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Professional Engineers.  I have reviewed or approved the evaluation, findings, opinions and 
conclusions as reported in this Location Hydraulics Memo. 

 

The Location Hydraulics Memo includes a summary of data collection efforts and design analysis 
for Cove Road PD&E Study from SR 76/Kanner Highway to SR 5/US 1/Federal Highway. I 
acknowledge that the procedures and references used to develop the results contained in this 
report are standard to the professional practice of civil engineering as applied through design 
standards and criteria set forth by the federal, state, and local regulatory agencies as well as 
professional judgment and experience. 
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EXECUTIVE SUMMARY 

This project involves the proposed widening of Cove Road, from State Road (SR) 76/Kanner 
Highway to SR 5/US 1/Federal Highway in Martin County, Florida. This 3.2-mile segment of 
Cove Road is a two-lane, undivided, rural roadway with 12-foot-wide travel lanes. A six-foot 
sidewalk is located on the north side of the roadway for the entire project limits and a six-foot 
sidewalk is located on the south side of the roadway from Kanner Highway to Atlantic Ridge 
Drive and from west of Montego Cove to Federal Highway. There are no existing bike lanes or 
shared-use paths within the project limits. Signalized intersections within the project limits are 
located at Kanner Highway, Atlantic Ridge, Legacy Cove Circle/Classical Way, Willoughby 
Boulevard, and Federal Highway. Martin County also classifies Cove Road as a major arterial 
roadway.  

The proposed improvements include widening Cove Road from Kanner Highway to Federal 
Highway from a two-lane undivided to a four-lane divided roadway with accommodations for 
bicyclists and pedestrians through the entire project limits. Stormwater management needs will 
be determined, and the addition of roadway lighting will be considered. Intersection 
improvements within the project limits will also be evaluated to accommodate anticipated future 
traffic needs. 

The purpose of this Location Hydraulics Report is to address base floodplain encroachments 
resulting from the roadway improvements evaluated in the Cove Road PD&E Study for FDOT 
District 4.  In accordance with Executive Order 11988 “Floodplain Management”, US DOT Order 
5650.2 “Floodplain Management Protection”, and Federal-Aid Policy Guide 23 CFR 650A, 
Floodplains must be protected.  The intent of these regulations is to avoid or minimize highway 
encroachments within the 100-year (base) floodplains and to avoid supporting land use 
development incompatible with floodplain values. 

According to the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Maps 
(FIRMs), floodplains are present south of Cove Road near the Kanner Highway at the begin 
project limits, however, the study limits lie outside of the 100-year floodplain limits and within 
Zone X.  Therefore, the floodplain involvement has been classified as “No Encroachment”.  No 
encroachment means that there are floodplains in the vicinity of the project alternatives, but 
there is no floodplain encroachment.  Please refer to Section 4 for more information. 

In conclusion, the following floodplain statement applies for this study: 

PROJECTS WHICH WILL NOT INVOLVE ANY WORK BELOW THE 100 YEAR FLOOD ELEVATION 

“Although this project is located adjacent to the limits of the 100-year floodplain, no 
work is being proposed below the 100-year flood elevation and, thus, this project 
does not encroach upon the base floodplain.” 
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SECTION 1 INTRODUCTION 

The Florida Department of Transportation (FDOT), District Four, is proposing to widen Cove 
Road from SR 76/Kanner Highway to SR 5/US 1/Federal Highway in Martin County, Florida.  
The improvements consist of widening Cove Road from two to four lanes and include 
accommodations for bicyclists and pedestrians. The project is split into two roadway segments.  
Segment 1 extends from the beginning of the study to the Hibiscus Park Ditch.  Segment 2 is 
from the Hibiscus Park Ditch to the end of the study.  There are two alternatives being 
investigated within Segment 1. Four alternatives are being investigated for Segment 2. 

The study area is located within the South St. Lucie and Indian River Lagoon South Coastal 
watersheds and traverses three WBID’s; WBID 3210C (South Fork St. Lucie River (Tidal 
Segment), WBID 3220 (Basin 2), and WBID 3208C (Manatee Pocket). Manatee Pocket 
ultimately discharges to the Jensen Beach to Jupiter Inlet Aquatic Preserve, an Outstanding 
Florida Water (OFW). The St. Lucie River and Estuary Basin has adopted a Basin Management 
Action Plan (BMAP) for nutrients and dissolved oxygen. 

The existing roadway was permitted under SFWMD Permit No. 43-00642-S for an ultimate 4-
lane condition. The ultimate condition was not built out and Cove Road exists in an interim 
condition as a 2-lane roadway. The existing permit has 5 basins along the corridor and provides 
treatment within swales along the roadway.  

The purpose of this Location Hydraulics Report is to address base floodplain encroachments 
resulting from the roadway improvements evaluated in the Cove Road PD&E Study for FDOT 
District 4.  In accordance with Executive Order 11988 “Floodplain Management”, US DOT Order 
5650.2 “Floodplain Management Protection”, and Federal-Aid Policy Guide 23 CFR 650A, 
Floodplains must be protected.  The intent of these regulations is to avoid or minimize highway 
encroachments within the 100-year (base) floodplains and to avoid supporting land use 
development incompatible with floodplain values.   

SECTION 2 PROJECT DESCRIPTION 

This project involves the proposed widening of Cove Road, from State Road (SR) 76/Kanner 
Highway to SR 5/US 1/Federal Highway in Martin County, Florida. This 3.2-mile segment of 
Cove Road is a two-lane, undivided, rural roadway with 12-foot-wide travel lanes. A six-foot 
sidewalk is located on the north side of the roadway for the entire project limits and a six-foot 
sidewalk is located on the south side of the roadway from Kanner Highway to Atlantic Ridge 
Drive and from west of Montego Cove to Federal Highway. There are no existing bike lanes or 
shared-use paths within the project limits. Signalized intersections within the project limits are 
located at Kanner Highway, Atlantic Ridge, Legacy Cove Circle/Classical Way, Willoughby 
Boulevard, and Federal Highway. Martin County also classifies Cove Road as a major arterial 
roadway. Please see Exhibit 1 for the Project Location Map in Appendix 1. 

Stormwater management needs will be determined, and the addition of roadway lighting will be 
considered. Intersection improvements within the project limits will also be evaluated to 
accommodate anticipated future traffic needs. 
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SECTION 3 DATA COLLECTION 

The design team collected and reviewed data from the following sources: 

 FDOT Drainage Manual, January 2024 

 FDOT Drainage Design Guide, January 2024 

 SFWMD Permit No. 43-00642-S, Cove Road Widening 

 SFWMD Environmental Resource Permit Applicant’s Handbook Volume II – May 2016 

 SWERP Environmental Resource Permit Information Manual, 2020 

 National Flood Insurance Program (NFIP) Flood Insurance Rate Map (FIRM), Panels Nos. 
12085C0282H, 12085C0301H, 12085C0163H, and 12085C0164H, Martin County, Florida 
dated February 19, 2020. 

 U.S. Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS) 
Soil Survey of Martin County, Florida 

 USDA NRCS Soil Survey Geographic (SSURGO) Database  

 United States Geological Survey (USGS) Quadrangle Maps  

 Martin County Stormwater and Flood Protection Standards 

 Article 4, Site Design Standards, Division 8, Excavating, Filling, and Mining, Division 9, 
Stormwater Management, Division 10, Flood protection, Division 19, Roadway Design, 
Martin County Land Development Regulations 

 Field Reconnaissance (June 2024) 

SECTION 4 EXISTING SITE CONDITIONS 

4.1 TOPOGRAPHY & HYDROLOGIC FEATURES 

The topography of the project area general slopes to the west towards Kanner Highway/SR 76 
from Ault Avenue with elevations ranging from elevation 18 feet at Ault Avenue to elevation 9.0 
feet at the roadway low point near SW Gaines Avenue. From Ault Avenue east to SR 5/US 1 
relatively flat with elevations ranging from a high of approximately 18 feet to a low of 17 feet 
NAVD 88.  Please refer to the USGS Quadrangle Map, Exhibit 3 in Appendix 1. The study 
area is located within the South St. Lucie and Indian River Lagoon South Coastal watersheds 
and traverses three WBID’s; WBID 3210C (South Fork St. Lucie River (Tidal Segment)), WBID 
3220 (Basin 2), and WBID 3208C (Manatee Pocket). Manatee Pocket ultimately discharges to 
the Jensen Beach to Jupiter Inlet Aquatic Preserve, an Outstanding Florida Water (OFW). The 
St. Lucie River and Estuary Basin has adopted a Basin Management Action Plan (BMAP) for 
nutrients and dissolved oxygen.  

There are four existing cross drains within the project limits. The cross drains allow for 
conveyance of offsite flow and interconnectivity of offsite wetland systems along the corridor. 
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Please refer to the Basin Maps in Appendix 2 and to Table 1 for a Summary of Existing 
Cross Drains.   

Table 1 – Summary of Existing Cross Drains  

Structure Number Station Description 

CD-1 203+20 15” RCP 

CD-2 255+35 27”x42” ERCP 

CD-3 316+80 Double 18” RCP 

CD-4 340+60 18” RCP 

 
4.1.1 FLOODPLAINS 

The Federal Emergency Management Agency (FEMA) has developed a Flood Insurance Rate 
Map (FIRM) for the study area.  The relevant FIRM panel numbers are 12085C0282H, 
12085C0301H, 12085C0163H and 12085C0164H, for Martin County, Florida dated February 19, 
2020.  The project is designated Zone X and will not have any floodplain impacts.  Please see 
the FEMA Map in Appendix 1, Exhibit 6. 

SECTION 5 PROPOSED DRAINAGE CONDITIONS 

The stormwater runoff from the project limits will be collected and conveyed in closed drainage 
systems consisting of curb and gutter, inlets, and pipes to the proposed stormwater 
management site. The treatment facilities will discharge to the existing outfall locations along 
the corridor. The proposed roadway will impact the existing stormwater treatment swales along 
the corridor. Water quality treatment and water quantity attenuation will be provided in the 
proposed treatment site to replace the impacted volume in the existing swales and for the 
proposed roadway improvements.  Additional information regarding the stormwater treatment 
approach for the study is included in the Pond Siting Report, under a separate cover.  

5.1 CROSS DRAIN ANALYSIS 

There are four existing cross drains, of which only three will need to be extended or replaced to 
accommodate the proposed improvements to Cove Road. CD-1 and CD-4 convey offsite runoff 
flowing from north to south of Cove Road. Available LiDAR data was used to identify the 
contributing area and the Rational Equation was utilized to calculate the flow being conveyed. 
CD-2 and CD-3 provide interconnectivity between wetland systems. CD-3 extends outside of the 
study limits and will not be impacted by the proposed work. Flow data was not available for CD-
2.  Due to the cross drain providing interconnectivity across Cove Road, for the analysis the 
velocity method was utilized to identify the flow within the cross drain. Preliminary cross drain 
analyses have been performed in HY-8 using the survey information available.  The existing 26” 
x 47” cross drain is not a standard FDOT pipe size. The proposed crossing was analyzed to be 
replaced with a standard pipe size that would not cause any adverse impacts to the upstream 
elevations. Two of the existing cross drains were found to be undersized in the existing 
condition and are recommended for upsizing. Please see Appendix 3 – Cross Drain Analysis 
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for the cross drain analysis. During design, existing cross drains will be required to be video 
inspected to determine their condition and if they are eligible for extension or will need to be 
replaced. 
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Exhibit 1 – Project Location Map  

Exhibit 2 – Proposed Typical Sections 

Exhibit 3 – USGS Quadrangle Map 

Exhibit 4 – NRCS Soils Map 

Exhibit 5 – Future Land Use Map 

Exhibit 6 – FEMA Map 

Exhibit 7 – WBID Map 
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MARTIN
from SR 76/Kanner Hwy. to SR 5/US 1 Typical Section

     EXHIBIT 2E
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Hydro Group
A
A/D

C/D
Water

MUSYM MUKEY COMPNAME MUNAME HYDRICRATIC DRAINAGECL HYDROGROUP
2 1421554 LAWNWOOD LAWNWOOD AND MYAKKA FINE SANDS NO POORLY DRAINED A/D
4 1421556 WAVELAND WAVELAND AND IMMOKALEE FINE SANDS NO POORLY DRAINED A/D
5 1421557 WAVELAND WAVELAND AND LAWNWOOD FINE SANDS, DEPRESSIONAL YES VERY POORLY DRAINED A/D
6 1421558 PAOLA PAOLA AND ST. LUCIE SANDS, 0 TO 8 PERCENT SLOPES NO EXCESSIVELY DRAINED A
9 1421561 POMELLO POMELLO SAND, 0 TO 5 PERCENT SLOPES NO SOMEWHAT POORLY DRAINED A

13 1421564 PLACID PLACID AND BASINGER FINE SANDS, DEPRESSIONAL YES VERY POORLY DRAINED A/D
16 1421567 OLDSMAR OLDSMAR FINE SAND, 0 TO 2 PERCENT SLOPES NO POORLY DRAINED A/D
21 3102897 PINEDA PINEDA-RIVIERA FINE SANDS ASSOCIATION, 0 TO 2 PERCENT SLOPES YES POORLY DRAINED A/D
22 1421572 OKEELANTA OKEELANTA MUCK, FREQUENTLY PONDED, 0 TO 1 PERCENT SLOPES YES VERY POORLY DRAINED A/D
27 1421577 ARENTS ARENTS, ORGANIC SUBSTRATUM, 0 TO 5 PERCENT SLOPES NO SOMEWHAT POORLY DRAINED A
28 1421578 CANAVERAL CANAVERAL SAND, 0 TO 5 PERCENT SLOPES NO SOMEWHAT POORLY DRAINED A
30 1421579 BESSIE BESSIE MUCK YES VERY POORLY DRAINED C/D
35 1421583 SALERNO SALERNO SAND NO POORLY DRAINED A/D
36 1421584 ARENTS ARENTS, 0 TO 2 PERCENT SLOPES NO SOMEWHAT POORLY DRAINED A
40 1421587 SANIBEL SANIBEL MUCK YES VERY POORLY DRAINED A/D
41 1421588 JONATHAN JONATHAN SAND, 0 TO 5 PERCENT SLOPES NO MODERATELY WELL DRAINED A
50 1421596 WULFERT WULFERT AND DURBIN MUCKS, TIDAL YES VERY POORLY DRAINED A/D
56 1421604 WABASSO WABASSO AND OLDSMAR FINE SANDS, DEPRESSIONAL YES VERY POORLY DRAINED C/D
61 1421608 HOBE HOBE FINE SAND, 0 TO 5 PERCENT SLOPES NO SOMEWHAT EXCESSIVELY DRAINEDA
63 1421610 NETTLES NETTLES SAND NO POORLY DRAINED C/D
67 1421614 KESSON KESSON SAND, TIDAL YES VERY POORLY DRAINED A/D
73 1421619 SAMSULA SAMSULA MUCK, FREQUENTLY PONDED, 0 TO 1 PERCENT SLOPES YES VERY POORLY DRAINED A/D
99 1421627 WATER WATER UNRANKED
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32765 FL, OVIEDO

3000 DOVERA DRIVE

ARDIRRA GROUP, INC.

80498LICENSE NUMBER: 

ZACHARY EVANS, P. E. 
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PROPOSED BASIN MAP

LEGEND

BASIN 1 (11.61 AC.)

BASIN 2 (16.19 AC.)

BASIN 4 (11.37 AC.)

BASIN 3 (12.23 AC.)



Cove Road from SR 76/Kanner Highway to SR 5/US 1/Federal Highway 
Financial Project Number: 441700-1-22-02    
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APPENDIX 3  

Cross Drain Analysis 

 



������������	
����
����
����������
�����������������
���
��������
�����
�����
����������� 
����!��
����"�#����� 

$��%����������&���
'()*+,-./(0123(456)
''()*+,-./(7181

9�:�;�9<$=:9:;�;:����<$>�$�=?�$�;:@�;$�

15AB5(C.,D-5E(F.G*,5H(45,IDAE(15AJ,5(C5KL*KD-E(3)H5AD(2*ME(4D-H5.L(1IN(O5+,.AIE(P5,L(Q,M65L+RE(F5L.
7A,+HE(4D-H5.L(S.RI5E(8.*TT.,M(U*AADA

VWXXE(V5ID*A5L(Y.5IH.,(1.,KD-.E(1DLK.,(16,DAZE(45,ML5AJ

C[\I5G+L5,(](C[\Z,56HD-5L(](456)\̂\5.,D5L)

9����_
���

9̀ �"_�����a�����a����a��������&��b
���c�����������d��e��#f����&������������%����g������e��he�
�i�


̀������
�%���!�����
������������%���gc����i

� � j �# �j j# �## �## j## �###

j"���
k�k	

lmNnmopNqrs
��jj

lrNtpouNvws
��#k

lxNqpowwNns
�#�y

lpNqpownNts
����

luNvqowmNps
�y�k

lwtNnowxNus
�j�#

lwwNtoqtNns
�k�j

lwwNroqnNts
���j

lwqNroqrNrs
�#��

lwnNnoquNns

�#"���
	��j

lnNuqorNtms
j�jy

lvNvrorNpus
k�k	

lmNnnopNnts
��j�

lrNtrouNmqs
���#

lrNutowwNrs
���	

lxNmvownNws
���#

lpNtxowvNus
����

lpNmqowrNps
�y�k

luNqwowuNms
�	��

luNxnoqwNvs

�j"���
y��j

lnNwuovNuqs
	�	�

lnNrqomNrts
j�	#

lvNnvorNxvs
k��k

lvNunoxNxvs
���	

lmNrwouNvts
��#�

lrNwqowtNxs
���	

lrNmrowqNws
���	

lrNunownNxs
���#

lxNvuowmNps
���#

lxNuwowxNvs

y#"���
y�#	

lqNvmonNxus
y�	k

lqNxuovNnws
	��k

lnNnvomNqts
	��j

lnNptomNurs
j�j�

lvNnnoxNqms
k��	

lvNxnopNqqs
k��#

lmNtrouNnvs
��j�

lmNnmowtNrs
��j�

lmNxpowqNqs
���	

lrNwwownNms

k#"���
��#k

lwNrxoqNmxs
��yy

lwNppoqNuws
����

lqNqvonNvps
y��k

lqNmnonNuxs
y��#

lqNprovNpts
	���

lnNwqomNvns
	�jj

lnNnvorNwms
	���

lnNmqorNums
j�k#

lnNptopNtqs
k�#k

lvNtwopNpns

�"e�
��y#

lwNtrowNrws
��	�

lwNwuowNpqs
���	

lwNvwoqNwrs
����

lwNmuoqNvrs
��y#

lwNxuoqNuxs
��jk

lwNumonNnms
����

lqNtponNxus
y��#

lqNwuovNqps
y�	k

lqNnxovNuvs
y��j

lqNmtomNvns

y"e�
#��k�

ltNxutowNqts
��#�

ltNppuowNnms
��y#

lwNtmowNrws
��	�

lwNwuowNpvs
���y

lwNnmoqNqqs
���y

lwNvxoqNmqs
���y

lwNmpoqNpms
��y	

lwNrxonNqns
��ky

lwNptonNxvs
���k

lwNuwovNwqs

k"e�
#�jk�

ltNvrtotNrpps
#�k	k

ltNmquotNxuqs
#���#

ltNrvmotNuxws
#���	

ltNxvqowNwns
��#�

ltNprqowNvts
���	

ltNumnowNrws
��y�

lwNtnowNpms
��j	

lwNwtoqNwqs
���k

lwNqwoqNvps
���y

lwNntoqNxrs

��"e�
#�y�#

ltNqmrotNnxps
#�y�#

ltNntmotNvmws
#�	�	

ltNnpuotNmxus
#�jk	

ltNvrwotNruqs
#�k��

ltNmmvotNpuqs
#��#	

ltNrqvowNtvs
#����

ltNrpuowNqqs
��#	

ltNxvpowNvqs
���#

ltNpnxowNrus
��y	

ltNutnowNuts

�	"e�
#����

ltNwvpotNqwrs
#���	

ltNwxxotNqmus
#����

ltNqqpotNnnrs
#�yyy

ltNqxvotNvtrs
#�	��

ltNnnmotNmnvs
#�	��

ltNnpqotNrnws
#�jky

ltNvqrotNxvxs
#�k		

ltNvrpotNpxps
#��j�

ltNmnwowNtrs
#��	�

ltNmxpowNqts

�"��c
#��#�

ltNtpuotNwqus
#���	

ltNwtnotNwvus
#��jj

ltNwquotNwpxs
#���	

ltNwmqotNqqns
#����

ltNwpmotNquqs
#��k�

ltNqwwotNnvvs
#�y#�

ltNqnmotNvtps
#�yj	

ltNqrtotNvpws
#�	��

ltNqurotNmpms
#�	��

ltNnqvotNrrvs

y"��c
#�#��

ltNtrrotNtums
#�#��

ltNtxrotNwtus
#����

ltNtunotNwnvs
#��y�

ltNwtuotNwmus
#��k�

ltNwnwotNqtms
#����

ltNwvpotNqvts
#���j

ltNwrmotNqpns
#��	k

ltNwpwotNnnqs
#����

ltNqtmotNvtqs
#�y�j

ltNqqnotNvmms

	"��c
#�#k	

ltNtmvotNtxxs
#�#�y

ltNtrwotNtpxs
#�#��

ltNtxmotNwtxs
#��#	

ltNtpxotNwqms
#����

ltNwtnotNwrts
#��	k

ltNwwrotNwpxs
#��k�

ltNwqpotNqwps
#����

ltNwvtotNqmms
#����

ltNwmxotNntrs
#��	�

ltNwxtotNnvms

�"��c
#�#	y

ltNtnxotNtmqs
#�#	�

ltNtvwotNtmps
#�#j�

ltNtvuotNtxts
#�#k�

ltNtmrotNtpts
#�#�#

ltNtrmotNwtts
#�#��

ltNtxqotNwwms
#��#�

ltNtxuotNwnns
#���	

ltNtpmotNwmns
#��y�

ltNtuvotNwpws
#��	k

ltNwtwotNqtns

�#"��c
#�#y	

ltNtquotNtvws
#�#y�

ltNtnqotNtvrs
#�#	j

ltNtnpotNtmvs
#�#j�

ltNtvnotNtrqs
#�#k�

ltNtmtotNtxrs
#�#k�

ltNtmmotNtprs
#�#��

ltNtmuotNtuus
#�#�j

ltNtrnotNwwvs
#�#��

ltNtxtotNwnns
#��#�

ltNtxmotNwvps

�#"��c
#�#�y

ltNtwuotNtqxs
#�#�j

ltNtqwotNtnts
#�#y#

ltNtqmotNtnms
#�#y	

ltNtqpotNtvts
#�#y�

ltNtnqotNtvps
#�#		

ltNtnmotNtmvs
#�#	�

ltNtnxotNtrqs
#�#jy

ltNtnuotNtxts
#�#j�

ltNtvnotNtpws
#�#kj

ltNtvmotNtpus

y#"��c
#�#��

ltNtwmotNtqws
#�#�#

ltNtwxotNtqvs
#�#�	

ltNtqtotNtqps
#�#��

ltNtqnotNtnqs
#�#y�

ltNtqrotNtnps
#�#yj

ltNtqpotNtvns
#�#y�

ltNtquotNtvps
#�#	�

ltNtnwotNtmvs
#�#	k

ltNtnnotNtrqs
#�#j#

ltNtnmotNtrps

	j"��c
#�#�j

ltNtwqotNtwxs
#�#�k

ltNtwvotNtwus
#�#��

ltNtwxotNtqns
#�#��

ltNtwuotNtqrs
#�#�j

ltNtqwotNtnws
#�#��

ltNtqqotNtnvs
#�#y#

ltNtqvotNtnps
#�#yy

ltNtqvotNtvns
#�#yk

ltNtqrotNtvps
#�#y�

ltNtqxotNtmns

k#"��c
#�#�y

ltNtwwotNtwms
#�#�	

ltNtwqotNtwxs
#�#��

ltNtwvotNtqts
#�#��

ltNtwrotNtqqs
#�#��

ltNtwpotNtqrs
#�#�	

ltNtwuotNtqus
#�#�k

ltNtqtotNtnns
#�#��

ltNtqwotNtnrs
#�#y#

ltNtqqotNtvws
#�#y�

ltNtqnotNtvvs

w(C,.-D6DI5ID*A(T,.z+.A-M(lC[s(.)ID{5I.)(DA(IHD)(I5GL.(5,.(G5).J(*A(T,.z+.A-M(5A5LM)D)(*T(65,ID5L(J+,5ID*A().,D.)(lCF1sN

V+{G.,)(DA(65,.AIH.)D)(5,.(C[(.)ID{5I.)(5I(L*|.,(5AJ(+66.,(G*+AJ)(*T(IH.(ut}(-*ATDJ.A-.(DAI.,K5LN(QH.(6,*G5GDLDIM(IH5I(6,.-D6DI5ID*A(T,.z+.A-M(.)ID{5I.)(lT*,
5(ZDK.A(J+,5ID*A(5AJ(5K.,5Z.(,.-+,,.A-.(DAI.,K5Ls(|DLL(G.(Z,.5I.,(IH5A(IH.(+66.,(G*+AJ(l*,(L.))(IH5A(IH.(L*|.,(G*+AJs(D)(m}N(0)ID{5I.)(5I(+66.,(G*+AJ)(5,.(A*I
-H.-R.J(5Z5DA)I(6,*G5GL.({5~D{+{(6,.-D6DI5ID*A(lC4Cs(.)ID{5I.)(5AJ({5M(G.(HDZH.,(IH5A(-+,,.AILM(K5LDJ(C4C(K5L+.)N

CL.5).(,.T.,(I*(VWXX(XIL5)(wv(J*-+{.AI(T*,({*,.(DAT*,{5ID*AN

U5-R(I*(Q*6

9��!��ae����

x�n�qvE(u/nv(X4 C,.-D6DI5ID*A([,.z+.A-M(F5I5(1.,K.,

HII6)/��HJ)-NA|)NA*55NZ*K�6TJ)�6TJ)\6,DAI65Z.NHI{L�L5I�qxNwqxp̂L*A��ptNqqqûJ5I5�DAI.A)DIM̂+ADI)�.AZLD)Ĥ).,D.)�6J) w�v
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Project Name: Cove Road PD&E

Project Number: DT4-010-01

CD Name: CD-01

Description: Existing Condition

Design By : ZKE Date: 8/8/2024

Check By : REC Date: 8/8/2024

Methodology Used:

Existing Culvert Information:

Culvert Shape: Circular Culvert Location: 203+20.00

Culvert Diameter: 15 in Culvert Rise: 5.00 ft

No. of barrels: 1 Material:

Area of Culvert: 1.23 sqft Manning's n: 0.012

Existing Length: 178.00 ft Inlet Configuration:

Avg. Flowline Elevation Upstream: 3.43 ft NAVD Inlet Depression: No

Avg. Flowline Elevation Downstream: 2.57 ft NAVD Roadway Crest: 9.75 ft NAVD

Slope: 0.005 ft/ft or 0.48% Surface: Paved

Tailwater: 4.03 Top Width: 105

OVERLAND FLOW(SHEET FLOW):

To = 0.93 * (L
0.6

) * (n
0.6

) = To(hr.'s)

               (i
0.4

) * (S
0.3

) 0.012 10 ft. 10.70 10.50 2.00% 13.60 in./hr. 13.60 in./hr. 0.30

0.450 80 ft. 10.50 8.00 3.13% 10.90 in./hr. 10.90 in./hr. 8.69

     

8.98

SHALLOW CONCENTRATED FLOW:

Tsh =   Lsh    = Tsh(minutes)  where:

          60 x V 10 ft. 8.00 6.80 12.00% 5.59 fps 0.03

VELOCITY = Vunpaved, Vpaved, Vpipe and/or Vditch     

Vunpaved = 16.1345 x S
0.5

; where S = Slope in ft/ft.     

Vpaved = 20.3282 x S
0.5

; where S = Slope in ft/ft. 0.03

Vpipe  = 2.5 fps (Established)

Vditch = 0.5 fps (Established)

CHANNEL FLOW GEOMETRY:

2 2 0.5 2 8.50 9.00 9.44 0.95

2 2 0.5 2 8.50 9.00 9.44 0.953

CHANNEL FLOW:

Tsh =   Lsh    = Tsh(minutes)  where:

         60 x V 0.060 400 ft. 6.80 6.30 0.13% 0.850 7.85

VELOCITY = V = 1.49 r
2/3

 S
1/2     0.060 170 ft. 6.30 3.43 1.69% 3.123 0.91

                                n    

8.75

TOTAL TIME of CONCENTRATION = 17.77 min

Wetted 

Perimeter

(ft)

HYDRAULIC 

RADIUS (ft)

SURFACE
MANNING'S 

'n'

LENGTH

(ft)

BEGIN ELEV

(ft)

END ELEV

(ft)

SLOPE

(%)

VELOCITY 

(fps)

TIME

(min)

Well Maintained

Well Maintained

Total Channel Flow Time of Concentration:

Unpaved

Total Shallow Concentrated Flow Time of Concentration:

Depth of Flow 

(ft)

Front Slope 

(1:_) (ft)

Bottom Width 

(ft)

Back Slope

(1:_) (ft)

Top Span

(ft)

Area

(ft
2
)

Total Overland Flow Time of Concentration:

SURFACE
LENGTH

(ft)

BEGIN ELEV

(ft)

END ELEV

(ft)

SLOPE

(%)

VELOCITY 

(fps)

TIME

(min)

TW Elevation determined from observed stain lines on downstream 

structure. 

Concrete, Reinforced

Mitered to Conform to Slope

TIME OF CONCENTRATION

SURFACE
MANNING'S 

'n'

LENGTH

(ft)

BEGIN ELEV

(ft)

END ELEV

(ft)

SLOPE

(%)

RAINFALL 

INTENSITY

(in/hr)

CALCULATED 

INTENSITY 

(in/hr)

TIME

(min)

Asphalt 

Grass (bluegrass sod)

Maintenance & Site Condition Notes:

CROSS DRAIN DESIGN

Ardurra

3000 Dovera Drive, Ste 200

Oviedo, FL 32708

EXISTING CULVERT DATA

RATIONAL METHOD



Project Name: Cove Road PD&E

Project Number: DT4-010-01

CD Name: CD-01

Description: Existing Condition

Design By : ZKE Date: 8/8/2024

Check By : REC Date: 8/8/2024

CROSS DRAIN DESIGN

Ardurra

3000 Dovera Drive, Ste 200

Oviedo, FL 32708

EXISTING CULVERT DATA

Rational Method:

Q = CiA Terrain Slope: 0-2%

Q = Peak Runoff for Return Period T (cfs) Soil Type: Sandy Soils

C = Composite Runoff Coefficient ((C1*A1+C2*A2+C3*A3…+Cn*An)/AT) i25 yr = 6.93 in/hr

i = Rainfall Intensity for Return Period T (in/hr) i50 yr = 7.74 in/hr

A = Contributing Basin Area (A1+A2+A3…+An) (Ac) i100 yr = 8.56 in/hr

i500 yr = 10.54 in/hr

Runoff Coeff. Area (ac) C*A

0.95 1.48 1.41 Composite CT = Total C*A/AT = 0.691

0.20 0.78 0.16

  Q25yr = CTi25AT = 10.83 cfs

  Q50yr = CTi50AT = 12.09 cfs

  Q100yr = CTi100AT = 13.38 cfs

  Q500yr = CTi500AT = 16.47 cfs

  

  

2.26 1.56

10.83 12.09 13.38 10.32 16.47

*OT = Overtopping

Sample Calculations:

50-yr 100-yr 13-yr 500-yr

x = 7.55% (From extrapolation)

Storm Event = 1/Storm Freq 2 1 7.55 0.2

13-yr

CD-01

Storm Event

Strom Frequency (%)

Total:

OVERTOPPING FREQUENCY ANALYSIS

Name Q(25) Q(50) Q(100) Q(OT) Q(500)

HYDROLOGIC ANALYSIS

Landuse

Rooftops & Pavement

Pasture, grass, farmland



Project Name: Cove Road PD&E

Project Number: DT4-010-01

CD Name: CD-02

Description: Existing Condition

Design By : ZKE Date: 8/8/2024

Check By : REC Date: 8/8/2024

Methodology Used:

Existing Culvert Information:

Culvert Shape: Elliptical Culvert Location: 255+35.00

Culvert Span: 27 in Culvert Rise: 42 in

No. of barrels: 1 Material:

Area of Culvert: 6.19 sqft Manning's n: 0.012

Existing Length: 133.00 ft Inlet Configuration:

Avg. Flowline Elevation Upstream: 10.66 ft NAVD Inlet Depression: No

Avg. Flowline Elevation Downstream: 10.37 ft NAVD Roadway Crest: 15.95 ft NAVD

Slope: 0.002 ft/ft or 0.22% Surface: Paved

Tailwater: 12.54 Top Width: 77

Velocity Method:

Q = AVn

Q = Peak Runoff for Return Period T (cfs)

A = Existing Culvert Cross Section Area

V = 6 feet per second (maximum)

n = Number of barrels

A1= 6.19 sq.ft.

n = 1 Barrels

Q25yr = A1V = 37.11 cfs

Q50yr = 52.234(.2)
-.291

 = 44.33 cfs

Q100yr = 1.4Q25yr = 51.95 cfs

Q500yr = 1.7Q100yr = 88.32 cfs

37.11 44.33 51.95 61.07 88.32

*OT = Overtopping

Sample Calculations:

50-yr 100-yr 171-yr 500-yr

Q(OT) =  52.234x
-0.291 (from curve fitting equation)

x = 0.58% 2 1 0.58 0.2

Storm Event = 1/Storm Freq 

171-yr

CD-02

Storm Event

Strom Frequency (%)

OVERTOPPING FREQUENCY ANALYSIS

Name Q(25) Q(50) Q(100) Q(OT) Q(500)

HYDROLOGIC ANALYSIS

No observed stain lines on structure. TOP elevation used for TW elevation for 

analysis.

Concrete, Reinforced

Mitered to Conform to Slope

Maintenance & Site Condition Notes:

CROSS DRAIN DESIGN

Ardurra

3000 Dovera Drive, Ste 200

Oviedo, FL 32708

EXISTING CULVERT DATA

VELOCITY METHOD

y = 54.243x-0.291

10 cfs

100 cfs

0.10 1.00 10.00

D
is

ch
a

rg
e

 (
cf

s)

Flood Frequency (%)

Discharge (cfs) vs Flood Frequency (%)



Project Name: Cove Road PD&E

Project Number: DT4-010-01

CD Name: CD-04

Description: Existing Condition

Design By : ZKE Date: 8/8/2024

Check By : REC Date: 8/8/2024

Methodology Used:

Existing Culvert Information:

Culvert Shape: Circular Culvert Location: 340+60.00

Culvert Diameter: 18 in Culvert Rise: 4.00 ft

No. of barrels: 1 Material:

Area of Culvert: 1.77 sqft Manning's n: 0.012

Existing Length: 99.00 ft Inlet Configuration:

Avg. Flowline Elevation Upstream: 14.71 ft NAVD Inlet Depression: No

Avg. Flowline Elevation Downstream: 13.93 ft NAVD Roadway Crest: 17.50 ft NAVD

Slope: 0.008 ft/ft or 0.79% Surface: Paved

Tailwater: 16.21 Top Width: 40

OVERLAND FLOW(SHEET FLOW):

To = 0.93 * (L
0.6

) * (n
0.6

) = To(hr.'s)

               (i
0.4

) * (S
0.3

) 0.450 100 ft. 17.25 17.00 0.25% 6.78 in./hr. 6.78 in./hr. 25.62

     

     

25.62

SHALLOW CONCENTRATED FLOW:

Tsh =   Lsh    = Tsh(minutes)  where:

          60 x V 25 ft. 17.00 15.80 4.80% 3.53 fps 0.12

VELOCITY = Vunpaved, Vpaved, Vpipe and/or Vditch     

Vunpaved = 16.1345 x S
0.5

; where S = Slope in ft/ft.     

Vpaved = 20.3282 x S
0.5

; where S = Slope in ft/ft. 0.12

Vpipe  = 2.5 fps (Established)

Vditch = 0.5 fps (Established)

CHANNEL FLOW GEOMETRY:

1 6 0 6 12.00 6.00 12.17 0.49

CHANNEL FLOW:

Tsh =   Lsh    = Tsh(minutes)  where:

         60 x V 0.080 695 ft. 15.80 14.80 0.14% 0.441 26.28

VELOCITY = V = 1.49 r
2/3

 S
1/2        

                                n    

26.28

TOTAL TIME of CONCENTRATION = 52.02 min

Wetted 

Perimeter

(ft)

HYDRAULIC 

RADIUS (ft)

SURFACE
MANNING'S 

'n'

LENGTH

(ft)

BEGIN ELEV

(ft)

END ELEV

(ft)

SLOPE

(%)

VELOCITY 

(fps)

TIME

(min)

Channel, Clear bottom

Total Channel Flow Time of Concentration:

Unpaved

Total Shallow Concentrated Flow Time of Concentration:

Depth of Flow 

(ft)

Front Slope 

(1:_) (ft)

Bottom Width 

(ft)

Back Slope

(1:_) (ft)

Top Span

(ft)

Area

(ft
2
)

Total Overland Flow Time of Concentration:

SURFACE
LENGTH

(ft)

BEGIN ELEV

(ft)

END ELEV

(ft)

SLOPE

(%)

VELOCITY 

(fps)

TIME

(min)

No observed stain lines on structure. TOP elevation used for TW elevation 

for analysis.

Concrete, Reinforced

Mitered to Conform to Slope

TIME OF CONCENTRATION

SURFACE
MANNING'S 

'n'

LENGTH

(ft)

BEGIN ELEV

(ft)

END ELEV

(ft)

SLOPE

(%)

RAINFALL 

INTENSITY

(in/hr)

CALCULATED 

INTENSITY 

(in/hr)

TIME

(min)

Grass (bluegrass sod)

Maintenance & Site Condition Notes:

CROSS DRAIN DESIGN

Ardurra

3000 Dovera Drive, Ste 200

Oviedo, FL 32708

EXISTING CULVERT DATA

RATIONAL METHOD



Project Name: Cove Road PD&E

Project Number: DT4-010-01

CD Name: CD-04

Description: Existing Condition

Design By : ZKE Date: 8/8/2024

Check By : REC Date: 8/8/2024

CROSS DRAIN DESIGN

Ardurra

3000 Dovera Drive, Ste 200

Oviedo, FL 32708

EXISTING CULVERT DATA

Rational Method:

Q = CiA Terrain Slope: 2-7%

Q = Peak Runoff for Return Period T (cfs) Soil Type: Sandy Soils

C = Composite Runoff Coefficient ((C1*A1+C2*A2+C3*A3…+Cn*An)/AT) i25 yr = 4.20 in/hr

i = Rainfall Intensity for Return Period T (in/hr) i50 yr = 4.68 in/hr

A = Contributing Basin Area (A1+A2+A3…+An) (Ac) i100 yr = 5.18 in/hr

i500 yr = 6.38 in/hr

Runoff Coeff. Area (ac) C*A

0.55 4.60 2.53 Composite CT = Total C*A/AT = 0.550

  

  Q25yr = CTi25AT = 10.63 cfs

  Q50yr = CTi50AT = 11.85 cfs

  Q100yr = CTi100AT = 13.09 cfs

  Q500yr = CTi500AT = 16.13 cfs

  

  

4.60 2.53

10.63 11.85 13.09 10.72 16.13

*OT = Overtopping

Sample Calculations:

50-yr 100-yr 26-yr 500-yr

x = 3.85% (From interpolation)

Storm Event = 1/Storm Freq 2 1 3.85 0.2

26-yr

CD-04

Storm Event

Strom Frequency (%)

Total:

OVERTOPPING FREQUENCY ANALYSIS

Name Q(25) Q(50) Q(100) Q(OT) Q(500)

HYDROLOGIC ANALYSIS

Landuse

SFR (≤0.5 lots)



Project Name: Cove Road PD&E

Project Number: DT4-010-01

Design By : ZKE Date: 8/8/2024

Check By : REC Date: 8/8/2024

B-A B-A B-A

Discharge (cfs) Stage (ft) Discharge (cfs) Stage (ft) Stage (ft) Discharge (cfs) Stage (ft) Discharge (cfs) Stage (ft) Stage (ft) Discharge (cfs) Stage (ft) Discharge (cfs) Stage (ft) Discharge (cfs) Stage (ft) Discharge (cfs) Stage (ft) Stage (ft)

CD-01 203+20.00 12.09 9.75 12.09 7.36 -2.39 13.38 9.75 13.38 8.10 -1.65 10.32 9.75 19.14 12.30 16.47 9.75 16.47 10.18 0.43

CD-02 255+35.00 44.33 14.33 44.33 14.16 -0.17 51.95 15.00 51.95 14.51 -0.49 61.07 15.95 81.80 16.50 88.32 15.96 88.32 16.50 0.54

CD-04 340+60.00 11.85 17.50 11.85 16.64 -0.86 13.09 17.50 13.09 16.80 -0.70 10.72 17.50 21.39 17.50 16.13 17.50 16.13 17.26 -0.24

Aug-24

CROSS DRAIN DESIGN

Existing (A) Proposed (B)

Design Flood (50-yr Storm Event) Base Flood (100-yr Storm Event)

Existing (A) 

Greatest Flood (500-yr Storm Event)

Structure 

Number Proposed (B) Proposed (B)

Ardurra

3000 Dovera Drive, Ste 200

Oviedo, FL 32708

Overtopping Flood

CROSS  DRAIN FLOOD DATA SHEET - EXISTING VS. PROPOSED

Existing (A) Existing (A)

Approximate 

Location Proposed (B)



Cove Road from SR 76/Kanner Highway to SR 5/US 1/Federal Highway 
Financial Project Number: 441700-1-22-02   

    

   

 
Ardurra Group, Inc.   Location Hydraulics Memo 

 

 

 

 

 

Existing



HY-8 Culvert Analysis Report 

Crossing Discharge Data 

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

Minimum Flow: 12.09 cfs 

Design Flow: 13.38 cfs 

Maximum Flow: 16.47 cfs 

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

Headwater 

Elevation (ft) 

Total 

Discharge 

(cfs) 

Culvert 1 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

9.75 12.09 10.32 1.71 43 

9.75 12.53 10.32 2.14 3 

9.75 12.97 10.32 2.59 3 

9.75 13.38 10.32 3.02 3 

9.75 13.84 10.32 3.49 3 

9.75 14.28 10.32 3.83 2 

9.75 14.72 10.32 4.36 3 

9.75 15.16 10.32 4.72 2 

9.75 15.59 10.32 5.24 3 

9.75 16.03 10.32 5.62 2 

9.75 16.47 10.32 6.01 2 

9.75 10.32 10.32 0.00 Overtopping 

CD-01



Rating Curve Plot for Crossing: Crossing 1 

 

Culvert Data: Culvert 1 

Table 2 - Culvert Summary Table: Culvert 1 

Total 

Disch

arge 

(cfs) 

Culve

rt 

Disch

arge 

(cfs) 

Head

water 

Elevat

ion 

(ft) 

Inle

t 

Con

trol 

Dep

th 

(ft) 

Outl

et 

Con

trol 

Dep

th 

(ft) 

Fl

ow 

Ty

pe 

Nor

mal 

Dep

th 

(ft) 

Crit

ical 

Dep

th 

(ft) 

Out

let 

De

pth 

(ft) 

Tailw

ater 

Dept

h (ft) 

Outl

et 

Velo

city 

(ft/s

) 

Tailw

ater 

Veloc

ity 

(ft/s) 

12.09 

cfs 

10.32 

cfs 

9.75 4.29 6.32

0 

4-

FFf 

1.25 1.19 1.2

5 

1.33 8.41 0.00 

12.53 

cfs 

10.32 

cfs 

9.75 4.29 6.32

0 

4-

FFf 

1.25 1.19 1.2

5 

1.33 8.41 0.00 

12.97 

cfs 

10.32 

cfs 

9.75 4.29 6.32

0 

4-

FFf 

1.25 1.19 1.2

5 

1.33 8.41 0.00 

13.38 

cfs 

10.32 

cfs 

9.75 4.29 6.32

1 

4-

FFf 

1.25 1.19 1.2

5 

1.33 8.41 0.00 

13.84 

cfs 

10.32 

cfs 

9.75 4.29 6.32

1 

4-

FFf 

1.25 1.19 1.2

5 

1.33 8.41 0.00 

14.28 

cfs 

10.32 

cfs 

9.75 4.29 6.32

1 

4-

FFf 

1.25 1.19 1.2

5 

1.33 8.41 0.00 



14.72 

cfs 

10.32 

cfs 

9.75 4.29 6.32

1 

4-

FFf 

1.25 1.19 1.2

5 

1.33 8.41 0.00 

15.16 

cfs 

10.32 

cfs 

9.75 4.29 6.32

1 

4-

FFf 

1.25 1.19 1.2

5 

1.33 8.41 0.00 

15.59 

cfs 

10.32 

cfs 

9.75 4.29 6.32

1 

4-

FFf 

1.25 1.19 1.2

5 

1.33 8.41 0.00 

16.03 

cfs 

10.32 

cfs 

9.75 4.29 6.32

1 

4-

FFf 

1.25 1.19 1.2

5 

1.33 8.41 0.00 

16.47 

cfs 

10.32 

cfs 

9.75 4.29 6.32

1 

4-

FFf 

1.25 1.19 1.2

5 

1.33 8.41 0.00 

Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 3.43 ft, 

    Outlet Elevation (invert): 2.57 ft 

Culvert Length: 178.00 ft, 

    Culvert Slope: 0.0048 

Culvert Performance Curve Plot: Culvert 1 

 



Water Surface Profile Plot for Culvert: Culvert 1 

 

Site Data - Culvert 1 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 3.43 ft 

Outlet Station: 178.00 ft 

Outlet Elevation: 2.57 ft 

Number of Barrels: 1 

Culvert Data Summary - Culvert 1 

Barrel Shape: Circular 

Barrel Diameter: 1.25 ft 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 



Culvert Type: Straight 

Inlet Configuration: Mitered to Conform to Slope (Ke=0.7) 

Inlet Depression: None 

Tailwater Data for Crossing: Crossing 1 

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

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

12.09 4.03 1.33 

12.53 4.03 1.33 

12.97 4.03 1.33 

13.38 4.03 1.33 

13.84 4.03 1.33 

14.28 4.03 1.33 

14.72 4.03 1.33 

15.16 4.03 1.33 

15.59 4.03 1.33 

16.03 4.03 1.33 

16.47 4.03 1.33 

Tailwater Channel Data - Crossing 1 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 4.03 ft 

Roadway Data for Crossing: Crossing 1 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 600.00 ft 

Crest Elevation: 9.75 ft 

Roadway Surface: Paved 

Roadway Top Width: 105.00 ft 

 

 

 

 

 

 



Crossing Discharge Data 

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

Minimum Flow: 44.33 cfs 

Design Flow: 51.95 cfs 

Maximum Flow: 88.32 cfs 

Table 4 - Summary of Culvert Flows at Crossing: Crossing 2 

Headwater 

Elevation (ft) 

Total 

Discharge 

(cfs) 

Culvert 1 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

14.33 44.33 44.33 0.00 1 

14.70 48.73 48.73 0.00 1 

15.00 51.95 51.95 0.00 1 

15.56 57.53 57.53 0.00 1 

15.94 61.93 61.02 0.00 175 

15.95 66.32 61.09 4.69 12 

15.95 70.72 61.10 9.25 4 

15.95 75.12 61.10 13.41 3 

15.95 79.52 61.11 17.91 3 

15.95 83.92 61.11 22.44 3 

15.96 88.32 61.12 26.95 3 

15.95 61.07 61.07 0.00 Overtopping 

CD-02



Rating Curve Plot for Crossing: Crossing 2 

 

Culvert Data: Culvert 1 

Table 5 - Culvert Summary Table: Culvert 1 

Total 

Disch

arge 

(cfs) 

Culve

rt 

Disch

arge 

(cfs) 

Head

water 

Elevat

ion 

(ft) 

Inle

t 

Con

trol 

Dep

th 

(ft) 

Outl

et 

Con

trol 

Dep

th 

(ft) 

Fl

ow 

Ty

pe 

Nor

mal 

Dep

th 

(ft) 

Crit

ical 

Dep

th 

(ft) 

Out

let 

De

pth 

(ft) 

Tailw

ater 

Dept

h (ft) 

Outl

et 

Velo

city 

(ft/s

) 

Tailw

ater 

Veloc

ity 

(ft/s) 

44.33 

cfs 

44.33 

cfs 

14.33 3.41 3.66

6 

7-

M2

t 

2.25 1.84 2.1

7 

2.17 6.98 0.00 

48.73 

cfs 

48.73 

cfs 

14.70 3.80 4.04

4 

7-

M2

t 

2.25 1.92 2.1

7 

2.17 7.68 0.00 

51.95 

cfs 

51.95 

cfs 

15.00 4.11 4.34

2 

7-

M2

t 

2.25 1.97 2.1

7 

2.17 8.19 0.00 

57.53 

cfs 

57.53 

cfs 

15.56 4.69 4.90

4 

7-

M2

t 

2.25 2.04 2.1

7 

2.17 9.06 0.00 



61.93 

cfs 

61.02 

cfs 

15.94 5.09 5.28

4 

7-

M2

t 

2.25 2.07 2.1

7 

2.17 9.61 0.00 

66.32 

cfs 

61.09 

cfs 

15.95 5.10 5.29

2 

7-

M2

t 

2.25 2.07 2.1

7 

2.17 9.62 0.00 

70.72 

cfs 

61.10 

cfs 

15.95 5.10 5.29

3 

7-

M2

t 

2.25 2.07 2.1

7 

2.17 9.63 0.00 

75.12 

cfs 

61.10 

cfs 

15.95 5.10 5.29

3 

7-

M2

t 

2.25 2.07 2.1

7 

2.17 9.63 0.00 

79.52 

cfs 

61.11 

cfs 

15.95 5.11 5.29

4 

7-

M2

t 

2.25 2.07 2.1

7 

2.17 9.63 0.00 

83.92 

cfs 

61.11 

cfs 

15.95 5.11 5.29

5 

7-

M2

t 

2.25 2.07 2.1

7 

2.17 9.63 0.00 

88.32 

cfs 

61.12 

cfs 

15.96 5.11 5.29

5 

7-

M2

t 

2.25 2.07 2.1

7 

2.17 9.63 0.00 

Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 10.66 ft, 

    Outlet Elevation (invert): 10.37 ft 

Culvert Length: 133.00 ft, 

    Culvert Slope: 0.0022 



Culvert Performance Curve Plot: Culvert 1 

 



Water Surface Profile Plot for Culvert: Culvert 1 

 

Site Data - Culvert 1 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 10.66 ft 

Outlet Station: 133.00 ft 

Outlet Elevation: 10.37 ft 

Number of Barrels: 1 

Culvert Data Summary - Culvert 1 

Barrel Shape: Elliptical 

Barrel Span: 42.00 in 

Barrel Rise: 27.00 in 

Barrel Material: Concrete 

Embedment: 0.00 in 



Barrel Manning's n: 0.0120 

Culvert Type: Straight 

Inlet Configuration: Square Edge with Headwall (Ke=0.5) 

Inlet Depression: None 

Tailwater Data for Crossing: Crossing 2 

Table 6 - Downstream Channel Rating Curve (Crossing: Crossing 2) 

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

44.33 12.54 2.17 

48.73 12.54 2.17 

51.95 12.54 2.17 

57.53 12.54 2.17 

61.93 12.54 2.17 

66.32 12.54 2.17 

70.72 12.54 2.17 

75.12 12.54 2.17 

79.52 12.54 2.17 

83.92 12.54 2.17 

88.32 12.54 2.17 

Tailwater Channel Data - Crossing 2 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 12.54 ft 

Roadway Data for Crossing: Crossing 2 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 1000.00 ft 

Crest Elevation: 15.95 ft 

Roadway Surface: Paved 

Roadway Top Width: 77.00 ft 

 

 

 

 



Crossing Discharge Data 

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

Minimum Flow: 11.85 cfs 

Design Flow: 13.09 cfs 

Maximum Flow: 16.13 cfs 

Table 7 - Summary of Culvert Flows at Crossing: Crossing 4 

Headwater 

Elevation (ft) 

Total 

Discharge 

(cfs) 

Culvert 1 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

17.50 11.85 10.72 1.00 34 

17.50 12.28 10.72 1.46 3 

17.50 12.71 10.72 1.92 3 

17.50 13.09 10.72 2.32 3 

17.50 13.56 10.72 2.80 3 

17.50 13.99 10.72 3.14 2 

17.50 14.42 10.72 3.66 3 

17.50 14.85 10.72 4.02 2 

17.50 15.27 10.72 4.53 3 

17.50 15.70 10.73 4.90 2 

17.50 16.13 10.73 5.28 2 

17.50 10.72 10.72 0.00 Overtopping 

CD-04



Rating Curve Plot for Crossing: Crossing 4 

 

Culvert Data: Culvert 1 

Table 8 - Culvert Summary Table: Culvert 1 

Total 

Disch

arge 

(cfs) 

Culve

rt 

Disch

arge 

(cfs) 

Head

water 

Elevat

ion 

(ft) 

Inle

t 

Con

trol 

Dep

th 

(ft) 

Outl

et 

Con

trol 

Dep

th 

(ft) 

Fl

ow 

Ty

pe 

Nor

mal 

Dep

th 

(ft) 

Crit

ical 

Dep

th 

(ft) 

Out

let 

De

pth 

(ft) 

Tailw

ater 

Dept

h (ft) 

Outl

et 

Velo

city 

(ft/s

) 

Tailw

ater 

Veloc

ity 

(ft/s) 

11.85 

cfs 

10.72 

cfs 

17.50 2.79 2.56

6 

4-

FFf 

1.33 1.26 1.5

0 

1.50 6.07 0.00 

12.28 

cfs 

10.72 

cfs 

17.50 2.79 2.56

6 

4-

FFf 

1.33 1.26 1.5

0 

1.50 6.07 0.00 

12.71 

cfs 

10.72 

cfs 

17.50 2.79 2.56

6 

4-

FFf 

1.33 1.26 1.5

0 

1.50 6.07 0.00 

13.09 

cfs 

10.72 

cfs 

17.50 2.79 2.56

6 

4-

FFf 

1.33 1.26 1.5

0 

1.50 6.07 0.00 

13.56 

cfs 

10.72 

cfs 

17.50 2.79 2.56

6 

4-

FFf 

1.33 1.26 1.5

0 

1.50 6.07 0.00 

13.99 

cfs 

10.72 

cfs 

17.50 2.79 2.56

6 

4-

FFf 

1.33 1.26 1.5

0 

1.50 6.07 0.00 



14.42 

cfs 

10.72 

cfs 

17.50 2.79 2.56

7 

4-

FFf 

1.33 1.26 1.5

0 

1.50 6.07 0.00 

14.85 

cfs 

10.72 

cfs 

17.50 2.79 2.56

7 

4-

FFf 

1.33 1.26 1.5

0 

1.50 6.07 0.00 

15.27 

cfs 

10.72 

cfs 

17.50 2.79 2.56

7 

4-

FFf 

1.33 1.26 1.5

0 

1.50 6.07 0.00 

15.70 

cfs 

10.73 

cfs 

17.50 2.79 2.56

7 

4-

FFf 

1.33 1.26 1.5

0 

1.50 6.07 0.00 

16.13 

cfs 

10.73 

cfs 

17.50 2.79 2.56

7 

4-

FFf 

1.33 1.26 1.5

0 

1.50 6.07 0.00 

Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 14.71 ft, 

    Outlet Elevation (invert): 13.93 ft 

Culvert Length: 99.00 ft, 

    Culvert Slope: 0.0079 

Culvert Performance Curve Plot: Culvert 1 

 



Water Surface Profile Plot for Culvert: Culvert 1 

 

Site Data - Culvert 1 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 14.71 ft 

Outlet Station: 99.00 ft 

Outlet Elevation: 13.93 ft 

Number of Barrels: 1 

Culvert Data Summary - Culvert 1 

Barrel Shape: Circular 

Barrel Diameter: 1.50 ft 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 



Culvert Type: Straight 

Inlet Configuration: Mitered to Conform to Slope (Ke=0.7) 

Inlet Depression: None 

Tailwater Data for Crossing: Crossing 4 

Table 9 - Downstream Channel Rating Curve (Crossing: Crossing 4) 

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

11.85 15.43 1.50 

12.28 15.43 1.50 

12.71 15.43 1.50 

13.09 15.43 1.50 

13.56 15.43 1.50 

13.99 15.43 1.50 

14.42 15.43 1.50 

14.85 15.43 1.50 

15.27 15.43 1.50 

15.70 15.43 1.50 

16.13 15.43 1.50 

Tailwater Channel Data - Crossing 4 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 15.43 ft 

Roadway Data for Crossing: Crossing 4 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 250.00 ft 

Crest Elevation: 17.50 ft 

Roadway Surface: Paved 

Roadway Top Width: 40.00 ft 



Cove Road from SR 76/Kanner Highway to SR 5/US 1/Federal Highway 
Financial Project Number: 441700-1-22-02   

    

   

 
Ardurra Group, Inc.   Location Hydraulics Memo 

 

 

 

 

 

Proposed



HY-8 Culvert Analysis Report 

Crossing Discharge Data 

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

Minimum Flow: 12.09 cfs 

Design Flow: 13.38 cfs 

Maximum Flow: 16.47 cfs 

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

Headwater 

Elevation (ft) 

Total 

Discharge 

(cfs) 

Culvert 1 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

7.36 12.09 12.09 0.00 1 

7.60 12.53 12.53 0.00 1 

7.86 12.97 12.97 0.00 1 

8.10 13.38 13.38 0.00 1 

8.39 13.84 13.84 0.00 1 

8.67 14.28 14.28 0.00 1 

8.95 14.72 14.72 0.00 1 

9.25 15.16 15.16 0.00 1 

9.55 15.59 15.59 0.00 1 

9.86 16.03 16.03 0.00 1 

10.18 16.47 16.47 0.00 1 

12.30 19.14 19.14 0.00 Overtopping 

CD-01



Rating Curve Plot for Crossing: Crossing 1 

 

Culvert Data: Culvert 1 

Table 2 - Culvert Summary Table: Culvert 1 

Total 

Disch

arge 

(cfs) 

Culve

rt 

Disch

arge 

(cfs) 

Head

water 

Elevat

ion 

(ft) 

Inle

t 

Cont

rol 

Dep

th 

(ft) 

Outl

et 

Cont

rol 

Dep

th 

(ft) 

Fl

ow 

Ty

pe 

Nor

mal 

Dep

th 

(ft) 

Criti

cal 

Dep

th 

(ft) 

Out

let 

De

pth 

(ft) 

Tailw

ater 

Dept

h (ft) 

Outl

et 

Velo

city 

(ft/s

) 

Tailw

ater 

Veloc

ity 

(ft/s) 

12.09 

cfs 

12.09 

cfs 

7.36 3.29 4.35

8 

7-

M2

t 

1.50 1.32 1.3

3 

1.33 7.30 0.00 

12.53 

cfs 

12.53 

cfs 

7.60 3.46 4.60

5 

7-

M2

c 

1.50 1.33 1.3

3 

1.33 7.54 0.00 

12.97 

cfs 

12.97 

cfs 

7.86 3.63 4.86

0 

7-

M2

c 

1.50 1.35 1.3

5 

1.33 7.74 0.00 

13.38 

cfs 

13.38 

cfs 

8.10 3.80 5.10

4 

7-

M2

c 

1.50 1.36 1.3

6 

1.33 7.93 0.00 



13.84 

cfs 

13.84 

cfs 

8.39 3.99 5.38

9 

7-

M2

c 

1.50 1.38 1.3

8 

1.33 8.15 0.00 

14.28 

cfs 

14.28 

cfs 

8.67 4.17 5.66

7 

7-

M2

c 

1.50 1.39 1.3

9 

1.33 8.36 0.00 

14.72 

cfs 

14.72 

cfs 

8.95 4.36 5.95

2 

7-

M2

c 

1.50 1.40 1.4

0 

1.33 8.58 0.00 

15.16 

cfs 

15.16 

cfs 

9.25 4.56 6.24

6 

7-

M2

c 

1.50 1.41 1.4

1 

1.33 8.80 0.00 

15.59 

cfs 

15.59 

cfs 

9.55 4.78 6.54

8 

7-

M2

c 

1.50 1.42 1.4

2 

1.33 9.02 0.00 

16.03 

cfs 

16.03 

cfs 

9.86 5.01 6.85

7 

7-

M2

c 

1.50 1.43 1.4

3 

1.33 9.24 0.00 

16.47 

cfs 

16.47 

cfs 

10.18 5.24 7.17

7 

7-

M2

c 

1.50 1.43 1.4

3 

1.33 9.47 0.00 

Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 3.00 ft, 

    Outlet Elevation (invert): 2.70 ft 

Culvert Length: 178.00 ft, 

    Culvert Slope: 0.0017 



Culvert Performance Curve Plot: Culvert 1 

 



Water Surface Profile Plot for Culvert: Culvert 1 

 

Site Data - Culvert 1 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 3.00 ft 

Outlet Station: 178.00 ft 

Outlet Elevation: 2.70 ft 

Number of Barrels: 1 

Culvert Data Summary - Culvert 1 

Barrel Shape: Circular 

Barrel Diameter: 1.50 ft 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 



Culvert Type: Straight 

Inlet Configuration: Mitered to Conform to Slope (Ke=0.7) 

Inlet Depression: None 

Tailwater Data for Crossing: Crossing 1 

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

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

12.09 4.03 1.33 

12.53 4.03 1.33 

12.97 4.03 1.33 

13.38 4.03 1.33 

13.84 4.03 1.33 

14.28 4.03 1.33 

14.72 4.03 1.33 

15.16 4.03 1.33 

15.59 4.03 1.33 

16.03 4.03 1.33 

16.47 4.03 1.33 

Tailwater Channel Data - Crossing 1 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 4.03 ft 

Roadway Data for Crossing: Crossing 1 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 600.00 ft 

Crest Elevation: 12.30 ft 

Roadway Surface: Paved 

Roadway Top Width: 105.00 ft 

 

 

 

 

 



Crossing Discharge Data 

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

Minimum Flow: 44.33 cfs 

Design Flow: 51.95 cfs 

Maximum Flow: 88.32 cfs 

Table 4 - Summary of Culvert Flows at Crossing: Crossing 2 

Headwater 

Elevation (ft) 

Total 

Discharge 

(cfs) 

Culvert 1 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

14.16 44.33 44.33 0.00 1 

14.36 48.73 48.73 0.00 1 

14.51 51.95 51.95 0.00 1 

14.78 57.53 57.53 0.00 1 

14.99 61.93 61.93 0.00 1 

15.23 66.32 66.32 0.00 1 

15.56 70.72 70.72 0.00 1 

15.92 75.12 75.12 0.00 1 

16.30 79.52 79.52 0.00 1 

16.50 83.92 81.81 1.42 97 

16.50 88.32 81.82 5.77 4 

16.50 81.80 81.80 0.00 Overtopping 

CD-02



Rating Curve Plot for Crossing: Crossing 2 

 

Culvert Data: Culvert 1 

Table 5 - Culvert Summary Table: Culvert 1 

Total 

Disch

arge 

(cfs) 

Culve

rt 

Disch

arge 

(cfs) 

Head

water 

Elevat

ion 

(ft) 

Inle

t 

Cont

rol 

Dep

th 

(ft) 

Outl

et 

Cont

rol 

Dep

th 

(ft) 

Fl

ow 

Ty

pe 

Nor

mal 

Dep

th 

(ft) 

Criti

cal 

Dep

th 

(ft) 

Out

let 

De

pth 

(ft) 

Tailw

ater 

Dept

h (ft) 

Outl

et 

Velo

city 

(ft/s

) 

Tailw

ater 

Veloc

ity 

(ft/s) 

44.33 

cfs 

44.33 

cfs 

14.16 3.19 3.45

5 

3-

M2

t 

2.31 2.08 2.2

4 

2.17 6.82 0.00 

48.73 

cfs 

48.73 

cfs 

14.36 3.42 3.66

3 

3-

M2

t 

2.48 2.18 2.2

4 

2.17 7.49 0.00 

51.95 

cfs 

51.95 

cfs 

14.51 3.60 3.81

5 

7-

M2

c 

2.61 2.25 2.2

5 

2.17 7.93 0.00 

57.53 

cfs 

57.53 

cfs 

14.78 3.93 4.07

9 

7-

M2

c 

2.88 2.38 2.3

8 

2.17 8.28 0.00 



61.93 

cfs 

61.93 

cfs 

14.99 4.22 4.29

2 

7-

M2

c 

3.50 2.47 2.4

7 

2.17 8.55 0.00 

66.32 

cfs 

66.32 

cfs 

15.23 4.53 4.51

2 

7-

M2

c 

3.50 2.55 2.5

5 

2.17 8.82 0.00 

70.72 

cfs 

70.72 

cfs 

15.56 4.86 4.74

4 

7-

M2

c 

3.50 2.63 2.6

3 

2.17 9.10 0.00 

75.12 

cfs 

75.12 

cfs 

15.92 5.22 4.99

4 

7-

M2

c 

3.50 2.71 2.7

1 

2.17 9.39 0.00 

79.52 

cfs 

79.52 

cfs 

16.30 5.60 5.27

6 

7-

M2

c 

3.50 2.79 2.7

9 

2.17 9.68 0.00 

83.92 

cfs 

81.81 

cfs 

16.50 5.80 5.45

1 

7-

M2

c 

3.50 2.82 2.8

2 

2.17 9.84 0.00 

88.32 

cfs 

81.82 

cfs 

16.50 5.80 5.45

2 

7-

M2

c 

3.50 2.82 2.8

2 

2.17 9.84 0.00 

Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 10.70 ft, 

    Outlet Elevation (invert): 10.30 ft 

Culvert Length: 145.00 ft, 

    Culvert Slope: 0.0028 



Culvert Performance Curve Plot: Culvert 1 

 



Water Surface Profile Plot for Culvert: Culvert 1 

 

Site Data - Culvert 1 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 10.70 ft 

Outlet Station: 145.00 ft 

Outlet Elevation: 10.30 ft 

Number of Barrels: 1 

Culvert Data Summary - Culvert 1 

Barrel Shape: Circular 

Barrel Diameter: 3.50 ft 

Barrel Material: Concrete 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 



Culvert Type: Straight 

Inlet Configuration: Mitered to Conform to Slope (Ke=0.7) 

Inlet Depression: None 

Tailwater Data for Crossing: Crossing 2 

Table 6 - Downstream Channel Rating Curve (Crossing: Crossing 2) 

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

44.33 12.54 2.17 

48.73 12.54 2.17 

51.95 12.54 2.17 

57.53 12.54 2.17 

61.93 12.54 2.17 

66.32 12.54 2.17 

70.72 12.54 2.17 

75.12 12.54 2.17 

79.52 12.54 2.17 

83.92 12.54 2.17 

88.32 12.54 2.17 

Tailwater Channel Data - Crossing 2 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 12.54 ft 

Roadway Data for Crossing: Crossing 2 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 1000.00 ft 

Crest Elevation: 16.50 ft 

Roadway Surface: Paved 

Roadway Top Width: 112.00 ft 

 

 

 

 

 



Crossing Discharge Data 

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

Minimum Flow: 11.85 cfs 

Design Flow: 13.09 cfs 

Maximum Flow: 16.13 cfs 

Table 7 - Summary of Culvert Flows at Crossing: Crossing 4 

Headwater 

Elevation (ft) 

Total 

Discharge 

(cfs) 

Culvert 1 

Discharge 

(cfs) 

Roadway 

Discharge 

(cfs) 

Iterations 

16.64 11.85 11.85 0.00 1 

16.69 12.28 12.28 0.00 1 

16.75 12.71 12.71 0.00 1 

16.80 13.09 13.09 0.00 1 

16.86 13.56 13.56 0.00 1 

16.92 13.99 13.99 0.00 1 

16.99 14.42 14.42 0.00 1 

17.05 14.85 14.85 0.00 1 

17.12 15.27 15.27 0.00 1 

17.18 15.70 15.70 0.00 1 

17.26 16.13 16.13 0.00 1 

17.50 17.54 17.54 0.00 Overtopping 

CD-04



Rating Curve Plot for Crossing: Crossing 4 

 

Culvert Data: Culvert 1 

Table 8 - Culvert Summary Table: Culvert 1 

Total 

Disch

arge 

(cfs) 

Culve

rt 

Disch

arge 

(cfs) 

Head

water 

Elevat

ion 

(ft) 

Inle

t 

Cont

rol 

Dep

th 

(ft) 

Outl

et 

Cont

rol 

Dep

th 

(ft) 

Fl

ow 

Ty

pe 

Nor

mal 

Dep

th 

(ft) 

Criti

cal 

Dep

th 

(ft) 

Out

let 

De

pth 

(ft) 

Tailw

ater 

Dept

h (ft) 

Outl

et 

Velo

city 

(ft/s

) 

Tailw

ater 

Veloc

ity 

(ft/s) 

11.85 

cfs 

11.85 

cfs 

16.64 1.94 1.35

1 

1-

JS1

t 

1.08 1.24 1.5

2 

1.49 4.63 0.00 

12.28 

cfs 

12.28 

cfs 

16.69 1.99 1.39

8 

1-

JS1

t 

1.10 1.26 1.5

2 

1.49 4.79 0.00 

12.71 

cfs 

12.71 

cfs 

16.75 2.05 1.44

6 

5-

S2

n 

1.12 1.28 1.1

2 

1.49 6.99 0.00 

13.09 

cfs 

13.09 

cfs 

16.80 2.10 1.49

0 

5-

S2

n 

1.15 1.30 1.1

5 

1.49 7.03 0.00 



13.56 

cfs 

13.56 

cfs 

16.86 2.16 1.54

7 

5-

S2

n 

1.17 1.33 1.1

7 

1.49 7.09 0.00 

13.99 

cfs 

13.99 

cfs 

16.92 2.22 1.60

0 

5-

S2

n 

1.20 1.35 1.2

0 

1.49 7.14 0.00 

14.42 

cfs 

14.42 

cfs 

16.99 2.29 1.65

5 

5-

S2

n 

1.22 1.37 1.2

2 

1.49 7.19 0.00 

14.85 

cfs 

14.85 

cfs 

17.05 2.35 1.71

1 

5-

S2

n 

1.24 1.39 1.2

4 

1.49 7.23 0.00 

15.27 

cfs 

15.27 

cfs 

17.12 2.42 1.76

9 

5-

S2

n 

1.27 1.41 1.2

7 

1.49 7.24 0.00 

15.70 

cfs 

15.70 

cfs 

17.18 2.48 1.82

8 

5-

S2

n 

1.29 1.43 1.2

9 

1.49 7.32 0.00 

16.13 

cfs 

16.13 

cfs 

17.26 2.56 1.89

0 

5-

S2

n 

1.32 1.45 1.3

2 

1.49 7.34 0.00 

Culvert Barrel Data 

Culvert Barrel Type Straight Culvert 

Inlet Elevation (invert): 14.70 ft, 

    Outlet Elevation (invert): 13.90 ft 

Culvert Length: 110.00 ft, 

    Culvert Slope: 0.0073 



Culvert Performance Curve Plot: Culvert 1 

 



Water Surface Profile Plot for Culvert: Culvert 1 

 

Site Data - Culvert 1 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 14.70 ft 

Outlet Station: 110.00 ft 

Outlet Elevation: 13.90 ft 

Number of Barrels: 1 

Culvert Data Summary - Culvert 1 

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: Mitered to Conform to Slope (Ke=0.7) 

Inlet Depression: None 

Tailwater Data for Crossing: Crossing 4 

Table 9 - Downstream Channel Rating Curve (Crossing: Crossing 4) 

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

11.85 15.42 1.49 

12.28 15.42 1.49 

12.71 15.42 1.49 

13.09 15.42 1.49 

13.56 15.42 1.49 

13.99 15.42 1.49 

14.42 15.42 1.49 

14.85 15.42 1.49 

15.27 15.42 1.49 

15.70 15.42 1.49 

16.13 15.42 1.49 

Tailwater Channel Data - Crossing 4 

Tailwater Channel Option: Enter Constant Tailwater Elevation 

Constant Tailwater Elevation: 15.42 ft 

Roadway Data for Crossing: Crossing 4 

Roadway Profile Shape: Constant Roadway Elevation 

Crest Length: 250.00 ft 

Crest Elevation: 17.50 ft 

Roadway Surface: Paved 

Roadway Top Width: 40.00 ft 



Cove Road from SR 76/Kanner Highway to SR 5/US 1/Federal Highway 
Financial Project Number: 441700-1-22-02    
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Cove Road PD&E – Meeting Minutes 
INWOOD Consulting Engineers, Inc  I  3000 Dovera Drive, Suite 200, Oviedo, FL 32765   I   P: 407-971-8850    

 

The Drainage Methodology / Kick-Off Meeting for the Cove Road Project Development and Environment (PD&E) 

Study was held at 1:15pm on August 29, 2023, via Microsoft Teams. The purpose of this meeting was to review the 

requirements of the project and provide an opportunity for drainage-specific scope discussion on choices made on 

pond siting.  

The meeting began with introductions and an overview of the project.  The bulleted items below summarize the key 

points of discussion.  The meeting agenda and sign-in sheet provided at the meeting are attached to this document 

for reference.   

Discussion Items 

• Inwood gave a Project Overview/Scope Discussion 

• Inwood then reviewed the existing drainage conditions of the corridor 

o The project is located within the South St. Lucie and Indian River Lagoon South Coastal watersheds 

and traverses three WBIDs; WBID 3210C – South Fork St. Lucie River (Tidal Segment), WBID 3220 

– Basin 2, and WBID 3208C – Manatee Pocket.  Manatee Pocket is an Outstanding Florida Water 

(OFW). 

 The St. Lucie River and Estuary Basin has adopted a Basin Management Action Plan 

(BMAP), which will require a nutrient loading analysis. 

o The existing roadway was permitted under SFWMD Permit No. 43-00642-S for a 4-lane condition.  

The existing permit has 5 basins along the corridor and provides treatment within swales along the 

roadway.  The ultimate condition was not built out and Cove Road currently exists as a 2-lane 

roadway. 

o There are cross drains along the corridor which provide equalization and conveyance for the 

wetlands that are along the corridor.  

 

• Inwood then reviewed the drainage approach and methodology for the study.  Open discussion was had 

for the Pond alternatives for each basin.   

o A Pond Siting Report (PSR) will be provided. The Five (5) existing basins are anticipated to remain 

and an offsite pond and exfiltration alternative will be investigated for each basin. 

o Basin 1 begins at Kanner Highway and extends east. 

 There are limited pond sites available within the basin limits due to the majority of the 

area being built out or planned for development.  Potential locations would create 

significant relocations or impact 4f parcels (Hosford Park) 

 The roadway low point is near Gaines Avenue, creating difficulty in conveying stormwater 

to the east end of the basin, which is at a higher elevation. 

 Inwood asked about the potential to work with I-95 / Kanner Hwy PD&E and have portions 

of Basin 1 included in their study.   

 Currently the approach is to shift the easter basin limit to the west and provide treatment 

for the basin in Pond 2. 

 Martin County stated the outfall structure at Gaines Avenue flows south within a 

culverted system that crosses Paulson Avenue before crossing underneath Gaines Avenue 

and ultimately outfalling into the river. 

DATE: August 29, 2023 

TO: All Attendees (via email) 

FROM: Zachary K. Evans, PE  

RE: Cove Road from SR76 (Kanner Hwy) to SR 5/US 1 PD&E Study (FPID: 441700-1) 

CC: File 
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INWOOD Consulting Engineers, Inc  I  3000 Dovera Drive, Suite 200, Oviedo, FL 32765   I   P: 407-971-8850    

 Martin County stated they would confirm what the plans were for Hosford Park as there 

may be potential to utilize that parcel if there are no planned improvements. 

• Martin County later followed up stating that Hosford Park has been permitted 

and planned for a dog park. 

• It was determined that the park would not be considered for a potential Pond 

Site during the PD&E, but the County is looking to potentially change the land 

use of the park and it may be reconsidered during design. 

 Basin 2 

• Basin 2 has a roadway highpoint at the western limit of the basin and flows east.  

• The pond site being investigated for this basin is currently west of the existing 

basin divide and will utilize the entirety of the impacted parcel.  This will allow 

for additional volume within the pond to account for portion of Basin 1. 

• Martin County stated the existing basin currently ultimately outfalls both north 

along Fern Creek and south through the wetland systems. 

• Martin County stated there were several properties within the basin that were 

not planned for development.   

• Inwood stated the site being investigated was chosen due to its proximity to the 

basin low point. 

• The basin limit will be controlled hydraulically by the elevation of the roadway 

that allows stormwater runoff to be conveyed back to the pond. 

• Martin County stated that Legacy Cove outfalls to Fern Creek along the roadway 

R/W at the southwest corner of the development. 

 Basin 3 

• Inwood reviewed multiple sites for a pond within Basin 3 asking for the County’s 

input on preference.  Inwood asked if a pond at the corner of Willoughby Blvd 

and Cove Road as an expansion of the existing County Ponds would be ideal. 

• Martin County stated that the ponds along Willoughby had excess volume to 

accommodate the future 4 laning of Willoughby, but an additional site would 

likely be necessary.    

• Martin County also stated pre-application request was submitted for potential 

future development on the site being investigated at the intersection of 

Willoughby and Cove Road.  

• In order to avoid future conflict with this development the site west of 

Willoughby would be preferred. 

• Martin County stated the existing ponds on Willoughby discharge north along a 

bypass ditch before outfalling into the Tower Road ditch. 

• Martin County stated there is a drainage easement for the inlets along the west 

side of Willoughby Blvd. 

• Martin County asked if parcel 55-38-41-000-066-00071-0 had been considered. 

Stating that the parcel has a Preserve Area Management Plan (PAMP) for a 

portion of the site, but it does not encompass the entire site.  

• Inwood stated the site was avoided due to likely wetland impacts, but would 

coordinate with the ecological team and review the site. 

o Review of the National Wetlands Inventory (NWI) indicated that the 

majority of the parcel has wetland FLUCFCS. 

 

 Basin 4  

• Inwood reviewed Basin 4 and the limited pond site availability citing the existing 

development to the south and conservation easements over the wetlands.  

• A potential pond site was identified near the Hibiscus Park outfall ditch at back 

of parcel.   
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• Martin County stated the Hibiscus Park ditch was County R/W and could be 

utilized as an access easement to the pond. 

• Inwood agreed and will remove the easement shown along the property line. 

• Inwood stated the property to the north is owned by Indian River State College 

District Board of Trustees and asked if the County knew of any planned 

developments or if the State College would be interested in a joint use 

opportunity. 

o The County stated they would provide contact information to Inwood 

so that a coordination meeting can be scheduled regarding future plans 

for the school’s vacant parcel.  

 Basin 5 

• Inwood reviewed Basin 5, stating there were limited options for offsite ponds.  

The north side of the roadway are single family homes, in which the potential 

R/W impacts from the roadway would not be significant enough to be total 

takes.  Siting a pond to the north would cause a multitude of relocations.   

• There are developments along the southside of the roadway and conservation 

easements over existing wetlands.   

• Inwood identified a site south within Montego Cove, in which the parcels were 

not fully built out.  The potential pond site would utilize the vacant lots and an 

access easement to convey stormwater. 

 

• Inwood reviewed the design criteria that would be utilized for this project. 

o The proposed study would analyze treatment of total impervious for the proposed roadway due 

to the existing treatment swales being impacted. 

 50% additional water quality would be provided for basins outfalling to OFW  

 Nutrient loading analysis would be provided due to the adopted BMAP 

o Inwood asked to clarify Martin County criteria 

• Attenuation 

o 25-year/72-hour storm 

o 3-year/24-hour storm 

• Treatment 

o Pre- vs post-development mass pollutant loading  

• Martin County Municode design analysis volumes were clarified: 

o 3 inches over impervious for dry retention ponds 

o 3 inches over impervious + 25% for dry detention ponds 

o 3 inches over impervious + 50% for wet detention ponds 

• Inwood stated there were not any anticipated floodplain impacts associated with this study.  A hydraulics 

memo would be provided documenting this and would provide preliminary analysis of the cross drains 

along the corridor. 

• Inwood requested that this projected be added to FDOT’s September agenda for pre-app with SFWMD 

 

Action Items 

• FDOT 

o Include Cove Road on agenda for September Interagency meeting with SFWMD 

• Martin County 

o Provide contact information for Indian River State College District Board of Trustees 

 Contact information has been provided and as a follow-up. Inwood will contact and 

schedule a meeting with the Indian River State College District Board of Trustees. 

 

Note: The above reflects the writer’s understanding of the contents of the meeting.  If any misinterpretations or inaccuracies are included, 

please contact Zach Evans (407-971-8850) as soon as possible for resolution and revisions if necessary. 
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Attendees  

Name Firm/Dept E-mail Phone 

Zach Evans, PE Inwood Drainage zevans@inwoodinc.com  

David Dangel, PE Inwood PD&E ddangel@inwoodinc.com  

Kevin Iannarone, PE Inwood Roadway Kiannarone@inwoodinc.com  

Forrest McClellan, EI Inwood Drainage fmcclellan@inwoodinc.com  

Alex Paradiz FDOT Alex.paradiz@dot.state.fl.us  

Robert Vater FDOT Robert.vater@dot.state.fl.us  

Lisa Wichser Martin Co lwichser@martin.fl.us  

Nick Muzia  Martin Co nmuzia@martin.fl.us  

 


