Attachment E

Research Proposal Template
Roads & Highways Monitoring Committee

Subgroup of the Stormwater Working Group

	1.  RESEARCH PROPOSAL TITLE  
Provide a title that briefly and immediately conveys to the reader the intent of the proposed study.
Stormwater BMP Performance in an Ultra-Urban Setting



	2.  RESEARCH PROBLEM DESCRIPTION
In one or more paragraphs, provide background to set the context and explain the reason for the research by stating the general problem or need.  Be explicit about the significance and scope of the problem.  Explain the consequences, if any, of not doing this work. 

The Federal Highway Administration (FHWA) has described the ultra-urban setting as areas:

“…characterized by high densities of paved surfaces or buildings that result in a high degree of imperviousness. Buildings, parking facilities, urban streets, highways, or walkways cover a majority of the land area, with imperviousness typically greater than 50 percent in ultra-urban areas, and up to 100 percent in some cases.  These impervious surfaces … collect and accumulate constituents from atmospheric deposition, vehicular traffic, or other sources” (Shoemaker, et al., 2000; http://environment.fhwa.dot.gov/ecosystems/ultraurb/index.asp).

Ultra-urban road and highway facilities typically experience and support high traffic counts, e.g., Average Annual Daily Traffic (AADT) counts in excess of 50,000 or even 100,000 vehicles.  However, high AADT is only one of several conditions defining or characterizing ultra-urban settings.  The other defining conditions frequently include: a dense, variable, and complex pattern of land use development at the catchment scale; absence, or near absence, of natural cover types; highly modified local hydrology, with a preponderance of man-made catchments and conveyances; little or no undeveloped property (and/or high or very high property values); a timescale of development history measured in decades; and, a matrix of new, recent, older, and very old infrastructure and development.

Ultra-urban settings present a challenge to stormwater management unlike most other road and highway settings.  Baseline environmental conditions are typically degraded or heavily degraded, meaning that natural systems are inherently less resilient and more vulnerable to further degradation.  Much of the existing, surrounding land use development, road and utility infrastructure dates prior to the establishment of contemporary environmental regulations, standards, and performance measures.  Furthermore, competing demands for available property, real estate, and rights-of-way greatly constrain options for the retrofit or improvement of existing infrastructure.  Ultra-urban settings may also include “…land uses or activities that generate higher-than-normal concentrations of hydrocarbons, trace metals, or toxicants … [such as] commercial parking lots, fueling stations, fleet storage areas, industrial rooftops, marinas [and port facilities], outdoor container storage … loading/unloading facilities … [and] vehicle service and maintenance areas” (Shoemaker, et al., 2000; http://environment.fhwa.dot.gov/ecosystems/ultraurb/index.asp).
A large fraction of the toxic contaminant load present in treated and untreated stormwater is in particulate form, either sorbed onto or complexed with solids (Fan et al. 2001; Grant et al. 2003; Marsalek et al. 1999; Muthukrishnan and Selvakumar 2006; Wong et al. 2000).  Heavy metals, polycyclic aromatic hydrocarbons (PAHs), and other non-polar organic contaminants are generally bound in greatest concentration to the smallest of particles and colloids.  The smallest particles have the greatest surface area to volume ratio, and therefore provide a comparatively larger total surface area to which contaminants may bind, sorb, and complex (Fan et al. 2001; Herngren et al. 2005; John and Leventhal 1995; Pettersson 2002).  For these and other reasons, some experts in the field have identified total suspended solids (TSS), and/or the colloidal solids fraction, as appropriate indirect measures or indicators of toxic contaminant load (Grant et al. 2003; Hallberg et al. 2007).  Where sampling and monitoring are concerned, TSS is decidedly easier and cheaper to sample and measure than many of the other toxic pollutant parameters.

Within some ultra-urban settings, the existing stormwater infrastructure may contain solids, sediments, and sources of pollution that have accumulated for years or decades.  These sources of water quality degradation may include so called legacy pollutants, “…contaminants present in the environment today due to activities of the past”, including heavy metals, polychlorinated biphenyls (PCBs), dioxins and furans, and other persistent organic contaminants (San Francisco Bay Keeper, 2013; http://baykeeper.org/our-work/toxic-pollutants-and-chemicals-concern).
Ultra-urban settings also present opportunities for the improvement of existing stormwater infrastructure.  When road networks and other existing infrastructure are replaced or redeveloped there may be opportunities to enhance or retrofit stormwater controls:

“While new development is required to manage stormwater on-site, older developments may have been constructed before stormwater management was required or modern criteria were established.  Retrofits include new installations or upgrades to existing Best Management Practices (BMPs) in developed areas where there is a lack of adequate stormwater treatment.  Stormwater retrofit goals may include, among other things, the correction of prior design or performance deficiencies, flood mitigation, disconnecting impervious areas, improving recharge and infiltration performance, addressing pollutants of concern, demonstrating new technologies, and supporting stream restoration activities” (U.S. EPA, 2011; http://www.epa.gov/region1/npdes/stormwater/assets/pdfs/BMPRetrofit.pdf).
For many ultra-urban settings and locations in the Pacific Northwest there has already begun some replacement or redevelopment of the road network and other infrastructure.  Sites redeveloped according to contemporary environmental regulations, standards, and performance measures should present opportunities for monitoring and assessing BMP performance in these settings.
Ultra-urban settings require that stormwater managers develop and implement innovative strategies for the control and improvement of water quality.  With the implementation of new and innovative strategies, perhaps first at the pilot-scale, we need to assess and validate BMP performance.



	3.  RESEARCH OBJECTIVE
Describe in very brief terms how the expected benefits/products of the research will be used and by whom.  Indicate which one of the three categories the research proposal targets.

__X__Effectiveness    ____Source Identification    ____Status & Trends



	4.  LITERATURE SEARCH AND RESEARCH IN PROGRESS SUMMARY
Summarize literature and ongoing research found on the topic.  Describe any shortcomings or deficiencies in the current body of research and how this project will address them.
The FHWA has compiled and made available on-line a detailed study and guidance document entitled Stormwater Best Management Practices in an Ultra-Urban Setting: Selection and Monitoring (Shoemaker, et al., 2000; http://environment.fhwa.dot.gov/ecosystems/ultraurb/index.asp).  This is an excellent resource for the stormwater practitioner interested in better understanding ultra-urban settings and the challenges and opportunities they present.
The Transportation Research Board and National Cooperative Highway Research Program (NCHRP) have published a report entitled Guidelines for Evaluating and Selecting Modifications to Existing Roadway Drainage Infrastructure to Improve Water Quality in Ultra-Urban Areas (NCHRP, 2012; http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_728.pdf).  This is another excellent resource.  The report includes three example case studies from the Pacific Northwest, including two projects designed and constructed by the Washington State Department of Transportation (WSDOT); replacement of the Manette Bridge in Bremerton, Washington, and improvements to Interstate-405 in Renton, Washington.
The NCHRP is also currently conducting research on the control of dissolved metals originating from highly urbanized areas, with an expected completion date during late 2013 (NCHRP 25-32: Measuring and Removing Dissolved Metals from Storm Water in Highly Urbanized Areas; http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=2737).  The objectives of this research include developing:  (1) Accurate and scientifically defensible testing protocols that can provide a reliable and repeatable measure of dissolved metals content in stormwater; and, (2) Conceptual design specifications for at least two cost-effective stormwater treatment practices that could be used to effectively remove dissolved metals in highly urbanized areas.
High-efficiency sweeping is an operational (i.e., non-structural) BMP that holds promise in ultra-urban settings as a means to control pollutants originating from road networks and other transportation infrastructure.  Factors that influence the types and amounts of pollutants found in highway runoff include the buildup of solids and other pollutants on pavement and in stormwater conveyances between storm events (Herrera Environmental Consultants 2007).  “Several studies have documented the first flush phenomenon, indicating pollutant concentrations tend to be much higher at the beginning of a storm compared to the middle or the end (Barrett et al., 1995).  This has led to requirements in some states to capture and treat the ‘first flush’ or water quality volume” (Shoemaker, et al., 2000; http://environment.fhwa.dot.gov/ecosystems/ultraurb/index.asp).
A study evaluating street sweeping technology at the Port of Seattle found that weekly high-efficiency sweeping is a viable, cost-effective BMP, with overall pollutant removals (including removals for dissolved metals) that are comparable to those obtained by wet vaults (Kurahashi and Associates, Inc.  1997; http://environment.fhwa.dot.gov/ecosystems/ultraurb/5mcs8.asp).
The City of San Diego, California, is implementing a Targeted Aggressive Street Sweeping Pilot Program.  The City has developed a phased series of pilot projects designed to evaluate the feasibility, potential water quality benefits, and cost-effectiveness of various optimization techniques that may be applied to the current street sweeping program (URS Corp. 2011; http://www.sandiego.gov/thinkblue/pdf/speedefficiencyfinal.pdf).
The City of Tacoma, Washington, recently conducted basin-wide sewer line cleaning in an effort to improve sediment and water quality, and prevent re-contamination of the Thea Foss Waterway (City of Tacoma Public Works, 2010; http://cms.cityoftacoma.org/surfacewater/npdes0311/B3.pdf;  City of Tacoma, 2012; http://cms.cityoftacoma.org/surfacewater/npdes0312/attachmentc3/s8E.pdf).

The objective of the City of Tacoma’s sewer line cleaning program is to remove residual sediments and sediment-bound contaminants.  These contaminants may not be from new sources, but instead from historical residues that could continue to impact stormwater or baseflow quality through resuspension and/or dissolution.  The City of Tacoma has reported:

 “Basin-wide sewer line cleaning appears to have been effective at removing all seven of the contaminants tested in the majority of drains. Statistically significant reductions were measured in total suspended solids [TSS] (17 to 44 percent reductions in three out of four drains), lead (11 to 36 percent reductions in three out of four drains), zinc (24 to 28 percent reductions in three out of four drains), polycyclic aromatic hydrocarbons [PAH] (59 to 92 percent reduction in all four drains, including both light and heavy PAH fractions), and bis(2-ethylhexyl)phthalate [DEHP] (28 to 68 percent reductions in three out of four drains). These results provide compelling evidence that significant and measurable improvements in stormwater quality can be achieved through basin-wide sewer line cleaning. Tacoma will therefore prioritize other drains for line cleaning as resources and funds are made available” (City of Tacoma, 2012; http://cms.cityoftacoma.org/surfacewater/npdes0312/attachmentc3/s8E.pdf).
The WSDOT and its partners have cooperatively established an ultra-urban stormwater research facility beneath the Interstate-5 Lake Union Ship Canal Bridge.  The facility receives stormwater from a heavily traveled section of Interstate-5 within the City of Seattle (an AADT of 200,000 vehicles).  The site’s drainage basin extends from the crest of the Ship Canal Bridge, north to Northeast 55th Street.  The basin lies within the right-of-way boundaries and encompasses approximately 31.6 acres, including approximately 22.7 acres of pavement and 8.9 acres of roadside landscaping.  The facility collects highway runoff from one end of the bridge, and uses splitter pipes to route the flow to four test bays (WSDOT, 2013; www.wsdot.wa.gov/Environment/WaterQuality/Research/Facility.htm).  The City of Tacoma, in collaboration with Seattle Public Utilities and the WSDOT, recently used the facility to test media filtration systems for the removal of metals, PAHs, and phthalates (Center for Urban Waters, 2013; http://www.urbanwaters.org/wsdot-lake-union-ship-canal-research-facility).
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	5.  Geographic Scope and Urgency of Research
How broadly will the results of this research apply?

 _X _ Nationally    ____Pacific Northwest    ____WA Only    ____Eastern WA    ____Western WA    ​____Puget Sound Basin

How quickly will you need the results of this research?

____ASAP   ____Within 6 months   ____Within 1 year  ____Within 2 years   __X__Within 5 years   ____Ongoing




	6. Conceptual Research Approach

Summarize what the proposed research involves.  Identify any potential technical, institutional, or political barriers to its implementation.

For many ultra-urban settings and locations in the Pacific Northwest there has already begun some replacement or redevelopment of the road network and other infrastructure.  Sites redeveloped according to contemporary environmental regulations, standards, and performance measures should present opportunities for monitoring and assessing BMP performance in these settings.

For example, the WSDOT and Washington Division of the FHWA have begun constructing safety, mobility, and congestion-relief improvements for the State Route 520 corridor, between the Interstate-5 / SR 520 interchange in Seattle and Evergreen Point Road in Medina, east of Lake Washington.  In its ultimate configuration, drainage from approximately 20 acres of pollution-generating impervious surface will be conveyed for water quality treatment to a constructed stormwater treatment wetland located in Montlake, at the former site of the Museum of History & Industry (MOHAI).  The WSDOT and FHWA have agreed to “…design and build the MOHAI enhanced stormwater treatment facility with a well-integrated stormwater quality monitoring capability … The MOHAI facility [will] incorporate design features that facilitate accurate characterization of stormwater BMP effectiveness and end-of-pipe effluent discharge concentrations for treated stormwater runoff” (U.S. Fish and Wildlife Service 2011; Biological Opinion, pp. 124, 125).  The SR 520 Montlake interchange and MOHAI facility represent a unique opportunity to plan and implement a stormwater quality monitoring program with relevance for design and management of the region’s and State’s ultra-urban interstate highways and facilities.
However, there are also probably a growing number of ultra-urban sites and locations where useful and informative stormwater and BMP effectiveness monitoring could be performed.  Cities, counties, and other public owners and operators of municipal separate storm sewer systems (MS4s) may already have an obligation to perform such monitoring under the issued Phase I and Phase II NPDES municipal stormwater permits.  In addition, individual Clean Water Act permits and verifications obligations issued to these same parties (related to the replacement or redevelopment of road or other infrastructure) may also establish an obligation to perform monitoring.

This research proposal would make inquiries to cities, counties, and other public owners and operators of MS4s to identify candidate ultra-urban sites and locations where useful and informative stormwater and BMP effectiveness monitoring could be performed.  Priority should be given to candidate monitoring sites or locations that could provide information regarding:  (1) Performance of operational (i.e., non-structural) BMPs (e.g., sewer line cleaning and high-efficiency sweeping); (2) Performance of commonly available structural BMPs and technologies, including those that might be easily tailored to be practicable and effective across a variety of ultra-urban settings; and, (3) Performance of “treatment trains” designed to achieve enhanced removal of TSS, heavy metals, and/or persistent organic compounds (PAHs, phthalates, etc.).



	7. ESTIMATED COST AND TIMING (Optional)
Identify:  1) The funds required; 2) How long the project will take; and 3) Whether the project depends on another action before it can proceed.




	8.  CONTACT INFORMATION
Provide specific contact information for the person(s) involved in developing the research proposal.
Ryan McReynolds, U.S. Fish and Wildlife Service, Lacey, WA   (360)753.6047  Ryan_McReynolds@fws.gov
Larry Schaffner, WSDOT, Olympia, WA   (360)570.6657  SchaffL@wsdot.wa.gov
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