BES Design Report
Stormwater Retrofit at Mt. Tabor Middle School
5800 SE Ash Street, Portland, Oregon

Project Summary
Project Type

A school retrofit to protect nearby residents from surcharging of the combined sewer

Technologies
Benefits

A variety of vegetated infiltration facilities and drywells
The facilities capture runoff from about two acres of roof, parking lot, play area, and street.
They infiltrate most of the captured flow, helping reduce combined sewer overflows (CSOs).
They are attractive additions to the school grounds, help shade and cool the south side of
the building, and provide an educational resource for students.
The project showcases a range of applications for vegetated facilities that create a greener,
healthier environment for the students and staff at the school.
The rain garden received a 2007 Design Award from the American Society of Landscape
Architects (ASLA).
The fully loaded cost of construction was $523,000.
City-hired contractors constructed the project in phases during 2005, 2006, and 2007.
Portland Public Schools owns the facilities.

Notable
Features

Cost
Construction
Ownership

Introduction
In 2002, the Bureau of Environmental Services
(BES) began planning for a project to protect
residents from sewer backups on SE Pine Street
adjacent to Mt. Tabor Middle School 1 . The
combined sewer on Pine Street periodically
surcharged during extreme rain events, pushing
runoff mixed with sewage into some residents’
basements. As an alternative to replacing the
sewer lines, which were in relatively good
condition, the Bureau approached Portland Public
Schools (PPS) with a plan to retrofit the school
with stormwater infiltration facilities. Preliminary
estimates showed the project would be costeffective compared with replacing the sewer lines.

The school from the west, prior to the project. The site has
about 4 acres of impervious area, of which about 2 acres
drained to the sewer at SE 57th & Pine ( )

The plan included a number of vegetated
infiltration facilities and drywells around the
perimeter of the building. The concept built on the
experience of the two organizations at nearby
Glencoe Elementary School. Collaborating with
the school district, BES constructed a related
project there in 2003 2 . The project at Tabor Middle
School presented a number of new challenges
including the large scale of the undertaking; a
fairly comprehensive retrofitting of the site was
required to protect residents from sewer backups.

The "rain garden" after a storm event ; the reflection of
standing water is visible.
1
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See BES engineering predesign report for the Sullivan, Stark, and Holladay Basins, October 2002.
BES constructed a large infiltration basin at Glencoe to protect residents on SE 52nd from sewer backups.
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BES and PPS agreed that the project
presented a unique opportunity to showcase a
range of facility types suitable for different
retrofit settings. The partners made it a priority
to seek the multiple benefits that well- designed
vegetated facilities can provide: aesthetic
improvements, shade and cooling for the southfacing classrooms, educational benefits for the
students, and general environmental
improvement.
BES staff designed the project in collaboration
with PPS. City-hired contractors constructed
the main components during the summers of
2006 and 2007. The project included a “rain
garden” (large planter), a vegetated swale, six
smaller infiltration planters, and three drywells.
BES also constructed a stormwater curb
extension and sump adjacent to the school at
SE 57th and Pine Street. The facilities
together manage runoff from approximately
two acres of roof, playground, parking lot, and
street surface.

Prior to construction, looking north across the parking
lot toward the site of the rain garden. The parking lot
swale was constructed between the rows of parking
stalls in the forerground.
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Stormwater Management Goals
The primary goal was to protect nearby
residents from sewer backups by managing
enough runoff to reduce and delay the peak of
the BES design storm 3 . That goal required
managing runoff from about two acres of
impervious surface and creating at least
enough internal capacity (volume) in the
facilities to capture and infiltrate the peak of the
city’s design storm for sewer backups. It was a
major secondary goal to test and demonstrate
how vegetated facilities can be integrated into
school sites.
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Geotechnical Evaluation
NRCS soil classification
The Natural Resources Conservation Service
classifies the surface soils at the school as
Urban/Latourell Complex, a silty loam with a
pass rate of 70-80% for the #200 sieve.
Permeability is characterized as moderate,
with a range of .6 - 2 inches per hour.

Facilities with Catchment Areas
1 The "rain garden" (planter)
2 Parking lot swale
3 D ownspout disconnection to planters
4 Green Street (vegetated curb extension)
5 Drywells
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The design storm has a recurrence interval of 25 years. The intensity is highest during the first 5 minutes
(equivalent to 3.32 in/hr) and tapers from that point. Facilities with enough internal volume to capture the first 15
minutes of the storm, prior to overflowing, should be large enough to help protect against sewer backups in that
storm.
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Depth to groundwater
A draft regional groundwater map by the United States
Geological Survey reports the estimated depth to high
groundwater as more than 100 feet below grade.
Groundwater was not encountered when BES installed a 30foot stormwater sump at SE 57th and Pine in January 2005.
In July 2005, city staff conducted a geotechnical field
evaluation. The evaluation included hand-augering to a
depth of about 14 feet at two locations on the east side of
the school where the draft plan called for clusters of
drywells. Groundwater was encountered at 15 feet below
grade in the hole near the southeast corner of the building.
As a result, the southern pair of drywells planned for that
location were moved to the north, in the direction of the
more favorable conditions found in the vicinity of the second
auger hole. (During construction the plan to construct the
southern pair of drywells was abandoned when groundwater
was encountered at the modified location.)

Augering holes for soil evaluations
and infiltration tests

Field evaluation of soil texture
City geotechnical staff characterized soil texture during the
July 2005 field evaluation. A mechanical 12-inch stem auger
was used to dig ten 4-foot deep holes around the building
perimeter. In two of the holes, a hand auger was used to
obtain samples to about 15 feet below grade (see also the
section “Depth to groundwater”). The soils at the sample
points on the north and south sides of the school were
characterized as silty sands. At the north end of the east
side of the building, the soils consisted of dry, poorly sorted
sand with silt and gravel, similar to the material found during
construction of the sump at SE 57th and Pine in 2005. Near
the southeast corner of the building the soil profile was
substantially different than elsewhere at the site: a surface
layer of silty material was underlain by what appeared to be
fine-grained fill, including burnt wood and brick fragments.
That layer was in turn underlain by mottled bluish-grey
clayey silt lower in the profile.

Shallow infiltration tests

An infiltration test

Geotechnical evaluation at the SE
corner of the school

BES staff conducted shallow infiltration tests as part of the
July 2005 field evaluation. Seven of the 4-foot deep pits were
tested. The tested rates ranged from less than .6 in/hr to
greater than 5 in/hr. The highest rates were at the north end
of the east side of the building where the soils were poorly
sorted sands. The lowest rates were in the silty soils on the
south side of the school in the vicinity of the rain garden and
the parking lot swale.

Locating existing storm lines along the
perimeter of the building
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Opportunities and Constraints
Geotechnical conditions
Information obtained during the planning phase about the shallow
soils – soil texture and infiltration rates – did not alter plans for
vegetated infiltration facilities. Although the surface soils are
relatively silty and in some cases yielded low infiltration rates
when tested, other BES vegetated infiltration systems in the
vicinity have performed well in similar conditions. Information
about deeper conditions – soil texture and groundwater levels –
led to changes in the planned location of the southern pair of
drywells. The plan for the pair then was abandoned during
construction when groundwater was encountered at the new
location.

Construction of the curb extension
on SE 57th

The existing collection system and foundation
The building has external downspouts which allowed
disconnections to planters. It also has stormwater collection lines
around the perimeter which allowed facilities such as the rain
garden and drywells requiring overflow connections. The school
foundation has a shallow crawl space, not a full basement, which
meant that vegetated infiltration systems could be located closer
to the edge of the building than if there had been a basement.

Topography

Completion of rain garden walls, prior to
preparation of the soils

What originally appeared to be a major constraint on the south
side of the building – the fact that a large expanse of asphalt
drains toward the building – was turned into an asset for the
design. By reworking the configuration of the parking lot, enough
space was created along the building edge for a large planter
(the “rain garden”) that is very efficient as far as the catchment
area it manages. The facility drains roughly 10,000 ft2 of roof and
almost 20,000 ft2 of asphalt.

Inefficient configuration of the old parking lot

Construction of the parking lot swale

A simple reworking of the parking lot configuration – shorter
parking stall lengths and narrower drive aisles – provided ample
room for the rain garden and the swale with the loss of just a
couple of spaces. The new aisles are 21 feet wide; the parking
stalls are 9 feet wide and 17 feet long, which is above minimum
standards.

Value of an aesthetic improvement for the school
The project was supported by the school community in part
because the addition of the rain garden and the parking lot swale
was an opportunity to make the school a greener, healthier, more
visually appealing environment for the students and staff. The
two facilities replace expanses of asphalt, helping to cool the
parking lot and the classrooms facing the rain garden. They also
help organize and improve the safety of the entrance on the
south side of the school.

The parking lot swale after placement of
10" of imported soil, foot compaction, and
final grading . The facility has two
pedestrian crossings (with trench drains)
and two main check dams with
adjustable weirs.
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Constraints due to site uses
The design team considered the possibility of constructing facilities in the school’s internal courtyard
as well as along the west side of the school. Physical site constraints in those locations precluded
further consideration. The original concept called for additional vegetated facilities on the east side of
the school. A more detailed evaluation of site uses ultimately led to construction of drywells there
rather than vegetated systems; space requirements for hard-surface games left little room for
incorporating vegetated systems.

Overview of the Facilities
Facility Comparison
Facility

Facility Catchment Facility Ponding
Internal
Storm
Overflow
2
d
2
3
3 e
of
IA
)
Area
(ft
)
Volume
(ft
)
Peak
(ft
)
(ft
Depth (ft)
Destination
Type

Rain garden

Planter

28,500

1,850

0.66

1,200

1,140

Parking Lot Swale
Downspout plantersa

Swale

12,000

1,400

0.66

800

480

Planter

17,000

825

0.66

550

680

Street Curb Extension Planter
c
Drywells
Drywell

6,000

170

0.66

110

240

grassy area
f
street/sump

1,000

1,000

sewer

Total

25,000

sewer
f
street/sump

88,500

a. The four identical planters on the north side of the building are each 150 ft2. The planter on the southwest side is 225 ft2.
b. The curb extension is divided into eight flat-bottomed compartments by check dams.
c. The three drywells range in depth from 17 to 20 feet below grade, total depth
d. IA = Impervious Area
e. Volume of runoff in the first fifteen minutes of BES' design storm (.48" of rain)
f. When the parking lot swale reaches capacity it overflows via the curb cut at the west end; overflow drains to the street gutter,
then to the downslope curb extension. When the street curb extension reaches capacity it overflows to the street, which drains to
the sedimentation and sump system at SE 57th and Pine.

General configuration of the vegetated facilities
The total depth of excavation was typically less than 3 feet below the grade of the existing
asphalt/soil; the facilities do not include underlying rock layers, under-drains, or filter material.
Approximately 10 inches of a sandy loam mix – about 30% compost by volume – was tilled into the
native soil, then installed in lifts and compacted with a roller. The 6 inch curbs are 18 and 24 inches
deep. Curb height from the facility bottom is 8-10 inches. The maximum ponding depth is 6-8 inches,
a standard in Portland for facilities without fences.

Landscaping
All of the plants were installed in gallon containers at a density of 15-30 inches on center. Plant types
are listed in the individual facility descriptions.

Planted Area
Facility

Total Planted Area (ft2)

Facility

Type

Facility
Footprint (ft2)

Rain garden

Planter

1,850

2,950

Parking lot swale

Swale

1,415

1,775

Downspout planters

Planter

825

825

Street curb extension

Planter

170

170

Total Planted Area

(Includes Perimeter Areas)

5,720
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The rain garden
The rain garden technically is a planter. It sits between the two
wings of the building on the south side of the school and collects
runoff from the adjacent roof and asphalt play areas. Runoff
from the roof enters via concrete splash blocks (“runnels”);
runoff from the asphalt area enters the forebay of the system
through an 18 inch wide trench drain. The forebay overflows into
the main compartment of the rain garden when it reaches
capacity. When the main compartment reaches capacity at a
depth of 8 inches it starts to overflow to the storm collection
system through a catchbasin in the northwest corner of the
facility. The bottom of the facility is planted with a mixture of
sedges and rushes. The trees are Tupelo and Aspen.
Construction included replacement of a shallow underlying
sewer line (to avoid damage to the old line during construction),
installation of a concrete plaza between the garden and the
adjacent school entrance, and installation of a bike rack. A 3foot post and chain fence deters people from walking through
the facility.

The base of the overflow drain for the
rain garden, which drains to the existing
stormwater line along the building

The parking lot swale and planter
The parking lot was retrofitted with two landscaped facilities: a
1,400 ft2 swale that runs east-west down the center of the
parking lot, and a 200 ft2 planter in the northwest corner. The
systems together manage runoff from 15,000 ft2 of asphalt.
The swale has multiple check dams with adjustable weirs to
retain runoff and promote infiltration. Runoff enters along the
north side of the swale through curb cuts; the south edge has a
flush curb that allows runoff to enter along the entire length of
the facility. Both the swale and planter are designed – in very
large storm events – to overflow safely toward the entrance of
the parking lot, the street, and the street curb extension and
sump.
The bottom of the swale is planted with rushes and sedges; the
drier upslope areas are planted with compact Oregon grape,
dwarf heavenly bamboo, hebe, and euonymus. The trees are
tupelo and aspen. The planter in the northwest corner of the
parking lot has plants similar to those in the bottom of the rain
garden and the parking lot swale.

The rain garden in January 2007. The
trench drain in the forground delivers
runoff from the asphalt play area.

One of the downspouts draining to the
rain garden during a storm event. The
setback from the building is 10 feet.

The parking stalls along the south side of the swale are set six
feet back from the swale so pedestrians can easily access the
three swale crossings. A post and chain fence along the
perimeter deters pedestrian access to the swale.

The planters along the edge of the building
There are five infiltration planters along the north and west sides
of the building. The four planters on the north side of the building
are identical; each has a footprint of about 150 ft2. There is a
single planter along the southwest edge of the

The bottom of the rain garden in spring
2008. The mixture of juncus and sedges
has already provided good coverage.
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building; it has a footprint of about 250 ft2. The planters together
manage runoff from about 15,000 ft2 of roof. All of the planters
are roughly 7 feet from the building, adjacent to existing
downspouts that were disconnected and diverted into the
facilities. Splash pads (concrete runnels) carry runoff from the
disconnected downspouts into the planters.
The outside edges of the planters are flush with the adjacent
grass for easy mowing and as flow spreaders; the units are
designed to overflow onto the adjacent grass when they reach a
ponding depth of about 8 inches. There are two plant types in
the facilities, sedges and rushes.

The parking lot system and the rain
garden. The main body of the parking
lot swale is in the upper left.

The curb extension
A single stormwater curb extension was built on the east side of
SE 57th, down-slope from the entrance to the school parking lot.
Overflow from the parking lot swale also contributes surface flow
that drains to the facility. The facility is 64 feet long and has an
overall slope of 4.2% (the upper end is steeper). It has eight flatbottomed compartments separated by concrete check dams; the
flat compartments maximize the internal volume of the facility.
The overall width is 4 feet (planted width is 3.5 feet).
The narrow design avoided conflicts with the public water line,
which is 6 feet from the existing curb. The design team
considered expanding the facility into the adjacent planting strip,
but decided against it because the sidewalk is heavily used by
students. When the facility reaches capacity it overflows to the
street surface which in turn drains to a public sump (drywell) at
SE 57th and Pine. The curb extension is planted with rushes.

The drywells
Three drywells were constructed beneath the asphalt playground
on the east side of the school. They manage runoff from about
25,000 ft2 of roof and asphalt. The drywells are standard BESstyle sumps, 4 feet in diameter and 17-20 feet deep. Runoff
enters the sumps through standard inlets draining through BES
sedimentation manholes, and the systems have overflow
connections back to the sewer should they ever reach capacity.
The plans originally called for five 30-foot sumps, but the two
sumps near the SE corner of the building were abandoned
during construction when groundwater was encountered at a
depth of about 14 feet. The three other sumps were excavated
to a depth of about 17-20 feet below grade and are registered
with the state as underground injection controls (UICs).

Looking east from the lower end of the
parking lot swale. The yellow speed
bump directs runoff into the swale.

The parking lot swale in the rain, at
capacity
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Budget
The total budget for the project was $822,000. The fully-loaded cost of construction was $523,000.

Construction*

Work By

Street Sump (2005)

$18,000

City Crews

Curb Extension (2007)

$11,000

City Crews

Rain garden (2006)

$168,000

Contractor

Parking lot swale, planters, drywells (2007)

$326,000

Contractor

Total

$523,000

* Includes approximately $117,000 in charges by the City for associated construction-phase tasks: contract
management, project management and engineering, construction management and inspection, survey, utility
locates, materials testing, and public involvement.

The total cost for pre-design and design activities was $257,000, or 49% of construction costs.
Activities included initial site survey, soil and infiltration tests, an environmental assessment, location
of utilities, evaluation of site alternatives, development of conceptual plans and construction plans,
coordination with the school district, and obtaining permits.
The charges for planting the vegetated infiltration facilities totaled $38,000. The work was done by
Portland Parks and Recreation.
The alternative to retrofitting the school was to replace six sections of combined sewer pipe on SE
Pine and SE 55th Street. The estimated cost for that alternative was more than $1,300,000 (2007).

Ownership and Maintenance
Portland Public Schools owns the facilities on the school
property. The street curb extension and associated sump
system are owned by the City of Portland.
BES currently shares maintenance responsibilities for the
school facilities with PPS. The school district has
responsibility for maintaining the pipe infrastructure, including
the drywells, and custodial staff removes garbage and debris
as part of their daily rounds. BES will provide landscape
maintenance services for the stormwater-related landscape
areas through 2017. BES’ commitment reflects the fact that
the project is a test case in a number of respects, including
evaluation of maintenance requirements for large systems.
BES maintenance crews plan to visit the site on a quarterly
basis. There is a total of 5,720 ft2 of new planted landscape as
a result of the project (approximately 1,000 ft2 of the new
landscape was previously grassy and the rest was asphalt.)
Completing the concrete work for the curb
Watering will end as of August 2009, which is the end of the
extension. There are 8 flat-bottomed
two-year “startup period” for the last components to be
compartments separated by check dams.
constructed.
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Monitoring
All of the vegetated facilities appear easily to meet standards
for how quickly the water level draws down after storms –
none of them have been observed to have standing water for
more than a few hours after the end of a rainfall event. Some
of the facilities – the parking lot swale and the planter at the
northwest corner of the building – have been observed at
capacity (overflowing) during long-duration winter storms. All
of the overflow configurations appear to be functioning well.
BES staff conducted a hydraulic test of the rain garden on July
14, 2008. Detailed results will be reported separately. The
draw-down rate at the end of the test, after simulating a 7-hour
storm event with metered flows from a hydrant, averaged
about 2 in/hr.

The curb extension, looking south

Conclusions and Lessons Learned
Benefit for the sewer system: The cost of construction
was substantially lower than the alternative of replacing the
local combined sewer system to protect residents from sewer
backups. The project also has positive value for the city in
terms of preserving capacity in the CSO trunk line and
reducing costs for pumping and treating the runoff. The value
of these savings and benefits result in a net savings for the city
over the life of the project, including maintenance activities for
the vegetated infiltration systems.

Success of the design: The project has been very well
received by the school community, with just a couple of minor
issues to address concerning how the facilities integrate with
site uses. The rain garden in particular is valued by the school
for the shade and cooling it provides the classrooms on the
south side of the building. The rain garden received a 2007
design award from the American Society of Landscape
Architects. The changes to the main parking lot also are
valued as a big improvement to the overall flow of vehicle
traffic and pedestrian safety. Thanks in part to the support and
interest of the school, there have been very few problems
related to how the students interact with the facilities. The
school is actively working on a number of curriculum elements
related to the stormwater facilities.

The pipe configuration for one of the
sedimentation manholes that directs
runoff to the drywells. If the system
reaches capacity it will overflow back to
the stormwater collection system

The interior of one of the drywells

Level of effort for plan development: Construction
documents for custom facilities can be very labor-intensive;
the plan set for the work at the school ran to 28 sheets, with a
large number of pages devoted to the plans, cross-sections
and details for the rain garden and parking lot swale. Even
with efficiencies (as more projects are built) it is likely to be
true that use of standard designs such as the planters along
the building edge will be the most cost-effective use of plan
development funds.

Dedication of the completed project
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Scope of work for retrofit projects: The project is an
example of how retrofit projects typically incorporate
improvements that go beyond the immediate goal of
stormwater management. The rain garden project included an
adjacent plaza at the south entrance to the school; it would
have been visually incongruous to leave the old asphalt
surface. The parking lot swale includes three crossings;
although three were not required, they significantly improve
access for pedestrians.
Geotechnical research: In retrospect, it would have saved
time and money to field-test geotechnical conditions more
extensively prior to construction. Given the variable conditions
and the fact that two drywells had to be abandoned due to
high groundwater during construction, hiring a drilling rig
during the planning phase would have proved valuable.

Downspout disconnected to a splash
block ("runnel")

Grading (topography): The swale in the parking lot is an
example of how challenging it can be to integrate the
elevations of new concrete curbs and flatwork with existing
asphalt surfaces. Even with extensive prior survey work, a
number of adjustments were needed during and after
construction to ensure that runoff enters the facility as
intended.

Structural integrity of curbs: Future designs should

Runoff entering the rain garden from a
disconnected downspout

include stronger curbs adjacent to newly paved surfaces in order to allow finishing of the pavement
with a mechanical roller. Concerns about the structural integrity of the curbs on the north side of the
parking lot swale made it too risky to use a finishing roller, which in some cases modified the intended
travel path for the runoff.
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