Oregon Museum of Science and Industry (OMSI)
Parking Lot Swales
1945 SE Water Avenue, Portland, OR
Project Summary
Project Type:
Technologies:

Commercial parking lot - Demonstration redesign for major redevelopment.
Vegetated Swales (Bioswales)

Major Benefits:

• Runoff from more than four acres of impervious parking lot surface now receives pollution
filtration.
• Over the course of a typical year, the stormwater facilities remove almost 3,900,000 gallons of
runoff from the storm sewer system.

Cost:

The unit cost for the bioswales was not tracked separately from the costs for the larger site
redevelopment project. The project realized a cost savings of $78,000 over conventional
stormwater management techniques.
1990 – 1992, modified in 1996

Constructed:

Overview of the Stormwater System
• Runoff from over 174,000 sq. ft. (4 acres) of the 6-acre parking lot drains to 10 different
bioswales.
• Overflow from the bioswales enters a
storm sewer system. The system drains to
an outfall to the Willamette River located
just northwest of the OMSI building.
• Originally designed as conveyance
systems to filter pollutants before
discharge, the bioswales also provide good
infiltration.
Project Background
OMSI is a non-profit educational and
entertainment facility serving over 1.1 million
visitors annually. The parking lot bioswales at
OMSI demonstrate Portland’s first large-scale,
on-site stormwater treatment and infiltration
facilities. Before installation of the swales, over
522,000 cubic feet of untreated stormwater runoff
discharged directly to the Willamette River
annually.
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Northern Lot

Southern Lots

This project first came to the attention of the Portland Bureau of Environmental Services (BES) in
1990 when redevelopment plans for OMSI were submitted for review. At that time, neither the city
of Portland nor the state of Oregon had specific site design requirements to address stormwater
quality discharges to the Willamette River. Concurrent to the plan review, BES was researching
ways to comply with impending stormwater regulations mandated by the Federal government to
meet standards in the Clean Water Act and improve the quality of the Willamette River.
BES staff viewed the OMSI redevelopment plans as an opportunity to proactively address water quality
and to test new stormwater management technologies. BES asked that OMSI voluntarily redesign the
parking lots and the landscaping to capture and treat pollutants in the stormwater runoff. BES suggested
adjusting the site grading and modifying the landscape medians with curbcuts and a depressed planting
area that would accept rather than shed runoff. Project designers agreed to the changes, which neither
altered the project schedule nor increased overall costs. Upon completion of the project, OMSI saved
$78,000 on construction.
In 1996, the parking lots and several bioswales were modified to accommodate alterations to the
adjacent SE Water Avenue, which bisected the lot, creating two separate parking areas. Several
swales in both new lots were shortened by the construction.
Stormwater Management Goal
The stormwater management goals were to filter pollutants from parking lot stormwater runoff,
reduce the volume of stormwater discharging to the river, and address pending federal and state
water quality regulations.
Property Description:
The museum and exhibition space occupy over 100,000 square feet adjacent to the Willamette River.
It was formerly a brownfield site used for light industry. Two parking lots total over 174,000 square
feet.
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Stormwater Capacity and System Components
Geotechnical Evaluation / Infiltration Tests
Pre-development soil testing indicated poorly draining soils and clay. In actuality, the soils
underlying the bioswales included very permeable fill material. The Natural Resources Conservation
Service soil survey for Multnomah County classifies the soils as urban land, 0 to 3 percent slopes.
The infiltration rate is not reported for this soil classification, as development activities have widely
altered the original soil characteristics.
In 1995 and 2005, BES staff investigated the infiltration capacities of a few representative bioswales.
In 1995, the facility’s irrigation system was used to fill the swales with water and the infiltration rate
was measured over time. The swales infiltrated at a rate of 8 inches per hour. In 2005, a hose test
was conducted where infiltration rates were measured at approximately 7 inches per hour or greater.
System Components
10 vegetated swales
Catchment Area: 174,240 sq. ft. of parking lot
Facility footprint1: 13,980 sq. ft.
Estimated Internal Volume: over 14,000 cubic feet
Capacity: The bioswales have more capacity than the comparable eastside soakage trench2 that
would be required for a 174,240 sq. ft. catchment. An equivalent soakage trench would have
a footprint of 10,464 sq. ft. and a volume of 10,987 cubic feet.
Additional Information:
• The swales are 6 feet wide and vary in length from 100 to 250 feet for a total length of 2,330
feet.
• There is one 12-inch wide curbcut every 30 feet on center to allow runoff to enter the swales
from the parking lot surface.
• Wooden check dams were installed every 50 feet to slow the flows and encourage
infiltration.
Emergency Overflow
Any overflow from the system drains into storm inlets at the low end of each swale. The inlets are
level with the surface at these locations and drain to a storm sewer that discharges to the Willamette
River through an outfall just north of OMSI.

1

For the purpose of comparing the capacity of the facility with the standard eastside soakage trench, the footprint has been calculated
as the wetted (ponded) surface area when the facility reaches maximum capacity.
2
The standard eastside soakage trench meets the City’s standard for complete stormwater disposal in soils, which infiltrate at least .5
inches per hour. The City requires 24 feet of trench per 1000 sq. ft. of impervious area (drainage catchment). The trench is 3 feet deep,
2.5 feet wide, and filled with drainage rock. Flow enters the trench through a pervious pipe that travels the length of the top of the
trench. Assuming a porosity of 35%, the trench provides an internal volume of approximately 63 cubic feet per 1,000 sq. ft. of
catchment.
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Landscaping
In 1992, the swales were planted with the
following:
Red maple
Dawn redwood
Gingko biloba
Katsura tree
Mulberry
Tulip tree
Vine maple
Holly
Red-flowering currant
Douglas spirea
Red elderberry
Evergreen huckleberry
Tall Oregon grape
Rhododendron
Nootka rose
Red-twig dogwood
Snowberry
Buttercup
* Bur-reed
* Cattail
Hard-stem bulrush
* Yellow-flag iris
Kinnikinnik
Salal
Scouring rush
Common horsetail
Soft-stem bulrush
Tufted hairgrass
* Wapato

South lot swale in 2004

Acer rubrum
Metasequoia glyptostroboides
Gingko biloba
Cercidiphyllum japonicum
Morus alba
Liriodendron tulipifera
Acer circinatum
Ilex sp.
Ribes sanguineum
Spiraea douglasii
Sambucus racemosa
Vaccinium ovatum
Mahonia aquifolium
Rhododendron macrophyllum
Rosa nutkana
Cornus stolonifera
Symphoricarpos albus
Ranunculus occidentalis
Sparganium sp.
Typha latifolia
Scirpus acutus
Iris pseudacorus
Arctostaphylos uva-ursi
Gaultheria shallon
Equisetum hymales
Equisetum arvense
Scirpus validus
Deschampsia caespitosa
Sagittaria latifolia

Species marked with an asterisk * are no longer recommended for use in stormwater swales. Yellowflag iris is an invasive plant in wet areas and is now listed on the Portland noxious weeds list. The
other marked species are obligate wetland species that should only be planted in poor-draining,
saturated soils. The OMSI swales are well drained, and these species have died out. See the Lessons
Learned section for more information.

Maintenance and Monitoring
OMSI personnel maintain the swales. The work is typically incorporated into regular landscaping
activities, requiring only slightly more attention to ensure curb cuts are kept clear, about once per year.
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Successes and Lessons Learned
As of 2004, the OMSI bioswales had been infiltrating stormwater runoff for nearly 13 years and they
are a model for other stormwater management projects. The parking lot swales demonstrate that
water quality features and stormwater management techniques can be incorporated into constrained
spaces, save on construction costs, and provide an aesthetic amenity. The swales also demonstrate a
functional replacement to conventional raised landscapes for parking lots.
Cost savings
Because the bioswales eliminated the need for stormwater pipes, sedimentation manholes and catch
basins, the developer saved $78,000 in construction costs despite additional fees for redesign.
Monitoring
BES staff conducted an informal, on-site infiltration test of three of the swales in 1995 (see geotechnical
evaluation/infiltration test section of this report). A 1996 BES water quality audit estimated that the
bioswales capture 50% of the site’s average annual total suspended solids (TSS) loadings. It has been
noted during these activities that minor design improvements, such as additional check dams and more
curb cuts, could increase facility performance in general and specifically increase the TSS captured by
40% of the average annual site loading. Vegetative assessments are in progress.
A second monitoring flow test was conducted in January 2005 (see online Flow Test Report: Infiltration
Test Memorandum – OMSI North Parking Lot Swales). Results indicate infiltration rates greater than or
equal to 6 inches per hour, which after 13 years of operation is very encouraging. With an infiltration
rate of 6 inches per hour there would be very little overflow from the facility, even during very large
storm events.
Construction and design modifications
• Observations indicate that some curb cuts require modifications because they are not allowing
enough water from the parking lot to enter the swales. Mostly this is due to the build up of
sediments, which blocks runoff from entering the swales.
• Because the bioswales were oversized, the 12” freeboard originally specified in the plans to
accommodate the peak storm runoff volume was not necessary.
• The performance of the swales could be improved by increasing the number of curb cuts
from one every 30 feet on center to one every 10 feet on center. This minor change would
prevent the short-circuiting of runoff from the swales.
• Thick painted stripes across the parking area pavement could help divert runoff into the curb
cuts more efficiently.
• Grading paved areas to facilitate perpendicular flow into curb cuts is the most efficient design.
Landscaping
• In 2004, BES staff assessed the bioswale vegetation. During the summer, the swales are
irrigated as though they contained typical landscaping plants. It is likely that many of the
plants, particularly the cattail, rushes, bulrushes and yellow-flag irises would not survive
without irrigation, as these plants generally occur in wetlands. Wapato and cattail appear to
have died out. Each swale in the lot now holds a slightly different mix of trees, shrubs and
ground cover. Yellow-flag iris is now on the State and City noxious weeds lists and should
not be considered for other locations. BES recommends selecting plants that will survive
under both moist and dry soil conditions, especially plants that can tolerate low watering
regimes during the summer.
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The landscape was originally designed with a substantial
number of native and wetland plants such as red twig
dogwood, creeping buttercup, Douglas spiraea, etc. However,
the swales drained so well during the rainy season and
remained dry during the summer period (with the exception of
irrigation) that the wetland plants requiring constant wet soils
did not survive.
Some trees of the same species currently look more vigorous
in some of the swales than others. This may be indicative of
the soil and growing conditions of different locales on the site.
Many of the trees also were planted on the slope of the swales
where soil has eroded away from the roots, a possible
influencing factor on health.
Visual observations indicate that as the soil and vegetation
matures, infiltration improves. Runoff from the site is now
only associated with large storm events.
Thick vegetation keeps debris out of the storm drains and
riverbank area, capturing it until maintenance personnel can
easily collect it.

Policy
At the time the project was constructed, there were no existing policies or codes to guide developers
through the process of incorporating water quality-based site design techniques. City staff took great
pains to assist in moving the project smoothly through the permitting and approval process. The
sustainable stormwater strategies and lessons learned at the OMSI site helped form the basis for the
City’s current stormwater management codes. In addition, the City of Portland now allows the
undersized parking spaces, which help developers manage stormwater on-site using sustainable
stormwater techniques without the loss of valuable parking area. In 2001, the city officially changed its
parking lot code to allow smaller spaces and aisles, based primarily on the OMSI success.
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