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Insert Figure EDB-1. EDB Overview 

Description 

An extended detention basin (EDB) detains and 
slowly releases stormwater runoff, providing 
time for sediments and particulate pollutants to 
settle to the bottom. EDBs are designed to 
release the water quality capture volume 
(WQCV) over a 40-hour drain time to remove a 
significant portion of total suspended solids 
(TSS) and pollutants adsorbed onto fine 
sediment particles (OWML 1983). An EDB can 
be combined with full spectrum detention (FSD) 
to provide flood control as described in the 
Storage Chapter.  

EDBs are sometimes called "dry ponds" because 
they are designed not to have a significant 
permanent pool of water remaining between 
storm runoff events. EDBs can serve as a 
component in a treatment train downstream of 
distributed, infiltration-based stormwater 
control measures (SCMs) that provide runoff 
reduction and pre-treatment throughout the 
contributing watershed prior to treatment by 
the EDB. 

SCM Components  

Primary EDB components include inlet(s), energy dissipation measures and forebay(s), low flow 
channel(s), the initial surcharge volume, micropool, outlet structure, emergency spillway, and 
stabilized access. All of these components provide important functions in an EDB, and designs 
that omit one or more of these components will not function as effectively and may require 
additional or excessive maintenance.  

 

MS4 Permit Applicability (Dependent 
on design and level of treatment) 
Meets Runoff 
Reduction Standard 

No 

Meets WQCV Capture 
Standard 

Yes 

Meets Pollutant 
Removal Standard 

Yes 

Typical Effectiveness for Targeted 
Pollutants 
Sediment/Solids High 
Nutrients Medium 
Total Metals Medium 
Bacteria Low 
Common Applications 
Step 1: Runoff 
Reduction 

No 

Pre-treatment 
(in Treatment Train) 

No 

WQCV + Flood 
Control 

Yes 

Costs  
Life-Cycle Costs Medium 
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Component Intent 

Inlet  
 

Allows stormwater to enter the SCM. Maximize distance between inlet(s) and 
outlet to minimize short-circuiting. 

Energy 
Dissipation 

Reduces the velocity and energy of runoff entering the SCM through roughness 
and/or structural measures to create subcritical flow conditions.  

Forebay Facilitates removal of trash and coarse sediments in an accessible location to 
reduce the frequency of sediment removal in the main body of the EDB. 

Low Flow 
Channel 

Conveys low flows from the inlets to the outlet structure, limiting the 
inundation area of frequent flows to facilitate maintenance operations. 
Low flow channels can be concrete or vegetated. Vegetated low flow 
channels provide filtering and infiltration benefits but may be more 
difficult to maintain. 

Initial Surcharge 
Volume  

Stores runoff from frequently occurring events in an area with 
hydrophytic vegetation adapted to frequent and prolonged inundation. 

Micropool  
Reduces potential clogging at the outlet by providing a flow path below 
the permanent water surface elevation to the orifice plate even when 
the trash rack is clogged above water surface. 

Outlet 
Structure  

Releases the WQCV through control orifices over 40-hour drain time and 
conveys runoff from larger events to downstream conveyance system. 

Emergency 
Spillway 

Discharges flows exceeding design events to downstream conveyance 
system while protecting embankment stability. 

Stabilized 
Access Provides maintenance access to components of the EDB. 

 
Site Considerations 

EDBs can be located as regional, sub-regional, or onsite facilities as discussed in the Storage 
Chapter in the context of FSD. One of the most important factors for assessing suitability of an 
EDB for a site is the contributing drainage area and imperviousness. EDBs are not appropriate 
for drainage areas less than five acres because the size of the orifice needed to release the 
WQCV over 40 hours becomes very small and cannot practically be protected from clogging. 
EDBs in large watersheds must account for additional factors such as baseflow and impact to 
stream stability. Table EDB-1 summarizes considerations for various contributing impervious 
areas.   

Although there are many considerations and constraints that may dictate the location of EDBs, 
these SCMs function best when designed for contributing impervious areas of approximately 10 
to 50 acres. This range provides the following benefits: 
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• These EDBs are large enough to achieve meaningful flow attenuation and can be 
combined with FSD. In some cases, these facilities can be accepted for public 
maintenance, represented in watershed hydrologic models, and incorporated in 
floodplain evaluations, provided that they are properly designed and with adequate 
assurances for perpetual maintenance. 

• EDBs of this size can be located to receive drainage from adjacent developed areas. 
• EDBs in this size range generally will not have baseflows large enough to complicate the 

design and function of outlet structures.  

Although EDBs may be considered for watersheds with 5 to 10 impervious acres, filtration 
SCMs are recommended in this range because EDBs for this tributary area will have small 
orifices. To function properly, the orifices will require protection by a well screen, which 
requires frequent inspection and maintenance to ensure that the orifices and well screen do 
not become clogged.  

Watersheds larger than 50 acres and watersheds with baseflows complicate EDB design, 
pose sedimentation issues, and may reduce the level of treatment provided. 

Table EDB-1. Contributing Impervious Area Considerations for EDBs 

Contributing 
Impervious Area 

(acres) 
EDB Considerations 

0-5 • Not recommended - use filtration-based SCM. 

5-10 

• Consider sand filter or bioretention as alternative. 
• Limit EDB outlet to two WQCV orifices to maximize orifice size while 

still providing redundancy in case one orifice clogs. 
• Protect orifices with well screen and consider additional measures 

such as standard bar grating upstream of well screen to reduce the 
frequency of maintenance of the well screen.  

10-50 

• Limit EDB outlet to two WQCV orifices to maximize orifice size while 
still providing redundancy in case one orifice clogs. 

• Protect orifices with standard bar grating. Well screen may be 
eliminated unless orifice dimensions are less than 1.25 inches. 

>50 

• Evaluate baseflow under current and fully-developed conditions 
considering irrigation return flows and design outlet to pass baseflows 
without affecting the storage provided by the WQCV. 

• Consider using multiple sub-regional EDBs throughout the watershed. 
• Not suitable for drainage areas exceeding one square mile. 
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The Storage Chapter of Volume 2 provides guidance on locating EDBs and combining EDBs with 
FSD. The Storage Chapter provides extensive discussion of siting considerations for onsite, 
subregional, and regional detention facilities that is applicable to planning and design of EDBs. 

Community Values  

EDBs are important features in the urban landscape, and if designed thoughtfully, can provide 
significant value to the community above and beyond their water quality functions. There are 
generally two aesthetics for EDBs: 1) graded, landform-type basins with vegetated sides and 
bottoms and 2) more architectural basins, using walls and other structures instead of earth for 
containment of the WQCV. Whether planning an architectural or a graded landform EDB, 
designers should consider how the SCM contributes to or impacts its site, visitors, and the 
surrounding community, as well as how access is provided for maintenance operations. Since 
the graded landform type EDBs are most common, the following discussion focuses on this type 
of facility. Recommendations for architectural EDBs follow at the end of this section. 

In addition to performing water quality treatment, EDBs present opportunities to enhance the 
site’s landscape, provide diverse vegetation for aesthetics and wildlife habitat, and incorporate 
visitor amenities such as walkways and seating. Key considerations for EDBs to maximize their 
community value include: 

• Create EDBs with interesting and attractive landforms. A simple but effective approach 
is to design landforms that appear to have been created by fluvial processes, with 
sinuous low flow channels, curving transitions between the EDB bottom and side slopes, 
and a more linear, stream-like form versus a rectangular basin shape. Side slopes of the 
basin should be varied and may include intermediate terraces or benches to reinforce 
the idea of a water-sculpted landform. 
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• Consider designing EDBs with terraces of different elevations in the pond bottom 
(potentially stepping up from the lowest parts of the pond by 1’+/- elevation 
increments) to vary the inundation periods and depth of ponding for each terrace, and 
as a result, creating different water regimes and soil saturation levels for each. These 
different terraces can then be vegetated with the specific vegetation types (emergent 
wetland, wetland fringe, riparian, upland, etc.) corresponding to their anticipated water 
regimes, resulting in a diverse 
vegetative habitat within the EDB. 
Photograph EDB-1 illustrates an 
EDB with varied basin grading and 
vegetation. The variation in bottom 
surface elevation will also make it 
easier to maintain the vegetation of 
the pond, as the consistently wet 
areas will be limited and clearly 
defined so that the remainder of 
the pond will be less soggy and 
easier to mow and/or maintain. 
Flat-bottomed ponds with little or 
no variation in elevation in the 
bottom surface should be avoided.  

• Don’t place active uses and/or substantial visitor amenities within the area that will be 
inundated by the WQCV. Instead, locate these areas that will be inundated less 
frequently. By their nature, EDBs flood frequently, so any uses, amenities, or 
enhancements included as part of the EDB design should either be resilient to frequent 
inundation or placed out of prolonged inundation zones. Active uses within the facility, 
such as sports fields and walking trails may either have very limited use due to flooding 
or soggy conditions or may require high levels of maintenance due to saturated soils and 
sediment deposition. The use of irrigated bluegrass and other high-maintenance 
turfgrasses is discouraged in EDBs due to the wet conditions and accumulation of 
sediment expected in these facilities.  

• Minimize negative impacts of required structural elements (i.e., outfalls, energy 
dissipation, and retaining walls) on the EDB’s surroundings. Pay special attention to 
those elements visible from prominent viewing points. Techniques include positioning 
wall faces and culvert openings away from view areas, screening structures with 
vegetation, using natural materials such as stone boulders, or custom-designing 
structural components to be attractive design elements that enhance the setting. 

Photograph EDB-1. This EDB illustrates the use of a soft, 
meandering low flow channel and varied bottom grading with 
vegetation selected for the associated hydrologic conditions. 
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Prominently placed standard drainage infrastructure elements such as precast flared 
end sections, “dragon’s teeth” energy dissipators, and exposed riprap embankments 
communicate a message that a place is not intended for non-drainage related 
community use.  

• Consider planting appropriate vegetation in addition to native grass. EDBs can sustain a 
wide variety of plant material, including trees, shrubs, and herbaceous plants. Plant 
diversity is beneficial for wildlife, pollinators, aesthetics, and people. Plant selection and 
placement should reflect the water regimes that will be created within the pond bottom 
(and any terraces, if employed) and should be appropriate for the anticipated level of 
maintenance that property managers are committed to providing for the long term. As 
with many other SCMs, an irrigation system is recommended, at a minimum for 
establishment of vegetation, but ideally for supplemental use during extended periods 
of drought. 

While walls are generally discouraged due to concerns with access, maintenance, and long-term 
replacement costs, on sites where space is limited or an architectural aesthetic is desired 
necessitating walls, consider the following design approaches: 

• Limit wall heights to a maximum of 3 to 4 feet. If additional pond depth is necessary, use 
multiple walls with landscaped intermediate terraces. If internal landscaped terraces are 
not possible, consider screening the perimeter of the EDB with shrub plantings or 
hedges, prioritizing primary viewing areas to the facility. As with landform-based EDBs, 
an irrigation system is recommended. 

• Use materials for structures and walls with aesthetic qualities that fit the context of the 
site, such as natural stone, colored and/or stamped concrete, or concrete textured by 
use of a form-liner. Provide thoughtful detailing to reduce apparent mass of walls and 
structures and add refinement. Potential techniques include visually breaking up large 
panels of concrete with reveals, chamfers or stone veneer, and by adding stone or pre-
cast concrete capstones to walls. 

Maintenance 

Recommended maintenance practices for all SCMs are provided in Chapter 6 of Volume 3. 
Routine maintenance for EDBs includes cleaning sediment and debris from forebays, clearing 
debris from outlet structure orifices and trash racks as necessary, vegetation management, and 
cleaning accumulated sediment from low flow channels. 

During design, consider the following to ensure ease of maintenance over the long-term: 

• A micropool, or alternative measures that provide equivalent function, is recommended 
to reduce clogging of the orifices. If a micropool is not used, the low flow channel, initial 
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surcharge volume, and outlet configuration become even more critical. 

• Extend the initial surcharge volume at least 4 inches above the lowest orifice to the 
lowest elevation of turf grass in the basin bottom to manage frequent or prolonged 
inundation. Plant hydrophytic vegetation in the initial surcharge area. 

• As the next stage above the initial surcharge zone, the low flow channel is subject to 
frequent inundation. Whether the low flow channel is vegetated or concrete, follow 
design criteria for low flow section depth and width to limit the spreading of frequent 
inundation across the whole bottom of the EDB. Ensure that areas adjacent to the low 
flow channel have adequate slope to drain into the low flow channel. 

• When available, use sandier-textured soils (loamy sand, sandy loam) in the bottom of an 
EDB to promote infiltration, quicker dewatering, and improved stability compared to 
clayey soils. For watersheds with low sediment loading, consider installing an 
underdrain and sand or bioretention media in the lowest portions of the EDB to help the 
basin bottom dry out after storm events.  

• Provide a stable bottom for the forebay that can be scraped with maintenance 
equipment to remove sediment (e.g., concrete or a cast reinforced concrete system 
with voids). 

• Identify what maintenance equipment will be used and provide stabilized access to the 
forebay and outlet for maintenance.  

• During vegetation establishment, adjust irrigation systems (if present) on a monthly 
basis. Following establishment of vegetation, inspect plant material on a bi-monthly 
basis to determine if supplemental irrigation is needed for plant health.  

Design Procedures and Criteria 

The following steps outline the design procedure and criteria for an EDB, and Figure EDB-1 
shows a typical EDB plan view. MHFD-BMP (MHFD, 2018) is an Excel-based workbook that 
performs many of the design calculations below and checks for conformance to these criteria. 
The MHFD-Detention workbook (MHFD, 2021) can be used to develop and route storm 
hydrographs through an EDB, either stand-alone or with FSD, and to design the outlet structure. 
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1. Design Storage Volume: Determine the WQCV 
and other design volumes that the EDB is 
intended to control such as the EURV and/or 
the 100-year detention volume. Calculate the 
required storage volume, accounting for Step 1 
runoff reduction SCMs in the contributing 
watershed. Determine the required WQCV 
using guidance in Chapter 3 or use equations 
provided in the Storage chapter of Volume 2 
for the EURV and larger design storms. 

2. EDB Shape: Always maximize the distance 
between the inlet and the outlet. When 
feasible, shape the EDB so that the ratio of 
basin length (measured along the low flow 
channel from inlet to outlet) to average basin 
width is at least 1.5:1 (EPA 2021) and 
preferably greater than 2:1. A longer flow path 
from inlet to outlet reduces short circuiting and provides more residence time for 
sedimentation to occur. Meander the alignment of the low flow channel to increase the 
length while still maintaining a bench on one or both sides for equipment access. See 
the Storage Chapter of Volume 2 for additional guidance on basin shape for multiuse 
facilities. 

3. Side Slopes: EDB side slopes should be 4:1 or flatter for maintenance and aesthetics. In 
general, the use of walls is discouraged due to concerns with access, maintenance, and 
long-term replacement costs. 

4. Inlet and Forebay: Design the inlet and forebay to satisfy criteria in the SCM Inflow 
Features section.  

EDB Grading and Shaping 

EDBs can provide significant value to the community when thoughtfully designed. As 
discussed in the Community Values section, consider variation in basin shape, grading 
that provides terraces of mixed elevations and appropriate vegetation for hydrologic 
conditions.  

 

Designing to Attain the Required 
Storage Volume 

It is good practice to design an EDB 
to provide slightly more volume than 
the minimum required. Most 
jurisdictions require a survey to 
confirm that the design volume is 
achieved. Given construction grading 
tolerances, providing slightly more 
volume reduces the chance that 
rework will be necessary to achieve 
the required volume. Designing with 
additional volume also allows for 
some accumulation of sediment 
while still maintaining the design 
volume. This may reduce the 
frequency of cleanout in some 
instances.    
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5. Low Flow Channels and Basin 
Bottom Grading: Design a low 
flow channel to convey 
concentrated runoff from inlets 
to the initial surcharge zone 
near the outlet. Follow the 
design guidance for low flow 
section depth and width shown 
in Figure EDB-2 to limit the area 
of the basin bottom that is 
inundated by frequent flows. 
Even when a concrete pan is 
provided, the low flow channel 
is comprised of the overall depth and width shown in Figure EDB-2. 
 
Grade the bottom of the basin outside the limits of the low flow channel to slope at 2% 
or more to encourage drainage. Consider shaping the basin bottom to create zones of 
varied depths and hydrology. Provide at least 6 inches of suitable topsoil in the basin 
bottom and side slopes. See MHFD’s Topsoil Management Guidance for information on 
texture and nutrients for suitable topsoil. Consider using sandier-textured soils (loamy 
sand, sandy loam) from onsite or imported sources in the low flow channel and bottom 
benches to promote higher infiltration capacity, quicker dewatering, and improved 
stability compared to clayey soils.  
 
Low flow channel options include:  
 
• Vegetated Low Flow Channels: Sedimentation is the primary pollutant removal 

mechanism for EDBs; however, when designed and maintained properly, vegetated 
low flow channels enhance treatment by slowing and filtering stormwater runoff 
and promoting infiltration and wetland treatment processes. Design vegetated low 
flow channels with sinuosity and varied grading to emulate a natural stream 
channel. Select riparian grasses, sedges, and rushes to thrive with frequent and 
prolonged inundation. Design vegetated low flow channels with a consistent 
longitudinal slope between 1 to 2% from the forebay to micropool with a minimum 
depth as shown in Figure EDB-2. Provide consistent longitudinal slope and depth and 
periodic concrete or boulder sills to demarcate the design grade and facilitate 
restorative maintenance when sediment removal in the low flow channel is 
necessary.  

Photograph EDB-2. This EDB depicts a meandering low flow channel 
with adjacent benches that remain drier to allow equipment access 
for maintenance. 
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Maintenance of vegetated low flow 
channels requires periodic mechanical 
removal of sediment and vegetation. 
Additionally, if not revegetated and 
maintained properly, vegetated low 
flow channels may become a nuisance.   

Vegetated low flow channels should be 
considered for enhancement of 
stormwater quality via filtering and 
infiltration and to promote natural 
materials and systems when 
compatible with the context of the site 
and maintenance capabilities and 
commitments of the owner of the EDB. 
Therefore, MHFD recommends 
consideration of vegetated low flow 
channels on a case-by-case basis, with 
the approval of the local jurisdiction.  

• Low Flow Channels with Concrete Pan: 
A low flow channel with a concrete pan 
establishes the bottom of the basin for 
routine maintenance. Low flow channel 
geometry and top width above the 
concrete pan are shown in Figure EDB-
2. Design a concrete pan with a 
longitudinal slope between 0.4% and 
1%; the flatter slopes reduce flow 
velocities and the steeper slopes help 
avoid low points due to construction 
tolerances. Riprap and soil riprap lined 
low flow channels are not 
recommended due to past 
maintenance experiences where the 
riprap was inadvertently removed 
along with sediment during 
maintenance. 

Designing for Baseflows 
Large tributary areas will generate baseflows 
that can be accommodated in a variety of 
ways. Consider the following: 
 If water rights can be obtained, consider 

alternate SCMs such as a constructed 
wetland pond or retention pond.   

 Anticipate and build in the ability to make 
future adjustments to the size of the 
lowest orifice. Following construction, 
monitor periodically. Intermittent flows 
can become perennial and perennial 
flows can increase over time. If baseflows 
increase over time, orifice adjustments 
may be necessary long after construction 
of the SCM is complete. 

 When feasible, design foundation drains 
and other groundwater drains to bypass 
the water quality plate, directing these 
drains to a conveyance element 
downstream of the EDB. This will reduce 
baseflows and help preserve storage for 
the WQCV. 

 When the watershed is fully developed 
and baseflow can be approximated prior 
to design, the water quality orifices 
should be increased to drain the WQCV in 
40 hours while also conveying the 
baseflow. This requires reservoir routing 
using an inflow hydrograph that includes 
the baseflow, which can be accomplished 
using the MHFD-Detention workbook 
available at www.mhfd.org. 

 Increase the initial surcharge volume of 
the pond to provide some flexibility when 
baseflows are known or anticipated. 
Baseflows are difficult to approximate 
and will continue to increase as the 
watershed develops. Increasing the initial 
surcharge volume will accommodate a 
broader range of flows. 

http://www.mhfd.org/
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6. Initial Surcharge Volume: Provide a surcharge volume above the micropool to manage 
frequently occurring runoff and sedimentation in a portion of the bottom of the basin 
where water-tolerant vegetation can be planted. This helps to minimize prolonged 
standing water and sediment deposition in turf grass portions of the EDB, which is 
critical to turf maintenance and mosquito control. The initial surcharge volume has a 
minimum depth of 4 inches and extends from the water surface elevation of the 
micropool up to the elevation at which turf grasses are planned. Size the initial 
surcharge volume to be at least 0.3% of the WQCV. Plant hydrophytic vegetation in the 
initial surcharge area. The initial surcharge volume is a part of the WQCV and does not 
need to be provided in addition to the WQCV. Clearly show the initial surcharge area on 
the grading plan and in profile/section.     

7. Outlet Structure: Locate the outlet structure in the downstream embankment at the 
low point of the EDB. As described in the SCM Outflow Features section and Storage 
Chapter, the outlet may be designed for release of the WQCV as well as other design 
volumes including the EURV and 100-year storage volume. Use the MHFD-Detention 
workbook to size the outlet geometry. Outlet structures can be designed in a variety of 
configurations including external or internal micropools, vertical or sloping trash grates, 
and different sized grating depending on the size of the orifices. Several example outlet 
configurations are summarized in Table EDB-2 and illustrated in Figures EDB-3 through 
EDB-7. Most EDB outlet structures have a common set of components, and the design 
intent of various outlet structure components is described in Figure EDB-8. 

Table EDB-2 Example Outlet Structure Configurations 

Figure WQ or Full 
Spectrum 

Micropool 
Type 

Orifice Grating 
Configuration 

EDB-3 WQ External Vertical 

EDB-4 FSD External Vertical 

EDB-5 FSD External Flush sloping 

EDB-6 FSD Internal Flush sloping 

EDB-7 FSD None Flush sloping 
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Wingwalls extending upstream of the 
orifices may be parallel or angled. 
Parallel wingwalls provide a consistent, 
reduced span length for flush-sloping 
grating configurations. In turn, flush-
sloping grating provides increased trash 
grate area compared with vertical 
grating, facilitates trash removal, and 
may reduce the length of handrail 
required. Photograph EDB-3 shows an 
outlet structure with parallel wingwalls 
and flush sloping grating similar to that 
depicted in Figure EDB-6.  
Each of the example outlets shown in Figures EDB-3 through EDB-7 are based on water 
quality orifices large enough to be protected with standard bar grating, omitting the 
well screen. For smaller orifices where a well screen is used, an example configuration 
of WQCV and EURV orifice plates (for full spectrum detention) is shown in plan and 
section views in Figures EDB-9 through EDB-11.  
 

Photograph EDB-3. Outlet structure with coarse safety grating 
covering the micropool in the foreground, standard bar grating 
flush with the top of parallel concrete wingwalls and extending 
down through the micropool, and coarse safety grating covering 
the 100-year drop box in the background.   
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Key components of EDB outlets include:  

• Orifice Plate. The water quality orifice plate releases the WQCV over 40 hours. As 
highlighted in Table EDB-1, MHFD recommends two orifices arranged vertically to 
drain the WQCV and one orifice to drain the EURV (if combined with FSD) in order to 
maximize the orifice size and the allowable openings in the trash grates. For most 
applications, an orifice plate consists of a 1/4-inch-thick steel plate with circular or 

Protection to Minimize Clogging of Orifices 

One of the key design considerations for EDBs is reducing the risk that the control orifices clog 
with debris. A variety of techniques are used to reduce the likelihood of clogging, including: 

• Protecting small orifices with well screen; however, well screen is so efficient at 
trapping debris that the screen itself is susceptible to clogging and requires frequent 
inspection and maintenance. 

• Providing bar grating upstream of well screen to capture larger debris and reduce the 
amount of debris approaching the well screen. 

• Eliminating well screen if orifices are large enough to be protected by standard bar 
grating. Standard bar grating has openings approximately 1 inch by 4 inches and is not 
as susceptible to clogging as the well screen. Orifice dimensions in the range of 1.25 to 
2.5 inches are generally considered large enough to eliminate the well screen in favor 
of standard bar grating. If a well screen is not provided, the design of the micropool, 
initial surcharge zone, and low flow channel are particularly critical, as are frequent 
inspections and maintenance. Do not eliminate the well screen if the smallest orifice 
dimension is less than 1.25 inches.  

• Reducing the number of orifices draining the WQCV to increase the size of the orifices. 
Two orifices can be used to drain the WQCV to maximize orifice size and still provide 
redundancy in case one orifice clogs. 

• Locating EDBs to serve larger impervious areas so that the size of the WQCV orifices 
can be increased. 

• Designing trash deflectors to cover orifices that are not protected by well screen. Trash 
deflectors, shown Photograph EDB-4, consist of a vertical V-shaped plate projecting in 
front of the orifice to reduce the likelihood that debris can lay flat against the plate and 
block the orifice. 
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rectangular openings spanning a 
concrete block-out that is 6 to 9 
inches wide. Figure EDB-10 
provides a detail for a typical 
orifice plate for an EDB protected 
by a well screen. Orifices large 
enough to be protected with 
standard bar grating as opposed 
to a well screen may benefit from 
a trash deflector, shown in 
Photograph EDB-4, to reduce the 
likelihood that debris can lay flat 
against the plate and block the 
orifice.  

• Trash grates. As indicated in Table 
EDB-1, locate EDBs with upstream 
impervious areas greater than 10 
acres when possible to increase 
orifice size and reduce the need 
for well screens. As shown in 
Photograph EDB-5, the openings 
in the specified well screens are small and almost all trash and debris is filtered by 
the screen, making well screens susceptible to clogging and requiring frequent 
maintenance. However, if an orifice dimension is in the range of 1.25 to 2.5 inches, a 
well screen should be considered and, if less than 1.25 inches, a well screen is 
required. Weigh the risk of clogging an orifice versus the risk of clogging the well 
screen when deciding to provide a well screen for orifices from 1.25 to 2.5 inches. In 
either case, frequent inspection and maintenance is required. When well screens are 
used, design screens to be at least 2 feet wide to provide adequate net open area, 
regardless of orifice size. Designing the well screen to be removable may make 
maintenance easier. Consider adding an upstream trash rack comprised of standard 
bar grating to reduce the amount of debris impacting the well screen. Table EDB-3 
provides sizing information for well screen, standard bar grating, and safety grating. 
Refer to the Culverts and Bridges Chapter of Volume 2 for additional guidance on the 
design of safety grates. 

The grating over the drop box that receives 100-year flows should consist of 
standard bar grating or safety grating and may be flush or raised to provide a vertical 

Photograph EDB-4. Where orifices are large enough to omit 
well screen, trash deflectors can be used in combination with 
standard bar grating to reduce the likelihood that debris will 
plug one or more orifice.  
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opening for additional capacity with 
lower debris blockage factors. 
Various configurations for the grates 
over the 100-year drop box are 
described in the Storage Chapter 
along with recommendations for 
preventing debris blockage. 
 
Grating must be designed to satisfy 
two loading conditions with a 
deflection of ¼ inch or less: 1) a 
uniform load of 100 lbs per square 
foot and 2) a concentrated load of 
200 pounds applied at the center of 
the span. Do not design grates to 
support the full hydrostatic head as this condition is unlikely and will increase the 
weight of steel members, making removal for maintenance difficult. Consider site 
context and public safety during design. Install handrails where needed to prevent 
the public from injury associated with vertical falls due to lack of grating or spacing 
between bars. 

Table EDB-3. Properties of Trash Grates 

Grate Specification 
Well Screen Stainless steel screen with vertical No. 93 vee-wire and 0.139” 

openings between wires. Horizontal 0.074” x 0.75” support 
rods 1” on center spacing.  (Johnson Well Screen or 
equivalent)  

Standard Bar 
Grating 

Steel fabricated panels with bearing bars typically 1” or 
greater (based on span and load) x 3/16” at 1-3/16” on center 
and cross bars at 4” on center. Panels to be hot-dipped 
galvanized after fabrication.  

Safety Grating Panels fabricated of steel pipes or bars with maximum clear 
spacing of 5”, hot-dipped galvanized after fabrication. 

 

Photograph EDB-5. Well screen is intended to protect small 
orifices from clogging; however, the fine screen is itself 
subject to clogging and requires frequent inspection and 
maintenance to keep clear. 
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The outlet structure design must be 
completed by an engineer and 
include details for the following 
components: 

1. Steel reinforcement within 
concrete structure. 

2. Orifice plate details, including 
connection to concrete 
structure. 

3. Well screen details (if used), 
including connection details or 
guide channels for removable 
configuration.  

4. Standard bar grating panel 
dimensions, orientation, 
connections, and hinges. 

5. Coarse safety grating panel dimensions, orientation, and connections. 
6. All other metal work and connections required for construction of the outlet 

structure. 
7. Required corrosion protection; all steel members must be hot dip galvanized 

after fabrication. 
8. Outlet pipe bedding and cutoff to reduce the possibility of water piping through 

the embankment. 
• Micropool. Design the 

micropool in conjunction 
with the orifice plate and 
trash rack to allow water to 
flow through a submerged 
portion of the trash rack, 
shown in Photograph EDB-7, 
and reach the openings in 
the orifice plate, even when 
floating vegetation and 
debris is matted against the 
portion of the trash rack that 
is above the water surface. 
MHFD recommends the use 

Photograph EDB-7. In this outlet, standard bar grating extends 
to the bottom of the micropool so that runoff can flow through 
the grate below any floating debris, reducing the likelihood that 
the orifices could plug and back up standing water into the EDB. 
The grating extending down into the micropool can be raked 
through the gap in the coarse safety grate to clear debris.  

Photograph EDB-8. This EDB was originally constructed without a 
micropool and was retrofitted with a sand filter in front of the 
outlet, bioretention media between the sand filter and wetland 
vegetation, and an underdrain to reduce the potential for clogging 
the outlet and water backing up in the basin.   
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of micropools to avoid problems associated with trash grates and orifices becoming 
clogged and the resulting standing water and vegetation die-off.  

8. Emergency Spillway: At a minimum, design the emergency spillway to convey the fully-
developed, undetained peak discharge for the 100-year design storm event. Design 
spillway structures in accordance with the Storage Chapter, applicable Colorado dam 
safety regulations, and any local drainage criteria. 

9. Vegetation: A dense, healthy stand of vegetation reduces erosion, helps trap fine 
sediment, and enhances infiltration. Primary vegetative ground cover should be native 
grasses and other herbaceous vegetation and should be dominated by rhizomatous sod-
forming grass species (rather than bunch grasses) to establish full cover. In addition to 
its functional role, vegetation can also add aesthetic and habitat value. As mentioned in 

Alternatives to Micropools 

Outlet structures without micropools will require more frequent maintenance to remove debris 
than outlets with properly designed micropools. If an outlet is designed without a micropool, then 
it is essential to maximize orifice size, provide a deeper initial surcharge zone, and provide a low 
flow channel meeting MHFD’s criteria. Figure EDB-7 shows an outlet structure alternative without 
a micropool.  

To compensate in part for the increased maintenance issues associated with an outlet that does 
not have a micropool, consider incorporating these features: 

1. Deeper initial storage zone. Because of the increased likelihood of debris blockage at the 
lowest portions of an outlet structure without a micropool, provide a deeper initial storage 
zone – one foot or more – to contain water that may back up upstream of the outlet.  

2. Sand filter upstream of outlet. As depicted in Photograph EDB-8, a sand filter section in the 
low flow channel upstream of the outlet structure can aid in dewatering the EDB. This requires 
an upstream watershed with low sediment loading to avoid rapid clogging of the filtration 
feature. When using a sand filter, size the surface area of the sand filter to be at least as large 
as the footprint of the forebays for the EDB. Provide a media depth of 1.5 feet and an 
underdrain. See the Sand Filter fact sheet for criteria for filter media and the Underdrain 
Systems section of this chapter for criteria for underdrains. 

3. Increased sediment trapping efficiency. Consider incorporating a larger forebay that exceeds 
minimum recommendations to increase sediment trapping efficiency. Consider ways to 
provide voids in the concrete bottom of the forebay to establish dense vegetation to slow 
flows and improve sediment trapping. Use vegetated low flow channel for increased sediment 
trapping. 

4. Additional trash capture at inflow points. Integrate trash collection features into the inflow 
conveyances entering the EDB. These may take the form of specially designed grating, debris 
“fences” at the downstream perimeter of the forebay, or proprietary filtering devices. 
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the Community Values section, designers may create a range of planting zone types by 
creating terraces with varying elevations within the pond bottom, and thereby varying 
the water regimes of each. Higher terraces will have less depth of ponding and less time 
of inundation and will therefore support different plant species than lower terraces. 
Each terrace should be seeded/planted with appropriate multi-species seed mixes and 
plant materials that reflect the anticipated water regime for each location (e.g., 
wetland, wetland fringe, riparian, upland). Trees can be incorporated in EDB designs to 
provide shade, aesthetic values, and other benefits. Plant trees in areas that do not 
require frequent sediment removal (i.e., avoid the initial surcharge area) and consider 
the mature size of the tree to avoid creating future maintenance access issues. Irrigation 
is recommended to aid in vegetation establishment. Where possible, place irrigation 
heads outside the basin bottom to prevent damage from pond sediment.  

10. Access: Provide maintenance access into the forebay and the area next to the outlet 
structure. For larger basins, provide stabilized access for maintenance vehicles and 
excavation equipment. The maintenance plan developed as a part of the design must 
provide details on required maintenance equipment and how sediment and trash will be 
removed from the outlet structure and micropool. Some review agencies may require 
vehicle access to the bottom of the EDB and into the low flow channel regardless of the 
size of the watershed. Do not exceed grades of 10% for haul road surfaces and 20% for 
skid-loader and backhoe access. Stabilized access includes concrete, articulated 
concrete block, concrete grid pavement, or reinforced grass pavement. Provide a cross-
slope for the access path of 2%.  

Construction Considerations 

Successful construction of an EDB requires careful attention to proposed grades, construction 
details and establishment of the vegetation. For project success, implement the following 
practices:   

• If an area identified as an EDB is used as a sedimentation basin during construction, the 
area must be fully rehabilitated after construction by removing sediment and other 
materials accumulated during construction, placing topsoil, and establishing vegetation.  

• Verify the subgrade elevations of the EDB prior to placement of topsoil. Adjusting pond 
grades after topsoil placement can be costly.  

• Avoid over-compaction of the initial storage area and other areas that will be frequently 
inundated to promote improved infiltration through the basin. 

• Provide construction observation to ensure compliance with design specifications and 
elevations. Improper construction of forebay, outlet structure, and other features will 
result in a poorly functioning and difficult to maintain facility. 
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