Green Design Principles
stormwater management
Arlington and Alexandria are national leaders in stormwater
management technology. Both jurisdictions currently require a
variety of effective, sustainable and low-impact stormwater
management techniques that reduce, retain, slow and filter
stormwater before it reaches Four Mile Run. The restoration of Four
Mile Run presents an opportunity to advance this leadership by
exploring innovations in stormwater management that showcase
both jurisdictions’ commitment to watershed management and
support the goals of the restoration.
Improved water quality is an essential component of the stream
restoration effort. Creative stormwater management techniques,
when incorporated into new development or as retrofits to existing
land use, will help improve the aesthetics of the built environment
and educate the community about stormwater management
processes.
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This diagrammatic map from the Four Mile Run Restoration Master Plan shows
possible locations of stormwater management elements. It is conceptual and
does not represent the full range of opportunities that may exist.
The opportunities for green roofs or stormwater planters are conceptual and
are shown as examples of how retrofit solutions to existing developments can
have a cumulative positive effect upon stormwater management.

Figure 5.3

The City or County is not responsible for improvements on private property.
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Stormwater Management
In addition to these guidelines, projects located within the Four Mile Run watershed
incorporating stormwater management must comply with regulations imposed by each
jurisdiction. References to several of these documents are provided in Appendix 3. Staff
at the City of Alexandria and Arlington County should be periodically contacted to
obtain current information.
Bioretention

Site specific conditions may prohibit the use of bioretention or require a different
configuration. For instance, the stormwater drainage system in certain areas of
Alexandria can be very shallow and the construction of a bioretention facility located in
those areas may have difficulty with the underdrains, requiring the system to be
reconfigured. Where such restrictions occur, bioswales could also be incorporated—
long, narrow, vegetated swales—which carry stormwater overland to a bioretention area
or water body during which time additional infiltration occurs. These swales often have
a shallower cross section and could be feasible (even with underdrains) in areas where
the existing stormwater drainage system is very shallow.

bioretention

Bioretention facilities and bioswales are stormwater management measures
recommended within the Four Mile Run watershed. Bioretention facilities can play an
important role in runoff reduction. According to draft Virginia stormwater
management guidelines, bioretention areas provide a 40-80 percent reduction.
Example of a bioretention
planting strip in a parking lot

A bioretention facility should be composed of :

Native vegetation

• A depression in the ground (a ponding area where the water is captured)
• A soil mixture that supports various types of water-tolerant vegetation:
o An engineered soil mixture that serves as both planting soil and a filter
o An organic layer or mulch and plants
• Native vegetation, appropriate for the expected wet and dry conditions
• An entrance where water flows in to the facility
• An underdrain to collect treated runoff
• An overflow for excess water

Engineered
Planting medium
Gravel layer
Typical bioretention detail
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Underdrain connected
to storm sewer

c)

a)

b)
Four local examples illustrate different applications of stormwater management,
including bioretention areas in (a) a public park in Washington, DC, (b) an Alexandria,
Virginia public library, (c) a multi-family development and (d) a private residence.

d)
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Green Roofs
Green roofs are effective stormwater management measures highly urbanized areas
such as the Four Mile Run watershed. Green roofs are best suited for flat or gently
sloping roofs and can be integrated into the design of a new structure or retrofit into an
existing structure. The added weight of soil, water and plants must be factored into the
structural design of any green roof. The initial cost of a green roof is often higher than
conventional roofs, however a life-cycle cost analysis typically indicate that the energy
savings will offset the initial investment. In addition, green roofs are also effective in
runoff reduction. According to draft Virginia stormwater management guidelines, green
roofs provide a 45–60 percent reduction in runoff.
Components of a green roof include:
• A lightweight soil media
Green roof on a government
building, Arlington County, VA

• A drainage layer underneath the soil media
• An impermeable membrane that protects the building structure from moisture
• A specialized mix of plants that can thrive in roof top conditions

Green roof at Walter Reed Community Center, Arlington, VA

Green roof on an office building,
Albemarle County, VA

Green roof at the Jamieson, Alexandria, VA
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Typical green roof installation detail, depth of growing medium varies greatly from a
few inches to several feet, depending on roof structure and desired planting types.

Permeable Pavement
Permeable pavement systems, typically used for walkways, driveways and parking areas,
allow stormwater to infiltrate quickly through voids in the pavement matrix before it
can run off the pavement surface. Beneath the pavement, water is either absorbed into
the subsoil or detained underground for slow release into a storm system or waterbody.
Collected water may also be stored in a cistern for reuse. This best management
practice can reduce peak surface runoff rates that flow directly into Four Mile Run and
also has the potential to increase groundwater recharge at developed sites.

Permeable pavers at the Navy
Yard, Washington, DC

New impervious surfaces within the Four Mile Run watershed should be minimized as
much as possible. Within the stream corridor all paved surfaces should be permeable or
should include adjacent runoff collection areas. Some examples follow:
• Plazas and promenades – integrate permeable pavers  
• Parking lots – permeable asphalt or permeable pavers for parking stalls and other
lower-traffic areas (or for the entire lot if use is limited)
• Trails – graded to utilize infiltration zone along edge with pervious paving or
other porous materials (refer to Trails section of this guideline)

Permeable pavers used in the on-street parking area of the roadway
Permeable aggregate parking lot,
St. Mary’s College, MD

Several issues need to be considered before a permeable pavement system is chosen.
These design considerations include:
• Load requirements (vehicular, etc.)
• Hydraulic requirements
• Local climate of the installation
Components of permeable pavement include:
• Permeable surface:  either cast-in-place or precast unit pavers (refer to page 57,
58 for options)
• Gravel layer below pavers to help infiltrate runoff *
* Adapted From: www.lid-stormwater.net and the North Carolina DENR Stormwater Best Management
Practices Manual

Typical permeable paving section
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Stormwater planter with slotted
curb

Stormwater Planters

Litter Control/ Other Stormwater Proprietary Devices

Stormwater planters collect stormwater runoff from roofs via a rain gutter downspout
and filter the runoff through planter soils before slowly discharging it into the
stormwater system. A stormwater planter provides many of the same functions as
bioretention facilities previously described. Stormwater planters may be integrated into
the original site design, or be retrofit into existing developments. Stormwater planters
are also well suited for residential applications and can be attractive amenities or
provide opportunities for interpretation of the benefits of stormwater management.

Litter has been a major problem in Four Mile Run. The presence of trash compromises
the aesthetics and appeal of the stream corridor and reinforces the perception that the
stream is an appropriate place for dumping trash. The build-up of debris in catch basin
inlets can also increase the chances of flooding in adjacent areas.

A stormwater planter is typically composed of:
• Contained planting area(s) constructed either above-ground or at ground level in
which the runoff is captured
• Downspout(s) directed into the planter (or other method to direct the flow of
roof runoff)
• Engineered soil mixture for both planting soil and filtering purposes; vegetation
should be native vegetation, appropriate for the expected wet and dry conditions

Stormwater planter connected to
roof downspout

There are several stormwater management facilities that can be installed to help control
trash entering the stream and different devices to collect large items such as bottles,
plastic bags and other floatables. Generally, these devices operate using a combination
of processes to:
• Screen out litter
• Collect sediments at the bottom
• Remove floating debris
• Separate oil and gasoline from the water

• Underdrains to collect treated runoff

Litter control traps can be small devices, such as a basket in a catch basin, or large
devices installed within a storm drain. The effectiveness of these devices depends on
site-specific factors, such as use, particulate size, space availability, flows into the device
and maintenance.

• A means for excess water to overflow in a controlled way

Types of litter control devices include:

Some site-specific conditions such as shallow drainage or high seasonal groundwater
table may favor the use of stormwater planters over a bioretention area.

• Catch basin and curb inlet inserts

• Openings in curbs or connections to downspouts to allow water to enter

• Trash racks
• Catch basin sumps
• Floating booms
• Hydrodynamic separation units
• Oil/grit separators

Rain garden elements at Powhatan
Springs Park, Arlington, VA
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Typical stormwater planter installation detail

Diagram of a stormwater catch basin insert

All litter control devices and stormwater management facilities require regular
maintenance. Collected items are either stored above standing water levels (dry) or
below standing water levels (wet). Dry material can be easily removed for disposal. Wet
materials require suction equipment for cleaning, and the wet wastes may have to be
de-watered before disposal.
Some outfall devices for litter control do not meet the aesthetic goals of the Four Mile
Run Design Guidelines. Selection should be coordinated with the appropriate municipal
staff. Many proprietary litter control devices are on the market. Typically, a designer will
work closely with the vendor to select the proper device for the site.

Underground Storage
Underground storage (detention) is a beneficial stormwater management option in
highly urbanized areas because it minimizes surface/at grade impacts. Stormwater
runoff is collected in an underground chamber, then released slowly, either through an
outlet or through infiltration in the bottom of the chamber. Examples of some
techniques include vaults, cisterns, chambers and large pipes. The main disadvantage of
this approach is the difficulty of conducting inspection and maintenance. This type
therefore is not favored compared to the other types mentioned above. However, in
some cases a combined approach that includes underground storage may be necessary.
Not all areas within the watershed require detention. Contact representatives of the City
of County to determine what restrictions and performance requirements apply to
stormwater detention or storage.

a)

b)

c)
Proprietary litter control devices:
a) CDS Technologies;
b) Vortechnics;
c) Crystal Stream

Proprietary underground
storage device (manufactured by
StormChamber), detail/section
above, photo left
Example of a custom fabricated litter interceptor, detail/section above, photo below
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Daylighting

Before: Entrance to Munn’s Creek
culvert, Oakville, Ontario, Canada

Daylighting of stormwater systems involves exposing waterways currently conveyed in
buried culverts or pipes. Daylighting reestablishes a waterway in its original alignment,
where feasible, or in a new alignment threaded between buildings, streets, parking lots
and playing fields. Daylighted waterways provide several important water quality and
quantity benefits as well as creating habitat or recreational opportunities, revitalizing
neighborhoods, increasing property values, and reconnecting people to natural systems.
An open waterway that replaces a buried pipe can appear natural or architectural,
designed in context with a streetscape design.*
There are two types of daylighting–full flow or split flow.  Full flow daylighting exposes
the entire culverted stormwater pipe as a more natural stream channel. Split flow
daylighting is a common option used in urban situations, in which the baseflow is
diverted to a new surface channel while heavier storm flows are conveyed underground.

After: Munn’s Creek reestablished,
out of culvert

Where the storm drains to be daylighted are very deep, the design must address the
conditions where the open channel will have steep side slopes. Care should be taken in
implementation of this method, to ensure channel aesthetics, stability and public safety.
In identifying daylighting opportunities, several factors should be considered. Streams
with perennial flow that are located in areas where a landscaped buffer could be
established should be given priority. In determining the potential for daylighting, the
designer should examine the additional benefits (stormwater management functions,
habitat value). The Alexandria Zoning Ordinance, Article XIII Section 13-110 recognizes
stream daylighting as a potential improvement to meet the alternative stormwater
management equivalency.

* Adapted from: www.forester.net/sw_0111_daylighting.html
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Before: Stream in underground storm culvert below mowed turf at the
University of Virginia, Charlottesville, VA

After: Stream re-established at the University of Virginia

environmental Awareness

the sustainable design goals for all elements of design within Four Mile Run.

Sustainable Design Resources

Community Education

Arlington County has established sustainable design goals for new and redeveloped
sites and buildings. The City of Alexandria has approved its Eco-City Charter which is
a vision of sustainability for the city, with the Phase I and Phase II action plans as goals
and strategies to implement the vision. Alexandria has also approved building practice
guidelines using the U.S. Green Building Council, LEED Requirements. Projects within
the Four Mile Run stream corridor shall uphold the city’s and the county’s highest and
best sustainability standards for renovation and redevelopment and shall follow the
most up-to-date standards for sustainable building. These documents form the basis of

The improvements to Four Mile Run will bring significant benefits to the health of the
stream, natural environment and species that inhabit the stream corridor. These
improvements will also enrich the lives of the communities that surround it. Making
people aware of the ecological and hydrological functions of the stream is an important
component of the long-term success of the restoration efforts. Communities that are
well informed about the natural systems around them will have a stronger connection
to them and a better understanding of the importance of protecting them. Dynamic
and interesting educational themes should be integrated into the design elements within
the stream corridor and developed as public art projects.
The Four Mile Run Rechannelization Study: Educational and interpretive 		
projects that explore the full range of environmental processes evident in the 		
area should be considered. (Arlington Public Art Master Plan, 60)

A program to develop community awareness must include elements that reach beyond
the boundaries of the channel. It should be supported by adjacent residents, businesses
and land owners; integrated with the curriculum of local schools; and reach all levels of
the civic structure. Broader community awareness programs must also tie into the
educational and interpretive elements developed within Four Mile Run.
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The Four Mile Run Restoration Master Plan addresses opportunities to develop
educational and interpretive opportunities including:
• Habitat area educational signage
• Tree and plant identification
• Wetland educational signage
• Flood markers
• Wildlife informational signage
• Recycling educational signage

SITE / LANDSCAPE

Arlington County
Department of Environmental Services
One Courthouse Plaza
2100 Clarendon Boulevard, Suite 710
Arlington VA 22201
www.arlingtonva.us

MARCH 2005

ENERGY

• Stream alignment markers to show change over time
• Directional signage
• Temporary signage illustrating future improvements

“The Master
Plan outlines
opportunities
for learning at
points along the
entire corridor,
particularly at its
primary entrances
and in places where
people will stay
awhile. Such places
include trailheads,
parks, overlooks,
urban nodes, and
natural habitat
areas. Interpretive
elements might
consist of signs,
display boards,
pavement markings,
art pieces, water
features, play
structures, tour
brochures and
guided tours.”
(Master Plan, 72)

• Revolving exhibits
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