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	1.  RESEARCH PROPOSAL TITLE  
The Effectiveness of High-Efficiency Street Sweeping for Pollutant Removal from Rural Roads



	2.  RESEARCH PROBLEM DESCRIPTION
Stormwater runoff has been identified as the single most significant source of pollution in Puget Sound and a major environmental stressor in other areas of Washington State.  Jurisdictions across the state are under increasing pressure to manage stormwater discharges from roads and highways.  Finding effective, low cost best management practices (BMPs) that can be broadly applied to treat stormwater runoff is a priority.  

The new generation of high-efficiency (HE) street sweepers has shown to be effective in the removal of pollutants associated with road runoff. Most of the research that has been done in this area has centered on ultra-urban environments and/or highways. This research proposal would focus on the more common two-lane rural roads found in most jurisdictions throughout Washington. In general, these roads usually do not have curbs and, in most cases, do not have formal drainage systems. However, these roads are commonly found in close proximity to critical water resources such as nearshore areas and small streams. This research would investigate the effectiveness of HE Street Sweeping regimes in reducing road related pollutants from ubiquitous road types. Operational factors such as sweeping frequency and location will be investigated.



	3.  RESEARCH OBJECTIVE
Evaluating the effectiveness of HE Street Sweeping for pollutant removal from rural roads without curbs.

Is HE Street Sweeping an effective tool for reducing road runoff pollution on rural roads? Targeting roads with low-moderate ADT levels and no curbs to evaluate the effectiveness of HE Street Sweeping is the goal of this research. There may also be a secondary objective in evaluating the effect of HE street sweeping on CB cleaning for similar type roads.

_√__Effectiveness    ____Source Identification   ____Status & Trends



	4.  LITERATURE SEARCH AND RESEARCH IN PROGRESS SUMMARY
The literature recognizes that sweeping has been and is a widely used practice for removing debris from streets and roadways in urban areas and in recent decades to remove potential water pollutants from these surfaces (Walker and Wong 1999, Rochfort et.al. 2009, Law et.al. 2008).

Early studies, in the 1970’s and 1980’s, claimed that street sweeping was ineffective at reducing pollutants in stormwater due to low efficiency of fine particle removal (Kang and Stenstrom 2008). With improvements in sweeping technologies, the effectiveness of street sweeping for  improving water quality is being re-evaluated, with much controversy surrounding this issue (Sutherland 2011, Geosyntec 2008, Kang and Stenstrom 2008).  

Numerous studies have been implemented to quantify the effectiveness of street sweeping for pollutant removal.  Many of the studies have characterized the mass and quality of material removed by sweepers and some have sampled runoff to determine effects on water quality (Kang and Stenstrom 2008, Seattle Public Utilities 2009, Rochfort et.al. 2009, City of San Diego 2010).  Some recent studies evaluated the sweeping of highways (USGS, 2002; Martinelli et al. 2002).

Studies have found that most debris accumulates close to barriers on streets, such as curbs and New Jersey median barriers (Sutherland 2011).  Some have concluded that sweeping should be focused on roads that have such barriers because debris is otherwise blown off of roadways by wind and traffic (Sutherland 2011, Municipality of Anchorage 2011). Our proposed research would focus on shoreline roads and roads with stream crossings where the road pollution would get into receiving waters directly.

A white paper written by Geosyntec in 2008 found that results from studies of effectiveness of highway sweeping are inconclusive and that “benefits to highway runoff quality in Washington remains to be demonstrated.” They noted, however, that a great deal of controversy surrounds the effectiveness of highway sweeping as a BMP. “Conflicting claims have been made, and there does not appear to be a definitive assessment in the BMP literature, partly because of the paucity of defensible data”, noting that, as opposed to highways, most studies on sweeping effectiveness have focused on streets. This white paper referenced a study by the Wisconsin Department of Transportation (Martinelli 2002) which concluded that detecting differences in runoff water quality due to sweeping is difficult because stormwater quality is so variable and because of the difficulties in measuring particulate matter in freeway runoff.  In the final report from this study (Martinelli 2002), the researchers noted that the variability in their data was likely due in part to issues encountered during sample processing and analysis. The work plan for this study also pointed out: “one potential problem with this sampling design is that inefficient bedload sampling, (heavy material that is not efficiently collected by autosamplers), may prevent the complete effectiveness of the street sweepers from being shown).”

Also published in 2008, Kang and Stenstrom re-evaluated several previous sweeping studies using statistical power analysis.  They found that the studies they looked at used too few samples, resulting in low statistical power and inability to detect the benefits of street sweeping to water quality. They also noted that the temporal gap between street sweeping and subsequent storm events was not controlled to improve statistical power.  They concluded that: “The contribution of street sweeping to environmental quality should not be underestimated because of previous studies, which had insufficient statistical power to detect water quality improvements, had they existed.  New studies using modern sweeping technology and better statistical designs to detect probable differences should be performed.”

Subsequent to the Geosyntech and Kang/Stenstrom papers, Rochfort et.al. reported findings from a sweeping study that included sampling runoff from swept and unswept sections of curbed roadway within a commercial/industrial area.  According to the researchers, the study results indicate that sweeping reduced significantly street sediment deposits but that a significant reduction in wash-off load was only observed for dissolved Zn and Cr. 

The City of San Diego conducted wet-weather first flush sampling a part of a street sweeping effectiveness pilot study conducted in 2009-10.  The study involved mechanical and vacuum assisted sweepers in a residential subbasin.  Results from sampling indicate that stormwater runoff concentrations of total suspended solids (TSS), and metals (Cu, Pb and Zn) during the beginning of the storm event (first flush) in the vacuum-swept street were significantly less than those in the mechanically-swept streets and unswept streets.

The applicability of the results from these recent studies by Rochfort and the City of San Diego to rural roads is unclear since these studies were conducted in commercial/industrial and residential urban areas with curbed streets. 
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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   ____Within 5 years   __X__Ongoing




	6. Conceptual Research Approach

A conceptual model for looking at the water quality of runoff from a swept rural road could be:

roadway runoff WQ = deposition by traffic  + atmospheric deposition +  offsite runoff + road surface degradation – removal by sweeping - blowoff/spray off from roadway – retention on road surface

The sources of contaminants in this model are 1) deposition by traffic, 2) atmospheric deposition, 3) surface water runoff from adjacent land and 4) degradation of the road surface. The mechanisms by which contaminants are removed from the road are 1) runoff, 2) blow-off/ spray-off, and 3) sweeping.

A study of HE sweeping on rural roads might not attempt to quantify the sources of roadway contaminants, but would rather focus on determining the relative importance of each of the contaminant removal mechanisms.   A treatment/control study approach could be used, where swept and un-swept sections of roadway would be monitored. 
Of the three mechanisms for contaminant removal, measuring the mass of contaminants removed by sweeping would be the most straightforward and has been accomplished by past studies.  Measuring and characterizing dirt accumulated on the swept roadway sections immediately before and after sweeping as well as measuring and characterizing material picked-up by the sweeper would indicate sweeper effectiveness for contaminant removal.

Measuring runoff water quality would require sampling runoff from sections of the paired swept and unswept roadways during storm events. Collecting a sufficient number of representative samples to characterize runoff water quality and detect a difference between the swept and unswept roadway sections could be technically challenging and fairly expensive, but existing stormwater monitoring protocols would apply.  An alternative approach for determining the difference in contaminant load leaving swept and unswept roads during storm events (both as runoff and blow/spray-off) would be to measure and characterizing dirt accumulated on the swept and unswept sections of roadways immediately before and after storm events.  
As described in Section 4, some have assumed that sweeping would be ineffective on roads that lack curbs or other barriers because contaminants are quickly blown from the road by wind or traffic.  Monitoring contaminants blown or sprayed off of the swept and unswept roadways by wind or traffic would be challenging, requiring the development of new or adaptation of existing apparatuses for monitoring atmospheric deposition.




	7. ESTIMATED COST AND TIMING (Optional)
Cost would vary depending on the scope of the research.
Kitsap County already has the HE Street Sweepers. Operational coasts and the costs for sampling would need to be covered.

County DOT’s may be interested in teaming on this project or providing funding.




	8.  CONTACT INFORMATION
Chris May, Kitsap County SSWM, cmay@co.kitsap.wa.us
Curtis Nickerson, CARDNO TEC, Curtis.Nickerson@cardnotec.com
Emmett Dobey, WSAC, EDobey@wacounties.org
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