Infinity ft/s
Normal Depth: 0.52

Critical Depth: 0.52

Channel Slope: 0.00545 ft/ft

Critical Slope: 0.00535 ft/ft

Computed By: JMS
Date: 65/0'7/05’
Verified By: A w_>
Date: _.3/j2/08
Page: & 1% oL RL72



BLACK & Owner: Florida Municipal Power Agency Computed By: JMS

VEATCH Plant: Cane Island Power Park Unit 4 Date: € ‘?’/ &7 /[ oF
Project No.: 147651 File No.: 52.5406.1101.01 Verified By: zzﬁ\.}
Title: Trench Drain & Culvert Design Date: _F//z/o8

* H
Worksheet for T-5 25 yr Page: B/ 4 of B 22

Project Description

Flow Element: Rectangular Channel

Friction Method: Manning Formula

Solve For: Normal Depth

Input Data

Roughness Coefficient: 0.013

Channel Slope: 0.00554 ft/ft
Bottom Width: 2.00 ft
Discharge: 2.295 ft*/s
Resuits

Normal Depth: 0.34 ft
Flow Area: 0.68 ft2
Wetted Perimeter: 2.68

Top Width: 2.00

Critical Depth: 0.34

Critical Slope: 0.00521 ft/ft
Velocity: 3.40 ft/'s
Velocity Head: 0.18

Specific Energy: 0.52

Froude Number: 1.03

Flow Type: Supercritical

GVF Input Data

Downstream Depth: 0.00

Length: 0.00

Number Of Steps: 0

GVF Output Data

Upstream Depth: 0.00 ft
Profile Description:

Profile Headloss: 0.00 ft
Downstream Velocity: Infinity ft/'s
Upstream Velocity: Infinity ft/'s
Normal Depth: 0.34

Critical Depth: 0.34

Channel Slope: 0.00554 fi/ft

Critical Slope: 0.00521 fi/ft



BLACK & Owner: Florida Municipal Power Agency Computed By: IMS

VEATCH Plant: Cane Island Power Park Unit 4 Date:g2 / Cf"?/ o%
Project No.: 147651 File No.: 52.5406.1101.01 Verified By: Mz
Title: Trench Drain & Culvert Design Date: _=2/;2/08

Worksheet for T-5 100 yr Page: B1Sof B2Z

Project Description

Flow Element: Rectangular Chanhel

Friction Method: Manning Formula

Solve For: Normal Depth

Input Data

Roughness Coefficient: 0.013

Channel Slope: 0.00554 ft/ft
Bottom Width: 2.00 ft
Discharge: 2652 ft*/s
Resuits

Normal Depth: 0.37 ft
Flow Area: 0.74 ft
Wetted Perimeter: 274

Top Width: 2.00

Critical Depth: 0.38

Critical Slope: 0.00522 fi/ft
Velocity: 3.58 ft/s
Velocity Head: 0.20

Specific Energy: 0.57

Froude Number: 1.03

Flow Type: Supercritical

GVF input Data

Downstream Depth: 0.00

Length: 0.00

Number Of Steps: 0

GVF Output Data

Upstream Depth: 0.00 ft
Profile Description:

Profile Headloss: 0.00 ft
Downstream Velocity: Infinity ftis
Upstream Velocity: Infinity ft's
Normal Depth: 0.37

Critical Depth: 038

Channel Slope: 0.00554 ft/ft

Critical Slope: 0.00522 ft/ft



BLACK & Owner: Florida Municipal Power Agency

VEATCH Plant: Cane Island Power Park Unit 4
Project No.: 147651 File No.: 52.5406.1101.01
Title: Trench Drain & Culvert Design

Worksheet for T-6 25 yr

Project Description

Flow Element: Rectangular Channel

Friction Method: Manning Formula

Solve For: Normal Depth

Input Data

Roughness Coefficient: 0.013

Channel Slope: 0.00556 ft/ft
Bottom Width: 2.00 ft
Discharge: 7.812 ft/s
Resuilts

Normal Depth: 0.79 ft
Flow Area: 1.58 ft2
Wetted Perimeter: 3.58

Top Width: 2.00

Critical Depth: 0.78

Critical Slope: 0.00577 fr/ft
Velocity: 4.94 ft/s
Velocity Head: 0.38

Specific Energy: 117

Froude Number: 0.98

Flow Type: Subcritical

GVF Input Data

Downstream Depth: 0.00 ft
Length: 0.00
Number Of Steps: 0

GVF Output Data

Upstream Depth: 0.00 ft
Profile Description:

Profile Headloss: 0.00 ft
Downstream Velocity: Infinity ft/'s
Upstream Velocity: Infinity ft/'s
Normal Depth: 0.79 ft
Critical Depth: 078 ft
Channel Slope: 0.00556 ft/ft

Critical Slope: 0.00577 ft/ft

Computed By: IMS
Date: 53/07/5}3’
Verified By: az v

Date: _2/:z2/08
Page: Bl &of B2 2-



BLACK & Owner: Florida Municipal Power Agency Computed By: IMS

VEATCH Plant: Cane Island Power Park Unit 4 Date:23/¢7/ 08
Project No.: 147651 File No.: 52.5406.1101.01 Verified By: gg_w
Title: Trench Drain & Culvert Design Date: _z/zz/280

Page: B17afBZ 2.
Worksheet for T-6 100 yr 9 afBZ

Project Description

Flow Element: Rectangular Channel

Friction Method: Manning Formula

Solve For: Normal Depth

Input Data

Roughness Coefficient: 0.013

Channel Slope: 0.00556 ft/ft
Bottorn Width: 2.00 ft
Discharge: 9.028 ft*/s
Resuits

Normal Depth: 0.88 ft
Flow Area: 1.76 ft2
Wetted Perimeter: 3.76

Top Width: 2.00

Critical Depth: 0.86 ft
Critical Slope: 0.00592 ft/ft
Velocity: 5.14 ft's
Velocity Head: 0.41

Specific Energy: 1.29

Froude Number: 0.97

Flow Type: Subcritical

GVF Input Data

Downstream Depth: 0.00

Length: 0.00

Number Of Steps: 0

GVF Output Data

Upstream Depth: 0.00 ft
Profile Description:

Profile Headloss: 0.00 ft
Downstream Velocity: Infinity ft/'s
Upstream Velocity: Infinity ft's
Normal Depth: 0.88

Critical Depth: 0.86

Channel Slope: 0.00556 ft/ft

Critical Slope: 0.00592 f/ft



BLACK &
VEATCH

Owner: Florida Municipal Power Agency

Prepared by:_A. L. MORGAN

Plant: Cane Island Power Park Unit: 4 Date: 2 / o1 /e
Project No. 147651 Verified by:_ (#7353
File No.__52.5406.1101.01 Date: z o8

Title:_Trench Drain and Culvert Design and Time of Concentration Page No. P& of ©82 &

Calc Rev:

0

Project Description

Friction Method
Solve For

Roughness Coefficient
Channel Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge
Results
Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF inputData

Downstream Depth
Length
Number Of Steps

GVF C

utput Data
Upstream Depth

Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth

Critical Depth

Channel Slope

Critical Slope

pputData

Worksheet for C-1 New Ditch Part A

Manning Formula
Normal Depth

0.033

0.00200 fyft
300 fUft (H:V)
300 Uit (H:V)
300 f
3928 fors

199 f
17.83 f#?
15.58
1493
120 ft
0.01817 fi/ft
220 fs
0.08
2.06
0.36

Subcritical

0.00
0.00

000 ft

000 ft
Infinity  ft's
Infinity  fi's
199 ft
120 #
0.00200 futt
0.01817 fuit

3/7/2008 11:15:46 AM

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

FlowMaster [08.01.068.00]

Page

1 of

1



Owner: Florida Municipal Power Agency Prepared by: A. L MORGAN
BLACK & Plant: Cane Island Power Park Unit: 4 Date:_¢ 3 0’7’/0?

Project No. 147651 Verified by:___ ~=wz3
VE ATCH File No._ 52.5406.1101.01 Date: 2 //2/08

Title:_Trench Drain and Culvert Desian and Time of Concentration Page No. B\ of BZ 2

Calc Rev: 0

Worksheet for C-1 New Ditch Part B

Project Description

Friction Method Manning Formula

Solve For Normal Depth

nputData . - o
Roughness Coefficient 0.033

Channel Slope 0.00244  ft/ft

Left Side Slope 3.00 /it (HV)
Right Side Slope 300 i (HV)
Bottom Width 3.00
Discharge 3928 /s
Results g

Normal Depth 190 ft

Flow Area 16.55 ft*
Wetted Perimeter 15.03

Top Width 14.41

Critical Depth 1.20

Critical Slope 0.01817 fyft
Velocity 237 fUs
Velocity Head 0.08

Specific Energy 1.99

Froude Number 0.39

Flow Type Subcritical

GVF InputData

Downstream Depth 0.00
Length 000 ft
Number Of Steps 0
GVEOutputData oo
Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity fi/s
Upstream Velocity Infinity fi/s
Normal Depth 1.90
Critical Depth 1.20
Channel Slope 0.00244 st
Critical Slope 0.01817 i/t
Bentley Systems, Inc. Haestad Methods Solution Center FlowMaster [08.01.058.00]

3/7/2008 11:17:53 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-765-1666 Page 1 of 1



Owner: Florida Municipal Power Agency Prepared by: A. L. MORGAN
B LAC K & Plant: Cane Island Power Park Unit: 4 Date:__C 3'[0"1 [oS
Project No. 147651 Verified by: %777
VE ATCH File No.__52.5406.1101.01 Date: 3 /1210
Title:_Trench Drain and Culvert Design and Time of Concentration Page No. €200 B 22

Calc Rev: 0

Worksheet for C-1 New Ditch Part C

Project Description- "

Friction Method Manning Formula

Solve For Normal Depth

Input Data -«

Roughness Coefficient 0.033
Channel Slope 0.00300 i/t
Left Side Slope 3.00 f/ft (H:V)
Right Side Slope 3.00 fit (H:V)
Bottom Width 875 ft
Discharge 3928 fts
Results

Normal Depth 144 ft
Flow Area 15.89 ft*
Wetted Perimeter 1584 ft
Top Width 15.37
Critical Depth 0.89
Critical Slope 0.01852 fi/ft
Velocity 247 fUs
Velocity Head 0.09 ft
Specific Energy 1.53
Froude Number 0.43

Flow Type Subcritical

GVF InputData

Downstream Depth 0.00
Length 000 +#
Number Of Steps 0
GVF Output Data
Upstream Depth 000
Profile Description
Profile Headloss 0.00
Downstream Velocity Infinity fi/s
Upstream Velocity Infinity fi/s
Normal Depth 144 ft
Critical Depth 0.89
Channel Slope 0.00300 fift
Critical Slope 0.01852 it
Bentley Systems, Inc. Haestad Methods Solution Center FlowMaster [08.01.058.00]

3/7/2008 11:19:12 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



BLACK &
VEATCH

Owner: Florida Municipal Power Agency
Plant: Cane Island Power Park

Project No. 147651
File No.__52.5406.1101.01

Unit: 4

Title:_Trench Drain and Culvert Design and Time of Concentration

Prepared by:_A.L. MORGAN
opjo|oE

=

3/eele

Page No.B2\ of B22.

0

Friction Method
Solve For

InputData =~
Roughness Coefficient
Channel Siope

Left Side Siope

Right Side Slope

Bottom Width

Discharge
Results -
Normal Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data
Downstream Depth

Length
Number Of Steps

GVF OifputData

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Siope

Critical Slope

Worksheet for C-2 New Ditch Part A

Manning Formuia
Normal Depth

0.033
0.00270
3.00
3.00
826
70.82

1.86
25.64
19.99
19.38

1.14

0.01709

276

0.12

1.97

0.42

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

1.86

ft/ft

fft (H:V)
fUft (H:V)
ft

ft¥/s

ftZ

/it

ft/ft
ft/ft

3/7/2008 11:20:33 AM

Bentley Systems, inc. Haestad Methods Solution Center

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

FlowMaster [08.01.0568.00]
Page 1 of 1



Owner: Florida Municipal Power Agency Prepared by:_A. L. MORGAN
B LAC K & Plant: Cane Island Power Park Unit: 4 Date: O3j0'7! o3

Project No. 147651 Verified by:_3m2s
VE ATC H File No._525406.1101.01 Date: 28

Title:_Trench Drain and Culvert Design and Time of Concentration Page No.fi22of 22

Calc Rev: 0

Worksheet for C-2 New Ditch Part B

Project Description

Friction Method Manning Formula

Solve For Normal Depth

input Data

Roughness Coefficient 0.033
Channel Slope 0.00780 ft/ft
Left Side Slope 3.00 At (HV)
Right Side Slope 3.00 fust (H:V)
Bottom Width 500
Discharge 70.82 ftos
Results

Normal Depth 1.68 ft
Flow Area 16.91
Wetted Perimeter 1564 ft
Top Width 15.10
Critical Depth 1.39
Critical Slope 0.01684 fuft
Velocity 419 fUs
Velocity Head 027 ft
Specific Energy 1.96
Froude Number 0.70

Flow Type Subcritical

GVE Input Data

Downstream Depth 0.00
Length 0.00
Number Of Steps 0

Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity  fi/s
Upstream Velocity Infinity  ft/s
Normal Depth 1.68
Critical Depth 1.39
Channel Slope 0.00780 i/t
Critical Slope 0.01684 fi/ft
Bentley Systems, Inc. Haestad Methods Solution Center FlowMaster [08.01.058.00]

3/7/2008 11:21:42 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



E Owner: _Florida Municipal Power Agency Prepared by: A. L. Morgan
®

Plant:_Cane Island Power Park Unit 4 Date: O3/07 1(;;&87
Project No._147651 Verified by:_J.M. Stanek
BLACK & VEATCH File No. 52.5406.1101.01 Date:___3/,2 /05
Title: Trench Drain and Culvert Design and Page No. .| of &3
Time of Concentration Calc Rev: 0
APPENDIX C

CulvertMaster Output



BLACK &
VEATCH

Owner: Florida Municipal Power Agency
Plant: Cane Island Power Park

Project No. 147651
File No._ 52.5406.1101.01
Title:_Trench Drain and Culvert Design and Time of Concentration

Unit: 4

Solve For: Headwater Elevation CU LVERT C" 1
Culvert Summary
Allowable HW Elevation 8125 # Storm Event Check
Computed Headwater Elevz 8036 ft Discharge 39.28 cfs
Headwater Depth/Height 1.31 Tailwater Elevation 7912 ft
Inlet Control HW Elev. 80.36 ft Control Type Inlet Control
Outlet Control HW Elev. 80.35 ft
Grades
Upstream Invert 7775 ft Downstream Invert 7750 ft
Length 48.50 ft Constructed Slope 0.005155 ft/ft
Hydraulic Profile
Profile M2 Depth, Downstream 1.62 #
Slope Type Mild Normal Depth N/A #
Flow Regime Subcritical Critical Depth 159 ft
Velocity Downstream 7.22 /s Critical Slope 0.006781 ftfft
Section
Section Shape Circular Mannings Coefficient 0.012
SectitorMgitded HDPE (Smooth Interior) Span 200 #
Section Size 24 inch Rise 200 ft
Number Sections 2
Outlet Control Properties
Outlet Control HW Elev. 80.35 ft Upstream Velocity Head 0.69 ft
Ke 0.20 Entrance Loss 0.14 #
Infet Control Properties
Inlet Control HW Elev. 80.36 ft Flow Control Submerged
Inlet Type Groove end projecting Area Full 63 fiz
K 0.00450 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 3
o} 0.03170 Equation Form 1
Y 0.68000

c:\...\culvert c-1.cvm
03/07/08 11:26:10 AM

© Haestad Methods, Inc.

Black & Veatch Special Projects Corp
37 Brookside Road Waterbury, CT 06708 USA

Prepared by:_A. L. MORGAN
Date:_(Z]O~7 [OF

Verified by: __m#7>
Date: asrzf

Page No._( 20f

Calc Rev:

+1-203-755-1666

0

Project Engineer: Black & Veatch
CulvertMaster v2.0 [2005b]
Page 1 of 1



BLACK &
VEATCH

Owner: Florida Municipal Power Agency
Plant: Cane Island Power Park

Project No. 147651
File No.__ 52.5406.1101.01
Title:_Trench Drain and Culvert Design and Time of Concentration

Unit: 4

Solve For: Headwater Elevation CU LVERT c_ 2
Culvert Summary
Allowable HW Elevation 8125 ft Storm Event Check
Computed Headwater Elevz 79.91 ft Discharge 70.81 cfs
Headwater Depth/Height 1.58 Tailwater Elevation 0.00 ft
Inlet Control HW Elev. 7991 # Control Type Inlet Control
Outlet Control HW Elev. 79.74 ft
Grades
Upstream Invert 76.75 ft Downstream Invert 76.33 #
Length 56.00 ft Constructed Slope 0.007500 1At
Hydraulic Profile
Profile M2 Depth, Downstream 172 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.72 ft
Velocity Downstream 820 /s Critical Slope 0.008564 fiit
Section
Section Shape Circular Mannings Coefficient 0.012
SeciorMgitediHDPE (Smooth Interior) Span 200 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 3
Outlet Control Properties
Outlet Control HW Elev. 79.74 ft Upstream Velocity Head 092 ft
Ke 0.20 Entrance Loss 0.18 ft
Iniet Control Properties
Inlet Control HW Elev. 7991 ft Flow Control Submerged
Inlet Type Groove end projecting Area Full 94 fi?
K 0.00450 HDS & Chart 1
M 2.00000 HDS 5 Scale 3
C 0.03170 Equation Form 1
Y 0.62000

ci\..\culvet ¢c-2.cvm
03/47/08 11:30:35 AM

© Haestad Methods, Inc.

Black & Veatch Special Projects Corp
37 Brookside Road  Waterbury, CT 06708 USA

Prepared by: A L. MORGAN

Date:__©3/67/0%

Verified by: o5

Date: iz 128

Page No.C. 2 of €.

Calc Rev: o]

Project Engineer: Black & Veatch
CulvertMaster v2.0 [2005b]

+1-203-755-1666

Page 1 of 1



E Owner:_Florida Municipal Power Agency Prepared by: A. L. Morgan
[

Plant: Cane Island Power Park Unit 4 Date: 03 /07 f&ﬁ”
Project No._147651 Verified by:_J.M. Stanek
BLACK & VEATCH File No. 52.5406.1101.01 Date:_ 3/12/08
Title: Trench Drain and Culvert Design and Page No. vy of D&
Time of Concentration Calc Rev: 0
APPENDIX D
Reference

Figures and Tables
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P@X&c‘r No. 1r1LS PrReeL 2
File MNo. 8R.5H06.110[.01 DS

4. HYDRAULICS OF STORM SEWERS 101

MODERN SEWER DESIGN
FRICTION LOSSES
NDOND WO ! 3
[=2) ~ [ . . .
I Lc! ( BREGS 8% A In North America, the Manning and Kutter equations are commonly used to
“_D o | o000 — o TJ%““J ~ estimate the friction gradient for turbulent flow in storm sewers. In both equa-
o= } 32853 S5I3 & | tions fully developed rough turbulent flow is assumed so that the head loss
= S ' ‘.“4} ~ per unit length of conduit is approximately proportional to the square of the
g |8 f HR288 § S¥8s | © discharge (or velocity). Both equations use an empirical coefficient ‘n’ to
A A Do | & . .
i ° describe the roughness of the channel boundary. Tables 4.9 and 4.10 give sug-
PO O o o PR . . ..
& 888 R ested values for ‘n’ for various corrugation profiles and linings.
RO & i g g
o Manning Equation
2
& g The Manning Equation is one of a number of so-called exponential equations.
~ w o It is widely used in open channel flow but can also be applied to closed con-
: 885 i = o duit flow. The equation is not dimensionally homogeneous and a correction
i factor must be applied depending upon the system of units being used.
< REoro L
5" % 8BRS | ~e apo veMengn
ES N QPO o oo — & o “n
g ¥ |NEdEs g588% | - ¢ Where M = 1.486
l OB Y o o i n .
- o 99 -ad SR88y | @ V = average velocity (ft/s)
o 0 | - ~ . N
H ]cc;:-""’? ’f_"’?c”.“‘._‘ﬁ“’. | :: i g : gns(;:har]ge (C?) A/P(f
58 |S8858 88~83s] |, £ = hydraulic radius = A/P (ft)
- OO Z . S
£ Icwwmm’ Seesas| | g A = cross-sectional area (sq. ft)
E g I P = wetted perimeter (ft)
2 >e eranT venoeo| § £ S¢ = friction gradient or slope of energy line
o s n = Manning’s roughness coefficient (see Tables 4.8, 4.9, 4.10)
TABLE 4.8 Effective Absolute Roughness and Friction Formula
Coefficients?
Manning
i Conduit Material n
MOLOON W or
L v —
cla S=Fad RI8Lg Closed conduits
— Szge oo Asbestos-cement pipe 0.011-0015
S 18 |8regd RIS Brick : 0.013-0.017
g TN NNGeN Cast iron pipe
= ~ (IR NS Ocnom . Uncoated (new) —
= o ;39&‘38(‘{, Qg}%%{'{ i Asphalt dipped (new) -
g j Cement-lined & seal coated 0.011-0.015
& 38 i Concrete {monolithic)
DB D oncre
ee=EN &’ | Smooth forms 00120014
P o i Rough forms 0.015-0.017
b g Concrete pipe 0.011-0.015
o . L Piastic pipe (smooth) 00110015
5 LSNP Now—wo Vitrified clay
§,3 8872y $888g | Pipes 00110015
I o | Liner plates 0.013-0.017
ol 8 §8§§§ ?\3’;’5833‘ Open channels
LT T Neeed Lined channels
Blo ooron onoge 2. Asphalt 00130017
T © |380EY £8233 | b. Brick 00120018
It ——— ¢. Concrete 00110020
5.5 BR8L® ggmse | 0020-0035
5 5 85957 ZS283Ig | d. Rubble or riprap
N AR A LR e Vegetal 0.030-0.40
€ S
-3 P v ey Excavated or dredged
2§ S 188N BREE8E , Earth, straight and uniform 0.020-0.030
t & TR A i Earth, winding, farly uniform 0.025.0.040
(0 ; Rock 0.030-0.045
18 o FTNmY vercao Unmaintained 0.050-0.14
:é’ | . Natural Channels {minor streams, top width at flood stage < 100 ft) -
Fairly regular section 003 -007
Irregular section with pools 004 010
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