B u r e a u

o f

E n v i r o n m e n t a l

S e r v i c e s

•

C i t y

o f

P o r t l a n d

2006
Stormwater
Management Facility
Monitoring Report
■

Sustainable Stormwater
Management Program
■

September 2006

S a m

A d a m s ,

C o m m i s s i o n e r

•

D e a n

M a r r i o t t ,

D i re c t o r

Introduction

1.
2.
3.

Introduction ........................................................................................................................... 2
Monitoring Objectives..................................................................................................... 3
Types of Monitoring ......................................................................................................... 4
3.1.
3.2.
3.3.
3.4.
3.5.

4.

Design Storms ....................................................................................................................... 8
4.1.
4.2.
4.3.
4.4.

5.

Basement Sewer Backup Protection (25-Year) Design Storm [1.89” in 6 hours] 8
CSO Control (ASFO) Design Storm [1.41” in 24 hours] ........................................... 8
CSO Control (Summer 6) Storm Series [key storm is 2.17” in 30 hours] ................. 8
Water Quality (WQ) Design Storm [0.83” in 24 hours] ............................................. 9

Facility Types ...................................................................................................................... 10
5.1.
5.2.
5.3.
5.4.
5.5.

6.

Infiltration Testing ........................................................................................................... 4
Flow Metering ................................................................................................................... 5
Flow Testing ...................................................................................................................... 6
Water Quality Sampling ................................................................................................. 6
Sediment / Soil Sampling ............................................................................................... 7

Curb Extensions / Street Planters ............................................................................... 10
Stormwater Planters ....................................................................................................... 11
Ecoroofs ............................................................................................................................ 12
Vegetated Infiltration Basins ....................................................................................... 13
Flow Restrictors .............................................................................................................. 14

Facility Evaluations......................................................................................................... 16
Hamilton Ecoroof....................................................................................................... 18
Multnomah County Building Green Roof ................................................................. 35
Siskiyou Green Street................................................................................................. 43
Ankeny Green Street .................................................................................................. 51
SW 12th & Montgomery Green Street ...................................................................... 55
Glencoe Rain Garden ................................................................................................. 60
Infiltration Testing ..................................................................................................... 67
WPCL Test Planters................................................................................................... 70
George Middle School Planters ................................................................................. 78
SE 41st & Alder Flow Restrictor ................................................................................ 83
Soil Sampling ............................................................................................................. 89

References.......................................................................................................................................... 91
Appendix .............................................................................................Error! Bookmark not defined.
Pollution Reduction Facility Monitoring Criteria ............................................................................. 1

2006 Stormwater Management Facilities Monitoring Report

1

Introduction
The Sustainable Stormwater Management Program (SSMP) is a multi-discipline team that works within the
Bureau of Environmental Services and with other city Bureaus to address stormwater quality and quantity
issues at the policy, planning, design, and implementation levels. One particular focus has been the
performance evaluation of stormwater management facilities.
Stormwater management facilities handle runoff from impervious areas and alleviate potentially negative
impacts to the combined and storm sewer systems, and to watershed health. In particular, they can be used to
reduce peak flows, reduce runoff volume, and improve water quality. Vegetated facilities are ideal because
they not only manage stormwater but also reduce impervious area, improve aesthetics, provide a natural
biological system that maintains infiltration pathways, and filter out many typical stormwater pollutants.
Information on how well facilities perform is critical to quantify their benefits, lower maintenance costs,
ensure public safety, and improve overall design and function. In particular, information was desired on how
well the facilities could reduce peak flows and total flow volume, which have implications for watershed
health and regulatory compliance in the combined sewer system. Water quality monitoring is limited but will
be increased in the future as budget allows. Sampling of facility soils was also begun to determine if there are
any long-term issues with pollutant accumulation.
Monitoring data collected through December 2005 is included in this report. Evaluated facilities are
located throughout the city and represent an effort to include a variety of facility types, configurations,
ages, and land uses. General facility types included here are: Ecoroofs, Green Streets, Vegetated
Infiltration Basins, Stormwater Planters, and Flow Restrictors.

Monitoring Objectives

1. Monitoring Objectives
Gathering performance data for stormwater facilities is important to quantify their benefits to sewer and open
channel systems, lower maintenance costs, ensure public safety, and improve overall design and function.
Monitoring data can be used in a detailed way, such as in hydrologic and hydraulic modeling, or more
specifically to determine the suitability of a facility type at a particular site.
Performance measures include:
1. Peak flow attenuation (peak out / peak in) – in particular, provide the expected protection for homes
in risk of basement sewer backups in the combined sewer area, and help control erosion in open
channel systems.
2. Flow volume retention (volume out / volume in) – in particular, quantify the benefit to CSO control
in the combined sewer area, or provide flood and erosion control in open channels or storm sewer
systems.
3. Water quality – determine the impact of the facility on water quality regulations and watershed
health.
4. Soil infiltration rates – determine the ability of the facility to recover its storage capacity after a large
storm event. This is also an important issue for vector control.
5. Sediment / soil sampling – determine whether pollutants accumulate in stormwater facility soils to
levels that may pose a human or watershed health risk.
6. Maintenance – identify any major issues during the current monitoring period associated with the
facility and the vegetation. Recommend modifications that may decrease the amount or frequency of
maintenance.
7. Design modifications / improvements – identify issues that would suggest altering the design of the
facility, or the design of future facilities.
8. Facility sizing – evaluate the performance of the facility as it relates to the ratio of facility area to
drainage area. This includes a comparison to the sizing specified under the “Simplified Approach” in
the BES Stormwater Management Manual (SWMM) used for new development and re-development
projects.
9. Performance baseline – test results will build a performance history that can be used to track changes
caused by antecedent moisture, seasonal variation, and facility age.
Not all items will be evaluated for each site. For example, water quality sampling is done very
selectively because of cost limitations.
The compiled information becomes an important educational tool that advances the City’s interests in
sustainable site design, and provides important lessons about the challenges of integrating new
technologies given existing City codes, standards, and policies.
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2. Types of Monitoring
The type of monitoring performed at each site is based upon resources available and the importance of the
information in guiding bureau work.
Each type of monitoring has strengths and weaknesses and no monitoring data is free from uncertainty.
Despite uncertainty, meaningful results can be obtained. Even if absolute measures are difficult to
obtain, monitoring will often point out issues with the design of the facility – how stormwater enters,
moves through, and exits; overflow elevations; overall sizing; and others. Changes over time or
performance levels for different storm events can also be valuable even if the absolute measures are
questionable.

3.1.

Infiltration Testing

For infiltration facilities, the rate at which water
moves into the ground is the primary variable that
determines how well it will manage large storm
events, recover capacity between storm events, and
prevent vector control problems.
Testing is simple and involves filling the facility one
or more times and measuring changes in depth over
time. Depths are recorded at several locations in the
facility and average and minimum rates are calculated.
Antecedent moisture, soil type, soil compaction, and
vegetative health are important variables.
Figure 3-1: Recording drawdown rates at
Infiltration performance is evaluated using the
the WPCL Test Planters
“minimum infiltration rate” – the minimum rate
approached as the test time increased (Figure 3-2). This value will be greater than or equal to the
saturated infiltration rate. The minimum rate was chosen over the average infiltration rate because
infiltration rates at the beginning of a test are highly dependent on antecedent soil moisture and the
ponding depth (head). Minimum rates tend to reflect long-term performance and are driven by the
capacity of subsurface soils. This makes the minimum rate a good representative value for long-term
events like the CSO Design Storms, but will be quite conservative for short, intense storms like the 25Year Design Storm.
In the example in Figure 3-2, the initial infiltration rate was 5.0 inches per hour, the average rate was 1.8
inches per hour, and the minimum rate was 1.5 inches per hour.

4
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Figure 3-2: Infiltration approaching a minimum rate of 1½ inches per hour
(from a Siskiyou Green Street flow test)

Results must be used carefully. It may not be appropriate to use the performance data of a single facility
to assess the suitability of similar facilities elsewhere. Performance results are highly dependent upon
construction methods and physical characteristics like drainage area sediment loads and soil conditions
both at the surface and underneath the facility. Physical characteristics can vary widely over short
distances in an urban area.
Testing is simple and straightforward, so costs are limited to water usage (typically $115 to $150) and
staff time (8-12 hours).

3.2. Flow Metering
As used in this report, flow metering means full-time
monitoring of the inflow and/or outflow from the
facility. A typical setup involves battery powered
sensors that register depth and velocity that are then
translated into flow. Readings are typically taken every
5 minutes to provide a good balance between battery
life and data quality. All storm events are monitored
and minimal labor is required.
There are potential problems with this approach. Most
stormwater facilities have small drainage areas with
times of concentration of less than 5-minutes. This
means it is possible that significant peak flow activity
Figure 3-3: Flow sensors installed in sewer
could occur while the meter is not recording data. If
performance data for extreme events (a 3-year, 10-year, or 25-year event) is desired, there is no guarantee
that rainfall events of the desired size will occur while the monitor is in place. The meter is unattended for
a month between uploads, so data quality and meter problems can occur. Even under the best of
2006 Stormwater Management Facilities Monitoring Report
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circumstances, the accuracy of flow measurements is +/- 10% and it is not unusual for a dead battery or
clogged sensors to result in the loss of valuable data.
Cost is approximately $5,600 per year for each meter. This includes a monthly equipment fee as well as
the labor to maintain the meter and download the data.

3.3. Flow Testing
Design storm flows (peak, volume, and/or pattern) are replicated using a flow meter, fire hose, and a
hydrant. Permits and traffic control are often necessary depending upon facility location.
Flow testing is an efficient way of collecting
performance data in response to design storm events
used by BES as performance standards (see Section 4
‘Design Storms’). It allows for more detailed data
collection (up to 1-minute intervals), enhanced quality
control through manual verification, and does not
depend upon the natural occurrence of large, infrequent
rain events (e.g. 25-year event) during the monitoring
period.

The cost is typically $1,400 or less per test including
water usage, street closure permits as necessary, and
Field Operations staff to oversee the flow meters (8 to
16 hours).

3.4. Water Quality Sampling

Figure 3-4: Flow test at SW 12th &
Montgomery Green Street
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Testing long duration storms, like the CSO design
storms, can be problematic due to time compression. In
order to simulate a 24- or 30-hour design storm in a
single workday, the test must be compressed into a
reasonable amount of time (typically no more than 6 or
7 hours excluding setup and take down). To get the
appropriate volume in the shorter time, the flow rates
must be increased. This creates much higher inflows to
the facility than would be encountered during the actual
storm (Figure 3-5). Results from such tests are
therefore conservative, and performance during actual
events would be expected to be better.
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Figure 3-5: Result of compressing 24-hour
ASFO Design Storm down to 5-hours

Water Quality sampling involves storm event-based
analysis of facility influent and effluent. Sampling is typically done manually, though some installations
may be appropriate for automated samplers. Samples are typically screened for TSS, metals, nutrients,
and oils.
Staff resources and storm requirements determine how often events can be sampled. There are only so
many storm events each year with the right amount of antecedent dry period combined with forecast
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rainfall totals above a minimum threshold. Because there are usually many projects desiring water quality
sampling, the number of events that can be sampled in a single year is dependent upon project priority.
Using the sampling criteria established by BES (see Appendix A), cost for each sample is approximately
$2,000. At least 15 storm events are desired for results to be statistically significant, and assuming that
both inflow and outflow samples will be taken that’s a minimum cost of approximately $60,000 per
facility.

3.5. Sediment / Soil Sampling
Soil sampling is done to ensure that surface stormwater facilities do not create localized areas of high
pollutant concentrations. Samples can be taken from key locations within the facility (e.g. entry /forebay,
multiple compartments) and at different depths to document how soil depth impacts filtration of
pollutants.
Samples are tested for heavy oils, metals, volatile organic compounds (VOCs), and polycyclic aromatic
hydrocarbons (PAHs). As samples are taken over time, pollutant concentrations will be analyzed for
trends.
Costs typically range from $600 to $800 per sample.
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4. Design Storms
BES uses a number of design storms – a rainfall event of specified pattern, depth, and duration – as design
standards for facilities [BES 1991]. They are typically derived from the statistical analysis of area rainfall
data, but may also be actual storm events.
Storms are often referred to in terms of their return period – or chance of occurrence – and their duration. For
instance, a 3-year / 24-hour event is the amount of rainfall expected to occur in a 24-hour period once every 3
years. It should be noted that these are statistical averages and that several 3-year events could occur in a
single year.
Potentially relevant design storms are described in the following sections and compared in Figure 4-1.
4.1. Basement Sewer Backup Protection (25-Year) Design Storm [1.89” in 6 hours]
Represents the 25-year / 6-hour storm, which is essentially a very intense thunderstorm. The
extremely heavy rainfall in the first 15-minutes generates large peak flows that can overwhelm
combined sewers. This can result in combined sewage being pushed into basements through floor
drains, toilets, or other plumbing fixtures.
This storm is the BES basement sewer backup protection standard and is used to size any additions
or replacements in the combined sewer system.

4.2. CSO Control (ASFO) Design Storm [1.41” in 24 hours]
Represents the 3-year / 24-hour summer storm, and is the primary regulatory control storm for CSO
discharges to the Willamette River as established in the Amended Stipulated Final Order (ASFO).
CSO regulations allow one overflow every 3 summers, so this design storm is intended to represent
that statistical event. It can only be used when it is appropriate to assume that rainfall is uniform
throughout the drainage area.
This storm is used to size individual sewer basin projects (system wide projects use the Summer 6
Storm Series).

4.3. CSO Control (Summer 6) Storm Series [key storm is 2.17” in 30 hours]
A series of six actual storm events that were the largest summer storms occurring each year during a
historically average six year period (two wet years, two dry years, and two average years). CSO
regulations will permit only two overflows during a six year period, so four of the six storms must
generate no overflows. Rainfall data is available from rainfall gages throughout the city for each
storm. This provides proper spatial timing of rainfall over the entire City, which makes it the best
choice for facilities that collect runoff from a very large drainage area.
This storm is used to size system wide projects like the CSO tunnels (individual sewer basin
projects use the ASFO design storm).

8
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4.4. Water Quality (WQ) Design Storm [0.83” in 24 hours]
The Water Quality Design Storm represents the water quality treatment standard for capture and
treatment of 90% of annual runoff. This storm event occurs relatively frequently – more than once
a year on average – so rainfall depth and peak intensity are much lower when compared to the other
design storms.
This storm is used to size facilities that only require water quality treatment.

Design Storm
25-Year
ASFO
Summer 6
WQ

Table 4-1: Design storm characteristics
Rain Depth (in) Duration (hrs)
Peak Intensity (in/hr)
1.89
6
3.32
1.41
24
0.92
2.17
30
0.60
0.83
24
0.17
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2.0
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1.5
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1.0
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Figure 4-1: Comparison of design storms
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5. Facility Types
Facility types monitored during the report period fall into the general categories described below.

5.1. Curb Extensions / Street Planters
Both are vegetated facilities in the public right-of-way that manage street runoff, and are part of the
broader Green Streets category. If located outside the existing curb they are curb extensions while
those inside the existing curb (between the curb and the sidewalk) are Street Planters. Their design
is highly flexible making them a versatile tool in managing peak flows, flow volume, and water
quality.
They are typically 3 – 7 feet wide and have a ponding depth of 6-9 inches. Sizing depends upon the
goals for the facility, but for comprehensive performance (peak flow, flow volume, and water
quality) the recommended surface area is 6% of the drainage area. Any overflows during large rain
events will enter the conventional drainage system – usually a street inlet.
Check Dams

Existing Curb

Sidewalk

Curbside Step-out
Existing Inlets

New Curb
Curb Openings

Planting Strip

Sidewalk

Street Trees

Figure 5-1: Sample plan views for a curb extension (left, NE 35th & Siskiyou)
and a street planter (right, SW 12th & Montgomery)

Figure 5-2: Curb Extension (left, NE 35th & Siskiyou)
and Street Planter (right, SW 12th & Montgomery) during storm events
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Because the curb extensions bump out into the existing street, placement must take into account
many variables – such as street width, utility locations, setbacks from driveways, overall traffic
safety, and emergency / utility vehicle passage. Dimensions are variable, but they are typically 5 to
7 feet wide, and have a ponding depth of 6 inches.
Street Planters are typically 3 to 4 feet wide, with additional space needed for a step-out if curbside
parking exists. The presence of utility vaults and street trees are common design challenges.
Plans for extensions and planters are also reviewed by the Portland Department of Transportation
and the Bureau of Water Works to ensure there are no adverse impacts to cars, emergency vehicles,
pedestrians, or underground utilities.

5.2. Stormwater Planters
Planters are vegetated facilities with vertical walls typically used to manage roof and parking lot
runoff. Infiltration planters have no bottom and allow runoff to move into the underlying soil and
away from sewers or open channels. Their overall design is adaptable to existing site constraints,
but the existing soil must infiltrate well and care must be taken to ensure nearby structures will not
be damaged by infiltrated water. They provide peak flow reduction, flow volume reduction, and
water quality treatment.

Figure 5-3: Infiltration (left) and flow-through (right) planters
[Source: 2004 Stormwater Management Manual]

Flow-through planters are very similar but have a bottom and an underdrain system that allow them
to be used in poorly draining soils or adjacent to structure foundations. They provide peak flow
reduction and water quality treatment, but volume retention is reduced because the underdrain passes
some of the infiltrated volume into sewers or open channels.
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Figure 5-4: Flow-through planters at the BES Water Pollution Control Lab (left)

and George Middle School (right)

5.3. Ecoroofs
Ecoroofs consist of soil media and vegetation atop a waterproof membrane. They reduce peak flows
and total runoff volume. Soil depths typically vary from 2 to 6 inches, and a variety of soils and
plantings are possible. The primary consideration is the structural rating of the roof, which must be
able to support the weight of the plants and soil when fully saturated. Ecoroofs are also referred to
as Green Roofs, Living Roofs, or Roof Gardens.

Figure 5-5: Typical ecoroof cross section
[Source: 2004 Stormwater Management Manual]
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Figure 5-6: Hamilton Apartment Ecoroof (left) and the
Multnomah County Green Roof (right)

5.4. Vegetated Infiltration Basins
Infiltration basins are vegetated depressions that collect and hold runoff for infiltration. They can be
any shape and are intended to completely capture and infiltrate most rain events. As with all
infiltration facilities, the infiltration rate of the native soil is a primary design factor. The facility
also must be a safe distance from any structure that may be damaged by subsurface water. They
provide peak flow reduction, flow volume reduction, and water quality treatment. Infiltration basins
are sometimes referred to as Rain Gardens or bioretention facilities.

Figure 5-7: Sample cross-section of a vegetated infiltration basin
[Source: 2004 Stormwater Management Manual]
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Figure 5-8: Vegetated infiltration basins at ONRC (left) and Portland Parks & Recreation
East Side Field Office (right)

5.5. Flow Restrictors
Devices installed in inlets or manholes to limit the peak flow entering the sewer system, with excess
flow being temporarily ponded on the street surface. They provide peak flow reduction that makes
them useful in addressing basement sewer backup risk. There is no flow volume reduction and
limited water quality control (only floatables and settleable particles).
There are two basic types – orifice (hanging trap) and vortex restrictors. Orifice restrictors are
simple devices that rely on a smaller opening to restrict the flow rate into the sewer or open channel.
However, the smaller the opening the more likely the unit will clog with trash and debris. This
effectively limits the orifice size to 3 inches in diameter, with an associated flow control rate of
about 0.50 cfs. A single catch basin is unlikely to see such high flow rates, so orifice restrictors are
most often used as a centralized control for large drainage areas.

Figure 5-9: Hanging trap (left) and vortex (right) flow restrictors
Vortex restrictors use turbulence created inside the device to limit peak flow. The turbulence

14
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allows the inflow area of the device to be relatively large when compared with the maximum flow
rate. Openings are typically at least 4 inches wide, and the flow control rate can be as low as 0.15
cfs. The lower maximum flow rate makes them most useful in individual catch basins and smaller
drainage areas.

Figure 5-10: Hanging trap flow restrictor in a sedimentation manhole (left) and a vortex
restrictor in a catch basin (right)
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6. Facility Evaluations
Monitoring results for individual facilities are presented in the following sections. Comparison of one
facility’s performance to another is done cautiously. Differences in design, site conditions, and data quality
must be considered before a difference is considered significant.
The evaluations reflect data collected through December 2005. Sixteen facilities were monitored
during this reporting cycle, though four only include soil sampling data. Facilities information is
summarized in Table 6-1 and located geographically in Figure 6-2.
Table 6-1: Monitored facilities during report period
Age
Monitoring Type
Infiltration
Flow
Flow
Soil
Facility
Facility Type
(years) Testing
Testing
Monitoring
Sampling
6
Hamilton Apartments
9
Ecoroof
1½
Multnomah County Green Roof
9
2
9
NE Siskiyou Green Street
9
9
9
Curb Extension
2
9
9
SE Ankeny Green Street
th
½
9
9
9
SW 12 Green Street
Street Planter
1½
9
New Seasons
2
9
Glencoe Rain Garden
9
9
9
3
9
Glencoe Parking Lot Swale
13
9
9
OMSI Parking Lot
Vegetated
Infiltration
3
9
ONRC
Basin
3
9
Page 19
7
9
SW Community Center
11
9
Walnut Park Police Precinct
½
Flow-through
George Middle School
9
Planter
1
9
BES Water Pollution Ctrl Lab
Flow Restrictor
1½
9
9
Alder & 41st, SE
An attempt was made to provide a good cross section of facility ages, types, and geographic locations.
This was generally successful with the exception of providing information for the west side of the city.
Several major facilities are planned for construction on the west side in 2006, and may provide an
opportunity for monitoring.
Individual facility evaluations follow, grouped in facility type categories.
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Figure 6-2: Location of monitored facilities
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Hamilton Ecoroof
Summary Information
Evaluation Period:
4 years (January 2002 – December 2005)
Constructed:
September 1999
Facility Type:
Ecoroof
Drainage Area:
West: 3,655 ft2 / East: 3,811 ft2
Facility Area:
West: 2,520 ft2 / East: 2,620 ft2
Facility Volume:
N/A
Sizing Factor:
69%

This ecoroof rests atop a 10 story building in
the southwest portion of downtown. It was
intended to be a test facility to compare
design variables such as soil media type,
thickness, and plant selection. Two
configurations were installed: a 3” thick, light
media on the east side and a 5” thick, heavy
media on the west side.

Monitoring Result Summary
Flow Volume Reduction

Peak Flow Reduction

Total Flow Record
25-Yr Events

96%
N/A

Water Quality
• Metals: copper and zinc levels appear to be
trending upward; copper levels sometimes
exceed standard for aquatic life protection
• Nutrients: nitrogen and phosphorus levels
appear to be steady or declining, but
phosphorus levels still exceed benchmarks

Annual

56%

Summer (MAY-OCT)

86%

Winter (NOV-APR)

47%

CSO Events

65%

Soils / Infiltration
West Side: contains 28% sandy loam in addition to
typical ecoroof components
East Side: contains 25% encapsulated styrofoam in
addition to typical ecoroof components

Vegetation

Maintenance

Attempts to prevent weed intrusion have been
futile, but the roof appears to be adapting well. The
same plant species are doing well on both sides of
the roof, but the west side has denser coverage.

Irrigation is applied manually by hose as needed or
using a timer. Irrigation period is typically from
mid-July through September, with a frequency of
up to 3 times per week.

18
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Hamilton Ecoroof
Overview
The ecoroof was installed in the fall of 1999 and has been monitored since late 2001. The ecoroof is
divided into distinct west and east drainage areas, each with a separate roof drain. Different soil media
were used for each drainage to compare the relative performance of thicker, heavier soils to thinner,
lighter soils. Drainage areas and soil media are summarized in Table HA-1 and Figure HA-1.
Table HA-1: Hamilton Ecoroof Drainage Areas
Impervious
Total Roof Soil Depth
(sq ft)
(sq ft)
(in)

Drainage

Ecoroof
(sq ft)

West

2,620

1,035

3,655

5

28% sandy loam / 22% perlite / 20% digested fiber
/ 20% coir fiber / 10% compost

East

2,520

1,291

3,811

3

25% encapsulated styrofoam / 15% digested fiber /
15% coir fiber / 15% perlite / 15% peat moss /
15% compost

Soil Media

Figure HA-1: Hamilton Ecoroof layout
Roof runoff is forced to pass through fiberglass flumes attached to each drain, where water depths are
measured and converted to corresponding flow rates. Run-on is
estimated from rainfall data collected from a rain gage installed on the
penthouse roof. The primary plantings on the ecoroof are sedum,
thyme, and fescue species.
A substantial portion of the roof is not ecoroof. The conventional
penthouse roof is designed to drain to a gutter system that is piped
directly to the drains and is not monitored. The large terrace, that
provides access to residents of the building, and the perimeter pavers
both drain to the flow meters through the ecoroof drainage system.

Figure HA-2: Monitoring
setup – flume and
d l
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Hamilton Ecoroof
It is notable that the depth of the soil media has decreased over time due to wind erosion - as much as
one inch has been lost on both sides. There are also problems with the penthouse roof drainage that
allows spillover onto the east roof during moderate and heavy rain events. As a result, it is not unusual
to measure more runoff coming from the east side than the total rainfall that fell on the roof. This makes
the use of the east side data problematic. East side flow data is only used in this report for comparative
purposes or when it is believed that the additional run-on does not significantly compromise the results.
Peak Flow
The Hamilton Ecoroof does an excellent job of eliminating peak flows. While results are certainly
impacted by antecedent moisture, the minimum reduction for an intense event was 86%. Results for the
most intense rainfall events are shown in Table HA-2.

Event
Date
01/07/02
02/23/02
09/29/02
10/09/03
05/27/04
06/06/04
01/16/05
04/17/05
05/16/05
06/01/05
06/22/05
09/30/05

Table HA-2: Peak flow reductions for events with peak rainfall
intensities >= 0.96 inches per hour
Peak 5West Roof
East Roof
min
Peak
Average
Peak
Average
Rainfall
Flow
Peak Flow Peak Flow
Flow
Peak Flow
Peak Flow
(in/hr)
(gpm)
Reduction1 Reduction
(gpm)
Reduction1
Reduction
1.08
5.6
86%
N/A
2.28
5.4
94%
9.6
90%
2.16
0.8
99%
4.3
95%
1.20
0
100%
1.9
96%
1.32
0.6
99%
3.7
93%
0.96
0
100%
1.0
97%
2.04
0.4
99%
Overflow
1.32
2.5
95%
6.2
88%
1.08
0
100%
0
100%
1.20
0
100%
0
100%
1.56
0
100%
0
100%
1.20
6.1+
86%
Overflow

97%

95%

1

Runoff expected from a standard roof using the maximum 5-min rainfall intensity and a
0.98 runoff coefficient.
+
Primary meter failure; value from less accurate HYDRA system

The maximum flow rate during the 4 years of monitoring was 6 gallons per minute for the west side and
10 gallons per minute for the east side. That is equivalent to the flow rate expected from a conventional
roof of the same size for only 0.01-0.02 inches of rain in a 5 minute period.
The runoff response for the most intense storm during the monitoring period, February 23 2002, is
shown in Figure HA-3. The event had a peak intensity of 2.28 inches per hour – 0.19 inches in a 5minute period, roughly equivalent to a 4-year event.
While the west and east sides have very different flow volume retentions for this storm event – 37% for
the west and 0% for the east – the peak flow reduction for both is quite high averaging 92%. This is true
despite the likely addition of runoff from the conventional penthouse roof to the east side drain.
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While none of these events reaches the 3.32 inches per hour intensity of the 25-Year Design Storm, the
monitoring record shows a level of peak flow reduction that would definitely lower the associated risk of
basement sewer backups.
20
Potential Peak Flow: 85 gpm West / 89 gpm East (off chart)
Peak Rainfall Intensity: 2.28 in/hr

18
16

12
10
8

Peak Flow Reduction
94% West
89% East

Antecedent Conditions
No rain in the preceding 42 hours

Flow (gpm)

14

Rain
West runoff
East runoff

6
4
2
0

02/22/02
18:00

02/23/02
00:00

02/23/02
06:00

02/23/02
12:00

02/23/02
18:00

02/24/02
00:00

Figure HA-3: Roof runoff for 2/23/2002 event

Flow Volume
The original plan for the roof was to compare the stormwater retention abilities of the two different soil
media. However, the drainage problems on the east side of the roof make a fair comparison impossible.
It is unclear how much of the 1,300 square foot penthouse may drain to the east side. Efforts have been
made to prevent the spillover without success. Data for both the west and east sides are presented here
for completeness, but the east side results cannot be considered definitive when evaluating performance.
West Side
For the west side, over the four years of monitoring, the Hamilton Ecoroof reduced annual runoff by an
average of 56%. Data is summarized in Table HA-3 and Figure HA-4.
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Winter months
(NOV-APR)

Summer months

27,400

14,700

47%

28.9

8,600

1,180

86%

NOV 05

SEP 05

0%
JUL 05

0
MAY 05

10%
MAR 05

1
JAN 05

20%

NOV 04

2

SEP 04

30%

JUL 04

3

MAY 04

40%

MAR 04

4

JAN 04

50%

NOV 03

5

SEP 03

60%

JUL 03

6

MAY 03

70%

MAR 03

7

JAN 03

80%

NOV 02

8

SEP 02

90%

JUL 02

9

MAY 02

100%

JAN 02

10

MAR 02

Monthly Rainfall (in)

(MAY-OCT)

91.9

% Retention

Table HA-3: Overall runoff retention, Hamilton Ecoroof - West Side
(in)
(ft3)
(ft3)
Period
Total Rainfall Potential Runoff Metered Runoff Retention
January 2002 –
120.8
36,100
15,800
56%
December 2005

Note: The monitoring equipment was not working the first half of December 2002; it is not included in retention calculations

Figure HA-4: Monthly rainfall and associated runoff retention,
Hamilton Ecoroof – West Side
As expected, retention is the highest during the summer months when rainfall is low and
evapotranspiration rates are highest. However, even in the wet winter months, the ecoroof retains nearly
half the rainfall volume. This result is especially impressive because 28% of the drainage area of the
west side is impervious and does not provide retention.
It was noted in a prior report (Hutchinson et al, 2003) that performance of the roof may be improving
over time. The 2004 and 2005 data shows that retention continues to trend upward, though substantial
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differences in yearly rainfall totals and patterns make comparisons difficult (Table HA-4). In particular,
2004 had a low rainfall total and an unusual split between winter and summer rainfall. Daily
temperatures, wind speed, and the pattern of rainfall are important factors in how well the roof performs.
Table HA-4: Runoff retention by year, Hamilton Ecoroof – West Side
2002
2003
2004
2005
(in)
(in)
(in)
(in)
Rainfall Retention Rainfall Retention Rainfall Retention Rainfall Retention

Period
Year

21.63

41%3

37.1

54%

26.0

62%

36.1

63%

Winter 1

17.63

27%3

33.0

49%

17.7

53%

23.7

53%

Summer2

4.0

98%

4.2

92%

8.3

83%

12.4

83%

1
3

2

Winter = January – April, November – December; Summer = May – October
Runoff meter was down for the first half of December 2002, so it was not included in the totals.

For individual storm events, it appears that runoff is strongly related to the rainfall depth of an event.
While there is some scatter, there are separate and well-defined linear trends for the summer and winter
seasons. These trends are compared to runoff expected from a conventional roof in Figure HA-5.
1,500

Metered Runoff (cubic feet)

Summer
Winter

1,200

900

600

300

0
0.0

1.0

2.0

3.0

4.0

5.0

Event Rainfall Depth (inches)

Figure HA-5: Seasonal runoff as a function of total storm rainfall, Hamilton – West Side
(Winter linear R2 = 0.87; Summer linear R2 = 0.85; “Conventional roof” assumes a 0.98 runoff coefficient)

There were few events similar to the CSO Design Storms during the four year monitoring period. Those
that were closest are presented in Table HA-5. It is a small sample of events and two of the storms
occur outside the summer CSO regulatory period. However, all of the events show substantial retention
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for the west side, averaging 61%. This compares closely to the average 65% retention estimated by
using the summer trendline in Figure HA-5 to approximate CSO retention.

Rain Event
Dec 29 2002
Nov 19 2003
Aug 21 2004
Sep 30 2005
Oct 30 2005

Table HA-5: Volume retention for storm events
most similar to CSO design storms, Hamilton west side
West Side
3
(in/hr)
(ft )
(ft3)
(in)
(hrs)
Peak
Potential
Metered
Total Rain Duration Intensity
Runoff
Runoff
Retention
1.77
33
0.36
530
280
47%
1.27
11
0.72
380
180
53%
1.09
22
0.48
325
35
89%
1.80
17
0.48
Meter Down
2.24
40
0.48
670
285
57%

East Side
For the east side, it is not uncommon for the roof to “create water” – that is, for runoff to be greater than
run-on. This is due to additional runoff from the conventional penthouse roof that spills onto the
ecoroof when the gutter system is overwhelmed.
Annual runoff retention averages 27% - less than half the retention of the west side. Data is summarized
in Table HA-6. As with the west side, yearly data presented in Table HA-7 indicates that retention is
increasing over time. However, the sharp increase in the last two years coincides with a very dry year
(2004) and a year with low winter and high summer rainfall (2005).
Table HA-6: Overall runoff retention, Hamilton Ecoroof - East Side
(in)
(ft3)
(ft3)
Period
Total Rainfall Potential Runoff Metered Runoff Retention
Jan 2002 – Dec 2005
120.8
37,600
27,500
27%
Winter (NOV-APR)

91.9

28,600

24,500

14%

Summer (MAY-OCT)

28.9

9,000

3,000

67%

Period
Year
Winter
Summer
1

24

Table HA-7: Runoff retention by year, Hamilton Ecoroof – East Side
2002
2003
2004
2005
(in)
(in)
(in)
(in)
Rainfall Retention Rainfall Retention Rainfall Retention Rainfall Retention
21.61
37.1
26.0 32%
36.1
4%
9%
55%
17.61

-13%

33.0

-2%

17.7

8%

23.7

49%

4.0

59%

4.2

66%

8.3

74%

12.4

60%

Runoff meter was down for the first half of December 2002, so it was not included in the totals.
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Figure HA-6: Monthly rainfall and associated runoff retention,
Hamilton Ecoroof – East Side
Winter season performance does not vary much from that expected from a conventional roof, and many
storms had metered runoff that exceeded the storm rainfall. Summer performance was much better, but
was not as high as the west side.
Retentions for the storm events closest to the CSO Design Storms are presented in Table HA-8. Again,
it is a small sample of events and two of the storms occur outside the summer CSO regulatory period.
The east side has widely scattered results with a -10% retention average. Clearly, this result is highly
influenced by the additional penthouse runoff reaching the east side drain.
Potential retention of CSO events appears much better using the summer trend line from Figure HA-7.
Using the trend line, the roof would retain an average of 57% of the CSO design storms – only slightly
lower than the west side retention and substantially higher than -10%.
Given the uncertainty associated with the east side runoff volumes, it is impossible to say which number
is closer to reality.
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Figure HA-7: Seasonal runoff as a function of total storm rainfall, Hamilton – East Side
(Winter linear R2 = 0.75; Summer linear R2 = 0.79; “Conventional roof” assumes a 0.98 runoff coefficient)

Rain Event
Dec 29 2002
Nov 19 2003
Aug 21 2004
Sep 30 2005
Oct 30 2005

Table HA-8: Volume retention for storm events
most similar to CSO design storms, Hamilton east side
East Side
3
(in/hr)
(ft )
(ft3)
(in)
(hrs)
Peak
Potential
Metered
Total Rain Duration Intensity
Runoff1
Runoff
Retention
1.77
33
0.36
550
660
-20%
1.27
11
0.72
395
380
4%
1.09
22
0.48
Meter Down
1.80
17
0.48
560
930
-66%
2.24
40
0.48
700
400
43%

Comparison
The west side soil is clearly effective and seems to perform much better than the east side. Retention
can be estimated based upon total event rainfall using the linear trendlines from Figures HA-4 & HA-6.
The resulting curves are presented in Figure HA-8.
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Figure HA-8: Volume retention curves for both sides of Hamilton Ecoroof
The results appear to make sense. The organic content (digested fiber, coconut coir, and compost) by
volume for both soils is roughly the same – averaging 55%. However, the west side soil is thicker so
there is substantially more organic material available to soak up rainfall on the west roof. Also, the west
side soil contains sandy loam which has a much higher field capacity (the ability to hold water against
gravity drainage) than the encapsulated Styrofoam used on the east side. The sandy loam drains more
slowly, allowing the organics to soak up more rainfall by providing a longer contact time.
However, given the drainage problems on the east side and the differences in soil thickness and
impervious area, the east side may not be performing poorly. Again, the west side is much thicker – 5
inches versus 3 inches – and the west side has a slightly lower percentage of impervious area – 28%
versus 34%. Adjusting for thickness, the average winter retention would still be only 18%, but the
difference in summer performance for the two soils would be very similar.
Figure HA-9 compares the west side and east side response to the November 2003 storm, the one
closest to the ASFO Design Storm standard in terms of depth and intensity.

2006 Stormwater Management Facilities Monitoring Report

27

Hamilton Ecoroof

30

Flow (gpm)

20

15

10

Antecedent Conditions
0.07 inches of rainfall in the preceding 48 hours

25

Rainfall
West Runoff
East Runoff
Total Rainfall: 1.27 inches
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Figure HA-9: Runoff response to a storm event similar to the ASFO Design Storm
While this storm does occur outside the summer season, the runoff from the east side is more than twice
the runoff from the west under identical antecedent conditions. This trend is present for the other events
similar to the CSO Design Storms. However, it is certainly possible that the combination of additional
soil thickness (67% more depth on the west side) and additional penthouse drainage may be responsible
for the difference.
Given the potential benefits of a thinner, lighter soil (fewer structural requirements and fewer weeds)
continued research on soil media similar to the one on the east side of Hamilton are warranted.
Water Quality
Runoff samples were taken from each side of the roof so that concentrations could be compared for the
two different soil types. Of particular interest were heavy metals (copper, lead, and zinc) and nutrients
(phosphorus and nitrogen), which have regulatory requirements because of potentially adverse
watershed health impacts. Metals may be toxic to aquatic organisms while high concentrations of
nutrients may lead to algal blooms. While these pollutants can come from rainfall or the breakdown of
standard roofing materials, some stormwater facilities have been shown to export some metals and
nutrients when runoff washes them from the soil or decaying vegetation.
The two soil media were sampled at the time of construction in 1999 and were analyzed for metal and
nutrient content. The results are shown in Table HA-9.
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Table HA-9: Metal and nutrient contents of the West and East roof soil media
[modified from Hutchinson et al, 2003 Table 2]

West Roof
(mg/kg)
Metals
Copper, Total
Lead, Total
Zinc, Total
Nutrients
Total Kjeldahl Nitrogen
Ammonia
Total Phosphorus
Ortho Phosphate

East Roof
(mg/kg)

30.3
64.9
146

West/East Soil
Media Ratio

17.5
5.57
48.2

12,800
28.6
2,510
325

1.7
11.7
3.0

1,900
2.7
958
100

6.7
10.6
2.6
3.3

The west roof media had substantially higher metal and nutrient concentrations. The primary difference
between the two soils being the inclusion of 28% sandy loam on the west side versus the 25%
encapsulated styrofoam on the east side.
Twelve runoff samples were taken from both sides of the roof between February 2001 and March 2005.
While the number of samples may be adequate to identify preliminary trends, all but two events were
sampled between the months of January and May so they are not representative of all seasons. This
could be important because deposition of pollutants during the dry summer months can result in high
concentrations in late summer and fall storm runoff.
It should also be noted that the drainage issues on the east side could potentially have an impact on the
east side water quality samples. Any extra wash off from the penthouse roof reaching the east drain
likely contains additional pollutants not directly associated with the ecoroof.
Metals
Effluent copper and zinc concentrations appear to be increasing over time. The west roof shows
gradually increasing levels of both copper and zinc, while the east roof shows a sharp increase for zinc
for the last two events and a modest increase for copper (Figure HA-10).
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Figure HA-10: Dissolved copper and zinc levels: west roof (left) and east roof (right)
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The correlation between the copper and zinc levels is quite high (west coefficient = 0.94, east
coefficient = 0.86), indicating that the same cause may be responsible for both increases. The cause is
unclear, but potential explanations include metal corrosion on the roof, leaching from the soil media,
or metals in rainfall.
Analysis of rainfall on the Hamilton Ecoroof found an average copper concentration of 2.85 μg/L and
an average zinc concentration of 20.4 μg/L (Sullivan, 2005). These results are based on a sample of
only 5 rain events from December 2004 – May 2005, but may suggest that zinc levels in particular are
influenced by rainfall and not just the soil media.
Regardless of the cause, the copper levels on both sides of the roof may be of concern because they
typically exceed the acute and chronic water quality criteria for the State of Oregon (Table HA-10).
Zinc levels are rising on both sides of the roof, but only the east side has levels that would potentially
exceed water quality criteria.
Table HA-10: Metal (dissolved) concentrations and how they relate to the
State of Oregon water quality criteria
Average
Average
Oregon Water Quality Criteria1
Metal
Copper
Lead
Zinc
1
2

West Roof
Concentration
(μg/L)

East Roof
Concentration
(μg/L)

West Roof
Acute
Exceeded?2

Chronic
Exceeded?

Acute
Exceeded?

Chronic
Exceeded?

12.1
0.13
14.8

7.93
0.27
33.8

9 of 12
None
None

11 of 12
None
None

10 of 12
None
3 of 12

12 of 12
None
4 of 12

East Roof

Based on values, corrected for hardness levels, as specified in OAR 340-041 Table 20 (OAR = Oregon Administrative Rules).
Number of samples that exceeded water quality criteria.

There are no current concerns over lead levels (Figure HA-11). Levels on the east side of the roof are
higher than those on the west side, but both levels are well below the 1.55 μg/L average concentration
found in five rainfall samples collected on the ecoroof (Sullivan, 2005). Concentrations on the west
side appear to be decreasing slightly over time, while the east side has shown an increasing trend over
the last two years.
Figure HA-11: Lead levels: west roof (left) and east roof (right)
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In general, the east side runoff has higher metal concentrations than the west. This is of particular
interest because the west side soil had a much higher metal content per unit weight at the time of
installation. Because the west side soil is also heavier per unit area (thicker and denser), the difference
is even more pronounced.
Table HA-11 compares the ratio of metals found in each soil media in 1999 and the ratio found in
runoff samples.
Table HA-11: Comparison of metals in
Hamilton Ecoroof soil media and runoff samples
Soil Media
Runoff Sample Average
West
East
West
East
Roof
Roof
West/East Roof
Roof
West/East
Analyte
(mg/kg)
(mg/kg) Ratio
(mg/L)
(mg/L)
Ratio
Copper, Total
30.3
17.5
14.2
8.7
1.7
1.6
Lead, Total
64.9
5.57
0.51
0.40
11.7
1.3
Zinc, Total
146
48.2
19.1
36.6
3.0
0.5
Copper ratios were roughly the same for both the soil media and the runoff samples, but zinc and lead
ratios were substantially lower. This would suggest that the west roof soil media metals are well
stabilized and do not readily mobilize during rain events. However, if that were true it might be
reasonable to assume that copper runoff would have been lower for the west side as well. Sampling
should be done in the future to verify trends.
Given the limited seasonal data, scatter of the data points, and the potential contributions from the
penthouse roof to the east side, it would be dangerous to rely too heavily on the existing samples.
However, it is noticeable that all metals (with the exception of lead on the west side) show a potential
upward trend over the last two years. It is also clear that controlling copper in the runoff may be a
significant issue in the future.
Nutrients
The primary nutrients of concern are nitrogen and phosphorus. Nitrates and phosphorus promote algal
blooms, while ammonia can be harmful to aquatic species.
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Figure HA-12: Phosphorus levels: west roof (left) and east roof (right)
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Phosphorus levels are predictably higher for the west roof, which has more phosphorus in the soil and
has more vegetative cover, but concentrations have been trending downward on both sides of the roof.
This could be explained by greater stabilization of organic matter over time, or from erosion of the soil
depth reducing the amount of phosphorus on the roof. Though there are no general water quality
criteria for phosphorus, levels from all events on the west side and all but one event on the east side
exceed criteria used to regulate industrial point source discharges and the TMDL established for the
Fanno Creek watershed.
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Figure HA-13: West roof (left) and east roof (right) nitrogen levels for twelve storm events
Nitrate levels for the west roof show signs of increasing over the last few sampling events. However,
both nitrate and ammonia levels are well below criteria levels for both sides of the roof. If the nitrate
increase on the west side is truly significant, it could be the result of clover and vetch that have
established on the west roof as weeds. Both are nitrogen fixers that bring nitrogen from the air into the
soil. Nitrate and ammonia levels have been essentially constant for the east roof, which has fewer
clover and vetch plants.
Table HA-12: Average nutrient concentrations and
how they relate to the State of Oregon water quality criteria
West Roof Avg
East Roof Avg
Oregon Water Quality Criteria
Parameter
Nitrates
Ammonia
Total Phosphorus
Ortho Phosphate
+
†
‡

Runoff
Concentration
(mg/L)

Runoff
Concentration
(mg/L)

0.40
0.041
0.57
0.47

0.25
0.033
0.31
0.25

mg/L
10+
3.5†
0.13-0.16‡
N/A

West
Exceeded?

East
Exceeded?

None
None
12 of 12
N/A

None
None
11 of 12
N/A

Based on drinking water standards (MCL) and human consumption (OAR 340-041 Table 33A)
Average value, corrected for pH, as specified in OAR 340-041 Table 20.
No values exist in the OAR; the Fanno Creek TMDL is 0.13 mg/L, and the industrial NPDES permit requirement (1200-COLS) is 0.16 mg/L.

In general, nutrient levels are higher in the west side effluent. This is expected because the west side
soil had much higher nutrient content by weight at the time of installation and much more vegetative
cover that can decay and release nutrients. However, when compared to the relative levels of nutrients
in each soil, the west soil media is retaining nitrogen well. For example, although the west side soil
has 2.6 times more phosphorus than the east side soil, the effluent concentration is only 1.8 times as
high.
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Table HA-13: Comparison of metals in Hamilton Ecoroof soil media and runoff samples
[modified from Hutchinson et al, 2005 Table 2]

Analyte
Total Kjeldahl Nitrogen
Ammonia
Total Phosphorus
Ortho Phosphate

West Roof
(mg/kg)
12,802
28.6
2,508
325

East Roof
(mg/kg)
1,897
2.7
958
100

West/East
Soil Media
Ratio
6.7
10.6
2.6
3.3

Average
Runoff
Sample Ratio
N/A
1.2
1.8
1.9

Other Analytes
Total suspended solids (TSS) levels were higher for the west side soil (an average of 10 mg/L versus 3
mg/L for the east side), but were both very low. Dissolved solids were also somewhat higher on the
west side (an average of 135 mg/L versus 91 mg/L on the east side). This seems to make sense
because the west side soil has more fine particles associated with its sandy loam.
There was little difference in the runoff pH between the two soil media, with both averaging about 6.0.
The west side had significantly higher hardness concentrations – averaging 41 mg CaCO3/L versus 28
mg CaCO3/L for the east side. This is an issue because higher hardness levels results in greater metal
toxicity for aquatic life.
Overall
There are many uncertainties to consider when evaluating these data. Runoff concentrations do not
correlate well with event rainfall depth, event rainfall intensity, or deposition time (preceding time
without significant rain). It is also unclear how much of an impact the penthouse roof runoff is having
on the east side runoff. For metals in particular, corrosion of conventional roofing materials both on
the ecoroof and on the penthouse may be impacting results.
Despite the many questions, these results reinforce the idea that water quality characteristics of the
ecoroof runoff must be considered when choosing soil media, vegetation types, and other roof
materials. Conclusions may be easier as runoff quality data from other roofs becomes available.
Maintenance
Irrigation is used periodically on the roof, but the soil retains moisture
fairly well meaning that daily irrigation is not needed. This reduces
irrigation costs and provides a better chance that the roof will have
capacity to impact summer storm events.
Periodic irrigation line breaks have been an issue. Inadvertent damage
caused by maintenance workers and the activities of residents of the
apartment building have been a factor. Because the roof is accessible to
residents, debris is routinely present on the roof including food,
garbage, beer bottles, and paper.

Figure HA-14: Sprinklers
on Hamilton Ecoroof
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Design
The primary design seems to be a good one. The roof has had no significant leaks and most problems
have involved irrigation leaks caused by maintenance or resident activity on the roof.
Soil selection is the key to ecoroof performance and has been much talked about in the preceding
sections. Irrigation needs are minimal and plants seem to be doing well. Weed species have established
on the roof but should have little impact on the function of the roof – at least for now. As the roof
continues to age, it will be interesting to see if equilibrium develops between intended and unintended
species.
When designing a new roof, the use of galvanized metals (zinc) and copper materials should be limited.
There is evidence that high levels of copper and zinc may be exported off the roof. Elevated levels of
both metals are harmful to the aquatic species and could potentially pose a health risk for humans.
Vegetation
Approximately one-third of the original 100+ species have ceased to survive for any variety of reason,
while other species thrive. Populations of several species of grass and unintended non-natives (vetch,
geranium, clover, groundsel) are healthy; noticeably spreading throughout the roof and appearing to outcompete some of the existing, originally planted species.
In general, the same species are doing well on both sides of the roof, but the density of vegetation is
higher on the west side. Weeds (especially clover) are more of an issue on the west side of the roof likely due to the thicker, denser soil. While both characteristics improve the ability to retain stormwater
and limit runoff, it also provides a fertile and moist soil for weeds to establish.
Monitoring Summary
•

Both soil media do an excellent job of reducing peak runoff and would be essentially remove any
peak flow contribution from the roof. CSO design storm retention varies from 57% to 65% and
would greatly benefit overflow control strategies.

•

The balance between volume retention, runoff water quality, and plant health is a difficult one.
At this point, it would appear that a heavier, thicker soil will be the best choice for volume
retention and water quality benefits. The heavier soil also retains moisture better so could reduce
maintenance costs by requiring less irrigation during the summer months.

•

There is the potential for significant export of metals and nutrients off the roof via runoff. The
selection of soil and the roofing materials should take this into account.

•

Weeds will be an issue. If the soil retains moisture and is conducive to plant growth, at least
some weed species will find the roof hospitable.
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Multnomah County Building Green Roof
Summary Information
Evaluation Period:
12 months (July 2004 – June 2005)
Constructed:
July 2003
Facility Type:
Ecoroof
Drainage Area:
15,420 ft2 (7,000 ft2 monitored)
Facility Area:
11,900 ft2
Facility Volume:
N/A
Sizing Factor:
77%

The ecoroof soil media averages 6 inches in
depth and is mostly perlite and pumice. The
planted area is 11,900 sq ft, but 3,440 sq ft of
flagstone terrace and pavers also drain
through the soil to the roof drains. Only the
west half of the roof is monitored to avoid
issues associated with the paver drainage.

Monitoring Result Summary
Peak Flow Reduction

Total Flow Record

86%
[Range 81-92]

25-Yr Events

N/A

Flow Volume Reduction

Total Flow Record

3%

Summer (MAY-OCT)

-18%

Winter (NOV-APR)

19%

Water Quality

Soil / Infiltration

N/A

Proprietary mixture of pumice, perlite,
digested paper fiber, and paper pulp

Vegetation
Mixture of sedum, perennials, bulbs, and
ornamental grasses. The use of several tall grass
and wildflower varieties requires annual trimming.
Keeping vegetation green throughout the summer
months requires substantial amounts of irrigation.
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Maintenance
• Irrigation: the irrigation was adjusted several times
to prevent runoff; there is concern that irrigation
reduces peak flow and flow volume benefits during
the summer months when it is most needed
• Vegetation: grasses and wildflowers require
trimming once per year in the fall
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Multnomah County Green Roof
Overview
The ecoroof on the 6th floor terrace of the Multnomah County Building was completed in July 2003.
The roof consists of 11,900 square feet of ecoroof and 3,440 square feet of flagstone terrace and
perimeter pavers. The soil averages 6 inches in depth and is a mix of pumice, perlite, digested fiber, and
reclaimed paper pulp. Plantings include grasses, sedum, perennials, and wildflowers. A drip irrigation
system was installed for daily irrigation during the summer months.
To ensure that monitoring results reflect the performance of the ecoroof as closely as possible, only the
west roof drains were monitored. This is because the east roof drains receive not only ecoroof runoff,
but also runoff from the impervious flagstone terrace. Runoff is measured by electro-magnetic flow
meters and relayed to a data logger that is downloaded once per week.

Figure MU-1: Monitored Roof area (black outline, north is to the left)
The monitored ecoroof area was estimated to be approximately 6,100
square feet. However, many rainfall events during the winter months
generate more flow than could be generated by that drainage area.
Based on the runoff flow record, the drainage area is more likely close to
7,000 square feet and that figure is used as the basis for performance in
this report.
Rainfall data is obtained from a rain gage that was installed on the roof in
October 2004. Rainfall data for summer 2004 is based on data from the
Ankeny rain gage, 0.8 miles to the northwest, and the Sunnyside rain
gage, 1.5 miles to the east.
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Figure MU-2: Monitoring
equipment
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Peak Flow
The storm events with the highest rainfall intensities are shown in Table MU-1. All events show a
highly consistent peak flow reduction of 86% and a peak flow delay of 66 minutes.
Table MU-1: Peak flow reductions for events from October 2004 – June 2005 with
rainfall intensities greater than 0.60 inches per hour
Peak
Metered
Peak
Average
Rainfall Uncontrolled
Peak
Peak
Average
Flow
Peak Flow
Event
Intensity
Roof Peak
Flow
Flow
Peak Flow
Delay
Delay
Date
(in/hr)
Flow (gpm)1
(gpm)
Reduction Reduction
(min)
(min)2
10/23/04
0.72
52.4
4.3
92%
72
11/02/04
0.60
43.6
7.2
83%
65
04/16/05
0.96
69.8
12.5
82%
67
04/17/05
0.96
69.8
6.6
91%
66
05/16/05
0.72
52.4
8.9
83%
67
05/19/05
1.08
78.5
9.7
88%
85
05/20/05
0.60
43.6
4.2
90%
67
06/10/05
0.84
61.1
8.0
87%
71
06/17/05
0.72
52.4
5.4
90%
69
06/22/05
1.44
104.7
14.5
86%
64
08/29/05
0.72
52.4
9.9
81%
68
09/16/05
0.60
43.6
6.8
84%
65
10/01/05
0.84
61.1
6.0
90%
68
12/30/05
0.84
61.1
10.2
83%
30

86%

1
2

66

Runoff expected from a standard roof using the maximum 5-min rainfall intensity and assuming a 0.98 runoff coefficient.
Time delay between peak rainfall intensity and peak runoff.

Both the peak flow reduction and the delay indicate that this type of ecoroof would be very effective in
reducing the risk of basement sewer backups. However, the most intense rainfall during the monitoring
period was 1.44 inches per hour – well short of the 3.32 inches per hour intensity of the 25-Yr Design
Storm used for basement sewer backup protection. Data from future intense storm events will be
necessary to verify this conclusion.
Flow Volume
Calculating volume retention for this ecoroof is difficult. The roof is irrigated with a drip system from
early July to early October to prevent the vegetation from going brown and dormant. This causes some
daily runoff even when there is no rainfall, and limits the retention capacity of the soil when rain events
do occur.
Monthly rainfall and irrigation totals are presented along with corresponding runoff retention in Figure
MU-3.
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Multnomah County Green Roof

Figure MU-3: Monthly rainfall and runoff retention
Rainfall data from July 2004 – October 2004 are from rain gages in close proximity.
Flow data from July 2004 – April 2005 has been corrected due to a problem with the south flow meter.

Retention was predictably highest, averaging 59%, during the summer months when rainfall is low and
evapotranspiration is high. Winter retention was significantly lower, averaging 19%, and dropped to 0%
during the wettest months. Reduced irrigation at the start of summer 2005 resulted in improved
retention, but when irrigation was increased in August retention rates began to drop. Seasonal and
overall totals are presented in Table MU-2.
Table MU-2: Flow volume reductions for the Multnomah County Building Green Roof
(in)
(ft3)
Rain +
Total
(in)
Potential
(ft3)
Rain
Irrigation
Period
Rainfall Irrigation
Runoff1
Metered Runoff Retention Retention
Monitoring Period
50.53
37.40
28,890 / 51,290
27,900
3%
46%
Winter (NOV-APR)

30.27

0

17,660

14,210

19%

19%

Summer (MAY-OCT)

20.26

37.40

11,580 / 33,640

13,680

-18%

59%

1

Rainfall / Rainfall + Irrigation (assumes a runoff coefficient of 0.98)

It is clear that summer irrigation runoff complicates the results. Comparing only rainfall run-on and
total annual runoff, the ecoroof provides only a 3% retention benefit over a comparable conventional
roof. Though there still may be retention during individual storm events, the overall retention capacity
of the roof is eroded by the irrigation runoff. Given the 46% combined retention for irrigation and
rainfall, it is likely that rainfall retention could be greatly improved if irrigation could be minimized or
eliminated.
Looking at individual storm events, the relationship between event runoff and event rainfall does appear
to be a highly linear (Figure MU-4). Separate trends are evident for the winter and summer seasons.
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3,500

Winter
3,000

Metered Runoff (cubic feet)

Summer
2,500

runoff from a
conventional roof

2,000

1,500

1,000

500

0
0.0

1.0

2.0

3.0

4.0

5.0

6.0

Event Rainfall Depth (inches)

Figure MU-4: Seasonal rainfall / runoff relationship
(55 events, Oct 2004 – Dec 2005)

Winter performance is very similar to that of a conventional roof, with summer performance being
notably better. This indicates that summer retention may still be significant on an event basis, even
though the daily irrigation runoff drags down the overall seasonal performance. The linear trends for
each season can then be translated into a retention curves, shown in Figure MU-5.
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Figure MU-5: Volume retention as a function of rainfall depth
The steep decline in the retention curve indicates that events with total rainfall depths of more than 0.50
inches typically have retention rates below 30%. While the winter retention curve follows the individual
data points well, there is substantial scatter in the summer events with event rainfall depth greater than
0.50 inches.
There were no events during this monitoring period that closely match the CSO Design Storms, but
those that were closest are in Table MU-2 and have retentions between 5 and 22%.
Table MU-2: Multnomah County Green Roof - volume retention for storm events
most similar to CSO design storms
Rain Event

Aug 21 2004
Nov 02 2004
Apr 15 2005
May 17 2005
Sep 30 2005
Oct 30 2005
1

(in)
(hrs)
Total Rain Duration

1.03
0.76
0.67
1.22
1.76
2.28

21
8
27
56
16
41

(in/hr)
Peak Intensity

(ft3)
Potential Runoff1

(ft3)
Metered Runoff

%
Retention

0.60
0.60
0.96
1.08
0.60
0.48

515
380
335
610
1,010
1,300

480
350
260
500
929
1,230

7
7
22
18
8
5

Potential runoff from a conventional roof assuming a runoff coefficient of 0.98.

Two events occur outside the May to October period when the summer design storms apply. However,
both storms are close to the summer season and retentions do not differ substantially from the other
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events. The September 30, 2005 event is perhaps the most representative of the CSO design storms, and
the roof runoff response for this event is shown in Figure MU-6.

Figure MU-6: Response to storm event similar to summer CSO design storms
Using the summer curve in Figure MU-4, the average retention rate for summer CSO design storms
(ASFO and Summer 6) would be about 28%. This is quite a bit higher than the 11% average in Table
MU-2. This may be a result of the greater event data scatter along the summer trend line. Regardless of
which number is correct, it would appear that CSO retention at this point is not substantial.
However, the roof is only 2 years old and maturing vegetation could increase volume retention in the
future. It is also important to note that performance data reflects only one winter season and two
summer seasons and includes periods of heavy irrigation during the first summer.
Vegetation & Maintenance
Vegetation consists of a mix of various wildflowers and fescue grass. Also planted were ornamental
grass, sedum, and perennials. Unintended weed and grass growth was observed in the sedum sections in
late 2005, along with some noticeable linear patches of browning among the fescue.
The grass appears to grow more densely around each irrigation drip emitter. Because the soils are
limited in organic content, a time released nitrogen fertilizer is applied twice per year to keep the
vegetation green and vigorous. Volunteers from the building pull weeds as needed throughout the year,
and over-seeding of grass and wildflowers occurs every spring
Several grass and wildflower varieties on the roof grow to significant height, and Multnomah County
trims the vegetation once a year in the fall and removes the debris from the roof. While this is not a
substantial cost, heavier reliance on plant varieties with lower maintenance requirements, like sedum,
may lower vegetative maintenance costs.
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Multnomah County desires the roof to remain green throughout the dry summer months and this
requires daily irrigation. Initial irrigation rates during summer 2004 were quite high – 25.1 inches over
92 days. Daily runoff occurred due to over-saturation and the moisture content of the soil media was
more typical of winter conditions. Irrigation rates were reduced throughout the summer in an effort to
find a balance between minimizing irrigation runoff and keeping plants green. During summer 2005,
only 12.4 inches of irrigation was applied – a decrease of 51% over summer 2004. Summer runoff for
the two years are compared in Table MU-3.
Table MU-3: Average Daily Irrigation Runoff for 2004 and 2005
Summer Irrigation (in)
(ft3)
(ft3)
Average Daily
Period
Total
(in)
Metered
Irrigation
Irrigation Runoff
1
(Jul – Sep)
Rainfall Irrigation Runoff
Runoff
(ft3/day)
2004
4.01
25.1
5,750
3,460
37.6
2005
1

2.60

12.4

3,570

2,080

22.6

Assumed to be [Metered Runoff] – [Potential Rainfall Runoff, Rain (ft) * 7,000 sq ft * 0.98 runoff coefficient]

There was a significant decrease in the irrigation runoff during the second summer season, but daily
runoff was still substantial and further efforts should be made to reduce total irrigation.
Monitoring Summary
•

This ecoroof appears to do an excellent job of reducing peak flows. While additional data from
storm events with intensities closer to the 25-year Design Storm is desirable, the average 86% peak
flow reduction found to date is an excellent result.

•

At this point, the soil media on the Multnomah County Green Roof does not appear to be very
effective at controlling runoff volume. Despite an average soil depth of 6 inches, winter retention is
low (averaging 19%) and summer retention is compromised by daily irrigation runoff.

•

In general, it would be desirable to limit the need for irrigation on ecoroofs. Irrigation appears to
reduce the ability to attenuate peak flows and reduce flow volumes in the summer – the time during
which both basement sewer backups are most frequent and control of CSO events is most crucial.
Irrigation also has associated costs for electricity and water that may be significant.
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Siskiyou Green Street
Summary Information
2 years (Jan 2004 – Dec 2005)
October 2003
Vegetated Curb Extension
9,300 ft2
590 ft2
240 ft3
6%

Evaluation Period:
Constructed:
Facility Type:
Drainage Area:
Facility Area:
Facility Volume:
Sizing Factor:

First curb extension project built in the city.
Located in a residential area of northeast
Portland. Neighboring residents have
assisted with weeding and irrigation during
the two year establishment period.

Monitoring Result Summary
Flow Volume Reduction

Peak Flow Reduction

Total Flow Record

88%

Total Flow Record

96%

25-Yr Events

N/A

CSO Events

N/A

Flow Tests

85%

Flow Tests

Water Quality

N/A
(planned for FY05-06)

Soils & Infiltration

1.5-2.0 in/hr
(minimum rate after flow test)

N/A

facility soil is 3-way mix - equal parts topsoil, sand,
and compost; native soil is a silty, urban mixture

Maintenance

Vegetation
All plants are doing well in this facility. Tree
canopy from street trees keep the site shaded,
and neighbors have assisted in weeding and
irrigation over the first two years.

•
•

Forebay: sediment accumulation has been
significant; sediment is removed at least twice a
year
Check Dams: clay core check dams have eroded
slightly during the simulation of large storm
events, but they are easy to repair
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Siskiyou Green Street
Overview
Curb extensions on both sides of NE Siskiyou, a residential tree-lined street in northeast Portland, were
constructed in the fall of 2003. As the first stormwater curb extensions constructed in the City, they
were intended to demonstrate their potential value in managing stormwater runoff from the public rightof-way.
The residents on the street were actively involved during the design process, with primary concerns
being safety and loss of curbside parking. The final design resulted in each extension being 63 feet long
and extending 7 feet into the existing street. The resulting 14 foot travel width between the extensions is
wide enough for a single car, and provides adequate room for emergency and utility vehicles.

Figure SI-1: Siskiyou Green Street, plan and section views
The street crown is offset to the north, meaning that the southern curb extension receives the majority of
the street runoff – about 6,000 square feet of the 9,300 square foot total. Because the south extension
receives the majority of the runoff, it was identified as the primary facility for evaluation.
A sewer meter was installed downstream of the facility in the existing combined sewer. The meter
measures depth, velocity, and flow rate continuously at 5-minute intervals. Rainfall data is recorded at a
City of Portland rain gage located 0.38 miles to the northeast.
Peak Flow
Continuous flow monitoring at the site has been difficult for a variety of reasons. In particular:
• No pre-project monitoring was done, so it is difficult to determine what existing runoff patterns
were prior to the curb extensions.
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• flows at this site are fast and shallow, making it difficult to obtain accurate readings from the
monitoring equipment.
• there are several houses with connected roof downspouts and a small portion of uncontrolled
street, which also drains to the flow meter.
• sanitary peaks and base flows are large enough to introduce error in all but the largest flow events.
Because these problems combine to make flow meter results of uncertain quality, supplemental flow
tests were used to establish performance. During a flow test, the only flows in the sewer are sanitary
base flow and overflow from the facility. This makes performance assessment much easier.
Two 25-Year Design Storm flow tests were performed on the south curb extension – one in August 2004
and another in April 2005. The target peak flow for the 25-year was 0.38 cfs *, and results are
summarized in Table SI-1 and Figure SI-2.
Table SI-1: Peak flow reductions for flow tests, Siskiyou south extension
Antecedent
Peak Inflow
Peak Outflow
Peak Flow
Condition
(cfs)
(cfs)
Reduction
Flow Test
very dry
August 2004
0.46
0.06
88%
(0” in 50 days)

wet

April 2005

0.37

(1.2” in 7 days)

0.50

82%

0.07
0.50

0.40

Inflow

Outflow

Flow Rate (cfs)

Flow Rate (cfs)

Inflow

0.30
0.20
0.10

0.40

Outflow

0.30
0.20
0.10

0.00

0.00
0

10

20

30

Time (min)

40

50

0

10

20

30

Time (min)

40

50

Figure SI-2: Flow hydrographs from August 2004 (left) and
April 2005 (right) flow tests, Siskiyou south extension
The average peak flow reduction for both tests of 86%, and the associated peak flow delay of 15-20 minutes,
is an excellent result and indicates that curb extensions can be an effective control measure for basement
sewer backups. This is even more impressive because problems with the inflow meter actually resulted in a
peak flow much higher than planned during the August 2004 test – 0.46 cfs is about a 75-year peak flow – yet
the peak flow reduction was still 88%.

*
Although the south extension manages runoff from about 6,300 square feet, the flow testing was based on a drainage area of 5,000 square feet. This represents a 6%
sizing factor (295 square feet of facility / 5,000 square feet of drainage) that could be associated to facility sizing in the Stormwater Management Manual. In general, this
represents a large drainage area for a curb extension since half of a standard 28 foot wide and 250 foot long block would be 3,500 square feet.
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Flow Volume
Runoff data indicates the Siskiyou curb extensions remove substantial flow volume on an annual basis from
the combined sewer system. A flow test in November 2005 simulated a CSO Design Storm to better assess
potential volume retention. Inflow and outflow volumes for all flow tests are summarized in Table SI-2.
Table SI-2: Flow volume reductions for flow tests
Antecedent
Inflow
Outflow
Condition
Volume (cf)
Volume (cf)
very dry
413
71

Flow Test
August 2004

(0” of rain / 50 days)

wet

April 2005

(1.2“ of rain / 7 days)

very wet

November 2005
*

Flow Volume
Reduction

(2.8” of rain / 7 days)

83%

238

44

83%

714

276*

61%

Includes overflow from the facility caused by the synthetically high flow rates of the compressed CSO test

The November 2005 test event had by far the most overflow, but this was primarily a result of compressing a
24-hour CSO design storm into a 5-hour test. The compression creates artificially high flow rates that
promote facility overflow. As shown in Figure SI-3, the peak flow during the November 2005 test was 0.34
cfs (close to the peak of the 25-year Design Storm) while the peak flow during the actual CSO Design Storm
would be about 0.13 cfs.
0.35

Inflow (cubic feet per second)

0.30

0.25

ASFO Flow Test
1.41" in 5 hours

0.20

0.15

0.10
ASFO Design Storm
1.41" in 24 hours

0.05

0.00
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00

Event Time (hrs)

Figure SI-3: Comparison of ASFO Design Storm and compressed flow test
Performance of this facility appears excellent. This is especially true considering 1) the higher-than-actual
flow rates used during testing, and 2) the metered outflow volume includes sanitary base flow (averaging
about 40 cubic feet during the test period based on sewer flows the following week).
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Figure SI-4: Flow reduction for the November 2005 flow test
More testing is needed, but the results to date suggest that curb extensions have the potential to provide
substantial flow volume reduction during CSO design events.
Water Quality
No water quality sampling has been done for this facility. It was originally a low priority for this facility
because its primary purpose is peak flow control and because overflow goes to the combined sewer system.
However, given performance to date, little or no runoff would be expected from the Water Quality Design
Storm.
Infiltration
During the three flow tests performed on the facility, infiltration rates were calculated once overflow
from the facility had ceased. Infiltration capacity declined over time and approached an equilibrium
value. Results for the three flow tests are summarized in Table SI-3, and a sample infiltration rate curve
is shown in Figure SI-5.
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Table SI-3: Siskiyou Green Street infiltration rates
Test
August 2004
April 2005
November 2005

Antecedent
Conditions
dry
wet
very wet

Minimum
Infiltration Rate
2.0 in/hr
1.5 in/hr
2.5 in/hr

6
Data Points
Horton Equation

Infiltration Rate (in/hr)

5

4

3

2

1

0
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140

150

Test Event Time (min)

Figure SI-5: Changes in infiltration rate during the April 2005 flow test
Infiltration rates appear consistent for all tests and are quite good. The results are confirmed by field
observations that indicate the facility never has standing water for an extended period.
Results do not provide guidance for other facilities because local conditions vary widely even over short
distances. However, additional testing will be conducted in the future to determine if infiltration rates are
changing over time.
Soil Sampling
Soil sampling began in fall 2005 with analyses for metals and petroleum-based pollutants. Samples are taken
at three depth horizons within the facility, and some notable results are included in Table SI-4.
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Table SI-4: Selected results from soil sampling at Siskiyou Green Street, November 2005
Health Risk Guidelines
Analyte
Units
0-6” Depth
6-12” Depth 12-18” Depth Human
Plants
Inverts
e. coli
mpn/g
280
PH
7.2
7.6
7.5
3,100
100
50
copper
mg/kg
34.4
17.0
17.6
400
50
500
lead
mg/kg
56.8
12.2
10.9
23
0.3
0.1
mercury
mg/kg
0.103
0.032
0.054
23,000
50
200
zinc
mg/kg
170
100
96
Concentrations for all metals were notably higher in the first 6 inches of the facility, but all concentrations
were well below levels considered a threat to public health. Mercury concentrations in the top 6 inches were
at the guideline level for impact to invertebrates, and zinc levels at all depths exceeded the guideline for plant
health. At this point, plants appear healthy and earthworms are observed in the facility during flow testing.
Additional samples will be taken every 2 to 3 years to track any changes in pollutant concentrations over time.
Vegetation
The predominantly evergreen vegetation (sword fern, Oregon grape, spreading rush, blue oat grass) are
healthy and lush, not seemingly impacted by the variable wet/dry soil conditions. The spreading rush
(Juncus patens) was trimmed in the second year of establishment, having grown at least 1 foot taller than
expected and losing its upright stature.
Design Issues
The original design of the Siskiyou Curb Extension had the facility overflow at the elevation of the
street. However, this allowed very little storage in the lower half of the facility. By filling in the gap
and using a small notch to direct overflow, the potential retention volume of the facility is greatly
increased.
Maintenance
Weeding, leaf removal, and sediment removal are the primary activities for the facility. Portland Parks
& Recreation has been responsible for maintenance during the first two years. Hand weeding, clean-up,
and debris removal occur in the spring and summer, and leaf removal and some weeding occur in the
fall and winter. Adjacent property owners provide irrigation during particularly dry stretches during the
summer - no other irrigation takes place.
The facility collects large amounts of soil and debris from the street. Sediment accumulation in the
forebays, particularly the south extension with its larger drainage area, has been significant and has been
cleaned out twice a year.
The street is lined with trees and leaf accumulation is substantial. After leaf fall, all bays are filled with
leaves that could smother plants. While vegetated systems can absorb some amount of organic matter,
this is clearly too much.
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Monitoring Summary
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•

Curb extensions can be extremely effective in reducing peak flow and reducing flow volumes

•

Downstream weir, check dams necessary to maximize infiltration volume; especially for street
slopes >= 2%

•

Clay core check dams will require repair after each high intensity event

•

Sediment accumulation is significant and should be removed twice a year

•

Leaf accumulation on a tree-line street is substantial and must be removed after leaf fall

•

Continuous flow monitoring in a sewer with substantial sanitary baseflow and substantial
uncontrolled impervious area is problematic
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Ankeny Green Street
Summary Information
Evaluation Period:
18 months (Jun 2004 – Dec 2005)
Constructed:
June 2004
Facility Type:
Vegetated Curb Extension
Drainage Area:
7,240 ft2
Facility Area:
450 ft2
Facility Volume:
113 ft3
Sizing Factor:
6%

The second curb extension project and
the first to help relieve a specific local
basement sewer backup problem. Site
constraints required the design to use
asymmetrical curb extensions (the north
side is shorter to accommodate a
driveway).

Monitoring Result Summary
Peak Flow Reduction

Flow Volume Reduction

Total Flow Record

N/A

Total Flow Record

N/A

25-Yr Events

N/A

CSO Events

N/A

N/A

Flow Tests

Flow Tests

(planned for FY06 07)

Water Quality

N/A
(planned for FY06-07)

Soil / Infiltration

Infiltration = 1.8 in/hr
(minimum rate)

N/A

native soil is silty, urban mixture; facility soil is 3way mix (equal parts topsoil, sand, and compost)

Vegetation
All plants are doing well, but the larger
extension on the south side has received more
attention from the adjacent property owner
and is doing noticeably better.

Design & Maintenance
• Forebay: concrete pad to facilitate vactor cleaning
• Check Dams: too close to inflow on a flat street
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Overview
Curb extensions were placed on either side of SE Ankeny Street in response to basement sewer backup
problems on the street. They were recommended by the Sullivan, Stark, Holladay Basins Predesign
(2002, BES Project #6426).

Figure AN-1: Ankeny Green Street, plan and section views
The position of a driveway on the north side of the street required an asymmetrical layout, with the north
extension being half the size of the south extension. The southern extension manages runoff from about
4,800 square feet while the northern extension manages about 2,400 square feet. Because the south
extension receives the majority of the runoff, it will be the primary facility for evaluation.
Peak Flow & Flow Volume
No flow data has been collected to date. Continuous flow monitoring is not possible because the
combined sewer drains substantial upstream area.
One flow test was performed on the south curb extension in November 2004. Extensive bypass around the
facility during the 25-year event prevented the facility from filling as intended, and suggested several design
modifications were necessary to enable the facility to better handle large flow events. Those modifications are
discussed in the Design & Maintenance section.
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Once those modifications are complete, flow tests will be used to evaluate the peak flow reduction and
volume retention provided by the facility.
A temporary flow monitor could be installed downstream. If testing is done during dry weather, there
should be only minimal sanitary base flow in addition to the facility overflow.
Water Quality
No water quality sampling has been done for this facility. It was originally a low priority for this facility
because its primary purpose is peak flow control and because overflow goes to the combined sewer system.
However, if the infiltration rate during the first flow test is an indication, very little runoff would be expected
from the Water Quality Design Storm.
Soil & Infiltration
During the flow test performed on the facility, infiltration rates were calculated once overflow from the
facility had ceased. Infiltration capacity declined over time and approached a minimum value of 1.8
inches per hour.
Table AN-1: Ankeny Green Street infiltration
Test
November 2004

Antecedent Conditions
wet
(0.47” prior 7 days; 0.08” during test)

Minimum Infiltration
Rate (in/hr)

1.8

The results are confirmed by field observations that indicate the facility never has standing water for an
extended period.
Design & Maintenance
A free flow path must be maintained within facilities on flatter streets (<1% slope). The shallow slope
coupled with a check dam too close to the inflow, creates a backwater condition that can cause runoff to flow
around the facility and directly into the sewer. At least 2 of the 3 check dams will be removed and the side
curb cuts will be filled in to prevent water from escaping out the side of the facility.
Weeding and sediment removal are the primary activities for the facility. Portland Parks & Recreation
has been responsible for maintenance during the first two years. Hand weeding, cleanup, and debris
removal occur in the spring and summer, and leaf removal and some weeding occur in the fall and
winter. On the south side, the adjacent property owner provides irrigation during particularly dry
stretches during the summer.
The facility collects large amounts of soil and debris from the street. Sediment accumulation in the
forebays, particularly the south extension with its larger drainage area, has been significant and has been
cleaned out twice a year. Concrete forebays were used as a test to facilitate sediment removal with a
shovel or vactor truck. A large amount of sediment is captured, but accumulated sediment, garbage, and
weeds are highly visible without the facility vegetation to screen them. A choice between easy
maintenance and overall aesthetics may need to be made in the future.
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Vegetation
The predominantly evergreen vegetation (kinnikinnick, Oregon grape, California grey rush, blue oat
grass) are healthy and lush, not seemingly impacted by the variable wet/dry soil conditions.

Monitoring Summary
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•

Fewer check dams are advisable for flat streets (<1%). Resistance caused by the check dams
can force flow out the top of the facility.

•

Side cuts are less advisable on flat streets because they can provide a path for flow to back out
of the facility. They should always be located downstream of check dams and above the normal
ponding elevation.

•

Sediment accumulation is significant and should be removed twice a year

2006 Stormwater Management Facilities Monitoring Report

Ankeny Green Street

SW 12th & Montgomery Green Street
Summary Information
Evaluation Period:
6 months (Jul 2005 – Dec 2005)
Constructed:
June 2005
Facility Type:
Vegetated Street Planter
Drainage Area:
7,000 ft2
Facility Area:
272 ft2
Facility Volume:
160 ft3
Sizing Factor:
4%

A series of four planters designed to fit
into the urban environment of downtown
Portland. Metered parking is
accommodated with a step out area
between the street curb and the facility.

Monitoring Result Summary
Peak Flow Reduction

Flow Volume Reduction

Total Flow Record

N/A

Total Flow Record

N/A

25-Yr Events

N/A

CSO Events

N/A

Flow Tests

N/A

Flow Tests

N/A

Water Quality

Soil / Infiltration

5.5 in/hr
(minimum rate)

N/A

native soil is a silty, urban mixture; facility soil is
3-way mix (equal parts topsoil, sand, and compost)

Vegetation

Design & Maintenance

Juncus patens is used throughout the infiltration
bays, and each bay has a single Tupelo tree (Nyssa
sylvatica) in the center. Juncus and trees appear to
be doing well.

• Sediment / debris accumulation will likely be
significant for the first bay – leaves, sweet gum
burrs, and sediment from the upper portion of SW
12th.
• Curb openings are at a 90 degree angle to the gutter.
This results in bypass during high intensity storms.
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SW 12th & Montgomery Green Street
Overview
This street infiltration planter is located in downtown Portland adjacent to the Portland State University
campus. The facility receives stormwater runoff from approximately 7,000 square feet of SW 12th.
Runoff from most events infiltrates, while larger events overflow into an existing street inlet and then
into the Willamette River via the storm sewer.
The facility is divided into four bays - each 17 feet long and 4 feet wide with a maximum ponding depth
of 7 inches. The existing soils are classified as NRCS Soil Group C, and appear to be predominantly
silt. During construction, the top 18 inches of soil was excavated and replaced with a “three-way” mix –
equal parts topsoil, compost, and sand.
The presence of metered parking on the street required the planters be set back from the curb to allow
for a step out area to provide easy access in and out of cars. To reach the planter bays, curb runoff flows
through grate-covered curb openings at the upper end of each bay. Once the bays are full, flow leaves
the bay through a downstream curb opening and proceeds into the next bay. Once all bays are filled, the
final bay overflows to the existing street inlet.
SW 12th Avenue
Existing
Inlet

Smart Park
Meter

Bay #1

Bay #2

Existing Sidewalk

Bay #3

West Hall

Bay #4

N→

Figure SW-1: Plan view of the planters at SW 12th & Montgomery

Figure SW-2: Profile view of the SW 12th & Montgomery planters
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SW 12th & Montgomery Green Street

Figure SW-3: First two bays looking south (left) and the first three bays from
above (right) looking east

Figure SW-4: Runoff entering (left) and filling (right) the first bay
during a storm event on November 4th, 2005
A single flow test was performed on the facility in September 2005 to assess facility infiltration and to
evaluate the facility’s ability to handle the intense curb flow expected during the 25-Year Design Storm.
Peak Flow & Flow Volume
The site is not a candidate for continuous flow monitoring because the storm sewer drains substantial
impervious area above the facility. However, a temporary installation is planned in spring 2006 to meter
outflow for a series of flow tests to document peak flow reduction for the 25-year Design Storm and
volume reduction for the ASFO (CSO) Design Storm.
Infiltration
During the September 2005 test, the first three bays were filled and twice. The fourth bay was largely
bypassed during the first test and received very little inflow. Antecedent conditions for this test were
dry, with only 0.02 inches of rain in the preceding 7 days and only 0.26 inches in the preceding 30 days.
Rain data was obtained from the SW 12th & Clay rain gage, located 700 feet to the north. A light rain
was falling during the tests and 0.03 inches was recorded during testing.
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SW 12th & Montgomery Green Street
Infiltration rates were calculated once overflow from each bay had ceased, and the results are
summarized in Table SW-1.
Table SW-1: Infiltration rates for the September 2005 test
Minimum Infiltration Rate (inches per hour)1
Flow Test
Bay 1
Bay 2
Bay 3
Bay 4
2
2
N/A
Test #1
17.8
8.8
5.5
Test #2
10.0
6.7
5.5
9.2
1

Rate during the final 30 minutes; 2 Drained in less than 30 minutes – rate is the average over the entire period

Infiltration rates were excellent and higher than anticipated, even considering the dry antecedent
conditions. The native soils are high in silt content and were anticipated to be a barrier to infiltration –
especially during the second test when the soil was wet.
Both tests showed decreasing infiltration rates from Bay 1 to Bay 3 (moving from south to north). Each
bay is identical in design – same geometry, ponding depth, and planting. The first bay does have the
largest drainage area, but it fills fast and overflows to the other bays quickly during a large event and
they all fill to the maximum ponding depth. The difference may be the result of changing sub-surface
conditions, but no differences were noted during construction. Additional tests are planned for 2006.
Design
At 12th & Montgomery, trench drains are used to move the water under the car step out area and into the
facility. To enter the drains, water is forced to turn 90 degrees and during high flows, the momentum in
the gutter carries much of the water past the openings. This situation
becomes more problematic as the slope of the street increases. Small,
asphalt berms have been installed to encourage flow to enter the bays
and they appear to be working well. Future facilities would benefit
from angled entries, gutter depressions, or other methods to ease the
transition of flow from the curb into the facility.
This facility also appears manage much more than the drainage area
assumed during design. The inlet just upstream of the facility, and
another at the base of an overpass, frequently clog with leaves and other
debris, resulting in significant additional flow.

Figure SW-5: Flow
bypassing 90 degree inlet

Clogged
inlet

Figure SW-6: Flow
bypassing a clogged inlet
and crossing the street
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Figure SW-7: Flow
bypassing a clogged inlet
just above the facility

2006 Stormwater Management Facilities Monitoring Report

SW 12th & Montgomery Green Street
Soil Sampling
Soil sampling began in fall 2005 with analyses for metals and petroleum-based pollutants. Samples are taken
at two depth horizons within the facility, and some notable results are included in Table SW-2.
Table SW-2: Selected results from soil sampling
at the 12th & Montgomery Green Street, November 2005
Pollutant
Units 0-6” Depth
12-18” Depth
e. coli
mpn/g
7
pH
7.9
7.7
copper
mg/kg
30.1
22.2
lead
mg/kg
29.9
18.9
mercury
mg/kg
0.043
0.082
zinc
mg/kg
120
92
All pollutants were well below levels considered a threat to human health. Zinc levels were higher than the
plant health guideline (50 mg/kg) for both depths, but plants appear to be doing well to this point.
Additional samples will be taken every 2 to 3 years to track any changes in pollutant concentrations over time.
Vegetation & Maintenance
Weeding, garbage removal, leaf removal, and sediment removal are the primary maintenance activities
for the facility.
Monitoring Summary
•

The facility successfully integrates curbside parking and stormwater management.

•

Forcing curb runoff to turn 90 degrees into curb openings is problematic during high flows. The
momentum of the runoff is straight down the street. Small asphalt check-dams or angled openings
may improve function.

•

Additional drainage appears to enter the facility from above Montgomery. This is a common
occurrence typically caused by the failure of upstream inlets or elevation variations of the street
surface.

•

Sediment and debris accumulation in the first of the four bays has been significant. It will need to
be cleaned out twice a year.
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Glencoe Rain Garden
Summary Information
Evaluation Period:
Constructed:
Facility Type:
Drainage Area:
Facility Area:
Facility Volume:
Soil Type:

2 years (Jan 2004 – Dec 2005)
October 2003
Vegetated Infiltration Basin
34,800 ft2
1,975 ft2
1,135 ft3
silt, grading to sand at 10 feet

The facility receives runoff from
approximately 24,000 ft2 of heavily used
residential right-of-way adjacent to
Glencoe Elementary School. It also
receives overflow from an infiltration
swale that handles runoff from a 10,800
ft2 parking lot.

Monitoring Result Summary
Peak Flow Reduction

Total Flow Record

92%

25-Yr Events

N/A

Flow Tests

80%

Water Quality
No overflow expected from facility during
water quality design storm.

Flow Volume Reduction

Total Flow Record
CSO Events
Flow Tests

94%
~ 94%
(based on closest events)

N/A
(planned for 2006)

Soil & Infiltration

1.8 – 3.0 in/hr
(range of minimum rates)
native soil is silt down to 6 feet, then grades into
sand

Vegetation
•
•
•

Juncus patens has been very successful – so much
so it may require annual pruning
Carex obnupta took several growing seasons to
establish but is now growing well
upland vegetation is doing well
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Design & Maintenance
• Forebay: weed grass has been an issue and is difficult to
remove from around the Juncus; sediment accumulation
has been significant
• Drainfield: filter fabric was clogged by bark mulch
washed in from the main facility
• Irrigation: only applied during prolonged periods of dry,
hot weather during the 2-year establishment period

Glencoe Rain Garden
Overview
This facility was constructed in the
summer of 2003 in response to chronic
basement sewer backups suffered by
residents downstream. Its primary
mission is to reduce peak flows to the
combined sewer.
Continuous flow meters monitor inflow
and outflow to the Rain Garden, as well
as downstream flows in the combined
sewer line. Rainfall data is collected
from a raingage located 400 feet away on
the roof of the elementary school (Figure
GL-1).
Two flow tests were performed during the
monitoring period to simulate the effects
of a 25-Year Design Storm.
Peak Flow
Basement sewer backups are strongly
associated with short, intense periods of
rainfall. To protect the properties
downstream from sewer backups, the
Rain Garden outflow is designed to limit
peak flows in the sewer to no more than
0.50 cfs.
As shown in Figure GL-3, in the 9 months
before construction of the Rain Garden, there
were 9 events creating runoff flows
exceeding 0.20 cfs – including 4 events that
exceeded the 0.50 cfs design benchmark. In
the 24 months after construction, there was
only one recorded peak flow greater than 0.20
cfs. This is particularly impressive because
there were more events with greater
intensities during the post-construction
period.

Figure GL-1: Drainage area and monitoring locations

forebay
forebay
weir

emergency
“beehive”
overflow

drainfield
weir

inflow pipe

drainfield

Flow data shown in Figure GL-3 indicates
that the facility is having a similar effect in
the downstream sewer on SE 52nd. This is
particularly important because the homes
with the highest basement sewer backup risk
are located along this street.

Figure GL-2: Rain Garden overview
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Glencoe Rain Garden
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4.5
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5.5
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7.5
8.0
8.5
9.0
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10.5
11.0
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no outflow meter

Rain Garden construction .

3.5
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1.0
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Jan
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05
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Rainfall Intensity (inches per hour)

Figure GL-3: Peak flow response to intense rainfall (>= 0.05” in 5 minutes)
before and after Rain Garden construction

Jan
06

Figure GL-4: Peak flow response in the SE 52nd Ave sewer for intense rainfall events
(>= 0.05” in 5 minutes)
Though this sewer meter drains some uncontrolled impervious area, it is clear the Rain Garden has had an
effect. There are 7 events generating peak flows that exceed 1.0 cfs in the 10 months before Rain Garden
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construction. In the 24 months after construction, there have only been 2 events that exceeded 1.0 cfs and
they had higher intensities than any event recorded before Rain Garden construction.
While peak flow reduction appears very significant, only one event – December 19, 2005 – approached the
intensity of the 25-year Design Storm (3.32 inches per hour) used for basement sewer backup protection.
Though 0.26 inches of rain fell in 5 minutes (3.12 inches per hour intensity), there was no recorded overflow
from the facility over the next 48 hours.
In addition, two flow tests were performed – one in August 2004 and another in May 2005. Peak flow
reductions were 79% and 81% with a maximum outflow of 0.56 cfs. The maximum outflow was slightly
higher than the 0.50 cfs benchmark, but it appeared to be the maximum flow condition without topping the
emergency overflow and the small difference is within the error tolerance of the metering equipment.
Flow Volume
The Glencoe Rain Garden was not specifically constructed to reduce flow volumes. However, this facility
and others like it can provide substantial benefits to combined sewer overflow (CSO) control.
Runoff data indicates the Rain Garden does a tremendous job of removing flows on an annual basis from the
combined sewer system. Before the Rain Garden construction, runoff was recorded for even small rain
events. After construction, runoff was essentially eliminated for all but the largest rainfall events (volumes are
summarized in Table GL-1).
Table GL-1: Flow Volumes Before and After Rain Garden Construction
Rain
Duration Rain
Runoff
Runoff
Total Runoff
Garden (months)
(in)
(cu ft) (cu ft / in of rain)
Reduction
Before
9
34.56
83,558
2,418
94%
After
24
69.96
10,897
156
Figure GL-2 shows monthly rainfall and runoff values both before and after Rain Garden construction. It is
evident that runoff volumes have decreased dramatically. Even the wet winter months show a major decline
in volumes. For example, December 2002 and December 2005 had similar rainfall amounts but very different
flow volumes to the sewer.
Table GL-2: Metered runoff for similar
Decembers before and after Rain Garden construction
Metered Runoff
Month
Rain (in)
(cubic feet)
December 2002
9.24
29,600
December 2005
9.10
3,160

2006 Stormwater Management Facilities Monitoring Report

63

Glencoe Rain Garden

Figure GL-5: Monthly Rainfall and Runoff Amounts
While these results are excellent, there are no storm events during the monitoring period that closely resemble
the combined sewer overflow control storms (ASFO and Summer 6). Those events that are most similar are
represented in Table GL-3, divided into storms before and after Rain Garden construction.
Table GL-3: Average volume reduction for storm events most like the CSO Design Storms
before and after Rain Garden construction
Duration Depth Max Intensity
(hrs)
(in) (in/hr)
ASFO Design Storm

24

1.41

0.92

Summer 6 Design Storm

32

2.17

0.48

12/12/02

11

0.88

0.48

12/29/02

32

2.03

0.36

01/02/03

18

0.94

0.96

04/16/03

24

0.82

1.08

04/23/03

21

0.79

0.96

05/27/04

35

0.78

1.56

06/05/04

39

0.75

1.44

05/08/05

64

2.27

0.48

05/31/05

27

0.79

1.44

Preconstruction

Postconstruction
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Average
Runoff
Average
(cu ft per inch of
Volume
rainfall)
Reduction

3,902

94%
238
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This is a small sample of events, does not account for variability in antecedent moisture conditions, and
compares wetter pre-construction months with drier post-construction months. Despite these issues, the large
difference between pre and post volumes suggests a very significant reduction in volume.
Because the facility was designed to mitigate peak flows, the first two flow tests performed on the facility
simulated the most intense period of the 25-yr Design Storm. Flow volumes were lower, flow rates were
higher, and the flow pattern much different than for a CSO Design Storm. For this reason, volume reductions
for these tests are not likely to be good estimates of CSO Design Storm performance. Additional flow tests
are planned for FY05-06 and will include a CSO design storm simulation.
Water Quality
No water quality sampling has been done for this facility. It was originally a low priority for this facility
because its primary purpose is peak flow control and because overflow goes to the combined sewer system.
However, given performance to date, little or no runoff would be expected from the Water Quality Design
Storm.
Infiltration
During the two flow tests, infiltration rates were calculated once overflow to the drainfield ceased.
Infiltration rates declined over time while approaching a “saturated” value, summarized in Table GL-4.
Table GL-4: Flow Test Infiltration Rates
Flow Test
August 2004
May 2005

Antecedent
Conditions
dry
wet

Minimum
Infiltration Rate
1.8 in/hr
3.0 in/hr

The wet antecedent condition test actually has a higher infiltration rate. While this seems counterintuitive, there are several reasons that may explain the difference.
• a larger volume of water (70% more) was infiltrated during the August test. The drainfield clogged
and allowed a higher ponding depth throughout the facility. This may have resulted in greater
saturation of the subsurface soils and a correspondingly lower infiltration rate.
• maturing vegetation and soil organisms (worms, etc) may have opened new pathways in the soil in
the 9 months between tests.
• the soil was very dry during the August test and the sun-baked silt soil may have provided more
resistance to infiltration.
Additional tests are planned for 2006.
Soil Sampling
Baseline soil samples were taken in May 2004 at several locations throughout the facility. The results will be
used to track the potential accumulation of pollutants over time. Additional sampling is planned for spring
2006.

2006 Stormwater Management Facilities Monitoring Report

65

Glencoe Rain Garden
Maintenance
Vegetative maintenance is the primary activity at the facility. Weed seeds, especially grasses, are
washed into the forebay and have become established despite a successful existing vegetative cover.
The rest of the facility has only moderate weeding requirements. The Juncus patens in the forebay have
been vigorous growers to the point where they need to be trimmed at least once a year.
Sediment accumulation has been significant, and removal is made difficult by the success of the Juncus.
The plants may need to be temporarily removed to provide for adequate sediment removal.
During the August 2004 flow test, it was clear that the drainfield had become clogged and was not
operating as intended. The drainfield and emergency overflow were reconfigured in April 2005 and
appeared to function perfectly during the May 2005 flow test.
Residents have expressed concern over the facility becoming a breeding area for mosquitoes.
Multnomah County Vector Control has visited the facility and believes it does not provide breeding
habitat (the facility consistently drains within 24 hours of a large storm event). Results from traps set
around the facility did not indicate a problem, but periodic investigation is warranted to ensure that no
problem develops over time.

Monitoring Summary
•

The facility provides excellent peak flow reduction and flow volume retention.

•

Appearance of surface soil and initial infiltration test are not necessarily a predictor of performance.
The silty soil reaches 6 feet below the bottom of the facility before it grades into a sandy texture,
and the double-ring infiltrometer test indicated minimal infiltration. However, the facility drains
very well and never holds water for more than 24 hours.

•

Use of floatable bark mulch is not compatible with a drainfield overflow.

•

Juncus patens (spreading rush) has proved to be a great performer in the facility. However, the rush
is growing taller than expected and may require annual maintenance. Weeding the grass and
removing accumulated sediment from around the juncus is difficult.

•

Vector control does not appear to be a problem at this time.
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Infiltration Testing
The major objective of many stormwater management facilities is to remove runoff from the sewers and
open channels by infiltrating it into the ground. Adequate infiltration is required to meet typical project
objectives such as CSO relief, complete on-site management, vector control, and public safety.
Infiltration testing is primarily done to:
•
•

assess post-construction infiltration and make sure it meets expectations for the proper function
of the facility, and
track changes in infiltration performance over time so lessons can be learned to improve
infiltration in future facilities.

Table IN-1 list the facilities tested during this monitoring period. Facilities are scattered throughout the
city and represent a variety of land uses and ages.
Table IN-1: Infiltration facilities tested
Facility
Age
Location
Land Use
th
12 & Montgomery
1
SW
COM
Green Street
Ankeny Green Street
2
NE
RES
2
Glencoe Rain Garden
2
SE
RES
OMSI
13
SE
IND
ONRC
3
N
COM
Page 19
3
SE
IND
Parks Eastside Office
3
SE
RES
Siskiyou Green Street2
2
NE
RES
Results have been excellent, with all facilities having rates of at least 1.5 inches per hour. For
comparison, CSO facility sizing to date has assumed an infiltration rate of 1.0 inches per hour for
eastside infiltration facilities. These results may indicate this assumption is conservative. However, the
results include only eight facilities, most are on the east side of the City, and most are single tests that do
not provide information on how consistent the results are under varying soil moisture conditions.
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Infiltration Testing
Table IN-2: Infiltration rates for tested facilities
Max
Facility
Depth
Area
Facility
Drainage
2
Facility
(in)
(ft )
Volume
Area (ft2)
12th & Montgomery
7½
270
160
7,000
Green Street
Ankeny Green Street
6½
460
110
7,200
Glencoe Rain Garden
11
1,975
1,135
34,800
OMSI
6
3,600
1,800
ONRC
24
520
660
3,200
Page 19
6
400
105
7,000
Parks Eastside Office
14½
630
850
6,200
Siskiyou Green Street
6
590
240
9,300
1
2

Minimum
Infiltration Rate
(in/hr)1
2.5
1.8
1.82
6.0
4.5
1.5
4.2
1.52

Minimum rate during testing; average rates are typically much higher.
More than one test was performed; the lowest rate is shown here.

In the end, it would be ideal if results could be used to assess the regional ability to infiltrate stormwater
– in effect, create an infiltration map for the City that would guide placement and provide a rough
estimate of performance. However, there are many variables that determine the ability of a facility to
infiltrate and broad generalizations are difficult to make.
Among the many important variables are:
•
•

•

•
•
•
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surface soils (the top 8 feet) – the top 8 feet of soil in urban areas has typically been greatly
disturbed during decades of development and redevelopment. The resulting “urban fill” is highly
variable – soils could infiltrate very well at one location, and very poorly just a short distance away.
subsurface conditions – the presence of underground features such as utility trenches, foundation
drains, and road subgrade could drastically change the underground storage available for stormwater.
Deeper conditions may also be important if bedrock or other impermeable layer is relatively close to
the surface.
soil moisture – infiltration rates can be much different depending upon whether the soil is wet or
dry. For most soils, infiltration rates will be higher when the soil is dry. Though some, like silts and
clays, may form a sun-baked layer that can impede infiltration. Rates under different conditions are
helpful in determining
construction practices – compaction, use of the wrong materials (soil, filter fabric, etc), creating an
improper transition between imported and native soil, and poor site erosion control can all limit the
ability of a facility to infiltrate.
facility design – for example, deeper, narrower facilities may be more prone to clogging than
shallower, wider facilities where incoming sediment loads can be spread out and infiltration surface
area is maximized.
plant type and health – the presence of healthy vegetation (especially plants with deep, branching
root systems) can facilitate infiltration by creating pathways for water to follow into the soil. The
roots also form habitat for soil organisms, like worms, that also open the soil structure to allow water
into the ground.
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Infiltration Testing
•

sediment loads – each drainage area has a differing amounts and
types of sediment that are washed into a facility. Large amounts of
fine particles (silts and clays) can clog the facility and reduce
infiltration.

Despite the challenges, it is hoped that results over time will show
trends that inform how facilities are designed, built, and maintained in
the future. For example, it may become clear that vegetated swales
infiltrate better than grassy swales over time, or that a poor postconstruction infiltration rate may not be as alarming because the root
structure of maturing vegetation will open the soil.

Figure IN-1: OMSI North
Parking Swales

In future testing, more westside facilities will be identified for
inclusion. It has long been assumed that infiltration on the westside
was limited because of steep slopes and the silt and clay soils.
However, an evaluation of those facilities that have been constructed
may provide an interesting comparison to those on the eastside.
Figure IN-2: Page 19
Parking Lot

Figure IN-3: ONRC
Infiltration Basin
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WPCL Test Planters
Summary Information
Evaluation Period:
3 months (Aug 2005 – Oct 2005)
Constructed:
February 2005
Facility Type:
Flow-through Planter
Drainage Area:
2,000 ft2 (each bay)
Facility Area:
120 ft2 (each bay)
Facility Volume:
120 ft3 (each bay)
Sizing Factor:
6%

Facility built to test the impact of three
design variables – soil type, geometry,
and filter fabric. This is purely a test
facility and receives no runoff other than
rainfall and the test flows.

Monitoring Result Summary
Peak Flow Reduction

Total Flow Record

N/A

25-Yr Events

N/A

90-97%

Flow Tests

Water Quality

Flow Volume Reduction

Flow Tests

29-47%
(based on limited testing data;
more tests planned for FY06-07)

Infiltration

No testing has been done to date, but is
planned for the future. Planters are
configured to allow use of actual stormwater
during a storm events or a synthetic
stormwater cocktail can be used at any time.

N/A

Vegetation

Maintenance

The facility is located in the Willamette River Greenway
so only native plants were used in the facility. Plants
have been slow to establish – perhaps due to limited
early summer irrigation and/or nutrient deficiency in the
soil. Moisture differs from a real planter that receives
concentrated runoff on a more frequent basis.

• Plants have been slow to establish, which may indicate more nutrients are
necessary. For potential use in a nutrient restricted watershed, the soils
had minimal nutrients to reduce export, and a top dressing of mulch was
used to provide for plant health. This may be inadequate or the plants
may require a longer period to establish.
• Some hand watering is necessary during the hottest part of the summer.
This would not be as necessary if roof runoff were flowing into the
planters.
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WPCL Test Planters
Overview
To better understand how well flow-through planters perform, a system of four stormwater planters was
constructed at the Water Pollution Control Lab (WPCL). Each of the four planter “bays” is sized to
handle runoff from 2,000 square feet of impervious area, based on the SIM sizing standard (6%) in the
Stormwater Management Manual.

Figure WP-1: Plan and profile views of the WPCL Test Planters
As shown in Figure WP-1, three of the bays are 16 feet long and 7½ feet wide, while the fourth bay is
49 feet long and 2½ feet wide. Each planter has 1 foot of drain rock surrounding a perforated drain pipe,
18 inches of soil, and 1 foot of reservoir space. The flow collected by the perforated pipes daylights into
flumes that concentrate the low flow rates and allow them to be accurately measured by flow meters. If
the incoming flow is greater than the rate it can filter through the soil, the reservoir begins to fill until it
reaches the level of an overflow 8 inches above the soil surface.
The four bays are configured to compare three design variables, as summarized in Table WP-1.

Figure WP-2: Flow testing Bay 1

Figure WP-3: Outflow flume
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Table WP-1: Design variables currently under investigation at the WPCL Test Planters
Comparison
Issue
Design Variation
Soil Type

Geometry

Filter Fabric

Currently “topsoil” is the only guidance used for flowthrough planter construction. This results in highly
variable soil types being used – some of which provide
poor plant support and are ineffective for stormwater
management. A soil type that can balance volume
retention, pollutant removal, and plant health is needed.
A higher surface area to wetted perimeter ratio may
lead to more short-circuiting of flow between the
planter walls and the soil. This is especially true in dry
weather when the soil shrinks away from the concrete
walls and forms preferential flow paths directly to the
drainage layer.
Clogging of filter fabric has been deemed problematic
by some regions of the country, and is suspected to
have caused facility failure

•
•

Soil 1 (70% sandy loam + 30%
digested paper fiber)
Soil 2 (55% sandy loam + 25%
digested paper fiber + 20% coconut
coir)

•
•

Shorter / Wider ratio = 2.6
Narrower / Longer ratio = 1.2

•
•

filter fabric (80 gal/min/ft2)
4” pea gravel lens (as recommended by Prince
Georges County, Maryland [Prince Georges, 1998])

BAY 1 was chosen to be the reference condition. The other three bays were configured to have only one
design difference with respect to the reference bay. Figure WP-4 shows the relative layout of the 4 bays
and the design variables used in each one.
BAY 4
Soil 1; Filter Fabric; “limited space” geometry
BAY 1
BAY 2
BAY 3
Soil 1
Soil 2
Soil 1
Filter Fabric
Filter Fabric
Pea Gravel
“Soil Comparison”
“No Fabric”
[Reference]
Figure WP-4: Design configurations of the flow-through planters at the WPCL
BAY 1 was considered the reference condition, because it was the configuration thought to have the best
potential to retain flow volume, a shape that reduces potential wall leakage effects, and uses filter fabric
as currently specified in the Stormwater Management Manual.
The testing will focus on the ability of stormwater planters to:
1) reduce / delay peak flows;
2) reduce / delay runoff volumes; and
3) reduce concentrations of typical stormwater pollutants.
Performance evaluation will focus on the performance for different storm sizes and differences in
antecedent soil moisture.
Planter configurations can be modified in the future to investigate other design variables.
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Peak Flow Reduction

90

80

70

25-YR

Bay 1

Bay 2

Bay 3

Bay 4

Flow (gpm)

60

50

40

30

20

10

0
0

20

40

60

80

100

120

140

160

180

Storm Time (minutes)

Figure WP-2: Peak flow reduction during August 30, 2005 test
BAY 4 had the highest peak flow, followed by BAY 3, BAY 2, and BAY 1. Based upon assumptions
about the design variables, this would make sense:
•

•
•

BAY 4 has the same soil and filter fabric as BAY 1, but the extensive amount of wetted
perimeter – 103 feet for BAY 4 compared to 47 feet in BAY 1 – would provide more opportunity
for leakage between the wall and soil. This would be especially true for dry soil conditions when
the loss of moisture causes the soil to “shrink” and pull away from the walls.
the pea gravel layer used in BAY 3 would provide less resistance to water entering the drainage
pipe than the filter fabric. The openings in the filter fabric are far smaller and the route more
tortuous.
the soil in BAY 1 is quite dense when compared to the soil in BAY 2, which contains less sandy
loam and more organics. Especially in a dry soil, the digested fiber would occupy less space that
would form voids allowing the water to travel down to the drainage layer more quickly.

Flow Volume Retention
BAY 4 has an outflow pipe of its own, but Bays 1, 2, & 3 all share a single outflow pipe. This means
that measuring long-term outflow can only be done on one of the three bays at a time. This makes a
same day comparison of volume retention for those three bays difficult. If runoff from a bay is cutoff to
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facilitate the testing of another bay, there will be some question as to how much additional volume
would flow from the planter if it were allowed to continue. The outflow usually drops to a very low
flow rate soon after the test ends, but this trickle of flow may continue for some time and add up to a
significant volume.
Separate drains for all four planters were considered, but given the additional construction cost, the time
commitment required to run four tests, and the availability of the equipment necessary to monitor all
four outfalls (flumes and meters), it was deemed impractical.
In the future, the longer duration CSO volume tests will be done on back-to-back days. As long as the
weather is not substantially different on the two days, the antecedent soil moisture conditions should be
similar enough to make a valid comparison.
As an initial comparison, a volume test was performed using the 25-yr 6-hr storm pattern – a total of
0.70 inches delivered in 45 minutes. This is about half of the ASFO Design Storm (1.41 inches) used
for local CSO compliance. Results for Bays 1, 2, & 3 are summarized in Table WP-2.
Table WP-2: Volume retention after 2 hours of free drainage during
abbreviated volume tests, August 2005
BAY

1
2
3

Test Inflow
(gallons)

875

Metered 2-hr
Outflow
(gallons)

Extrapolated
24-hr Outflow*
(gallons)

Potential
24-hr Volume
Retention

185
285
310

600
465
625

31%
47%
29%

* Assumes the final flow measurement holds constant for the remainder of a 24 hour period.

BAY 3 had the most outflow during the first 2 hours, followed by BAY 2, and BAY 1. Based upon
assumptions about the design variables, this would make sense:
•
•
•

because the pea gravel layer used in BAY 3 provides less resistance to water entering the
drainage pipe than the filter fabric, there is less ability for the soil to hold the water against
gravity.
the soil in BAY 2 contains more fillers than BAY 1 (45% to 30%, respectively) that may
facilitate the passage of water through the soil. The quicker travel time through the soil provides
less contact time with the digested paper fiber, lowering the ability to absorb runoff.
the soil in BAY 1 is the heaviest and has the most digested paper fiber (30% compared to 25% in
BAY 2). The heavier soil may help hold runoff in contact with the paper fiber longer, allowing it
to hydrate better. The coconut coir used in BAY 2 does not absorb water and is more effective at
keeping soil structure loose and as an adsorption site for pollutants.

The results are difficult to interpret. On one hand, the volume was applied with much more intensity
than is true to CSO design storms, and the extrapolated outflows are probably quite high (it is very likely
that the flow will continue to drop and cease well before 24 hours passes). On the other hand, the inflow
volume was only half that of the smallest of the CSO design storms.
Results will likely be dependent on soil moisture conditions. For example, peak outflows may be higher
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in the summer when dry soil pulls away from the planter sides creating short-circuit pathways for flow
to follow to the drainage layer. Volume retention is likely to be lower in the winter when the available
soil storage is close to full and evapotranspiration rates are low.
Design / Maintenance / Vegetation
The planters receive some irrigation from the well system that waters the adjacent ecolawn.
Supplemental hand watering is carried out by the Parks Bureau as needed. Manual weeding is done
several times a year by Parks and by BES staff during flow tests.
Compost was not mixed into either soil mix in the hopes that nutrient export from the planters could be
limited. A compost tea was added to the surface after planting along with a layer of composted leaf
mulch. However, the plants have been slow to establish. While this could be the result of many factors
– like irrigation amount and frequency, and sun exposure – it is possible that the soil does not contain
adequate nutrients to support vigorous plant growth. Additional compost will be top-dressed into the
planters and will hopefully improve plant health.
Potential leakage from the drainage system is also a problem. Flow testing on the test swales above the
planters was still going on during construction with the possibility of additional tests in the future. To
facilitate swale drainage during such a test, a loose connection was made from the swale drains to the
upper end of the drain pipe for Bays 1, 2, & 3.
Given the shallow slope of the drain pipe (0.5%), this creates the possibility of flow backing out the
upper end of the planter instead of draining through the flume. It is important that the planter drainage
system be as sealed as possible. In retrospect, installation of an upper valve that could be closed except
during a swale test would have been wise. At this point, a makeshift stopper is placed into the upper
cleanout to block as much backward flow as possible. A more permanent solution will be evaluated in
the coming year.
Though these are test planters, aesthetics are still important for the public acceptance of any stormwater
facility. The planters would be more attractive if the outer concrete finish were given texture or a
different color.
One interesting discovery during testing involved the gooseneck overflows suggested in the Stormwater
Management Manual. On several occasions, a siphon was created when the reservoir level rose above
the overflow elevation causing the drainage system to pressurize and water to be sucked out at a rapid
rate. While this is a function of the specific elevations of this facility, a different overflow design may
allow for better aesthetics and better function. Different overflow designs will be considered over the
following year.
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Monitoring Summary
•

Peak flow reduction was excellent for all configurations.

•

Preliminary results show relationships that would be as expected. However, changes to the pipe
system during construction, may allow some volume from Bays 1, 2, & 3 to leak out without
passing through the flume. Apart from differences in design, this could explain why BAY 1
reduces peak flows so well – it is the closest to the upstream end of the pipe and may have the most
opportunity to leak. Future tests will attempt to block potential leakage by sealing the upper end of
the drain pipe.

•

To establish proper plant health, it is important that irrigation be provided during the hottest parts
of the summer. In addition, top dressing with mulch may not provide sufficient nutrients for plant
health. Engineered soils are relatively sterile.
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George Middle School Planters
Summary Information
Evaluation Period:
13 months (Dec 2004 – Dec 2005)
Constructed:
October 2004
Facility Type:
Flow-through Planter
Drainage Area:
630 ft2
Facility Area:
36 ft2
Facility Volume:
12 ft3 (reservoir)
Sizing Factor:
6%

Retrofit of existing landscape planters,
with both inflow and outflow being
monitored. Problems with the soils used
in the planters have created substantial
performance problems to date, with one
being too tight and the other too porous.
Repairs are planned for 2006.

Monitoring Result Summary
Peak Flow Reduction

Total Flow Record

N/A

25-Yr Events

N/A

Flow Test

N/A

Water Quality

N/A
results expected in 2006

Infiltration
• Initial soil was very tight and did not infiltrate well.
• June 2005 soil was replaced. However, soil was
similar to potting soil and was very porous. Inflow
seems goes straight through the soil with little or no
attenuation.
• Soil will be replaced or amended in Winter 2006

N/A

Vegetation
Plants are not doing well. However, plants were
disturbed when the soil was replaced in June 2005 and
substantial settling occurred afterwards. The lower
position in the planter may adversely impact their sun
exposure and/or root depth.
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Flow Volume Reduction

Maintenance

No issues to date.

2006 Stormwater Management Facilities Monitoring Report

George Middle School Planters
Overview
The George Middle School Planters were funded by the Innovative Wet Weather Program Grant
(http://www.portlandonline.com/bes/index.cfm?c=35941&), and included the retrofit of existing
landscape planters into flow-through and infiltration planters. Construction was completed in fall 2004,
and included the installation of v-notch flumes to meter both the inflow and outflow.

Disconnected Downspout
Metal Flashing

Liner

8"

(Infiltration Planter)

Concrete/Rock Pad
4" Separation
Flume

Flume off a 90°,
4" PVC Elbow
4" Underdrain Piping System

12"
Gravel Bed

18"
Topsoil

Monitoring Vault

44" Planter Depth

Vault Cover

12"
Reservoir

Top of Planter Wall
(Flow Through Planter)

Figure GP-1: Plan and profile views of the George Middle School planter
The flow-through planter handles runoff from 630 square feet, and is adjacent to a much larger
infiltration planter that handles another 630 square feet. The flow-through planter does not have an
overflow pipe, but will spill over into the infiltration planter when the ponding depth exceeds 4 inches.
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After the initial monitoring data became available, it was clear that little or no flow was reaching the
underdrain system. The specified topsoil was a sandy loam, but the soil installed in the planter appeared
to have substantially more fines. Though a grain size analysis was not performed, review of a core
sample by bureau staff indicated the soil was clay-like. Either the soil simply did not infiltrate well
enough, or the filter fabric separating the soil and underdrain gravel became clogged because of the high
fine content.
The initial soil was removed in June 2005 and replaced with
a freely draining mix resembling potting soil. This soil
appears to have the exact opposite problem – the soil drains
so well that the inflow drops straight through the soil and
enters the underdrain collection system with little or no
retention and only modest peak flow attenuation. Water does
not pond to any degree within the planter, so only a small
section of soil is in contact with runoff during rain events.
In addition, the new soil was laid very loosely and substantial
settling occurred. While it appears the flume measurements
Figure GP-2: Flow-through planter bay with
were not adversely affected, there was a drop of up to 9
inflow flume
inches noted within the planter and the flume and splashblock
were left suspended above the soil elevation (Figure GP-2). Several of the plants had either sunk or
were left elevated above the surrounding soil, and did not appear to be doing well.
Amendment or complete replacement of the existing soil is planned for 2006 that will hopefully improve
performance and stabilize the soil levels.
Peak Flow Reduction
Soil issues make the results less meaningful. However, the peak flow reductions for the most intense
storms during the monitoring period are presented below in Table GP-1.
Table GP-1: Peak flow reductions for intense events
Soil

Rain Event

#1

Dec 13 2004
May 15 2005

#2

Aug 29 2005
Sep 30 2005
Oct 02 2005
Oct 31 2005
Nov 29 2005
Dec 22 2005
Dec 28 2005
Dec 30 2005

Peak Intensity
(in/hr)

Peak Inflow
(gpm)

Peak Outflow
(gpm)

Peak Flow
Reduction

0.48
2.40
2.88
0.72
0.48
0.36
0.48
0.60
0.84
0.60

7.4
8.9
5.9
5.9
9.2
6.5
8.0
7.6
8.4
8.0

2.0
1.8
5.3
4.6
3.7
3.1
4.1
3.5
4.6
2.8

73%
80%
10%
23%
60%
52%
49%
54%
45%
65%

Average
Reduction

77%

45%

There is a substantial difference between the two soils. While the 77% reduction of the first soil is in the
range desired for managing peak flows, there was likely a substantial amount of overflow into the
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adjacent infiltration planter. This overflow is generally unacceptable because not every configuration
will have which would not be desirable or acceptable in a stand-alone application. The second soil has
only a 45% reduction and would not be in some instances.
Flow Volume Retention
Retention during the first 7 months averaged 86%. However, this only represents the flow that went
through the underdrain system. It is quite likely that the planters were overflowing to the adjacent
infiltration planter resulting in substantial amounts of overflow that were not metered.
600

Soil #1
86% Retention

Volume (cubic feet)

500

Soil #2
0% Retention

Inflow
Outflow
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Figure GP-3: Monthly volume retention
After the soil was changed at the end of June 2005, retention has dropped to 0%. Flow appears to easily
pass through the soil at the point of inflow and moves straight to the underdrain. The quick infiltration
means that flow does not spread throughout the planter surface area, and very little soil is actually
contacted by the water. Results are not affected by soil moisture conditions or rainfall amounts.
Design / Maintenance / Vegetation
The basic design of the planters differs somewhat from the Stormwater Management Manual. The
Manual calls for a 12-inch reservoir depth while the infiltration bay has only a 4-inch reservoir. This
makes overflow to the adjacent infiltration planter very likely.
The soil used has clearly been a major issue. Great care should be taken to ensure that the proper soil
mix is used from the beginning. Manual compaction is also necessary to prevent over-settling.
As with other planters, they may require some supplemental watering during the establishment period if
no irrigation is provided, and manual weeding will be needed several times a year.
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Monitoring Summary
•

Soil selection is critical. Use of a soil with high silt content may not drain well and could
potentially clog the filter fabric or drainage rock. However, use of a highly porous soil allows the
water to drain too quickly and provides little or no retention.

•

Manual soil compaction is necessary to prevent excessive settling. While mechanical compaction
can impede infiltration, some manual compaction is needed to ensure that plants will be adequately
supported.
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SE 41st & Alder Flow Restrictor
Summary Information
Evaluation Period: 15 months (March 2004 – June 2005)
Constructed:
January 2004
Facility Type:
Inlet Flow Restrictor
Drainage Area:
26,000 ft2
Facility Area:
N/A
Facility Volume:
N/A
Sizing Factor:
N/A

Flow restrictor devices are used to limit
the rate at which stormwater enters the
sewer system. This site is one of 4 current
installations – 2 vortex restrictors and 2
hanging traps.

Monitoring Result Summary
Peak Flow Reduction

Total Flow Record

N/A

25-Yr Events

N/A

Flow Test

77%

Flow Volume Reduction

Flow restrictors do no impact flow volume

Water Quality

Infiltration

Flow restrictors provide very minimal water
quality benefits (floatables control, some
sedimentation)

N/A

Vegetation

Maintenance

N/A

• Hanging trap restrictor – installation in a sedimentation
manhole simplifies maintenance requirements and
scheduling; no clogging has occurred to date.
• Vortex restrictors – most units have been trouble free, but
one restrictor at 28th & Hancock has clogged with debris
and had to be cleaned out.
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Overview
To prevent basement sewer backups, the rate at which stormwater enters the combined sewer must be
limited. Flow restrictors do this by physically restraining flow into the sewer while additional
stormwater is ponded on the surface. Ponding occurs infrequently, drains in a short period, and is
shallow – usually no more than 6 inches.
Care is taken to site such facilities in areas where traffic volumes and speeds are low, and where street
slopes are gentle enough to maximize surface storage while minimizing depth. Their use has been
generally limited due to concerns of clogging, but the City of Chicago has installed more than 200,000
flow restrictors over the past decade as part of their effort to reduce basement sewer backups.
There are two basic kinds of flow restrictors – vortex restrictors and hanging traps. The vortex
restrictors reduce flows by creating turbulence while hanging traps reduce flows by forcing water
through a smaller opening. The vortex restrictors can limit flows to 0.15 – 0.20 cfs, while hanging traps
limit flows to 0.50 – 0.60 cfs.

Figure FR-1: Flow restrictor types: hanging trap (left, shown upside down)
and vortex (right)
Both must be installed in a catch basin or sedimentation manhole. This allows debris to accumulate
below the unit without clogging the opening. Floatable material is kept away from the open to limit the
potential for clogging. Both need to be cleaned out on a regular basis to prevent accumulated debris
from rising to the level of the control.
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Figure FR-2: Flow restrictor installations in sedimentation
manholes (left) and catch basins (right)
Vortex units are generally suited to small drainage areas (3,000 – 7,000 square feet) that can take
advantage of the lower flow limit. Hanging traps are generally suited to large drainage areas (more than
7,000 square feet) – particularly as a centralized control of more than one inlet.
To be useful, flow restrictors must be used where inlets can pond. This requires that both streets drain to
the inlet. Otherwise, flow will not pond at the corner but will slip around the corner and move off
towards another inlet. This is summarized in Figure FR-3.

PONDING
CORNER
ε

FLOW SLIPPING
CORNER
ε

Figure FR-3: Street drainage conditions that result in ponding (left) and slipping (right)
There are currently four pilot installations throughout the city – two vortex restrictors and two hanging
traps. Vortex restrictors were installed at the Bureau of Maintenance Albina Yard and at NE 28th &
Hancock. Hanging traps were installed at SE 52nd & Stark and at SE 41st & Alder. The hanging trap
location at SE 41st & Alder was formally monitored with continuous sewer monitoring and a single flow
test.
Peak Flow
The continuous flow monitoring in the downstream sewer proved to be of little help. Though the site
was monitored before installation, no significant storm events occurred and no comparison can be made
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to pre-installation and post-installation peak flows. In addition, uncontrolled runoff from the apartment
complex to the east also flows through the flow meter making the influence of the restrictor more
difficult to determine.
Because of these difficulties, a flow test was performed at the site in September 2004 to assess the peak
flow reduction of the unit. The 25-Yr Design Storm was simulated, and inflow and outflow hydrographs
are shown in Figure FR-4.
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Outflow to Sewer
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77%
Peak Flow
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Figure FR-4: Peak flow test at 41st & Alder, September 2004
The peak flow was reduced by 77% and held constant while ponding occurred in the street. Ponding
lasted only 35 minutes and was never more than 4 inches deep.

Figure FR-5: Street ponding during flow test
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Monitoring Summary
•

Flow restrictors can be an effective preventive measure for basement sewer backups. Surface
ponding for the unit tested was shallow and lasted for only a short period.

•

Maintenance – particularly clogging – is a concern. One of the two vortex units at NE 28th &
Hancock clogged and caused ponding over the pedestrian sidewalk during moderate intensity
events when little or no ponding should have occurred. For units installed in catch basins, there is
also the concern that maintenance crews may inadvertently damage the units when responding to
complaints of plugged inlets.

•

The hanging trap restrictors are useful as a centralized control for multiple inlets. The units are
inexpensive, and replacement is easy because they are constructed with standard PVC pipe parts.
Clogging has not been a problem to date, and installation in standard sedimentation manholes
allows them to fit into existing procedures and schedules for maintenance.

•

Because inlet flow restrictors only provide peak flow control, they are not a desirable option when
water quality and flow volume are also issues. However, in areas of significant basement flooding
risk where it is not practical to use other surface facility options, flow restrictors can be an effective
choice.
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Soil Sampling
BES wants to ensure that surface stormwater management facilities do not create localized areas of high
pollutant concentrations. A program of periodic soil sampling of selected facilities will be used to track
changes in pollutant levels over time to determine if pollutant levels are changing over time. Facilities were
selected to provide a good sampling of facility types, age, and land uses.
Samples were taken at three different horizons at several locations within each facility. Horizons were 6
inches thick representing the surface (0 to 6 inches), root zone (6 to 12 inches), and native soil (12 to 18
inches). Samples are tested for heavy oils, metals, volatile organic compounds (VOCs), and polycyclic
aromatic hydrocarbons (PAHs).
Figure SS-1: Facilities Selected for Soil Sampling
Facility
Location
Drainage
Age (yrs)
th
12 & Montgomery Green
SW
Street
1
Street
Glencoe Parking Swale
SE
Parking
3
Glencoe Rain Garden
SE
Street
2
New Seasons Green Street
SE
Street
1
OMSI, North Parking Lot
SE
Parking
13
Siskiyou Green Street
NE
Street
2
SW Community Center
SW
Parking
9
Parking Lot
Walnut Park Precinct
Parking + cruiser
NE
9
Parking Lot
washing

Land Use
COM
RES
RES
COM
IND
RES
RES
COM

The first set of samples taken in late 2005 represent the baseline against which future samples will be
compared to determine if concentrations are increasing, decreasing, or staying constant. While the changes
over time will be the most telling, the initial results do point to some potential.
There appears to be no threat to human health from metals or VOCs at any soil depth in any of the tested
facilities. However, most samples from each facility contain levels of zinc that may negatively impact plants
and invertebrates. There are no apparent problems in the facilities – the plants appear healthy and earthworms
are often seen in the facilities. Samples may represent fresh point sources not indicative of the entire facility
or the levels have yet to rise high enough to have an impact.
One facility had a sample containing a high level of mercury. This will be closely watched in future sampling
at this facility to ensure it is not a persistent level of contamination. In addition, one facility had a high
number of e. coli colonies, but because they do not persist for long periods in soil, this is likely just a spike.
Other facilities had very low levels.
PAHs were found in all facilities, but the only PAH with levels that approach or exceed human health
exposure guidelines was benzo(a)pyrene. California and Oregon have adopted standards for benzo(a)pyrene
in residential soils that are much more rigorous than other states (0.062 mg/kg versus levels over 1.000 mg/kg
for other areas of the country). This level is based on cleanup of contaminated sites to be used for residential
dwellings. Of the facilities that exceed the standard, there appears to be no correlation with land use or age.

2006 Stormwater Management Facilities Monitoring Report

89

However, all facilities are in highly urbanized areas and within the public right-of-way, and this low standard
would not typically apply. However, levels of benzo(a)pyrene will be carefully watched in the future to
determine if levels are increasing with time.
Table SS-1: Average pollutant concentrations in surface soils (0 to 6 inches)
Analyte

PAHs

Metals

e. coli
motor oil
fuel oil
pH (solid)
arsenic
cadmium
copper
lead
mercury
nickel
zinc
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(e)pyrene
benzo(g,h,i)perylene
benzo(k&j)fluoranthene
chrysene
fluoranthene
indeno (1,2,3-cd) pyrene
phenanthrene
pyrene

Units
mpn/gram dry
mg/Kg dry wt
mg/Kg dry wt
std units
mg/Kg dry wt
mg/Kg dry wt
mg/Kg dry wt
mg/Kg dry wt
mg/Kg dry wt
mg/Kg dry wt
mg/Kg dry wt
ug/Kg dry wt
ug/Kg dry wt
ug/Kg dry wt
ug/Kg dry wt
ug/Kg dry wt
ug/Kg dry wt
ug/Kg dry wt
ug/Kg dry wt
ug/Kg dry wt
ug/Kg dry wt
ug/Kg dry wt

SW 12th
Green Street
7
340
ND
7.9
3.14
0.30
30.1
29.9
0.043
16.8
120
ND
61.3
65.2
69.0
90.9
45.1
56.0
57.3
54.0
ND
ND

Glencoe
Swale
ND
215
ND
6.5
7.85
0.16
28.8
18.4
0.057
25.2
99.9
40.6
62.4
53.4
62.8
71.8
31.4
54.7
89.8
52.1
27.0
96.5

New
Seasons
22
ND
ND
6.3
2.45
0.11
25.0
5.5
0.020
33.7
65.9

Not Sampled
(no initial
detects)

OMSI
North Lot
ND
850
60
6.4
4.29
0.26
37.1
41.4
0.064
19.6
116
59.7
77.5
71.6
77.0
83.3
52.6
78.0
111
54.5
49.6
125

Siskiyou
Green Street
280
1820
ND
7.2
4.87
0.51
34.4
56.8
0.103
18.7
170
ND
68.6
55.4
78.2
78.5
ND
65.1
94.1
53.6
ND
102

SWCC
3,200
540
ND
5.8
2.41
0.19
21.5
22.1
0.042
15.3
118
16.1
29.4
21.0
24.7
33.6
21.5
25.6
46.2
22.9
18.7
50.8

Walnut Park
Precinct
7
200
ND
6.1
4.03
0.33
36.4
32.4
0.076
18.6
138
58.0
105
112
104
140
73.0
97.6
138
98.1
41.7
148

BOLD values represent an exceedance; notes represent the criteria exceeded
1
E. coli =
2
motor oil =
3
mercury =
4
zinc =
5
benzo(a)pyrene = 62 μg/kg [EPA Region 9 PRG for residential soils]
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•

In general, there do not appear to dangerous levels of pollutants in the soil samples analyzed to
date. However, this is the first of a series of samples to be taken over time that will establish
any trends that may exist.

•

All facilities have levels of zinc that could negatively impact plant and invertebrate life. At this
time, however, levels are near the threshold and there are no obvious problems within the
facilities.

•

Benzo(a)pyrene was found in several facilities at levels above human health guidelines for
residential soils in the State of California. Future testing will focus on this PAH to determine if
the levels represent long-term accumulation.
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Appendix
Pollution Reduction Facility Monitoring Criteria
FY 2005-06
Environmental Investigations Division
City of Portland, Bureau of Environmental Services
These criteria are ONLY applicable if pollution reduction effectiveness is being determined for
bioswales, ponds, manufactured treatment technologies, and filters.
I. General
A. Goals and Objectives
• Estimate the efficiency of a PRF in reducing pollutant loading from stormwater runoff.
• Determine if the mean TSS concentration in the PRF effluent is less than or equal to 20 ppm at
a 95 percent confidence level.
• Compare effluent concentration of pollutants of concern to instream water quality criteria.
B. Total Project Cost
Approximately $100,000 for 15 storm events sampled over 3 to 5 years (based on FY 2004-05
costs)
II. Sampling and Analysis
Number of Events:
Frequency:
Sample Sites:
Sample Type:
Analytes:
(additional analytes can be
added to meet site specific
objectives)

Quality Control:

Stormwater
Minimum of 15
3-5 per fiscal year
Inlet and Outlet
Grab
•pH
•Temperature
•Conductivity
•Total/Nonpolar
Oil and Grease

Flow-weighted Composite
•TSS/TDS/TS
• Total Metals
(Cu, Cr, Pb, Zn)
•Dissolved Metals
(Cu, Pb, Zn)
•Hardness
•Total Phosphorus
•E. coli
•Orthophosphate phosphorus
•Ammonia-nitrogen
•Nitrate-nitrogen
Annual field blank and duplicate

Sediment
Minimum of 3
1 per fiscal year
Treatment facility
Composite
•Total Solids
•Grain Size
•HCID/TPH
•Total Metals
(Cd, Cr, Cu, Pb, Hg, Zn)

N/A

III. Data Evaluation and Reporting
A. IMS Deliverables
• Annual Monitoring Summary
• Preliminary Data Evaluation and Summary after 10 events
• Final Data Evaluation and Summary after 15 events
B. Customer Responsibility
• Overall BMP evaluation including construction, and maintenance costs, design specs, pollutant removal
performance, and maintenance issues.
• Action plan for making management decisions based on BMP evaluation data and information.

P r i n t e d o n r e c y c l e d p a p e r.

