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Introduction
As Oregon prepares to celebrate the 100-year anniversary of Oregon's water code in 2009, many different
parties, including the Governor's Office, the Oregon Legislature, the Oregon Water Resources Commission,
Oregon businesses, local governments, environmental organizations, agricultural interests, and the Oregon
University System are involved in crafting a vision for Oregon's water resources. Achieving that vision will
require, among other things, developing policy, regulatory, infrastructure investment, community
empowerment, and funding mechanisms. These challenges are particularly timely given that Oregon is one of
two states without a long-term water plan; the other state is Alaska.
Oregonians are witnessing the difficulties caused by water limitations. Water quantity and quality issues in the
Willamette and Klamath Basins are the Governors top environmental priorities. This situation is paralleled
around the world, and points toward a strong emerging area for growth in research, education, and outreach.
OSU is ideally positioned to assume a leadership role in addressing water problems, with about 125 faculty in
six colleges who teach and conduct research in areas related to water and watersheds. OSU is renowned for its
landscape-scale ecosystems research and continues to grow five new graduate degree programs in Water
Resources. These research and education efforts have all occurred without the benefit of programmatic
coordination or strategic vision.
The Institute for Water and Watersheds serves as the physical and intellectual center for water at OSU that
focuses faculty, students, facilities, and activities in a common location through four specific efforts: 1) a
university-wide water services lab supported by a full-time technician that provides services to multiple
researchers and teachers; 2) home offices for visiting scholars, fellows, and OSU faculty as necessary; 3)
video-conferencing capacity for teaching, research, and outreach activities; and 4) co-location with the
Institute of Natural Resources to provide links to policy, information, and research activities throughout the
state of Oregon.
A central aspect of the IWW is the development of new and innovative ways to engage stakeholders across
the region. The IWW has allowed OSU scientists and students to connect with diverse decision-makers at the
federal, state and local levels to provide solutions to Oregons water problems through three activities: 1)
incorporation of stakeholder needs and experiences into the Water and Watershed curriculum; 2) sponsorship
of a series of collaborative workshops held around the state with federal, state and local stakeholders to
identify partnering opportunities for addressing high-profile issues in Oregon; and 3) establishment of
conferences to identify critical water and watershed issues in the State and develop strategies to address these
issues. The first conference was held in 2008 and focused on Aquifer Storage and Recovery and Aquifer
Recharge in Oregon where over 160 professionals and students were in attendance. This was followed by the
first international conference on non-renewable groundwater co-hosted by the National Ground Water
Association in Portland in 2008 with 55 attendees from five countries and 10 US states.
The IWW is fundamentally elevating OSU's current capabilities in realizing new opportunities and attracting
new funding sources while better serving the needs of students and the state. To date, the outcome has become
a thriving academic engine built on current investments and existing excellence aligned with the OSU
strategic plan - interdisciplinary collaboration; the land-grant mission; national and international dimensions;
diversity; the environmental and economic health of the state, and will lead to a strong, self-sustaining unit
that will continue to strategically leverage state investment to solve the water problems of the future.
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Water Reuse in Corvallis: Modeling Public Acceptance
and a Plan for Public Involvement
May 2009
Principal Investigators:
Karen DuBose, Graduate student, Oregon State University
Brent Steel, Professor, Oregon State University
Since 1975, the City of Corvallis has been treating wastewater from Corvallis homes and
businesses at its Wastewater Reclamation Plant, and releasing the treated effluent into the
Willamette River. Wastewater that passes through the plant goes through primary and secondary
treatment, which removes the solids and most of the organic load in the water. The plant
produces over 4 billion gallons of effluent every year. Recently, the Oregon Department of
Environmental Quality (DEQ) tightened water quality regulations on the effluent released into
the river. The Wastewater Reclamation Plant currently meets all of the new standards, except for
temperature about four times a year. As the city grows, the associated increase in wastewater
production will put the city in danger of exceeding water quality standards more frequently than
it already does. In order to avoid future noncompliance with the standards, the city is exploring
water reuse as a way to keep effluent from directly entering the Willamette River.
Water reuse is becoming an increasingly common practice around the world as cities face
immediate crises in water supply or the question of ensuring adequate supply over the long term
(Asano, Burton, Leverenz, Tsuchihashi, and Tchobanoglous, 2007). Reclaimed water, also
known as recycled or reused water, is water that has been used by a residence, business, or
industry and then discharged into a municipal wastewater treatment system to remove
contaminants. The water can then be reused for another purpose. Oregon Administrative Rules
(1990) require that the level of treatment match the end use of the water. For example, water
that will irrigate a school’s playground area will require a higher level of treatment than water
used to irrigate a grass seed farmer’s field because the public has a higher likelihood of coming
into contact with the playground water. In Oregon, reclaimed water is most commonly used for
agricultural irrigation. Other end uses for reclaimed water fall into one of six categories:
landscape irrigation, industrial recycling and reuse, recreational and environmental uses such as
wetland enhancement, non-potable urban uses like toilet flushing, and potable uses, which blend
reclaimed water into the potable supply (Asano et al., 2007).
Water reuse has many benefits. Reclaimed water is a drought-proof source of water
because it is available year-round, and its quality is consistent, having passed through a series of
treatment steps (Dillon, 2000; Anderson, 2003). Using reclaimed water in place of freshwater
leaves more freshwater available for other needs, either by reducing diversions from streams for
environmental purposes, or by saving municipalities or other water users from having to search
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out new sources of water to supply increased demands (Anderson, 2003). If done improperly,
water reuse can have negative impacts. Risks include harm to the environment, human health,
livestock and food safety due to excess nutrients, salts, pathogens, and other contaminants that
may remain in the water after treatment (Moore, 2003).
Several water reuse programs have attracted international attention with their success.
Orange County, California’s Groundwater Replenishment System and Singapore’s NEWater
program have succeeded in supplementing their freshwater supplies with reclaimed water
(Walsh, 2008), and both have received the Stockholm Water Prize. Despite these and other
notable successes, public acceptance of water reuse is not guaranteed, even the most critical of
water situations. In the face of increased demands, climate change and a recent biological
opinion that affects their water supply, San Diego, California has been trying for nearly two
decades to gain enough public acceptance to operate a water recycling facility large enough to
meet their needs, but have had little success (Hartley, 2003; Bridgeman, 2004). In the damp
climate of the Pacific Northwest, water reuse programs may face the additional challenge of
gaining the support of citizens whose overall impression may be that more than enough fresh
water exists to supply current and future needs. Understanding what affects public acceptance in
the community is a critical step to designing a program that will be supported by the community.
Gauging existing public acceptance is only a first step on the path to water reuse,
however. A community may or may not be comfortable with water reuse, but lack of acceptance
does not mean a program will ultimately fail, especially if the subject is approached well.
Acceptance of water reuse and trust in the water authority can be cultivated with open
communication and active involvement of the public in the process. Public involvement is a
regulatory obligation in many regional, national and international bodies, and extensive
involvement is increasingly becoming an expectation by the public (Russell, Hampton, Lux and
Jeffrey, 2006). A thorough public involvement effort ensures that policy choices reflect the
values and preferences of the public, and develop lasting support for those policies (McDaniels
et al, 1999). If public involvement is approached with these goals in mind, the final water reuse
program may find widespread acceptance, despite initial opinions.
With support from the city of Corvallis, the Oregon State University Master of Public
Policy Program and the Institute for Water and Watersheds, this research was initiated to help
Corvallis city managers explore questions related to public opinion about water reuse and
strategies of public involvement in their city. First, I review the literature on public opinion of
water reuse and public involvement. Next, I investigate the variables affecting public opinion of
water reuse and public involvement in Corvallis. With research and survey results as a
foundation, I then present a set of suggestions for public involvement that will increase the
effectiveness of Corvallis’ public outreach efforts. While this study is primarily designed to
support Corvallis’ public involvement planning efforts, it also serves as a model for other water
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utilities in the Pacific Northwest and United States as they pursue their own water reuse
programs.
Methods
A survey of 1200 randomly selected registered voters in Corvallis was administered by
Oregon State University and the Institute for Water and Watersheds during November-December
2008. The survey was tested before being mailed to the selected respondents. Approximately 4
weeks later, a reminder letter with a second copy of the survey was sent to non-respondents.
Eighty-four surveys were returned undeliverable. Five hundred and eighteen responses were
received (46% response rate), and were entered into an Excel database. Response frequencies,
cross-tabulations and regression analysis were used to explore Corvallis citizens’ attitudes,
values and preferences toward reclaimed water. Open-ended responses were tabulated and
analyzed for patterns of similarities and differences.
Key Findings
1. There is significant support for a water reuse program, especially one that adheres
to the principles of sustainability. The majority of respondents generally support water
reuse. A program that adheres to the principles of sustainability will receive the greatest
support. The cost of a program will still be a consideration, but many respondents appear
willing to pay higher fees for a more sustainable program. Risk is a key consideration for
respondents; results indicate that there may be a significant amount of discomfort in the
community about water reuse. Several respondents wrote that they are uncertain about
the risks associated with it and would like to know more before making a decision.
Offering tours of other water reuse programs in Oregon may help to educate citizens,
allowing them to see and smell what a program in Corvallis might be like.
2. Low contact uses are likely to receive the most support from the public. The degree
of contact respondents can expect to have with the water is linked to their support for a
particular use. The city should present specific information about how the water will be
used in order to clear up any confusion citizens may have about a particular reuse option.
In addition, information about the safety of reuse options must be provided. The majority
of respondents believe that the water should be sent wherever it is needed. However, the
strong support for sustainability suggests that if a use within the city was found to be
more sustainable than one outside of the city, the in-city use would be preferred.
3. Corvallis citizens want information from a wide variety of sources. While trust in the
city to serve public interest and protect the environment is generally high, citizens prefer
to get information about water reuse from a wide variety of sources, especially
independent sources. Scientists and unbiased, independent sources of information are
3

most highly valued by respondents. The city should consider supporting research by
local OSU researchers about the safety of reclaimed water uses and/or bring in experts in
water reuse to make presentations at public meetings and workshops. Independent
testing of reclaimed water quality with results made available to the public is another
strategy that will help to build trust.
4. The majority of the community will not attend public meetings, but still need
information and access to the process. Only 5% of survey respondents chose focus
groups or workshops as one of the best ways the city can communicate its water reuse
plans to them, and only 21% chose public meetings. Other ways must be found to solicit
input from members of the public that will not attend such meetings. Presentations to
community groups, online or mailed surveys, and email may be additional effective ways
of sharing information and soliciting comments. Respondents clearly favor written
communication that they can get in their homes such as mailed pamphlets and articles in
The City and the Corvallis Gazette Times. If the city does not already have close contacts
with reporters from the local newspaper, they may want to consider developing one.
Especially when asking the public for feedback, clearly explain what the public’s role in
the decision is (i.e. is the public role advisory only, or will they be the primary decision
makers?), and describe how comments will be used. Those who will have the highest
likelihood of coming into contact with the water should be consulted about any plans for
reuse.
5. Education efforts should focus on increasing awareness of the reason the city is
proposing water reuse, and increasing knowledge of wastewater treatment. Twothirds of respondents were unaware of the change in water quality standards and the
impact that it might have on wastewater treatment and their sewer bill. Increasing
knowledge of the reason the city is pursuing water reuse should increase the level of
acceptance for reuse. Though we did not directly explore the issue, comments written on
the survey indicate a significant level of uncertainty about the safety of water reuse,
perhaps for lack of knowledge about treatment technologies and contaminants that may
remain in reclaimed water. Language used to discuss wastewater and water reuse must
be carefully chosen. The city should use terms that are commonly understood by the
general public if they exist, and define terms that cannot be replaced by simpler words.
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EXECUTIVE SUMMARY
People tend to focus on dams and culverts primarily as barriers to fish passage, but they can
also act as barriers to the downstream transport of sediment. The impoundment of sediment
behind these barriers can have important impacts on channel morphology, forming a wedge of
sediment in the upstream reservoir and potentially depriving the downstream channel of
sediment. The removal of dams and culverts can remobilize large volumes of sediment into the
channel (Castro, 2003), yet the effects of this sediment pulse on the channel remain poorly
understood (Hart and Poff, 2002). As the rate of barrier removals increases (Hart et al, 2002), it
is critical to understand whether changes in channel morphology that occur upstream and
downstream of former barriers hinder or benefit ecological integrity.
Habitat diversity is essential for maintaining ecological integrity, and in‐channel geomorphic
complexity, by offering more diverse habitat niches for different organisms to utilize, can be
used as a proxy for habitat diversity. By evaluating the impact of a finite sediment pulse on
geomorphic complexity and habitat diversity following a small dam removal on the Calapooia
River (Brownsville, OR) and a culvert replacement on Oak Creek (Corvallis, OR), we can make
recommendations about the need for (or redundancy of) structural controls to encourage
geomorphic complexity and habitat diversity in future small sediment barrier removals. The
results of this study should encourage confidence in evaluating and predicting the ecological
impact of future projects. Additional benefits of this study include contributing to a growing
body of knowledge on the effects of barrier removals and on the long‐term balancing of
restoration resources.
Although we have no formal results to present from the funding at this time, progress has been
made on several fronts including: (1) the development of, and preliminary results for, seven
geomorphic complexity metrics to analyze changes to channel morphology, (2) the launch of a
1‐dimensional dam removal model and a 2‐dimensional hydraulic flow model, (3) continued
discharge monitoring and photopoint collection, and (4) the development of formal protocols
for future barrier removal data collection studies. First year post‐removal data analysis will be
completed by June 2009, and a second year of post‐removal data collection will be completed
by September 2009 and will be processed and analyzed the following year.

PROJECT DESCRIPTION AND RESULTS
The remobilization of impounded sediment by a barrier removal and the effects on channel
morphology and habitat both upstream and downstream has received little attention. Concerns
have been raised about potential negative consequences of barrier removals such as channel

incision and disconnection of the channel from its floodplain upstream of the barrier and
homogenization of the bed downstream of the barrier with reservoir sediments, leading to
decreased geomorphic complexity and habitat diversity (Lorang and Aggett 2005; Tullos and
Jennings 2007). There is also evidence to suggest that the release of reservoir sediments
through previously sediment‐depleted reaches will increase geomorphic complexity and habitat
diversity by increasing local scour and deposition (Yarnell et al. 2006).
We lack a clear understanding of the impacts of small sediment barrier removals on
geomorphic complexity and habitat diversity. Habitat diversity is essential for maintaining
ecological integrity. By providing more diverse habitat niches for breeding, foraging, and refugia,
stream channel geomorphic complexity can be used as a proxy for habitat diversity. Changes in
geomorphic complexity upstream and downstream of former barriers is representative of the
hindrance or benefit of sediment barrier removal to ecological integrity.
This study tests the hypothesis that sediment liberated by a small sediment barrier removal
improves geomorphic complexity and habitat diversity by increasing local scour and fill rather
than decreasing geomorphic complexity and habitat diversity through a homogenization of the
bed with reservoir sediments. It is suspected that similarity between the upstream and
downstream reaches from a former barrier will increase as sediment is distributed from the
reservoir across the more sediment‐depleted downstream reach. Furthermore, the question of
whether the impacts of the barrier removals scale across streams of different sizes will be
addressed. Lastly, the effectiveness of predictive models in forecasting these channel responses
will be evaluated.
Progress to date
(1) Geomorphic complexity metrics
We address our hypothesis and questions with a field‐based study of a small dam removal on
the Calapooia River (Brownsville, OR) and a culvert replacement on Oak Creek (Corvallis, OR).
We conducted annual field surveys of the Calapooia River and Oak Creek and developed seven
geomorphic complexity metrics representing potential channel adjustments in sediment
character, bedform morphology, and hydraulics. Evaluation of these metrics along each reach
at the reach and channel unit scale using pre‐ and post‐removal survey data will improve our
understanding of the type, magnitude, and spatial extent of channel responses following a
small sediment barrier removal, as well as suggest processes responsible for driving these
changes. Our geomorphic complexity metrics are:
Sediment character
1) Change in percent class

2) D84/D16
Bedform
3) Coefficient of variation of thalweg depth
4) Residual pool depth
5) Thalweg migration
Hydraulics
6) Modified circulation
We normalize each result by the ratio of the volume of sediment stored in each reservoir to the
annual sediment transport capacity of each stream to enable a comparison between the study
sites. Inasmuch as changes to each of these metrics reflect a specific increase or decrease in
geomorphic complexity and habitat diversity, we can evaluate the overall benefit or hindrance
of small sediment barrier removal to ecological integrity.
Metric descriptions
1. Change in percent class
This metric describes the changing sediment distribution of the bed and is aimed
primarily at characterizing the replacement of exposed silt hardpan downstream of the
Brownsville dam with reservoir sediments.
2. Relative bed stability
Relative bed stability (RBS) is a measure of the stability and mobility of the streambed through
the ratio
D50/D*50bkf
(1)
where D50 is the observed median grain size and D*50bkf is the theoretical D50 mobilized by
bankfull flows (Kaufmann et al, 2008). This metric is aimed at describing the changes in the
mobility of the bed following barrier removal.
3. D84/D16
The ratio
D84/D16

(2)

reflects the sediment distribution in the channel where D84 is the grain size where 84% of the
grains are finer and D16 is the grain size where 16% of the grains are finer. Lower ratios
describe a narrower distribution of grain sizes on the bed.

4) Coefficient of variation of thalweg depth
The coefficient of variation (CV) of thalweg depth is the standard deviation of the
thalweg depth along the longitudinal profile normalized by the mean thalweg depth:
STDEV(thalweg depth) / AVE (thalweg depth)

(3)

This metric is calculated at the entire study reach scale from the longitudinal profile and
describes the “bumpiness” or pool‐riffle variability of the channel along the thalweg.
5) Residual pool area
Residual pool area, equal to the area of water in pools at zero flow when viewed in
longitudinal profile, gives a measure of the large‐scale roughness of the channel. It is measured
by the EMAP RP100 metric:
(Residual pool area) / (total reach length along thalweg)

(4)

This metric is calculated from the longitudinal profiles. Changes in the number of residual pools
are also considered.
6) Thalweg migration
Thalweg migration, given by an increase in the thalweg sinuosity within the channel,
reflects more or less frequent pool‐riffle transitions.
7) Modified circulation
Modified circulation is a spatial hydraulic metric that quantifies vortex structures and
flow complexity within an area of the channel (Crowder and Diplas, 2006). This metric is
calculated using River2D, a 2‐dimensional hydraulic flow model, and is well correlated with fish
density (e.g., brook trout) (Kozarek et al, 2008). Circulation zones of specific strength and
vorticity provide ideal habitat for certain organisms and species’ life stages.
(2) Modeling Study
We use two models to complement our data and geomorphic complexity metrics: DREAM2 (Cui
et al. 2003) and River2D. These models will be evaluated as predictive tools for forecasting
channel responses to barrier removal and used as learning tools to examine processes involved
in barrier removal.

The Dam Removal Express Assessment Model (DREAM2) is a 1‐dimensional sediment transport
model dealing specifically with gravel‐bed channels, like the Calapooia River and Oak Creek. It
simulates “cross‐sectionally and reach averaged sediment aggradation and degradation
following a dam removal” (Cui et al. 2003). DREAM2 was developed specifically for dam
removals, and having been tested in many other studies, its capabilities are well‐understood.
Using pre‐ and post‐removal data, we can compare both the spatial evolution of the sediment
pulse and the timing of its development. This comparison allows for evaluation of the model as
a predictive tool, and with respect to potential differences between the model outputs and
collected data, as a learning tool to make inferences about the processes responsible for the
deviations. Furthermore, we can evaluate the 1‐dimensional model outputs in 2‐dimensional
space to improve our understanding of the fate of the formerly impounded sediment.
We are also using River2D, a 2‐dimensional hydraulic flow model. Although River2D has a
different theoretical platform than DREAM2, its use opens another avenue for comparison,
between River2D, the data, and a 1‐D model. Additionally, River2D is used to calculate the
modified circulation metric.
The geomorphic complexity metrics are used to help illustrate and infer processes involved in
the dispersion of the sediment pulse and can also flush out the differences between the model
outputs and reality.
(3) Discharge data and photopoints
We have continued to maintain a gaging station on the Calapooia River, collecting flow
measurements every 15 minutes. Additionally, we have continued collecting photopoints of the
former Brownsville dam every 2‐4 weeks. These photographs documenting the evolution of the
Calapooia upstream and downstream of the former dam are available on our website.
(4) Data collection protocols
In order to systematize the data collection for barrier removals, we have developed formal
protocols for all data that needs to be collected. These protocols will help ensure consistent
sampling methods are followed year to year and across different projects.

Timeline
Activity
First year data analysis
2nd year post‐removal data collection
2nd year post‐removal data processing
Modeling study

Date of completion
June 2009
September 2009
December 2009
December 2009

2nd year data analysis

March 2009
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The Influence of Sediment Deposition on the Emergence Success of Juvenile Salmonids
Progress Report, May 2009
by, Christine May and Stephen Lancaster
Research Objectives
The objective of this study is to quantity how the depth and composition of fill affects the
emergence success of juvenile salmonids. Our approach uses experimental channels to vary the
depth and composition of sediment overlying incubating eggs in a series of two experiments. By
quantifying these relationships the critical depth of fill, and the effect of fine sediment on that
depth, can be established. This information can then be used to develop monitoring and risk
assessment strategies that can aid in habitat conservation and setting restoration goals.
Research Approach
Experimental stream channels at the Oregon Hatchery Research Center (OHRC) will be
used to directly test the effect of fill depth and composition on salmonid egg survival using a
series of two experiments. In coordination with the state Department of Fish and Game,
fertilized eggs from the local Alsea fish hatchery will be buried in a mixture of fine sand and
gravel. The most readily available salmonid eggs of hatchery origin will be used for this study,
being steelhead trout (Oncorhynchus mykiss). The first experiment will test the effects of
varying fill depths using clean gravel. The gravel composition already in place in the OHRC
channels is equivalent to the caliber of gravel used in natural stream channels by the salmonid
species. Pockets of eyed eggs will be buried to a 20cm depth, equivalent to the mean burial
depth of salmon and trout observed in previous studies. Each pocket will contain an equal
number of eyed eggs (n = 100). Five replicates of three treatments that represent a gradient of
conditions (2x, 3x, and 4x increases in egg burial depth) will be compared to a control (1x),
resulting in a total of 20 randomized experimental units.
A second experiment will test how the composition of fill affects fry emergence through
varying depths of fill. Results from the initial experiment will be used to inform this experiment
by setting the upper limit on the depth of fill investigated. Fine sediment will be added to the
gravel used in the initial experiment, equivalent to 30% by volume of fine sand. Four replicates
of four treatments that represent a gradient of conditions that increase in equal increments up to
the 85% lethal limit identified in the previous experiment (e.g., 1x, 1.5x, 2.0x and 2.5x increases
in egg burial depth) will be compared to a control (1x, no fine sediment), resulting in a total of
20 experimental units.
During both experiments, buried egg baskets will be monitored for the duration of the
incubation period. Newly emerged fry will be counted daily in each channel in order to
determine the proportion of emergent fry relative to the original number of eggs. Each fry will
be weighed and measured. Data on the timing of emergence, size of emergent fry, percentage of
emerged fry, entrapped fry, and un-hatched eggs by treatment will be summarized. The
combined effects of fill depth and composition on egg survival and fry emergence will be
analyzed with regression analysis. The resulting regression equation can then be used to infer
survival rates from field-based measurements of fill depths and fine sediment concentration,
thereby providing a predictive tool that can be used for monitoring and assessment.
We anticipate that increases in fill depth will result in substantial mortality by entrapping
juvenile salmonids in the subsurface environment. The critical depth at which substantial

mortality occurs is important to quantify because the risk of sediment deposition often poses a
greater risk than streambed scour (the common assumption) during floods. We further anticipate
that fine sediment will decrease the depth at which mortality occurs.
Project Update
In early March of 2009 the first experiment to test the effects of varying fill depths using
clean gravel was initiated at OHRC. Twenty artificial redds were implanted in the channels
using a hollow rodd and pounding core to access various depths in the substrate. Each channel
contained a separate, randomly assigned burial depth treatment (20cm, 40cm, 60cm, 80cm).
Within each of the four channels, five artificial redds were created. One hundred eyed eggs were
buried in each redd, for a total of 2,000 eggs used in the experiment. Eyed-eggs were from a
common ancestry and were spawned at Alsea hatchery. A ‘laboratory control’ batch of eggs is
also being raised in the lab at OHRC to quantify cohort survival in a hatchery environment.
Juvenile fish emerging from the artificial redds are being captured in emergent traps that
were built on-site in March. Each emergent trap was placed directly over an artificial redd, and
covers a 0.5m radius around the egg pocket. The traps are made from fine-mesh aluminum
screens, with lids to reduce avian predation. The bottom edge of each emergent trap is buried in
the substrate in order to create a tight seal and minimize escapement. Fish screens at the end of
each channel were also installed to catch any fish that may escape the traps. Traps are being
checked daily. Data on the number, size, timing, and condition of each fish are being reordered.
All fish are being preserved for future laboratory analysis. Juvenile fish emergence in the
channels should be completed by the end of May, 2009. At the end of emergence a three-pass
snorkel survey will be conducted to quantify any escapement from the traps into the channels.
In addition to implanting eyed eggs to various depths and trapping emergent fish, we
installed a monitoring well immediately downstream of each redd (n = 20). In-situ
measurements of substrate permeability were taken the week prior to egg burial. During the egg
incubation period, continuously recording sensors will monitor surface and subsurface water
temperature at 15 minute intervals. Dissolved oxygen and pressure head in the standpipe are
being measured weekly.
After the completion of data collection at the end of May, data analysis will begin
immediately. Results of this study will address one key hypothesis of the study, and will provide
insight into the planning of the second experiment. The second experiment will be conducted in
the spring of 2010 at OHRC and will test how the composition of fill affects fry emergence
through varying depths of fill. Results from the initial experiment will be used to inform this
experiment by setting the upper limit on the depth of fill investigated. The development of
subsurface burial chambers to be used in the 2010 experiment is currently underway.
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Overview
The Rock Creek basin in Clackamas County, western Oregon is poised for rapid urban growth.
This has been shown in the work completed by Metro, Clackamas County, and the City of Happy
Valley as part of the Damascus/Boring Concept Plan and by the Happy Valley Comprehensive
Plan. The goal of the Rock Creek Sustainability Initiative (RCSI) is to protect the habitat and
water quality values of Rock Creek and its tributary through coordinated planning for
redevelopment from agriculture to employment uses.
The City of Happy Valley, Sunrise Water Authority, and Clackamas County Water Environment
Services (WES) are collaborating to create a sustainable development test project that would
provide an opportunity to create and measure a suite of sustainable development practices on a
local level. The RCSI project area is approximately 400 acres in the City of Happy Valley. It was
incorporated within the Urban Growth Boundary (UGB) in 2002 and designated as a regionally
significant industrial area (RSIA) for medium to large scale campus industrial development. The
RCSI desired end result is an economically vibrant core employment zone constructed in a manner
that protects ecological function and provides the community with an equitable return on the
investment of natural capital used in the development of the project area.
In order to help advance the project a grant was obtained through the U.S. Geological Survey mini
grant program administered by the Institute for Water and Watersheds at Oregon State University.
This enabled the convening of a research team of graduate students from the Departments of
Urban Studies and Planning and Environmental Sciences at Portland State University. The
objectives of the research team were to provide the RCSI project team with a document that could
inform interested stakeholders and decision makers on the benefits of applying Low Impact
Development (LID) principles for stormwater management. The following report:
§ Provides a more detailed description of the background to the RCSI project;
§ Gives an overview of LID, including rationale, methods, obstacles, and benefits;
§ Identifies and describes numerous LID projects (mostly in the Pacific Northwest) with
relevance to RCSI including detailed descriptions of two projects, the Kitsap Sustainable
Energy and Economic Development Project in Bremerton, WA, and the Springwater
Industrial Area in Gresham, Oregon;
§ Describes current conditions in the RCSI project area;
§ Identifies ecosystem services currently provided in the area and describes appropriate
valuation approaches;
§ Recommends performance evaluation methods;
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§
§
§

Evaluates costs and values of LID and conventional approaches to stormwater
management;
Describes the utilization of the ecosystem services assessment tool EcoMetrix, and
potential for expanded use of this tool in the project area; and,
Gives possible approaches for implementing LID practices in the project area.

In addition to providing baseline information and identifying development scenario alternatives,
the report concludes with potential next steps to fill information gaps and advance opportunities
identified.
Many findings are contained within these pages, but four core principles rose to the surface. (1)
The RCSI provides an opportunity to advance cutting edge technology to promote multiple
ecosystem benefits. (2) An LID approach allows local jurisdictions the ability to proactively
control their own destiny by avoiding numerous regulatory measures associated with declining
environmental performance. (3) An increasing economic and performance benefit is generally
observed with increasing scale. (4) Implementation is not straightforward, but opportunities exist
to ease implementation burdens and help advance the goals of the RCSI project. Many steps are
already underway.
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I. Introduction
RCSI Project Background
The Rock Creek Sustainability Initiative (RCSI) began in November of 2005 as a collaborative
effort of three parties: Water Environment Services (a department of Clackamas County); the City
of Happy Valley; and Sunrise Water Authority. These parties are pooling their resources and
efforts to create a test project in an industrial development area that features sustainable
development principles and provides an opportunity to quantitatively and qualitatively measure the
effectiveness of sustainable development practices on a local level.
Beginning in 2002, significant changes occurred regarding land use in the Portland Metropolitan
area. Metro approved the single largest Urban Growth Boundary (UGB) expansion since the
inception of the UGB, 18,000 acres, with the express intent of allowing for the formation of a
totally new city. During 2004, the City of Damascus was incorporated, encompassing roughly
12,000 acres of the 2002 UGB expansion. Concurrently, Clackamas County and Metro cofunded
a communitybased design process that produced the BoringDamascus Concept Plan, which was
completed in 2005.
Sunrise Water Authority also finalized a water system master plan in 2004, which included
components regarding the use of reclaimed water and water conservation. The East Happy Valley
Comprehensive Plan process was initiated by the City of Happy Valley and the Stormwater Master
Plan was begun by Water Environment Services (WES) in 2005. Clackamas County also convened
their Green Ribbon Committee on sustainable agriculture and related industry during the same
year.
Changes in land use planning for the Damascus and East Happy Valley area created an
environment in which new ideas could be fostered. Each of the service providers in the affected
areas (Happy Valley, WES, and Sunrise) were involved in independent planning processes that
were to some degree linked to the actions taken by each other.
WES was grappling with the reality that existing stormwater practices were not meeting the needs
of the area and increased development would only exacerbate the deficiency. Stormwater detention
basins did not function as intended given the hydrogeology of the service area for which planning
was taking place. The agency was considering how to implement new best management practices
and mechanisms that would allow them to meet numeric discharge limitations likely to be
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developed in reaction to pending third party lawsuits. WES was also determining how to test and
verify that any new stormwater management practices met the needs of the agency. It is also
common knowledge that increases in impervious surfaces as a result of development decreases the
amount of soil surface area available for stormwater detention and retention and groundwater
infiltration. Stormwater quality and quantity both have a direct impact on water quality of surface
water resources in the area. The same factors also significantly impact the biodiversity of the area
and the vitality of the stream corridors that are central to terrestrial and aquatic fauna populations
and migration patterns.
Sunrise Water Authority (Sunrise) was completing demand forecasts and water resource
evaluations. From these investigations, Sunrise concluded that in order to meet future demands,
water conservation and water reuse would be two of many factors in water resource management.
Sunrise identified a need to take an active role in managing all of the water resources upon which
they were reliant, especially the Clackamas River, its tributaries, and the recharge of groundwater
aquifers. Tracking data on supply sources, including stream flows and groundwater levels, would
become a pivotal element in water right permitting processes. Stormwater management in
developing areas would impact the contaminant load of the surface water sources from which
potable water is drawn and also affect the flow patterns within tributaries to the Clackamas.
The City of Happy Valley was simultaneously faced with determining how to meet Metro Title 13,
Title 6, and Title 3 requirements. These requirements addressed safeguarding nature in
neighborhoods, water quality, fish and wildlife conservation, and managing for flood control. The
city also realized that when they develop a comprehensive plan for East Happy Valley, the area
brought into the UGB in 1998, they will need to address these issues. Happy Valley contracts with
WES for stormwater management functions, and the City is largely reliant on the stormwater
management practices provided by WES to meet Metro requirements.
Service providers recognized the nexus of their interests when Providence Medical Centers
purchased a portion of the industrial area land. Providence has a history of integrating green
design practices into the construction of new facilities. The architectural firm, Zimmer, Gunsul,
Frasca (ZGF), and the engineering firm, KPFF, also actively promote green design features in their
work. These firms were retained by Providence to perform planning and design tasks for the
recently acquired land. The firms came to each of the service providers with a conceptual level
map of how the entire industrial area could be planned and developed in a manner that would be
mutually beneficial to the Providence site and adjacent parcels. During the presentation to Sunrise
Water Authority, Sunrise staff became involved with discussing how water conservation measures
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could be incorporated into the design process, along with the use of reclaimed water, and how they
could work with developers to integrate these features if they were incorporated into the
development code for the area. This discussion also led Sunrise staff to consider how development
fit into the agency’s new emphasis on watershed management in the Rock Creek Basin.
These discrete but related concepts coalesced into the concept of the Rock Creek Sustainability
Initiative, an effort to advance sustainable development and integrated water management at a
systems level. Each provider saw the value in looking beyond the individual structure level of
development to the point at which the built environment and the environmental aspects of
managing the Rock Creek Watershed intersected. Thus staff from the service providers agreed to
cooperate in looking for a method to initiate sustainable development in the joint service
territories, starting with the designated project area.

Description of Project Area
The project area is approximately 400 acres and was designated as a regionally significant
industrial area (RSIA) as part of the aforementioned UGB expansion; it was subsequently included
in the City of Happy Valley Comprehensive Plan. Refer to Figure 1.7 for a map of the project area.
One of the most significant features of the project is that the project area is substantially
undeveloped with minimal impervious surfaces or roadways. Significant portions are currently
being used for agricultural purposes. It is also bounded on one side by Rock Creek, a significant
tributary to the Clackamas River. Development has already occurred on the west side of Rock
Creek, and the effects are being monitored by USGS and WES. The entire project area lies within
the confines of the Rock Creek Watershed. The lower reaches of Rock Creek have been classified
as a salmonid bearing stream, up to a waterfall that creates a natural fish passage barrier. The
stream is categorized as moderately impaired.
The upper reaches of the watershed lie primarily within the city limits of the City of Damascus,
with a smaller portion lying within the City of Happy Valley, including the project area. This is
significant in that the City of Happy Valley is creating a comprehensive plan and development
code for the portion lying within their boundaries, with the intent for development to occur within
two to five years. The City of Damascus is in the process of developing a comprehensive plan for
their city, and has not begun to create the development code, so significant development in the
Damascus portion of the watershed is unlikely to begin for about eight years. These circumstances
have created a situation in which any development that occurs within the watershed is going to be
largely confined to the project area. Any significant change, or lack thereof, in water quality
parameters or flows being monitored in Rock Creek will have an extremely strong correlation to
9

the type of development that occurs within the project area. External factors influencing
monitored parameters may still be present, but will be limited.

PSU Research Team Project Objectives
In order to move the project forward, a grant was obtained through the U.S. Geological Survey
MiniGrant program administered by the Institute for Water and Watersheds at Oregon State
University. This grant helped provide process support and enabled the convening of a graduate
level research opportunity through the School of Urban Studies and Planning at Portland State
University during the Fall Term of 2008. Students had the opportunity to gather information
regarding actions needed to move towards implementation of sustainable development in the
project area. Early in the term, the research team determined that addressing all aspects of
sustainable development within the framework of a tenweek course would not be possible. The
determination was that the maximum benefit to the RCSI Project team would be derived from
addressing one aspect of sustainable development individually. The class chose to focus on Low
Impact Development (LID) principles for stormwater management. Water Environment Services
has stormwater modeling efforts under way. The sentiments of the research team were that
addressing stormwater was likely to yield the most useful information for the project team with
immediate opportunities for application.
The objectives of the research team were to provide the RCSI project team with a document that
could be used to advise and educate decision makers on the benefits of applying LID in the project
area. It is intended that the document will address issues and questions that the policy makers have
in regards to:
•
•
•
•
•
•

Current Conditions in the project area
Approaches to assigning value to the ecosystem services offered in the project area
Analysis of different development scenarios
Recommendations for performance evaluation methods
Relative costs and value of LID and conventional approaches to stormwater management
Recommendations for approaches to implementing LID practices in the project area.

The intent is to enable this document to be integrated into a larger effort to address the diverse
aspects of sustainable development as it pertains to the RCSI Project area.
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II. Low Impact Development
Overview of LowImpact Development (LID)
Low Impact Development (LID) encompasses many ideas, but its basic definition, according to the
U.S. Environmental Protection Agency (U.S. EPA) is "an approach to land development (or re
development) that works with nature to manage stormwater as close to its source as possible" (U.S.
Environmental Protection Agency [U.S. EPA], 2008).
Figure 1.1 illustrates that LID is an integrated
approach and it does not involve merely one
solution assigned to one problem, but rather
many solutions applied to an entire project or
site. This figure explains the fivestep approach
that is laid out in a manual written by the
Department of Environmental Resources in
Prince George’s County, Maryland. The
manual describes LID as a “comprehensive
technologybased approach to managing urban
stormwater”. LID attempts to mimic the
hydrology of the area as it existed before
development occurred and attempts to manage
stormwater onsite rather than being moved to
larger facilities as is often the case in
conventional stormwater management (Prince
George’s County, 1999).

Figure 1.1. LID Integrated Approach
Source: Prince George’s County, Maryland, 1999.

An important concept related to LID is "ecosystem services". Ecosystem services are a collection
of life sustaining natural functions, conditions, or processes produced naturally by the ecosystem.
Examples include water supply, fish habitat, and erosion control. When ecosystem services
become damaged or degraded, negative consequences may occur such as a decline in water or air
quality, soil stability, or biodiversity. These consequences have economic costs and could
eventually lead to a lower quality of life for people in the affected communities. In places that have
suffered degradation, people are trying to restore and protect watershed ecosystems. There are two
approaches to dealing with stormwater: singleobjective approaches and the ecosystem services
approach. Singleobjective approaches focus on one problem, such as preventing flood damages
from a 10year flood, whereas the ecosystem services approach involves crafting a solution that
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provides many ecosystem functions such as flood abatement, biodiversity maintenance, and water
quality improvement (David Evans and Associates, Inc. [DEA, Inc.] & ECONorthwest, 2004).
The Lents Project Case Study provides an example of how the ecosystem services approach may
be applied. In this case, the City of Portland attempted to quantify the value of ecosystem services
in the Lents neighborhood of Portland. The project goal was to develop a tool that measured
changes in ecosystem services that occurred after certain projects were implemented. After that,
the researchers assigned values to these changes. This "valuation" tool is intended to help decision
makers evaluate different project alternatives. In the case of Lents, the specific waterrelated goal
was flood abatement, so the city compared the return on investment of two approaches: a single
objective, flood storage approach and an ecosystem servicesfocused flood abatement approach
(DEA, Inc. & ECONorthwest, 2004).

Figure 1.2. Ecosystem Services
Source: DEA, Inc. & ECONorthwest, 2004
Figure 1.2 shows the various ecosystem services in a riparian area. The ecosystem services circled
in Figure 1.2 were quantified in the Lents analysis. Table 1.1 summarizes the longterm value of
changed ecosystem services. Taking an ecosystem services approach can produce many benefits,
both in economic and environmental terms. For example, if one were to look at "Avoided
flooding", which was a major goal for the Lents neighborhood, the value accrued from changes in
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this specific ecosystem service over 100 years would be $14,694,3871 (DEA, Inc. &
ECONorthwest, 2004).
Table 1.1 Value of changed ecosystem services (longterm)

Source: Source: DEA, Inc. & ECONorthwest, 2004

Rationale for Pursuing LID
There are a number of reasons to pursue LID ranging from environmental benefits to economic
benefits to improved quality of life. LID can help protect a range of natural resources and
associated ecosystem services, which benefit residents, businesses and municipalities. Information
exists on the economic values of some of these benefits. Other benefits are more difficult to value.
This report aims to highlight the costs and benefits of LID and make it easier to evaluate as an
option for stormwater management policies and projects. A more detailed comparison of the costs
and benefits of LID and conventional stormwater controls are included later in the report. This
section aims to highlight some of the broader benefits of integrating LID techniques into projects.

Environmental Benefits
Pollution abatement is a major impetus for using LID techniques. Incorporating LID can reduce
the amount of stormwater that runs into water sources such as streams and rivers. Pollution
removal is another important function of LID and can be accomplished through certain practices
such as filtration and uptake. With fewer pollutants reaching water sources, the habitats for
wildlife are preserved along with the environment for recreational uses. Economic benefits related

1

In 2002 dollars

13

to the use of these techniques are the reduced costs of treating drinking water (Environmental
Protection Agency [EPA], 2007).
Protecting downstream water resources is another benefit. Incorporating LID techniques can
reduce stream channel degradation from erosion and sedimentation, improve water quality, and
reduce illnesses related to being in contact with polluted water. Certain LID practices can infiltrate
runoff, which in turn recharges ground water. This also increases stream baseflow, which is
important in maintaining the health of aquatic life (EPA, 2007).
In many cases, the value of LID practices is that they are preventive measures. For example, it is
generally less expensive to keep water clean than to clean polluted water. Using trees for
stormwater management is also very valuable; the more forest cover a watershed has, the lower the
water treatment costs. Using LID techniques can reduce the amount of water discharged from
combined sewer systems into receiving waters during storm events as well. These practices also
improve wildlife habitats and other natural resources, which can then increase land value and
prevent mitigation costs (EPA, 2007).
Using LID techniques can reduce downstream flooding. This is achieved by reducing the peak
flows and the total volume of runoff. This action reduces many costs including those incurred due
to property damage from flooding as well as stormwater infrastructure costs – both capital costs
and operation and maintenance costs. This has a “dominoeffect” of cost reduction. Managing
runoff onsite reduces erosion and the transportation of sediment. It also reduces flooding and
downstream erosion. This, in effect, reduces cleanup and restoration costs. LID techniques can
also protect floodplains (EPA, 2007).
One of the benefits of using LID is the reduced impact of a development on a wetland. This has
regulatory implications and since often, projects using LID techniques have less of an impact on
the environment than conventional projects, developers will pay lower impact fees for these
“greener” projects. Additionally, some states offer incentives for using LID techniques including
regulatory compliance credits and simpler permitting processes (EPA, 2007).

Land Value and Quality of Life Benefits
Another benefit of LID is its ability to increase property values and property tax revenue. In some
cases, LID features can serve as visual amenities that add value to a property. Studies have shown
that housing developed in clusters can sell for higher rates and appreciated at a higher rate than
subdivisions with conventional designs and less open space. In addition to the real estate value of
cluster housing, there is also environmental value because it allows for more open space in a
14

development, helping with stormwater management. Additionally, the use of LID practices
requires less land than conventional stormwater management practices such as ponds. Therefore,
the land that would have been used for a pond can now be used for housing or another use (EPA,
2007).
There are also quality of life benefits. Many LID techniques incorporate landscaping with trees
and flowering plants, which can complement existing landscaping features. Creating a quality
design can increase property values. Because LID techniques can be used on individual lots,
homeowners are often involved in these projects and thus learn about water quality issues and take
part in the stormwater management process. The more people that are personally involved with
stormwater management, the greater the public awareness, which furthers the cause (EPA, 2007).

Economic Benefits
As noted in many cases above, using LID techniques has economic benefits as well, including
flood control, improved water quality, reduced expenditure on stormwater infrastructure, reduced
energy use, improved air quality, and increased property value (ECONorthwest, 2007). While few
studies of LID implementation have fully quantified the economic benefits, a 2007 literature
review by ECONorthwest cites several studies which attribute quantifiable economic benefits to
LID implementation, such as a 2to5% property value increase for properties in a floodplain with
onsite management (ECONorthwest, 2007). The Lents case study echoes this notion, assessing
that the value of services provided by using the ecosystemoriented approach would have been
twice as great as the value provided by the conventional approach (DEA, Inc. & ECONorthwest,
2004). These initial studies suggest that further quantifiable analysis of the economic benefits of
LID is necessary. The Valuation section of this paper (VII) aims to quantify the economic benefits
of LID in the RCSI project area.

Specific LID Techniques
The sections above discuss the benefits of using LID techniques. Table 1.2 describes specific LID
techniques and their impact on specific ecosystem services.
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Table 1.2. LID Methods Matrix
Method

Description

Bioretention
areas/Rain
gardens

A shallow landscape
feature designed to
capture, filter and
infiltrate stormwater
runoff using vegetation
and soils.
A sloped landscape
feature designed to
direct, slow and filter
stormwater runoff using
vegetation and soil.

Bioswales

Constructed
Wetlands

Cisterns/rain
barrels

Drought resistant
native
landscaping

A substantial landscape
feature designed to
capture, filter and
infiltrate stormwater
runoff using vegetation
and soils.
A storage basin for
stormwater capture and
onsite greywater reuse,
such as flushing toilets
and watering plant.
Low maintenance, low‐
water native
vegetation.

Increased Tree
Density

Planting trees to
increase stormwater
diversion and
infiltration.

Green roofs/
vegetated roofs/
eco‐roofs

A thin layer of soil and
plants constructed on
rooftops to filter, slow
rainwater, and serve as
building insulation.
Building upward rather
than outward, limiting
impervious roof
surface, and
maintaining the
maximum possible
natural vegetated
greenspace on a site.

Minimized
building
footprint

Primary Ecosystem
Services Supported
Erosion & sediment
control
Hazard Mitigation
Water Quantity

Erosion & sediment
control
Hazard Mitigation
Water Quantity

Erosion & sediment
control
Habitat Function
Hazard Mitigation
Water Quantity

Project Examples
Green Cove Basin
High Point
Kitsap SEED
Portland Convention Center
Springwater Industrial Area
Villebois
Gateway Green Streets Master
Plan
High Point
South Waterfront, OHSU
Springwater Industrial Area
Tabor to the River
Villebois
Zhangjiang
New Columbia
Clinton Beach Park
Kresge Foundation Headquarter
Springwater Industrial Area

Erosion & sediment
control
Hazard Mitigation

Kitsap SEED
Kresge Foundation Headquarter
South Waterfront, OHSU
Zhangjiang

Erosion & sediment
control
Habitat Function
Hazard Mitigation
Water Quantity
Erosion & sediment
control
Habitat Function
Hazard Mitigation
Water Quantity
Erosion & sediment
control
Water Quantity

Clinton Beach Park
Kitsap SEED
Kresge Foundation Headquarter
Springwater Industrial Area

Erosion & sediment
control
Habitat Function
Hazard Mitigation

Kitsap SEED
Kresge Foundation Headquarter
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Green Cover Basin
Springwater Industrial Area
Tabor to the River

Clinton Beach Park
Kresge Foundation Headquarter
South Waterfront, OHSU

Method

Description

Porous paving

Pavement or pavers
that allow water
infiltration and reduced
runoff;
Replacing/minimizing
impervious surfaces.

Soil amendments

Additives made to soil
to restore its
infiltration capacity and
chemical
characteristics.

Primary Ecosystem
Services Supported
Erosion & sediment
control
Hazard Mitigation

Erosion & sediment
control
Habitat Function
Hazard Mitigation
Water Quantity
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Project Examples
Clinton Beach Park
Green Cover Basin
High Point
Kitsap SEED
Kresge Foundation Headquarter
Pringle Creek
Springwater Industrial Area
Kitsap SEED

LID Implementation Examples and Status
Table 1.3 below summarizes projects that use LID techniques. Most projects are located in the Pacific Northwest, but there are a few
projects from other regions as well. Some of the projects are in the planning stages, while others are in the construction stage or have
already been built.
Table 1.3 Project Matrix
Rationale for
Project
Development
Providing beach
access without
damaging ecology

Major Project
Sponsors

LID Methods Utilized

Web Site

Current
Status

Port District of
South Whidbey
Island

www.sustainablesites.org/cases/
show.php?id=8

2 years old

Damascus,
OR

Pilot Stormwater
Master Planning
with Ecosystem
Services Approach;
city has no existing
manmade
stormwater
infrastructure;
protect watershed
health

www.ci.damascus.or.us/HotTop
icsDraftCompPlanMap.aspx

Applied for
grant
Proposed
start
date: May
15, 2009

Portland, OR

Sustainable
urbanism pilot
project;
Address
infrastructure and
walkability needs

City of Damascus
Metro
Clackamas River
Basin Council
Clackamas Water
Environment
Services
Johnson Creek
Watershed Council
Oregon
Homebuilders
Association
City of Portland
BES
City of Portland

Porous pavers
Bioswales
Green roof
Drought resistant native
landscaping
Specifics unknown

Landscape swales and planters

www.portlandonline.com/share
d/cfm/image.cfm?id=185817

Policy

Project

Location

Clinton Beach
Park

Whidbey
Island, WA

Damascus
Stormwater
management
plan

Gateway
Green Streets
Master Plan

Project

Location

Green Cove
Basin

Olympia, WA

High Point

Current
Status

Rationale for
Project
Development
Protecting sensitive
watershed habitat

Major Project
Sponsors

LID Methods Utilized

Web Site

City of Olympia

Pervious pavement
requirements
Infiltrating gallery
requirements
Tree density requirements
Maximum impervious surface
limits

www.psparchives.com/publicati
ons/our_work/stormwater/lid/or
dinances/Green_Cove.pdf

Seattle, WA

HOPE VI affordable
housing
redevelopment
project

HUD
Seattle Housing
Authority

Raingardens
Bioswales
Pervious pavement

www.thehighpoint.com

Kitsap SEED

Bremerton,
WA

Economic
development:
attracting cleantech
business cluster to
Kitsap County

Cisterns for stormwater capture
and onsite reuse
Drought tolerant plantings
Porous paving
Bioretention: 10” topsoil + 4’
fill
Swale,
Rain gardens

www.kitsapseed.com

Kresge
Foundation
Headquarters

Troy, MI

To demonstrate
Foundation’s
environmental
mission

Port of Bremerton
Kitsap County
Kitsap Economic
Development
Alliance
Washington Clean
Technology
Alliance
State of
Washington
Kresge Foundation

Policy
Phase 1:
built 2 years
Phase 2: in
construction
Design

www.sustainablesites.org/cases/
show.php?id=14

3 years
completed

New
Columbia

Portland, OR

HUD
Housing Authority
of Portland

www.hapdx.org/newcolumbia/a
wards.html

Built

Portland
Convention
Center

Portland, OR

HOPE VI affordable
housing
redevelopment
project
Achieve higher
LEEDEB status;
promote sustainable
practices

Minimizing building footprint
Green roof
Stormwater capture and reuse
Native landscaping
Constructed wetland
Porous paving
Bioswales
Bioswales
Retains 98% of stormwater on
site

Metro

Rain garden

www.mercvenues.org/venues/or
egonConventionCenter.aspx

Built
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Project

Location

Pringle Creek

Salem, OR

South
Waterfront –
OHSU Center
for Health
and Healing

Portland, OR

South
Waterfront 
Greenway

Portland, OR

Springwater
Industrial
Area

Gresham, OR

Tabor to the
River

Portland, OR

LID Methods Utilized

Web Site

Current
Status

Porous pavement

www.pringlecreek.com/

Built

OHSU

Bioswales leading to
Willamette River
Green roof
Rainwater harvesting and reuse
in toilets and for landscaping

www.gerdingedlen.com/project.
php?id=62

Phase 1:
built
Future
phases
pending

City of Portland

Design guidelines include:
“Utilize riverbank stabilization
strategies that enhance the river
and riverbank ecosystems” and
“Integrate a variety of
vegetation, above and below
ordinary high water (OHW),
that supports the river and
riverbank habitats” (City of
Portland, 2002).
Rain gardens
Bioswales
Constructed wetlands
Stormwater planters
Porous paving
Increased tree density

www.portlandonline.com/plann
ing/index.cfm?c=34291

Policy

greshamoregon.gov/city/city
departments/planning
services/comprehensive
planning/template.aspx?id=737
0&terms=springwater

Policy

Hundreds of projects in 35
project areas including:
Bioswales
Tree plantings

www.portlandonline.com/Bes/i
ndex.cfm?a=199738&c=47591

Policy
Early phases
Will
continue for
next 1020
years

Rationale for
Project
Development
Sustainable mixed
use community
project, economic
development
Health Services,
Economic
development: Keep
and expand valuable
institution and
employer in
Portland
Provide recreation
area and protect
habitat

Major Project
Sponsors

Economic
development: Bring
highquality, family
wage jobs to East
County, especially
in hightech
research and
development sector.
Eliminate flooding,
fix system, prevent
CSOs, improve
watershed health

City of Gresham
Metro

City of Portland
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Project

Location

Villebois

Wilsonville,
OR

Zhangjiang,
China

Shanghai,
China

Rationale for
Project
Development

Trying to be one of
first developments
in China to achieve
LEED Platinum
status

Major Project
Sponsors

LID Methods Utilized

Web Site

Current
Status

Costa Pacific
Homes

“Greenways”
Bioretention (ponds)
Bioswales
Planter boxes
Bioswales
Infiltration facility
Irrigation
Geolake plate for heating and
cooling exchange

www.villebois.net

Built

www.lrsarchitects.com/EE/inde
x.php/site/project_detail/aa

Planning

Shanghai
Municipal
Committee and
Municipal
Government
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Other Related Sustainable Development Efforts
Several development frameworks provide guidelines to facilitate LID implementation. Within
their broader suite of sustainable development resources, these frameworks offer tools, reference
libraries and guidance on proven and costeffective LID implementation methods. U.S. Green
Building Council’s LEED certification has developed an understood market value; achieving
LEED certification can increase sale/rental price and marketability of development (Spivey and
Miller, 2008). The Sustainable Site Initiative and the Living Building Challenge, which are
currently under development to compliment and support the goals of LEED certification, provide
a view into the resources that will be available to support sustainable development in the near
future.

Leadership in Energy and Environmental Design (LEED)
U.S. Green Building Council’s (USGBC) Leadership in Energy and
Environmental Design (LEED) certification process is comprised of a
collection of rating systems designed to provide attainable benchmarks
and recommended methodologies for sustainable development. LEED
for New Construction (LEEDNC) and LEED for Neighborhoods
(LEEDND, which is currently testing pilot sites) both include elements
which support Low Impact Development.

Source: http://www.usgbc.org/

LEED for New Construction
LEEDNC, the most established of USGBC’s suite of rating systems, was designed to “guide and
distinguish highperformance commercial and institutional projects”
(http://www.usgbc.org/DisplayPage.aspx?CMSPageID=220). Focused on the impact of new
buildings on their environment, LEEDNC’s rating system includes prerequisites and credits in a
range of building elements. Prerequisites are required for certification. Achieving credits earns
points, which accumulate to earn 4 levels accreditation: certified (2632 points) silver (3338
points), gold (3951 points), and platinum (5269 points). Credits including stormwater design:
quality control and stormwater design: quantity control, as well as water use reduction, water
efficient landscaping, and protecting and restoring habitat.
To earn a point, a building must meet credit requirements. For example, to achieve the
Stormwater Management: Quality Control point, the requirement is to “Implement a stormwater

management plan that reduces impervious cover, promotes infiltration, and captures and treats
the stormwater runoff from 90% of the average annual rainfall using acceptable best
management practices (BMPs).” (USGBC, 2005) To assist in attainment of this point, the
USGBC provides BMP recommendations and calculation tools.2 For many credits, more than
one method is offered for meeting the requirement. In addition, applicants have the option of
documenting an alternative method used, and applying for a “credit interpretation ruling” on
whether that method is applicable to the credit. The recommendations, tools and flexibility can
be useful assistance in the implementation of Low Impact Development, and certification offers
a known value to potential property investors and tenants.
LEED for Neighborhood Development
Still in its pilot phase, LEED for Neighborhood Development (LEEDND) approaches
sustainable development on larger scale than LEEDNC, moving focus from the individual
building to the site design and neighborhood levels. LEEDND addresses Low Impact
Development through several credits, including Stormwater Management, Site Design for
Habitat and Wetlands Conservation, Restoration of Habitat or Wetlands, and Conservation
Management for Habitat or Wetlands.3 Like LEEDNC, LEEDND offers guidelines and tools,
and evaluates projects according to their ability to accomplish a set of prerequisites and credits,
the achievement of which lead to “certified”, silver, gold, or platinum LEED certification.

The Living Building Challenge
The Living Building Challenge, put forth by the Cascadia Green Building Council, was created
to compliment LEEDNC while encouraging innovation in sustainable development. The
Challenge offers a simplified accreditation process, with only 16 criteria, but sets the bar for
success higher by specifying stricter standards and making them all required.4 It also requires
that a building be operational for a year before accreditation, to ensure that the operating building
meets its predicted goals. With fewer completed projects, the Living Building Challenge is not
2

A complete list of current points and their requirements is available in the LEED for New Construction Rating

System v2.2. Calculation tool are available in the LEED for New Construction Reference Guide or to registered
users in the tools section of the USGBC web site (www.usgbc.org).
3

A complete list of current points and their requirements is available in the Pilot Version: LEED for New

Construction Rating System. Calculation tool will be available to registered users the USGBC web site (
www.usgbc.org) when LEEDNC has completed the pilot phase of the program.
4

Criteria are available on Cascade Green Building Council’s Living Building Challenge web site:

http://www.cascadiagbc.org/lbc.
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as established as LEED. However, it offers a Users Guide that provides technical information
and support. Also, because it is designed to encourage the generation of new resources, tools and
building methods for implementing sustainable development in a range of situations and
environments, the Living Building Challenge will instigate the expansion of sustainable
development options in the nottoodistant future.

The Sustainable Sites Initiative
The Sustainable Sites Initiative approaches sustainable development by looking at the site with
or without the building. Slated by USGBC to be incorporated into a future version of LEED,
Sustainable Sites’ evaluation is based on “ecosystem services”. Ecosystem services are “goods
and services of direct or indirect benefit to humans that are produced by ecosystem processes
involving the interaction of living elements, such as vegetation and soil organisms, and non
living elements, such as bedrock, water, and air.” (Lady Bird Johnson Wildflower Center, 13)
These include global climate regulation, air and water cleansing, water supply and regulation,
erosion and sediment control, hazard mitigation, pollination, habitat functions, water
decomposition and treatment, human health and wellbeing benefits, food and renewable non
food production, and cultural benefits. Sustainable Sites works to evaluate development and
management practices by their success in maintaining ecosystem services as close as possible to
their natural state, thereby extracting the most benefit from ecosystem services’ natural functions
and avoiding costly replacement techniques.
Not yet in its pilot phase, the Sustainable Sites Initiative plans to release its complete Standards
and Guidelines mid2009 and its rating system in 2011. It will then release a Reference Guide in
2012, to provide assistance in developing practices and achieving successful implementation.

Source: http://www.sustainablesites.org/

III. Case Study Examples
LID has not yet been implemented at a site that perfectly matches the economic and
environmental requirements of the RCSI project site. However, there were some projects which
shared important characteristics. Similar to the RCSI site, both the Kitsap SEED project in
Bremerton, Washington, and the Springwater Industrial area are slated for industrial
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development. Both are also located in the Pacific Northwest, in ecologically sensitive sites.
Springwater and RCSI are located in neighboring communities and both are currently
undeveloped. The following analyses will describe further similarities and differences between
these projects with the goal of identifying how other jurisdictions are planning for this type of
development and why.

A. Kitsap Sustainable Energy and Economic Development Project
(Kitsap SEED)
The Kitsap SEED Project site is located in Port Orchard, WA, which is in Kitsap County on the
Olympic Peninsula west of Seattle. Like RCSI, the project’s goal is to foster economic
development without producing negative environmental impact. SEED will reach this goal by
building a sustainable business park that attracts and retains clean technology business while
demonstrating sustainable development practices. The area is known locally for military
employment more than sustainability. However, it is directly connected to downtown Seattle by
ferry, giving it convenient access to supportive political leadership and builders and designers
knowledgeable in sustainable development.

Motivation for the Project
The original impetus for the project was economic
development. Championed by the Port of Bremerton, Kitsap
Economic Development Alliance and the Washington Clean
Technology Alliance, the project was conceived as a way to
attract businesses that would provide a solid base for
economic development and local employment opportunities
to a community whose economy is heavily dependent on the
U.S. Navy and related industries (City of Bremerton, ED
Appendix 5 and Kitsap County, 51). Attracting clean
technology offered the possibility of getting in early on
emerging technologies in a growing field with a strong and
well paid workforce. Potential connection with local
educational institutions offered training opportunities for
local residents.

Figure 1.3 Kitsap SEED location
Source: Google maps

In assessing the steps necessary to attract clean technology,
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it became apparent that clean technology businesses would be drawn to developments that
followed a guiding principle of their business model: sustainability. The project team therefore
approached Mithūn of Seattle to develop preliminary designs for a sustainable project (Interview
with Chris Saleeba at Mithūn, November 7, 2008).
Developing a sustainable project that would house clean technology employers opened to door to
funding opportunities, including partnerships with the Federal Economic Development
Administration, the State of Washington, Kitsap County, and West Sound Utility District.

The Project Site
The initial 75acre site, owned by the Port of Bremerton, is a former naval storage facility that
recently underwent significant environmental remediation and is currently undeveloped. The site
is zoned industrial, and has nearby airport, ferry and rail access. However, it is also surrounded
by forest and sensitive habitats.

Achieving Sustainable Development
To achieve sustainable development, Kitsap SEED managers and site designers chose to begin
with a Phase 1 building on 7.5 acres of the site that would serve as a pilot project, implement a
65/10/0 stormwater management strategy and set a goal of LEEDNC Platinum Certification for
the Phase 1 building.
The initial driver for phased implementation was economic. The pilot Phase 1 building, the
SEED Clean Tech Commercialization Center (CTCC), is designed as a business incubator site
for startup companies. Phase 2, the SEED Sustainable Practices Collaborative (SPC), will
expand out from Phase 1 to fill the educational role of the site, providing shared facilities for
incubator businesses, as well as a clean technologies educational and promotional site. The
remaining acreage of the site will be available for future phases of development to be led by
incubator firms who require additional space as they outgrow their startup facility.
From a Low Impact Development standpoint, beginning with a pilot project that used only a
subsection of the site allowed designers to evaluate the specific environmental needs of the site,
assess opportunities and challenges, and create best practices that set an example for future
development.
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The 65/10/0 stormwater management model called for a minimum of 65% vegetative surfaces, a
maximum of 10% impervious surfaces and 0% effective impervious surfaces. To achieve this
goal, the project will include the following methods:
·
·
·
·
·
·
·
·

Cisterns for stormwater capture and onsite reuse
Drought tolerant native plantings
Porous paving
10” topsoil and 4’ fill additions
Bioswales
Rain gardens
Minimized building footprint
Siting and clustering development to minimize impact

During an iterative design process, designers decided against using a green roof on the CTCC,
choosing instead to use the roof space for photovoltaics to meet other energy conservation goals.
However, this decision was only made after ensuring that the 65/10/0 requirements were met
through other methods.
It is important to note that in planning the site’s development, analysis of potential development
scenarios found that increasing open space on the site and decreasing the building footprint did
not negatively impact the amount of building area that would be developed in comparison to
local industry standards. (See Figure 1.4.)
Setting a goal of LEEDNC Platinum for the CTCC placed the project’s sustainability objectives
within an established context. This meant that the building would have benchmarks and
guidance for meeting sustainability objectives. In addition, LEED certification offered an
understood valuation system, which would attract prospective funding sources and future
tenants.5

5

The Port of Bremerton received a $2.58 million grant from the Department of Commerce’s Economic

Development Administration (EDA), which includes funding from the Global Climate Change Mitigation Incentive
Fund. According to the Kitsap Development Alliance, the inclusion of LEED features in the planned building was
important in the award. (www.kitsapeda.org/news.asp?ID=712)
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Figure 1.4. Comparison of LID Development to and Industry Standard
Source: Mithūn

Challenges
While the Kitsap SEED project has found considerable support and funding from a range of
sources, it has yet to break ground. Success of the project will depend on its ability to attract a
range of small businesses that will then support the project in the long term, and grow enough to
expand beyond the pilot building. This will also hinge on the commitment of those businesses to
continue developing at a high standard of sustainability.

B. Springwater Industrial Area
Project Overview
The Springwater Community is a 1272acre area of unincorporated Multnomah County located
to the southeast of Gresham. This area was added to the urban growth boundary in 2002 and
designated as a regionally significant industrial area, which served the purpose of adding more
industrial land both to the city of Gresham and the region. Although it is currently
unincorporated, Gresham plans to annex the area (City of Gresham, Springwater Community
Plan Summary [SCPS], 2005).
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Presently, much of the project area is undeveloped agricultural land. The existing development
consists of singlefamily housing and is characterized as rural. Springwater is located along
Oregon State Highway 26 in the upper area of the Johnson Creek Watershed. Route 26 bisects
the area and runs from the northwest to the southeast of the project site. Johnson Creek is the
major drainage feature of the area and runs northwesterly through the project site for two miles.
The following tributaries convey runoff to Johnson Creek’s mainstem: Sunshine Creek, Hogan
Creek, Badger Creek, and the North Fork of Johnson Creek (City of Gresham, Springwater
Stormwater Master Plan [SSMP], 2005).

Motivations
The major goal of this project is to bring highquality jobs to East Multnomah County, with an
emphasis on those in the hightech research and development sectors. A second goal is to create
a project that provides leadership in sustainable development through green construction
techniques, through the lifestyle it creates, and through the types of industries it attracts (City of
Gresham, SCPS, 2005).

Development Attraction
As mentioned above, the Springwater Community Plan’s goal is to bring many highquality jobs
to the area. The Springwater Community Plan estimates that this area could create over 15,000
jobs. The area will be divided into subdistricts with different attributes and uses. The sub
districts and the specific types of development the area aims to attract are summarized below:
·

Industrial subdistrict 1: 384acre industrial area that contains the following industries:
specialized software applications, recreational equipment and technology, corporate
headquarters, specialty food processing, and renewable energy technologies;

·

Industrial subdistrict 2: 106acre industrial area dedicated to research and development
(R&D) that contains corporate headquarters, graphic communication and creative
services, R&D and testing, computer services, accounting, legal services, and medical
services;

·
·
·
·
·

Mixeduse village: 23acres; contains a grocery store as an anchor tenant;
Moderate density residential: 43acres; moderate density residential (townhouses);
Low density residential: 99 acres; 1 house/6,000 sq. feet;
Very low density residential: 97 acres; 1 house/12,000 sq. feet;
Parks: 3 new parks to provide recreational opportunities to employees and residents; a
trails system will connect to the existing regional trails system and provide bicycle and
pedestrian access between the various subareas of Springwater;
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·

Roads and Transit: new arterials and collectors will be built; route 26 will be improved in
phases; there will be a new interchange on a new southern arterial and a new grade
separated bridgecrossing at a new northern collector street; and transit service will
operate in Springwater (City of Gresham, SCPS, 2005).

Stormwater Management Plan
The City of Gresham produced the Springwater Community Plan in 2005 in partnership with
Multnomah County and in coordination with Metro and Clackamas County among others. The
Springwater Community Plan sets the policy and code for the area and plans for Springwater’s
urbanization as required by the state of Oregon (City of Gresham, Springwater Stormwater
Master Plan [SSMP], 2005).
To move forward with this project and the eventual annexation of this area by the City of
Gresham, the City created a Stormwater Master Plan with the major goal of managing
stormwater “to protect water quality and aquatic habitat and to minimize impacts of localized
and downstream flooding” (City of Gresham, SSMP, p. 9, 2005). In order to achieve this goal,
the plan aims to state what infrastructure is needed to collect, convey, and treat stormwater
runoff from this area. The use of green and low impact development techniques is included
among the plan’s objectives (City of Gresham, SSMP, 2005).
Figure 1.5 shows a map of the
Springwater project area. The first step
in developing a stormwater master plan
was creating a hydrologic and hydraulic
model of the watershed and stormwater
system, which includes natural and
manmade features. The goal of this
model is to estimate water quantity in
the area, represent and evaluate the
area’s existing stormwater system,
predict flood risk, and design
Figure 1.5. Map of Springwater project area
stormwater management facilities. It
Source: City of Gresham
also aims to evaluate different
stormwater management strategies
including low impact development and best management practices. After that, a water quality
model was developed. This was done to analyze the water quality in the area’s current
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stormwater system, identify the water quality and pollutants associated with various land uses
and figure out which techniques could best control for issues, and to study different alternatives
for reducing pollutant levels. The goal is to make sure there is no net increase in pollutant loads
or levels due to urbanization. The results of these analyses show that it will be important to build
regional stormwater facilities and utilize LID techniques (City of Gresham, SSMP, 2005).
The following section includes the Stormwater Management Facilities. The techniques chosen
for this area attempt to mimic the natural hydrology of the area (predevelopment). In order to do
this, the city had to select techniques that would reduce stormwater volume and reduce peak flow
rates. The techniques best suited to do this were lowimpact techniques including rain gardens,
porous pavement, and tree planting. Springwater has shallow groundwater so techniques that
involve deep injection of stormwater were not an option. Additionally, new drywells were a
challenge because the permitting process is difficult. The city wanted to minimize conveyance
piping as well, so drainage channels (also known as swales) were a good option. It is important
to note that the certain techniques work better depending on the primary land use. For example,
drainage channels work well in industrial areas because there are large lots and few driveways.
“Pocket swales” or rain gardens work better in residential areas because they are contained in
specific areas at the end of a street or in the middle of a block (S. Fancher, personal
communication, November 12, 2008).
The following list includes stormwater management techniques to be used in the project area,
organized by category.
·

Regional stormwater management facilities – The purpose of these facilities are to
control stormwater quality and quantity. They will control runoff from the development
and protect natural resources.

·

Swale culvert crossings – This refers to locations where proposed swales will cross a
road.

·

Stream crossings – This refers to locations where streams cross roads. Bridges will be
built over Johnson Creek to allow fish to pass through the area.

·

Stormwater collection/conveyance system – This refers to green street swales and
drainage channels that aim to collect runoff and convey it between subbasins rather than
have it drain directly to the stream system.

·

Natural resources improvement projects – This refers to projects that deal with water
quality, reconnection of the floodplain, and temperature management (City of Gresham,
2007).
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In addition to these techniques, the city of Gresham adopted “Green Development Practices” and
compiled this information in an implementation guide for the Pleasant Valley and Springwater
Plan Districts called Green Development Practices for Stormwater Management, published in
July 2007. In these two districts, private property owners are required to manage 100% of the
stormwater runoff from their property using “Green Development Practices”, before it is
discharged into the streets or open spaces, where it will flow to regional facilities including
ponds or wetlands created for this purpose. “Green Development Practices” include rain gardens
(also known as swales, bioswales, or biofiltration), stormwater planters, porous pavement, or
planting trees. In addition, all new streets in these areas must use “Green Street” elements to
manage stormwater before discharging it. The “Green Street” techniques are specific to
streetscapes and are used in the public rightofway. Figure 1.6 illustrates stormwater
management techniques used in Springwater and Pleasant Valley, minus tree planting (City of
Gresham, 2007).

32

Figure 1.6. Stormwater Management Techniques used in Pleasant Valley and Springwater
areas of Gresham, OR
Source: City of Gresham, 2007.
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IV. Existing RCSI Conditions
RCSI Project Area Description
While researching this information concerning other relevant projects, the research team set
about specifically delineating the project area and documenting existing conditions. This
physical description of the approximately 400acre RCSI project area is intended to place the site
into its general environmental context. This was done using aerial photographs and ArcGIS
software and by reviewing current literature. For an indepth assessment of the lower Rock
Creek watershed, see the Rock and Richardson Watershed Assessment (Ecotrust, 2000) and the
Draft Willamette Subbasin Plan for the lower Clackamas River (Willamette Restoration
Initiative, 2004).
The delineation of the RCSI project area in this section (Figure 1.7) is an approximation based
on rough map sketches and personal communication. While it is relatively accurate, it does not
necessarily represent the true boundary (particularly the northern edge). The RCSI project area
lies within the lower Rock Creek watershed. The site is adjacent to more than one mile of lower
Rock Creek and is approximately 1/3 mile northeast of Rock Creek’s convergence with the
Clackamas River.

Figure 1.7 RCSI Project Area and Surrounding Watershed
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Landscape Analysis and the Ecosystem Services Approach
Two approaches were used to determine the existing conditions of the RCSI project area. The
first was a basic landscape analysis to identify and describe some of the key features and
opportunities of the site: soils, infiltration, hydrology, land use/land cover, water quality and fish
presence. The second approach explored a tool called EcoMetrix, which roughly assessed the
ability of the landscape to provide certain ecosystem services.

Landscape Analysis Approach

Soils
Figure 1.8 shows delineations of soil types from the Natural Resource Conservation Service
(NRCS). Note: at this enlarged scale, the soil line placement may not be accurate, and any
details herein need to be fieldverified. The soil types are also listed in Appendix B, along with
their slopes, properties and typical profiles. Soil data were obtained from the NRCS web soil
survey (2008).

Figure 1.8 Soil Types  RCSI and Surrounding Watershed
Source: Natural Resource Conservation Service, 2008.
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Snyder (2008) estimated the depth to ground water to be approximately 100  160 ft below land
surface for much of the project area, and is at its deepest near the centereast edge. The depth to
ground water tapers to zero where it discharges to Rock Creek and the Clackamas River (Snyder,
2008). However, the NRCS values listed in Appendix B show a depth to the water table between
1.5 and 6 feet below land surface. This suggests that there may be a perched water table sitting
on a shallow restrictive layer/hardpan/ fragipan. Further research revealed that only a very small
percentage of the soils on site are classified as hydric. Thus, more research is needed to
determine the depth and extent of a hardpan layer and any associated perched water table.

Infiltration
Different locations within the RCSI project area have varying capacities to infiltrate water. The
soil type data were overlaid with slope data and were qualitatively classified into four groups
according to their ability to infiltrate water (Best, Feasible, Marginal and Infeasible – B, F, M
and I, respectively). The results are shown in Figure 1.9.

Figure 1.9 Infiltration Classification
Source: Water Environment Services, 2008.
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The majority of the RCSI project area, 65%, is classified as Feasible to infiltrate water and nearly
34% as Infeasible. Less than one half of one percent (0.3%) is considered Best with the
remaining 0.9% as Marginal. The Infeasible zones for infiltration tend to be near the steeper
drainage areas and Feasible zones are in the flatter, upland agricultural areas. This will be an
important consideration when exploring LID and best management practices for onsite
stormwater management.

Hydrology
Lower Rock Creek flows NNE to SSW and makes up the entire western edge of the RCSI
project area, then continues another 0.3 mi to its confluence with the Clackamas River. The
topography of the site dictates surface water and local ground water flow directions. The RCSI
has its highest elevation in the centereast with drainages flowing north, west and south (Figure
1.10). Precipitation and surface and ground water withdrawals are the main sources of water into
the project area. Surface water withdrawals from lower Rock Creek are predominately used for
agriculture with some used for domestic/municipal uses (ODEQ, 2006). Deep ground water
withdrawals appear to be mostly used for domestic purposes (Oregon Water Resources
Department, 2008). Some of the deeper, regional ground water that originates in the Boring
Hills to the north may bypass Rock Creek and the RCSI project area to discharge directly to the
Clackamas River (Snyder, 2008).
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Figure 1.10 Drainage Patterns and Catchment Areas
(RCSI project area and surrounding watershed)
The 2year storm event for this location is 2.4 inches in a 24hour period. A storm of this
intensity is expected to occur every other year, or has a 50% chance of occurring in any given
year. A rain event of 2.4 inches over the 400acre project area amounts to almost 3.5 million
cubic feet, or 26 million gallons, in one day. Other storm intensities that may be planned for are
the 5year event (3.0 in/24hr), the 10year event (3.4 in/24hr), the 25year event (4.0 in/24hr), the
50year event (4.5 in/24hr), and the 100year storm event (5.0 in/24hr). A 25 year flow event
can cause flows of 350 cfs in lower Rock Creek (Water Environment Services, 2007).

Land Use/Land Cover
A very large portion of the RCSI project area has been used for agriculture. There are also some
noticeably intact forested riparian corridors along lower Rock Creek and its tributaries. Figure
1.11 shows approximately 45 acres (11.2 %) of relatively high quality riparian wildlife habitat
and 27 acres (6.7%) of high quality upland wildlife habitat. These numbers somewhat
underestimate the actual riparian areas of the corridor because the Rock Creek riparian zone
extends beyond the western edge of the project area, as can be seen in Figure 1.11.
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Figure 1.11 Land Use / Land Cover
High quality wildlife riparian corridor habitat (white) / Uplands (yellow)
Source: Metro, 2008.
Generally, the riparian areas in the lower canyons of Rock Creek are forested and include fairly
mature (and some individual old growth) conifers, cottonwood, alder, maple and oak (Ecotrust,
2000). These areas are particularly valuable for the many ecosystem services they provide, and
their protection will help maintain water quality standards and continued fish presence. With the
exception of some rooftops, parking and storage areas and highly compacted dirt roads, there are
essentially no impervious surfaces, which should be considered a significant asset of the site.

Water Quality
Lower Rock Creek appears to be within most water quality regulatory standards with some
exceptions. Oregon Department of Environmental Quality (ODEQ) data from 2004 show that
E.Coli bacteria levels during fall, winter and spring put Rock Creek on the Clean Water Act’s
303(d) list of impaired streams—a Total Maximum Daily Load (TMDL) is required. Summer
39

E.Coli levels are “attaining some criteria,” and the substances chlorpyrifos and dieldrin, both
toxic to aquatic life and human health, are a “potential concern” (ODEQ, 2004).
Oregon DEQ stream data from 2002 show lower Rock Creek to be “attaining” temperature
standards for salmonid fish spawning (not warmer than 12.8 °C from October 1 – May 31) and
rearing (not warmer than 17.8 °C during summer). However, some water quality “snapshot”
monitoring results on July 16, 2005 and July 28, 2007 show stream temperatures of 18.67 °C and
19.0 °C, respectively—both above the 17.8 °C limit for salmonid fish rearing in summer
(Clackamas River Basin Council 2005, 2007). While these snapshot results should raise some
red flags, stream temperatures should be calculated using a consecutive sevenday rolling
average of maximum temperatures (ODEQ, 2006). The Clackamas River, however, does exceed
temperature standards, requiring a TMDL, so maintaining low temperatures in Rock Creek is
crucial.
Pesticides are another major concern for Rock Creek. The Pesticide Toxicity Index for benthic
invertebrates (based on pesticide concentrations in water samples) resulted in lower Rock Creek
receiving one of the highest ratings in October 2000 (Bauer and Salminen, 2005). The high
pesticide levels are most likely from agricultural and residential landscaping practices within the
watershed. Other water quality limitations are presented in Table 1.4.
Table 1.4 Water Quality Limitations
Source: Bauer, Salmien and Rynyon 2005
Pesticides

Bacteria

Nitrates

Phosphorus

Highest

Very High

High

High

Lastly, data exist for many other potential water quality problems, such as dissolved oxygen
levels, turbidity levels and chlorine concentrations, but do not appear to be of immediate
concern.

Fish Presence
Rock Creek is biologically important. Oregon Department of Fish and Wildlife surveys in 2002
2003 collected 246 Cutthroat trout, 93 Rainbow and Steelhead trout, and 60 Coho salmon (Tinus,
Koloszar, & Ward, 2003). The Rock and Richardson Watershed Assessment (Ecotrust, 2000)
clearly summarized lower and middle Rock Creek as “salmonid hot spots” in the following
manner; “These areas all have confirmed salmonid populations and offer good potential for
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habitat restoration and species recovery…[These] areas should receive special attention in terms
of monitoring, protection, and restoration. If salmon cannot be retained in these sections, then
they cannot continue to exist in these watersheds” (Ecotrust, 2000).
Table 1.5 shows native and introduced fish species found in lower Rock Creek while Table 1.6
presents a summary of selected fish in the Clackamas River Basin with their federal and state
status. Of these fish, Rock Creek is known to be used by Chinook and Coho salmon, Rainbow
and Steelhead trout, and with Cutthroat trout being the most common salmonid (Water
Environment Services, 2007).
Table 1.5 Fish Species in Lower Rock Creek
(In addition to salmon and trout species)
Sources: Runyon and Salminen, 2005; Ecotrust, 2000.
Native Fish Species

Introduced Fish Species

Common (Scientific) Name

Common Name

Largescale Sucker (Catostomus macrocheilus)

Pumpkinseed

Red Side Shiner (Richardsonius balteatus)

Bluegill

Reticulate Sculpin (Cottus perplexus)

Largemouth Bass

Longnose Dace (Rhinicthys cataractae)

Brown Bullhead

W. Brook Lamprey (Lampetra richardson)
Northern Pikeminnow (Esox Lucieus)
Torrent Sculpin (Cottus rhotheus)

Table 1.6 Selected Fish in Clackamas River Basin
(Fish names in boldface also found in Rock Creek)
Source: Runyon and Salminen, 2005.

Common Name

Scientific Name

LifeHistory
Forms

Federal / State
Endangered Species
Status

Oncorhynchus tschawytscha

Anadromous
(fall and spring
runs)

Threatened / Threatened

(Population Segment)

Chinook Salmon
(L. Columbia R.)
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Coho Salmon

(L. Columbia R.)
Steelhead / Rainbow
Trout

Oncorhynchus kisutch

Oncorhynchus mykiss

(L. Columbia River)

Cutthroat Trout

(L. Columbia R.)

Oncorhynchus clarki

Anadromous
Anadromous
(winter steelhead),
resident (rainbow)
Anadromous,
fluvial, adfluvial,
resident

Candidate / Endangered
Threatened / Critical
(Steelhead)
Proposed / Critical
(Anadromous Form)

Bull Trout

Salvelinus confluentus

Fluvial, resident

Threatened / Critical

Pacific Lamprey

Lampetra tridentanta

Anadromous

No status / Vulnerable

Note to Table: Fishlife history forms are as follows: Anadromous populations migrate from the ocean / Columbia
estuary with spawning and juvenile rearing in the basin; Fluvial populations undergo withinbasin migrations
between small spawning tributaries and Clackamas / lower Willamette Rivers; Adfluvial populations migrate
between spawning tributaries and lakes; Resident populations usually occur in small headwater streams and exhibit
minimal instream movement.

Runyon and Salminen (2005) identified several factors in Rock Creek that are limiting fish
populations: Modified channel function, Modified flow, Habitat diversity impacts, Sediment
load impacts, Temperature impacts, Impaired key habitat quantity. The same report identified
the following fish passage barriers:
Fish Passage Barriers
·

A 20foot waterfall lies about sixtenths of a mile upstream of Rock Creek’s mouth.
Anadromous fish make use of the area below the falls for spawning and rearing. In
stream barriers in lower Rock Creek may inhibit movement during low flow periods.

·

Two small tributaries below the falls in Rock Creek also provide some limited habitat,
although culverts just upstream block these.

·

In middle Rock Creek, resident cutthroat trout have been found in a stretch of the
mainstem between Foster Road and SE 172nd Avenues. These fish may be hemmed in by
culvert blockages both upstream and down.

Bauer, Salminen and Runyon (2005) state that fish habitat is impaired in Rock Creek and is
mostly due to changes in riparian vegetation and function, limited large wood and complexity in
stream channels, and increased sediment loads. While invasive weeds are affecting riparian and
upland habitats, there are some high quality riparian habitats present in the watershed,
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particularly in the canyons of lower Rock Creek (Bauer, Salminen and Runyon, 2005). Thus,
these areas should be a focus of habitat restoration and protection efforts.

Results
There are some key features and opportunities of the RCSI project area that should be
recognized. Infiltration rates are likely feasible but may be a limiting factor for Low Impact
Development and onsite stormwater management. Infiltration may be infeasible near Rock
Creek and its tributaries due to steep slopes. More research is needed to determine infiltration
rates of different soil types as well as the extent and depth of perched ground water levels. There
currently exists a wellfunctioning riparian corridor with some high quality riparian and upland
wildlife habitat. The fact that the project area has very little impervious surfaces should be
recognized as an asset and an opportunity. Maintaining minimal imperviousness will help ensure
healthy riparian habitat, attain water quality standards, and provide cool, summer baseflows to
Rock Creek. Bacteria (E.Coli), pesticides, high temperatures and nutrients are the main water
quality concerns. Lastly, lower Rock Creek has populations of federally or state listed salmonid
species and should be a focus of restoration and protection efforts.

Ecosystem Services Approach and EcoMetrix
The second approach for assessing the project area was an attempt to quantify the ecosystem
services of the area. The powerful uses of this approach are to 1) quantify existing conditions, 2)
compare development alternatives, and 3) predict impacts over time. There are some currently
accepted methods to quantify landscape components that this analysis did not explore—a few are
listed below:
·

The Habitat Evaluation Procedure (HEP) uses limiting variables to determine habitat
suitability index (HSI) values.

·

The Habitat Evaluation System (HES) for streams and lakes and certain terrestrial
systems, uses key weighted variables to derive Habitat Quality Index (HQI) scores.

·

Hydrogeomorphic (HGM) analysis and Wetland Evaluation Technique (WET) for
wetlands. Scores are derived for each wetland function.

The research team utilized a tool called EcoMetrix, developed by Parametrix, Inc. to assess the
ecosystem services the landscape currently provides. The analysis tool aims to quantify how
well the natural systems within the project area are providing those services, such as water
purification (quality), water regulation (quantity and timing), biological support, erosion and
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landslide control, soil formation, pollination, air quality and climate regulation, to name a few. It
essentially puts a score on the ability of nature to provide those tangible, beneficial functions.
Intangible services (e.g. aesthetic value, psychological wellbeing, historic natural character, etc.)
are not quantified.
For EcoMetrix to quantify ecosystem services, it is first necessary to identify beneficial
functions, identify the habitat structures and components that are most pertinent to performing
that function, and then collect data about those habitat components. Multiple habitat components
can help perform the same function, and one habitat component can perform multiple functions.
In the end, the aggregation of functions comprises the ecosystem services the site is providing.
The basic EcoMetrix methodology is to divide the project area into small map units (a grouping
of similar/homogeneous landscape features). Then, datasheets are completed in the field for
every map unit. The results from the datasheets are run through the EcoMetrix calculator, which
assigns values to certain combinations of habitat components. The output is a measure of how
well the landscape is providing each individual service or function; or, how well the landscape is
performing the suite of ecosystem services.

Evaluation of EcoMetrix
EcoMetrix is designed so that very small map units can be delineated and datasheets filled out in
the field. Due to time and resources constraints, this analysis did not fill out the datasheets in the
field and did not look at the entire 400acre RCSI project area. Instead, map units and datasheets
were completed entirely using ½foot aerial photographs and ArcGIS 9.2. For analysis, the
research team focused on the Providence medical site and its immediate subwatershed (Figure
1.12). This condensed, coursescale methodology had not been performed before, and certain
limitations became apparent. These limitations are described below.
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Figure 1.12 EcoMetrix Map Units  Providence Medical Site & Immediate Subwatershed
(A map unit is a grouping of similar/homogeneous landscape features)
Using aerial photos, 115 map units were drawn at a scale of 1:1000. At this scale, only very
general landscape types could be delineated: forests, mixed stands, agriculture, grass, shrubs,
bare ground, dirt roads, buildings and industrial. Stream survey data by the Oregon Department
Fish & Wildlife provided the only ontheground details for certain stream and riparian map
units—wetted width and depth, pools, riffles and runs, bankfull width, channel shape, stream
substrate, bank status, large wood sizes and numbers, as well as adjacent riparian vegetation
structure. Beyond that, all other map units were at too coarse a scale to ascertain the details
asked of the datasheets. The only details that could be consistently determined were the general
habitat type (map unit), proximity to water features, soil type, percent slope, and percent canopy
cover. Occasionally, details such as downed wood, overhanging vegetation, and percent ground
cover could be estimated. In total, datasheets were filled out for 45 map units. The analysis was
run by Parametrix and the results are shown in Appendix C.
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The research team was unable to use EcoMetrix to its full potential with the aerial photograph
method. It was incapable of deciphering ontheground details that are asked of the map unit
datasheets, and so many of the indicators needed to measure certain functions were not available.
Thus, this analysis was limited to seven total functions (Temperature Regulation, Habitat
Formation, Bank Stability, Filtration, Soil Stability, Streambed Stability and Anadromous Fish
Habitat) and on many map units only two or three functions could be measured. With additional
data collection and analysis, Phosphorous, Nitrogen, Infiltration, and further habitat functions
can also be included. These results are mostly limited to canopy cover and proximity to streams.
An important point is that the main limitations of this approach were not in the methodology, but
in the lack of available data, as well as time and resources. The benefit of this approach was the
course scale rapid assessment with expenditure of limited resources, but findings should be
considered preliminary.
One compelling conclusion evident from use of this tool is that if ecosystem services are
removed from a site, they will need to be replaced—often requiring expertise and engineering at
significant cost. If used to its full potential, EcoMetrix can help to quantify the current levels of
ecosystem services of the landscape, compare loss of service between different development
scenarios, and help predict impacts to these ecosystem services over time.
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V. Development Scenario Analysis
In addition to taking an inventory of the ecosystem services provided by the current land use, the
research team used EcoMetrix to determine levels of ecosystem services generated by a
hypothetical LID alternative. The idea was to see if a reputedly more ‘sustainable’ scenario, such
as those described in the case studies, would generate more ecological benefits than a
conventional development scenario. The utility of the EcoMetrix tool in this regard stems from
its sophistication and comprehensiveness for capturing ecological flows, its flexibility in
application, and its capacity for normalizing the evaluation criteria across ecological functions.
The southern 40 acres of the proposed hospital site was chosen for this analysis because of its
location and features (slope, drainage patterns), ‘campus’ style development (an oftused
approach in Employment zones), timeliness, and its spatial concurrence with map units
developed in the preceding inventory.
We initially examined three hypothetical development scenarios. The scenarios each begin with
the same hospital buildout plan, (based on an earlier feasibility analysis completed by its
engineering consultants), then varying degrees of low impact development practices were
incorporated. Scenerio A is an ‘existing code’ option that allows for major site modifications to
accommodate a spatially extensive development pattern. Scenario B modifies the same
development pattern to include bioswales in lieu of storm sewers. Scenario C is a highly
clustered option that incorporates the site’s natural drainage patterns, significant vegetation and
infiltration to approximate the original hydrology. These are described in detail below. No
analysis was completed for either of the first two scenarios due to constraints on data availability.

Scenario A: Conventional Development
The first scenario looks at the conventional approach to development. This approach emphasizes
lowrise construction and surface parking lots to reduce construction costs, broad rightsofway
allowing for separation of transportation modes, and stormwater management via an
underground collection network, large centralized surface or subsurface detention facilities, and
export offsite. It would most likely require extensive grading of the site due to the presence of
moderate slopes (35%) throughout the site.
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Scenario B: Conventional Development with LID Features
The second scenario modifies the conventional scenario, primarily by replacing most
underground stormwater facilities (pipes) with surface facilities (bioswales and green roofs).
These surface stormwater facilities typically replace other landscaping elements, resulting in
little if any net decrease in the development’s hardscape footprint. Where landscaped areas have
been graded, however, soils may need significantly more amendment to achieve target
infiltration rates. In addition to conveyance, bioswales and greenroofs attenuate runoff and filter
particulates from stormwater. Attenuation of runoff prevents stormwater from peaking at
abnormally high levels, where it can erode stream channels, and encourages infiltration that
contributes to summer base flows and reduced stream temperatures. Filtering of particulates from
stormwater removes hydrocarbons (oils and grease from roads and parking areas), as well as
nutrients and pesticides (from landscaped areas) that adversely affect aquatic habitat (by
increasing turbidity and concentrations of toxins while reducing available oxygen). This
approach attempts to replace some of the ecological functionality of the predevelopment site. By
handling stormwater management onsite, bioswales and green roofs can also lead to reduced
size of local and regional collection and detention facilities, as well as stormwater treatment
plants. Analysis of this alternative was not attempted due to data constraints.

Scenario C: LIDIntensive Development
The third scenario is an even lowerimpact, and consequently more sustainable approach that is
less a modification of the conventional approach and more of a different approach altogether. In
contrast to scenarios A and B, this scenario begins by preserving what is possible of the existing
ecological infrastructure of the site, and designing the development project’s footprint for the
balance of the site. This can often be accomplished if density bonuses are provided as
compensation if an unusually high percentage of land is set aside for habitat conservation (such
as in Portland’s experimental stormwater marketplace). The resulting development is often more
compact, taking the form of taller mixeduse structures that include parking and narrower multi
purpose rightsofway for access. Ecological functions such as stormwater detention and
filtration that cannot be preserved are incorporated into the landscape design, so that the entire
site in effect serves as the stormwater facility. LID components may include bioswales,
raingardens, stormwater infiltration planters, green roofs, pervious pavements, open space, street
trees and native vegetation with a multistory canopy. The aim of this alternative is to manage
stormwater at the source (i.e. where it falls), and thus attain a level of ecological function closer
to that of the original predevelopment site. If this can be accomplished effectively, local and
regional collection and treatment facilities may be altogether unnecessary.
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Figure 1.13 Scenario C: LID Intensive Development

Methods
As with the inventory of the existing site, we applied the EcoMetrix tool to development
Scenario C at a slightly larger scale of analysis than was it was originally designed for—map
units averaged just under one acre in size. While this approach may be inadequate for
determining actual ecosystem credits, it should be fairly representative of the ecological function
of the overall site. 6

6

This can be postulated because map units are nested hierarchically—meaning properties at one scale are

proportional to those at another scale. The main difference is that at larger scales the output will be more generalized
while at smaller scales it will be more explicit. The linearity of this relationship as it pertains to the map unit
methodology should be validated before affirming the results of our analysis.) Specifically, one should look for
evidence of emergent system properties at higher scales that invalidate the hypothesis of a linear relationship along
hierarchies of map units (Ahl and Allen, 2000). Such a test was beyond the scope of the present analysis, although
the landscape ecology literature is likely to have something to say on the matter.
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Each map unit was assigned to one of the following nine land cover classes: conventional roof,
green roof, pervious pavement, impervious pavement, bioswale, ornamental landscaping, native
landscaping, raingarden, manmade stream, and natural open space (see Appendix A).
Datasheets were completed for each land cover class. Due to time constraints, it was assumed
that individual map units had the same characteristics (including adjacencies) as all the others in
their class and no attempt was made to distinguish among them except for size. While this is a
simplification of reality (for in actuality no two map units would be exactly alike), we decided
there was no reason that a fundamental difference among map units would occur within any
given class, and that it was plausible that one could build them identically without compromising
function or form. As a means to at least partially address this issue, however, map units were
depicted in the datasheets as being fairly complex and multifaceted (as opposed to homogenous)
entities. That is, we addressed the likelihood of differentiation among map units by allowing for
spatial heterogeneity within map units. Completed datasheets were then sent to Parametrix staff
for calculation and summarization.

Results of Alternatives Comparison
Results were unavailable at the time of publication, due to resource constraints. Parametrix staff
have also advised the research team that more detail on specific map units will likely be
necessary in order to satisfy the requirements of the EcoMetrix model.
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VI. Performance Evaluation
LID facilities are readily monitored and managed for compliance with water quality standards
because the facilities are typically quite accessible. This makes it easier to find and address the
effects of contaminants near the source, helping to prevent downstream impacts. For example,
the magnitude of oil and grease pollution will be apparent through the discoloration and dieback
of vegetation in a raingarden at the end of a parking lot swale or loading dock ramp, whereas it
will not be apparent inside a catch basin. It is a wellestablished principle that eliminating or
otherwise mitigating contaminants at the source is often simpler and more costeffective than
providing additional treatment capacity downstream (Callan and Thomas, 2007). The visibility
of LID facilities also aids in early detection or verification of potential problems, so that the
duration of a spill event may be reduced. This is significant because timeofexposure is often a
critical variable in toxicity calculations (Hemond and FechnerLevy, 2000). In addition to this
direct observation, regular (semiannual or annual) evaluation of the LID facility with the
EcoMetrix tool could reveal less obvious pollution such as heavy metals that bioaccumulate,
resulting in diminished local species diversity which adversely impacts both the hydroecology
(i.e. stream channel stability) and the overall food web (biological stability).
Maintenance of LID facilities presents both problems and opportunities. On the one hand,
facilities must be maintained on a more regular basis so that function as well as form (aesthetics)
is not diminished. Maintenance tasks, similar to landscape maintenance and construction, are
labor intensive and likely to translate into higher costs per unit of stormwater managed than are
automated treatment facilities. However, by incorporating stormwater facility maintenance into
routine landscape maintenance, maintenance becomes both more proactive and less obtrusive.
Also, stormwater facility maintenance and repair costs can be shifted largely to the private
sector, where they become part of the building’s operating budget. This could be achieved either
through formal maintenance agreements between property owners and the utility (such as with
conservation easements), or by establishment of a selfmanaging special district that assesses
patrons annually for operations and maintenance (O&M) as well as periodic capital costs. The
latter approach may be the most efficient way to address maintenance if viewed from the big
picture, longterm perspective, because economies of scale can keep costs relatively low,
ecosystem services are improved substantially, and local control ensures greater responsiveness
to problems. For more discussion on institutional structures to facilitate adaptive O&M, see
Appendix B.
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EcoMetrix may also aid in the assessment of LID facilities’ performance over time. In particular,
it could prove a useful component of adaptive watershed management where external factors
such as redevelopment of the site, cumulative effects of adjacent development, or climate
change alter the local hydrology. In contrast to conventional monitoring, EcoMetrix permits
evaluation of ecosystem conditions, which can be followed up by redesign of facilities to address
specific functional deficiencies. For example, if stormwater regulation was insufficient due to
increased overland flows, additional raingardens could be added, or existing ones deepened to
provide more storage capacity at key locations in the storm system. This is costprohibitive with
buried assets such as catch basins, stormwater mains or detention pipes.
Because of the costprohibitive nature of retrofitting buried assets such as conveyance and
detention pipes, very conservative assumptions must be used in their design, often resulting in
overbuilt facilities. LID facilities by contrast are readily reconfigured to add capacity where
needed. This can be especially costeffective when coupled with regular maintenance work. For
example, when substrates are dug up for cleaning, vegetation might be replaced with deeper
rooted species to improve infiltration and/or soil replaced with cobbles to improve storage. If
filtration was an issue, soils could be further amended, retention times increased by lengthening
the drainage path, and/or vegetation modified to include a larger component of wetlandtype
plants.
This section has shown that monitoring of LID systems is straightforward, maintenance is
proactive, and facilities are readily reconfigured and/or enlarged as external inputs change. Thus
it may be implemented in a more flexible and experimental way than buried systems, saving
costs.
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VII. Valuation
The task in this section of the report is to develop a preliminary estimate of the costs and benefits
of an LID stormwater management scenario for the RCSI study area in comparison to a
conventional stormwater management scenario for the area. A comparative cost analysis was
recently completed by Phil Pommier, PE of Pacific Water Resources (PWR), a consultant for the
RCSI project. This analysis uses the PWR work as a starting point, and expands the LID
scenario in order to consider additional LID tools, and their costs, that could be employed to
further improve the area’s ability to manage stormwater in a productive manner.
The analysis is considered “preliminary” in the sense that it identifies the range of affected costs
and benefits, and provides a mix of quantitative and qualitative measures, but it does not
calculate a net economic benefit of all benefits minus all costs. While such an analysis would
help inform decisionmaking, but it was beyond the scope of the present study, for reasons
outlined below. Nonetheless, the preliminary approach adopted here can help inform decision
makers and stakeholder by identifying the relevant costs and benefits of two different stormwater
management strategies. Comparing those costs and benefits can be done given the information
currently available. This work also serves as a starting point for a more formal analysis, if such a
product were deemed necessary.
This section consists of four main components. The first considers of some of the main issues
involved in projecting the potential costs and benefits of conventional and LID practices for a
particular site or area. The second describes the development scenario and alternative
stormwater management strategies, including their associated costs, which have recently been
calculated by PWR. Third, using the PWR LID scenario as a basis, a suite of additional LID
practices will be considered in terms of their impact on the costs and performance level of the
LID stormwater management strategy. These additional practices include landscaping
requirements that call for the use of droughttolerant native vegetation and the addition of 200
trees to the area, and the creation of biodetention cells, or “rain gardens,” on each site. This
augmented LID scenario will serve as the basis of the concluding section that details the benefits
that can reasonably be associated to using a variety of LID practices to manage all stormwater
onsite in the RCSI study area.
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Assessing the Costs and Benefits of LID Practices
There are four closely related issues that affect any attempt to valuate LID practices: the newness
of LID projects and practices; the sitespecific nature of the design and effectiveness of various
LID techniques; the multifaceted nature of most LID projects; and the fact that some of the
benefits associated with LID are nonmarket goods and services. Each one of these issues will
be looked at in turn before discussing the unique LIDrelated costs and benefits of the RCSI
study area.
The use of LID practices is still less than 20 years old. They were first implemented in the early
1990s in Prince George’s County, Maryland, in an attempt to meet the multiple goals of lowering
stormwater management costs, improving water quality, and preserving the integrity,
functionality, and services of the surrounding ecosystems (Prince George’s County, Maryland,
1999). The effectiveness of these early endeavors has since led many other jurisdictions to begin
to follow suit, with additional support coming from the EPA and a variety of newly developed
LIDfocused trade and environmental groups (for a partial list of these groups, see the “Other
Related Sustainable Development Efforts” section of this report). As a result, a multitude of
pilot and demonstration projects have either recently been constructed, or are in the process of
being constructed, and are just beginning to supply researchers with some information regarding
their costs and potential benefits.
These projects have succeeded in demonstrating that in many cases, and LID stormwater
management system can be more effective, less costly, and more socially and environmentally
beneficial. They have also helped identify many of the variables which not only should be
considered when assessing an area’s potential for LID, and when choosing which LID techniques
to employ, but also when beginning to consider an LID project’s potential costs and benefits.
Regarding the cost information supplied by these projects, pilot and inaugural projects can cost
more than subsequent routinized projects. Part of this is because such projects often have
additional goals such as education or public involvement, but also because cost savings from
improved efficiency and economies of scale have yet to be realized. As Denise Andrews, the
manager of Seattle’s surface water program pointed out when discussing the recently completed
“Street Edge Alternative” pilot project, “You could take $200,000 off the price just from what
we didn’t know…. The pilot phases that we are currently in are more expensive, but as the
project becomes institutionalized, all the costs will come down” (Foss, 2005, p. 7). Although
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costs for some practices in some jurisdictions have begun to decrease7, there are still likely to be
further decreases in the near future, and there is also a great deal of variation between areas due
to the relative levels of experience of the designers, engineers, permitters, and workers who all
have to learn about how to implement the various LID practices.
Regarding information about some of the benefits of LID techniques, the newness of LID may
limit the development of a more complete body of information about LID benefits. Newly
planted trees, for example, can take up to ten years before they are mature enough to start
making measurable economic contributions to stormwater management, air purification, cooler
water, a cooler microclimate, and a property’s amenity value. Although each of these benefits
produced by a single tree in a single year is individually small, they quickly begin to add up over
a larger area with more trees, and over the course of a project’s lifecycle, often producing
sizeable benefits.8
The second issue affecting LID evaluation that has already been touched upon is the sitespecific
nature of each project. The ability of any site to help manage stormwater depends on a number
of factors, particularly soil type and condition, slope, type and amount of vegetation, depth of the
water table, and amount of impervious surfaces. Each of these variables helps determine the
feasibility, design, cost, performance, and benefits of different LID practices. As a result, a
swale in one location can look, cost, and perform differently than a swale in another project. As
the EPA has recently noted, “One of the chief impediments to getting useful economic data to
promote more widespread use of LID techniques is the lack of a uniform baseline with which to
compare the costs and benefits of LID practices” (U.S. EPA, 2007).
The third issue affecting LID valuation is that many stormwater management projects employ
multiple LID practices, making it difficult to accurately pinpoint the extent of each component’s
contribution to the project’s resulting benefits. In an analysis of 17 LID projects of varying
scale, all but three of the projects used multiple LID techniques, averaging between three and
four techniques per project (USEPA 2007. p. 11). While analyses of many of these projects were
7

The City of Portland, for example, now estimates their installation costs for permeable pavers to be $5.00/sf, down

from the $10.50/sf rate they paid as part of their initial permeable paver pilot projects (City of Portland, 2003; City
of Portland, ND).
8

The City of Portland’s 1.4 million street and park trees, for example, are estimated to provide nearly $27 million

worth of environmental and propertyvalue related aesthetic benefits every year (Portland Parks and Recreation
[PPR], 2007)
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able to isolate the costs of their various components, they did not attempt to isolate their
individual contributions to stormwater management of other related benefits. Thus, while we
know that Seattle’s “Street Edge Alternative” project was able to reduce total surface runoff by
99% through the use of swales, narrower streets, and additional trees and shrubs, we do not know
the extent of each of these component’s contributions to the end result (USEPA 2007, pp 1213).
The final issue affecting LID evaluation is that some of the benefits of LID are ecosystembased
nonmarket goods and services that are, by definition, not traded in established markets and so
are more difficult to measure. Economists and other researchers interested in quantifying LID
related ecosystemsbased economic benefits have developed alternative valuation strategies.9

Applying LID to Rock Creek
A thorough assessment of the RCSI area’s potential for LID was recently performed by Phil
Pommier, PE, of Pacific Water Resources for the RCSI project team. 10 To perform this
assessment, Mr. Pommier developed a hydrologic model of the area based on its soil types, water
tables, slopes, and an amount of future impervious surfaces that was based on the future
development scenario depicted in Figure 1.14 that is based on current zoning codes and building
practices. It should be noted at the outset that the RCSI area analyzed by Mr. Pommier is
actually a bit larger than the RCSI study area delineated by the project team for the PSU
students. This discussion of his work pertains only to those portions of his analysis that are
within the smaller PSU RCSI study area that is outlined in yellow.

9

See MacMullan (2007) for descriptions of these methods.

10

The ensuing discussion of Mr. Pommier’s work refers to the two draft technical memorandums he produced for

the RCSI project team, Pommier 2008a, and Pommier 2008b. the copies made available for the present study were
still in draft form, but should soon be finalized and be made available through Clackamas County’s department of
Water and Environmental Services.
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Figure 1.14 Proposed Development Scenario for the Greater RCSI Study Area
(PSU Study Area Outlined in Yellow)

This hydrologic model allowed Mr. Pommier to predict the amount of stormwater runoff
generated by storms of various magnitudes, and then consider a variety of conventional and LID
stormwater management infrastructure scenarios and their ability to manage the different
amounts of runoff. The conventional stormwater management scenario relied on a network of
catch basins, man holes, and pipes to capture runoff and transport it to a series of detention
facilities—both above ground ponds and underground boxes—that were placed around the
perimeter of the development where the water would be held for pollution settlement and then
slowly released into the nearby Rock Creek tributaries. The LID scenario Mr. Pommier
developed employed two LID techniques, soil amendments for the 23 sites’ remaining pervious
areas, and a network of connected lowslope bioswales. The primary purpose of both of these
techniques is to infiltrate some of the stormwater, then convey the remainder via the swales to
somewhat smaller detention facilities for controlled release into the nearby waterways. The need
for detention facilities in the LID scenario arises from the fact that the area’s high water tables
and slowly draining clay soils prevent the remaining postdevelopment pervious area (about 26%
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of the area of each site, on average) from immediately absorbing all of the stormwater from
storms equal to or greater in magnitude than a 2year storm event.

In both the LID and conventional scenarios, the only modification necessary to handle different
magnitude storm events was a resizing of the detention facilities.
For the purposes of developing cost estimates for each of these scenarios, Mr. Pommier
estimated detention facilities dimensions capable of handling 2year and 10year storm events.
The 2year standard is the current minimum level of performance allowed by county standards,
while the 10year standard is a much higher level of performance that would likely better meet
the county’s stormwater management goals by further minimizing negative impacts on the area’s
water quality and biodiversity. Again, it should be noted that the RCSI study area analyzed by
Mr. Pommier is somewhat larger than the PSU RCSI study area. The costs reported below
represent an estimate of the costs of those components of Mr. Pommier’s scenario for the 2year
standard that lie within the PSU study area, thus excluding the costs associated with the
residential area to the north, and those associated with the portion of the Regionally Significant
Industrial Area (RSIA) east of SE 172nd Avenue. The latter costs were estimated by the author to
represent one third of the costs of the stormwater management infrastructure for the larger area’s
RCSI sites.

Table 1.7 Costs of Conventional SWM Infrastructure
Components

Hospital Site RSIA Sites

Total

Pipes

$242,500

$70,023

$312,523

Catch Basins

$80,000

$23,310

$103,310

Manholes

$55,250

$16,317

$71,567

Water Quality Devices —
MSDs or steam filters

$50,000

$13,320

$63,330

Detention Facilities

$65,813

$215,851 $281,664

$493,563

$338,821 $832,384

TOTAL
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Table 1.8 Costs of LID SWM Infrastructure
Components

Hospital Site

RSIA Sites

Total

Swales

$471,080

$78,441

$549,521

Drop structures

$80,470

$10,310

$90,780

Amended Soils

$392,194

$39,487

$431,681

Culverts

$19,500

$7,493

$26,993

Detention Ponds

$40,658

$169,231

$209,889

$1,003,902

$304,962

$1,308,864

TOTAL

It should be noted that all additional costs of the LID scenario can be attributed to the greater
slopes present on the two hospital sites in the southwest corner of the study area which make the
conventional infrastructure cheaper by enabling the use of smaller pipes, and the LID
infrastructure more expensive because of the additional engineering requirements for
constructing the sites’ lowslope swales (Pommier 2008b). In fact, if the hospital site is excluded
from the analysis, then the LID infrastructure is actually $33,859, or 10%, cheaper than the
conventional infrastructure.
It is also important to note that, although both scenarios handle the same amount of stormwater,
they produce different levels of other hydrologicrelated services, specifically ground water
recharge and water purification, two primary issues of concern for the RCSI project team. Since
the LID scenario provides increased levels of ground water and water purification, the increased
costs are accompanied by increased levels of service that, as Mr. Pommier notes, have “the
potential for reducing adverse impacts on downstream receiving waters, thereby improving water
quality and aquatic biota related to these systems” (Pommier 2008a, p. 1).
Despite the apparent level of hydrologic service advantages of Mr. Pommier’s LID scenario over
his conventional scenario, it is still limited by its need to convey a majority of each site’s
stormwater runoff off site and then discharge it, unfiltered, into the nearest waterway whence it
is carried off down stream. Discharging water this way negatively impacts fish habitat not only
by allowing it to pass unfiltered into Rock Creek (although some pollutants do settle out in the
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detention facilities), but also by allowing it to warm up as it sits in the detention pond. As
previously noted in this report, Rock Creek is tenuously close to exceeding allowable
temperatures which, if exceeded, would trigger the imposition of a temperature TDML by the
Oregon DEQ, and potentially require expensive mitigation efforts. The use of detention ponds
also can affect stream temperatures by reducing the amount of ground water recharge that is
necessary for maintaining dryseason stream flows. If these flows get too low, then the water’s
temperature will increase. The curtailed groundwater recharge also reduces the amount of
drinking water available for Sunrise Water Authority’s (SWA) wells. Since there are not more
additional groundwater or river water rights available in the area, reduced groundwater amounts
would force SWA to import additional water from outside sources at increased rates.

A More Complete LID Scenario
Despite the area’s slope, soil, and water table constraints noted by Mr. Pommier, it appears likely
that additional LID techniques perhaps not considered by Mr. Pommier could allow each site to
completely manage its own stormwater through increased infiltration and transevaporation, thus
improving the area’s overall hydrologic performance by making sure that all stormwater is
filtered through the soil, and that groundwater is recharged to the greatest extent possible. The
purpose of this subsection is to describe the components of this more complete LID scenario,
how it works, and how much it would cost. For the purposes of distinguishing this LID scenario
from Mr. Pommier’s LID scenario, this one will be referred to as the “LIDcomplete” scenario,
and Mr. Pommier’s will be referred to as the “LIDlite” scenario.
The LIDcomplete scenario builds on Mr. Pommier’s LIDlite scenario of swales and amended
soils by adding 250 large trees to the site, requiring all landscaping to be done with native
droughttolerant plants and shrubs, and using rain gardens to detain water onsite for controlled,
delayed discharge into each site’s swale system. The trees would help manage stormwater in
two ways. First, mature large trees uptake close to 600 gallons of water per year (PPR, 2007).
The addition of 250 trees to the area would process close to 150,000 gallons of water per year,
thus lessening the burden on the soil for infiltration. Second, tree roots help improve the soil’s
infiltration capacity by loosening the clay and providing pathways for stormwater to infiltrate the
soil. For the purposes of this study, the cost of purchasing and establishing each tree is estimated
to be $10011 (See Table 1.9 for a summary of the costs of this LID scenario).
11

This estimate was made by the author, based on a personal conversation with Paul Reinhart of the nonprofit tree

advocacy group, Friends of Trees.
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Native, droughttolerant landscaping would improve the area’s hydrology by removing the need
for pesticide use, and by eliminating the need for dry weather irrigation once the plants are
established. Lack of pesticides would lead to cleaner water going into the ground, and lack of
irrigation requirements would lead to decreased demands for the area’s limited supplies of
drinking water. Since the use of native plants can cost more or less than conventional
landscaping depending on design and plant choices, it is assumed that this requirement would
add no additional costs to the project.
The purpose of the rain gardens would be to detain runoff during a storm, then slowly discharge
it into the swales afterwards while at the same time allowing for additional infiltration though the
rain gardens themselves. The design of these rain gardens would be quite similar to the
vegetated swales, but a bit deeper and wider (although the actual shape could vary quite a lot)
and capable of holding an average of 1.5 cubic feet of water for every square foot (sf) of rain
garden surface area. Assuming that the total rain garden storage volume needed would be the
same volume needed for Mr. Pommier’s modeled 10year detention requirements, the total
square feet of rain gardens needed for the area’s 23 building sites would total 272,309 sf, or
about 17.2% of these sites’ combined 36.3 acres of pervious surfaces. Since these rain gardens
are quite similar in construction to wide swales, their costs per sf are assumed to be equal to the
costs of the 14’ wide swales listed by Mr. Pommier as costing $7.50/sf (Pommier 2008b, p. 9),
producing a total areawide cost of $2.04 million. Additional costs for this scenario also include
$7,500 for LID information and education to help developers and designers understand the on
site stormwater management requirements and opportunities.
While these costs are higher than the LIDlite scenario, it should be pointed out that this scenario
also provides the highest possible level of postdevelopment hydrologic services by maximizing
the area’s potential for groundwater recharge and eater purification via soil infiltration. It also
provides numerous additional economic benefits described in the next subsection.
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Table 1.9a. Initial Costs of LIDcomplete SWM Infrastructure
Swales

$549,521

Drop structures

$90,780

Amended Soils

$431,681

Culverts

$26,993

Trees (250ea)

$25,000

LID Information & Education

$7,500

Rain Gardens

$2,042,318

TOTAL

$3,173,793

Table 1.9b. Immediate Benefits of LIDcomplete for Developers
Item

Area (sf)

Price/sf

Savings

More developable land

56,400

$36

$169,200338,400

Avoided Landscaping costs

338,799

$35

$1,016,397 – 1,693,995

TOTAL

$1,185,597 – 2,032,395

Table 1.9c. Initial Costs Minus Calculated Immediate Benefits
Initial Costs

$3,173,793

Immediate Benefits

$1,185,597 – 2,032,395

Net Initial Costs of LIDcomplete

$1,141,398 – 1,988,196
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Potential Benefits of the “LIDcomplete” Scenario
There are three main types of benefits resulting from using the suite of LID practices outlined
above in order to manage all stormwater runoff onsite: avoided costs; retained and enhanced
related ecosystem services; and economic development opportunities.
The primary avoided costs resulting from this scenario include avoided landscaping costs,
avoided salmonid loss and restoration costs, avoided water filtration costs, and avoided increased
drinking water costs. The available data allow us to quantify the landscapingcost savings
specific to the LID scenario. The available data, however, do not allow us to quantify the other
cost savings. For these avoided costs we report information on related economic values at issue
that the LID scenario help protect. Regarding avoided landscaping costs, in the scenario
described above, swales and rain gardens occupy 338,799 sf of the 23 site’s combined area, land
that would no longer need to be landscaped as a result of placing swales and gardens there.
Assuming that this area would otherwise be landscaped at $35/sf, this would produce an
avoided cost of $1.01.7 million. Additional avoided landscaperelated costs include not having
to pay for irrigation, mowing, and pesticide use. Not having to irrigate would alone save each
site owner at least $1,400 per year12 or $32,200 annually for the entire area.
The LID scenario will help protect salmon and salmon habitat. One study (ODFW, 2003)
calculated the value of the 400 salmonids that pass through the Rock Creek area at $872 apiece13.
Based on this information, the LID scenario will help protect a salmon population valued at
$174,000. The LID scenario also helps protect salmon habitat and avoids future restoration
costs.14
12

Personal Communication from Kim Anderson of SWA. This avoided cost would begin to be seen in year 3 since

the native droughttolerant landscaping would still need to be irrigated with a temporary system for the first two
years to help get the plants and trees established.
13

This value is the one calculated by Goodstein and Matsen (2004) for nonChinook salmon such as the Coho found

in Rock Creek. The estimated 400 salmonids in Rock Creek also include cutthroat and steelhead trout—both
anadromous fish—which were not valued by Goodstein and Matsen. Since these trout are, like the Coho,
anadromous and wild, it is being assumed by the author that they have the same $872 value to the Oregon and
Washington households studied by Goodstein and Matsen.
14

Water chiller units for sufficiently cooling the Chehalis (WA) River and the Tualitan River to meet TMDL

requirements were estimated to cost $35M and $104225M, respectively (Nieme, et al, 2006).
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Additional avoided costs savings come from not having to pay to clean up the polluted
stormwater entering the waterways from the detention facilities, as well as from not having to
purchase additional drinking water from external providers such as the City of Portland whose
rates are currently about triple the amount SWA pays for locally provided water.15
Costsavings would also be realized from the area’s extra trees, which, by processing
stormwater, help avoid the costs of expanded stormwater management infrastructure. The City
of Portland recently estimated that each publicly owned tree saved the City $7.5416 in stormwater
costs, adding up to $11.5M for the entire City (PPR 2007, p. 27). Additionally, American
Forests (2001) estimated the avoided stormwater construction costs from trees for the entire
Willamette/Lower Columbia River Region to be $20.2B.
The second main category of benefits stemming from the LIDcomplete scenario are the goods
and services produced by the maintained functionality of those ecosystem services most directly
related to the area’s hydrology. These ecosystem services include biodiversity, air purification,
and soil health. Biodiversity not only has a high level of intrinsic value for many Oregonians,
but also produces economic value through supporting such activities as fishing, birdwatching,
and outdoor exploration. Air purification is enhanced by the presence of the scenario’s
additional trees which, as already noted, produce economic value by reducing healthcare costs.
Soil health is maintained and improved by the root systems of the area’s trees and perennial
plants and shrubs which loosen the soil and improve the area’s overall natural stormwater
management capacity by improving the soil’s infiltration rates.
The third main type of benefits produced by the LIDcomplete scenario comes from the
economic development opportunities created by the scenario. The most obvious such benefit is
the additional developable land gained by removing the nine detention ponds from the area.
Together, these ponds in Mr. Pommier’s LIDlite scenario occupied 56,400 sf. Assuming that
industrial land values will be in the range of $36/sf17, an additional $169,200338,400 of value
would be created for the site owners. Additional economic development values stem from the
landscape amenities and branding/marketing potential created by the presence of the various LID
15

Personal communication from Kim Anderson of SWA.

16

The City of Portland produced two sets of numbers, one for street trees, and one for park trees, which are smaller

in size, on average. This figure is an average for all the trees in Portland calculated by the author.
17

This range is based on the author’s observed values of a random sampling of currently occupied industrial sites

along Hwy 212 in Clackamas, which were currently assessed on Portlandmaps.com at about $36/sf.
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components. Studies have found that lots in new LID residential developments can have higher
sales prices, quicker absorption rates, and higher appreciation rates than comparable
developments (MacMullan 2007, pp. 2425).
Another probable source of economic development value likely to be created by the LID
complete scenario is the increased likelihood of attracting LEED development. The requisite LID
components contribute to a project’s LEED score. LEED buildings are desirable because of their
higher value which stems from the higher rents they command$11.33/sf more on average
nationally—and their higher occupancy rates—92% vs. 87.9% nationally (Spivey and Miller,
2008).
Yet another economic development related benefit comes from staying ahead of the development
curve. Sustainable site development is increasingly becoming the norm due to higher market
demand and changing regulations, particularly those that are designed to protect water quality
and ecosystem health. The City of Portland, for example, now requires all new developments to
manage all stormwater onsite whenever possible, and many other local jurisdictions will
doubtless soon follow suit. Implementing such practices now will help ensure that these sites
remain at the forefront of the growing market for building on sustainable sites.

Findings
The lower price of the conventional scenario is accompanied by a low level of related hydrologic
services and a high likelihood of incurring higher costs from higher landscaping, salmon habitat
restoration, and higher water purification and drinking water acquisition costs. The moderately
higher price of the LIDlite scenario is accompanied by a somewhat reduced likelihood of
incurring these additional costs, as well as a moderately higher level of hydrologic services
stemming from its increased filtration rates. The LIDcomplete scenario has the highest costs,
but the possibility of avoiding the additional costs outlined above is greatly reduced in large part
due to the resulting high level of hydrologic services, but also because of the lower future
landscaping costs that also accompany the scenario. In addition, the LIDcomplete scenario has
the potential to create additional value stemming from the maintained related ecosystem services,
and from its potential to enhance the area’s economic development possibilities.
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Next Steps
There are two next steps that would help refine and improve this current analysis. First, a formal
risk assessment of the possibility of violating either Endangered Species Act or Federal Water
Quality laws should be performed for each of these scenarios since violations of these laws could
increase compliance. This would likely require a more formal modeling analysis such as the one
capable of being provided by the EcoMetrix tool, as well as the solicitation of some formal
scientific opinions.
Second, the LIDcomplete scenario should be subjected to Mr. Pommier’s hydrologic model to
make sure that it is feasible. If not, then other LID tools could be considered. Extensive use of
permeable pavers, for example, could reduce the area’s impervious surface amount by over 50%,
thus greatly reducing the amount of stormwater that needs to be detained in rain gardens and
infiltrated in bioswales and amended soils. If it is determined that the conventional and LIDlite
strategies have a high risk of incurring significant environmental restoration, mitigation, and
cleanup costs, then these additional tools could ultimately be costeffective despite their
potentially higher price tags.
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VIII. LID Code Incorporation
In order to more fully understand the opportunities and barriers to implementation of LID
practices, it is first necessary to identify the regulatory drivers that would cause an entity to
consider adoption of LID practices, and the barriers and opportunities that are present within the
existing regulations. There are a multitude of regulations that have implications for LID
applications.
Regulations at all levels are evolving to provide allowances for their use and application in
meeting permit or regulatory compliance points. This evolution can occur either in the form of
modified code or regulation language, or in the management directives for application of those
codes or regulations. In general, the more removed a regulation is from ontheground
application, the less likely it is to prescribe particular mechanisms to be used in meeting the
regulation. The majority of high level regulation pertains to the establishment of standards and
programs that implementing agencies have the ability to satisfy through any means that are
effective. Unless it is a code or regulation created or modified within the last five years, local
and county level code and regulation is less likely to contain specific language permitting or
encouraging LID application.
The following is a survey of the major regulations, ordinances, or guidance documents pertaining
to the RCSI project area.

Federal Regulations
The Clean Water Act, the Safe Drinking Water Act, and the Endangered Species Act are the
bases for almost all regulation regarding water quality protection. These three federal level acts
create a waterfall effect on regulations amongst implementing agencies all the way to the local
level. The linkages between and the concomitant objectives of these legislative acts result in
overlaps that are being recognized by agencies at all levels and are resulting in efforts to redefine
actions needed for compliance efforts to include LID practices, either at regulation level or in
implementation guidance.
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Clean Water Act
The Water Pollution Control Act of 1972, more commonly known as the Clean Water Act, is the
driving force behind the majority of regulations pertaining to water quality. In Section 101 (a) of
the act it is clearly stated that restoration and maintenance of the chemical, physical and
biological integrity of the nation’s waters is the objective for the legislation. Implementation of
the legislation is passed to the States for action. The Oregon Department of Environmental
Quality is the agency responsible for implementation and compliance enforcement in Oregon.
Verbiage in various sections of the Act demonstrate a consciousness that traditional constructed
stormwater management actions are not the only possible solution to water quality issues.
Section 105(a)(1), directs the Administrator to make grants to assist in development of new and
improved methods for reducing or eliminating pollution discharges. Further, Section 121(a)(1)
and (2), specifically directs pilot project funding to projects that seek to manage stormwater on a
watershed or subwatershed basis and that will demonstrate and determine best management
practices for the reduction of pollutant discharges that are cost effective and innovative. Section
201(i) also encourages the Administrator to encourage those methods and processes of pollution
control that minimize energy requirements. Taken in total, this language regarding the direction
and focus of research funding under the Act would clearly tend to encompass LID actions.
The language under Section 212(2)(B) doesn’t specifically recognize LID practices as being a
treatment works for the purposes of the Act, but it can be construed liberally to be included as
they are a method for preventing, reducing or treating stormwater. This definition becomes
important as subsequent sections delineating projects eligible for grant funding rely on the
definition in this section.
Section 303 of the Act defers to the States the right to determine water quality standards in
compliance with federal regulation. Section 303(d)(1)(A) of the Act creates the need for States
to inventory those waters that do not meet the adopted water quality standards. Section
303(d)(1)(C) and (D) dictate the establishment of TMDLS’s and Thermal loads for listed waters.
This listing, as documented by Oregon DEQ, becomes the compulsory factor for stormwater
management activities at the state, county and local level.
Section 306(a)(1) defines standards of performance for controlling discharge which reflect the
greatest degree of effluent reduction achievable “through application of the best available
demonstrated control technology, processes, operating methods, or other alternatives…”. LID
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applications suffer under this language as the restriction to demonstrated control technology
creates a barrier for what is a relatively new mechanism for addressing stormwater management.
The Clean Water Act also mandates that States undertake implementation of a nonpoint source
management program. Section 319 of the Act sets out the requirements for the States in regards
to these programs and provides a funding mechanism, in the form of grant funds, to complete the
required program plan. The specific best management practices that will be implemented as part
of the plan must be defined under Section 319(b)(2)(A), although the verbiage does not dictate to
the states what constitutes a BMP as it applies to this section. The language also recognizes the
connection between stormwater management actions and the associated impact on groundwater
quality. The silence of the language regarding what constitutes a BMP for this section of the act
leaves the state free to define those and creates an opportunity for the inclusion of LID as a BMP
at the state regulatory level.
The National Pollution Discharge Elimination System (NPDES) is organized and defined under
Section 402 of the Clean Water Act. This is the section of the Act that creates the NPDES
permit system and defines the requirements for the states as the administrators of the permit
program. Section 402(p)(3)(B)(iii) creates the requirement for municipal discharges that are
covered under NPDES permits to require controls to reduce the discharge of pollutants to the
maximum extent practicable, including management practices, control techniques, and system
design and engineering methods, and such other provisions as the Administrator or State
determines appropriate for the control of such pollutants.
While not specifically identified as a viable alternative to constructed stormwater management
treatment works in the text of the Clean Water Act, Administrator directives for implementation
and interpretation of the language within the Act are very specific. On March 5, 2007, the EPA
Regional Administrators received a memorandum from Assistant Administrator, Benjamin
Grumbles, that endorsed green infrastructure as “a cost effective and environmentally preferable
approach to reduce stormwater and other excess flows entering combined or separate sewer
systems in combination with, or in lieu of, centralized hard infrastructure solutions”. This
document was followed by a memorandum from Linda Boornazian, the Director of the Water
Permits Division, and Mark Pollins, the Director of the Water Enforcement Division, to all
Water Division Directors in Regions 110, Regional Counselors and Enforcement Coordinators
in Regions 110, and all state NPDES Directors, clarifying that permitting authorities for NPDES
permits are to encourage permitees to utilize green infrastructure approaches in their stormwater
plans. These directives to the implementing agencies and administrators clearly articulate a new
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preference from the EPA for liberally construing existing language in the Act where possible and
appropriate to allow for incorporation of LID strategies in meeting regulatory requirements.

Endangered Species Act
The Endangered Species Act of 1973 is the second primary piece of federal legislation that
created mandates affecting water quality issues at all levels of government. Section 2(b) of the
Act states, in part, that the purpose of the Act is to provide a means to conserve the habitat upon
which endangered species rely. Section 2(c)(2) declares that it is, “the policy of Congress that
Federal agencies shall cooperate with State and local agencies to resolve water resources issues
in concert with conservation of endangered species. The administration of this Act at lower
levels of government will be heavily reliant on State actions and regulation development. The
State of Oregon has developed the Oregon Plan for Salmon Restoration which is the basis for
State level compliance with ESA mandates and will be addressed later in this document.
Section 4(d) of this Act dictates that any listed species─including salmonid species present in the
Willamette and its tributaries─must be conserved. Pivotal to these regulations is the prohibition
of “take” of any listed species. Take is broadly construed in this context to include any action
that will harass, harm, pursue, hunt, wound, trap, capture, or collect, or to attempt to engage in
such conduct. Degradation of critical habitat is construed as a take for the purposes of the ESA.
In Section 3(5)(A)(i) and (ii) this legislation introduces the need to conserve critical habitat areas
essential to the conservation of the species and that may require may require special management
considerations or protections.
LID is not implicitly supported by the verbiage of the Act, however; the extensive commentary
contained in the Federal Register, Vol. 65, No. 132, of July 10, 2000, after the adoption of the
final 4(d) rules, supports LID. On page 42431, NOAA comments that, “It is widely recognized
that urbanization alters the hydrologic behavior of once unpaved, undeveloped lands. Within
this context, common goals for management of urban landscapes include controlling stormwater
runoff and protecting water quality. An urban watershed can become properly functioning if the
ecological functions essential for listed salmonids within the watershedsuch as storage,
attenuation of peak flows and water quality mitigationcan be restored…”. On page 42461,
NOAA comments on how using the best available technologies to achieve properly functioning
conditions can be accomplished “by guiding land use practices on the watershed scale in order to
reduce impervious surfaces, maintain forest cover and natural soils. These conditions will, in
turn, maintain essential habitat processes such as natural water infiltration rates, transpiration
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rates, stormwater runoff rates, sediment filtering, and provide hydrographic conditions that
maintain and sustain listed salmonids.” NOAA states on page 42548, that “Conserving and
restoring functional habitats depends largely on allowing natural processes to increase their
ecological function, while at the same time removing impacts from current practices. Those
functional requirements apply regardless of where or how development takes place”.
These comments and others of a similar vein all speak to the goal and intent of LID applications
and premise upon which they function.

Safe Drinking Water Act
The primary purpose of the Safe Drinking Water Act is to provide regulation of the safety of
treated drinking water in the United States. However, the legislation does recognize the link
between the quality of drinking water and the quality of the water sources from which it is
drawn. In fact, many of the contaminants that are regulated and monitored subject to this Act are
also on the list of contaminants that are implicated in impacts on salmon species and addressed in
the 303(d) listings and or NPDES permits, such as turbidity, copper, TDS and nitrates.
United States Code Title 42, Chapter 6A, Subchapter XII, Part C, Section 300h7(a) establishes
the requirement for States to develop ground water quality programs and well head protection
programs. Section 300j13(a) dictates that States conduct source water assessments, with
Section 300j13(a)(6) allowing the states to utilize programs developed in compliance with other
regulations as a basis for compliance with this requirement. The requirement for State
Underground Injection Control programs is established by Section 300h1(a).
Completion of the development of programs as required by this Act is left to State agencies. At
this level the regulation is silent as to implementation measures to achieve source water, well
head and groundwater protection, and thus specific reference to LID practices is absent as well.
The important factor to note here is that there is a recognition of the connection between
stormwater inputs to the source waters of the nation. Monitoring programs under the SDWA
have similar objectives with monitoring efforts under CWA. Unfortunately, the SDWA
specifically prohibits the use of SDWA appropriated funds for grant applications already
supported by Clean Water Act funding.
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State Regulations, Programs and Plans

Oregon Revised Statute 468b
ORS 468B assigns the Oregon Department of Environmental Quality responsibility for
monitoring and regulating water quality in Oregon. 468B.015 determines that it is the policy of
the state to: conserve waters of the state; protect, maintain or improve the quality of waters of the
state for public water supply, propagation of wildlife, fish, and aquatic life and for domestic and
other uses; provide for necessary treatment or corrective action to waste prior to discharge to
waters of the state; provide for abatement, prevention, or control of new or existing water
pollution; and cooperate with other agencies of the state and federal government in carrying out
these objectives. The Environmental Quality Commission is the body responsible for setting
policy for the DEQ.
Within ORS 468B, DEQ is tasked with implementation of the Clean Water Act, including the
establishment of effluent limitations per section 303(d) for waters of the state. It also establishes
parameters for the discharge permits at 468B.050, strategy for groundwater resource protection
at 468B.167, and Underground Injection Control at 468B.195.
The administrative rules developed by EQC and DEQ to guide implementation and regulation of
the various state programs are where specific practices begin to be mandated, recommended, or
allowed. This organizing statute defines the goals and objectives of programs administered by
DEQ. Objectives of the Safe Drinking Water Act and the Clean Water Act are represented in the
statute.
ORS 468 contained a provision allowing for the issuance of a Green Permit to entities. This
permit was intended to reward entities that go the extra mile in efforts to protect the
environment. Inclusion of LID practices at the development level would likely have qualified
for attaining the first tier of Green Permits for stormwater. The permit would modify regulatory
requirements after a facility has demonstrated that it could achieve the performance claimed in
the application. This option was not renewed by the legislature and expired in January 2008.

Oregon Administrative Rule Chapter 340, Division 16
The provisions of this administrative rule allowed entities to receive a tax credit for construction
of eligible facilities that reduce air, water, or noise pollution or the releases of wastes. The
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verbiage of the rule would need to be liberally construed in order for LID applications to be
considered an eligible facility. The conflict would occur in that the principle function of the
facility must be for the reduction or control of pollution. Many of the LID practices that could
be applied, for example pervious paving have a primary function of providing hard surface
parking or transportation facilities, although the nature of the material makes the overall facility
a functional stormwater runoff control device.
The need to take issue with the language in the rule has been nullified by the fact that the rule is
expiring. No new applications for the program will be accepted by DEQ as of December 2008.

Oregon Administrative Rule Chapter 340, Division 40
The groundwater protection program recognizes the interaction of groundwater with surface
waters of the state at 3400400020(1), by recognizing its contributions to base flows in rivers,
lakes, streams, and wetlands. The relationship is acknowledged again at 340040(4)(c)(J),(K),
and (L). According to 3400400110(2)(b) and (c), the regulations and numeric limits
established in these rules are designed to regulate those substances that have the potential to
enter groundwater, at least partially, from one or more nonpoint sources and that may adversely
impact public health or the environment. No specific actions, activities or practices are
discussed, recommended or required. Several of the contaminants of concern that are addressed
in the groundwater protection or wellhead protection plans are similar in nature to those
addressed in the SWA and the CWA. LID practices are a form of control for nonpoint sources
of pollution that are a contributing factor in groundwater contamination.

Oregon Administrative Rule Chapter 340, Division 41
This administrative rule is the primary vehicle for the implementation of the NPDES permit
process. Section 3400410004(1) states that the purpose of the antidegradation policy for
Oregon is to: 1) guide decisions that affect water quality such that unnecessary further
degradation from new or increased point or nonpoint sources of pollution is prevented; and 2)
protect, maintain and enhance existing surface water quality to ensure the full protection of all
existing beneficial uses. Subsection (2) states that the policy of the Commission is to require that
growth and development be accommodated by increased efficiency and effectiveness of waste
treatment and control.
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The “Three Basin Rule” is presented in Section 3400410350. The rule essentially states that no
new permitted discharges will be allowed on the Clackamas, McKenzie, or North Santiam
Rivers. Considering the level of development that is planned for subwatersheds along the north
side of the Clackamas River, meeting this rule may be challenging.
Control of nonpoint sources of pollution is at least as important as controlling point sources.
Section 3400410007(9) indicates that federal, state, and local resource management agencies
will be encouraged and assisted to coordinate planning and implementation of programs to
regulate or control runoff, erosion, turbidity, stream temperature, stream flow, and the
withdrawal and use of irrigation water on a basinwide approach so as to protect the quality and
beneficial uses of water and related resources. Such programs may include, but are not limited
to: development of projects for storage and release of suitable quality waters to augment low
stream flow; urban runoff control to reduce erosion; possible modification of irrigation practices
to reduce or minimize adverse impacts from irrigation return flows; stream bank erosion
reduction projects; and federal water quality restoration plans.
LID practices can address many of these programmatic themes. Reductions in runoff from sites
through on site infiltration or other mechanisms will assist in maintaining groundwater storage
for stream bank recharge and maintenance of base flows, reducing erosion at upland sites and at
stormwater discharge points, maintenance of streambank stability through reducing or
maintaining the flashiness of the streams, improvements in water quality of discharged waters.
The chapter identifies the TMDL’s and constituents for which 303(d) listed streams must be
monitored. LID practices have been successfully used by other organizations around the nation,
and in the local area to minimize discharges of particular pollutants or water quality
impairments.
Permit requirements are performance based, rather than technique based, allowing the permit
applicant to define the mechanisms, practices, or techniques that will be used to meet the
applicable standards. This provides an opportunity for organizations to incorporate LID
practices as a permitted stormwater management mechanism.

Oregon Administrative Rule Chapter 340, Division 44
The Oregon Underground Injection Control (UIC) Program is implemented per OAR 340044.
The primary issue with LID and the UIC program is the possibility of some of the LID
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mechanisms, depending on design and construction, being defined as UIC’s based on provisions
in the program.
Another issue that is likely to create resistance to LID practices under the UIC is that urban
stormwater is unlikely to meet precisely the background water quality of the existing
groundwater, as required by 3400440018(1)(c). Although there is an allowance in the rule for
injection of stormwater under 3400440018(3), subsection (C) mandates that no other method of
storm water disposal is appropriate. It would be at the discretion of the reviewer to determine if
a proposed LID mechanism met the test for an appropriate method. In determining if a method is
appropriate, consideration is given to protection of groundwater quality, management of surface
water quality and watershed health issues. Thus, depending on the interpretation of the reviewer,
the proposed LID technique and design, and the site specific conditions at the location of the
proposed technique, the rule could serve as a barrier or an aid to implementation.

Oregon Statewide Planning Goals
The Land Conservation Department (LCD) is responsible for setting statewide land use planning
goals and developing guidance for assisting local and regional governments with compliance.
Aspects of LID use can assist in moving towards compliance with several of the goals, or could
at least be given consideration as a possible mechanism for developing a compliance program for
achieving a goal.
The OAR’s governance of the statewide planning goals allows Metro to develop a functional
plan to be applied to all entities within their jurisdiction. Metro is in the final stages of
producing such a plan and enabling ordinances, and those plans will be discussed later. The
goals are worth discussing here separately, as there are differences between Metro’s
interpretation and the goals as presented.
Goal 5 dictates protection of natural resources based on the premise that preservation of these
resources promotes a healthy environment. This goal is mainly concerned with land use
planning and the preservation of open spaces; however, the application of LID practices can
assist in meeting certain aspects of the goal. OAR 6600230140 deals with groundwater
resources in Subsections 3 through 6. Application of LID practices as part of land use planning
and development processes can assist local agencies with preserving groundwater quantities,
especially in limited groundwater areas such as the RCSI project area, and can help minimize the
pollution of groundwater from nonpoint sources. Incorporation of LID techniques to meet the
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statewide goal would occur at the level of the municipal or county comprehensive plan that is
submitted to LCD for review and approval.
Goal 6 addresses air, water, and land resources quality. The goal seeks to ensure that discharges
as a result of development do not threaten to violate or violate applicable state or federal
environmental quality statutes. The goal further states that the carrying capacity of the air, water,
and land resources should be a consideration in the formulation of plans. Plans for development
that do not include LID will have difficulty meeting the objective of this goal if the receiving
stream is already water quality limited prior to implementation of the development under the
proposed plan. Conventional piped stormwater systems with point source discharge do not assist
in achieving compliance with this goal. LID practices can be a mechanism in plans that seek to
comply with this goal. The reduction of stormwater discharges is a significant objective of LID
practices, as is achieving levels of treatment through natural processes.
Goal 7 deals with natural hazard areas. In the context of LID practices, wetlands and floodplains
are part of the stormwater management system and would be incorporated into any stormwater
management plan as such. LID practices for the particular area that is incorporated into the
RCSI project area are unlikely to be significantly influenced by proximity to flood zones.
However, stormwater planning carried out on a watershed or subwatershed scale would seek to
conserve, protect, and enhance natural flood plains and wetlands to assist in stormwater
management during heavy storm events.

The Oregon Plan
The Oregon Plan represents the State of Oregon’s integrated approach to addressing the
requirements of the Endangered Species Act. The plan does not institute new regulatory
compliance mandates, instead relying on improved enforcement of existing measures such as
Goal 5 habitat protections, NPDES permitting, and enforcement of TMDL and other 303(d)
listed stream monitoring and recovery requirements. The premise of the plan is that many of the
actions already mandated by regulation will have a net result of improving water quality, habitat
health and ecological function to the point that anadromous salmonid populations will recover
concurrent with the improvements.
LID has a significant place in this process. LID practices are known to reduce sediment loads
that can detrimentally impact spawning and rearing habitat, produce cooler temperatures in
stormwater discharges, preserve hydrologic function and stream morphology, and decrease
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contaminant loads that harm fish and other aquatic organisms. LID practices have also been
associated with the preservation of groundwater quantities and contribute to preservation of base
flows in streams. Language directly endorsing LID is not present in the current iteration of the
Oregon Plan, however it is likely that it will soon, as one hallmark of the plan is the use of
adaptive management and frequent revisions of the plan to accommodate new innovations and
techniques as they become known or are developed.

Oregon Nonpoint Source Control Program
The State of Oregon has taken a similar approach to satisfying requirements for a nonpoint
source control plan to satisfy section 319 of the Clean Water Act. The Nonpoint Source Plan
contains nine key elements, all of which are linked to efforts of various departments of the State
and other local entities. Again, the actual activities undertaken pursuant to the plan are
administered by existing programs with similar or linked objectives. For instance, the numeric
water quality criteria are gathered from programs such as the 303(d) requirements or NPDES
permit requirements.
LID practices contribute to retention of biological integrity of receiving streams and improved
management of nonpoint source pollutants. The ability of LID practices to assist in meeting
TMDL and water quality requirements and in complying with limitations prescribed in NPDES
permits are significant in contributing to Oregon’s implementation of the NSCP. The document
is deliberately vague in defining how water quality parameters might be met in order to allow for
the greatest flexibility at the local or watershed level for selection of site specific solutions.

Metro Functional Plan
Metro was tasked by LCD with developing a functional plan for its subject jurisdictions to meet
statewide planning goals. Metro has developed the plan and several title sections pertain to
natural resource protection and water quality issues. Title 3 addresses water quality and flood
management, Title 9, performance standards, and Title 13 regulates the Nature in Neighborhoods
efforts.
The intent of Title 3, per section 3.07.310, is to protect the beneficial uses of water and the
functions and values of resources within the Water Quality and Flood Management Areas. The
title would indicate that there would be applicability for LID in this section. The title language is
primarily focused on the conservation of riparian and water quality resource areas. The focus on
preservation of specific land areas does not provide a ready connection to the implementation of
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stormwater management practices in developed areas, although stormwater management is
essential to long term function and viability of those areas protected in this title. This title offers
no support for implementation of LID in its language.
Title 9, delineates the performance measures by which progress of the implementation of the
Urban Growth Management Functional Plan gauged. This title concludes that a primary goal of
the plan is to protect and restore the natural environment through actions such as protecting
wetlands, improving surface and groundwater quality, and reducing air emissions. Within the
section regarding what performance measures will be utilized to gauge progress on the stated
goals, only one item, the amount of land that is environmentally sensitive that is permanently
protected, even marginally addresses the original goal. These performance measures are
inadequate to provide an impetus for communities to embrace LID.
Title 13 governing habitat friendly development is more useful in promoting LID practices. At
3.07.1330.B.3.b.iv, habitat friendly development practices, which promotes substantially the
same principles as LID, is an option that cities may incorporate into their own implementing
ordinances if they choose not to adopt the model ordinance as provided by Metro. The
remainder of the language in the title advocates the use of habitat friendly development in
Habitat Conservation Areas as a mechanism to reduce or mitigate the impacts of development
within those areas when development cannot be avoided.
The influence of development practices on water quality does not persist throughout the
document. Section 3.07.1360, Program Objectives, Monitoring and Reporting, focuses entirely
on habitat and does not list a single water quality related objective. Additional verbiage could be
included to further promote the use of habitat friendly development in all developing and
redeveloping areas of Metro’s jurisdiction, as appropriate. As it stands, the language directs
local agencies to remove barriers in comprehensive plan and implementing ordinances for the
use of habitat friendly development in where applicable in regionally significant fish and wildlife
habitat. Again, the application is limited to specific areas within the Metro jurisdiction.

Clackamas County
The Rules and Regulations of 2002 for the Surface Water Management Agency of Clackamas
County do not promote LID practices. Language is included that requires on site infiltration, but
the context of the comment does not indicate that LID measures were specifically intended.
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Clackamas County is currently engaged in the process of developing watershed action plans.
Based on early involvement and comment at the Stakeholders meetings, it is clear that the
guidance for the county is trending towards incorporation of more LID practices where possible
in order to capture water quality and quantity benefits, as well as capturing ecosystem functions
and making contributions to riparian area health.
Clackamas County surface water management does provide for a property owner to apply for a
service charge credit for onsite storm water management. A property owner can receive a credit
for up to 66% of the relevant fee based on the effectiveness of onsite measures in controlling
both water quality and quantity. On site detention or retention facilities per current design
standards are allowed measures to qualify for this credit. The design standards of Clackamas
County would be the determining factor in whether the application of LID practices would be an
approved measure to qualify for this credit.
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IX. LID Implementation
This section is intended to provide a general guide for decisionmakers and staff to incorporate
low impact development into the City of Happy Valley’s operations. This section describes other
Oregon cities’ LID implementation lessons, the three primary implementation options and
opportunities to ease implementation.

LID Implementation Lessons from Other Oregon Cities
In 2006, Oregon State University’s Sea Grant Extension Program conducted needsassessment
workshops with local decision makers and residents in three Oregon communities of vastly
different populations—Portland/Metro, Grants Pass, and Brookings (Godwin et al., 2008).
Although there were many differences between these communities including geographic and
demographic differences, the following three themes were consistent across these workshops, as
noted in “Barriers and Opportunities for Low Impact Development: Case Studies from Three
Oregon Communities”:
·

Lack of basic understanding of planning and the impacts of growth: The workshops’
most significant theme was a lack of basic understanding of the connection between
today’s land use and development decisions and tomorrow’s consequences, in terms of
both costs and resource quality. Neither the public nor local officials grasp the effects that
individual planning decisions will have on infrastructure capacity, stormwater
management, and water quality (p. 3).

·

Need for active leadership: Participants expressed a need for strong administrative
support and direction to incorporate LID practices into codes or to encourage developers
to try LID projects. It is unreasonable to expect a local government staff person to deviate
from normal practices without significant support from superiors. Leadership also needs
to play a role in coordinating education and outreach between government (for example,
public safety, planning, and health) and industry (developers, contractors, real estate pros,
landscapers, suppliers, etc.), and across jurisdictions (such as departments and
governments) (p. 4).
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·

Need for technical information and assistance: Technical impediments to instituting LID
practices included a basic unfamiliarity with low impact techniques and designs, and a
difficulty in shepherding these designs through the local government approval processes
(p. 5). (A common solution was for publiclysponsored pilot projects to “test” any new
permitting process, codes, standards etc.)

The City of Happy Valley can take away from this study’s findings that information sharing and
projects are important to gain more understanding of development impacts. Currently, the City
benefits from having a stormwater and drinking water provider which has compiled much
information. Secondly, there is a need for continuous political will. This is necessary for staff to
be supported in their work, and to create continuity for multiyear and multiterm programs that
may last longer than election terms and commission appointments. Lastly, technical knowledge
and relevant existing projects (such as those detailed in Section II) can provide much information
for the East Happy Valley Comprehensive Plan Area.

Implementation Options
In this case, there are three primary LID implementation options:
1. Enter into an Intergovernmental Agreement with the stormwater provider, Water
Environment Services to manage stormwater.
2. Create policies, codes, standards, permitting processes and programs at the City level.
3. A hybrid of the above.
The first option would be simpler than the second from a city perspective. WES is currently the
stormwater provider. This IGA would expand WES’ role to create management policies, review
(portions of) development applications, and demonstrate compliance with local, state and federal
policies and other duties. However, this would also assume that WES has the desire and capacity
to perform these duties. It also removes some community development control from local
decisionmakers.
The second option is more onerous to the city both at the front end and to maintain. It does then
rest community development control at the city level. Some of this work has been initiated and
local models exist (discussed below).
Regardless of option, there are three primary considerations that need to be addressed:
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1. Determining the jurisdictional boundaries for stormwater facilities;
2. If there is a hybrid, how the two approaches, standards, codes and policies would be
reconciled; and
3. Which entity (City, WES or private owner) would maintain LID facilities.
The first consideration is common through all implementation options and considerations. This
consideration must be addressed for any stormwater management in the project area. Currently,
WES manages regional stormwater systems. As LID has positive effects to these systems,
WES’s operations must be considered and reconciled with the LID facilities’ performance.
Secondly, LID would include stormwater facilities outside of WES’s traditional jurisdictional
area; which is the city rightofway (ROW). LID in the city ROW could be under the jurisdiction
of the City or WES; but either would require an IGA. Jurisdiction would include duties such as:
facility performance and overall goals, policies, implementation codes and standards,
construction details satisfying the policies and standards and reconciliation between City and
WES existing regional system capacity.
Maintenance is a pervasive question in the entire process from considering LID incorporation
through the construction phases. Maintenance is discussed here because there is an additional
entity that can perform maintenance, but is not part of the jurisdictional considerations above:
private property owners. Adjacent and proximate property owners can perform LID facility
maintenance. An adjacent property owner could, as part of a condition of approval, development
agreement or other mechanism, be required to maintain a stormwater facility within adjacent
ROW. Additionally, proximate private owners could form a Local Improvement District and
consolidate resources to maintain facilities within a specified area.

Opportunities to Ease Implementation
This section discusses items that satisfy some of the case studies’ lessons and the implementation
option considerations. It also identifies and describes existing tools, resources and opportunities
that are available to the City for LID implementation.
The Sea Grant case studies found there is a common lack of basic understanding of planning and
the impacts of growth. The City of Happy Valley has a benefit in that it is not a sole entity
attempting to educate its community. There are regional examples such as the Cities of Gresham
and Portland, which have successfully created complete LID programs. Additionally, WES has
already commenced this informationgathering activity. Lastly, Metro has created handbooks and
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resources for LID appropriate for a cityscape such as Happy Valley. These resources
demonstrate that the City would not have to conduct this educational program on its own, nor are
it “out in front” of other regional jurisdictions.
The Sea Grant case studies also found that there is a need for active leadership and technical
information and assistance. Again, there is stormwater leadership from WES, Metro and adjacent
jurisdictions. Should the City of Happy Valley decide to include LID, it could do so using the
momentum from these other jurisdictions and WES programs such as the RCSI.

Existing Tools, Resources and Opportunities
The Gresham model could supply many of the elements needed to implement LID into the City
of Happy Valley’s programs including:
·
·
·
·
·

Comprehensive Plan policies
Development codes, standards and construction details
Outreach and education materials
Programmatic tools and lessons learned
System Development Charge fee structure

An implementation tool that could be used – and has been used successfully in other areas is an
Overlay Zone. This zone could enact LID design standards, techniques or differing performance
measures for the RCSI area.
One solution from the Sea Grant case studies is to create a “pilot project”. These pilot projects
are often municipal projects. They are intended to test the newlyenacted policies, codes,
standards, permitting and construction processes through the land use review process. Processing
these applications can be lengthy as the city staff and contractors often make refinements during
the process, which creates a lengthy timeline and may not be profitable if it were a private
project; and thus avoided. Sometimes these pilot projects are privatelysponsored projects that
can adjust their timeline with a development agreement and/or assume some cost increases while
testing the new process. The City of Happy Valley has an opportunity with the Providence site as
an LID pilot project. For this, the City would have its LID procedures completed prior to the
Providence land use application and then could test the procedures on this site.
The City has a significant resource in the Angelo Planning Group report from August 2008,
Naturefriendly Development Practices: City of Happy Valley Policies, Code, and Procedures
Audit. This report is an audit of the city’s policies, code, and procedures regarding the promotion
83

of low impact development planning practices. It identifies implementation barriers and
recommendations to incorporate more naturefriendly development standards into city
regulations. The Happy Valley audit includes an evaluation of sections of the Comprehensive
Plan, Development Code, and Engineering Design and Standard Details Manual, in terms of their
ability to adequately address natural resources protection and stormwater management and to
encourage naturefriendly development practices as required by Metro’s Title 13. This audit
could be combined with an effort to create guidance similar to the green development practices
manual developed for the Springwater Industrial Area in Gresham.
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X. Potential Next Steps and Additional Research
The PSU research team goal was to provide the RCSI project team with a document that could
inform interested stakeholders and decision makers on the possibilities, consequences and
benefits of applying LID principles for stormwater management. This research revealed several
potential next steps that could fill information gaps and help advance the objectives of the RCSI
project team.

Highlighted Steps
The PSU research team made a presentation of their work from a fall term project at a joint City
of Happy Valley Planning Commission and City Council workshop on December 12, 2008. The
research team developed eleven key findings and potential next steps (described below). Of these
findings the team highlighted the following thee: (1) conducting additional economic analysis; (2)
establishing monitoring plans and protocols (potentially utilizing the Parametrix’s EcoMetrix
tool); and (3) creating a development practices manual. Each next step has resources available
for assistance. First, ECONorthwest is already conducting additional economic analysis for the
RCSI project team, with support provided by the USGSIWW grant, which will quantify avoided
costs experienced in different locations through LID practices. Second, regarding monitoring
plans and protocols, two graduate students from this PSU research team expressed interest in
continuing work on this project for their advanced degrees (MS and PhD of Environmental
Science and Management). Additionally, it may be possible to continue work with Parametrix to
further utilize the EcoMetrix tool as part of these protocols. Third, the Masters of Urban and
Regional Planning degree program at Portland State University culminates in a two term group
workshop project. The creation of a development practices manual, such as the manual created
for the Pleasant Valley and Springwater Area Districts in the City of Gresham, is a viable
workshop project. The project could include detailed recommendations for funding sources and
incentive programs to assist implementation as well as include a robust public involvement
component.

Eleven Key Findings and Potential Next Steps
Key findings of the PSU research team include the following:
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1. LID Potential: Expanded LID practices have strong potential for success and economic
return on the RCSI project area despite concerns regarding steep slopes and questions
about soil permeability. Generally, it is also expected that increasing the scale from a site
specific location to the entire project area will help decrease net initial costs and increase
net returns. It is also recognized that a mixture of conventional and LID practices will
likely be needed.
2. Ecosystem Services as an Organizing Principle: The PSU research team report identified
ecosystem services as a critical organizing principle of LID that is well suited as an
organizing principle for the RCSI project. Ecosystem services are described in further
detail in the report but generally related to the collection of life sustaining natural
functions, conditions, or processes produced naturally by the ecosystem. This focus is
well suited to greenfield development where it is possible to start with and enhance the
natural services already provided on the landscape rather than attempt to mimic those
services through the construction of hard infrastructure. The ecosystem services
approach is also relevant for RCSI because it is being utilized in nearby locations such as
the Springwater Industrial Area in Gresham, planning for the City of Damascus, the
Lents Flood Abatement Project in the Johnson Creek Watershed, and the Tabor to River
or Brooklyn Creek Basin Program in the City of Portland.
3. Staying Ahead of the Curve: Sustainability is a commonly used term with imprecise
definition and is a constantly moving target with the learning of new information. The
LID focus of the PSU research team report is one part of a potential sustainable
development approach for the RCSI project area. Numerous implementation examples
detailed in the report (Table 1.3) utilize LID as one component of a sustainable
development approach being pursued to provide cost effective infrastructure provision
with additional ecosystem benefits and simultaneously attract progressive, ecologically
responsible companies to invigorate business development plans. While pursuing a
sustainable development approach does not ensure a competitive advantage in attracting
development of higher economic return, it is postulated. The continuation and
enhancement of the RCSI project has the potential to achieve these results, keep from
losing a potential competitive advantage to neighboring areas, enhance the ability to
leverage sustainability grant funding research and development monies, and potentially
enable participation with regional sustainable development efforts that could develop to
provide information, resource, and coordination assistance.
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4. Expanded Hydrologic Modeling: The initial work by Pacific Water Resources to
compare a conventional development scenario with a limited LID scenario provides
valuable information for the RCSI project team concerning the cost and performance of
the respective infrastructure development options. Modeling of a more expanded LID
scenario, as outlined by the PSU research team report, is recommended.
5. Expanded Economic Analysis: There were numerous questions about the economic
implications of potential LID scenarios at the December 12, 2008 RCSI Update and PSU
research team Presentation to the joint City of Happy Valley Planning Commission and
City Council Workshop. Two foci of continued economic analysis are recommended: (1)
a formal report of avoided costs demonstrated and ecosystem services provided by LID
and sustainable development projects similar to RCSI, and (2) a more detailed
cost/benefit analysis comparison of the LID scenarios developed through expanded
hydrologic modeling.
6. Local Control and a Development Practices Manual: Extensive review of federal and
state legislation reveals no significant barrier to LID implementation. Many directives
are performance based objectives addressed well by a LID approach. The legislation
does not provide specific implement directives, but failure to reach the performance
objectives can lead to potentially costly lawsuit and mandated environmental review and
cleanup costs. The lack of implementation language provides local jurisdictions, in this
case the City of Happy Valley, to exert local control in a proactive manner regarding the
development and direction of the RCSI project area. One tangible next step would be
creating a development practices manual similar to the “Green Development Practices
Manual” developed by the City of Gresham for the Springwater Industrial Area.
7. LID Pilot Project: A successful approach used in other locations is a pilot project to
implement, test, monitor, and demonstrate LID practices. This approach should be
considered for the RCSI project area. Due to planning processes area already underway
in the area (e.g., hospital, school, and park), planning for the larger RCSI project area
should develop continuously.
8. Monitoring and Adaptive Management: Partnership with Parametrix to further utilize the
EcoMetrix tool has multiple benefits. A rapid assessment overview approach has the
potential to help identify planning options that provide high levels of ecosystem services
on a landscape level, both in terms of preserving currently high functioning areas and
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prioritizing prime areas for restoration potential. This has a direct economic benefit by
avoiding the cost of engineering the replacement for a previously functioning natural
system benefit. The field level data collection process also provides detailed information
about the performance of a full range of ecosystem benefits. This data can be utilized as
a current baseline for the project area and ongoing monitoring with the tool can provide
information about the performance of different LID and sustainable development
measures to enable adaptation. This tool enables adaptive management by providing the
local jurisdiction with an ability to tailor practices encouraged or incentives based on
monitored data. The postulated result would be the ability to provide a higher level of
ecosystem benefit at a lower cost.
9. Available Resources: The PSU research team report provided information on the goals
and status of other projects relevant to RCSI, including two detailed case studies on the
Springwater Industrial Area in Gresham, Oregon and the Kitsap SEED project in
Bremerton, Washington. The report also provided information on the Sustainable Sites
Initiative and LEED Neighborhood Design programs that could be valuable resources for
providing a template for local jurisdictions with limited funds for creating policy
guidance and code development to further sustainable development. The report did not,
however, detail potential funding sources and partnership opportunities to leverage
resources. Additional work to identify these resources is recommended.
10. Public Involvement: The PSU research team report did not address the question of public
involvement or analyze public involvement efforts associated with related planning
efforts such as the Damascus/Boring Concept Plan (DBCP) or the East Happy Valley
Comprehensive Plan (EHVCP). An April 2008 draft report by Oregon Consensus, part
of the Hatfield School of Government at Portland State University, however, did analyze
the public involvement processes utilized in the 20042006 DBCP development. The
report found that challenges experienced in the process were, among other reasons,
related to the lack of identification and involvement of all affected stakeholder groups.
Such a detailed identification of stakeholder group interested and affected by the RCSI
project is recommended. It is recommended in order to be consistent with lessons
learned from the consensus building literature of theory and practice, and to avoid the
problems detailed in the DBCP public involvement analysis. A relevant starting point
could be a comparative analysis of the DBCP and EHVCP public involvement processes
to identify and convene an appropriate representative stakeholder advisory group for the
RCSI project.
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11. Coordination and Regional Discussions: The RCSI project team reported staff, time and
resource challenges associated with the desire to advance the project. Indeed, the PSU
research team was assembled with assistance from the USGSInstitute for Water and
Watersheds minigrant to help provide the project team with a document that could
inform interested stakeholders and decision makers on the possibilities, consequences and
benefits of applying LID principles for stormwater management to the project area as one
component of a sustainable development approach. Due to RCSI project team resource
limitations and the continued emergence of LID and sustainable development projects in
the Portland Metro regional area (including Clackamas, Multnomah, and Washington
counties), coordinated discussions about ways to coordinate land use and water
management planning processes is recommended. One potential starting focus for a
regional discussion convented by Metro could be the development of a guidance template
for sustainable development within a Regionally Significant Industrial Area (RISA) since
both RCSI and the Springwater Industrial Area were given this land use designation by
Metro. This type of coordinated discussion could greatly assist local jurisdiction creation
of sustainable development practices manuals.

Additional Information Regarding Potential Next Steps
When considering the opportunities presented by the RCSI project, it is important to remember a
holistic picture that extends beyond LID. As described earlier, LID itself is an integrated
approach that does not involve merely one solution assigned to one problem, rather many
solutions applied to an entire project or site. Projects seeking to advance sustainable practices,
such as RCSI, would be well advised to consider multiple ways to provide the most complete
range of ecosystem benefits, including cultural benefits or social sustainability objectives. It is
likely through this pursuit of the most complete suite of sustainability objectives that the RCSI
project team members would be able to leverage the greatest set of partnerships and funding
sources opportunities. This pursuit would also likely provide the greatest benefit to the residents,
investors, and communities within and nearby the project area.

89

XI. Appendices
Appendix A: An Institutional Structure for Localized Stormwater
Management
This section will articulate one framework for facilitating implementation of lowimpact
development practices at the ‘district’ or multisite scale. The framework is based on principles
of Integrated Water Resources Management (IWRM), an emerging international best practice for
regional governance, including largescale industrial parks (Geng Y. and J. Yi, 2006). IWRM in
turn relies on the concept of a Regional Environmental Management System (REMS) that
integrates the capacities of local jurisdictions and private sector entities to manage resources of
mutual concern (see www.vrems.org and www.bartowga.org/Envms for publicsector examples
in the USA). At the core of the REMS concept is an environmental information network (EIN)
that feeds data on the performance of the stormwater management system into a centralized site
operations and management (O&M) unit. The role of the EIN is to significantly reduce delays
and discontinuities of information feedback within the system, so that apparent problems can be
recognized, agreed upon and troubleshot in a timely, adaptive fashion. The EIN data collection
protocol is multiscalar in both time and space. Data would be collected at both the LID facility
and watershed spatial scales, as well as instantaneously, periodically, and through casual
observation. Data collection methods include distributed sensor networks and manual water
quality testing. Data are assembled into a multiuser geographic information system (GIS)
database and coupled with water quantity and quality models for analysis. The ArcHydro data
model was recently developed to facilitate this approach, allowing for inclusion of timeseries
monitoring data into the geodatabase.
Monitoring programs would be specific to the watershed in question. In the lower tributaries of
the Clackamas River, limiting factors for endangered fish species include low flows,
sedimentation, high temperatures, insufficient quantity and quality of habitat, and presence of
toxics (Willamette Subbasin Plan, 2004). For typical campusstyle commercial and industrial
districts in these watersheds, a monitoring protocol might look similar to what is shown in Table
1.10 below.
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Table 1.10. Suggested Monitoring Protocol for a Regional LowImpact Stormwater System
Parameter

Collection method

Discharge

Automated sensor
(stage height)
Automated sensor
Automated sensor
Visual observation
Visual observation

pH
Temperature
Turbidity
Erosion
Bacteria
Phosphorous
Dissolved oxygen
Conductivity
(metals)
Pharmaceuticals
Pesticides
Macroinvertebrates
Invasive species
Canopy cover

Collection
period
Continuous

Manual testing
Manual testing
Manual testing
Manual testing

Continuous
Continuous
Weekly (all year)
Weekly (during
rainy season)
Semiannually
Semiannually
Semiannually
Annually

Manual testing
Manual testing
Manual testing
Visual observation
Visual observation

Annually
Annually
Annually
Annually
Annually

Collection point(s)
Storm system &
Watershed
Storm system
Watershed
Storm system
Storm system
Watershed
Watershed
Watershed
Watershed
Watershed
Watershed
Watershed
Site
Site

During the first few years, LID facilities should be monitored in a more regular and
comprehensive fashion to ensure that they are performing properly with regard to design
parameters such as detention period, infiltration rate, and erosion resilience. Where problems are
encountered, whether at the facility, site or watershed scale, an environmental response team
(consisting of designated experts among the collaborating entities) would assess potential
impacts, possible sources and identify a range of appropriate responses. In keeping with
watershed restoration best practices, corrective actions should be viewed as working hypotheses
and monitored, modified and/or replaced until the problem is adequately addressed.
The Regional Environmental Management System could be organized as a special district (such
as a ‘water control district’ authorized in ORS Chapter 553) governed cooperatively by local
utilities and property owners. The district would be able to issue bonds to raise funds for capital
improvements and make assessments to cover expenses, but would remain revenueneutral. In
addition to stormwater management, the district might also decide to undertake related
operational responsibilities where it could achieve economies of scale and pass savings on to
partners. This could include stormwater facilities maintenance, landscape maintenance, compost
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collection, district energy production (e.g. biomass, solar grid, groundsource heat pump,
pumpedstorage), or greywater recycling for irrigation.
A special district could also be empowered to undertake any number of planningrelated
functions that advance regional sustainability, such as developing and implementing a master
facilities plan, managing the extent of impervious surfaces, and acquiring easements on
undeveloped sites to ensure efficient facilities planning or mitigation of unavoidable impacts.
The district might also be able to generate and sell various ecosystem service credits in a local
ecosystem marketplace to offset costs. The latter could conceivably be integrated into annual
watershed monitoring activities that use the EcoMetrix tool, because that is the purpose for
which EcoMetrix was developed. More localized watershed exchanges might also be developed
to facilitate water quality, biodiversity, open space or density trading within the district as a
means to improve flexibility and overall efficiencies for development.
Not least of all, the district should establish suitable watershedwide performance benchmarks
consistent with federal and state standards and regularly evaluate the effectiveness of the
facilities plan in meeting them. The district might issue its own annual report that could simply
be referenced in its members’ annual reports or compliance documents. In the event that water
quality standards rise in the future, the district could identify a portfolio of investments likely to
provide the most costeffective means of meeting the standard across the watershed. As a means
to help achieve performance targets, it might facilitate continual improvement among its
members by incentivizing them to have a certified environmental management system and take
actions to reduce their ecological footprint. Examples of the latter are joint alternative
transportation facilities, rainwater collection, landscaping with native plants, integrated pest
management and use of nontoxic cleaning chemicals. Through these means the district could
add value to members’ assets as well as improve their competitive position within their
respective industries.
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Appendix B: Soil Types, Slopes, Properties and Typical Profiles of the
RCSI Project Area
Bornstedt silt loam, 0 to 8 percent slopes (123.5 ac, 30.4%)
8 to 15 percent slopes (39.5 ac, 9.7%)
15 to 30 percent slopes (19.6 ac, 4.8%)
Properties and qualities

·
·
·

Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat):
o Moderately low to moderately high (0.06 to 0.20 in/hr)

·
·

Depth to water table: About 24 to 36 inches
Available water capacity: Moderate (about 8.8 inches)

Typical profile

·
·
·

0 to 8 inches: Silt loam
8 to 33 inches: Silty clay loam
33 to 71 inches: Silty clay

Cascade silt loam,

3 to 8 percent slopes (78.7 ac, 19.4%)
8 to 15 percent slopes (55.3 ac, 13.6%)
15 to 30 percent slopes (35.7 ac, 8.8%)

Properties and qualities

·
·
·

Depth to restrictive feature: 20 to 30 inches to fragipan
Drainage class: Somewhat poorly drained
Capacity of the most limiting layer to transmit water (Ksat):
o Moderately low to moderately high (0.06 to 0.20 in/hr)

·
·

Depth to water table: About 18 to 30 inches
Available water capacity: Low (about 4.0 inches)

Typical profile

·
·
·

0 to 11 inches: Silt loam
11 to 21 inches: Silt loam
21 to 60 inches: Silty clay loam
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Xerochrepts, very steep, 20 to 60 percent slopes (28.6 ac, 7.0%)
Properties and qualities

·
·
·

Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat):
o Moderately high (0.20 to 0.57 in/hr)

·
·

Depth to water table: About 36 to 72 inches
Available water capacity: Moderate (about 8.0 inches)

Typical profile

·
·
·

0 to 8 inches: Silt loam
8 to 48 inches: Gravelly clay loam
48 to 60 inches: Very cobbly clay loam

The following soil types are identified on the site but are a relatively minor percentage:
Aloha silt loam, 0 to 3 percent slopes (6.6 ac, 1.6%)
Cornelius silt loam, 8 to 15 percent slopes (0.1 ac, 0.0%)
Powell silt loam, 0 to 8 percent slopes (2.3 ac, 0.6%)
Powell silt loam, 8 to 15 percent slopes (4.8 ac, 1.2%)
Saum silt loam, 3 to 8 percent slopes (0.5 ac, 0.1%)
Saum silt loam, 8 to 15 percent slopes (10.6 ac, 2.6%)
Totals for Area of Interest, 405.7 ac (100.0%)
Source: Natural Resource Conservation Service, 2008
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Appendix C: Preliminary EcoMetrix Analysis Results of the Providence Medical Site
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Mill Creek flows westward from the forested foothills of the Cascade Mountains in
central Oregon to the Willamette River in Salem. The 55-square mile watershed drains
surface and ground waters from lands used for intensive agriculture, light industry as well
as urban development. Like much of Oregon's Willamette Valley, the Mill Creek
watershed has experienced reduced water quality conditions. The loss of wetlands,
reduced native upland vegetation, compromised riparian buffers and polluted runoff and
sedimentation in the Mill Creek watershed have contributed to declining water quality.
Additionally, historical diversions and channelization projects for energy generation and
timely transportation of peak winter flows to receiving streams have significantly
diminished the ecosystem services provided by Mill Creek, and also reduced its aesthetic
and recreational value. By emphasizing water quality monitoring and community-based
ecological restoration of Mill Creek within the Salem Urban Growth Boundary (UGB),
the this project had four main objectives:
• establish a long-term water quality monitoring program facilitating watershed
enhancement;
• educate residents and students of all ages residing in the watershed regarding the
ecological and social significance of Mill Creek and enlist their help in its
restoration;
• facilitate practical partnerships amongst watershed stakeholders, including local
businesses, a nascent watershed group, a neighborhood association, a public
elementary school, and a private, liberal arts university;
• involve students in practical research, monitoring, and restoration exercises
advancing their scientific understanding and policy knowledge.
Despite several setbacks, we are pleased to report that during the two years of the project
we have made significant strides towards accomplishing the aforementioned objectives,
and have established lasting ongoing relationships with community and campus partners
such that we anticipate continuing with this project for several years to come.

Activities
The following provides a brief summary of activities related to each of the five primary
objectives.
Establish a long-term water quality monitoring program facilitating watershed
enhancement.
During Year 1 of the grant, one OSU graduate student, Adam Stebbins, and two
Willamette Undergraduate students, Lukas Strandberg and Lucas Nebert, worked with
the PI and co-PIs on establishing monitoring protocols for the Mill Creek and its
tributaries and branches.
• Adam Stebbins, a Masters in Environmental Science student from Oregon State
University
o consulted with state agencies regarding monitoring protocols appropriate for
modeling watershed health;
o created, tested, and documented a Benthic Macroinvertebrate Sampling
protocol useable by project personnel and easily adapted for secondary school
as well as university lab application and use. This protocol was based upon
consultations with ODFW and DEQ personnel, and in line with state standards
so that the information could possibly be used for state purposes;
o created an accompanying training video for the sampling protocol for use by
classes and citizen groups involved in the monitoring process;
o negotiated access to permanent sampling sites used by the City of Salem;
o supervised and assisted Strandberg and Nebert in their water quality
monitoring and research.
• Lukas Strandberg and Lucas Nebert completed supervised thesis projects on the
Mill Creek in conjunction with the grant. Both projects involve development of longterm water quality baseline data and testing protocols.
o Lukas Strandberg completed a thesis project examining the water quality of
the Mill Race, a diversion of Mill Creek historically used for power
generation and now maintained for aesthetic purposes. Strandberg tested for
seven different water quality parameters throughout the race before, during,
and after rain events. He also collected information regarding all point and
non-point sources of run-off to the race. This information will be extremely
useful for future grant projects.
o Lucas Nebert developed and tested a microbial water quality protocol to be
used on Mill Creek by university classes, which can then be scaled down for
use by local high school classes. In addition to providing more water quality
data at a finer scale, this project will advance our educational outreach
opportunities.
In Year 2 of the grant (2008-2009), two Willamette undergraduates, Jeff Bennett and
Andrew Wentworth, working with Willamette faculty, began ongoing water quality
projects on Mill Creek and its tributaries.

•

•

As part of an assignment in ENVR 327, Jeff Bennett began examining 10 years of
existing water quality data from permanent monitoring stations along Mill Creek
between Hawthorne Avenue and Front Street. Working with City of Salem public
works and stormwater management personnel, Jeff focused primarily on e coli and
nutrient levels in this highly urbanized stretch of Mill Creek. Jeff will continue this
work for his senior thesis during the 2009- 2010 academic year. His research will be
used by the City of Salem to address implementation and enforcement of TMDLs in
this urbanized stretch.
Working with City of Salem personnel and a local neighborhood organization as an
intern, Andrew Wentworth has been engaged in developing a site plan for storm
water retention, flood mitigation, wetland restoration, and water quality enhancement
on 35 acres recently purchased by the city on Battle Creek, a southern, suburban
tributary of Mill Creek. The project is the first of its kind in Salem, and has been the
subject of much political controversy, as the site was previously targeted for
development. The work is ongoing.

Educate residents and students of all ages residing in the watershed regarding the
ecological and social significance of Mill Creek and enlist their help in its
restoration, creating social capital.
This has been probably the objective of greatest focus during the last two years, and
remains the primary motivation for many of our activities (please also refer to section 4
below).
During Year 1, Adam Stebbins took the lead on community engagement, by planning,
organizing, and leading a “Mill Creek Community Watershed Summit” involving local
agencies and attracting residents from throughout the watershed.
During Year 2, the PIs and co-PIs have worked with local stakeholders and the City to
promote the absorption of the dysfunctional Mill Creek Watershed Council into a larger,
OWEB approved entity representing two other Salem subwatersheds.
Facilitate practical partnerships amongst watershed stakeholders, including local
businesses, a nascent watershed group, a neighborhood association, a public
elementary school, and a private, liberal arts university.
Thanks in large part to the early efforts of Adam Stebbins working with state, city,
county, watershed, neighborhood association, and SWCD personnel, some long
standing relationships and partnerships have developed around the Mill Creek project.
Of particular importance is the blossoming of a relationship between the City of Salem
and Willamette University personnel and departments regarding restoration and
monitoring activities in sections of Mill Creek within the Urban Growth Boundary.
During this past academic year 2008-2009 the City of Salem storm water management
and public works personnel have worked with the co-PIs to establish a series of projects
along Mill Creek focusing on water quality. The projects will provide a unique
opportunity for Willamette University students.

Involve students in practical research, monitoring, and restoration exercises
advancing their scientific understanding and policy knowledge.
The project has been a great boon to Willamette students, as the watershed has become a
conscious target of research, teaching, and community service activities.
•

During the life of the grant many individual courses have been reformulated with
the grant and project in mind:
o ENVR 105 Introduction to Environmental Science (Professor Kimberlee
Chambers’ sections) has used Mill Creek to study community water
quality and environmental justice issues. The two sets of 32 students also
removed invasive species for three hours.
o ENVR 105 Introduction to Environmental Science (Professor Karen
Arabas’ and Pike’s sections) used Mill Creek to study community water
quality and environmental justice issues. More than 60 students also
removed invasive species for three hours.
o ENVR 333 Biogeography (Professor Karen Arabas) used Mill Creek for
four dedicated labs, identifying native riparian plants, sampling riparian
soils, surveying stream bank, and designing a native planting program.
o POLI 304 Politics of Environmental Ethics (Professor Joe Bowersox) has
used Mill Creek to examine the theoretical and practical connections
between ecological and community restoration, with special regard to
questions of citizen participation in restoration and monitoring activities.
27 students also participated in invasive species removal.
o POLI 341 Environmental Policymaking (Professor Joe Bowersox) used
Mill Creek for three dedicated labs, examining stream channels, urban
run-off, and producing baseline GIS layers for topography, vegetation, and
riparian landownership. 13 students also participated in invasive species
removal.

Community Service Learning activities
In addition to the above curricular activities, Mill Creek has been a featured “community
service learning” site for Willamette activities. Over 35 sections (some 410 students) of
first year students gave at minimum 3 hours of service on Mill Creek, removing invasive
species, picking up trash, and marking storm drains in 2007, while another 115 students
did the same in 2008. Additional sections of other courses also participated in Mill Creek
based service learning activities, though no numbers are available for these activities (see
“challenges” below).
The Future
As we consider the continuation of the project through self –funding and other potential
external sources, we anticipate continuing to focus most of our attention on those areas of

Mill Creek within the Salem city limits, with specific attention upon those areas in
proximity to Willamette University. These include the following activities:
• Ongoing water quality monitoring by University classes, as we build up a
database for analysis, and expand our testing.
• Continued removal of invasive plants from riparian areas by students and
community members;
• In conjunction with city personnel and neighborhood associations, development
of series of priority areas for native plant restoration;
• Planting in priority areas;
• In conjunction with the Southeast Salem Neighborhood Association, city
personnel, and the University, redesign of the riparian area along Mill
Creek/Shelton Ditch between 12th street and 17th street to favor community use.
• Engagement with OWEB regarding the future of the Mill Creek Watershed
Council.
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For 2008, the Institute for Water and Watersheds (IWW) participated and sponsored
many events. IWW expanded their website and a monthly newsletter which can be
viewed at http://water.oregonstate.edu.

IWW continues to sponsor a fall seminar series on water policy with invited scholars
from across the United States. As outlined in the following figure, topics ranged from
local to international. Participation continues to grow in all sponsored events. For
example, approximately 40 students in disciplines ranging from engineering, geosciences,
and economics attended the weekly sessions in 2008; this has increased nearly 20%
through the incorporation of posting the lectures “virtually” for distance students.

IWW also sponsored a water film series each week during the winter term of 2009. The
film series was open to the public, and was regularly attended by 20 to over 40 people
with the bulk of the attendees being the general public. The 2009 series was unique in
that a documentary film made using funds from a USGS mini-grant was premiered
during the film series – Water Before Anything. The four minute trailer for this movie
can be viewed on YouTube at the following link:
http://www.youtube.com/watch?v=fjhyrWZnhCA
Nestle Waters, North America also participated in the film series by not only showing
their rebuttal film to one of the featured films – FLOW – but also by sending two
representatives to answer questions:
http://www.nestlewatersvideos.com/home/flow_response/
This particular showing had over 60 people in attendance.

IWW co-convened the first international conference on Non-renewable groundwater in
Portland, Oregon during mid-October, 2008 with the National Ground Water
Association, the World Bank, and UNESCO. Fifty-five water experts from five countries
and ten US states converged on the brew-pub capital of the world during mid-October
2008 to discuss what is known about nonrenewable ground water with a suite of
international case studies, US case studies, economic and legal aspects, and mitigation
measures. The conference report can be viewed at the following link:
http://aquadoc.typepad.com/waterwired/files/nonrenewable_gw_conference_report_oct2008.pdf

Given that the State of Oregon does not have a long-term water supply plan – one of two
states in the US without such a plan – the other is Alaska, the IWW convened statewide
water roundtables at five locations to “listen” to stakeholders interests and concerns as
Oregon looks forward to nearly 41% growth in population and as environmental affects
of climate change continue to unfold. The roundtables resulted in a synthesis report
which can be reviewed at the following link:
http://water.oregonstate.edu/roundtables/docs.htm
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Water Before Anything
Conflict and Transformation in Umatilla County
An exploration of groundwater rights and community-based action in Umatilla County
Principal Professor: Jon Lewis PhD, Department of English
Filmmaker: Sarah A. Lind (Sheldrick)
Submitted to IWW May 15, 2009
MAIS: Master of Arts in English, Rhetoric, and Interpersonal Communication
Type: Project Documentary Film
Committee Chair, Main area English: Jon Lewis, PhD. English and Film Studies
Committee area Interpersonal: Gregg B. Walker, Ph.D. Speech Communication, Environmental
Mediation
Committee area Rhetoric: Mark Moore, PhD. Speech Communication, Rhetoric and Media
Grad Representative: David Bernell, PhD. Political Science, Director, MAIS Program

Film Abstract
Movie Trailer: Water Before Anything http://www.youtube.com/watch?v=fjhyrWZnhCA
The Umatilla Basin (Oregon) shares a deep basalt aquifer with Washington and Oregon.
The groundwater in this region has declined between 400 and 500 feet and the area has been
designated as “critical” causing a suspension of additional wells except those needed for drinking
water and irrigation (Oregon Water Resources Department 2003). Limited federal, state, and
tribal funding for water resources planning prompted a community-based approach to
groundwater management. A Task Force was formed in 2003 to explore new approaches for
managing the sustainability of groundwater and surface water resources. The Task Force is a
real life example of a community using similar approaches to the collaborative learning process
and conflict management. This documentary film was requested by the Task Force’s Outreach
Subcommittee and funded by a grant from OSU’s Institute for Water and Watersheds and a grant
from The Wild Horse Foundation. The film documents the different perceptions of groundwater
issues facing the river basin. The film has interviews that chronicle the concerns, hopes, and
needs of irrigators in the lower basin, municipal connections, and the Confederated Tribes in the
upper basin. Water issues are not unique to the Umatilla basin and it is important to take a close
examination of communication process and perspectives. As filmmaker to the project, I am
concerned with the ethical consideration of the relationship between the filmmaker to the subject.
It is the intention of the film to provide the community with a documentation of the collaborative
learning process that has led to the successful recommendation and adoption of sustainability of
groundwater.

Integrating Science and Storytelling
Accountability in the documentary film process

Movies, television, billboards, magazines and the Internet are flooding the mass audience
with images. Some filmmakers choose images that consider a moral ethic that binds the human
experience, while others only hold themselves to the minimum requirements of decency. The
accessibility of this mass form of communication demonstrates the need to measure truth and
ethical responsibility, of the filmmaker. As a student of film theory and rhetorical ethics I bring a
unique perspective of consideration to the filmmaking process.

Documentary filmmakers have a complex relationship to the spectator (audience) that has
ethical implications to the final image. In an attempt to convey real life events, the real life truth
is that the process of imposing a chronological narrative onto a subject is the process of making a
judgment about the subject. I considered my relationship to the subject an essential part of the
experience of making the film. I was the camera operator, the interviewer, the editor, and the
sound designer to the film project, Water Before Anything. In essence I made this film by myself.
I framed my interviews for inconsistency rather than consistency purposefully framing the
subject off center. I asked the subject to choose where the interview would take place.
Sometimes I held the camera, and other times I placed the camera on a tripod and did not move it
for the entire interview. The inconstancies of image, and lighting would translate as the visual
literacy that makes the film seem more real, as opposed to it feeling overproduced and staged. I
think overall the approach was effective, however, the background sounds of a coffee shop or the
wind became problematic in postproduction, and for future projects I would consider sound the
highest priority.

Documentary filmmakers have a responsibility to employ good choices. Filmmakers are
under the obligation to gather materials relevant to their subject matter, analyze them, and
assemble the materials based on decisions of value to unveil truth. My responsibility is to first,
identify the different voices within the community, second, through interviews record their
perspectives on the conflict, and third, to create a narrative out of the gathered materials.
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Karl R. Wallace studies classical and modern ethics as it relates to rhetoricians’ responsibilities.
Rhetoric defined by Aristotle is finding all the available means of persuasion. Documentary
filmmakers as well as rhetoricians look for techniques to persuade. As the filmmaker, I am
interested in using all tools available to persuade my audience; however, I am trying to persuade
the audience that I have portrayed real life. If I am successful at this juncture then the final
success of the film is to persuade the audience to critically examine the substance of the film and
participate in making a value choice.

In the end I gathered 27 hours of footage, I made six trips to Eastern Oregon over the
course on one year. I was able to fly over the basin following the Umatilla River from the
foothills of the Blue Mountains to where it meets the Columbia River. At the beginning of this
project I knew I faced challenges being the outsider with a camera. I am not from Umatilla
County. I am not an irrigator. I did not know what recharge was. I am not a hydrologist, or a
geologist. Although this is a disadvantage it also became my advantage. I relied on my
unemotional involvement to present information as it was presented to me. I asked everyone the
same basic questions: Who are you and what are some of the things that you do in the
community? What is the problem? What is the solution? What do you think is the biggest
obstacle? What is your hope for the future? I purposely made the questions open in order to give
the power to the subject to frame the problem. It was my expectation that the farmer/irrigator
would describe the problem differently then the Chief of the Walla Walla tribe. However, I ran
into trouble editing when I realized they were all saying the same thing. I believe this is because
I was making the film at the end of a four-year mediation process that had already transformed
the different stakeholders. If I had started making my film at the beginning of the mediation
process I would have found more conflict and different answers. I was able to redo a couple of
my interviews, once I began to realize I was facing a film without enough conflict to complete
the narrative. This is when I redid my interview with Jamie Clark and she found herself more
emotionally tied to the issue, and willing to share that with the camera.

The danger in making a film of this nature is the expectation of the community to have all
voices heard equally. Each represented group will measure the film by their own perspective on
the groundwater issues. I intend the film to begin the conversation on groundwater. Keeping the
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film under 40 minutes allows the film to be used in a workshop or classroom setting that would
allow time and room for discussion. I kept this in mind hoping to equip the audience with enough
information to form questions even if they have a limited understanding of the issue at the onset
of the film. The substance of the film can be put into two categories as it relates to the subject
matter. First, the film has content, which is the subject or material of the film. In this case the
content is the water dispute. Second, substance can also be identified as the form, structure, or
arrangement, which shapes the film. This would be the use of personal interviews, inter-cut with
visual images. Discussions that surround documentary films often find their way to making a
value-judgment around the substance, or content of the film. The very nature of the presentation
demands the audience to make a choice between what is right and wrong, and decide who is
innocent or guilty. The audience for the film will decide on the complexity of the issue and place
value on the difficulty and effort of collaboration.

The art of documentary film portrays moral principles in particular situations. In specific
cases in which we witness people in social and political roles making decisions, Aristotle writes:
“The science of ethics deals with moral principles and standards of conduct as they are
abstracted from practice.” Aristotle is specifically concerned with ‘practical wisdom’ and the
practice of virtue. As the filmmaker I looked for the practical experiences of the people of the
Umatilla community. I was fortunate to find people willing to open their homes to my camera
and me. Jamie took me to meet her Grandmother who ended up telling the story of Jamie getting
a pony for Christmas, a priceless moment that I believe captures some of the cultural experiences
of a more rural lifestyle. Jack Mills gave me an interview on the Reservation and let me use
some of the beautiful photos of his daughters, which includes the girl holding the fish on the
back of the truck. One of the last things I added to the film was the newspaper stills and old
black and white photos from the OSU Archives. Aristotle believed that true knowledge is found
through a lifetime of layered experiences. The nature of the film experience, in particular the
substance within a documentary film, is material for ethical consideration for the audience. I
spent a couple of days combing through boxes of photographs looking for flood irrigation and
anything labeled Eastern Oregon. I wanted the film to stand on a strong historical foundation, to
underline the importance of the work happening today to create sustainability for future
generations.
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Lastly, I want to discuss briefly one of the more difficult decisions made for the film. I
gave much consideration to using the opening lines of the Torah or Old Testament as the first
words of the movie. I do feel that these lines underline a Judeo-Christian worldview that is
unarguably dominant and sometimes associated negatively with those who use them to maintain
power. There is a concern that there would be some loss of audience from the onset of the film,
or would misrepresent the intention of the film. The final decision to use the quote was made for
several reasons. First, the film makes the argument that water is central to spiritual practices.
Starting with that quote and juxtaposing images of place anchors the film. Second, I purposefully
end the film with a strong voice from the Confederated Tribes: Rick George, Jack Mills, and the
Chief of the Walla Walla tribe, Bill Burke. I use images of the sticks balanced to make the
traditional teepee structure associated with Native American tribes as a visual metaphor for
conflict and mediation. The last image is Bill Burke talking about a traditional native ceremony,
where we come back to the title of the film, when he says, “Water is the most important thing,
you drink water, you take water before anything.” This brings the film into a full circle thinking
about water as a spiritual experience. Lastly, using one of the most familiar lines from western
spiritual tradition is an effective attention getter. The film will often be placed in a science
category as a “groundwater film,” and by putting the antithesis of science for the opening words.
I expect to put the audience on edge, wondering what they are about to watch.

The filmmaker’s role is complex and implies that the process has a right and wrong set of
values. I take the responsibility of making a narrative as an ethical need to consider audience.
Jean Rouch, filmmaker and anthropologist, argued that the filmmaker could never be fully
objective or that the camera can never be unobtrusive. It is the filmmakers who make the movie
rather than the subject. To be invited into this community holds a large responsibility. As a
filmmaker it would be naive to promise the film will be equal and balanced for all stakeholders
within the conflict. However, I will provide a document that is reflective, and an invitation for
further discussion as groundwater and issues of water quality become more prevalent and
necessary.
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USGS Summer Intern Program
None.

USGS Summer Intern Program

1

Category
Undergraduate
Masters
Ph.D.
Post-Doc.
Total

Student Support
Section 104 Base Section 104 NCGP
NIWR-USGS
Grant
Award
Internship
0
0
0
4
0
0
1
0
0
0
0
0
5
0
0

Supplemental
Awards
0
0
0
0
0

Total
0
4
1
0
5
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Notable Awards and Achievements
Documentary film "Water Before Anything" featured at many local and regional film festivals. One state
legislator commented that the film was responsible for bringing the Umatilla County community together to
pursue funding for an Aquifer Storage and Recovery project funded by the State of Oregon.
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