Design Report

Rain Garden at Glencoe Elementary School
SE 51st and Morrison
Project Summary
Project Type
Technology
Benefits

Notable Features
Cost
Construction
Ownership

Public stormwater retrofit to protect nearby residents from sewer backups (combined sewer system)
Vegetated Infiltration Basin/Detention System 1
- The 2,000 ft2 facility manages runoff from 35,000 ft2 of asphalt.
- It infiltrates most of the flow it captures, helping reduce Combined Sewer Overflows (CSOs).
- It is an attractive addition to the school grounds and the neighborhood.
- It is the first facility of its kind on the grounds of a school in Portland.
- The underlying soils are silty but the facility drains well and is dry most of the time.
The fully loaded cost of construction was $98,000.
A city-hired contractor constructed the project in August and September 2003.
The Bureau of Environmental Services (BES) owns and maintains the facility.

Overview
Catchment Area. The catchment area includes
Morrison Street and SE 51st Avenue (about 25,000
ft2 of asphalt) as well as the swale for the school
parking lot - in large storms the 10,000 ft2 parking
lot sends some drainage to the facility2. About
1,000 ft2 of the school driveway also contributes
runoff.
Overall Facility Contour. The bottom of the rain
garden is flat (similar to a planter) throughout the
facility. The planted edges have 4:1 slopes.
Forebay. Runoff from the street and overflow from
the parking lot swale enter the forebay through a
12” pipe. The forebay footprint is 550 ft2. A weir
controls the depth of ponding; runoff passes into
the main compartment when ponding reaches a
depth of 2 inches.
Main Compartment. The main compartment has a
footprint of about 1,450 ft2. Runoff ponds to 5.5”
before overflowing across a second weir into the
drainfield.
Flow Spreaders. There are three rock-filled trenches
visible in the main compartment. They are about
12” deep and are designed to help spread flows
evenly across the facility floor and to promote
infiltration.
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In large storms the basin overflows and functions as a detention system – the rate of discharge to the sewer is restricted by a
4”orifice. The facility has a flat bottom and is similar in many respects to an infiltration planter; it is considered an infiltration
basin because it has sloped (planted) edges rather than vertical concrete walls.
2
BES retrofitted the parking lot with a swale in 2002; that project is documented in a separate design report. The swale
manages smaller storms - in larger storms, it sends overflow to the rain garden.
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Drainfield. The drainfield collects overflow from the
main compartment and routes it back to the
sewer. The maximum output from the drainfield
is about .5 ft3 per second; it is restricted by a 4”
orifice.
“Beehive” Overflow Grate. The domed overflow
grate is a pipe junction and it provides an
emergency bypass. If the depth of water ever
reaches 10.5” in the facility, it will begin to
overflow back to the sewer system (unrestricted)
through the beehive. This should occur only in
storms that exceed the facility’s design capacity
(in excess of the 25-year storm).

General Plan

Stormwater Management Goal
The design goal was to protect residents from sewer
backups on SE 52nd Avenue. between Stark and
Morrison streets. In order to meet that goal, the
facility captures runoff from 30-40 % of the
catchment that drains to the sewer on SE 52nd
Avenue. The rain garden protects residents to the
Bureau standard3 by both retaining and detaining
runoff. In large storms some runoff returns to the
combined sewer, but peak flow rates are
substantially reduced and delayed in time.
Facility Size
Looking south from the rain garden to the corner of SE 51st &
Morrison. The school parking lot and swale are visible.
Total Internal Volume4
Runoff will pond to a depth of 5.5” before it
begins to overflow into the drainfield and back
to the sewer through a 4” orifice. At that depth,
the facility holds approximately 6,500 gallons of
water.
BES “Simplified Approach”5
The footprint of the facility is nearly 2,000 ft2,
about two-thirds the size of the SIM standard for
landscape infiltration basins (BES Stormwater
Management Manual; 2002).
Geotechnical Evaluation/Infiltration Tests
USGS Soil Classification. The Natural Resources
Conservation Service (NRCS) survey for
Multnomah County classifies the soils as Urban
Land-Latourell Complex.

The site of the rain garden prior to construction

3

The Bureau standard is the 25-year storm. It’s an intense thunderstorm; almost .5” of rain falls in the first 15 minutes.
The figure does not account for losses to infiltration and evapotranspiration.
5
This information is provided because it’s often requested. The comparison is not technically valid: the rain garden is a
retention/detention facility with design goals specific to the project.
4
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Soil Texture. In September 2001, staff from the BES
Materials Testing Lab (MTL) evaluated the soils at
the site of the rain garden. Staff augered to a depth of
more than 10’, took grab samples at various depths,
and evaluated soil textures with a mechanical grader
and a hydrometer. The MTL report characterized the
top 5’ of soil as “medium stiff silt” with “low to very
low permeability” based on grain-size distribution.
At 4’ below grade the sample had a silt/clay fraction
of more than 85%6. The MTL report noted a
transition to sandier soils below that depth; staff
encountered “sandy silts” and “silty sands” at 8-10’
below grade.
Infiltration Tests. In April 2003, the MTL tested
infiltration at 3’ below grade with a double-ring
infiltrometer. The results were not promising: staff
did not observe any infiltration during the course of
the test. Other evidence suggested the facility might
perform better than indicated by the single test. MTL
staff confirmed that the soil becomes sandier with
depth at that location, and a second infiltrometer test
in the nearby alley7 yielded infiltration rates of more
than 5 inches per hour. MTL staff reported that the
soils at the two locations were similar, but that the
site in the alley appeared to penetrate the sandier
horizon lower in the soil profile. BES staff also had
conducted informal infiltration tests (simple pit tests)
that suggested adequate infiltration rates.
Design Considerations and Constraints
The most important considerations were the size of the
available facility easement (provided by the school
district) and the elevation of the existing sewer system in
relation to the easement. The configuration proved to be
workable: the school district was willing to provide a
large enough parcel, and the elevations allowed both
inflow and outflow connections to the sewer.
Two major factors constrained the design. The first was
the maximum ponding depth: for public safety the depth
was limited to 6-8 inches under most conditions. The
second constraint was limiting the height of the plantings
to a couple of feet. Although that condition severely
limited the list of potential plants, it was considered
essential to create a visually open facility and to
minimize maintenance.
6
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Forming the concrete wall between the edge of the
facility and the walkway around the facility.

Finished floor. The forebay is to the left; the main
compartment is to the right (flow spreaders are visible).
The drainfield is in the foreground, covered in plastic.

Just after planting. Note the pea gravel mulch in the
forebay and the wood mulch in the main compartment.

That location was within 2’ of the bottom of the rain garden.
100’ to the north of the rain garden
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The design team ruled out adding a sump (drywell) to
manage overflow from the rain garden in large storms.
Although a sump might have removed an overflow
connection back to the sewer, the design schedule didn’t
allow enough time to install a sump, test it, and make
design modifications based on the results.
Construction Brief
• A city-hired contactor constructed the project in
August 2003. Portland Parks and Recreation planted
the facility immediately after construction.
• The site of the rain garden was a grassy area before
construction.
• The facility sits on native soils8; there is no subsurface
rock trench or gallery under the facility.
• The native soils were ripped and tilled; they were not
otherwise modified or amended.
• The maximum excavation depth was approximately 3’
below grade.
• The concrete walls are 2’ deep (top to bottom), with
12”of exposure.
• The three rock trenches (flow spreaders) are
approximately 12”deep. The rock in the trenches rises
to about 8” above the floor of the facility.
Landscaping
• The forebay was planted with rushes (gallon
containers; 18” on center). The main compartment is
planted predominantly with slough sedge (gallon
containers; 18” on center).
• The upland areas were planted with a mix of natives
and non-natives including salal, kinnikinnick, Oregon
grape, dwarf arctic blue willow, and lavender.
• Aspens line the path along the walkway, but no trees
were planted in the facility bottom.
• There is no permanent irrigation system. The plantings
last were watered in summer 2005.

The completed rain garden - from a classroom at Glencoe
Elementary. The residences previously affected by
sewer backups are in the background

Inside the "beehive" during a flow test. The 4" orifice at
the back of the photo (discharging runoff) limits the rate
of overflow from the drainfield to the sewer. To the left
is the 12-inch connection to the sewer.

Budget
The basic cost of construction was $82,000. The
construction contract was $69,500 and the cost for
installation of the plants – including tilling and mulch –
was $12,500.
During a rain event. The "beehive" overflow is in the
foreground.

8

“Native” meaning they weren’t replaced or amended with imported soil or compost.
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The fully loaded cost of construction was approximately
$98,000. That figure includes charges for construction
and planting, engineering oversight, construction
management and inspection, and survey.
Vector Control (Mosquitoes)
In summer 2005, the Multnomah County Health Division
(Vector Control) evaluated the rain garden for
mosquitoes at the request of nearby neighbors. The
county concluded that the facility is not a breeding site
for mosquitoes because it never ponds runoff long
enough for mosquitoes to propagate. The county
regularly visits stormwater management facilities to
monitor vector issues. The grounds of the school are on
the list of regular site visits; the county is responsible
for treating the catch basins with mosquito larvicide.
Maintenance
The City of Portland owns the facility and is responsible
for maintenance. There have been three main activities
during the startup period.
Sediment removal. BES staff has removed sediment from
the forebay – at the pipe entrance - just once. In
August 2005, staff removed about 5 ft3 using hoes
and rakes.
Weeding. Most of the maintenance effort has been
devoted to weeding. The facility has required an
average of about fifteen hours of effort per year.
Velvet grass in the forebay and wild clematis in the
main compartment have been priorities for removal.
Residents have assisted with weeding; their level of
effort is unknown.
Plant trimming. Staff trimmed the forebay rushes in
2004 and 2005 due to their height. Suckers from the
Aspen trees along the edges have been cut back
regularly beginning in 2003.
Monitoring
In 2004, BES staff took soil samples at the rain garden to
establish baseline conditions for long-term monitoring of
pollutants in the sediments and soils within the facility.
The largest monitoring effort has been devoted to
confirming the facility’s hydraulic performance. BES
has continuously monitored flows in the combined sewer
on SE 52nd Ave, and staff has conducted three separate
flow tests (see BES technical memoranda concerning the
tests). The purpose of the flow tests is to simulate large
storm events with metered flows from nearby fire hydrants.

At capacity during a flow test. BES staff have simulated
large storm events three times to date.

Flow entering the forebay through the 12-inch pipe
during a flow test.

Replacing the filter fabric in the drainfield, March 2005.
BES staff installed course webbing after flow tests
confirmed that the existing fabric had partially clogged
with debris, mostly wood mulch from the rain garden.
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Monitoring highlights:
• Over a 2-year period, the facility retained
almost 95% of the flow it captured.
• Data from the flow tests indicate the facility is
performing as designed. For example, in the
simulation on May 6, 2005 (25-year storm), the
peak discharge rate from the facility was 80%
lower than peak inflow rate. The rain garden
also substantially delayed the peak: the highest
discharge from the facility came 17 minutes
after the peak for runoff entering the facility.
• To date, the facility has not reached capacity
during any naturally occurring storms. The
highest rate of discharge from the facility was
on November 1, 2005, when the overflow rate
was .32 cubic feet per second (CFS). The
facility discharges approximately .5 CFS when
it reaches capacity.
• The lowest observed infiltration rate during the
flow tests was 1.8” per hour.

Juncus (rushes) and colonizing grasses in the forebay
prior to trimming, July 2005

Support Among Residents
Many residents support the project because of its purpose and the amenities it provides. As an extension
of the outdoor classroom, it provides residents and students with access to a pleasant, park-like setting. A
few neighbors have qualified their support, saying they’re waiting to make a final judgment until there’s a
natural storm equivalent to the design storm. Some residents are reserving judgment until they see how
well the city maintains the project; their chief concern is the potential for the facility to become an
attractive nuisance if it becomes overgrown.
Successes and Lessons Learned
Good Design. The facility meets a number of design goals: it integrates well with its surroundings, is an
attractive addition to the school grounds, meets safety requirements for the school and community, and
meets the engineering goals for the project. As the first project of its type in Portland, it has been very
successful and the general support of the community reflects its success.
Performance. The project is a great example of the benefits of a combination retention/detention system.
It protects residents from sewer backups by delaying and diminishing the peaks of large storms that would
otherwise put them at risk. It also captures and infiltrates most of the runoff it receives annually. More
detailed information is available in technical memoranda posted at www.portlandonline.com/bes.
Soils: Infiltration, Soil Texture, and Infiltration Tests. The silty soils drain much better than the design
team originally projected (based on infiltration tests). Long-range monitoring will confirm whether
infiltration rates diminish or improve over time. The project illustrates the value of multiple soil tests
when designing landscape infiltration facilities. If the design team had relied solely on the results from the
double-ring infiltrometer, it would have concluded that the local soils precluded infiltration facilities.
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Conditions Favorable for Retrofits. Existing conditions favored the project: there was enough land
available in the right place and at the right elevation. The configuration allowed both an inflow and
outflow connection to the existing sewer system. These are factors that limit many other retrofit projects.
Public Support. Support and interest on the part of the school community – teachers, parents, and
students – has been strong, and the project has been of interest to visitors researching rain gardens and
other “green” approaches for managing runoff. The neighbor’s reaction to the project (measured support)
is probably to be expected given the newness of the technology and the history of sewer backups.
Maintenance. The rain garden has required less maintenance per square foot of planted area than many
other landscape stormwater facilities. It is a lesson learned that the forebay will continue to be colonized
by opportunistic plant species brought into the facility with sediment delivered by runoff.
Erosion Control in the Forebay. The rushes and pea gravel mulch have been effective erosion control
measures; no additional rock material has been needed to help diffuse the energy of the incoming water.

Abbreviations
• “ = inches
• ft = feet
• ft2 = square feet
• ft3 = cubic feet
•
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