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20 Drainage

20.1 A Introduction

This chapter recognizes that Florida is regularly affected by adverse weather conditions. As
such, the proper design of a roadway’s drainage system is critical to its function and to the
safety of the motoring public as well as pedestrians, bicyclists, and other users of these
facilities. Standing-wateronr-arocadway-cannotonlrereate a-hazard but could-also-impede-the

flow-oftraffic-

This chapter represents the minimum standards that should be used when designing roadway
drainage. As is the case for all elements in a facility’s design, the designer must consider site
specific conditions and determine the proper level of service the facility’s drainage system

should provide. TFhe-desigh-of-drainagefa e hould-not-only-considerthe-system’s-abili
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20.2 B Objectives

The objective of this chapter is to establish the minimum standards to which a roadway’s
drainage system is to be designed. In order for the drainage system to function properly, the
below guidelines should be used in the design, construction and maintenance of these
systems.

e Design and maintain drainage systems to quickly move water out of the travel lanes in
order provide a safer environment for users of a facility during adverse weather conditions.

e Design drainage systems by taking into consideration the future maintenance of said
system to avoid creating hazardous conditions to drivers and maintenance staff during
routine servicing.

The FDOT'’s Drainage Design Guide (DDG) is a reference for designers, providing guidelines

and examples of how these objectives can be accomplished. The DDG provides information
on the following areas of drainage design:

e Hydrology

e Open Channels

e Culverts

e Bridge Hydraulics

e Storm Drains

e Exfiltration Systems

e Optional Pipe Materials

e Stormwater Management Facilities Faciity

e Temporary Drainage Design
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20.3 € Regulatory Requirements

20.3.1 4 Chapter 62-330, Florida Administrative Code

Chapter 62-330, F.A.C., rules of the Florida Department of Environmental Protection,
implements the comprehensive, statewide environmental resource permit (ERP) program
under Section 373.4131, ES.. The ERP program governs the following: construction,
alteration, operation, maintenance, repair, abandonment, and removal of stormwater

management systems, dams, impoundments, reservoirs, appurtenant works, and works
(including docks, piers, structures, dredging, and filling located in, on or over wetlands or other
surface waters, as defined and delineated in Chapter 62-340, F.A.C.. Chapter 62-25-F-A-C-

mms—oeenrosoaled
20.3.2C.2 Chapter 62-40, Florida Administrative Code

Chapter 62-40, F.A.C., rules of the Florida Department of Environmental Protection outlines
basic goals and requirements for surface water protection and management to be
implemented and enforced by the Florida Department of Environmental Protection and Water
Management Districts.

19.3.3 €3 National Pollutant Discharge Elimination System

The National Pollutant Discharge Elimination System (NPDES) permit program is
administered by the U. S. Environmental Protection Agency and delegated to the Florida
Department of Environmental Protection in Florida. This program requires permits for

stormwater discharges into waters of the United States from industrial activities; and from large
and medium municipal separate storm sewer systems (MS4s). Construction projects are within
the definition of an industrial activity.
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204 E Open Channel

This section presents minimum standards for the design of natural or manmade open
channels, including roadside ditches, swales, median ditches, interceptor ditches, outfalls, and
canals.

20.4.1 E1 Design Frequency

Open channels shall be designed to convey and to confine storm water within the channel.
Standard design frequencies for stormwater flow are shown in Table 20 — 1 Fable 20—4
Stormwater Flow Design Frequencies.

Table 20-1 Fable 20-5 Stormwater Flow Design Frequencies

Facility Types I Frequency
Major roadway 10-year
All other road types 5-year

Site-specific factors may warrant the use of an atypical design frequency. Any increase over
pre-development stages shall not significantly change land use values unless flood rights are
acquired.

20.4.2 E-2 Hydrologic Analysis

For the design of open channels, use one of the following methods as appropriate for the site:

1. Afrequency analysis of observed (gauge) data shall be used when available. If insufficient
or no observed data is available, one of the procedures below shall be used as appropriate.
However, the procedures below shall be calibrated to the extent practical with available
observed data for the drainage basin, or nearby similar drainage basins.

a. Regional or local regression equation developed by the United States Geological
Survey (USGS).

b. Rational Equation for drainage areas up to 600 acres.

c. For outfalls from stormwater management facilities, the method used for the design
of the stormwater management facility may be used.

2. Forregulated or controlled canals, hydrologic data shall be requested from the controlling
entity. Prior to use for design, this data shall be verified to the extent practical.

3. Stormwater modeling software, approved by the maintaining agency or local government
jurisdiction.
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20.4.3 E-3 Hydraulic Analysis

The Manning's Equation shall be used for the design of open channels.

20.4.31 E3a Manning’s “n” Values

Recommended Manning's n values for channels with bare soil, vegetative linings, and rigid
linings are presented in the FDOT’s Drainage Manual (2022), Table 2.2 Manning’s “n”
Values for Artificial Channels with Bare Soil and Vegetative Linings and Table 2.3
Manning’s ‘n” Values for Artificial Channels with Rigid Linings. The manual is
incorporated by reference in Rule 14-86.003, F.A.C., Permit, Assurance Requirements, and

Exceptions.

The probable condition of the channel when the design event is anticipated shall be
considered when a Manning's n value is selected.

20.4.3.2 E3b Slope

Roadside channels should be designed to have self-cleaning velocities, where possible.
Channels should also be designed to avoid standing water in the roadway right of way.

20.4.3.3 E3-¢ Channel Linings and Velocity

The design of open channels shall consider the need for channel linings. When design flow
velocities do not exceed the maximum permissible for bare earth, the standard treatment of
ditches may consist of grassing and mulching. For higher design velocities, sodding, ditch
paving, or other form of lining shall be provided. Tables for maximum velocities for bare earth
and the various forms of channel lining can be found in the FDOT’s Drainage Manual (2022),
Tables 2.4 Maximum Shear Stress Values and Allowable Velocities for Different Soils and
Table 2.5 Maximum Velocities for Various Lining Types.

20.4.3.4 E34d Limitations on Use of Linings

Grassing or sodding should not be used under the following conditions:

1. Continuous standing or flowing water

2. Areas that do not receive the regular maintenance necessary to prevent overgrowth by
taller vegetation

3. Lack of nutrients

4. Excessive soil drainage

5. Areas excessively shaded
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To prevent cracking or failure, concrete lining must be placed on a firm, well-drained
foundation. Concrete linings are not recommended where expansive clays are present.

When concrete linings are to be used where soils may become saturated, the potential for
buoyancy shall be considered. Acceptable countermeasures may include:

Increasing the thickness of the lining to add additional weight.
2. For sub-critical flow conditions, specifying weep holes at appropriate intervals in the
channel bottom to relieve the upward pressure on the channel.

3. For super-critical flow conditions, using subdrains in lieu of weep holes.

20.4.4 E-4 Construction and Maintenance Considerations

The type and frequency of maintenance that may be required during the life of drainage
channels should be considered during their design, and allowances should be made for the
access of maintenance equipment.

20.4.5E.5 Safety

The design and location of open channels shall comply with roadside safety and clear zone
requirements. See Chapter 3 — Geometric Design for clear zone requirements, including
special clearance criteria for canals.

20.4.6 E.6 Documentation

For new construction, design documentation for open channels shall include the hydrologic
and the hydraulic analyses, including analysis of channel lining requirements
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20.5 F Storm Drain Hydrology and Hydraulics

This section presents minimum standards for the design of storm drain systems.

20.5.1 E1  Pipe Materials

See Section 20.7 SeetionH for pipe material requirements.

20.5.2 2 Design Frequency

The minimum design storm frequency for the design of storm drain systems shall be 3 years.

Site-specific factors may warrant the use of an atypical design frequency. Any increase over
pre-development stages shall not significantly change land use values unless flood rights are
acquired.

20.5.3 3 Design Tailwater

For most design applications where the flow is subcritical, the tailwater will either be above the
crown of the outlet or can be considered to be between the crown and critical depth. To
determine the energy grade line (EGL), begin with either the tailwater elevation or (dc + D)/2,
whichever is higher, add the velocity head for full flow and proceed upstream, adding
appropriate losses (e.g., exit, friction, junction, bend, entrance).

An exception to the above procedure is an outfall with low tailwater. In this case, a water
surface profile calculation would be appropriate to determine the location where the water
surface will either intersect the top or end of the barrel and full-flow calculations can begin. In
this case, the downstream water surface elevation would be based on critical depth or the
tailwater, whichever is higher.

20.5.4 4  Hydrologic Analysis

The Rational Method is the preferred method in use for the design of storm drains when the
momentary peak-flow rate is desired. Other methods may be used, with permission by the
maintaining agency or local government jurisdiction.

20.5.4.1 F4-a Time of Concentration

Minimum time of concentration shall be 10 minutes.

20.5.5F5 Hydraulic Analysis

Hydraulic calculations for determining storm drain conduit sizes shall be based on open
channel and pressure flow as appropriate. The Manning's equation shall be used.
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20.5.5.1 F-5.a Pipe Slopes

The minimum physical slope should be that which will produce a velocity of 2.5 feet per second
(fps) when the storm drain is flowing full. Where not practical or possible in flat terrain, include
design features to limit soils from entering the pipes.

20.5.5.2 F5:b Hydraulic Gradient

If the hydraulic grade line (HGL) does not rise above the top of any manhole or above an inlet
entrance, the storm drainage system is satisfactory. Standard practice is to ensure that the
HGL is below the top of the inlet for the design discharge (some local agencies may add an
additional safety factor which can be up to 12 inches). Manholes with bolted lids may be used
in locations where the top is below the HGL.

20.5.5.3 F5.¢ Outlet Velocity

When discharge exceeds 4 fps, consider special channel lining or energy dissipation. For
computation of outlet velocity, the lowest anticipated tailwater condition for the given storm
event shall be assumed.

20.5.5.4 F-5.¢d Manning’s Roughness Coefficients

Standards Manning’s Roughness Coefficients can be found in the FDOT’s Drainage Manual
(2022) Section 3.6.4.

20.5.6 £6 Hydraulic Openings

If the hydraulic grade line does not rise above the top of any manhole or above an inlet
entrance, the storm drainage system is satisfactory. Standard practice is to ensure that the
HGL is below the top of the inlet for the design discharge.

The design stage for a ditch bottom inlet may be allowed to exceed the inlet top when the ditch
or swale can accommodate the capacity. Examine where the overtopping elevation could
occur to ensure there are no adverse flooding impacts to the roadway or offsite property.

20.5.6.1 F-6-a Entrance Location and Spacing

Drainage inlets and other hydraulic openings are sized and located to satisfy hydraulic
capacity, structural capacity, safety (pedestrians, cyclists, and motor vehicles), and durability
requirements.
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Grate inlets and the depression of curb opening inlets should be located outside the through
traffic lanes to minimize the shifting of vehicles attempting to avoid them. All grate inlets shall
be bicycle safe where used on roadways that allow bicycle travel.

The FDOT’s Drainage Manual (2022), Section 3.7 provides guidance on hydraulic openings
and protective treatments. Table 3.3 Curb and Inlet Application Guidelines, Table 3.4 Ditch
Bottom Inlet Application Guidelines and Table 3-5 Drainage End Treatment — Lateral
Offset Criteria in the Drainage Manual provide guidance for inlet selection.

Inlet spacing shall consider the following:

e Regardless of the results of the hydraulic analysis, inlets on grade should be spaced at a
maximum of 300 feet for 48 inches or smaller pipes.

¢ Inlets on grade should be spaced at a maximum of 600 feet for pipes larger than 48 inches.
e Inlets should be placed on the upstream side of bridge approaches.

¢ Inlets should be placed at all low points in the gutter grade.

e Inlets should be placed upstream of intersecting streets.

¢ Inlets should be placed on the upstream side of a driveway entrance, curb-cut ramp, or
pedestrian crosswalk even if the hydraulic analysis places the inlet further down grade or
within the feature.

e Inlets should be placed upstream of median breaks.

¢ Inlets should be placed to capture flow from intersecting streets before it reaches the major
highway.

e Flanking inlets in sag vertical curves are standard practice.

¢ Inlets should be placed to prevent water from sheeting across the highway (i.e., place the
inlet before the superelevation transition begins).

¢ Inlets should not be located in the path where pedestrians walk.

20.5.6.2 E6-b Grades

The minimum longitudinal gutter grade shall be 0.3%. Minimum grades can be maintained in
very flat terrain by use of a rolling profile.

20.5.7 E&b4 Spread Standards

The spread, in both temporary and permanent conditions, resulting from a rainfall intensity of
4.0 inches per hour shall be limited as shown in Table 20 — 2 Table 20—5 Spread Criteria.
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Table 20-2 Table 20-6 Spread Criteria

Design Speed (mph) l Spread Criteria*®

Design Speed < 30 Crown of Road

30 < Design speed < 45 Keep Y2 of lane clear

45 < Design Speed < 55 Keep 8’ of lane clear

Design Speed > 55 No encroachment

Notes:

*The criteria in this column apply to travel, turn, or auxiliary lanes adjacent to barrier wall or curb, in normal or super
elevated sections.

In addition to the above standards, for sections with a shoulder gutter, the spread resulting
from a 10-year frequency storm shall not exceed 1’ 3” outside the gutter in the direction toward
the front slope. This distance limits the spread to the face of guardrail posts.

20.5.8 E8 Construction and Maintenance Considerations

Proper design shall also consider maintenance concerns of adequate physical access for
cleaning and repair.

20.5.8.1 F-8-a Pipe Size and Length

Consider using a minimum pipe size of 18” for trunk lines and laterals. 15" hubcaps commonly
block smaller pipes resulting in roadway flooding. The minimum pipe diameter for all proposed
exfiltration trench pipes (French drain systems) within a drainage system is 18”.

The maximum pipe lengths without maintenance access structures are as follows:
Pipes without French Drains:
18” - 42" pipe 300 feet

48” and larger and all box culverts 600 feet

French Drains that have access through only one end:

18” to 30” pipe 150 feet

36” and larger pipe 200 feet
French Drains that have access through both ends:

24” to 30” pipe 300 feet

36” and larger pipe 400 feet
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20.5.8.2 E8-b Minimum Clearances

A minimum cover of 1 ft should be provided between the top of pipe and the top of subgrade. A
minimum clearance of 1 ft should be provided between storm drainage pipes and other
underground facilities (e.g., sanitary sewers). Check with local utility companies, as their
clearance requirements may vary from the 1° minimum.

20.5.9 E40 Protective Treatment

Drainage designs shall be reviewed to determine if some form of protective treatment will be
required to prevent unauthorized entry to long or submerged storm drain systems, steep
ditches, or water control facilities. If other modifications, such as landscaping or providing flat
slopes, can eliminate the potential hazard and thus the need for protective treatment, they
should be considered first. Areas provided for retention and detention, for example, can often
be effectively integrated into parks or other green spaces.

Vehicular and pedestrian safety are attained by differing protective treatments, often requiring
the designer to make a compromise in which one type of protection is more completely
realized than the other. In such cases, an evaluation should be made of the relative risks and
dangers involved to provide the design that gives the best balance. It must be remembered
that the function of the drainage feature will be essentially in conflict with total safety, and that
only a reduction rather than elimination of all risk is possible.

The three basic types of protective treatment are shown in Table 20 — 3 Table 20—6
Protective Treatments.

Table 20-3 Table 20-6 Protective Treatments

Feature l Typical Use

Grates To prevent persons from being swept into long or submerged drainage systems.

To prevent entry into long sewer systems under no-storm conditions, to prevent

Guards persons from being trapped.

To prevent entry into areas of unexpected deep standing water or high velocity
Fences water flow, or in areas where grates or guards are warranted but are unsuitable
for other reasons.

When determining the type and extent of protective treatment, the following considerations
should be reviewed:

Drainage | 20-12




Florida Greenbook — 16th Edition
Draft

e The nature and frequency of the presence of children in the area, e.g., proximity to schools,
school routes, and parks, should be established.

e Highway access status should be determined. Protective treatment is usually not warranted
within a limited access highway; however, drainage facilities located outside the limited
access area or adjacent to a limited access highway should be considered unlimited
access facilities.

e Adequate debris and access control would be required on all inlet points if guards or grates
are used at outlet ends.

e Hydraulic determinations such as depth and velocity should be based on a 25-year rainfall
event.

e The hydraulic function of the drainage facility should be checked and adjusted so the
protective treatment will not cause a reduction in its effectiveness.

e Use of a grate may cause debris or persons to be trapped against the hydraulic opening.
Grates for major structures should be designed in a manner that allows items to be carried
up by increasing flood stages.

e Use of a guard may result in a person being pinned against it. A guard is usually used on
outlet ends.

e Afence may capture excessive amounts of debris, which could possibly result in its
destruction and subsequent obstruction of the culvert. The location and construction of a
fence shall reflect the effect of debris-induced force.

20.5.10 F11 Documentation
For new construction, supporting calculations for storm sewer system design shall be

documented and provided to facility owner.

20.6 G Cross Drain Hydraulics

This section presents standards and procedures for the hydraulic design of cross drains
including culverts, bridge-culverts, and bridges.

20.6.1 61+ Design Frequency

The recommended minimum design flood frequency for culverts is shown in Table 20 — 4
Fable-20—7 Recommended Minimum Design Flood Frequency. The minimum flood
frequency used to design the culvert can be adjusted based on:

An analysis to justify the flood frequencies greater or lesser than the minimum flood
frequencies listed below; and
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The culvert being located in a National Flood Insurance Program mapped floodplain.

Table 20-4 Fable 20-7 Recommended Minimum Design Flood Frequency

Roadway Classification Exceedance Probability (%) Return Period (Year)
Local Roads and Streets o

ADT >3,000 VPD 4% 25
Local Roads and Streets o

ADT < 3,000 VPD* 20-10% 5-10

Notes:
*At the discretion of the local agency

1. Aculvert qualifies as a bridge if it meets the requirements of Iltem 112 in the FDOT’s “Bridge Management System
(BMS) Coding Guide.”

20.6.2 G2 Backwater

Allowable headwater is the depth of water that can be ponded at the upstream end of the
culvert during the design flood. The allowable headwater for the design frequency should:

e Have alevel of inundation that is tolerable to upstream property and roadway for the design
discharge,

e Consider a duration or inundation that is tolerable to the upstream vegetation to avoid crop
damage; and
e Be lower than the upstream shoulder edge elevation at the lowest point of the roadway

within the drainage basin.

If the allowable headwater depth to culvert height ratio (HW/D) is established to be greater
than 1.5, the inlet of the culvert will be submerged. Under this condition, the hydraulics
designer should provide an end treatment to mitigate buoyancy.

20.6.3 G-3 Tailwater

For the sizing of cross drains and the determination of headwater and backwater elevations,
the highest tailwater elevation which can be reasonably expected to occur coincident with the
design storm event shall be used.

20.6.4 G4 Clearances

To permit the passage of debris, a minimum clearance of 2 ft should be provided between the
design approach water surface elevation and the low chord of the bridge where practical.
Where this is not practicable, the clearance should be established by the hydraulics engineer
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based on the type of stream and level of protection desired. Additional vertical clearance
information can be found in Chapter 3 — Geometric Design.

20.6.5 G.5 Bridges and Other Structures

It is important for the hydraulic engineer to accurately represent the hydraulic condition. The
modeling approach should be selected based primarily on its advantages and limitations,
though also considering the importance of the structure, potential project impacts, cost, and
schedule.

One-dimensional models are best suited for in-channel flows and when floodplain flows are
minor. They are also frequently applicable to small streams. For extreme flood conditions, one-
dimensional models generally provide accurate results for narrow to moderate floodplain
widths. In general, where lateral velocities are small, one-dimensional models provide
reasonable results.

Two-dimensional models should be used when flow patterns are complex and one-dimensional
model assumptions are significantly violated. If the hydraulic engineer has great difficulty in
visualizing the flow patterns and setting up a one-dimensional model that realistically
represents the flow field, then two-dimensional modeling should be used.

The National Cooperative Highway Research Program published a report entitled "Criteria for
Selecting Hydraulic Models” (NCHRP 2006) that provides a procedure for selecting the most

appropriate model for a particular application incorporating site conditions, design elements,
available resources, and project constraints.

The following Table 20 — 5 Table-20—9 Bridge Hydraulic Modelling Selection may be used
to determine the appropriate modeling approach.
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Table 20-5 Fable-20-9 Bridge Hydraulic Modeling Selection

ard ANd etnodo

One-Dimensional | Two-Dimensional

Small Streams ° 0)
In-Channel Flows L O
Narrow to Moderate-width Floodplains ° ©
Wide Floodplains O] °
Minor Floodplain Constriction ° ©
Highly Variable Floodplain Roughness 0] °
Highly Sinuous Channels 0] °
Multiple Embankment Openings O/x L
Unmatched Multiple Openings in Series O/x L
Low Skew Roadway Alignment (<20’) ° o
Moderately Skewed Roadway Alignment (>20’ and

<30)) © °
Highly Skewed Roadway Alignment (>30’) x °
Detailed Analysis of Bends, Confluences and " .
Angle of Attack

Multiple Channels 0] °
Small Tidal Streams and Rivers ° 0]
Large Tidal Waterways and Wind-influenced " .
Conditions

Detailed Flow Distribution at Bridges © °
Significant Roadway Overtopping o] °
Upstream Controls x °
Countermeasure Design o] °

e well suited or primary use

O possible application or secondary use
x unsuitable or rarely used

O/x possibly unsuitable depending on application

See also Chapter 17 — Structures, Section 17.3.3.5 Section-C-3-e for additional information
on Drainage Criteria for structures.
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20.7 H Culvert Materials

The evaluation of culvert materials shall consider functionally equivalent performance in three
areas: durability, structural capacity, and hydraulic capacity.

20.7.1 H-4+ Durability

Culverts shall be designed for a design service life (DSL) appropriate for the culvert function
and highway type. The design service life should be based on factors such as:

e Projected service life of the facility
e Importance of the facility
e Economics

e Potential inconvenience and difficulties associated with repair or replacement, and
projected future demands on the facility.

In estimating the projected service life of a material, consideration shall be given to actual
performance of the material in nearby similar environmental conditions, its theoretical corrosion
rate, potential for abrasion, and other appropriate site factors. Theoretical corrosion rates shall
be based on the environmental conditions of both the soil and water. In tannic water, the
designer will also need to consider the effect of microbially induced corrosion of concrete
pipes, especially in industrial or sewer systems.

At a minimum, the following corrosion indicators shall be considered:

e pH

e Resistivity
e Sulfates

e Chlorides

The FDOT provides a program called Culvert Service Life Estimator for estimating the

service life of culverts based on the above criteria. The Culvert Service Life Estimator is

based on standard measurement of soil and water parameters. Tannic water can provide an
environment for organisms to grow on the material surface that is not taken into consideration
by this tool, which will over-predict the facility life.

To avoid unnecessary site-specific testing, generalized soil maps may be used to delete
unsuitable materials from consideration. The potential for future land use changes which may
change soil and water corrosion indicators shall also be considered to the extent practical.
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20.7.2 H-2  Structural Design

The structural design of all culverts, storm drainpipes and drainage structures shall be in
accordance with specifications (including guide specifications) published by the American
Association of State Highway and Transportation Officials (AASHTO). At a minimum, the
AASHTO Load and Resistance Factor Design (LRFD) Bridge Design Specifications, 9th
Edition (2020) shall be used.

20.7.3 H-3 Hydraulic Capacity

The hydraulic evaluation shall establish the hydraulic size for the particular culvert application.
For storm drains and cross drains, the design shall use the Manning's roughness coefficient
associated with the pipe material selected.
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20.8 D Stormwater Management Strategies

20.8.1 B4 Watershed Approach to Evaluate Regional Stormwater Solutions
(WATERSS)

WATERSS is a regional stormwater management process that promotes collaboration with
state and local agencies, water resource managers and stakeholders to implement innovative
stormwater management practices. The process is scalable depending on the type, size,
complexity, context, and geographic location of the project. It enables the comparison of
innovative solutions and partnerships with traditional solutions. Fhe-12-steps-detailing-the

WAHEERES aracess o enaup i Slenpee D0 L WIS 0l Seacees = Loy Dol

The WATERSS process identifies potential cost savings or additional environmental benefits
for implementing feasible, non-traditional stormwater management solutions. Innovative
practices include regional ponds, joint-use ponds, stormwater harvesting, land use
modifications, upstream compensatory treatment, basin, or resource improvements, well

injection, and bio-sorption activated media (BAM). Thesepractices-along-with-examples—of
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Collaboration with external partners is essential for the discovery of stormwater management
partnership opportunities. This may involve more time and effort than traditional stormwater
pond design, which focuses on isolated activities and design of individual ponds. However,
collaborative stormwater management solutions have proven to result in substantial
environmental and investment benefits across a watershed or region.

For additional guidance see the WATERSS Process Guidebook (2021).
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20.8.2 F9 Green Stormwater Elements for Context Based Design

Drainage systems are often determined by opportunity, feasibility, and topography, rather than

context. However, understanding both the existing and future land use and transportation goals

can help determine drainage specific options for the proposed design. Future land use and
transportation needs can alter the context and change the drainage opportunities available.

The introduction of green streets is one component of a larger drainage design approach to
improving the region’s stormwater management, and requires a broader based alliance for its
planning, funding, maintenance, and monitoring. Green stormwater elements also serve as a
visible component of “green Infrastructure” that is incorporated into the aesthetics of the

community

The following is a list of drainage considerations that support context based design and
minimize the amount of water that leaves the corridor:

e Bioretention/Biofiltration Planter — are stormwater infiltration cells constructed with walled
vertical sides, a flat bottom area, and a large surface capacity to capture, treat and manage
stormwater runoff from the street. They provide water quality treatment and reduce runoff
volumes, and may be applied in more limited rights of way.

e Bioretention Swale — are shallow, vegetated, landscaped depressions with sloped sides.

e Hybrid Bioretention Cell — combines elements of both swales and planters, featuring a
walled side opposite a graded side slope to increase vegetated space and infiltrating area,
while providing a softer streetscape treatment for people walking.

e Pervious Strips — are long, linear landscaped areas or linear areas of pervious pavement
that can capture and slow runoff.

e Street Trees — can contribute significantly to green stormwater management, with large

capacity to transpire water, intercept rainfall, and treat water quality, as well as temperature
mitigation and air quality improvement.
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e Pervious Pavers/Permeable Pavement — allows water to infiltrate through streets, parking

bays and sidewalks, reducing runoff. Maintenance of the pavement will affect long term
durability.

Green stormwater infrastructure performance can improve over time if facilities are properly
maintained. As vegetation establishes, roots can capture and retain more stormwater. Healthy
vegetation and soil increases transpiration, reduces urban heat island effects, supports
groundwater recharge, and restores natural ecological cycles and resources.

Robust and iterative operations and maintenance plans are critical to fully capitalizing on the
potential of green infrastructure. Include maintenance staff in the project planning process to
reduce oversights in the design and ensure that green stormwater infrastructure can achieve
its full potential. Although all drainage systems require maintenance, green streets will require
special attention to long term maintenance requirements and techniques. Maintenance
practices and frequency of maintenance need to be established and personnel trained.

Traffic calming features such as curb extensions can be designed as bioretention areas to

intercept stormwater and work with existing roadways and pedestrian features by including
ADA compliant grate covered channels or inlets. These and other traffic calming features such
as speed tables and raised crosswalks should be evaluated for impacts to pavement
hydraulics to ensure runoff is managed without violating spread criteria.

The National Association of City Transportation Officials' (NACTO) Urban Street
Stormwater Guide provides additional information on the stormwater elements of green
streets. The FDOT’s Standard Plans and the FDOT’s Drainage Manual provide further
information on the design and placement of trench drains, French drains, and underdrains.

The Transportation Research Board’s (TRB) data base (TRID) includes several research
projects on how pervious pavements perform in Florida titled Pervious Pavements —
Installation, Operations, and Strenqgth, Parts 1, 2, 3 and 4.
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Figure 20-1 Figure-20-3 Green Street Elements
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