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SESSION 1 – Regulatory Trends and Alternative Compliance 
 

Fish Consumption Rate Derived Water Quality Criteria: Potential Future 
Stormwater Regulatory and Compliance Implications – Eric Strecker, Geosyntec 
Consultants 

The U.S. EPA provides guidance to states for setting water quality criteria for protecting 
human health and aquatic life. A risk-based approach is recommended when setting 
criteria for many bioaccumulative and cancer causing pollutants, such as mercury, PCBs, 
and several pesticides. In 2002, the EPA published the National Recommended Water 
Quality Criteria, which included recommended human health criteria based on an 
assumption of fish and water consumption rates, average body weights, and an acceptable 
cancer risk rate. Most states have adopted these criteria. However, recently there are 
concerns that the assumed national average fish consumption rate of 17.5 grams/day does 
not reflect the consumption rates of many groups of society, including Native Americans, 
fisherman, and ethnic minorities. Due to these concerns, some states have revised or are 
considering revising their state human health criteria based on a higher assumed fish 
consumption rate. For example, Oregon revised its human health toxics criteria based on 
an assumed higher per capita fish consumption rate of 175 grams/day, while continuing 
with the allowable cancer risk of 1x10-6. The revised criteria, which were approved by EPA 
in 2011, have decreased by an order of magnitude for several pollutants. Washington has 
proposed similar criteria revisions, with an increase in cancer risk for some pollutants to 
1x10-5 and California may not be far behind. The new criteria will almost certainly result 
in new impaired waters listings and changes to NPDES permit requirements, including 
stormwater permits. However, it is unknown how state regulators will consider background 
conditions (including both natural and anthropogenic), current laboratory detection limits 
and pollutant treatability when developing TMDLs, permit benchmarks, and/or effluent 
limits or what the process will be for interim and long-term compliance. This presentation 
will explore some of these issues and implications and, for a selected set of priority 
pollutants, evaluate laboratory method detection limits and potential stormwater treatment 
technologies that may be needed to achieve limits based the potential criteria being 
proposed in Oregon and Washington. 

 



Surface Water Solutions that Meet Evolving Regulations – Nicole Czarnomski and 
Marjorie Wolfe, Wolf Water Resources 

Surface water is regulated by a multitude of local, State, and Federal regulations each with 
its own set of priorities and rules. Oregon is facing increasing surface water regulations 
related to the recent FEMA NMFS BiOP which will require stricter regulations for 
floodplain development including stormwater management, buffers, and setbacks. 
Mitigation markets propose simplified accounting strategies but struggle to represent 
ecosystem services accurately without double counting. Meeting surface water regulations 
and mitigation requirements on a piecemeal basis is increasingly complex and has a high 
risk of failure. This is because ecosystem services operate as interdependent processes that 
cannot be parced out and accounted for in isolation. The need to integrate watershed 
context and function is broadly applicable to habitat, species, and water quality 
management planning and restoration actions in streams. The challenge is demonstrating 
accountability to regulators and documenting the ecosystem benefits of particular actions 
within a watershed context over time.  

Navigating this maze of layered and overlapping compliance measures is increasingly 
challenging for surface water management agencies and regulators alike. This presentation 
will describe a stream mitigation framework under development for Oregon and supported 
by regulatory agencies that can integrate surface water goals with watershed functional 
uplift. Of particular focus for the stream mitigation framework is in meeting the goals of 
the U.S. federal Clean Water Act (CWA) and Oregon’s Removal-Fill Law (R-F), including 
requirements to provide compensatory mitigation for unavoidable impacts to jurisdictional 
waters through permitting programs. A function-based stream assessment and associated 
classification tools have been developed to provide an integrative, systematic approach for 
stream assessment and mitigation. The assessment method evaluates functions and 
values—defined for a project as the ecological and societal benefits that riverine systems 
provide—at the site-level, but considers these within the broader watershed context.  

This is an opportunity for jurisdictions to step back and assess ecosystem function and 
processes and apply restoration and conservation actions that document benefits in a way 
that complies with multiple regulations. Understanding ecosystems as a network of 
interdependent systems that support diverse services such as water quality, habitat, and 
flood control enables us to focus on restoring the overall network. This approach is more 
cost effective, self-sustaining, and resilient while meeting multiple compliance goals as 
opposed to adding more layer local code and regulations. 

 

Derry Dell Creek Enhancement Project – Jadene Stensland, Clean Water Services 



Clean Water Services, a public water resources management utility in the Tualatin River 
Watershed, partnered with the City of Tigard, on the Derry Dell Creek Enhancement 
Project.  

Initially, the project scope was to replace the sanitary sewer main and relocate the creek 
closer to its historic alignment and away from the sewer main. However, the City of Tigard 
had been planning to replace an aging culvert crossing of SW Walnut Street, and stepped in 
to purchase property for a park that would connect to the regional trail system and protect 
an important urban riparian area at the confluence of Derry Dell and Fanno Creeks. The 
scope expanded further with the opportunity to add floodplain, wetland, and aquatic 
habitat benefits, becoming an ambitious infrastructure rehabilitation and habitat 
improvement project that included a fish-friendly concrete box culvert, widening of the 
major thoroughfare SW Walnut Street, adding a new neighborhood pedestrian/bike 
connection between two K12 schools with an elevated boardwalk, and increasing wetland 
and floodplain enhancement area. By combining forces, the public agencies were able to 
reduce project costs and minimize construction-related disturbances to sensitive natural 
areas and local residents.  

The project restored and realigned 1,200 feet of degraded stream channel; enhanced over a 
half acre of wetlands and floodplain to retain 56,000 cubic feet of rain run-off; re-vegetated 
five acres of land with native species; placed 90-plus pieces of large wood within the creek 
and floodplain; and re-established fish passage to the upper reaches of Derry Dell Creek 
through a culvert crossing. 

SESSION 2 – Retrofitting Existing Development for Water Quality and Quantity Control 

 

Depave. From Parking Lots to Paradise – Eric Rosewall, Depave 

The negative relationship between impervious surface and watershed health has been well 
documented over the years and the simple fact is that removing impervious surface 
improves watershed health. Where others may only see abandoned parking lots and 
underused paved spaces, we see excellent opportunities to transform these areas into 
community greenspaces and restore watershed health.  

Depave, a Portland-based non-profit organization engages community members in 
implementing green infrastructure and neighborhood garden projects through cutting edge, 
hands-on landscape intervention. Since 2008, by forming partnerships and engaging 
volunteers, Depave has removed over 123,000 square feet of pavement and created 40 
distinct greenspaces in Portland. Cumulatively, these rain gardens, sustainable school 
yards, community gardens and edible forests reduce runoff by nearly 2.9 million gallons, 
annually. While mitigation of stormwater runoff is an easily measured and desired benefit, 
these projects provide so much more. Neighbors and community groups come together to 
create green spaces in an otherwise barren landscape. The completed projects give people a 



chance to connect with nature, learn about native landscapes, grow food and improve 
safety. These social benefits have the power to attract, engage and win lasting commitment 
from the local players. That power can and should be used to improve watershed health. 

While it may seem daunting and expensive to remove large areas of pavement, the process 
is fairly straight forward and approachable. Over the years, Depave has refined their 
project planning and execution process. This presentation proposes to provide an overview 
of how depaving works, review the planning and tools needed to create a project and outline 
the steps involved in running smooth community-engagement events. The depaving model 
will be demonstrated with specific examples from Depave’s extensive project portfolio.  

 

Piloting Real Time Control Retrofits of Stormwater Facilities: Two Oregon Case 
Studies – Richard Boyle, Clean Water Services and Aaron Poresky, Geosyntec Consultants 

With increasingly stringent MS4 Permit requirements and other watershed management 
challenges, the need to attain higher performance from existing stormwater management 
facilities has never been greater. Clean Water Services (District) is evaluating the use of 
real time control of stormwater management facilities as part of is long term strategy for 
stormwater management, specifically as an approach to help improve hydromodification 
control and water quality performance of these facilities. This approach involves deploying 
on-site sensors, actuated water level controls, and telemetry systems, supported by an 
online platform and decision space. Based on information from sensors (e.g., water level, 
flowrates), weather forecasts (e.g., probability of precipitation, quantitative precipitation 
forecast), and other potential information (e.g., streamflow data, precipitation data), the 
system is designed to make automated decisions about when and how to store or release 
water. With limited changes to existing infrastructure and relatively inexpensive hardware 
elements, substantial performance gains can be achieved. 

This presentation will highlight two pilot projects using real-time control technology, one 
involving retrofitting an existing stormwater pond for a 120-acre watershed, and one 
involving modification of the design of a detention basin in a new residential development. 
By preparing for forecasted storm events in advance and calculating the minimum release 
rate from the pond on a minute-by-minute basis during storm events, both applications are 
intended to enhance hydromodification control performance in more frequent “channel 
forming” events while maintaining the original flood control purpose of the facilities in 
major events. Both systems are also expected to achieve improvements in water quality 
performance compared to passive systems by increasing residence time and the potential 
for infiltration losses. Finally, the real time control solution provides the ability to adapt 
system operations in response to feedback from monitoring data and/or changes in 
watershed characteristics over time. Based on the initial successes of these pilots, the 
District is exploring additional opportunities for retrofit projects and developing a long term 
strategy for use of real time controls. 



This presentation will include: (1) lessons learned from pilot project implementations, (2) 
highlights of data obtained from the operation of these facilities, (3) results of modeling 
analyses conducted to estimate long term performance of these systems, and (4) the results 
of a District-wide evaluation of other potential opportunities.  

 

Seattle’s Integrated Plan – Michael Milne, Brown and Caldwell and Robert Annear, 
Geosyntec Consultants 

Municipalities across the country face increasing requirements and costs for stormwater 
and wastewater permit compliance. In 2012, EPA issued guidelines for integrated planning 
to help municipalities comply with their CWA wastewater and stormwater requirements 
more efficiently. The City of Seattle (City) subsequently negotiated a Consent Decree that 
allows the City to propose an Integrated Plan for addressing its stormwater and 
wastewater permit requirements.  

To develop the Integrated Plan, the City ranked its receiving water bodies based on the 
Consent Decree requirements and identified potential stormwater projects to be 
implemented and CSO projects to be deferred. The City developed pollutant loads models 
and conducted exposure assessments to compare the water quality, human health and 
habitat benefits of each candidate stormwater and CSO project. Seattle used multi-objective 
decision analysis to help select a combination of stormwater projects and CSO deferrals 
that meets the Consent Decree requirements and supports Seattle’s triple bottom line 
decision making-- financial, environmental and social impacts and benefits. SPU assembled 
an independent Expert Panel to help refine the analytical methods and provide feedback on 
the results. US EPA and the Washington State Department of Ecology provided input 
during plan development. 

Seattle selected a combination of gray, green, and programmatic stormwater projects to 
implement and low-frequency, low-volume CSO detention projects to defer. The selected 
stormwater projects should provide much greater reductions in pollutant loads and 
exposures than the deferred CSO projects, primarily because the stormwater projects would 
treat much larger volumes. Implementing the Integrated Plan should achieve much greater 
water quality benefits than would have been provided by the deferred CSO projects alone.  

 

SESSION 3 – Advances in Bioretention and Filtration 

 

Root-enhance Infiltration within Stormwater Bioretention Facilities in Portland, 
OR – Ted Hart, Portland State University 



With an increase in impervious surfaces, stormwater has become one of the greatest water 
quality and flooding threats within urban areas. To mitigate these threats, stormwater 
bioretention facilities (SBFs) have become one of the most frequently used stormwater 
management tools in urban areas. The two primary purposes of these facilities are to 
reduce peak flow and retain pollutants, with an increase in the former increasing the later 
function. Researchers have shown that roots can greatly increase stormwater infiltration 
and retain pollutants in greenhouse and lab settings. Also, experimental SBFs with 
vegetation have demonstrated greater stormwater infiltration and retention compared to 
non-vegetated controls. However, no researchers have measured root distribution and the 
extent roots can increase infiltration within currently functioning SBFs. We hypothesized 
that: 1) greater root biomass, surface area, and lower/upper root biomass would positively 
correlate with the infiltration rate, and 2) root biomass and infiltration rate would increase 
from winter to spring. Ten SBFs were selected as similar as possible (i.e. plant percent 
cover) with similar environmental characteristics (i.e. distance to groundwater) but showed 
a gradient from low to high root biomass. Infiltration rates were recorded using water depth 
data loggers from December 2013 to December 2014. Root biomass and surface area was 
measured to a depth of 1 m during two periods, winter (Jan-Feb) and late spring (May-
June) in 2014. Root core samples were partitioned at every 8.5 cm depths, processed to only 
include roots greater than 0.5 mm in diameter, analyzed using WinRhizo, and weighed. 
From winter to late spring, average root biomass and infiltration increased from 1.2 to 1.9 
kg/m3 and 4.0 to 5.9 cm/hr, respectively. Strongest correlation shown was maximum 
infiltration rate and average root biomass (r2 = 0.90). Most correlations between infiltration 
and root metrics where low to moderate. 

 

Biochar for Stormwater Management – Miles Gray, Oregon State University 

Biochar-based filtration is an emerging stormwater management approach and has 
generated significant interest among stormwater professionals, particularly for removal of 
copper and zinc. Biochar is a granular, highly porous by-product of bioenergy production 
and can be considered a lower cost, “green” alternative to activated carbon. Its unique 
physical and chemical properties, including surface area of up to 400 m2/g, make it suitable 
for a range of environmental applications. Numerous research groups have documented the 
effectiveness of biochar to remove contaminants from water including petroleum 
hydrocarbons, trace organics including herbicides, pesticides, pharmaceuticals, nutrients, 
and heavy metals including copper, lead, and zinc.  

In addition to laboratory research, pilot projects and full-scale projects have been installed, 
with several projects recently completed in the Pacific Northwest. These have included 
media filters, engineered aboveground biofiltration systems, and in-ground biofiltration soil 
mixtures. Due to the nascent nature of this technology, successful projects must be 
carefully designed to account for several biochar-specific design considerations including: 1) 
High degree of variability between different biochars, 2) Incorporation of secondary 



components, and 3) Biochar post-processing and other methods to ensure suitable media 
flow rates.  

To broaden the appeal of biochar for use in stormwater management, a rigorous 
optimization process is currently underway at Oregon State University to create effective 
biochar-based media blends specifically for the removal of copper and zinc from stormwater 
runoff. Results from this project have shown that high flow rate biochar-based filtration 
mixtures are capable of removing greater than 95% of dissolved and total copper and zinc 
over long timescales using a range of influent stormwater samples. Secondary components 
have been selected to enhance contaminant removal but also to encourage beneficial 
biological activity, buffer effluent pH, and improve hydraulic performance. Post-processing 
methods have been incorporated to ensure suitable material flow rates and enhance 
contaminant removal properties.  

This presentation will include: 1) A brief introduction to biochar science and its value in 
stormwater filtration; 2) An overview of biochar-based stormwater installations in the 
PNW, 3) Critical biochar-specific design considerations for successful installations; and 4) 
Results and data from OSU biochar optimization research.  

 

Advancing Biofiltration Design – A Synthesis of Recent Research Findings and 
Future Research Needs – Aaron Poresky, Geosyntec Consultants 

Biofiltration (aka bioretention with underdrains) has emerged as a preferred stormwater 
treatment option in many MS4 permits and has been demonstrated to meet many 
stormwater management goals. However, substantial questions remain about biofiltration 
design for specific pollutants and site conditions. Additionally, field scale monitoring 
studies have indicated the potential for export of pollutants from biofiltration, even when 
carefully designed and constructed to modern specifications.  

Prompted in part by these concerns, recent and ongoing research in Washington, California, 
and elsewhere have begun to reevaluate conventional biofiltration design assumptions and 
test the performance of innovative designs. Specifically, this research includes surveys and 
testing of media components, column studies of individual components and combinations, 
and full-scale design and monitoring projects of innovative systems. Information from these 
studies, as well as review of past studies in the International Stormwater BMP Database, 
provides the basis for advancing biofiltration design to achieve higher and more consistent 
performance for specific pollutant, as well as improving system longevity. 

This presentation will provide a summary of recent and ongoing research, including the 
practical findings that can be transferred to projects in the Pacific Northwest. The 
discussion will be organized into three primary topics: 



(1) Biofiltration media composition: How does media composition influence performance? 
What are we learning about the unit treatment processes that are effective in biofiltration 
media, and how can we exploit this knowledge to improve performance? What aspects of 
media specifications are most important? How can we manage the construction quality 
issues associated with variability in material supply stocks and differences in material 
availability by region? 

(2) Alternative approaches for controlling system hydraulics: The conventional approach 
has been to control media contact time by controlling the permeability of the media. What 
are the advantages and disadvantages of this approach? How could a paradigm shift to an 
outlet-controlled filtration design with a high rate media mixture improve both longevity 
and performance?  

(3) Role of plants in biofiltration performance and longevity: Vegetation can improve 
performance and enhance longevity – but it can be costly to install and maintain. What role 
do plants (and associated symbiotic fungal communities) play in biofiltration operations? 
Can the absence of plants be mitigated in cases where a non-vegetated design is preferred?  

In addition to summarizing recent research findings, the presentation will also identify 
future research needs and provide practical lessons learned from implementing 
biofiltration, including specifying and acquiring media and working with construction 
contractors. 

 

SESSION 4 – Stormwater Models and Decision Support Tools 

ISI Envision Sustainability Ratings for Stormwater BMPs – Valerie Fuchs, Brown 
and Caldwell 

The County of San Diego (County) developed a comparative assessment of structural 
stormwater best management practices (BMPs) using a sustainable return on investment 
(SROI) study to identify benefits and impacts. This talk will present the results of that the 
SROI including quantitative and qualitative evaluation for potential project costs, social 
outcomes, environmental performance, and monetized benefits of 21 stormwater BMP 
categories. 

Qualitative assessment was determined based on the Institute for Sustainable 
Infrastructure (ISI) Envision™ rating system, which evaluates projects for 60 
sustainability criteria in the categories of Quality of Life, Leadership, Resource Allocation, 
National World, and Climate and Risk. Quantitative assessment and life cycle cost analyses 
were developed using the Business Case Evaluation (BCE) tool developed by Brown and 
Caldwell.  



The Envision™ rating system was applied to stormwater BMP to develop a decision 
support tool the County can use to incorporate sustainability criteria in stormwater project 
selection analyses. The wide range of BMPs includes green streets, hydrodynamic 
separators, bioinfiltration, extended detention basins, stream rehabilitation, groundwater 
injection, and others. As these BMPs are not yet part of physical projects, assumptions and 
rating criteria are being identified related to each structural BMP, including identifying 
categories of project team actions and criteria that go beyond the structure, which the 
County could evaluate for use on upcoming projects. This approach gives us a sense of a) 
how the structural BMPs compare to each other in terms of sustainability, and b) how the 
County could increase performance for projects that may seek Envision™ sustainability 
certification. BMP characteristics that differentiate the ratings include vegetation, 
structural/constructed elements, relationship to transportation infrastructure, and 
operation/maintenance requirements. 

The study also includes a quantitative assessment of the BMPs based on the Envision™ 
BCE tool to evaluate life cycle costs, including monetized social and environmental ""co-
benefits"". The BCE analysis is built on existing cost estimates of structural BMPs that 
compare their life cycle costs with estimated pollution reductions, and adds the estimated 
monetized impact of environmental and social costs or values (e.g. increased property 
values; community benefits; reduced air temperatures, etc.). 

This presentation focuses on a framework to use the Envision™ rating and BCE 
assessment to identify BMPs that may be most cost effectively and sustainably 
implemented in the County, providing social, environmental, and financial benefits to the 
community. 

A Comparison of BMP Sizing Tools to Address Hydromodification/Flow Duration 
Matching – Krista Reininga and Alissa Maxell, Brown and Caldwell 

"NPDES MS4 permit requirements related to post-construction stormwater controls (i.e., 
water quality standards for new development and redevelopment) have evolved 
significantly over the last 20 years. Requirements have shifted from reducing the 
concentration of pollutants in runoff to also addressing flow volumes, and, in some cases, 
flow duration/hydromodification impacts. Addressing flow duration/hydromodification 
impacts requires a significant shift in the methods used to size stormwater management 
facilities. Traditional sizing has been based on peak flows generated from synthetic 24 hour 
rainfall events. Newer sizing is based on the continuous simulation of hydrology associated 
with long-term historic rainfall records. This shift in sizing methods requires a level of 
complexity and sophistication in hydrologic modeling that is often beyond the resources 
available to developers. As a result, stormwater management facility-sizing tools have been 
developed to assist developers in sizing facilities based on the continuous simulation of 
long-term rainfall data. Various levels and types of stormwater management facility-sizing 
tools have been developed in California, Oregon, and Washington for this purpose. 



This presentation will provide a brief definition of flow duration/hydromodification relative 
to stormwater quality standards for new development and redevelopment. A summary will 
be provided of newer methods for sizing facilities to address flow 
duration/hydromodification. Lastly, the presentation will focus on four types of regional 
(West/Northwest) sizing tools that are being used, or are currently under development for 
use, in sizing stormwater management facilities to address hydromodification 
requirements. Depending on the level of detail desired in the tool, there are several 
acceptable options available that range from simple spreadsheet tools to more sophisticated 
tools with HSPF running in the background. The selection of an appropriate tool depends 
on the individual community’s desired level of detail.The summary and comparison of tools 
will focus on the basis of calculations, ease of use, flexibility, and outcomes as compared 
with traditional methods. 

Continuous Simulation Modeling for Design of Storm Water Management 
Facilities –  Kevin Timmins, Otak and Jadene Stensland, Clean Water Services 

Continuous simulation hydrologic modeling can be used to design stormwater management 
facilities to achieve a flow duration based design standard. Flow duration based design is 
one of the management approaches available to mitigate for hydromodification, and reduce 
channel erosion that might otherwise result from changes in hydrology due to development 
or transportation infrastructure. There are multiple benefits to using a flow duration based 
design standard as compared to the standard peak flow matching using a design storm 
hydrologic method. Flow duration based design tools are beginning to appear in Oregon. 
Clean Water Services recently completed the Tualatin River Urban Stormwater Tool 
(T.R.U.S.T.) and the software has been made available by the City of Tigard for design of 
regional stormwater facilities in the River Terrace Development. There will be a learning 
curve to overcome as the stormwater professionals in Oregon start to implement flow 
duration based design, but there is over 20 years of knowledge and experience to draw upon 
from stormwater professionals in the adjacent West Coast states of Washington and 
California. 

One of the many advantages of a continuous simulation modeling approach is the ability to 
develop long-term time-series data for flow or stage, for anything that is a defined element 
of the model. The only thing better then having simulated time-series data available would 
be actual, long-term measurements. Long-term measurements are not an option for most 
situations. For example, the continuous simulation of a stormwater quantity control facility 
or an existing wetland area can result in a stage time-series for that facility. A lot can be 
understood regarding the hydrology of a facility by evaluating the stage frequency, stage 
duration, and the shape of the stage time-series for a facility Insights such as changes to 
the wetting and drying, frequency of a particular depth, percent of time an area is 
inundated, and drawdown time. The time-series can be evaluated on an annual basis or 
based upon a particular time of year or season, such as the amphibian nesting season. 



Continuous simulation modeling has many advantages over traditional design storm 
methodology currently in place in much of Oregon. 

Optimized Decision Support Tools for Green Infrastructure Planning – Joshua 
Cantone, Optimatics and Marc Leisenring, Geosyntec Consultants 

As cities across the world seek means of reducing flooding and improving water quality, 
utilities are often faced with trying to find the right balance of grey and green 
infrastructure. The implementation of green infrastructure has significantly increased in 
the past decade and so has the understanding of its costs and the impacts of green practices 
on runoff hydrographs and water quality. This understanding has led to the development of 
methodologies for simulating green infrastructure that places engineers and planners in a 
better position to integrate green and grey projects.  

It is evident that planners today must consider a large number of options when trying to 
find cost-effective ways to meet level of service goals and more stringent water quality 
criteria. The question often becomes, what is the best combination of options to meet those 
goals and criteria whilst maximizing other benefits and minimizing cost? Recent projects in 
South Bend, Indiana and Chicago, Illinois have made it clear that this question can be more 
aptly answered when using a decision support tool such as Optimizer.  

Optimizer is a decision support tool that allows planners to assess hundreds of thousands of 
combinations of potential grey and green infrastructure options, ultimately evolving to a 
near optimal solution using the power of cloud computing and evolutionary algorithms.  

Geosyntec and Optimatics are currently working on a project aimed at identifying the best 
combination of green infrastructure practices to help minimize basement flooding in the 
City of Chicago. Using Optimizer and a unique methodology for simulating distributed 
green practices such as cisterns, biofiltration, green/blue roofs and permeable pavement, 
the team has been able to quickly identify the most beneficial subcatchments to implement 
green infrastructure at least cost whilst maximizing social and environmental benefits. 
Optimizer has allowed the hydraulic and economic evaluation of hundreds of thousands of 
possible combinations of green infrastructure in a 27 square mile combined sewer service 
area. This presentation will describe the Optimizer software and illustrate its utility 
through a recent case study example.   

 

SESSION 5 – Monitoring and Maintenance 

Have Oregon MS4 NPDES Stormwater Programs Improved Instream Water 
Quality? What are the Trends? Are We On a Path to Meeting Waste Load – Krista 
Reininga and Angela Wieland, Brown and Caldwell 



The large municipalities in Oregon have been implementing NPDES Stormwater 
Management Programs to address stormwater quality, and hence instream water quality 
since the early 90s. Along the way they have been required to conduct monitoring to 
evaluate pollutant concentrations in both stormwater and receiving waters (i.e., instream). 
As a requirement under the MS4 NPDES permit, several of the large permittees were 
recently required to submit instream water quality trends analyses. The trends analyses 
were conducted to evaluate whether changes have occurred in instream water quality over 
time and whether those changes are statistically significant. This presentation provides a 
summary of those results and compares results between jurisdictions. 

In addition, these same jurisdictions are subject to total maximum daily load (TMDL) 
requirements to address instream water quality. They must complete waste load allocation 
attainment assessments to determine what BMPs and retrofits would be needed to meet 
TMDL waste load allocations. The purpose of the assessment was to evaluate how much 
additional load reduction is needed to meet WLAs, how much additional treatment it would 
take to achieve that load reduction, and how much that treatment would cost. This 
presentation provides a summary of the results of those evaluations.  

The results of these two analyses are of interest to Stormwater program managers and 
design engineers, as we seek to implement BMPs that will have a positive impact on 
receiving water quality. 

Oregon Stormwater Testing and Maintainability Center: A State-of-the-Art 
Facility for Evaluating Maintenance Requirements and Treatment – John Lenth, 
Herrera and Paul Wirfs and Dan Gunther, Oregon Department of Transportation 

Oregon Department of Transportation (ODOT) is currently working collaboratively with 
Clean Water Services and numerous public stakeholders in Oregon to construct the Oregon 
Stormwater Testing and Maintainability Center (Center), a dedicated testing facility for 
evaluating the maintenance requirements and treatment performance of emerging 
stormwater treatment technologies. The Center is being constructed at the ODOT East 
Portland Maintenance Yard at 5315 Northeast 101st Avenue near Interstate 205 (I-205) 
and the Columbia Slough in Portland, Oregon. This area was strategically selected because 
of its secure location on ODOT property and proximity to an 84-inch storm drain that will 
provide stormwater needed for testing at the Center. This large storm drain conveys water 
from an approximately 1,000-acre drainage basin containing high traffic highway and 
mixed urban land uses. Currently, up to three stormwater treatment technologies may be 
tested simultaneously at the site which has room for expansion. Stormwater can be 
delivered to these treatment technologies using installed pumps at the Center or gravity 
flow. 

The primary goal of testing at the Center will be to evaluate maintenance requirements for 
these technologies based on an established protocol. Implementation of this protocol will 
involve the delivery of stormwater to treatment technologies installed at the Center for an 



evaluation period that captures one entire maintenance cycle. The mass sediment delivered 
to each treatment technology will be tracked over this period to estimate how frequently 
maintenance would be required given typical sediment loading rates. The level of effort and 
cost of maintaining the treatment technology will also be recorded through the duration of 
the evaluation period. Lifecycle maintenance and capital recovery costs will be calculated 
for the treatment technology assuming a facility life cycle of 20 years.  

A secondary goal will be to evaluate the treatment performance of emerging stormwater 
treatment technologies at the Center in accordance with the Technology Assessment 
Protocol (TAPE) program. This program is implemented by the Washington State 
Department of Ecology (Ecology) with administrative support from the Washington 
Stormwater Center. The TAPE program establishes specific use designations for emerging 
stormwater treatment technologies. If it can be shown through this testing that the 
treatment technology meets minimum goals for the specific treatment categories, Ecology 
may issue a General Use Level Designation (GULD) for the technology that permits its 
more widespread use. The Center received formal approval from Ecology for this testing in 
May 2015. 

 

SESSION 6 – Green Infrastructure Design 

The SE Sandy Greenstreet Project – Steve Roelof and Adam Zucker, ESA Vigil-Agrimis  

The SE Sandy Greenstreet project is an innovative, citizen-driven stormwater retrofit in 
Portland’s Central Eastside Industrial District. The design team reimagined three 
underutilized triangles of pavement within the public right-of-way, transforming a 3-block 
stretch of SE Sandy Boulevard. This complete street project treats stormwater from 
existing public roadways, adds large trees to the corridor, improves the pedestrian 
experience, adds safety features for bicyclists, and increases parking capacity. 

The design process began with a successful grant application providing funding from the 
City of Portland’s Community Benefit Opportunity (CBO) grant program. Adam Zucker, 
PE, who wrote the grant application, led the design team at ESA Vigil-Agrimis. The design 
team included engineers and landscape architects working in collaboration with City staff 
from Portland’s Bureau of Environmental Services and Bureau of Transportation. The 
design team used a charrette to explore design concepts and materials and then iterated on 
those ideas during the development of construction documents and specifications. 

The design concept activates the streetscape with materials and forms inspired by the flow 
of the corridor and the history of the neighborhood. The triangle forms of the basins were 
created by de-paving unused spaces that resulted from Sandy Boulevard’s diagonal slice 
through the street grid. Within these triangles, stormwater flows from the street into 
planted basins where it slows, cools, and is cleaned before recharging groundwater adjacent 



to the Willamette River. Curved steel walls provide grade control and were inspired by the 
swirling forms of a river eddy. 

The project created a venue for innovation and unique, context-sensitive design elements. 
Historic basalt Belgian Blocks were repurposed as stone runnels; weathering-steel walls 
celebrate the industrial character of the neighborhood; a concrete valley gutter directs 
additional water to the main facility; Silva Cells allow tree roots to safely grow beneath the 
sidewalk; a planted median features native ponderosa pines for extensive canopy cover; 
street intersections were designed to accommodate freight traffic; and a newly installed 
concrete bike refuge helps bicyclists safely cross SE Sandy Boulevard. 

This presentation is a case study of this project and it will cover the following topics: 

• project grants; 
• design process; 
• complete street approach; 
• important considerations for retrofitting urban stormwater facilities; 
• design concepts and innovative materials; and 
• a summary of the direct, quantifiable improvements to SE Sandy Boulevard. 

 

The Stormwater Green Wall: A New Approach to Stormwater in Urban Areas– 
Shawn Kummer, Greenworks, P.C. and Dave Elkin, Metro 

The Portland EXPO Stormwater Green Wall project is an innovative and unique project 
that represents the next step in the development of creative stormwater management 
solutions, by taking roof-runoff and routing it through a series of vegetated planters 
mounted to a vertical wall structure. Succinctly put, “It’s a blend of science, art and 
sustainability,” Expo Center Director Matthew Rotchford told a gathering of people at the 
grand opening celebration on October 2014. 

The stormwater wall is located prominently at the Portland EXPO Center, standing 30-feet 
tall and 60-feet wide, it comprises a series of twelve 20-foot long horizontal aluminum 
planters stacked above one another in two columns mounted to a free standing steel frame 
structure. Stormwater runoff from the 9,400 SF roof above is collected in the existing gutter 
and diverted into a series of distribution boxes that divide the water equally that is then 
conveyed into the stormwater planter channels. The plants and soil in these planters 
absorb and retain stormwater to reduce the flow back into the existing drainage system. 
Equipment installed as part of the project that can measure flow rates is being monitored 
in order to gain an understanding of how well the stormwater wall is performing or isn’t 
performing. 

Several design problems and challenges were overcome as a part of this project. Some of 
these challenges include: 1) how to evenly distribute water throughout the system, 2) 



designing the structure to be free-standing, 3) elegantly integrating the design with the 
existing architecture and 4) designing a system that can be easily replicated and modified 
for use on future projects. 

The stormwater wall provides a new way of collecting and managing stormwater in dense 
urban areas with existing buildings that would be cost prohibitive to retrofit with green 
roofs where space for more traditional vegetated facilities such as swales and planters is 
not available. In addition to the stormwater function, the stormwater green wall also 
provides many of the benefits of a traditional green wall by increasing the amount of 
vegetation in the urban environment. 

 

Getting Out of Stormwater Jail: Aesthetics for Regional Stormwater Facilities in 
Tigard – Lori Faha, City of Tigard and Trista Kobluskie, Otak, Inc. 

In 2014, the City of Tigard adopted the River Terrace Community Plan to guide 
development of 490 acres on the western edge of the City. The vision for the area is a 
community of great neighborhoods that includes housing, neighborhood-scale businesses, 
schools, parks, and recreational opportunities. 

River Terrace is currently mostly in agricultural use with some minor residential 
development. This blank slate for urban development offers the opportunity for new 
thinking about stormwater management in Tigard. The River Terrace Stormwater Master 
Plan conveys the City’s and public’s aspiration for regional stormwater facilities to function 
as integrated community amenities – to not only protect natural resources from 
degradation but also to beautify neighborhoods and provide recreation and education to 
residents and habitat for native species. 

To turn the Stormwater Master Plan’s goals into action, new public improvement standards 
incorporate both a detention performance standard and innovative requirements for 
transforming regional stormwater facilities into community amenities. A collaborative 
approach between the City, Clean Water Services and Otak focused on achieving the 
aspirations of the master plan while developing standards that were implementable and 
that result in facilities that are sustainable and maintainable. 

The amenity standards were written to avoid the “stormwater jail” version of detention 
ponds that many of us are familiar with. Deep, steep-sided, tucked into an awkward corner, 
and fenced off from access, facilities are often unsightly and provide no benefit beyond 
stormwater control. River Terrace facilities will be designed to provide public access, 
minimize steep sides and vertical walls, and display aesthetically pleasing materials for 
retaining walls, furnishings, and fences, when used. 

The new public improvement standards use a menu approach to require additional amenity 
features in the categories of recreation, education, and habitat. Designs must incorporate a 



selection of features from one of these menus. A key consideration for menu options is the 
City’s maintenance responsibility for sport courts, benches, trails, or artwork. Because 
engineering standards do not typically delve into aesthetics, public use, or furnishings, we 
took inspiration from parks and land use standards in Tigard and neighboring communities 
to shape these requirements. 

 

Poster Presentations 
 

Western Oregon LID Guidance Template - Maria Cahill, Green Girl Land Development 
Solutions and Teresa Huntsinger, Oregon Environmental Council 

The Oregon Environmental Council, in cooperation with technical assistance from Green 
Girl Land Development Solutions LLC, is developing a free Low Impact Development 
guidance manual that cities and counties throughout Western Oregon can use to use to 
reduce stormwater runoff, prevent flooding, and improve watershed health.  

The guide will serve as a resource that local governments can choose to use (or not). 
Involvement from Oregon DEQ will help ensure that the guide meets regulatory 
requirements. A diverse technical advisory committee will ensure that the guide is 
applicable to Oregon’s stakeholders and natural conditions. 

Developing a post-construction guidance template that multiple cities can use will 
eliminate inefficiencies and save costs incurred when each city attempts to develop their 
own manual from scratch. The manual will ease successful implementation of LID to meet 
stormwater permit regulations and TMDL requirements. Designed for cities throughout 
Western Oregon, it eliminates problems caused when cities simply refer to the City of 
Portland manual, which may be inappropriate for their climate, geology, and stakeholders 
and too complex for their needs. 

Come learn about how this guide can help planners, designers, contractors, and 
maintenance staff use cost-effective practices to improve water quality on new 
developments, redevelopments, and retrofits.  

A few unique features of this template are: 

• Each best practice section includes information on construction, maintenance, cost 
considerations, and pitfalls and common mistakes, in addition to the commonly 
including siting and design information. 

• Each best practice section includes detailed information on construction, 
maintenance, cost considerations, and pitfalls and common mistakes, in addition to 
(the commonly included) siting and design information. 



• An LID Implementation Form that steps designers and planners through a 
preferred hierarchy of best practices. Best practices that reduce the most runoff are 
heavily emphasized, prioritizing watershed protection over simple on-site treatment. 

• An Excel model and detailed instructions and screen shots so jurisdictions may 
develop simplified sizing factors, allowing end users to size best practices using 
simple math based on the area managed. 

• Best practices for on managing runoff from landscape areas are proposed, which is 
similar to conventional stormwater management (such as detention and retention 
basins). 

• A chapter on the LID process provides broad considerations for effective LID 
implementation during the planning, design, construction, and maintenance phases. 

 

LID Permeable Pavers Effectiveness Study - Chad Hoxeng, Ian Wigger, Robert Hutton, 
Ben Joner, and Jane Kleiner, Clark County Department of Environmental Services 

Clark County Department of Environmental Services (county) completed a performance 
evaluation of the 10.33 acre McCord’s Vancouver Toyota Low Impact Development (Toyota 
LID) site to assess the effectiveness of permeable interlocking concrete pavement as a Low 
Impact Development flow reduction best management practice. Monitoring was performed 
to fulfill a portion of special condition (S.8.F.7.) of the 2007 NPDES phase 1 municipal 
permit. Low Impact Development (LID) includes a variety of management strategies that 
mimic or preserve natural drainage processes to manage stormwater runoff. LID 
management strategies typically retain runoff at the source and infiltrate into the ground 
rather than allowing runoff into ditches or storm pipes where it may drain to surface water, 
transferring pollutants and contributing to erosion or flooding problems. The Toyota LID 
project utilizes Eco-Loc Permeable concrete pavers that allow stormwater to drain through 
the voids between the pavers where it is stored in an 18 inch deep cobble base course and 
infiltrated into the soil. The pavement sections were designed using the Low Impact 
Development Technical Guidance Manual for Puget Sound dated January 2005, and the 
Interlocking Concrete Pavement Institution (ICPI) Permeable Interlocking Concrete 
Pavement Design Manual (Smith, 2006). The Toyota LID site is designed to capture and 
infiltrate all rain events up to the 24 hour 100-year rain event.  

Monitoring conducted by the county included onsite field measurements of water levels of 
observation wells in the base coarse, visual condition of the concrete paver parking areas, 
and analyses of continuous rainfall and flow data from the site’s only stormwater outfall. A 
total of 45 monthly field visits for onsite measurements of observation well water depth, 28 
months of continuous outfall flow data, and 26 months of continuous precipitation 
monitoring were completed. Results show that nearly all rain events infiltrated onsite. On 
one occasion stormwater discharged from the site after a brief and intense 1.75 inch storm. 
Data indicate this was not due to saturation of the subbase beneath the concrete pavers. 
Runoff discharged from the site may have been caused by moss growing between the 



pavers, impeding infiltration causing sheet flow which drained to the site’s outfall. 
Infiltration testing showed that moss drastically reduces infiltration rates of the concrete 
pavers. Additional possibilities for discharge leaving the site could be that infiltrated runoff 
seeped into the pipe system which drains to sites outfall.  

 
Phosphorus Leaching from Portland Area Ecoroofs – Robert Bacon, Jess Duey, and 
Lila Mahjoob, Portland State University 

As a result of the City of Portland’s green building policy ENB 9.01 and Floor Area Ratio 
Bonus program, the number of ecoroofs within city limits have increased from 288 in 2011 
to 434 in 2015 (City of Portland, 2015). Over 23 acres of roof area is covered by ecoroofs. 
These green infrastructure systems have been touted as decreasing stormwater volumes 
through evapotranspiration, lowering the “Heat Island Effect” of a building, increasing the 
lifetime of the roof, providing a pollinator area, removing air pollutants, and removing 
pollutants from runoff. However, data collected on ecoroofs throughout the City of Portland 
have shown export of organic phosphorus, which may be problematic in sensitive receiving 
waters (City of Portland, 2010). This project evaluates the water quality of runoff from 
ecoroofs. Captured rainwater was used to simulate storms on an ecoroof test site at 
Portland State University to evaluate the possible leaching of phosphorus and nitrogen 
species, with a particular focus on organic phosphorus. The ecoroof is a one year old 
extensive type roof with sedums as the vegetation. The test roof media consists of sand, 
compost, perlite and 1% fly ash. Further areas of study include finding the source of the 
phosphorus with leach tests and locating alternate sources of media that will be inherently 
low in organic phosphorus. 

 

Northeast Redevelopment Area Master Drainage Plan; Burien, Washington – Greg 
Laird, Russ Gaston; Courtney Hough, OTAK 

This project maximizes sustainable strategies to provide stormwater treatment and flow 
control for 78 acres of redevelopment and 54 acres of existing neighborhoods. The strategy 
implemented by Otak, for the City of Burien and the Port of Seattle, used onsite low impact 
development (LID) facilities for frequent, smaller, storms and seven regional facilities to 
infiltrate the larger storms up to the 50-year event. This strategy simulated natural 
hydrologic processes by using engineered structures, where feasible. The main infiltration 
facility (Facility 5) was able to replicate all of the targeted natural processes, listed below: 

• Forested Upland Rainfall Attenuation—Developers will be required to dedicate 5% 
of their redevelopment area to bioretention or equivalent LID facilities that treat 
and infiltrate 91% of the runoff volume. Otak prepared LID code and a stormwater 
manual for guidance and compliance with LID requirements.  

• Hillside Seeps—Stormwater collected during larger storms is routed to a stormwater 
vault in the hillside that is designed to spread a thin layer of flow across the slope 



for improved water quality treatment. The vault also acts as a sediment and debris 
catchment and was designed for easy access by City maintenance staff.  

• Wet Meadow—A grassy hillside slope provides additional water quality treatment 
by filtering smaller sediment before discharging to the losing (infiltrating) stream.   

• Losing Stream—The losing stream is utilized as the main inlet to the primary 
isolation row of the infiltration facility. This primary isolation row is used to trap the 
remaining sediment and minimize maintenance of the regional facility. 

• Floodplain Hyporheic Zone—Rows of plastic chambers provide storage that allows 
infiltration of remaining runoff from the redevelopment area. This recharges the 
shallow groundwater table and provides a discharge of cooler, cleaner ground water 
into Miller Creek, thus improving baseflow conditions and decreasing peak flows. 

The project was awarded the 2015 ACEC Engineering Excellence Silver Award for Social, 
Economic, and Sustainable Design Considerations.  

 

Performance Review of Filterra® and Filterra® Boxless™ Biofiltration Systems 
under the City of Portland’s 2014 Stormwater Management Manual – M. Blair 
Edwards and Dr. William Fish, Portland State University  

Manufacturers of stormwater management treatment technologies must apply to the 
Bureau of Environmental Services (BES) to be considered for general use within the City of 
Portland. Applicants seeking BES approval of manufactured stormwater treatment 
technologies must submit an application form, all required documentation, and an 
application fee. The review process consists of a public presentation describing the 
manufactured stormwater treatment technology, a technical interview, and a third party 
review of the documentation. The approval process evaluates the manufactured stormwater 
management treatment technology for its effectiveness in meeting the pollution reduction 
requirements of the Stormwater Management Manual and Portland City Code 17.38. The 
Stormwater Management Manual includes the following pollution reduction requirements: 
(1) 70 percent removal of total suspended solids (TSS) from 90 percent of the average 
annual runoff; (2) that manufactured pollution reducing facilities are required to 
demonstrate specific removal rates for pollutants of concern as certain watersheds within 
the City of Portland have established Total Daily maximum Loads (TMDLs); and (3) 
achieve performance goals of TAPE GULD certification by Washington Department of 
Ecology. On October 29, 2014 the first manufactured stormwater management treatment 
technology application was submitted by Contech Engineering Solutions, LLC to BES. 
Portland State University, specifically under the guidance of Dr. William Fish, conducted 
the third party review, and was responsible for the technical performance evaluation of 
Filterra® and Filterra® Boxless™ biofiltration systems. Two technical evaluation reports 
(TER) were previously conducted in order to achieve issuance of GULD certification. The 
third party review evaluated the data of the TERs to determine if the pollution reduction 
requirements of the Stormwater Management Manual and the Portland city Code 17.38 
were met.        


