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EXECUTIVE SUMMARY 

The purpose of the SR-408 Eastern Extension Project Development and Environment 
(PD&E) study is to develop a proposed improvement strategy that is technically sound, 
environmentally sensitive and publicly acceptable. As with every PD&E Study, emphasis 
has been placed on the development, evaluation and documentation of detailed 
engineering and environmental studies including data collection, conceptual design, 
environmental analyses, project documentation and the preparation of a Location 
Hydraulics Report (LHR). The project is located in Orange County, Florida.  
 
The Central Florida Expressway Authority (CFX) is presently evaluating the potential to 
expand SR-408 from its current eastern terminus at SR-50, locally known as East Colonial 
Drive, to SR-520 in northeast Orange County. This new seven-mile eastern extension of 
SR-408 would constitute the first stage towards providing a west-east high-speed corridor 
with future connectivity to I-95; enhancing safety, capacity and mobility for the region and 
CFX's customers. After a comprehensive evaluation process of various typical sections, 
horizontal alignment combinations, and public involvement efforts, a recommended 
alignment was selected.  
 
The proposed SR-408 Eastern Extension project is divided into three segments based on 
the land use characteristics. Segment 1 is more urban in nature and exhibits a higher 
traffic demand than Segments 2 and 3. Segment 1 is from the beginning of the SR-50/SR-
408 interchange to Avalon Park Boulevard. Segments 2 and 3, beginning east of Avalon 
Park Boulevard to SR-520 at the east end of the study area, exhibit more of a rural 
tendency. 
  
The purpose of this LHR is to identify and discuss the proposed cross drains throughout 
the project corridor. There are fourteen new cross drains identified for this project. The 
cross drains were sized appropriately using HY-8 program to minimize the impacts to 
flood elevations and limits of the floodplain. The cross drain analysis indicates the 
proposed structures will be able maintain hydraulic connectivity within the tributaries, 
wetlands or floodplains that the project crosses without significant increase in the existing 
flood elevation. Thus, the project will not affect existing flood heights or floodplain limits. 
This project will not cause significant change in the potential for interruption or termination 
of emergency service or emergency evacuation routes in the surrounding areas. 
Therefore, it has been determined that the encroachment due to the proposed roadway 
is not significant.  
 
 
1.0  INTRODUCTION 

The vision of this enhanced west-east corridor has been documented in prior concept 
studies prepared by CFX, including the SR-408 Eastern Extension Concept Development 
and Evaluation Study completed in 2008. The limits of this study generally extend from 
the current terminus of SR-408 at SR-50 to the vicinity of the SR-50/SR-520 intersection.  
The project location and vicinity are shown in Appendix-A. The proposed Typical Sections 
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for Segment 1 and Segment 2/3 are provided in Appendix-D. The SR-408 Eastern 
Extension is one piece of Florida’s Strategic transportation investments to support future 
growth and create connections between global trade activities, from the Orlando 
International Airport and the University of Central Florida to Cape Canaveral.  

SR-50 is located within the project vicinity and is classified as a major arterial facility. SR-
50 provides an important connectivity function between the east Orlando area to the west, 
and I-95 just south of Titusville to the east. As traffic continues to grow within the study 
area due to the projected development, it is essential to maintain adequate mobility for 
the region. A new expressway facility will not only improve mobility but significantly reduce 
the existing exposure to at-grade conflict points associated with traffic signals and local 
access issues. In summary, the proposed SR-408 Eastern Extension will greatly enhance 
Central Florida's regional expressway needs and provide the initial phase of the ultimate 
vision of an expressway connection from Orlando to I-95. 
 
This report discusses and analyzes proposed cross drains throughout the project corridor. 
The proposed corridor impacts wetlands and floodplains, therefore the placement of cross 
drains is crucial to maintain the natural flow. A description of each proposed cross drain 
is located in Section 4.1 of this report. Exhibits showing proposed cross drains within 
wetlands and floodplains are in Appendix-E. Based on an assumed profile, the proposed 
culverts are shown along the existing ground based on a 1’ contour tin file (Appendix-F).  

 
2.0 CROSS DRAIN ANALYSIS METHODOLOGY AND DESIGN 

CRITERIA 

The proposed project alignment is a new corridor. There are no existing cross drains 
along the proposed project corridor; therefore, the project will consist of all new cross 
drains. Cross drains were located strategically along the proposed SR-408 Eastern 
Extension corridor to maintain flow connectivity within the impacted wetlands, floodplains, 
and Econ River tributaries. There are a total of fourteen cross drains proposed along this 
new corridor. The flow rates for cross drains 1 through 4 were obtained from the Big Econ 
River Basin Stormwater Management Master Plan (Appendix-I). In accordance with the 
FDOT Drainage Design Guide for designing culverts, the Rational Method was used to 
conduct hydrologic analysis for cross drains 5 through 9. The Rational Method was used 
because the delineated drainage areas for each cross drain were less than 600 acres. 
Drainage areas were delineated by using a one foot Lidar contour map (St. Johns River 
Water Management District), existing drainage maps from SR-50 projects, and drainage 
maps from land development projects along the project corridor. The flow rates for cross 
drains 10 through 13 were obtained from the Bithlo Area Stormwater Management Master 
Plan (Appendix-J).  
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2.1  Contributing Flow Determination  

 Rational Method 

 The Rational Method procedures require calculating a peak basin flow rate from 
the basin characteristics. 

 The composite runoff coefficient was calculated based on the percentage of land 
use for residential, commercial, flat lawns, and woods/wetland areas per the FDOT 
Hydrology Handbook.  

 Time of concentration was calculated using the TR-55 Method. 
 The intensity for each storm event was calculated from the FDOT Intensity-

Duration-Frequency (IDF) curve for Zone 7.  
 The composite coefficient is only designed for a storm period of 10 years. Storm 

frequency factors were used to adjust the composite runoff coefficient for 25, 50, 
and 100 year storm events (Appendix-H, Table B-5). 

 Frequency Factor for Return Period 500 year runoff coefficient is not provided in 
the FDOT Hydrology Handbook; therefore, a log-log graph was created in order to 
interpolate the peak discharge. 

 The Rational Method should only be used for areas up to 600 acres. 

 
2.2  Floodplains/Floodways Criteria 

 The proposed project may not cause a net reduction in flood storage within the 10-
year floodplain. 

 Structures shall cause no more than a one-tenth (0.1) of a flood increase in the 
100-year flood elevation 500-feet upstream. 

 Proposed construction shall not cause a reduction in flood conveyance 
capabilities.  

 Best Management Practices (BMP’s) shall be employed to minimize velocity to 
avoid undue erosion. 

 The design of encroachments shall be consistent with standards established by 
FEMA.  
 
 

2.3  Culvert Design Criteria  

The following criteria was drawn from the 2018 FDOT Drainage Manual. The following 
table provides the required storm events to be analyzed for each cross drain per the 
FDOT Drainage Manual and the FDOT Drainage Design Guide. 
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Table-1 Storm Frequency Criteria 

 
 All cross drains, if applicable, shall be designed to have sufficient hydraulic 

capacity to convey the 50-year (Design Frequency) storm event. In accordance 
with the FDOT Drainage Manual, mainline interstate culverts should be designed 
for a frequency of 50 years (Appendix-H). All culverts shall be analyzed for the 
base flood (100 year). 

 Backwater shall not significantly change land use values unless flood rights are 
purchased. 

 The headwater for design frequency conditions shall be kept at or below the travel 
lanes.  

 The highest tailwater elevation, which can reasonably be expected to occur 
coincident with the design storm event, shall be used (typically, crown of pipe is 
used at the outlet).  

 The minimum culvert size is 18” or its equivalent size. 
 The design of all cross culverts shall comply with the guidelines set forth in the 

FDOT Drainage Manual, Chapter 4. 
 The flows and tailwater elevations used in this report are based on preliminary 

information. The culvert design will need to be reviewed for flows and tailwater 
elevations during the final design. 

The criteria listed above was collected from the following applicable sources: 

 FDOT Drainage Design Guide – Culvert Design (January 2018) 
 FDOT Drainage Manual (January 2018) 
 FHWA Code of Federal Regulation 23 CFR 650A 
 SJRWMD Management and Storage of Surface Waters (MSSW) Permit 

Information Manual (October 2013) 

2.4  Culvert Sizing 

All cross drains were sized for a 100-year storm event even though the FDOT design 
criteria specifies a 50-year Design Frequency. The Big Econ River Basin Stormwater 
Management Master Plan and Bithlo Area Stormwater Management Master Plan only 
provided flows and stages for 5-year, 10-year, 25-year, and 100-year. The 50-year and 
500-year flows were interpolated by a log-log graph. Since stages were not provided for 
the 50-year storm event, the 100-year flows and stages were used instead. The 
calculated 100-year backwater stage elevation from the HY-8 analysis was compared 
with the existing 100-year flood stage. Culvert trial sizes were determined by using the 
Manning’s Equation. The trial sizes were used to perform HY-8 analysis. While performing 
the overtopping analysis, the cross drains were appropriately sized to conform with the 
floodplain criteria in Section 2.2 of this report.  

Storm Event Frequency Definitions 
50-Year Design Flood Event 

100-Year Base Flood Event 
500-Year Greatest Flood Event 
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Manning’s Equation 

 The pipe length was measured from R/W to R/W for each cross drain.  
 The change in flow line elevation from upstream to downstream was assumed to 

be 0.50 ft. 
 Manning’s “n” value of 0.012 was used. 
 The 100-year flow rate for each cross drain was used. 

 
HY-8 

 The trial culvert size from the Manning’s equation was used for the HY-8 
analysis. 

 The culvert size was adjusted to maintain backwater stage elevations below the 
100-year stage elevation.  

 The 10-year flow was the minimum flow, 50-year flow was the design flow, and 
100-year flow was the maximum flow. 

 The crown of the pipe/top of box culvert or existing SR-50 cross drain DHW 
elevations were used as the constant tailwater elevations. 

3.0  EXISTING CONDITIONS 

3.1 Soil Data 

The NRCS Soil Survey of Orange County published by United States Department of 
Agriculture (USDA) has been reviewed for the project. The soil survey map and soil types 
found throughout the proposed corridor are shown in the complete NRCS USDA Soil 
Survey located in Appendix-C. In general, the superficial soils consist of fine sands, muck 
and poorly drained soil. The groundwater is at a depth of 0’-3.5’ below the existing ground. 
Refer to Table-2 below for the most occurring soils within the project area. 
 

Table-2 USDA NRCS Soil Survey Information 
 

 

Soil No.  Orange County USDA Soil Name Depth to Water Table 
(inches)  

Hydrologic 
Soil Group  

3 Basinger Fine Sand 0 A/D 
15 Felda Fine Sand 0 to 6 A/D 
20 Immokalee Fine Sand 6 to 12 B/D 
34 Pomello Fine Sand 24 to 42 A 
37 St. Johns Fine Sand 6 to 12 B/D 
42 Sanibel Muck 0 A/D 
44 Smyrna-Smyrna, Wet, Fine Sand 6 to 18 A/D 
51 Wabasso Fine Sand 6 to 18 B/D 
53 Wauberg Fine Sand 0 to 6 D 
54 Zolfo Fine Sand 24 to 42 A 
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3.2 Land Use 

The existing land use along the proposed SR-408 Eastern Extension corridor consists 
mostly of residential developments, commercial properties, and undeveloped areas. The 
residential areas consist of both multi-family and single-family residences. There are a 
few commercial properties along the proposed corridor as well. The undeveloped areas 
are mostly wetlands and upland forests with conservation easements. Please refer to 
Appendix-A for a Land Use map.  

3.3 Existing Cross Drains 

Considering this is a new alignment, there are not any existing cross drains or bridge 
structures for review. However, existing cross drains upstream and downstream of the 
proposed alignment were taken into consideration to maintain functionality and to verify 
the recommended improvements do not adversely impact the overall drainage function. 
Refer to Table-3 for existing SR-50 cross drain information. The SR-50 Straight Line 
Diagram is in Appendix-N and identifies each SR-50 cross drain. The culvert size and 
50-Year DHW elevations were obtained from the construction plans in Appendix-P, 
Appendix-Q, and Appendix-R. There is no evidence of scour or sedimentation of any 
existing cross drains along SR-50. Refer to Appendix-S for photos of the existing SR-50 
cross drains. 
 

Table-3 Existing SR-50 Cross Drain General Information 

Cross Drain ID Pipe Description 50-Year DHW EL (ft)  Date of Construction 

SR-50 CD-1 2-8’x6’ CBC 58.57 2012 

SR-50 CD-2 2-24” RCP 53.53 2012 

SR-50 CD-3 2-12.95’x8.5’ CBC 50.04 2012 

SR-50 CD-4 1-30” RCP 54.68 2012 

SR-50 CD-5 3-10’x6’ CBC 43.70 1960 

SR-50 CD-6 3-36” RCP 59.10 1960 

SR-50 CD-7 
1-4’x4’ CBC & 1-
54” RCP Jointed 59.10 1960 

SR-50 CD-8 1-30” RCP 66.50 1960 

SR-50 CD-9 1-8’x7’ CBC 54.80 1960 

SR-50 CD-10 1-10’x4’ CBC 60.80 1960 

SR-50 CD-11 1-24” RCP 61.60 1960 
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4.0 PROPOSED CONDITIONS 

The project corridor will cross through residential homes, commercial businesses, 
wetlands, wooded areas, and Econ River tributaries. Most tributaries west of the Econ 
River which cross the proposed SR-408 Eastern Extension corridor flow north and 
eventually into the Econ River. There is one slough, where UCF is located north of SR-
50, which flows south into one of the Econ River tributaries and ultimately flows north to 
the Econ River. All tributaries east of the Econ River, which cross the proposed SR-408 
Eastern Extension corridor, flow south and ultimately flow into the Econ River. Refer to 
the Drainage Basin Map located on Page-17. 

4.1  Proposed Cross Drains 

The roadway geometry is limited in order to minimize impacts and meet the requirements 
for the proposed design speed. Different interchange layouts and considerations were 
made to provide alternative conceptual designs. Fourteen cross drain locations were 
selected once the alignment and the most effective interchange layouts were identified. 
The proposed cross drain locations were also chosen based on the natural flow of the 
land from the surrounding floodplains and wetlands. The proposed SR-408 Eastern 
Extension corridor will have floodplain impacts along most of the corridor. These 
floodplain impacts will be mitigated by routing this volume to the project’s proposed storm 
water management facilities, and roadside swales. Refer to Table-4 for calculated culvert 
size, flow direction, and floodplain status. Refer to Table-5 for flood data and Table-6 for 
100-year flows, 100-year stage elevations, tailwater elevations, and backwater stage 
elevations. Refer to Appendix-G for proposed cross drain calculations and HY-8 
analyses.  
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Table-4 Proposed SR-408 Cross Drain General Information 

Cross Drain 
ID 

Pipe Description Flow Direction  
Receiving 

Water Body  
Within Floodplain 

(Yes/No)  

CD-1 3-11’x5’ CBC North 
Unnamed 

Tributary(1) Yes (Zone A) 

CD-2 4-10’x5’ CBC South 
Unnamed 

Tributary(1)  Yes (Zone A) 

CD-3 3-11’x7’ CBC North 
Unnamed 

Tributary(1)  Yes (Zone A) 

CD-3A 1-30” RCP South 
Unnamed 

Tributary(2) Yes (Zone A) 

CD-4 2-8’x4’ CBC North 
Unnamed 

Tributary(2)  Yes (Zone A) 

CD-5 2-72” RCP North Floodplain Yes (Zone A) 

CD-6 2-72” RCP North Floodplain Yes (Zone A) 

CD-7 2-48” RCP South Wetland Yes (Zone X) 

CD-8 1-10’x5’ CBC South Wetland Yes (Zone X) 

CD-9 1-72” RCP South Floodplain Yes (Zone AE) 

CD-10 2-6’x4’ CBC South Channel E Yes (Zone AE) 

CD-11 2-24” RCP South Channel K Yes (Zone A) 

CD-12 2-8’x4’ CBC South Channel KE Yes (Zone A) 

CD-13 1-48” RCP South Channel M Yes (Zone X) 
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Table-5 Flood Data Summary Table 
 

 
** The flows and tailwater elevations used in this report are based on preliminary information. The culvert design will need to be reviewed for  
     flows and tailwater elevations during the final design. 
 
 
 
 
 
 
 

Structure 
Number 

Proposed Size 
Design Flood      

50-Yr Storm Event 

Base Flood        
100-Yr Storm 

Event 
Overtopping Flood 

Overtopping 
EL (ft) 

Size 
Length 

(ft) 
Discharge 

(cfs) 
Stage   

(ft) 
Discharge 

(cfs) 
Stage   

(ft) 
Discharge 

(cfs) 
Stage   

(ft) 
Storm 

Frequency 

CD-1 3-11'x5' CBC 485 1160.00 51.97 1322.00 52.45 4902.10 88.87 >500 Yr 88.87 
CD-2 4-10'x5' CBC 302 1499.00 51.91 1690.00 52.41 5709.63 85.27 >500 Yr 85.27 
CD-3 3-11'x7' CBC 400 1770.00 52.05 2000.00 52.51 6240.70 80.88 >500 Yr 80.88 

CD-3A 1-30” RCP 303 5.76 57.88 7.69 57.95 84.31 75.41 >500 Yr 75.41 
CD-4 2-8'x4' CBC 456 427.00 52.03 496.00 52.95 1727.16 82.31 >500 Yr 82.31 
CD-5 2-72” RCP 374 226.00 51.51 312.00 52.46 1603.28 84.25 >500 Yr 84.25 
CD-6 2-72” RCP 427 190.00 52.10 259.00 52.91 1588.91 84.64 >500 Yr 84.64 
CD-7 2-48” RCP 129 165.00 61.86 231.00 63.17 384.40 68.47 <500 Yr 68.47 
CD-8 1-10'x5' CBC 447 223.00 54.27 309.00 54.96 1356.63 84.68 >500 Yr 84.68 
CD-9 1-72” RCP 300 153.00 43.51 212.00 44.45 532.70 54.79 >500 Yr 54.79 
CD-10 2-6'x4' CBC 310 353.00 44.11 398.00 44.69 896.98 55.97 >500 Yr 55.97 
CD-11 2-24" RCP 395 21.00 58.98 24.00 59.28 107.98 83.94 >500 Yr 83.94 
CD-12 2-8'x4' CBC 522 373.00 54.57 409.00 54.89 1405.58 75.36 >500 Yr 75.36 
CD-13 1-48" RCP 325 42.00 56.50 51.00 56.73 173.94 64.50 >500 Yr 64.50 
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Table-6 Summary of Proposed SR-408 Cross Drains (HY-8 Analysis) 
 

Cross 
Drain 

HY-8 Cross 
Drain Size 

100-Year 
Flow       
(cfs) 

Existing 
Ground EL 

(ft) 

Tailwater 
EL        
(ft) 

Existing 100-
Year EL          

(ft)* 

Backwater Stage 
Based on HY-8 

(ft) 
CD-1 3-11'x5' CBC 1322 51.00 50.04 52.701 52.45 
CD-2 4-10'x5' CBC 1690 49.38 50.04 52.701 52.41 
CD-3 3-11'x7' CBC 2000 45.00 50.04 52.701 52.51 

CD-3A 1-30” RCP 7.69 57.71 57.80 58.00 57.95 
CD-4 2-8'x4' CBC 496 49.00 50.40 53.701 52.95 
CD-5 2-72” RCP 312 49.00 49.73 53.043 52.46 
CD-6 2-72” RCP 259 51.00 49.73 53.043 52.91 
CD-7 2-48” RCP 231 57.40 60.50 63.56 63.17 
CD-8 1-10'x5' CBC 309 48.51 53.51 55.03 54.96 
CD-9 1-72” RCP 212 37.50 42.50 45.00 44.45 
CD-10 2-6'x4' CBC 398 38.00 42.00 45.402 44.69 
CD-11 2-24" RCP 24 58.00 58.00 59.502 59.28 
CD-12 2-8'x4' CBC 409 51.00 53.00 55.502 54.89 
CD-13 1-48" RCP 51 55.00 56.00 57.102 56.73 

 
* The existing 100‐year elevations from the sources listed below were converted from NGVD to NAVD by subtracting 1.1 ft. 

1   Big Econ Stormwater Management Master Plan (Appendix‐I) 
2   Bithlo Area Stormwater Management Master Plan (Appendix‐J) 
3   Waterford Trails Construction Plans from Harling Locklin & Associates, Inc. (Appendix‐L) 
 

** The flows and tailwater elevations used in this report are based on preliminary information. The culvert design will need to be  
     reviewed for flows and tailwater elevations during the final design. 
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CD-1  

The proposed alignment will impact wetlands; therefore, CD-1 was strategically placed to 
maintain the flow connectivity between wetlands and the Econ River tributary that flows 
south through proposed CD-2 and then north through proposed CD-3. The culvert will 
convey runoff from one side of the road to the other while replicating the natural flow of 
the tributary. The 50-Year DHW elevation of 50.04 ft from SR-50 CD-3 (Table-3) was 
used as the tailwater for this cross drain. The 100-year elevation of 52.70 ft and 100-year 
flow of 1322 cfs from the Big Econ River Basin Stormwater Management Master Plan 
(Model ID: BEWL015X, Appendix-I) were used to size this cross drain. The calculated 
backwater stage elevation of 52.45 ft from HY-8 analysis is less than the existing 100-
year flood elevation of 52.70 ft. The proposed culvert sizes from the HY-8 analysis are 3-
11’x5’ concrete box culverts. 
 
CD-2 

CD-2 was proposed in order to maintain flow connectivity of the existing slough, which 
drains from the north to the south into a tributary. The tributary flows north through 
proposed CD-3 and drains into the Econ River. The 50-Year DHW elevation of 50.04 ft 
from SR-50 CD-3 (Table-3) was used as the tailwater for this cross drain. The 100-year 
elevation of 52.70 ft and 100-year flow of 1690 cfs from the Big Econ River Basin 
Stormwater Management Master Plan (Model ID: BEWL020C, Appendix-I) were used to 
size this cross drain. The calculated backwater stage elevation of 52.41 ft from HY-8 
analysis is less than the existing 100-year flood elevation of 52.70 ft. The proposed culvert 
sizes from the HY-8 analysis are 4-10’x5’ concrete box culverts.   
 
CD-3 

CD-3 maintains flow connectivity to a tributary, which flows north into the Econ River. The 
50-Year DHW elevation of 50.04 ft from SR-50 CD-3 (Table-3) was used as the tailwater 
for this cross drain. The 100-year elevation of 52.70 ft and 100-year flow of 2000 cfs from 
the Big Econ River Basin Stormwater Management Master Plan (Model ID: BEWL030C, 
Appendix-I) were used to size this cross drain. The calculated backwater stage elevation 
of 52.51 ft from HY-8 analysis is less than the existing 100-year flood elevation of 52.70 
ft. The proposed culvert sizes from the HY-8 analysis are 3-11’x7’ concrete box culverts.  
 
CD-3A  

The basin area is approximately 2.35 acres. A time of concentration of 10 minutes was 
assumed. The crown of the pipe was used as the tailwater. The DHW elevation of 58.00 
ft was obtained from SJRWMD Permit 100527 (Appendix-X). The calculated backwater 
stage elevation of 57.95 ft from HY-8 analysis is less than the existing 100-year flood 
elevation of 58.00 ft; therefore. The 100-year flow of 7.69 cfs was calculated using the 
Rational Method. The proposed culvert size from the HY-8 analysis are 1-30” RCP. The 
culvert will convey runoff from the wetlands that are severed by the proposed corridor, 
which flows southeast to the tributary that flows north and drains into the Econ River.  
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CD-4 

The culverts will maintain flow connectivity to a tributary, which flows north into the Econ 
River. The elevation from the top of the box culvert was used as the tailwater. The 100-
year elevation of 53.70 ft and the 100-year flow of 496 cfs from the Big Econ River Basin 
Stormwater Management Master Plan (Model ID: BEBE195X, Appendix-I) were used to 
size this cross drain. The calculated backwater stage elevation of 52.95 ft from HY-8 
analysis is less than the existing 100-year flood elevation of 53.70 ft. The proposed culvert 
sizes from the HY-8 analysis are 2-8’x4’ concrete box culverts. 
 
CD-5 

The basin area is approximately 109.03 acres. A time of concentration of 1.39 hours was 
calculated for this basin area using the TR-55 method. The elevation from the top of the 
box culvert was used as the tailwater. The 100-year elevation of 53.04 ft was obtained 
from SJRWMD Permit 70394-1 (Appendix-L). The calculated backwater stage elevation 
of 52.46 ft from HY-8 analysis is less than the existing 100-year flood elevation of 53.04 
ft. The 100-year flow of 312 cfs was calculated using the Rational Method. The proposed 
culvert sizes from the HY-8 analysis are 2-72” pipes. The culvert will convey runoff from 
the wetlands to the tributary which flows north and drains into the Econ River. There is 
forty-six feet of space from the edge of the proposed ramp to the right-of-way line; 
therefore, a by-pass swale can be constructed in order to provide flow connectivity from 
CD-5 to CD-6 (Appendix-E, Page-E3). In addition to the one foot contour map, two 
drainage maps (Appendix-O and Appendix-R) were used to determine the basin area.  
 
CD-6 

CD-6 will maintain flow connectivity between the wetlands that will be severed by the 
proposed SR-408 Eastern Extension alignment. The runoff from the wetlands flows north 
and drains into the Econ River. The basin area is approximately 119.01 acres. The time 
of concentration was calculated for this basin area using the TR-55 method. The total 
time of concentration for this basin area is 1.44 hours. The elevation from the top of the 
box culvert was used as the tailwater. The 100-year elevation of 53.04 ft was obtained 
from SJRWMD Permit 70394-1 (Appendix-L). The calculated backwater stage elevation 
of 52.91 ft from HY-8 analysis is less than the existing 100-year flood elevation of 53.04 
ft. The 100-Year flow of 259 cfs was calculated using the Rational Method. The proposed 
culvert sizes from the HY-8 analysis are 2-72” pipes. There is forty-six feet of space from 
the edge of the proposed ramp to the right-of-way line; therefore, a by-pass swale can be 
constructed in order to provide flow connectivity from CD-5 to CD-6 (Appendix-E, Page-
E3). In addition to the one foot contour map, a regional drainage map (Appendix-O) was 
used to determine to the basin area.  
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CD-7 

CD-7 will provide flow connectivity between wetlands that will be severed by the proposed 
CR 419 (Chuluota Road) corridor. The runoff flows south through proposed CD-8 and 
drains into the Econ River. The basin area is approximately 77.95 acres. A time of 
concentration of 1.54 hours was calculated for this basin area using the TR-55 method. 
The crown of pipe was used as the tailwater. The 100-year elevation of 63.56 ft was 
obtained from SJRWMD Permit #27625-4 (Appendix-M). The calculated backwater 
stage elevation of 63.17 ft from HY-8 analysis is less than the existing 100-year flood 
elevation of 63.56 ft. The 100-year flow of 231 cfs was calculated using the Rational 
Method. The proposed culvert sizes from the HY-8 analysis are 2-48” RCP. A one foot 
contour map was used to delineate the basin area for this cross drain. This basin area 
consists of single-family residential homes, several commercial businesses located on 
SR-50, several ponds, and woodland areas. 
 

CD-8 

The culvert will convey runoff from the severed wetlands to the tributary which flows south 
and drains into the Econ River. The total basin area for CD-8 is 121.44 acres and consists 
of two basin areas, which includes the basin area for CD-7. The time of concentration 
was calculated for this basin area using the TR-55 method. The total time of concentration 
calculated for this basin area is 1.68 hours. The elevation from the top of the box culvert 
used as the tailwater. The 100-year elevation of 55.03 ft was averaged from two 100-year 
elevations of 63.56 ft from existing Pond 200 and 46.50 ft from existing Pond 100 
(SJRWMD Permit #27625-4, Appendix-M). CD-8 is located between existing Pond 200 
and existing Pond 100. The calculated backwater stage elevation of 54.96 ft from HY-8 
analysis is less than the existing 100-year flood elevation of 55.03 ft. The 100-year flow 
of 309 cfs was calculated using the Rational Method. The proposed culvert size from the 
HY-8 analysis is a single 10’x5’ concrete box culvert. A one foot contour map was used 
to delineate the basin area for this cross drain. This basin area consists of single-family 
residential homes, several commercial businesses located on SR-50, several ponds, and 
woodland areas. 
 
CD-9 

The basin area is approximately 75.82 acres. A time of concentration of 1.66 hours was 
calculated for this basin area using the TR-55 method. The calculated flow rate for a 100-
year storm event is 212 cfs. The 100-year flood elevation of 45.00 ft was obtained from 
the FEMA Flood Map (Appendix-B). The top of the box culvert was used as the tailwater 
for this culvert. The calculated backwater stage elevation of 44.45 ft from HY-8 analysis 
is less than the existing 100-year flood elevation of 45.00 ft. The proposed culvert size 
from the HY-8 analysis is a single 72” RCP. The culvert will convey runoff from the 
wetlands to the tributary which flows south and drains into the Econ River. A one foot 
contour map was used to delineate the basin area for this cross drain.  
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CD-10 

CD-10 will maintain flow connectivity from Channel E that flows south into the Econ River. 
The proposed alignment interrupts the natural flow of Channel E; therefore, culverts will 
be strategically placed where the proposed corridor and the channel intersect. The 
elevation from the top of the box culvert was used as the tailwater. The 100-year stage 
elevation of 45.40 ft and 100-Year flow of 398 cfs for Channel E (Node ID: NE-020, 
Appendix-J) from the Bithlo Area Stormwater Management Master Plan were used to 
size this cross drain. The calculated backwater stage elevation of 44.69 ft from HY-8 
analysis is less than the existing 100-year flood elevation of 45.40 ft. The proposed culvert 
sizes from the HY-8 analysis are 2-6’x4’ concrete box culverts.  
 
CD-11 

CD-11 will provide flow connectivity between a wetland and Channel K that will be 
severed by the proposed SR-408 Eastern Extension corridor. The proposed cross drain 
location is on an existing wetland that is east of CR13. The crown of pipe was used as 
the tailwater. The proposed location of CD-11 lies directly on a Wetland East of CR13 
(Node ID: NK-130, Appendix-J) from the Bithlo Area Stormwater Management Master 
Plan. The wetland has a 100-year stage elevation of 59.50 ft and a 100-year flow of 24 
cfs, which were used to size this cross drain. The calculated backwater stage elevation 
of 59.28 ft from HY-8 analysis is less than the existing 100-year flood elevation of 59.50 
ft. The proposed culvert sizes from the HY-8 analysis are 2-24” pipes. 
   
CD-12 

The new alignment interrupts the natural flow of Channel KE. To maintain the natural flow 
connectivity of Channel KE, concrete box culverts will be strategically placed where the 
proposed roadway and channel intersect. The culverts will convey runoff from one side 
of the road to the other as it flows south towards the Econ River. The elevation from the 
top of the box culvert was used as the tailwater. The 100-year stage elevation of 55.50 ft 
and 100-Year flow of 409 cfs for Channel KE (Node ID: NKE-080, Appendix-J) from the 
Bithlo Area Stormwater Management Master Plan were used to size this cross drain. The 
calculated backwater stage elevation of 54.89 ft from HY-8 analysis is less than the 
existing 100-year flood elevation of 55.50 ft. The proposed culvert sizes from the HY-8 
analysis are 2-8’x4’ concrete box culverts. The existing upstream pipe size is a single 
10’x4’ concrete box culvert, therefore, the calculated culvert sizes of 2-8’x4’ CBC are 
larger than the existing upstream culvert and will not restrict flow.  
 
CD-13 

The new alignment interrupts the natural flow of Channel M. To maintain the natural flow 
of Channel M, CD-13 will be strategically placed where the proposed roadway and 
channel intersect. This pipe will convey runoff from Channel M to the existing pond M-1. 
The crown of pipe was used as the tailwater. The 100-year stage elevation of 57.10 ft and 
100-Year flow of 51 cfs for Channel M (Node ID: NM-070, Appendix-J) from the Bithlo 
Area Stormwater Management Master Plan were used to size this cross drain. The 
calculated backwater stage elevation of 56.73 ft from HY-8 analysis is less than the 
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existing 100-year flood elevation of 57.10 ft. The proposed culvert size from HY-8 is a 
single 48” pipe. Pond M-1 will also be modified due to the proposed alignment. Please 
refer to Appendix-K for oversized drawings of pond M-1. 

4.2  Floodplain Impacts 

The project will impact the 100-year floodplain in three different ways: 

1) Longitudinal roadway widening impacts resulting from filling the floodplain 
areas associated with Econ River and its tributaries. 

2) Impact due to proposed pond locations in floodplain.  
3) Impact due to proposed cross drains in floodplain.  

 
The longitudinal impact due to the recommended SR-408 Eastern Extension alignment 
cannot be avoided. During the final design phase of the project, every effort should be 
taken to minimize floodplain impacts. During the design phase, floodplain impacts should 
be mitigated by routing to proposed stormwater management facilities and roadside 
swales. Also, a Bridge Hydraulics Report (BHR) will be prepared during the design phase 
to document the hydraulic impacts of the recommended SR-408 Eastern Extension 
alignment. 
 
The FEMA’s Flood Insurance Rate Map (FIRM) for Orange County shows that a portion 
of the project lies within the 100-year floodplain areas Zone AE (100 year Base flood 
elevations are provided) and Zone A (100 year base flood elevations are not provided, 
areas with 1% change of flooding) . Most of the project lies within flood Zone X (Areas of 
minimal flood hazard and above the 500-year flood zone). FEMA Map No. 12095C0280F, 
129095C0285F, 12095C0295F and 12095C0315F, provide flood information for the 
project. Floodplain impact will occur throughout the project corridor and includes the Econ 
River and its tributaries. Please refer to Appendix-A for a FEMA exhibit and Appendix-
B for a FEMA Flood Insurance Rate Map. 
 
The total floodplain impact due to roadway fill for the entire proposed project corridor is 
100.28 ac-ft. Available compensation in the proposed stormwater ponds and floodplain 
compensation ponds are 107.47 ac-ft. Please refer to Table-7 in the PSR for a summary 
of floodplain impacts and compensation. The dredge and fill volume are based on limited 
information available during the PD&E study. A detail evaluation has to be done during 
the final design. Based on the preliminary evaluation the project will provide more 
floodplain compensation than the impact. Therefore, a cup for cup compensation is 
provided by the project.  

Two floodplain compensation pond sites were identified for this project in Basin 11C. The 
pond sites are Pond 11C3 and Pond 11C4. Both Pond 11C3 and Pond 11C4 are selected 
as the recommended floodplain compensation ponds. Beside this two floodplain 
compensation ponds, several stormwater ponds located adjacent to floodplains will also 
provide floodplain compensation. Please refer to Table-7 in the PSR. At certain segments 
of the project, for example at Basin 11C, the roadway profile is low enough to provide 
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floodplain compensation in the swales; this option should be evaluated during the design 
phase. 

Runoff from within the corridor will be collected and conveyed to stormwater management 
facilities; therefore, reducing the overall impact to the remaining floodplains. The 
preliminary hydraulic evaluation indicates the flood elevation and limits will not change 
significantly; therefore, it is assumed that the project will not have a significant impact and 
the encroachment will be minimal.  

4.3  Project Classification 

The floodplain is in a medium density, semi-urbanized area and the encroachments are 
classified as “minimal”. Minimal encroachment of a floodplain occurs when there is 
floodplain involvement, but the impacts on human life, transportation facilities, and natural 
and beneficial floodplain values are not significant and can be resolved with minimal 
efforts. Normally, these minimal efforts to address the impacts will consist of applying the 
FDOT drainage design standards and following the Water Management procedures to 
achieve results that will not increase or significantly change the flood elevation and the 
floodplain limits.  
 
4.4  Flooding History and Maintenance Concern 

In a phone interview with FDOT maintenance staff at the Oviedo Operations Center on 
7/8/2016; there are no areas of flooding concern along the SR-50 corridor. The staff 
member Mike Danos mentioned that there have been no reports of flooding or 
overtopping within the SR-50 corridor. The proposed SR-408 Eastern Extension 
alignment is located just south of SR-50. Due to the close proximity of the proposed SR-
408 Eastern Extension project to existing SR-50, flooding history of SR-50 will be used 
as a comparison for this project. Future investigation regarding flooding concerns at the 
proposed SR-408 Eastern Extension project corridor should be conducted during the final 
design. 

5.0 BRIDGE HYDRAULICS EVALUATION  

Bridges are proposed at the Econ River and at a major Econ River Tributary (Channel A) 
just east of the FPL Transmission Line (Sta. 660+00). Both proposed bridges will maintain 
flow conveyance in the Econ River and its major tributary. Bridge Hydraulic Reports for 
these proposed bridges shall be prepared during the design phase. The proposed Econ 
River Bridge will span over the river without impacting the floodplain or wetland. Please 
refer to the Bridge Analysis Report for the determination of bridge length, span and the 
pier locations. There is minimal impact to the floodplain due to the bridge piers. Refer to 
the Drainage Basin Map on Page-17, Econ River Basin Map on Page-18, Floodplain and 
Wetland Exhibits in Appendix-E, and Bridge Profiles in Appendix-F. The flows and 
stages in Table-7 for the Econ River Bridge were obtained from the Big Econ River 
Stormwater Management Master Plan (Model ID: BEBE160X, Appendix-I). The flows 
and stages in Table-7 for the Econ River Tributary Bridge were obtained from the Bithlo 
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Area Stormwater Management Master Plan (Node ID: NA-060, Appendix-J). The Econ 
River Tributary Bridge will need to account for additional runoff from a small area between 
Station 649+50 to 651+00.  It is assumed that the proposed bridge over the Econ River 
will not increase the flood stage or the flood limits. Minor floodplain impacts are anticipated 
due to the bridge pier placement. Overall, insignificant impacts are anticipated at the Econ 
River. During the design phase, a FEMA No-Rise Certification should be assessed. 

Table-7 Proposed SR-408 Bridge Structure Information 

Bridge 
Structure 

100-Year 
Flow  
(cfs) 

100-Year 
EL  
(ft) 

Bridge Low 
Member EL 

(ft) 

Existing  
Ground EL 

(ft) 

Bridge  
Clearance  

(ft) 

Bridge 
Length 

(ft) 

Econ River 10360 42.20 74.41 31.00 42.20 3820 
Econ River 
Tributary 

(Channel A) 697 48.30 63.41 40.00 
 

16.87 300 
 
6.0  CONCLUSION  

The purpose of this report was to determine potential cross drain locations along the 
proposed SR-408 Eastern Extension project corridor to reduce impacts to floodplains and 
wetlands.The proposed alignment will cross through residences, commercial businesses, 
wetlands, Econ River tributaries, and wooded areas. These proposed cross drain 
locations were chosen based on maintaining the natural flow of the land from the 
surrounding floodplains, wetlands, and Econ River tributaries. Fourteen potential cross 
drains were selected and analyzed for this project. The 100-year flow rates for cross 
drains 1 through 4 were obtained from the Big Econ River Basin Stormwater Management 
Master Plan. The 100-year flow rates for cross drains 10 through 13 were obtained from 
the Bithlo Area Stormwater Management Master Plan. The Rational Method was used to 
determine the flow for cross drains 5 through 9. Each cross drain was designed for a 100-
year storm event, in order to compare the 100-year backwater elevation with the 100-year 
existing flood elevation. Manning’s Equation was used to determine trial sizes for each 
culvert. The trial sizes were used to perform the HY-8 analysis. The floodplains will be 
impacted due to longitudinal roadway widening and proposed pond locations. By following 
FDOT design standards and water management procedures, the proposed cross drains 
will have minimal impacts on the existing floodplains and wetlands. The purpose is to 
achieve results which do not increase or significantly change existing flood elevations or 
floodplain limits. The proposed cross drains located within floodplains will have minor 
volumetric impacts, and insignificant impact to flood stage and flood limits. The final 
design team should verify the proposed culvert sizes and their locations, based on the 
final roadway geometry and profile. BHR’s for the Econ River Bridge and the Econ River 
Tributary Bridge should be provided during the design phase. The flows and tailwater 
elevations used in this report are based on preliminary information. The culvert design 
will need to be reviewed for flows and tailwater elevations during the final design. 
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Appendix: A 
Exhibits:

• Project Location Map
• FEMA Flood Insurance Rate Map
• Soil Survey
• USGS Quadrangle Map
• Existing Land Use Map 
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Appendix: C 
USDA NRCS Soil Report 
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:20,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Orange County, Florida
Survey Area Data:  Version 12, Nov 19, 2015

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Mar 12, 2011—Feb
20, 2015

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.

Custom Soil Resource Report
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Map Unit Legend

Orange County, Florida (FL095)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

1 Arents, nearly level 16.4 0.1%

2 Archbold fine sand, 0 to 5
percent slopes

73.1 0.4%

3 Basinger fine sand,
depressional, 0 to 1 percent
slopes

1,106.2 6.2%

15 Felda fine sand, frequently
flooded

1,060.0 5.9%

16 Floridana fine sand, frequently
flooded

1.5 0.0%

17 Floridana mucky fine sand,
depressional

13.6 0.1%

20 Immokalee fine sand 754.8 4.2%

22 Lochloosa fine sand 57.6 0.3%

23 Malabar fine sand 7.3 0.0%

26 Ona fine sand 193.0 1.1%

27 Ona-Urban land complex 4.8 0.0%

30 Pineda fine sand 28.5 0.2%

33 Pits 13.4 0.1%

34 Pomello fine sand, 0 to 5 percent
slopes

986.4 5.5%

35 Pomello-Urban land complex, 0
to 5 percent slopes

19.4 0.1%

37 St. Johns fine sand 920.5 5.2%

38 St. Lucie fine sand, 0 to 5 percent
slopes

34.7 0.2%

39 St. Lucie-Urban land complex, 0
to 5 percent slopes

29.9 0.2%

40 Samsula muck 145.3 0.8%

42 Sanibel muck 1,496.8 8.4%

44 Smyrna-Smyrna, wet, fine sand,
0 to 2 percent slopes

9,067.4 50.9%

45 Smyrna-Urban land complex 80.9 0.5%

46 Tavares fine sand, 0 to 5 percent
slopes

11.6 0.1%

51 Wabasso fine sand, 0 to 2
percent slopes

669.4 3.8%

53 Wauberg fine sand 26.8 0.2%

54 Zolfo fine sand, 0 to 2 percent
slopes

717.2 4.0%

55 Zolfo-Urban land complex 11.2 0.1%

Custom Soil Resource Report

99 Water 277.9 1.6%

Totals for Area of Interest 17,825.4 100.0%
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3—Basinger fine sand, depressional, 0 to 1 percent slopes

Map Unit Setting
National map unit symbol: 2v16v
Elevation: 0 to 160 feet
Mean annual precipitation: 38 to 62 inches
Mean annual air temperature: 68 to 77 degrees F
Frost-free period: 300 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Basinger, depressional, and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Basinger, Depressional

Setting
Landform: Depressions on marine terraces, drainageways on marine terraces
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Sandy marine deposits

Typical profile
A - 0 to 5 inches: fine sand
E - 5 to 14 inches: fine sand
Bh/E - 14 to 36 inches: fine sand
Cg - 36 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): High to very high (6.00

to 20.00 in/hr)

Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Calcium carbonate, maximum in profile: 1 percent
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Low (about 5.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7w
Hydrologic Soil Group: A/D
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL),

Sandy soils on stream terraces, flood plains, or in depressions
(G155XB145FL)

Hydric soil rating: Yes
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Minor Components

Smyrna, hydric
Percent of map unit: 5 percent
Landform: — error in exists on —
Landform position (three-dimensional): Tread, talf
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy

soils on flats of mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: Yes

Samsula, muck
Percent of map unit: 3 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL),

Organic soils in depressions and on flood plains (G155XB645FL)
Hydric soil rating: Yes

Floridana, hydric
Percent of map unit: 2 percent
Landform: Depressions on marine terraces
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Cypress Woodlands (MCV026CA), Sandy over

loamy soils on stream terraces, flood plains, or in depressions
(G155XB245FL)

Hydric soil rating: Yes
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Map Unit Composition
Immokalee, non-hydric, and similar soils: 82 percent
Immokalee, hydric, and similar soils: 10 percent
Minor components: 8 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Immokalee, Non-hydric

Setting
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0 to 5 inches: fine sand
E - 5 to 35 inches: fine sand
Bh - 35 to 67 inches: fine sand
C - 67 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)
Depth to water table: About 6 to 12 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Moderate (about 6.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B/D
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands

(G155XB141FL)
Hydric soil rating: No

20—Immokalee fine sand

Map Unit Setting
National map unit symbol: bv7n
Mean annual precipitation: 45 to 53 inches
Mean annual air temperature: 70 to 77 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland
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Bh - 35 to 67 inches: fine sand
C - 67 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)
Depth to water table: About 0 to 12 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Moderate (about 6.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B/D
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands

(G155XB141FL)
Hydric soil rating: Yes

Minor Components

Pineda
Percent of map unit: 4 percent
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Sandy over loamy soils on flats of hydric or mesic

lowlands (G155XB241FL)
Hydric soil rating: Yes

Wabasso
Percent of map unit: 4 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands

(G155XB141FL)
Hydric soil rating: No

Description of Immokalee, Hydric

Setting
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0 to 5 inches: fine sand
E - 5 to 35 inches: fine sand
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34—Pomello fine sand, 0 to 5 percent slopes

Map Unit Setting
National map unit symbol: 2v16y
Elevation: 0 to 180 feet
Mean annual precipitation: 44 to 52 inches
Mean annual air temperature: 70 to 77 degrees F
Frost-free period: 342 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Pomello and similar soils: 95 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pomello

Setting
Landform: Knolls on marine terraces, ridges on marine terraces
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Interfluve, riser
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0 to 4 inches: fine sand
E - 4 to 47 inches: fine sand
Bh - 47 to 58 inches: fine sand
Bw - 58 to 65 inches: fine sand
C - 65 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Moderately well drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.60 to 6.00 in/hr)
Depth to water table: About 24 to 42 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Low (about 5.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6s
Hydrologic Soil Group: A
Other vegetative classification: Sand Pine Scrub (R155XY001FL), Sandy soils on

rises and knolls of mesic uplands (G155XB131FL)
Hydric soil rating: No
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Minor Components

Smyrna
Percent of map unit: 3 percent
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands

(G155XB141FL)
Hydric soil rating: No

Tavares
Percent of map unit: 1 percent
Landform: Ridges on marine terraces, flats on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Ecological site: Longleaf Pine-Turkey Oak Hills (R154XY002FL)
Other vegetative classification: Sandy soils on rises, knolls, and ridges of mesic

uplands (G154XB121FL)
Hydric soil rating: No

Bulow
Percent of map unit: 1 percent
Landform: Ridges on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sandy over loamy soils on knolls and ridges of

mesic uplands (G155XB211FL)
Hydric soil rating: No
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37—St. Johns fine sand

Map Unit Setting
National map unit symbol: bv87
Elevation: 30 to 150 feet
Mean annual precipitation: 45 to 53 inches
Mean annual air temperature: 70 to 77 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
St. johns, non-hydric, and similar soils: 60 percent
St. johns, hydric, and similar soils: 30 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of St. Johns, Non-hydric

Setting
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0 to 12 inches: fine sand
E - 12 to 24 inches: fine sand
Bh - 24 to 44 inches: fine sand
C - 44 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.20 to 1.98 in/hr)
Depth to water table: About 6 to 12 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Moderate (about 7.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w

Hydrologic Soil Group: B/D
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands

(G155XB141FL)
Hydric soil rating: No
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Description of St. Johns, Hydric

Setting
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0 to 12 inches: fine sand
E - 12 to 24 inches: fine sand
Bh - 24 to 44 inches: fine sand
C - 44 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.20 to 1.98 in/hr)
Depth to water table: About 0 to 12 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Moderate (about 7.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: B/D
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands

(G155XB141FL)
Hydric soil rating: Yes

Minor Components

Wabasso
Percent of map unit: 5 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands

(G155XB141FL)
Hydric soil rating: No

Immokalee, non-hydric
Percent of map unit: 5 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands

(G155XB141FL)
Hydric soil rating: No
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42—Sanibel muck

Map Unit Setting
National map unit symbol: bv8f
Mean annual precipitation: 45 to 53 inches
Mean annual air temperature: 70 to 77 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Sanibel, undrained, and similar soils: 65 percent
Sanibel, drained, and similar soils: 25 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Sanibel, Undrained

Setting
Landform: Marshes on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Thin organic material over sandy marine deposits

Typical profile
Oa - 0 to 11 inches: muck
A - 11 to 15 inches: fine sand
C - 15 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95

to 19.98 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Moderate (about 7.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7w
Hydrologic Soil Group: A/D
Other vegetative classification: Organic soils in depressions and on flood plains

(G155XB645FL)
Hydric soil rating: Yes
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Description of Sanibel, Drained

Setting
Landform: Depressions on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Thin organic material over sandy marine deposits

Typical profile
Oa - 0 to 11 inches: muck
A - 11 to 15 inches: fine sand
C - 15 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95

to 19.98 in/hr)
Depth to water table: About 0 to 24 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Moderate (about 7.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: A/D
Other vegetative classification: Organic soils in depressions and on flood plains

(G155XB645FL)
Hydric soil rating: Yes

Minor Components

Hontoon, undrained
Percent of map unit: 5 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Organic soils in depressions and on flood plains

(G155XB645FL)
Hydric soil rating: Yes

Samsula
Percent of map unit: 5 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Organic soils in depressions and on flood plains

(G155XB645FL)
Hydric soil rating: Yes
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44—Smyrna-Smyrna, wet, fine sand, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2v171
Elevation: 0 to 150 feet
Mean annual precipitation: 38 to 62 inches
Mean annual air temperature: 68 to 77 degrees F
Frost-free period: 300 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Smyrna, non-hydric, and similar soils: 76 percent
Smyrna, hydric, and similar soils: 20 percent
Minor components: 4 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Smyrna, Non-hydric

Setting
Landform: Flatwoods on marine terraces, flats on marine terraces
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0 to 4 inches: fine sand
E - 4 to 17 inches: fine sand
Bh - 17 to 27 inches: loamy fine sand
C - 27 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.60 to 6.00 in/hr)
Depth to water table: About 6 to 18 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Low (about 3.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A/D
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy

soils on flats of mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: No
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Description of Smyrna, Hydric

Setting
Landform: Flats on marine terraces, flatwoods on marine terraces
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0 to 4 inches: fine sand
E - 4 to 17 inches: fine sand
Bh - 17 to 27 inches: loamy fine sand
C - 27 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 2 percent

Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.60 to 6.00 in/hr)
Depth to water table: About 0 to 6 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Low (about 3.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A/D
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy

soils on flats of mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: Yes

Minor Components

Basinger, depressional
Percent of map unit: 2 percent
Landform: Depressions on marine terraces
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Sandy soils on stream terraces, flood plains, or in

depressions (G155XB145FL)
Hydric soil rating: Yes
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Pomona, non-hydric
Percent of map unit: 1 percent
Landform: Flatwoods on marine terraces
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands

(G155XB141FL)
Hydric soil rating: No

Eaugallie, hydric
Percent of map unit: 1 percent
Landform: Flatwoods on marine terraces, flats on marine terraces
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Dip
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: South Florida Flatwoods (R154XY003FL), Sandy

soils on flats of mesic or hydric lowlands (G154XB141FL)
Hydric soil rating: Yes

Across-slope shape: Linear
Other vegetative classification: North Florida Flatwoods (R154XY004FL), Sandy

soils on rises and knolls of mesic uplands (G155XB131FL)
Hydric soil rating: No
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51—Wabasso fine sand, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2svzg
Elevation: 0 to 130 feet
Mean annual precipitation: 38 to 62 inches
Mean annual air temperature: 68 to 77 degrees F
Frost-free period: 300 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Wabasso and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Wabasso

Setting
Landform: Flatwoods on flats on marine terraces
Landform position (three-dimensional): Tread, talf
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits over loamy marine deposits

Typical profile
A - 0 to 4 inches: fine sand
E - 4 to 16 inches: fine sand
Bh - 16 to 28 inches: fine sand
E' - 28 to 32 inches: fine sand
Btg - 32 to 48 inches: fine sandy loam
Cg - 48 to 80 inches: loamy fine sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: 12 to 63 inches to strongly contrasting textural

stratification
Natural drainage class: Poorly drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): High (2.00 to 6.00

in/hr)
Depth to water table: About 6 to 18 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 5 percent

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)

Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Low (about 3.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: A/D
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy

soils on flats of mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: No
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Minor Components

Basinger
Percent of map unit: 4 percent
Landform: Drainageways on flatwoods on marine terraces
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Convex, linear, concave
Across-slope shape: Linear, convex, concave
Other vegetative classification: Slough (R155XY011FL), Sandy soils on flats of

mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: Yes

Felda
Percent of map unit: 4 percent
Landform: Flatwoods on drainageways on marine terraces
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Linear
Across-slope shape: Concave, linear
Ecological site: Slough (R155XY011FL)
Other vegetative classification: Slough (R155XY011FL), Sandy over loamy soils

on stream terraces, flood plains, or in depressions (G155XB245FL)
Hydric soil rating: Yes

Riviera
Percent of map unit: 4 percent
Landform: Flatwoods on drainageways on marine terraces
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear, convex
Across-slope shape: Concave, linear
Ecological site: Slough (R155XY011FL)
Other vegetative classification: Slough (R155XY011FL), Sandy over loamy soils

on flats of hydric or mesic lowlands (G156AC241FL)
Hydric soil rating: Yes

Boca
Percent of map unit: 3 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Tread, talf
Down-slope shape: Convex
Across-slope shape: Linear
Ecological site: South Florida Flatwoods (R155XY003FL)
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy

over loamy soils on flats of hydric or mesic lowlands (G155XB241FL)
Hydric soil rating: Yes
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53—Wauberg fine sand

Map Unit Setting
National map unit symbol: bv8t
Mean annual precipitation: 45 to 53 inches
Mean annual air temperature: 70 to 77 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland

Map Unit Composition
Wauberg and similar soils: 94 percent
Minor components: 6 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Wauberg

Setting
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy and loamy marine deposits

Typical profile
A - 0 to 8 inches: fine sand
E - 8 to 28 inches: fine sand
B - 28 to 60 inches: sandy clay loam
C - 60 to 80 inches: sandy clay

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately

low (0.00 to 0.06 in/hr)
Depth to water table: About 0 to 6 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Low (about 5.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: D
Other vegetative classification: Sandy over loamy soils on flats of hydric or mesic

lowlands (G155XB241FL)

Hydric soil rating: Yes

Minor Components

Wabasso
Percent of map unit: 6 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands

(G155XB141FL)
Hydric soil rating: No

C-20



54—Zolfo fine sand, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2w0q1
Elevation: 30 to 160 feet
Mean annual precipitation: 44 to 56 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 324 to 365 days
Farmland classification: Farmland of unique importance

Map Unit Composition
Zolfo and similar soils: 88 percent
Minor components: 12 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Zolfo

Setting
Landform: Rises on marine terraces, knolls on marine terraces
Landform position (two-dimensional): Summit, footslope
Landform position (three-dimensional): Interfluve, side slope, riser
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Typical profile
A - 0 to 6 inches: fine sand
E - 6 to 53 inches: fine sand
Bh - 53 to 80 inches: fine sand

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to

high (0.57 to 1.98 in/hr)

Depth to water table: About 24 to 42 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0

mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Low (about 5.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: A
Other vegetative classification: North Florida Flatwoods (R154XY004FL), South

Florida Flatwoods (R154XY003FL), Sandy soils on rises and knolls of mesic
uplands (G154XB131FL)

Hydric soil rating: No

C-21



Minor Components

Myakka
Percent of map unit: 4 percent
Landform: Flatwoods on marine terraces
Landform position (three-dimensional): Tread, talf
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: South Florida Flatwoods (R155XY003FL), Sandy

soils on flats of mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: No

Tavares
Percent of map unit: 3 percent
Landform: Ridges on marine terraces
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Interfluve, tread, rise
Down-slope shape: Linear, convex
Across-slope shape: Linear
Other vegetative classification: Longleaf Pine-Turkey Oak Hills (R154XY002FL),

Sandy soils on rises, knolls, and ridges of mesic uplands (G154XB121FL)
Hydric soil rating: No

Millhopper
Percent of map unit: 3 percent
Landform: Ridges on marine terraces, knolls on marine terraces, flatwoods on

marine terraces
Landform position (two-dimensional): Shoulder, summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex, concave
Across-slope shape: Linear
Other vegetative classification: Upland Hardwood Hammock (R154XY008FL),

Sandy soils on rises, knolls, and ridges of mesic uplands (G154XB121FL)
Hydric soil rating: No

Lochloosa
Percent of map unit: 1 percent
Landform: Rises on marine terraces
Landform position (three-dimensional): Interfluve, rise
Down-slope shape: Convex

Across-slope shape: Linear
Other vegetative classification: Sandy over loamy soils on rises and knolls of

mesic uplands (G155XB231FL)
Hydric soil rating: No

Malabar
Percent of map unit: 1 percent
Landform: Drainageways on marine terraces
Landform position (three-dimensional): Dip
Down-slope shape: Linear, convex
Across-slope shape: Concave, linear
Other vegetative classification: Slough (R155XY011FL), Sandy soils on flats of

mesic or hydric lowlands (G155XB141FL)
Hydric soil rating: Yes
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Appendix: E 
Cross Drain Exhibits
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During the final design, the location of CD-13 will need to be adjusted to be in line with the existing 2-42" pipes



Proposed Cross Drains 
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Appendix: F 
Cross Drain and Bridge Profiles 
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SCALE: 1" = 100' Horiz.
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 F-2      408254       ORANGE   SR 408 
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SCALE: 1" = 100' Horiz.
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 F-3      408254       ORANGE   SR 408 
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SCALE: 1" = 100' Horiz.
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 F-4      408254       ORANGE   SR 408 
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 F-5      408254       ORANGE   SR 408 
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 F-6      408254       ORANGE   SR 408 
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NO.
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     1" = 10' Vert.
SCALE: 1" = 100' Horiz.
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 F-7      408254       ORANGE   SR 408 
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NO.
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     1" = 10' Vert.
SCALE: 1" = 100' Horiz.
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 F-8      408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.
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476+00 477+00 478+00 479+00 480+00 481+00 482+00 483+00 484+00 485+00 486+00 487+00 488+00 489+00 490+00
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 F-9      408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

490+00 491+00 492+00 493+00 494+00 495+00 496+00 497+00 498+00 499+00 500+00 501+00 502+00 503+00 504+00

4040
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 F-10     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

504+00 505+00 506+00 507+00 508+00 509+00 510+00 511+00 512+00 513+00 514+00 515+00 516+00 517+00 518+00
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 F-11     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

518+00 519+00 520+00 521+00 522+00 523+00 524+00 525+00 526+00 527+00 528+00 529+00 530+00 531+00 532+00
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 F-12     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

532+00 533+00 534+00 535+00 536+00 537+00 538+00 539+00 540+00 541+00 542+00 543+00 544+00 545+00 546+00

3030



BRIDGES 19 & 20
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 F-13     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

546+00 547+00 548+00 549+00 550+00 551+00 552+00 553+00 554+00 555+00 556+00 557+00 558+00 559+00 560+00

3030
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 F-14     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

560+00 561+00 562+00 563+00 564+00 565+00 566+00 567+00 568+00 570+00569+00 571+00 572+00 573+00 574+00
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 F-15     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

574+00 575+00 576+00 577+00 578+00 579+00 580+00 581+00 582+00 583+00 584+00 585+00 586+00 587+00 588+00



OVER SR 408 ON/OFF RAMP TO CHULUOTA RD
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 F-16     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

588+00 589+00 590+00 591+00 592+00 593+00 594+00 595+00 596+00 597+00 598+00 599+00 600+00 601+00 602+00
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 F-17     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

602+00 603+00 604+00 605+00 606+00 607+00 608+00 609+00 610+00 611+00 612+00 613+00 614+00 615+00 616+00

3030
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 F-18     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.
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 F-19     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

630+00 631+00 632+00 633+00 634+00 635+00 636+00 637+00 638+00 639+00 640+00 641+00 642+00 643+00 644+00
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     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

644+00 645+00 646+00 647+00 648+00 649+00 650+00 651+00 652+00 653+00
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 F-20     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          
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3030
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 F-21     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

658+00 659+00 660+00 661+00 662+00 663+00 664+00 665+00 666+00 667+00 668+00 669+00 670+00 671+00 672+00
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 F-22     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.
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 F-23     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.
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 F-24     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.
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 F-25     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.
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 F-26     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.
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 F-27     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.
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 F-28     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
        PROFILE SHEET          

            

            

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.

CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.
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 F-29     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

    CHULUOTA RD EXT     

     PROFILE SHEET      
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CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.
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 F-30     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

    CHULUOTA RD EXT     

     PROFILE SHEET      
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CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.
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 F-31     408254       ORANGE   SR 408 

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

    CHULUOTA RD EXT     

     PROFILE SHEET      
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CERTIFICATE OF AUTHORIZATION: 2294

FAX. (407) 644-2376

TEL. (407) 644-1898

LAKE MARY, FLORIDA 32746

615 CRESCENT EXECUTIVE CT, SUITE 524

METRIC ENGINEERING, INC.

P.E. NO.: 49524

C. BRIAN FULLER, P.E.

     1" = 10' Vert.
SCALE: 1" = 100' Horiz.
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ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS
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SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION
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Appendix: G 
Cross Drain Hydraulic Analysis 



Cross Drain 1 



Flow Rate 10 = 873 ft3/s
Flow Rate 25 = 1013 ft3/s
Flow Rate 50 = 1160 ft3/s
Flow Rate 100 = 1322 ft3/s
Flow Rate 500 = 1760 ft3/s
Pipe Length = 485 ft

Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 13.66 ft
D = 163.95 in

A = 146.60 ft2

Proposed Size = 3-11'x5' CBC

CD-1 Preliminary Culvert Sizing

The flow rate for a 100-year storm event from the Big Econ Stormwater Management Master 
Plan was used to size this culvert. The Manning's Equation was used to produce a trial size for 
the cross drain. The trial size was used to perform HY-8 analysis. While performing the 
overtopping analysis, the cross drain was appropriately sized in order to not violate floodplain 
criteria. The following presents a detailed calculation for sizing CD-1.

G-1



Runoff  Rainfall 
873.00 0.1 10
1013.00 0.04 25
1322.00 0.01 100
1160.21 0.02 50
1760.10 0.002 500

y = 571.51x‐0.181
R² = 0.998
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CD-1 HY-8 Culvert Analysis Report



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 873 cfs 

Design Flow: 1160 cfs 

Maximum Flow: 1322 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-1 

Rating Curve Plot for Crossing: CD-1 

Headwater Elevation 
(ft)

Total Discharge (cfs) CD-1 Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

51.20 873.00 873.00 0.00 1

51.31 917.90 917.90 0.00 1

51.79 962.80 962.80 0.00 1

51.87 1007.70 1007.70 0.00 1

51.72 1052.60 1052.60 0.00 1

51.79 1097.50 1097.50 0.00 1

51.92 1142.40 1142.40 0.00 1

51.97 1160.00 1160.00 0.00 1

52.18 1232.20 1232.20 0.00 1

52.31 1277.10 1277.10 0.00 1

52.45 1322.00 1322.00 0.00 1

88.87 4902.10 4902.10 0.00 Overtopping

G-3



Table 2 - Culvert Summary Table: CD-1 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 46.00 ft,    Outlet Elevation (invert): 45.50 ft 

Culvert Length: 485.00 ft,    Culvert Slope: 0.0010 

******************************************************************************** 

Culvert Performance Curve Plot: CD-1 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

873.00 873.00 51.20 4.724 5.199 7-M1t 3.751 2.791 4.540 4.040 5.827 0.000

917.90 917.90 51.31 4.890 5.312 7-M1t 3.889 2.886 4.540 4.040 6.127 0.000

962.80 962.80 51.79 5.057 5.793 7-M2t 5.000 2.979 4.540 4.040 6.426 0.000

1007.70 1007.70 51.87 5.224 5.869 7-M2t 5.000 3.071 4.540 4.040 6.726 0.000

1052.60 1052.60 51.72 5.392 5.722 3-M2t 5.000 3.161 4.540 4.040 7.026 0.000

1097.50 1097.50 51.79 5.562 5.793 3-M2t 5.000 3.251 4.540 4.040 7.325 0.000

1142.40 1142.40 51.92 5.734 5.919 3-M2t 5.000 3.339 4.540 4.040 7.625 0.000

1160.00 1160.00 51.97 5.802 5.970 3-M2t 5.000 3.373 4.540 4.040 7.743 0.000

1232.20 1232.20 52.18 6.085 6.177 3-M2t 5.000 3.512 4.540 4.040 8.225 0.000

1277.10 1277.10 52.31 6.266 6.308 3-M2t 5.000 3.596 4.540 4.040 8.524 0.000

1322.00 1322.00 52.45 6.449 6.440 3-M2t 5.000 3.680 4.540 4.040 8.824 0.000

G-4



Water Surface Profile Plot for Culvert: CD-1 

Site Data - CD-1 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  46.00 ft 

Outlet Station:  485.00 ft 

Outlet Elevation:  45.50 ft 

Number of Barrels:  3 

Culvert Data Summary - CD-1 

Barrel Shape:  Concrete Box 

Barrel Span:  11.00 ft 

Barrel Rise:  5.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge (90º) Headwall 

Inlet Depression:  None 

G-5



Table 3 - Downstream Channel Rating Curve (Crossing: CD-1) 

 Tailwater Channel Data - CD-1 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  50.04 ft 

Roadway Data for Crossing: CD-1 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  88.87 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 873.00 50.04 4.04 
 917.90 50.04 4.04 
 962.80 50.04 4.04 
 1007.70 50.04 4.04 
 1052.60 50.04 4.04 
 1097.50 50.04 4.04 
 1142.40 50.04 4.04 
 1160.00 50.04 4.04 
 1232.20 50.04 4.04 
 1277.10 50.04 4.04 
 1322.00 50.04 4.04 

G-6



Cross Drain 2 



Flow Rate 10 = 1136 ft3/s
Flow Rate 25 = 1325 ft3/s
Flow Rate 50 = 1499 ft3/s
Flow Rate 100 = 1690 ft3/s
Flow Rate 500 = 2233 ft3/s
Pipe Length = 302 ft

Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 13.71 ft
D = 164.48 in

A = 147.56 ft2

Proposed Size = 4-10'x5' CBC

CD-2 Preliminary Culvert Sizing

The flow rate for a 100-year storm event from the Big Econ Stormwater Management Master 
Plan was used to size this culvert. The Manning's Equation was used to produce a trial size for 
the cross drain. The trial size was used to perform HY-8 analysis. While performing the 
overtopping analysis, the cross drain was appropriately sized in order to not violate floodplain 
criteria. The following presents a detailed calculation for sizing CD-2.
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Runoff  Rainfall 
1136.00 0.1 10
1325.00 0.04 25
1690.00 0.01 100
1499.10 0.02 50
2232.70 0.002 500

y = 761.92x‐0.173
R² = 0.9999

1.00

10.00

100.00

1000.00

10000.00

0.001 0.01 0.1 1

Fl
ow

 R
at
e 
(c
fs
)

Rainfall Frequency

Drainage Estimate
CD‐2
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CD-2 HY-8 Culvert Analysis Report



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 1136 cfs 

Design Flow: 1499 cfs 

Maximum Flow: 1690 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-2 

Rating Curve Plot for Crossing: CD-2 

Headwater Elevation 
(ft)

Total Discharge (cfs) CD-2 Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

51.06 1136.00 1136.00 0.00 1

51.16 1191.40 1191.40 0.00 1

51.27 1246.80 1246.80 0.00 1

51.40 1302.20 1302.20 0.00 1

51.57 1357.60 1357.60 0.00 1

51.70 1413.00 1413.00 0.00 1

51.83 1468.40 1468.40 0.00 1

51.91 1499.00 1499.00 0.00 1

52.11 1579.20 1579.20 0.00 1

52.26 1634.60 1634.60 0.00 1

52.41 1690.00 1690.00 0.00 1

85.27 5709.63 5709.63 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-2 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 45.50 ft,    Outlet Elevation (invert): 45.00 ft 

Culvert Length: 302.00 ft,    Culvert Slope: 0.0017 

******************************************************************************** 

Culvert Performance Curve Plot: CD-2 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1136.00 1136.00 51.06 4.960 5.557 3-M1f 3.393 2.926 5.000 4.540 5.680 0.000

1191.40 1191.40 51.16 5.130 5.659 3-M1f 3.511 3.020 5.000 4.540 5.957 0.000

1246.80 1246.80 51.27 5.301 5.770 3-M1f 3.629 3.113 5.000 4.540 6.234 0.000

1302.20 1302.20 51.40 5.473 5.895 3-M1f 3.745 3.205 5.000 4.540 6.511 0.000

1357.60 1357.60 51.57 5.647 6.071 3-M1f 3.860 3.295 5.000 4.540 6.788 0.000

1413.00 1413.00 51.70 5.823 6.197 4-FFf 3.974 3.384 5.000 4.540 7.065 0.000

1468.40 1468.40 51.83 6.002 6.330 4-FFf 5.000 3.472 5.000 4.540 7.342 0.000

1499.00 1499.00 51.91 6.102 6.405 4-FFf 5.000 3.520 5.000 4.540 7.495 0.000

1579.20 1579.20 52.11 6.369 6.610 4-FFf 5.000 3.644 5.000 4.540 7.896 0.000

1634.60 1634.60 52.26 6.558 6.758 4-FFf 5.000 3.729 5.000 4.540 8.173 0.000

1690.00 1690.00 52.41 6.751 6.911 4-FFf 5.000 3.813 5.000 4.540 8.450 0.000
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Water Surface Profile Plot for Culvert: CD-2 

Site Data - CD-2 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  45.50 ft 

Outlet Station:  302.00 ft 

Outlet Elevation:  45.00 ft 

Number of Barrels:  4 

Culvert Data Summary - CD-2 

Barrel Shape:  Concrete Box 

Barrel Span:  10.00 ft 

Barrel Rise:  5.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge (90º) Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-2) 

 Tailwater Channel Data - CD-2 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  50.04 ft 

Roadway Data for Crossing: CD-2 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  85.27 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 1136.00 50.04 4.54 
 1191.40 50.04 4.54 
 1246.80 50.04 4.54 
 1302.20 50.04 4.54 
 1357.60 50.04 4.54 
 1413.00 50.04 4.54 
 1468.40 50.04 4.54 
 1499.00 50.04 4.54 
 1579.20 50.04 4.54 
 1634.60 50.04 4.54 
 1690.00 50.04 4.54 
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Cross Drain 3



Flow Rate 10 = 1354 ft3/s
Flow Rate 25 = 1549 ft3/s
Flow Rate 50 = 1770 ft3/s
Flow Rate 100 = 2000 ft3/s
Flow Rate 500 = 2624 ft3/s
Pipe Length = 400 ft

Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 15.39 ft
D = 184.69 in

A = 186.04 ft2

Proposed Size = 3-11'x7' CBC

CD-3 Preliminary Culvert Sizing

The flow rate for a 100-year storm event from the Big Econ Stormwater Management Master 
Plan was used to size this culvert. The Manning's Equation was used to produce a trial size for 
the cross drain. The trial size was used to perform HY-8 analysis. While performing the 
overtopping analysis, the cross drain was appropriately sized in order to not violate floodplain 
criteria. The following presents a detailed calculation for sizing CD-3.
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Runoff  Rainfall 
1354.00 0.1 10
1549.00 0.04 25
2000.00 0.01 100
1769.98 0.02 50
2624.03 0.002 500

y = 906.66x‐0.171
R² = 0.9964

1.00

10.00

100.00

1000.00

10000.00

0.001 0.01 0.1 1

Fl
ow

 R
at
e 
(c
fs
)

Rainfall Frequency

Drainage Estimate
CD‐3
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CD-3 HY-8 Culvert Analysis Report



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 1354 cfs 

Design Flow: 1770 cfs 

Maximum Flow: 2000 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-3 

Rating Curve Plot for Crossing: CD-3 

Headwater Elevation 
(ft)

Total Discharge (cfs) CD-3 Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

51.24 1354.00 1354.00 0.00 1

51.36 1418.60 1418.60 0.00 1

51.47 1483.20 1483.20 0.00 1

51.60 1547.80 1547.80 0.00 1

51.72 1612.40 1612.40 0.00 1

51.85 1677.00 1677.00 0.00 1

51.99 1741.60 1741.60 0.00 1

52.05 1770.00 1770.00 0.00 1

52.26 1870.80 1870.80 0.00 1

52.41 1935.40 1935.40 0.00 1

52.51 2000.00 2000.00 0.00 1

80.88 6240.70 6240.70 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-3 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 44.00 ft,    Outlet Elevation (invert): 43.50 ft 

Culvert Length: 400.00 ft,    Culvert Slope: 0.0013 

******************************************************************************** 

Culvert Performance Curve Plot: CD-3 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

1354.00 1354.00 51.24 6.323 7.243 7-M1t 4.816 3.739 6.540 6.040 6.274 0.000

1418.60 1418.60 51.36 6.526 7.356 7-M1t 4.985 3.857 6.540 6.040 6.573 0.000

1483.20 1483.20 51.47 6.729 7.474 7-M1t 5.153 3.973 6.540 6.040 6.872 0.000

1547.80 1547.80 51.60 6.931 7.596 7-M1t 5.320 4.088 6.540 6.040 7.172 0.000

1612.40 1612.40 51.72 7.134 7.723 7-M1t 5.486 4.201 6.540 6.040 7.471 0.000

1677.00 1677.00 51.85 7.337 7.853 7-M1t 5.651 4.312 6.540 6.040 7.770 0.000

1741.60 1741.60 51.99 7.542 7.986 7-M1t 5.815 4.423 6.540 6.040 8.070 0.000

1770.00 1770.00 52.05 7.633 8.046 7-M1t 5.886 4.470 6.540 6.040 8.201 0.000

1870.80 1870.80 52.26 7.957 8.264 7-M1t 6.140 4.639 6.540 6.040 8.668 0.000

1935.40 1935.40 52.41 8.168 8.407 7-M1t 6.301 4.745 6.540 6.040 8.968 0.000

2000.00 2000.00 52.51 8.381 8.512 7-M1t 6.462 4.850 6.540 6.040 9.267 0.000
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Water Surface Profile Plot for Culvert: CD-3 

Site Data - CD-3 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  44.00 ft 

Outlet Station:  400.00 ft 

Outlet Elevation:  43.50 ft 

Number of Barrels:  3 

Culvert Data Summary - CD-3 

Barrel Shape:  Concrete Box 

Barrel Span:  11.00 ft 

Barrel Rise:  7.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge (90º) Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-3) 

 Tailwater Channel Data - CD-3 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  50.04 ft 

Roadway Data for Crossing: CD-3 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  80.88 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 1354.00 50.04 6.04 
 1418.60 50.04 6.04 
 1483.20 50.04 6.04 
 1547.80 50.04 6.04 
 1612.40 50.04 6.04 
 1677.00 50.04 6.04 
 1741.60 50.04 6.04 
 1770.00 50.04 6.04 
 1870.80 50.04 6.04 
 1935.40 50.04 6.04 
 2000.00 50.04 6.04 
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Cross Drain 3A



Flow Rate 10 = 3.59 ft3/s
Flow Rate 25 = 4.38 ft3/s
Flow Rate 50 = 5.76 ft3/s
Flow Rate 100 = 7.69 ft3/s
Flow Rate 500 = 12.65 ft3/s
Pipe Length = 303 ft

Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 1.82 ft
D = 21.78 in

A = 2.59 ft2

Proposed Size = 1-30" RCP

CD-3A Preliminary Culvert Sizing
The calculated flow rate for a 100-year storm event, determined by the Rational Method, was 
used to size this culvert. The Manning's Equation was used to produce a trial size for the cross 
drain. The trial size was used to perform HY-8 analysis. While performing the overtopping 
analysis, the cross drain was appropriately sized in order to not violate floodplain criteria. The 
following presents a detailed calculation for sizing CD-3A.
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Land Use Slope Land Cover (%) Runoff 
Coefficient

Area (acre) ‐ A Product

Residential 0‐2% 0.45 0.00 0.00
Commercial 0‐2% 5 0.95 0.13 0.13
Lawn flat 2% 0‐2% 20 0.20 0.47 0.09
Woods/Wetlands 0‐2% 75 0.15 1.76 0.26

Total 2.35 0.49
0.21

Storm Frequency Storm Frequency 
Factor

Rainfall 
Frequency

Intensity ‐ I 
(in/hr)

Adjusted Runoff 
Coefficient ‐ C

Runoff Rate ‐ Q 
(cfs)

10‐Year 1 0.1 7.4 0.21 3.59
25‐Year 1.1 0.04 8.2 0.23 4.38
50‐Year 1.2 0.02 9 0.27 5.76
100‐Year 1.25 0.01 9.6 0.34 7.69
500‐Year ‐ 0.002 ‐ ‐ 12.65

**Time of Concentration was assumed to be 10 minutes for an area this small.

CD‐3A Rational Method

Runoff Coefficient Calculations 

Composite Coefficient
Contributing Flow Rate for Various Storm Frequency

Rational Formula

G-19

kaitlin.startzel
Text Box
** The "Adjusted Runoff Coefficient" will need to be corrected during the final design. The storm frequency factor should be multiplied by the raw 10-year composite coefficient for each storm event.



Runoff  Rainfall 
3.59 0.1 10
4.38 0.04 25
5.76 0.02 50
7.69 0.01 100
12.65 0.002 500

y = 1.5968x‐0.333
R² = 0.9765

1.00

10.00

100.00

0.001 0.01 0.1 1

Fl
ow

 R
at
e 
(c
fs
)

Rainfall Frequency

Drainage Estimate
CD‐3A
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CD-3A HY-8 Culvert Analysis Report
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Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 3.59 cfs 

Design Flow: 5.76 cfs 

Maximum Flow: 7.69 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-3A 

Rating Curve Plot for Crossing: CD-3A 

Headwater Elevation 
(ft)

Total Discharge (cfs)
CD-3A Discharge

(cfs)
Roadway Discharge 

(cfs)
Iterations

57.83 3.59 3.59 0.00 1

57.84 4.00 4.00 0.00 1

57.85 4.41 4.41 0.00 1

57.86 4.82 4.82 0.00 1

57.87 5.23 5.23 0.00 1

57.88 5.64 5.64 0.00 1

57.88 5.76 5.76 0.00 1

57.90 6.46 6.46 0.00 1

57.92 6.87 6.87 0.00 1

57.93 7.28 7.28 0.00 1

57.95 7.69 7.69 0.00 1

75.41 84.31 84.31 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-3A 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 55.30 ft,    Outlet Elevation (invert): 54.80 ft 

Culvert Length: 300.00 ft,    Culvert Slope: 0.0017 

******************************************************************************** 

Culvert Performance Curve Plot: CD-3A 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

3.59 3.59 57.83 0.852 2.532 4-FFf 0.733 0.619 2.500 2.500 0.731 0.000

4.00 4.00 57.84 0.900 2.540 4-FFf 0.776 0.655 2.500 2.500 0.815 0.000

4.41 4.41 57.85 0.949 2.548 4-FFf 0.817 0.686 2.500 2.500 0.898 0.000

4.82 4.82 57.86 0.994 2.558 4-FFf 0.856 0.719 2.500 2.500 0.982 0.000

5.23 5.23 57.87 1.038 2.568 4-FFf 0.894 0.751 2.500 2.500 1.065 0.000

5.64 5.64 57.88 1.080 2.579 4-FFf 0.931 0.782 2.500 2.500 1.149 0.000

5.76 5.76 57.88 1.092 2.582 4-FFf 0.942 0.790 2.500 2.500 1.173 0.000

6.46 6.46 57.90 1.161 2.603 4-FFf 1.003 0.839 2.500 2.500 1.316 0.000

6.87 6.87 57.92 1.201 2.617 4-FFf 1.038 0.864 2.500 2.500 1.400 0.000

7.28 7.28 57.93 1.238 2.631 4-FFf 1.072 0.891 2.500 2.500 1.483 0.000

7.69 7.69 57.95 1.280 2.647 4-FFf 1.106 0.918 2.500 2.500 1.567 0.000
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Water Surface Profile Plot for Culvert: CD-3A 

Site Data - CD-3A 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  55.30 ft 

Outlet Station:  300.00 ft 

Outlet Elevation:  54.80 ft 

Number of Barrels:  1 

Culvert Data Summary - CD-3A 

Barrel Shape:  Circular 

Barrel Diameter:  2.50 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-3A) 

 Tailwater Channel Data - CD-3A 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  57.80 ft 

Roadway Data for Crossing: CD-3A 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  75.41 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 3.59 57.80 2.50 
 4.00 57.80 2.50 
 4.41 57.80 2.50 
 4.82 57.80 2.50 
 5.23 57.80 2.50 
 5.64 57.80 2.50 
 5.76 57.80 2.50 
 6.46 57.80 2.50 
 6.87 57.80 2.50 
 7.28 57.80 2.50 
 7.69 57.80 2.50 
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Cross Drain 4 



Flow Rate 10 = 301 ft3/s
Flow Rate 25 = 370 ft3/s
Flow Rate 50 = 427 ft3/s
Flow Rate 100 = 496 ft3/s
Flow Rate 500 = 702 ft3/s
Pipe Length = 456 ft

Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 9.35 ft
D = 112.21 in

A = 68.67 ft2

Proposed Size = 2-8'x4' CBC

CD-4 Preliminary Culvert Sizing

The flow rate for a 100-year storm event from the Big Econ Stormwater Management Master 
Plan was used to size this culvert. The Manning's Equation was used to produce a trial size for 
the cross drain. The trial size was used to perform HY-8 analysis. While performing the 
overtopping analysis, the cross drain was appropriately sized in order to not violate floodplain 
criteria. The following presents a detailed calculation for sizing CD-4.
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Runoff  Rainfall 
301.00 0.1 10
370.00 0.04 25
496.00 0.01 100
426.95 0.02 50
702.06 0.002 500

y = 183.4x‐0.216
R² = 0.9997

1.00

10.00

100.00

1000.00

0.001 0.01 0.1 1

Fl
ow

 R
at
e 
(c
fs
)

Rainfall Frequency

Drainage Estimate
CD‐4

G-27



CD-4 HY-8 Culvert Analysis Report



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 301 cfs 

Design Flow: 427 cfs 

Maximum Flow: 496 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-4 

Rating Curve Plot for Crossing: CD-4 

Headwater Elevation 
(ft)

Total Discharge (cfs) CD-4 Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

51.27 301.00 301.00 0.00 1

51.38 320.50 320.50 0.00 1

51.49 340.00 340.00 0.00 1

51.61 359.50 359.50 0.00 1

51.72 379.00 379.00 0.00 1

51.84 398.50 398.50 0.00 1

51.97 418.00 418.00 0.00 1

52.03 427.00 427.00 0.00 1

52.46 457.00 457.00 0.00 1

52.72 476.50 476.50 0.00 1

52.95 496.00 496.00 0.00 1

82.31 1727.16 1727.16 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-4 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 47.00 ft,    Outlet Elevation (invert): 46.50 ft 

Culvert Length: 456.00 ft,    Culvert Slope: 0.0011 

******************************************************************************** 

Culvert Performance Curve Plot: CD-4 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

301.00 301.00 51.27 3.763 4.273 7-M1t 3.061 2.223 3.900 3.400 4.824 0.000

320.50 320.50 51.38 3.930 4.380 7-M1t 3.204 2.318 3.900 3.400 5.136 0.000

340.00 340.00 51.49 4.096 4.491 7-M1t 3.346 2.412 3.900 3.400 5.449 0.000

359.50 359.50 51.61 4.265 4.606 7-M1t 3.487 2.503 3.900 3.400 5.761 0.000

379.00 379.00 51.72 4.434 4.724 7-M1t 3.626 2.593 3.900 3.400 6.074 0.000

398.50 398.50 51.84 4.606 4.844 7-M1t 3.764 2.681 3.900 3.400 6.386 0.000

418.00 418.00 51.97 4.782 4.968 3-M2t 4.000 2.767 3.900 3.400 6.699 0.000

427.00 427.00 52.03 4.864 5.025 3-M2t 4.000 2.807 3.900 3.400 6.843 0.000

457.00 457.00 52.46 5.144 5.464 7-M2t 4.000 2.937 3.900 3.400 7.324 0.000

476.50 476.50 52.72 5.331 5.717 7-M2t 4.000 3.020 3.900 3.400 7.636 0.000

496.00 496.00 52.95 5.524 5.954 7-M2t 4.000 3.102 3.900 3.400 7.949 0.000
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Water Surface Profile Plot for Culvert: CD-4 

Site Data - CD-4 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  47.00 ft 

Outlet Station:  456.00 ft 

Outlet Elevation:  46.50 ft 

Number of Barrels:  2 

Culvert Data Summary - CD-4 

Barrel Shape:  Concrete Box 

Barrel Span:  8.00 ft 

Barrel Rise:  4.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge (90º) Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-4) 

 Tailwater Channel Data - CD-4 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  50.40 ft 

Roadway Data for Crossing: CD-4 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  82.31 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 301.00 50.40 3.40 
 320.50 50.40 3.40 
 340.00 50.40 3.40 
 359.50 50.40 3.40 
 379.00 50.40 3.40 
 398.50 50.40 3.40 
 418.00 50.40 3.40 
 427.00 50.40 3.40 
 457.00 50.40 3.40 
 476.50 50.40 3.40 
 496.00 50.40 3.40 
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Cross Drain 5 



Flow Rate 10 = 134 ft3/s
Flow Rate 25 = 171 ft3/s
Flow Rate 50 = 226 ft3/s
Flow Rate 100 = 312 ft3/s
Flow Rate 500 = 541 ft3/s
Pipe Length = 374 ft

Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 7.58 ft
D = 90.92 in

A = 45.08 ft2

Proposed Size = 2-72" RCP

CD-5 Preliminary Culvert Sizing

The calculated flow rate for a 100-year storm event, determined by the Rational Method, was 
used to size this culvert. The Manning's Equation was used to produce a trial size for the cross 
drain. The trial size was used to perform HY-8 analysis. While performing the overtopping 
analysis, the cross drain was appropriately sized in order to not violate floodplain criteria. The 
following presents a detailed calculation for sizing CD-5.
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  TIME OF CONCENTRATION 

PROJECT TITLE: STATE ROAD NO. 408 EASTERN EXTENSION NUMBER: 
LOCATION : ORANGE COUNTY FILE: 
BASIN NAME: CD-5

CONDITIONS COMPUTED VARIABLE Water Resources Group Date
Pre-Development X X Computed By KS 09/05/17
Post-Development Checked By CR
Rainfall Zone: 7 Frequency:

SHEET FLOW
Segment ID

1) SURFACE DESCRIPTION   (table 5-4)
2) MANNNING'S  ROUGHNESS  COEFF.,  [n]  (table 5-4) 0.08
3) FLOW LENGTH,  [L]  (TOTAL L <= 300 ft) ft 300
4) HIGH ELEVATION,  [A] ft 70.0
5) LOW ELEVATION,  [B] ft 68.0
6) TWO YEAR 24-hr RAINFALL ,  [P] in
7) LAND SLOPE, [s] ft/ft

hr 0.291 + 0.291
min = 17.4

SHALLOW CONCENTRATED FLOW
Segment ID

9) SURFACE DESCRIPTION   Enter 1 (Paved) or 2 (Unpaved) 1
10) FLOW LENGTH,  [L] ft 4687
11) HIGH ELEVATION,  [C] 68.0
12) LOW ELEVATION,  [D] 52.0
13) WATERCOURSE  SLOPE, [s] ft/ft 0.0034
14) AVERAGE VELOCITY, [V]  ** ft/sec 1.19

hr 1.10 + = 1.10
min = 65.8

CHANNEL FLOW
Segment ID

16) CROSS  SECTIONAL  FLOW  AREA,  [a] ft^2
ft
ft

19) FLOW LENGTH,  [L] ft
20) HIGH ELEVATION,  [D] ft
21) LOW ELEVATION,  [E] ft
22) CHANNEL SLOPE,  [s] ft/ft
23) MANNNING'S  ROUGHNESS  COEFF.,  [n]
24) COMPUTE V: V  =  (1.49*r^2/3 * s^1/2) / n ft/sec

hr =
min = 0.0

TOTAL TIME (hr) 1.39
 ** Reference: FDOT Drainage Manual Chapter 5.5, TR-55 Chapter 3 & APP-F. TOTAL TIME (min) 83.2

4.92
0.007
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Land Use Slope Land Cover (%) Runoff 
Coefficient

Area (acre) ‐ A Product

Residential 0‐2% 40 0.45 43.61 19.63
Commercial 0‐2% 25 0.95 27.26 25.89
Lawn flat 2% 0‐2% 25 0.20 27.26 5.45
Woods/Wetlands 0‐2% 10 0.15 10.90 1.64

Total 109.03 52.61
0.48

Storm Frequency Storm Frequency 
Factor

Rainfall 
Frequency

Intensity ‐ I 
(in/hr)

Adjusted Runoff 
Coefficient ‐ C

Runoff Rate ‐ Q 
(cfs)

10‐Year 1 0.1 2.55 0.48 134.15
25‐Year 1.1 0.04 2.95 0.53 170.71
50‐Year 1.2 0.02 3.25 0.64 225.68
100‐Year 1.25 0.01 3.60 0.80 312.49
500‐Year ‐ 0.002 ‐ ‐ 540.99

CD‐5 Rational Method

Runoff Coefficient Calculations 

Composite Coefficient
Contributing Flow Rate for Various Storm Frequency

Rational Formula
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Text Box
** The "Adjusted Runoff Coefficient" will need to be corrected during the final design. The storm frequency factor should be multiplied by the raw 10-year composite coefficient for each storm event.
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CD-5 HY-8 Culvert Analysis Report



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 134 cfs 

Design Flow: 226 cfs 

Maximum Flow: 312 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-5 

Rating Curve Plot for Crossing: CD-5 

Headwater Elevation 
(ft) Total Discharge (cfs) CD-5 Discharge (cfs) Roadway Discharge 

(cfs) Iterations

50.50 134.00 134.00 0.00 1 
50.68 151.80 151.80 0.00 1 
50.88 169.60 169.60 0.00 1 
51.08 187.40 187.40 0.00 1 
51.27 205.20 205.20 0.00 1 
51.48 223.00 223.00 0.00 1 
51.51 226.00 226.00 0.00 1 
51.87 258.60 258.60 0.00 1 
52.07 276.40 276.40 0.00 1 
52.26 294.20 294.20 0.00 1 
52.46 312.00 312.00 0.00 1 
84.25 1603.28 1603.28 0.00 Overtopping 
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Table 2 - Culvert Summary Table: CD-5 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 47.00 ft,    Outlet Elevation (invert): 46.50 ft 

Culvert Length: 374.00 ft,    Culvert Slope: 0.0013 

******************************************************************************** 

Culvert Performance Curve Plot: CD-5 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

134.00 134.00 50.50 3.027 3.495 3-M1t 2.566 2.181 3.230 2.730 4.318 0.000 
151.80 151.80 50.68 3.278 3.682 3-M1t 2.755 2.325 3.230 2.730 4.892 0.000 
169.60 169.60 50.88 3.516 3.876 3-M1t 2.938 2.466 3.230 2.730 5.465 0.000 
187.40 187.40 51.08 3.741 4.075 3-M1t 3.119 2.598 3.230 2.730 6.039 0.000 
205.20 205.20 51.27 3.957 4.266 3-M2t 3.299 2.727 3.230 2.730 6.613 0.000 
223.00 223.00 51.48 4.164 4.475 3-M2t 3.479 2.849 3.230 2.730 7.186 0.000 
226.00 226.00 51.51 4.198 4.509 3-M2t 3.509 2.869 3.230 2.730 7.283 0.000 
258.60 258.60 51.87 4.558 4.871 3-M2t 3.845 3.076 3.230 2.730 8.333 0.000 
276.40 276.40 52.07 4.747 5.067 3-M2t 4.037 3.182 3.230 2.730 8.907 0.000 
294.20 294.20 52.26 4.934 5.262 2-M2c 4.238 3.289 3.289 2.730 9.269 0.000 
312.00 312.00 52.46 5.117 5.455 2-M2c 4.453 3.390 3.390 2.730 9.472 0.000 
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Water Surface Profile Plot for Culvert: CD-5 

Site Data - CD-5 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  47.00 ft 

Outlet Station:  374.00 ft 

Outlet Elevation:  46.50 ft 

Number of Barrels:  2 

Culvert Data Summary - CD-5 

Barrel Shape:  Circular 

Barrel Diameter:  6.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-5) 

Tailwater Channel Data - CD-5 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  49.73 ft 

Roadway Data for Crossing: CD-5 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  84.25 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

134.00 49.73 2.73 
151.80 49.73 2.73 
169.60 49.73 2.73 
187.40 49.73 2.73 
205.20 49.73 2.73 
223.00 49.73 2.73 
226.00 49.73 2.73 
258.60 49.73 2.73 
276.40 49.73 2.73 
294.20 49.73 2.73 
312.00 49.73 2.73 
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Cross Drain 6 



Flow Rate 10 = 112 ft3/s
Flow Rate 25 = 141 ft3/s
Flow Rate 50 = 190 ft3/s
Flow Rate 100 = 259 ft3/s
Flow Rate 500 = 449 ft3/s
Pipe Length = 427 ft

Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 7.24 ft
D = 86.92 in

A = 41.21 ft2

Proposed Size = 2-72" RCP

CD-6 Preliminary Culvert Sizing

The calculated flow rate for a 100-year storm event, determined by the Rational Method, was 
used to size this culvert. The Manning's Equation was used to produce a trial size for the cross 
drain. The trial size was used to perform HY-8 analysis. While performing the overtopping 
analysis, the cross drain was appropriately sized in order to not violate floodplain criteria. The 
following presents a detailed calculation for sizing CD-6.
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  TIME OF CONCENTRATION 

PROJECT TITLE: STATE ROAD NO. 408 EASTERN EXTENSION NUMBER: 
LOCATION : ORANGE COUNTY FILE: 
BASIN NAME: CD-6

CONDITIONS COMPUTED VARIABLE Water Resources Group Date
Pre-Development X X Computed By KS 09/05/17
Post-Development Checked By CR
Rainfall Zone: 7 Frequency:

SHEET FLOW
Segment ID

1) SURFACE DESCRIPTION   (table 5-4)
2) MANNNING'S  ROUGHNESS  COEFF.,  [n]  (table 5-4) 0.14
3) FLOW LENGTH,  [L]  (TOTAL L <= 300 ft) ft 300
4) HIGH ELEVATION,  [A] ft 66.0
5) LOW ELEVATION,  [B] ft 65.0
6) TWO YEAR 24-hr RAINFALL ,  [P] in
7) LAND SLOPE, [s] ft/ft

hr 0.626 + 0.626
min = 37.6

SHALLOW CONCENTRATED FLOW
Segment ID

9) SURFACE DESCRIPTION   Enter 1 (Paved) or 2 (Unpaved) 1
10) FLOW LENGTH,  [L] ft 3667
11) HIGH ELEVATION,  [C] 65.0
12) LOW ELEVATION,  [D] 51.0
13) WATERCOURSE  SLOPE, [s] ft/ft 0.0038
14) AVERAGE VELOCITY, [V]  ** ft/sec 1.26

hr 0.81 + = 0.81
min = 48.7

CHANNEL FLOW
Segment ID

16) CROSS  SECTIONAL  FLOW  AREA,  [a] ft^2
ft
ft

19) FLOW LENGTH,  [L] ft
20) HIGH ELEVATION,  [D] ft
21) LOW ELEVATION,  [E] ft
22) CHANNEL SLOPE,  [s] ft/ft
23) MANNNING'S  ROUGHNESS  COEFF.,  [n]
24) COMPUTE V: V  =  (1.49*r^2/3 * s^1/2) / n ft/sec

hr =
min = 0.0

TOTAL TIME (hr) 1.44
 ** Reference: FDOT Drainage Manual Chapter 5.5, TR-55 Chapter 3 & APP-F. TOTAL TIME (min) 86.2

4.92
0.003
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Land Use Slope Land Cover (%) Runoff 
Coefficient

Area (acre) ‐ A Product

Residential 0‐2% 75 0.45 89.26 40.17
Commercial 0‐2% 0 0.95 0.00 0.00
Lawn flat 2% 0‐2% 5 0.20 5.95 1.19
Woods/Wetlands 0‐2% 20 0.15 23.80 3.57

Total 119.01 44.93
0.38

Storm Frequency Storm Frequency 
Factor

Rainfall 
Frequency

Intensity ‐ I 
(in/hr)

Adjusted Runoff 
Coefficient ‐ C

Runoff Rate ‐ Q 
(cfs)

10‐Year 1 0.1 2.5 0.38 112.32
25‐Year 1.1 0.04 2.85 0.42 140.84
50‐Year 1.2 0.02 3.2 0.50 189.77
100‐Year 1.25 0.01 3.5 0.62 259.45
500‐Year ‐ 0.002 ‐ ‐ 448.87

CD‐6 Rational Method

Runoff Coefficient Calculations 

Composite Coefficient
Contributing Flow Rate for Various Storm Frequency

Rational Formula
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Text Box
** The "Adjusted Runoff Coefficient" will need to be corrected during the final design. The storm frequency factor should be multiplied by the raw 10-year composite coefficient for each storm event.
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CD-6 HY-8 Culvert Analysis Report



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 112 cfs 

Design Flow: 190 cfs 

Maximum Flow: 259 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-6 

 Rating Curve Plot for Crossing: CD-6 

Headwater Elevation 
(ft)

Total Discharge (cfs) CD-6 Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

51.06 112.00 112.00 0.00 1

51.27 126.70 126.70 0.00 1

51.48 141.40 141.40 0.00 1

51.67 156.10 156.10 0.00 1

51.86 170.80 170.80 0.00 1

52.04 185.50 185.50 0.00 1

52.10 190.00 190.00 0.00 1

52.40 214.90 214.90 0.00 1

52.57 229.60 229.60 0.00 1

52.74 244.30 244.30 0.00 1

52.91 259.00 259.00 0.00 1

84.64 1588.91 1588.91 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-6 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 48.00 ft,    Outlet Elevation (invert): 47.50 ft 

Culvert Length: 427.00 ft,    Culvert Slope: 0.0012 

******************************************************************************** 

Culvert Performance Curve Plot: CD-6 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

112.00 112.00 51.06 2.745 3.058 3-M2t 2.409 1.988 2.230 1.730 5.853 0.000

126.70 126.70 51.27 2.933 3.274 3-M2t 2.581 2.117 2.230 1.730 6.621 0.000

141.40 141.40 51.48 3.134 3.477 2-M2c 2.747 2.243 2.243 1.730 7.331 0.000

156.10 156.10 51.67 3.337 3.671 2-M2c 2.910 2.359 2.359 1.730 7.561 0.000

170.80 170.80 51.86 3.532 3.860 2-M2c 3.070 2.475 2.475 1.730 7.761 0.000

185.50 185.50 52.04 3.718 4.043 2-M2c 3.228 2.584 2.584 1.730 7.964 0.000

190.00 190.00 52.10 3.774 4.099 2-M2c 3.277 2.617 2.617 1.730 8.020 0.000

214.90 214.90 52.40 4.071 4.398 2-M2c 3.546 2.794 2.794 1.730 8.327 0.000

229.60 229.60 52.57 4.239 4.569 2-M2c 3.707 2.893 2.893 1.730 8.507 0.000

244.30 244.30 52.74 4.403 4.739 2-M2c 3.871 2.988 2.988 1.730 8.686 0.000

259.00 259.00 52.91 4.563 4.906 2-M2c 4.041 3.078 3.078 1.730 8.865 0.000
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Water Surface Profile Plot for Culvert: CD-6 

Site Data - CD-6 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  48.00 ft 

Outlet Station:  427.00 ft 

Outlet Elevation:  47.50 ft 

Number of Barrels:  2 

Culvert Data Summary - CD-6 

Barrel Shape:  Circular 

Barrel Diameter:  6.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-6) 

 Tailwater Channel Data - CD-6 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  49.73 ft 

Roadway Data for Crossing: CD-6 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  84.64 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 112.00 49.73 1.73 
 126.70 49.73 1.73 
 141.40 49.73 1.73 
 156.10 49.73 1.73 
 170.80 49.73 1.73 
 185.50 49.73 1.73 
 190.00 49.73 1.73 
 214.90 49.73 1.73 
 229.60 49.73 1.73 
 244.30 49.73 1.73 
 259.00 49.73 1.73 
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Cross Drain 7 



Flow Rate 10 = 98 ft3/s
Flow Rate 25 = 125 ft3/s
Flow Rate 50 = 165 ft3/s
Flow Rate 100 = 231 ft3/s
Flow Rate 500 = 401 ft3/s
Pipe Length = 129 ft
Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 5.54 ft
D = 66.437 in

A = 24.074 ft2

Proposed Size = 2-48" RCP

CD-7 Preliminary Culvert Sizing

The calculated flow rate for a 100-year storm event, determined by the Rational Method, was 
used to size this culvert. The Manning's Equation was used to produce a trial size for the 
cross drain. The trial size was used to perform HY-8 analysis. While performing the 
overtopping analysis, the cross drain was appropriately sized in order to not violate floodplain 
criteria. The following presents a detailed calculation for sizing CD-7.
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  TIME OF CONCENTRATION 

PROJECT TITLE: STATE ROAD NO. 408 EASTERN EXTENSION NUMBER: 
LOCATION : ORANGE COUNTY FILE: 
BASIN NAME: CD-7

CONDITIONS COMPUTED VARIABLE Water Resources Group Date
Pre-Development X X Computed By KS 09/05/17
Post-Development Checked By CR
Rainfall Zone: 7 Frequency:

SHEET FLOW
Segment ID

1) SURFACE DESCRIPTION   (table 5-4)
2) MANNNING'S  ROUGHNESS  COEFF.,  [n]  (table 5-4) 0.36
3) FLOW LENGTH,  [L]  (TOTAL L <= 300 ft) ft 300
4) HIGH ELEVATION,  [A] ft 68.0
5) LOW ELEVATION,  [B] ft 67.0
6) TWO YEAR 24-hr RAINFALL ,  [P] in
7) LAND SLOPE, [s] ft/ft

hr 1.315 + 1.315
min = 78.9

SHALLOW CONCENTRATED FLOW
Segment ID

9) SURFACE DESCRIPTION   Enter 1 (Paved) or 2 (Unpaved) 1
10) FLOW LENGTH,  [L] ft 1400
11) HIGH ELEVATION,  [C] 67.0
12) LOW ELEVATION,  [D] 57.0
13) WATERCOURSE  SLOPE, [s] ft/ft 0.0071
14) AVERAGE VELOCITY, [V]  ** ft/sec 1.72

hr 0.23 + = 0.23
min = 13.6

CHANNEL FLOW
Segment ID

16) CROSS  SECTIONAL  FLOW  AREA,  [a] ft^2
ft
ft

19) FLOW LENGTH,  [L] ft
20) HIGH ELEVATION,  [D] ft
21) LOW ELEVATION,  [E] ft
22) CHANNEL SLOPE,  [s] ft/ft
23) MANNNING'S  ROUGHNESS  COEFF.,  [n]
24) COMPUTE V: V  =  (1.49*r^2/3 * s^1/2) / n ft/sec

hr =
min = 0.0

TOTAL TIME (hr) 1.54
 ** Reference: FDOT Drainage Manual Chapter 5.5, TR-55 Chapter 3 & APP-F. TOTAL TIME (min) 92.5

4.92
0.003
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Land Use Slope Land Cover (%)
Runoff 

Coefficient Area (acre) ‐ A Product
Residential 0‐2% 5 0.45 3.8975 1.75
Commercial 0‐2% 45 0.95 35.0775 33.32
Lawn flat 2% 0‐2% 20 0.20 15.59 3.12
Woods/Wetlands 0‐2% 30 0.15 23.385 3.51

Total 77.95 41.70
0.54

Storm Frequency Storm Frequency 
Factor

Rainfall 
Frequency

Intensity 
(in/hr)

Adjusted Runoff 
Coefficient ‐ C

Runoff Rate ‐ Q 
(cfs)

10‐Year 1 0.1 2.35 0.54 98.00
25‐Year 1.1 0.04 2.72 0.59 124.78
50‐Year 1.2 0.02 3 0.71 165.14
100‐Year 1.25 0.01 3.35 0.88 230.51
500‐Year ‐ 0.002 ‐ ‐ 400.93

CD‐7 Rational Method

Rational Formula

Runoff Coefficient Calculations 

Contributing Flow Rate for Various Storm Frequency

Composite Coefficient
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Text Box
** The "Adjusted Runoff Coefficient" will need to be corrected during the final design. The storm frequency factor should be multiplied by the raw 10-year composite coefficient for each storm event.
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CD-7 HY-8 Culvert Analysis Report 



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 98 cfs 

Design Flow: 165 cfs 

Maximum Flow: 231 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-7 

Rating Curve Plot for Crossing: CD-7 

Headwater Elevation 
(ft)

Total Discharge (cfs) CD-7 Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

60.98 98.00 98.00 0.00 1

61.12 111.30 111.30 0.00 1

61.28 124.60 124.60 0.00 1

61.45 137.90 137.90 0.00 1

61.65 151.20 151.20 0.00 1

61.86 164.50 164.50 0.00 1

61.86 165.00 165.00 0.00 1

62.33 191.10 191.10 0.00 1

62.59 204.40 204.40 0.00 1

62.88 217.70 217.70 0.00 1

63.17 231.00 231.00 0.00 1

68.47 384.40 384.40 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-7 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 56.50 ft,    Outlet Elevation (invert): 56.00 ft 

Culvert Length: 129.00 ft,    Culvert Slope: 0.0039 

******************************************************************************** 

Culvert Performance Curve Plot: CD-7 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

98.00 98.00 60.98 3.115 4.481 4-FFf 1.960 2.096 4.000 4.000 3.899 0.000

111.30 111.30 61.12 3.370 4.621 4-FFf 2.115 2.240 4.000 4.000 4.428 0.000

124.60 124.60 61.28 3.621 4.778 4-FFf 2.270 2.377 4.000 4.000 4.958 0.000

137.90 137.90 61.45 3.873 4.953 4-FFf 2.426 2.505 4.000 4.000 5.487 0.000

151.20 151.20 61.65 4.132 5.146 4-FFf 2.586 2.629 4.000 4.000 6.016 0.000

164.50 164.50 61.86 4.401 5.356 4-FFf 2.754 2.745 4.000 4.000 6.545 0.000

165.00 165.00 61.86 4.411 5.364 4-FFf 2.760 2.749 4.000 4.000 6.565 0.000

191.10 191.10 62.33 4.985 5.830 4-FFf 3.142 2.959 4.000 4.000 7.604 0.000

204.40 204.40 62.59 5.305 6.094 4-FFf 4.000 3.058 4.000 4.000 8.133 0.000

217.70 217.70 62.88 5.647 6.375 4-FFf 4.000 3.151 4.000 4.000 8.662 0.000

231.00 231.00 63.17 6.012 6.674 4-FFf 4.000 3.239 4.000 4.000 9.191 0.000
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Water Surface Profile Plot for Culvert: CD-7 

Site Data - CD-7 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  56.50 ft 

Outlet Station:  129.00 ft 

Outlet Elevation:  56.00 ft 

Number of Barrels:  2 

Culvert Data Summary - CD-7 

Barrel Shape:  Circular 

Barrel Diameter:  4.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-7) 

 Tailwater Channel Data - CD-7 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  60.50 ft 

Roadway Data for Crossing: CD-7 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  68.47 ft 

Roadway Surface:  Paved 

Roadway Top Width:  84.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 98.00 60.50 4.00 
 111.30 60.50 4.00 
 124.60 60.50 4.00 
 137.90 60.50 4.00 
 151.20 60.50 4.00 
 164.50 60.50 4.00 
 165.00 60.50 4.00 
 191.10 60.50 4.00 
 204.40 60.50 4.00 
 217.70 60.50 4.00 
 231.00 60.50 4.00 
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Cross Drain 8 



Flow Rate 10 = 133 ft3/s
Flow Rate 25 = 169 ft3/s
Flow Rate 50 = 223 ft3/s
Flow Rate 100 = 309 ft3/s
Flow Rate 500 = 535 ft3/s
Pipe Length = 447 ft
Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 7.80 ft
D = 93.615 in

A = 47.80 ft2

Proposed Size = 1-10'x5' CBC

CD-8 Preliminary Culvert Sizing

The calculated flow rate for a 100-year storm event, determined by the Rational Method, was 
used to size this culvert. The Manning's Equation was used to produce a trial size for the cross 
drain. The trial size was used to perform HY-8 analysis. While performing the overtopping 
analysis, the cross drain was appropriately sized in order to not violate floodplain criteria. The 
following presents a detailed calculation for sizing CD-8.
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  TIME OF CONCENTRATION 

PROJECT TITLE: STATE ROAD NO. 408 EASTERN EXTENSION NUMBER: 
LOCATION : ORANGE COUNTY FILE: 
BASIN NAME: CD-8

CONDITIONS COMPUTED VARIABLE Water Resources Group Date
Pre-Development X X Computed By KS 09/05/17
Post-Development Checked By CR
Rainfall Zone: 7 Frequency:

SHEET FLOW
Segment ID

1) SURFACE DESCRIPTION   (table 5-4)
2) MANNNING'S  ROUGHNESS  COEFF.,  [n]  (table 5-4) 0.36
3) FLOW LENGTH,  [L]  (TOTAL L <= 300 ft) ft 300
4) HIGH ELEVATION,  [A] ft 68.0
5) LOW ELEVATION,  [B] ft 67.0
6) TWO YEAR 24-hr RAINFALL ,  [P] in
7) LAND SLOPE, [s] ft/ft

hr 1.315 + 1.315
min = 78.9

SHALLOW CONCENTRATED FLOW
Segment ID

9) SURFACE DESCRIPTION   Enter 1 (Paved) or 2 (Unpaved) 1
10) FLOW LENGTH,  [L] ft 2300
11) HIGH ELEVATION,  [C] 67.0
12) LOW ELEVATION,  [D] 50.0
13) WATERCOURSE  SLOPE, [s] ft/ft 0.0074
14) AVERAGE VELOCITY, [V]  ** ft/sec 1.75

hr 0.37 + = 0.37
min = 21.9

CHANNEL FLOW
Segment ID

16) CROSS  SECTIONAL  FLOW  AREA,  [a] ft^2
ft
ft

19) FLOW LENGTH,  [L] ft
20) HIGH ELEVATION,  [D] ft
21) LOW ELEVATION,  [E] ft
22) CHANNEL SLOPE,  [s] ft/ft
23) MANNNING'S  ROUGHNESS  COEFF.,  [n]
24) COMPUTE V: V  =  (1.49*r^2/3 * s^1/2) / n ft/sec

hr =
min = 0.0

TOTAL TIME (hr) 1.68
 ** Reference: FDOT Drainage Manual Chapter 5.5, TR-55 Chapter 3 & APP-F. TOTAL TIME (min) 100.8

4.92
0.003
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Land Use Slope Land Cover (%) Runoff 
Coefficient

Area (acre) ‐ A Product

Residential 0‐2% 5 0.45 6.072 2.73
Commercial 0‐2% 40 0.95 48.576 46.15
Lawn flat 2% 0‐2% 25 0.20 30.36 6.07
Woods/Wetlands 0‐2% 30 0.15 36.432 5.46

Total 121.44 60.42
0.50

Storm Frequency Storm Frequency 
Factor

Rainfall 
Frequency

Intensity ‐ I 
(in/hr)

Adjusted Runoff 
Coefficient ‐ C

Runoff Rate ‐ Q 
(cfs)

10‐Year 1 0.1 2.2 0.50 132.92
25‐Year 1.1 0.04 2.55 0.55 169.47
50‐Year 1.2 0.02 2.8 0.66 223.30
100‐Year 1.25 0.01 3.1 0.82 309.03
500‐Year ‐ 0.002 ‐ ‐ 534.59

CD‐8 Rational Method

Rational Formula

Runoff Coefficient Calculations 

Contributing Flow Rate for Various Storm Frequency

Composite Coefficient
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Text Box
** The "Adjusted Runoff Coefficient" will need to be corrected during the final design. The storm frequency factor should be multiplied by the raw 10-year composite coefficient for each storm event.



Flow Rate ( Frequency
132.92 0.1
169.47 0.04
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CD-8 HY-8 Culvert Analysis Report



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 133 cfs 

Design Flow: 223 cfs 

Maximum Flow: 309 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-8 

Rating Curve Plot for Crossing: CD-8 

Headwater Elevation 
(ft)

Total Discharge (cfs) CD-8 Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

53.78 133.00 133.00 0.00 1

53.85 150.60 150.60 0.00 1

53.94 168.20 168.20 0.00 1

54.03 185.80 185.80 0.00 1

54.14 203.40 203.40 0.00 1

54.25 221.00 221.00 0.00 1

54.27 223.00 223.00 0.00 1

54.51 256.20 256.20 0.00 1

54.65 273.80 273.80 0.00 1

54.80 291.40 291.40 0.00 1

54.96 309.00 309.00 0.00 1

84.68 1356.63 1356.63 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-8 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 48.51 ft,    Outlet Elevation (invert): 48.00 ft 

Culvert Length: 447.00 ft,    Culvert Slope: 0.0011 

******************************************************************************** 

Culvert Performance Curve Plot: CD-8 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

133.00 133.00 53.78 3.008 5.269 4-FFf 2.270 1.764 5.000 5.000 2.660 0.000

150.60 150.60 53.85 3.259 5.344 4-FFf 2.473 1.917 5.000 5.000 3.012 0.000

168.20 168.20 53.94 3.501 5.430 4-FFf 2.671 2.063 5.000 5.000 3.364 0.000

185.80 185.80 54.03 3.735 5.524 4-FFf 2.865 2.205 5.000 5.000 3.716 0.000

203.40 203.40 54.14 3.963 5.628 4-FFf 3.054 2.342 5.000 5.000 4.068 0.000

221.00 221.00 54.25 4.186 5.742 4-FFf 3.240 2.475 5.000 5.000 4.420 0.000

223.00 223.00 54.27 4.211 5.755 4-FFf 3.261 2.490 5.000 5.000 4.460 0.000

256.20 256.20 54.51 4.621 5.997 4-FFf 3.603 2.732 5.000 5.000 5.124 0.000

273.80 273.80 54.65 4.837 6.138 4-FFf 3.780 2.855 5.000 5.000 5.476 0.000

291.40 291.40 54.80 5.052 6.289 4-FFf 3.956 2.977 5.000 5.000 5.828 0.000

309.00 309.00 54.96 5.269 6.450 4-FFf 5.000 3.095 5.000 5.000 6.180 0.000
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Water Surface Profile Plot for Culvert: CD-8 

Site Data - CD-8 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  48.51 ft 

Outlet Station:  447.00 ft 

Outlet Elevation:  48.00 ft 

Number of Barrels:  1 

Culvert Data Summary - CD-8 

Barrel Shape:  Concrete Box 

Barrel Span:  10.00 ft 

Barrel Rise:  5.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge (90º) Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-8) 

 Tailwater Channel Data - CD-8 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  53.51 ft 

Roadway Data for Crossing: CD-8 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  84.68 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 133.00 53.51 5.00 
 150.60 53.51 5.00 
 168.20 53.51 5.00 
 185.80 53.51 5.00 
 203.40 53.51 5.00 
 221.00 53.51 5.00 
 223.00 53.51 5.00 
 256.20 53.51 5.00 
 273.80 53.51 5.00 
 291.40 53.51 5.00 
 309.00 53.51 5.00 
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Cross Drain 9 



Flow Rate 10 = 92 ft3/s
Flow Rate 25 = 117 ft3/s
Flow Rate 50 = 153 ft3/s
Flow Rate 100 = 212 ft3/s
Flow Rate 500 = 364 ft3/s
Pipe Length = 300 ft
Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 6.28 ft
D = 75.397 in

A = 31.006 ft2

Proposed Size = 1-72" RCP

CD-9 Preliminary Culvert Sizing

The calculated flow rate for a 100-year storm event, determined by the Rational Method, was 
used to size this culvert. The Manning's Equation was used to produce a trial size for the 
cross drain. The trial size was used to perform HY-8 analysis. While performing the 
overtopping analysis, the cross drain was appropriately sized in order to not violate floodplain 
criteria. The following presents a detailed calculation for sizing CD-9.

G-64



  TIME OF CONCENTRATION 

PROJECT TITLE: STATE ROAD NO. 408 EASTERN EXTENSION NUMBER: 
LOCATION : ORANGE COUNTY FILE: 
BASIN NAME: CD-9

CONDITIONS COMPUTED VARIABLE Water Resources Group Date
Pre-Development X X Computed By KS 09/05/17
Post-Development Checked By CR
Rainfall Zone: 7 Frequency:

SHEET FLOW
Segment ID

1) SURFACE DESCRIPTION   (table 5-4)
2) MANNNING'S  ROUGHNESS  COEFF.,  [n]  (table 5-4) 0.41
3) FLOW LENGTH,  [L]  (TOTAL L <= 300 ft) ft 300
4) HIGH ELEVATION,  [A] ft 67.0
5) LOW ELEVATION,  [B] ft 66.0
6) TWO YEAR 24-hr RAINFALL ,  [P] in
7) LAND SLOPE, [s] ft/ft

hr 1.441 + 1.441
min = 86.5

SHALLOW CONCENTRATED FLOW
Segment ID

9) SURFACE DESCRIPTION   Enter 1 (Paved) or 2 (Unpaved) 2
10) FLOW LENGTH,  [L] ft 1665
11) HIGH ELEVATION,  [C] 66.0
12) LOW ELEVATION,  [D] 38.0
13) WATERCOURSE  SLOPE, [s] ft/ft 0.0168
14) AVERAGE VELOCITY, [V]  ** ft/sec 2.09

hr 0.22 + = 0.22
min = 13.3

CHANNEL FLOW
Segment ID

16) CROSS  SECTIONAL  FLOW  AREA,  [a] ft^2
ft
ft

19) FLOW LENGTH,  [L] ft
20) HIGH ELEVATION,  [D] ft
21) LOW ELEVATION,  [E] ft
22) CHANNEL SLOPE,  [s] ft/ft
23) MANNNING'S  ROUGHNESS  COEFF.,  [n]
24) COMPUTE V: V  =  (1.49*r^2/3 * s^1/2) / n ft/sec

hr =
min = 0.0

TOTAL TIME (hr) 1.66
 ** Reference: FDOT Drainage Manual Chapter 5.5, TR-55 Chapter 3 & APP-F. TOTAL TIME (min) 99.7

4.92
0.003
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Land Use Slope Land Cover (%) Runoff 
Coefficient

Area (acre) ‐ A Product

Residential 0‐2% 5 0.45 3.79 1.71
Commercial 0‐2% 45 0.95 34.12 32.41
Lawn flat 2% 0‐2% 25 0.20 18.96 3.79
Woods/Wetlands 0‐2% 25 0.15 18.96 2.84

Total 75.82 40.75
0.54

Storm Frequency Storm Frequency 
Factor

Rainfall 
Frequency

Intensity ‐ I 
(in/hr)

Adjusted Runoff 
Coefficient ‐ C

Runoff Rate ‐ Q 
(cfs)

10‐Year 1 0.1 2.25 0.54 91.69
25‐Year 1.1 0.04 2.6 0.59 116.55
50‐Year 1.2 0.02 2.85 0.71 153.31
100‐Year 1.25 0.01 3.15 0.89 211.82
500‐Year ‐ 0.002 ‐ ‐ 364.25

Contributing Flow Rate for Various Storm Frequency

Runoff Coefficient Calculations 

Composite Coefficient

CD‐9 Rational Method

Rational Formula
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Text Box
** The "Adjusted Runoff Coefficient" will need to be corrected during the final design. The storm frequency factor should be multiplied by the raw 10-year composite coefficient for each storm event.
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CD-9 HY-8 Culvert Analysis Report



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 92 cfs 

Design Flow: 153 cfs 

Maximum Flow: 212 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-9 

Rating Curve Plot for Crossing: CD-9 

Headwater Elevation 
(ft)

Total Discharge (cfs) CD-9 Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

42.87 92.00 92.00 0.00 1

42.97 104.00 104.00 0.00 1

43.08 116.00 116.00 0.00 1

43.21 128.00 128.00 0.00 1

43.35 140.00 140.00 0.00 1

43.50 152.00 152.00 0.00 1

43.51 153.00 153.00 0.00 1

43.84 176.00 176.00 0.00 1

44.03 188.00 188.00 0.00 1

44.23 200.00 200.00 0.00 1

44.45 212.00 212.00 0.00 1

54.79 532.70 532.70 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-9 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 36.50 ft,    Outlet Elevation (invert): 36.00 ft 

Culvert Length: 300.00 ft,    Culvert Slope: 0.0017 

******************************************************************************** 

Culvert Performance Curve Plot: CD-9 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

92.00 92.00 42.87 3.698 6.367 4-FFf 2.889 2.572 6.000 6.000 3.254 0.000

104.00 104.00 42.97 3.989 6.468 4-FFf 3.108 2.747 6.000 6.000 3.678 0.000

116.00 116.00 43.08 4.265 6.583 4-FFf 3.325 2.909 6.000 6.000 4.103 0.000

128.00 128.00 43.21 4.529 6.710 4-FFf 3.542 3.060 6.000 6.000 4.527 0.000

140.00 140.00 43.35 4.784 6.849 4-FFf 3.764 3.206 6.000 6.000 4.951 0.000

152.00 152.00 43.50 5.034 7.001 4-FFf 3.991 3.345 6.000 6.000 5.376 0.000

153.00 153.00 43.51 5.055 7.014 4-FFf 4.011 3.356 6.000 6.000 5.411 0.000

176.00 176.00 43.84 5.527 7.341 4-FFf 4.496 3.612 6.000 6.000 6.225 0.000

188.00 188.00 44.03 5.775 7.531 4-FFf 6.000 3.741 6.000 6.000 6.649 0.000

200.00 200.00 44.23 6.026 7.732 4-FFf 6.000 3.862 6.000 6.000 7.074 0.000

212.00 212.00 44.45 6.284 7.946 4-FFf 6.000 3.980 6.000 6.000 7.498 0.000
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Water Surface Profile Plot for Culvert: CD-9 

Site Data - CD-9 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  36.50 ft 

Outlet Station:  300.00 ft 

Outlet Elevation:  36.00 ft 

Number of Barrels:  1 

Culvert Data Summary - CD-9 

Barrel Shape:  Circular 

Barrel Diameter:  6.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-9) 

 Tailwater Channel Data - CD-9 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  42.50 ft 

Roadway Data for Crossing: CD-9 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  54.79 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 92.00 42.50 6.00 
 104.00 42.50 6.00 
 116.00 42.50 6.00 
 128.00 42.50 6.00 
 140.00 42.50 6.00 
 152.00 42.50 6.00 
 153.00 42.50 6.00 
 176.00 42.50 6.00 
 188.00 42.50 6.00 
 200.00 42.50 6.00 
 212.00 42.50 6.00 
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Cross Drain 10 



Flow Rate 10 = 265 ft3/s
Flow Rate 25 = 312 ft3/s
Flow Rate 50 = 353 ft3/s
Flow Rate 100 = 398 ft3/s
Flow Rate 500 = 530 ft3/s
Pipe Length = 310 ft

Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 8.01 ft
D = 96.11 in

A = 50.38 ft2

Proposed Size = 2-6'x4' CBC

CD-10 Preliminary Culvert Sizing

The flow rate for a 100-year storm event from the Bithlo Area Stormwater Management Master 
Plan was used to size this culvert. The Manning's Equation was used to produce a trial size for 
the cross drain. The trial size was used to perform HY-8 analysis. While performing the 
overtopping analysis, the cross drain was appropriately sized in order to not violate floodplain 
criteria. The following presents a detailed calculation for sizing CD-10.
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Runoff  Rainfall 
265.00 0.1 10
312.00 0.04 25
398.00 0.01 100
352.91 0.02 50
530.47 0.002 500

y = 176.58x‐0.177
R² = 1
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CD-10 HY-8 Culvert Analysis Report



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 265 cfs 

Design Flow: 353 cfs 

Maximum Flow: 398 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-10 

Rating Curve Plot for Crossing: CD-10 

Headwater Elevation 
(ft)

Total Discharge (cfs)
CD-10 Discharge

(cfs)
Roadway Discharge 

(cfs)
Iterations

43.19 265.00 265.00 0.00 1

43.31 278.30 278.30 0.00 1

43.44 291.60 291.60 0.00 1

43.58 304.90 304.90 0.00 1

43.72 318.20 318.20 0.00 1

43.86 331.50 331.50 0.00 1

44.02 344.80 344.80 0.00 1

44.11 353.00 353.00 0.00 1

44.34 371.40 371.40 0.00 1

44.51 384.70 384.70 0.00 1

44.69 398.00 398.00 0.00 1

55.97 896.98 896.98 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-10 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 38.00 ft,    Outlet Elevation (invert): 37.50 ft 

Culvert Length: 310.00 ft,    Culvert Slope: 0.0016 

******************************************************************************** 

Culvert Performance Curve Plot: CD-10 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

265.00 265.00 43.19 4.210 5.190 4-FFf 3.199 2.474 4.000 4.000 5.521 0.000

278.30 278.30 43.31 4.364 5.313 4-FFf 3.321 2.556 4.000 4.000 5.798 0.000

291.60 291.60 43.44 4.519 5.441 4-FFf 3.441 2.637 4.000 4.000 6.075 0.000

304.90 304.90 43.58 4.677 5.576 4-FFf 3.561 2.717 4.000 4.000 6.352 0.000

318.20 318.20 43.72 4.838 5.716 4-FFf 3.680 2.795 4.000 4.000 6.629 0.000

331.50 331.50 43.86 5.001 5.863 4-FFf 3.799 2.872 4.000 4.000 6.906 0.000

344.80 344.80 44.02 5.169 6.015 4-FFf 4.000 2.949 4.000 4.000 7.183 0.000

353.00 353.00 44.11 5.274 6.112 4-FFf 4.000 2.995 4.000 4.000 7.354 0.000

371.40 371.40 44.34 5.515 6.338 4-FFf 4.000 3.099 4.000 4.000 7.737 0.000

384.70 384.70 44.51 5.695 6.509 4-FFf 4.000 3.172 4.000 4.000 8.015 0.000

398.00 398.00 44.69 5.880 6.685 4-FFf 4.000 3.245 4.000 4.000 8.292 0.000
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Water Surface Profile Plot for Culvert: CD-10 

Site Data - CD-10 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  38.00 ft 

Outlet Station:  310.00 ft 

Outlet Elevation:  37.50 ft 

Number of Barrels:  2 

Culvert Data Summary - CD-10 

Barrel Shape:  Concrete Box 

Barrel Span:  6.00 ft 

Barrel Rise:  4.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge (90º) Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-10) 

 Tailwater Channel Data - CD-10 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  42.00 ft 

Roadway Data for Crossing: CD-10 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  55.97 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 265.00 42.00 4.00 
 278.30 42.00 4.00 
 291.60 42.00 4.00 
 304.90 42.00 4.00 
 318.20 42.00 4.00 
 331.50 42.00 4.00 
 344.80 42.00 4.00 
 353.00 42.00 4.00 
 371.40 42.00 4.00 
 384.70 42.00 4.00 
 398.00 42.00 4.00 
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Cross Drain 11 



Flow Rate 10 = 14 ft3/s
Flow Rate 25 = 18 ft3/s
Flow Rate 50 = 21 ft3/s
Flow Rate 100 = 24 ft3/s
Flow Rate 500 = 35 ft3/s
Pipe Length = 395 ft

Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 2.92 ft
D = 35.08 in

A = 6.71 ft2

Proposed Size = 2-24" RCP

CD-11 Preliminary Culvert Sizing

The flow rate for a 100-year storm event from the Bithlo Area Stormwater Management Master 
Plan was used to size this culvert. The Manning's Equation was used to produce a trial size for 
the cross drain. The trial size was used to perform HY-8 analysis. While performing the 
overtopping analysis, the cross drain was appropriately sized in order to not violate floodplain 
criteria. The following presents a detailed calculation for sizing CD-11.
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Runoff  Rainfall 
14.00 0.1 10
18.00 0.04 25
24.00 0.01 100
20.64 0.02 50
35.21 0.002 500

y = 8.3277x‐0.232
R² = 0.9939

1.00

10.00

100.00

0.001 0.01 0.1 1

Fl
ow

 R
at
e 
(c
fs
)

Rainfall Frequency

Drainage Estimate
CD‐11
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CD-11 HY-8 Culvert Analysis Report



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 14 cfs 

Design Flow: 21 cfs 

Maximum Flow: 24 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-11 

Rating Curve Plot for Crossing: CD-11 

Headwater Elevation 
(ft)

Total Discharge (cfs)
CD-11 Discharge

(cfs)
Roadway Discharge 

(cfs)
Iterations

58.44 14.00 14.00 0.00 1

58.50 15.00 15.00 0.00 1

58.57 16.00 16.00 0.00 1

58.64 17.00 17.00 0.00 1

58.72 18.00 18.00 0.00 1

58.80 19.00 19.00 0.00 1

58.89 20.00 20.00 0.00 1

58.98 21.00 21.00 0.00 1

59.08 22.00 22.00 0.00 1

59.18 23.00 23.00 0.00 1

59.28 24.00 24.00 0.00 1

83.94 107.98 107.98 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-11 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 56.00 ft,    Outlet Elevation (invert): 55.50 ft 

Culvert Length: 395.00 ft,    Culvert Slope: 0.0013 

******************************************************************************** 

Culvert Performance Curve Plot: CD-11 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

14.00 14.00 58.44 1.370 2.436 4-FFf 1.320 0.939 2.000 2.000 2.228 0.000

15.00 15.00 58.50 1.429 2.501 4-FFf 1.391 0.974 2.000 2.000 2.387 0.000

16.00 16.00 58.57 1.486 2.570 4-FFf 1.467 1.006 2.000 2.000 2.546 0.000

17.00 17.00 58.64 1.542 2.643 4-FFf 1.552 1.038 2.000 2.000 2.706 0.000

18.00 18.00 58.72 1.597 2.721 4-FFf 2.000 1.069 2.000 2.000 2.865 0.000

19.00 19.00 58.80 1.651 2.803 4-FFf 2.000 1.098 2.000 2.000 3.024 0.000

20.00 20.00 58.89 1.705 2.890 4-FFf 2.000 1.126 2.000 2.000 3.183 0.000

21.00 21.00 58.98 1.758 2.981 4-FFf 2.000 1.158 2.000 2.000 3.342 0.000

22.00 22.00 59.08 1.812 3.077 4-FFf 2.000 1.186 2.000 2.000 3.501 0.000

23.00 23.00 59.18 1.865 3.177 4-FFf 2.000 1.213 2.000 2.000 3.661 0.000

24.00 24.00 59.28 1.919 3.282 4-FFf 2.000 1.239 2.000 2.000 3.820 0.000
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Water Surface Profile Plot for Culvert: CD-11 

Site Data - CD-11 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  56.00 ft 

Outlet Station:  395.00 ft 

Outlet Elevation:  55.50 ft 

Number of Barrels:  2 

Culvert Data Summary - CD-11 

Barrel Shape:  Circular 

Barrel Diameter:  2.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-11) 

 Tailwater Channel Data - CD-11 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  58.00 ft 

Roadway Data for Crossing: CD-11 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  83.94 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 14.00 58.00 2.00 
 15.00 58.00 2.00 
 16.00 58.00 2.00 
 17.00 58.00 2.00 
 18.00 58.00 2.00 
 19.00 58.00 2.00 
 20.00 58.00 2.00 
 21.00 58.00 2.00 
 22.00 58.00 2.00 
 23.00 58.00 2.00 
 24.00 58.00 2.00 
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Cross Drain 12 



Flow Rate 10 = 299 ft3/s
Flow Rate 25 = 340 ft3/s
Flow Rate 50 = 373 ft3/s
Flow Rate 100 = 409 ft3/s
Flow Rate 500 = 510 ft3/s
Pipe Length = 522 ft
Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 8.92 ft
D = 107.059 in

A = 62.51 ft2

Proposed Size = 2-8'x4' CBC

CD-12 Preliminary Culvert Sizing

The flow rate for a 100-year storm event from the Bithlo Area Stormwater Management Master 
Plan was used to size this culvert. The Manning's Equation was used to produce a trial size for 
the cross drain. The trial size was used to perform HY-8 analysis. While performing the 
overtopping analysis, the cross drain was appropriately sized in order to not violate floodplain 
criteria. The following presents a detailed calculation for sizing CD-12.
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Runoff  Rainfall 
299.00 0.1 10
340.00 0.04 25
409.00 0.01 100
372.88 0.02 50
509.99 0.002 500

y = 219.03x‐0.136
R² = 0.9998

1.00

10.00

100.00

1000.00

0.001 0.01 0.1 1

Fl
ow

 R
at
e 
(c
fs
)

Rainfall Frequency

Drainage Estimate
CD‐12
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CD-12 HY-8 Culvert Analysis Report



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 299 cfs 

Design Flow: 373 cfs 

Maximum Flow: 409 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-12 

Rating Curve Plot for Crossing: CD-12 

Headwater Elevation 
(ft)

Total Discharge (cfs)
CD-12 Discharge

(cfs)
Roadway Discharge 

(cfs)
Iterations

54.01 299.00 299.00 0.00 1

54.09 310.00 310.00 0.00 1

54.17 321.00 321.00 0.00 1

54.25 332.00 332.00 0.00 1

54.33 343.00 343.00 0.00 1

54.42 354.00 354.00 0.00 1

54.51 365.00 365.00 0.00 1

54.57 373.00 373.00 0.00 1

54.70 387.00 387.00 0.00 1

54.79 398.00 398.00 0.00 1

54.89 409.00 409.00 0.00 1

75.36 1405.58 1405.58 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-12 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 49.00 ft,    Outlet Elevation (invert): 48.50 ft 

Culvert Length: 522.00 ft,    Culvert Slope: 0.0010 

******************************************************************************** 

Culvert Performance Curve Plot: CD-12 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

299.00 299.00 54.01 3.746 5.012 4-FFf 3.200 2.214 4.000 4.000 4.672 0.000

310.00 310.00 54.09 3.840 5.088 4-FFf 3.286 2.267 4.000 4.000 4.844 0.000

321.00 321.00 54.17 3.934 5.166 4-FFf 3.371 2.321 4.000 4.000 5.016 0.000

332.00 332.00 54.25 4.028 5.247 4-FFf 3.456 2.374 4.000 4.000 5.188 0.000

343.00 343.00 54.33 4.123 5.332 4-FFf 3.541 2.426 4.000 4.000 5.359 0.000

354.00 354.00 54.42 4.217 5.418 4-FFf 3.624 2.477 4.000 4.000 5.531 0.000

365.00 365.00 54.51 4.312 5.508 4-FFf 3.708 2.528 4.000 4.000 5.703 0.000

373.00 373.00 54.57 4.382 5.575 4-FFf 3.768 2.565 4.000 4.000 5.828 0.000

387.00 387.00 54.70 4.505 5.695 4-FFf 3.874 2.629 4.000 4.000 6.047 0.000

398.00 398.00 54.79 4.602 5.793 4-FFf 4.000 2.678 4.000 4.000 6.219 0.000

409.00 409.00 54.89 4.701 5.893 4-FFf 4.000 2.728 4.000 4.000 6.391 0.000
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Water Surface Profile Plot for Culvert: CD-12 

Site Data - CD-12 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  49.00 ft 

Outlet Station:  522.00 ft 

Outlet Elevation:  48.50 ft 

Number of Barrels:  2 

Culvert Data Summary - CD-12 

Barrel Shape:  Concrete Box 

Barrel Span:  8.00 ft 

Barrel Rise:  4.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge (90º) Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-12) 

 Tailwater Channel Data - CD-12 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  53.00 ft 

Roadway Data for Crossing: CD-12 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  75.36 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 299.00 53.00 4.00 
 310.00 53.00 4.00 
 321.00 53.00 4.00 
 332.00 53.00 4.00 
 343.00 53.00 4.00 
 354.00 53.00 4.00 
 365.00 53.00 4.00 
 373.00 53.00 4.00 
 387.00 53.00 4.00 
 398.00 53.00 4.00 
 409.00 53.00 4.00 
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Cross Drain 13



Flow Rate 10 = 26 ft3/s
Flow Rate 25 = 35 ft3/s
Flow Rate 50 = 42 ft3/s
Flow Rate 100 = 51 ft3/s
Flow Rate 500 = 82 ft3/s
Pipe Length = 325 ft
Change in FL Elevation from 
Upstream to Downstream = 0.50 ft

Manning's "n" value = 0.012

D= (2.159 Qn/S0.5)3/8

D = 3.74 ft
D = 44.872 in

A = 10.98 ft2

Proposed Size = 1-48" RCP

CD-13 Preliminary Culvert Sizing

The flow rate for a 100-year storm event from the Bithlo Area Stormwater Management 
Master Plan was used to size this culvert. The Manning's Equation was used to produce a trial 
size for the cross drain. The trial size was used to perform HY-8 analysis. While performing 
the overtopping analysis, the cross drain was appropriately sized in order to not violate 
floodplain criteria. The following presents a detailed calculation for sizing CD-13.
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Runoff  Rainfall 
26.00 0.1 10
35.00 0.04 25
51.00 0.01 100
42.02 0.02 50
82.13 0.002 500

y = 13.461x‐0.291
R² = 0.9975

1.00

10.00

100.00

0.001 0.01 0.1 1

Fl
ow

 R
at
e 
(c
fs
)

Rainfall Frequency

Drainage Estimate
CD‐13
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CD-13 HY-8 Culvert Analysis Report 



Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 26 cfs 

Design Flow: 42 cfs 

Maximum Flow: 51 cfs 

Table 1 - Summary of Culvert Flows at Crossing: CD-13 

Rating Curve Plot for Crossing: CD-13 

Headwater Elevation 
(ft)

Total Discharge (cfs)
CD-13 Discharge

(cfs)
Roadway Discharge 

(cfs)
Iterations

56.19 26.00 26.00 0.00 1

56.23 28.50 28.50 0.00 1

56.27 31.00 31.00 0.00 1

56.32 33.50 33.50 0.00 1

56.36 36.00 36.00 0.00 1

56.42 38.50 38.50 0.00 1

56.47 41.00 41.00 0.00 1

56.50 42.00 42.00 0.00 1

56.59 46.00 46.00 0.00 1

56.66 48.50 48.50 0.00 1

56.73 51.00 51.00 0.00 1

64.50 173.94 173.94 0.00 Overtopping
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Table 2 - Culvert Summary Table: CD-13 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 52.00 ft,    Outlet Elevation (invert): 51.50 ft 

Culvert Length: 325.00 ft,    Culvert Slope: 0.0015 

******************************************************************************** 

Culvert Performance Curve Plot: CD-13 

Total 
Discharge 

(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation 

(ft)

Inlet 
Control 

Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

26.00 26.00 56.19 2.106 4.190 4-FFf 1.774 1.503 4.000 4.000 2.069 0.000

28.50 28.50 56.23 2.233 4.228 4-FFf 1.870 1.578 4.000 4.000 2.268 0.000

31.00 31.00 56.27 2.354 4.270 4-FFf 1.964 1.647 4.000 4.000 2.467 0.000

33.50 33.50 56.32 2.471 4.315 4-FFf 2.058 1.718 4.000 4.000 2.666 0.000

36.00 36.00 56.36 2.583 4.364 4-FFf 2.150 1.786 4.000 4.000 2.865 0.000

38.50 38.50 56.42 2.692 4.416 4-FFf 2.243 1.850 4.000 4.000 3.064 0.000

41.00 41.00 56.47 2.798 4.472 4-FFf 2.335 1.913 4.000 4.000 3.263 0.000

42.00 42.00 56.50 2.840 4.496 4-FFf 2.372 1.937 4.000 4.000 3.342 0.000

46.00 46.00 56.59 3.002 4.594 4-FFf 2.524 2.030 4.000 4.000 3.661 0.000

48.50 48.50 56.66 3.100 4.661 4-FFf 2.621 2.086 4.000 4.000 3.860 0.000

51.00 51.00 56.73 3.197 4.731 4-FFf 2.720 2.139 4.000 4.000 4.058 0.000
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Water Surface Profile Plot for Culvert: CD-13 

Site Data - CD-13 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  52.00 ft 

Outlet Station:  325.00 ft 

Outlet Elevation:  51.50 ft 

Number of Barrels:  1 

Culvert Data Summary - CD-13 

Barrel Shape:  Circular 

Barrel Diameter:  4.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 
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Table 3 - Downstream Channel Rating Curve (Crossing: CD-13) 

 Tailwater Channel Data - CD-13 

Tailwater Channel Option:  Enter Constant Tailwater Elevation 

Constant Tailwater Elevation:  56.00 ft 

Roadway Data for Crossing: CD-13 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  64.50 ft 

Roadway Surface:  Paved 

Roadway Top Width:  136.00 ft 

Flow (cfs) Water Surface Elev (ft) Depth (ft) 

 26.00 56.00 4.00 
 28.50 56.00 4.00 
 31.00 56.00 4.00 
 33.50 56.00 4.00 
 36.00 56.00 4.00 
 38.50 56.00 4.00 
 41.00 56.00 4.00 
 42.00 56.00 4.00 
 46.00 56.00 4.00 
 48.50 56.00 4.00 
 51.00 56.00 4.00 
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FDOT Drainage Manual 



Topic No. 625-040-002  Effective:  January 2018 
Drainage Manual 

4.3 DESIGN FREQUENCY 

4.3.1 Permanent Facilities 

Standard design frequencies for permanent culverts, bridge-culverts, and bridges are as 
follows: 

Table 4.1: Design Storm Frequencies of Permanent Facilities 

FACILITY FREQUENCY 

Mainline Interstate 50 years 

High Use or Essential: 
Projected 20-year AADT* > 1,500 

50 years 

Other: 
Projected 20-year AADT* < 1,500 

25 years 

• Roadside ditch culverts

• Pedestrian and trail bridges
10 years 

* AADT preferred but if not available ADT may be used.

Note: The flood frequencies used for scour analysis differ. See Section 4.9.2. 

4.3.2 Temporary Facilities 

Design temporary traversing works accounting for the permitted duration of the work. 
Temporary traversing work will cause no more than a one-foot increase in the Design 
Storm Frequency (DSF) flood elevation immediately upstream and no more than one 
tenth of a foot increase in the DSF flood elevation 500 feet upstream. 

Minimum standard design frequencies for temporary culverts, bridge-culverts, and 
bridges are as follows: 
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4.7.2 Small Cross Drains 

This information applies to cross drains having an area of opening up through a 48-inch-
diameter round culvert or the equivalent. 

• Conduct hydrologic analysis
Estimate discharges for design year frequency, base flood, and greatest flood. Use
one of the following procedures as appropriate (see Section 4.7 of the Drainage
Manual):

- Rational Equation (up to 600 acres)
- Regional or Local Regression Equation

• Select trial culvert size based on the following:

A = Q/V 

Where: 
A = Culvert area (square feet) 
Q = Design discharge (e.g., 50 year) 
V = Average velocity (feet per second); use an average velocity of four feet per second 

• Estimate tailwater. If the outlet is in a free-flowing condition, the crown of the pipe
at the outlet may be assumed.

• Conduct hydraulic analysis using techniques provided in FHWA HDS 5.
Compute headwater conditions for the selected size for the design flood, base
flood, and greatest flood or overtopping flood as appropriate.

• Check hydraulic results against design standards for backwater, minimum size,
and scour. If these standards are satisfied, the trial culvert size is acceptable.

• Determine the most economical culvert size that satisfies all standards. If the
trial selected size does not satisfy all design standards, obtain a variance.

• Document as required in the Drainage Manual.

Example 4.7-3 illustrates this procedure. 

January 2018
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Example 4.7-3—Design of Small Cross Drain 

Referring back to Example 4.7-2, you determined that the two-foot x two-foot concrete 
box culvert should be replaced. A design frequency of 50 years was determined as the 
minimum for this roadway. The existing length of the two-foot x two-foot concrete box 
culvert was 50 feet. However, since the structure will have to be extended four feet on 
each side, the design length of the proposed structure will be 58 feet. 

Proposed Elevations are as follows: 
Allowable headwater (edge of travel lane) = 104.6 ft 
Flow line (upstream) = 100.1 ft 
Flow line (downstream) = 99.7 ft 

• Conduct hydrologic analysis
Estimate discharges for design-year frequency, base flood, and greatest flood. Use
one of following procedures as appropriate (see Section 4.7 of the Drainage
Manual):

- Rational Equation (up to 600 acres)
- Regional or Local Regression Equation

Use the same discharges from Example 4.7-2: 

Q(50) = 35 ft3/sec 
Q(100) = 52 ft3/sec 
Q(500) = 88 ft3/sec 

• Select trial culvert size

2
3

8.8 ft
ft/s 4

/sft 35 = 
V
Q = A =

D = 3.3 ft., so try D = 36-inch pipe and 42-inch pipe 

January 2018
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• Conduct hydraulic analysis using FHWA HDS 5 procedures.

The hydraulic analysis would be similar to what was done in Example 4.7-1 and
Example 4.7-2. A worksheet of the calculations for the 50-year frequency is shown
in Figure 4.7-3. The other frequencies also would need to be analyzed for an actual
project. The analysis shown in Figure 4.7-3 is for the proposed conditions.

• Check hydraulic results against design standards.

Review of the worksheet in Figure 4.7-3 indicates that the roadway will not overtop
for the 50-year frequency for either culvert size. There is very little difference
between the 36-inch and 42 inch pipe as far as controlling headwater. Therefore,
either pipe size would be adequate. However, it is recommended that the 36-inch
pipe be installed since it would be slightly less in cost than the 42-inch pipe. In
addition, it would be recommended that a rubble ditch lining design be installed at
the outlet end due to velocities exceeding six feet per second.

• If design does not meet standards or if you can use more economical culvert size
that satisfies the standards, then perform new computations for that design.

Document as required in the Drainage Manual. 

January 2018
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4.7.3 Large Cross Drains 

This information applies to cross drains having an area of opening greater than a 48-inch 
diameter pipe and less than a 20-foot bridge. The procedure for large cross drains is 
similar to that for small cross drains except that a greater level of effort and detail is 
expected in developing the hydrologic estimates and the determination of tailwater 
conditions. 

• Conduct hydrologic analysis
Estimate discharges for design-year frequency, base flood, and greatest flood. Use
one of following procedures as appropriate (see Section 4.7 of the Drainage
Manual):

- Frequency analysis of observed conditions
- Regional or Local Regression Equation
- Rational Equation (up to 600 acres)

The remaining steps are the same as those identified in Section 4.7.2 for small cross 
drains. 

January 2018
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Table B-1: Overland Flow Manning’s n Values 

Recommended 
Value Range of Values 

Concrete  0.011  0.010 - 0.013 
Asphalt  0.012  0.010 - 0.015 
Bare sand a 0.010  0.010 - 0.016 
Graveled surface a 0.012  0.012 - 0.030 
Bare clay-loam (eroded) a 0.012  0.012 - 0.033 
Fallow (no residue) b 0.05  0.006 - 0.16 
Chisel plow (<1/4 tons/acre residue) 0.07  0.006 - 0.17 
Chisel plow (1/4 - 1 tons/acre residue) 0.18  0.070 - 0.34 
Chisel plow (1 - 3 tons/acre residue) 0.30  0.190 - 0.47 
Chisel plow (>3 tons/acre residue) 0.40  0.340 - 0.46 
Disk/Harrow (<1/4 tons/acre residue) 0.08  0.008 - 0.41 
Disk/Harrow (1/4 - 1 tons/acre residue) 0.16  0.100 - 0.25 
Disk/Harrow (1 - 3 tons/acre residue) 0.25  0.140 - 0.53 
Disk/Harrow (>3 tons/acre residue) 0.30  -- -- 
No till (</4 tons/acre residue) 0.04  0.030 - 0.07 
No till (1/4 - 1 tons/acre residue) 0.07  0.010 - 0.13 
No till (1 - 3 tons/acre residue) 0.30  0.160 - 0.47 
Plow (Fall) 0.06  0.020 - 0.10 
Coulter  0.10  0.050 - 0.13 
Range (natural) 0.13  0.010 - 0.32 
Range (clipped) 0.08  0.020 - 0.24 
Grass (bluegrass sod) 0.45  0.390 - 0.63 
Short grass prairie a 0.15  0.100 - 0.20 
Dense grass c 0.24  0.170 - 0.30 
Bermuda grass c 0.41  0.300 - 0.48 
Woods  0.45   --   -- 
__________ 

All values are from Engman (1983), unless noted otherwise. 

aWoolhiser (1975).

bFallow has been idle for one year and is fairly smooth.

cPalmer (1946).  Weeping love grass, bluegrass, buffalo grass, blue gamma grass, native grass
mix (OK), alfalfa, lespedeza. 

Note: These values were determined specifically for overland flow conditions and are not 
appropriate for conventional open channel flow calculations.  See Chapter 3, for open 
channel flow procedures. 

January 2018
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Table B-5: Design Storm Frequency Factors for Pervious Area Runoff 
Coefficients* 

Design Storm 
Return Period (years) Frequency Factor, XT 

2 to 10 1.0 
25 1.1 
50 1.2 

100 1.25 

_____________ 
Reference: Wright-McLaughlin Engineers (1969). 

* DUE TO THE INCREASE IN THE DURATION TIME THAT THE PEAK OR NEAR PEAK
DISCHARGE RATE IS RELEASED FROM STORMWATER MANAGEMENT SYSTEMS, THE
USE OF THESE SHORT DURATION PEAK RATE DISCHARGE ADJUSTMENT FACTORS IS
NOT APPROPRIATE FOR FLOOD ROUTING COMPUTATIONS.

January 2018
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Appendix: I 
Big Econ River Basin Stormwater 

Management Master Plan 
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Appendix: J 
Bithlo Area Stormwater     

Management Master Plan 
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Appendix: K
Excerpt from BJM Associates, Inc. 
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Appendix: L
Excerpt from Harling Locklin & Associates, Inc. 

Waterford Trails Plans & Avalon Park Blvd 
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Appendix: M 
Excerpt from Orange County Public Schools 

Timber Creek High School Construction Plans 
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Appendix: N
SR-50 Straight Line Diagram 
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Appendix: O 
Excerpt from Lochner 

Regional Drainage Map 
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Appendix: P 
Excerpt from SR-50  

Original Construction Plans 
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Appendix: Q 
Excerpt from Lochner 

SR-50 Widening Construction Plans 
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Appendix: R 
Excerpt from Comprehensive Engineering Services, Inc. 

SR-50 Widening Construction Plans  
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Appendix: S 
SR-50 Field Visit Photos (May 2016) 
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SR 50-CD3 (2-12.95’ x 8.5’ CBC) 

 (South Side of the Culvert)  
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SR 50-CD4 (1-30” RCP) 

 (South Side of the Culvert) 
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 (South side of the Culvert) 
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SR 50-CD7 (4’ x 4’ CBC & 1-54" RCP Jointed) 

 (South Side of the Culvert) 
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SR 50- CD8 (1-30” RCP) 

 (South side of the culvert) 
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 (South Side of the Culvert) 
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 (South Side of the Culvert) 
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Appendix: T 
Excerpt from CAD Engineering and Design, Inc

Waterford Creek
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Appendix: U  
Excerpt from The Civil Design Group 

University Meadows & Bridgewater Plans
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Appendix: V 
Excerpt from Glace and Radcliffe, Inc. 

Deerwood Plans





Appendix: W 
Excerpt from George Garrett, P.E. 

Avalon II Plans











Appendix: X
Excerpt from Kisinger Campo & Associates Corp. 

The Fairways – Self Storage 
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