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EXECUTIVE SUMMARY








Project Purpose





The Street Maintenance Division of the Anchorage Department of Public Works (DPW) completed tests on three dust control products in summer, 1994.  The Watershed Management Section (Project Management and Engineering Division, DPW) and the Anchorage Department of Health and Human Services (DHHS) assisted Street Maintenance in the design and completion of  the tests.  Test results will guide the city in the selection of an effective means of controlling dust on Anchorage unpaved streets.  Project staff also evaluated the costs of applying the treatments and the potential environmental risks associated with their use.  This information can provide a basis for negotiating regulatory standards for use of dust control products in Anchorage.








Product Descriptions





The tested dust control agents include two enzyme-based products, EMC2 and Perma-Zyme, and a standard asphalt emulsion, CSS-1.  The City of Anchorage has used CSS-1 as its principle control for road dust for over ten years.  CSS-1, an emulsified mixture of water and paving asphalts, controls dust by physically “gluing” road soil particles together with the asphalt in the emulsion.  Street Maintenance crews report applications of CSS-1 are effective over a period of one year when road soils are treated to a thickness of about 1-inch.  EMC2 and Perma-Zyme attempt to control road dust by activating fine organics and clay minerals naturally present in the road soils to electro-chemically bond the soil particles.  To be most effective the enzyme-based products must be mixed with soils having silt/clay contents greater than 15% and soils must be treated to a thickness of at least 4-inches.








Project Construction





In June, 1994, Street Maintenance crews applied each of the three dust controls to 16 sections of residential roads.  Test sections were located at four study locations within the Anchorage Roads and Drainage Service Area (ARDSA).  Maintenance crews applied all dust control products using the same construction method.  Initially, crews shaped road surfaces and repaired drainages.  Equipment operators then scarified the roads and treated the windrowed soils with the dust control products and water using flusher trucks.  Finally, operators re-spread the treated soils and compacted the roads to a finished surface.  Test locations received no further treatment or maintenance during the remainder of the study.





Construction unearthed cobbles and large gravel within the top few inches of the road surfaces at all study locations.  Reconnaissance of ARDSA roads suggests that cobbley soils at shallow depths are typical for unpaved roads in this service district.  The cobbles limited scarification of the test road surfaces to a maximum depth of about 1-inch.  This treatment depth was acceptable for CSS-1 application but was much less than the recommended enzyme-based treatment depth of 4-inches.  Treatment of ARDSA roads to depths greater than about an inch would require either substantial road excavation and reconstruction or import of suitable surface course soils.








Treatment Costs





Total direct construction costs (labor, equipment and materials) for the CSS-1 test sections averaged about $7,750 per mile (assuming a 26-foot road width).  Total direct construction costs for the enzyme-based treatments averaged about $5,650 per mile.  However if the enzyme-based treatments were constructed to recommended thickness of 4-inches, total direct costs would increase nearly five times to about $24,150 per mile.  This estimate assumes import and placement of classified fill.  No analysis was performed for use of in-place soils through road reconstruction and processing of the existing road subbase.








Treatment Performance





Tests assessed the ability of each of the dust control products to control dust and to maintain a traffickable surface.  Field measurements and observations revealed strong performance differences between the CSS-1 treatment and the enzyme-based treatments.  Dust was measurably less from the CSS-1 surfaces than from surfaces treated with either EMC2 or Perma-Zyme.  Residents were also vocal in their approval of CSS-1’s performance in controlling dust and equally fervent in their disapproval of the performance of the enzyme-based treatments.  Differences in the deterioration process of the road surfaces was a principle factor in the relative performances of the treatment types.  Traffic readily abraded soils from nearly the entire road surface along enzyme-treated test sections, continually augmenting the source of road dust. Rainfall runoff also tended to concentrate the loosened dirt over the road surface rather than remove it.  Conversely, at the CSS-1 treated sections sources of loose soil were limited to the potholes along the otherwise cemented road surface.  The potholes were typically deep and relatively small so that traffic did not easily mobilize the exposed soils.  The cemented surface of the CSS-1 treated sections also promoted “washing” of the road surfaces during rainstorms.





For all treatment types the breakdown of the road surfaces tended to begin where large gravel penetrated the thin layer of treated soils.  Calculated depth of treated soils at all test sections ranged from 0.23 to 0.93 inches in thickness.  In comparison, as much as 22% of the road surface soil particles were greater than 1-inch in diameter.  These large diameter rocks protruded above the completed road surface where they were subject to dislodging by traffic.  The process of their dislodging tended to crush the surrounding treated surface and hasten further break up of adjacent bonded surface soils.  Considering this finding, either removal of the larger rock particles from the surface soils or import of classified surface fill may substantially increase the life of any of the treatment types.








Potential Environmental Impact





Finally, project staff also researched available data describing the chemical and physical character of each of the dust control products.  Review of the data suggests none of the applied products present a significant potential for negative impact to the environment or to public health.  However accidental spills of any of the undiluted products, if uncontrolled, could have negative impacts on aquatic systems.  Though Street Maintenance uses good materials handling practices, no written standards are available to direct use of these products by contractors.

















Recommendations





The findings of these tests provide the basic information needed to assist Street Maintenance in selecting a dust control product for use in Anchorage.  Based on interpretation of the collected data, investigators recommend that the Municipality:





Continue the use of CSS-1 as a dust control agent in the ARDSA.


Implement written guidance for the storage, handling, transport, use, and cleanup of CSS-1.


Identify and evaluate alternative methods for more durable applications of CSS-1.  Alternatives may include: a) construction of thicker treated sections (~2 or more inches thick) or b) removal of large gravel (D> 3/4 inch) from scarified surface soils before treatment.


Consider installing simple sediment traps in drainage ditches at the bottoms of steep grades.








Categorized Findings





Specific project findings are listed by category in the remainder of this summary.  Detailed discussions of each of these issues are included in Section 7.0 of the main body of this report.





Construction





Equipment and staff-hour requirements were about the same for application of all the dust control products.


Cobbles and boulders in road subbase soils limited scarification depth at all test locations.  As a result all test section treatments for this project had thicknesses of less than 1-inch.


Cobbles and boulders are common at shallow depths in all ARDSA road subbase soils. Excavation to depths much greater than 1-inch along ARDSA roads would require substantial road reconstruction.


Constructed thickness of the enzyme-based treatments was much less than that recommended by product manufacturers.


Silt content of project road soils was less than that recommended by manufacturers for the optimum application of the enzyme-based treatments.


CSS-1 was successfully applied to current Municipal standards at all locations.  





Cost





Total construction costs for the 1994 CSS-1 test sections averaged about $7,750 per mile.  (Figures are based on Anchorage 1994 direct costs and a road width of 26-feet.)


Total construction costs for the 1994 EMC2 and Perma-Zyme test sections averaged about $5,650 per mile (roads with treated thicknesses of 1-inch or less).


Costs would increase to $24,150 per mile to apply EMC2 and Perma-Zyme products at the manufacturers’ minimum recommended thickness of 4-inches.





Dust Control





Measurable dust was generated along test sections for all treatment types.


Residents and project staff believed CSS-1 provided the best dust control.  Loose soils were generally limited to small deep potholes making dust less available to movement by traffic.


EMC2 and Perma-Zyme test sections promoted dust generation.  Continual abrasion and presence of loose soils over the entire road surface augmented dust movement by traffic.








Road Stabilization





All treatment types showed deterioration of trafficking surfaces.


For all treatment types, road surfacing failures tended to begin where large gravel penetrated the thin layer of treated soils (Figure 6-6).


Treated surface soils tended to remain strongly bonded over most of the road surface for roads treated with CSS-1 (Figure 6-5).


Treated surface soils tended to continually loosen and abrade over the entire road surface for roads treated with EMC2 and Perma-Zyme (Figure 6-4).


CSS-1 surfaces developed deep, sharp-edged potholes and cracking (Figure 6-7).


EMC2 and Perma-Zyme developed “washboard” features at compression points (curves, bottoms of grades and intersections).





Sediment Erosion





Settleable sediment was eroded and moved by storm water flows during larger rainfall events


Settleable sediment was transported by storm water flows only along steeper grades and short radius curves.


Eroded sediment showed a narrow range of particle sizes ((80% +100(m and 20% -100(m) with implications for selection and design of erosion controls and storm water treatment.





Environmental Impact





None of the treatment materials (when applied properly) appear to present a significant potential for negative impact to either the environment or to public health.


Written standards do not exist for the storage, handling, transport, use, and cleanup of CSS-1.








�
7.0	CONCLUSIONS AND INTERPRETATIONS





The results of this project support the continued use of CSS-1 for dust control along ARDSA unpaved roads.  EMC2 and Perma-Zyme are not suitable for use for dust control along these roads unless major road reconstruction is an option.  Consider alternative construction methods to extend the life of dust control treatments.  Alternatives include construction of thicker treated sections or removal of large gravel from road surface soils prior to treatment.  Institute formal MOA handling, application and cleanup protocols for the use of CSS-1 in road surface treatment applications.








7.1	Statement of Findings





The enzyme-based treatments employed in this study (EMC2 and Perma-Zyme) were not successful in controlling dust.  When used soley for dust control they may be unsuitable for application to ARDSA unpaved roads.  In fact, the process by which the enzyme-treated test sections deteriorated may actually increase street dust.  Construction of thicker sections of these treatment types may result in improved performance.  However, this would require haul of surfacing materials for ARDSA roads, significantly increasing costs.  The asphalt emulsion, CSS-1, was superior to the enzyme-based products for dust control in the project area and its use had the strong support of test area residents.





Noticeable deterioration of road surfaces occurred at all test sections.  However there was a distinct difference between treatment types in the durability of the treated road surfaces.  Roads treated with CSS-1 generally remained well bonded over most of the road surface but locally developed deep, sharp-edged potholes and cracking.  Enzyme-treated test sections maintained smoother surfaces overall but soils also became easily loosened over the entire road surface.  The enzyme-based test sections also developed washboarding and rutting at compression points (intersections, curves and the bottoms of grades).  Some of the poor soil stabilization observed along the enzyme-treated roads may have been the result of the relatively low clay and organics content of the test roads.  Relatively high concentrations of clay and organics are basic requirements for the successful use of this treatment type.





Deterioration of all test road surfaces, including the CSS-1 test sections, was significantly related to interaction between abundant large gravel in the test roads and the thinness of the treated soils.  Major road deterioration typically began where traffic broke the large rocks free, locally crushing the thin treated soil layer.





None of the dust treatment products, when applied properly, are likey to have significant potential for negative impact to either the environment or public health.  However this conclusion is based on limited chemical information for the treatment types.





Each of these findings are discussed below.





	7.1.1	Treatment Construction





Coarse gravel and boulders in test roads severely limited the depth of scarification possible during surface treatment.  Rocks encountered at shallow depth during project construction limited excavation at all test sections to less than an inch.  This represents about a fourth of the treated thickness recommended by the manufacturers of the enzyme-based products.  The presence of a large fraction of coarse gravel is likely a common occurrence in ARDSA road embankments.  Given this, construction of surface courses any thicker than an inch in the ARDSA will typically require major road reconstruction or import of suitable surfacing materials.





Some error in treatment application occurred due to unfamiliarity with the products and lack of formal construction inspection by design staff.  City operating crews finished all test sections to a high standard of quality.  However, unfamiliarity with application of the enzyme-based treatments led to oversaturation of road soils during construction.  Conversely, for CSS-1 treatment (at which crews are very practiced) construction proceeded flawlessly.  Design staff did not perform formal construction inspection for any construction activities.  More formal field inspection of those construction methods less familiar to the operating crews may prevent construction errors.





	7.1.2	Treatment Costs





Median construction costs for CSS-1 treated test sections was $7,750/mile (based on Anchorage 1994 direct costs and a 26 foot wide trafficking surface).  Median construction costs for the enzyme-based treatments were about $5,650/mile.  CSS-1 treatment costs were statistically different from the enzyme-based treatments.  However these comparisons do not consider the additional costs that would be incurred if the enzyme treatments were constructed to manufacturers’ recommended thicknesses.  Calculations suggest the increased scarifying, mixing and compaction required to achieve the recommended section thickness for the enzyme-based treatments would double staff time and equipment costs.  This estimate assumes the presence of suitable in-place soils.  However for ARDSA roads, construction costs for thick enzyme treatments would actually be further inflated by costs for hauling and placing suitable surface soils.  Based on DPW average bid prices for classified fill (Browning, 1995) construction costs for 4-inch thick enzyme-based treatments is estimated at $24,150/mile.





	7.1.3	Dust Control





Differences in dust mass measured at CSS-1 and enzyme-treated sections were significant at greater than a 95% confidence level.  However treatment type accounted for only 30% of the variability in the observed dust data.  Still, both residents and investigators agreed that treatment with CSS-1 provided better dust control than either of the enzyme-based treatments.  Residents were particularly adamant in this and should be carefully consulted before use of any different dust controls in the future.





Project observers believe this difference in performance is largely due to the difference in bonding strengths in the treatment types.  Enzyme-treated soils had relatively weak bonds overall and traffic continually abraded soil particles from the entire road surfaces of these test sections.  The loosened soils were available over the entire surface for systematic mobilization onto the shoulders or into the air.  Conversely, CSS-1 treated soils were relatively strongly cemented by the paving asphalts.  Deterioration of CSS-1 surfaces was focused at local weaknesses in the treatment as represented by the development of potholes.  Dust generation was generally limited to these discrete locations where traffic had opportunity to impact the loosened soils.  Because most of the CSS-1 treated surfaces remained cemented and smooth, rainfall also tended to wash dust and dirt off these roads.  On the enzyme-treated test sections, rainfall tended to concentrate loose dirt on the road surface itself.





	7.1.4	Trafficability





Statistical analysis of project data did not show significant differences in effects of treatment type on road roughness.  However regular visual inspections revealed distintive differences in effects of treatment types on the character of the road surface.





Generally, CSS-1 treatment strongly cemented surface aggregate throughout the study period.  Locally developed potholes and cracking were the obvious exceptions.  For areas treated with CSS-1, potholes were typically sharp edged and tended to grow more rapidly in depth than width.  Deterioration began preferentially where large rocks penetrated the thin treated layer and along the road edge.





The enzyme-treated test sections tended to wear more uniformly and over a larger percentage of the entire road surface.  Deterioration proceeded more as a continuous wearing of the road surface, with loosened aggregate constantly being moved by trafficking to the shoulder of the road.  This wear pattern exposed roads to a greater potential for development of washboarding and had obvious implications for increased dust generation.  However, deep potholes did not commonly develop and, with fewer potholes, a reasonably smooth trafficking surface was typical.





Deterioration of all test road surfaces (including those treated with CSS-1) was in part due to interaction of the abundance of large gravel in the treated soils and the thinness of the treatments.  Calculated depth of treated soils at all test sections ranged from 0.23 to 0.93 inches in thickness.  In comparison, as much as 22% of the treated soil particles were greater than 1-inch in diameter.  These large diameter rocks protruded above the completed road surface where they were easily dislodged by traffic.  Dislodgement of the rocks typically resulted in complete penetration of the thin treated surface and exposure of underlying loose soils.  The dislodged rocks also acted to tear and crush the surrounding surface, speeding breakup of adjacent treated soils.  Considering this finding, either removal of the larger rock particles from the surface soils or import of classified surface fill may substantially increase the life of any of the treatment types.





	7.1.5	Sediment Erosion 





The size of the sediment transported in storm water has important implications for the design and operation of storm water treatment devices.  Fine particles (<100(m or passing a #140 sieve) are typically transported as “suspended” sediment in streams of the Pacific Northwest (MacDonald et. al., 1991).  Thus, fine sediment carried in storm water may pass completely through Anchorage's waterbodies during flood events.  However the coarser, “settleable” sediment fraction (>100(m or retained on a #140 sieve) may be trapped and stored for long periods in the receiving waters.  Unfortunately, little data is available to quantify the different fates of these storm water sediment particle sizes for Anchorage.  However, exploratory measurements made during this project provide indications of when and where sediment is mobilized and the fraction that can be readily trapped with simple treatment devices.  





In this project sediment was “trapped” by sediment collection devices at only two locations.  Both locations had grades greater than other trap sites.  Analysis of composite samples taken from these devices showed that trapped sediment was commonly a fine-grained granular soil.  Trapped sediment typically consisted of about 80% “settleable” sediment (>100(m) with an average grain size at about the #40 sieve. “Suspended” sediment grain sizes--<100(m--comprised the remaining 20% of the trapped samples.  The sediment volume trapped during a given storm also varied approximately linearly with storm volume for a given site.  Finally, it should be noted that the sediment traps used in this project were not sensitive to “suspended” sediment transport.  The total eroded sediment load, including suspended sediment, was not measured and is not known for the measured storm events.





These results provide some insight into storm water sediment erosion processes for unlined urban road ditches in Anchorage.  First, based on these data the investigators conclude that mobilization of “settleable” solids is much more strongly related to slope than to the type of road surfacing.  Settleable sediment was trapped only at sites having extremes of slope for all project test locations.  Simple devices at these locations were very successful at removing the eroded settleable sediment as no sediment was collected at “downstream” sediment traps.  Thus targeted application of simple ditch traps may be a very efficient way to limit sediment discharge to receiving waters.  Second, given the rapid increase in settleable load with storm size, devices designed to remove settleable sediment from larger storm events may be a reasonable priority.  Considering the ease with which these larger particles can be treated, designing Anchorage treatment devices to partially treat large storm flows may also be practical and efficient.  For example, bypass devices for large stormflows are now typically installed in manholes at Anchorage sedimentation basins.  Alternatively, relatively small forebays with bypass outlets could replace the manhole flow diversion devices.  The forebays could be designed to treat settleable solids during large storm events while still protecting the sedimentation basins from scouring.








	7.1.6	Environmental Effect





Analysis of the dust control products for potential environmental impact included research and review of available information.  However this information was difficult to obtain from manufacturers.  Frequently it was poorly suited or misleading for use in assessing potential impact to acquatic systems.  Because of limited or vague information, some questions of material composition remain for all treatment types.  Metals and BOD concentrations are incompletely known for the enzyme-based treatments.  When in dilute form, though, these constituents are not anticipated to present significant hazards.  Presence and concentrations of light petroleum hydrocarbon fractions or additives (e.g., corrosion inhibitors or metals) are also not known for CSS-1.  However, if present, these are not likely to be easily mobilized after application.





Nevertheless, based on limited available information all selected treatment types, when applied properly, have low potential for negative impact to the environment.  However, all treatment types do have apparent potential for causing harm to acquatic systems if released directly to waterbodies in concentrated form.  Formal institution of standard storage, handling, application, cleanup and disposal procedures are essential to the control of this risk.








7.2	Recommended Actions





Based on these exploratory results, the investigators recommend that the Municipality continue use of CSS-1 as a dust control agent in the ARDSA.  The enzyme-based treatments EMC2 and Perma-Zyme should not be considered for further use in controlling dust unless thick sections can be constructed and the road surfaces “sealed”.





Considering the results of this investigation, enzyme-based treatments similar to those tested are not suitable for use as dust control agents.  The investigators recommend that they not be considered further for this sole purpose.  Use of these products as soil stabilizers was not adequately tested but limited observations suggest that, when properly applied in a thick structural section, they may perform well even for relatively low silt-content soils.





CSS-1, however, was a relatively effective dust palliative.  Its use is particularly suited to the low silt-content soils and shallow cobbley road base soils encountered in ARDSA.  This treatment material has acceptance from the public who perceive it to perform effectively for dust control.  However it should be recognized that use of this treatment does not completely eliminate dust generation.  It should also be noted that this study was not able (nor designed) to completely address all potential environmental concerns associated with use of this asphalt emulsion product.  Nevertheless, until further study can identify a preferable alternative and based on the limited information compiled in this investigation, CSS-1 is recommended for continue used to control dust.





CSS-1 as currently used (in applications to an ~1-inch layer of scarified soils) is reasonably effective as a road stabilization agent.  However, these treated surfaces typically deteriorate in a single season into series of potholes.  Based on observations made during this study, a thicker treated layer (perhaps as little as 2 inches) may reduce potholing by preventing penetration of the treated surface by the large gravel, and thereby extend the life of the treated surface.  Construction of thicker layers may be possible, either by deeper scarification or import of suitable surface aggregate.  Alternatively, removal of the large gravel (+3/4-inches) before treatment may increase the life of the thin layers as currently used. Scarification of existing road bed soils is likely a more economical alternative than the import of surface aggregate.  Given this, the means and costs of scalping the large gravel from the scarified road soils remains to be identified.





Further assessment of mobilization of settleable sediments is needed before the most efficient controls can be recommended for these pollutants.  In the interim, consider use of simple sediment traps or stone filter berms (ADOT, 1992; APWA, 1991) along unlined ditches.  These devices consist of slightly widened and deepened ditch sections with coarse gravel outflow thresholds.  Install these to protect steeper grades.  These devices will effectively remove coarse sediments mobilized during large storm water runoff events while readily passing smaller storm water flows.  These devices will also require periodic maintenance to remove accumulated sediment.





The known implications of use of CSS-1 to acquatic life environments is not sufficient at this time to accept the increase in dust pollution that discontinuance of its use would require.  Until significant potential for impact to acquatic life is identified, or until other more practical and environmentally benign dust control treatments are discovered, CSS-1 should continue to be used.  However, there is an identifiable risk of negative environmental impact from spills of the emulsion product.  To minimize this risk, the city should establish and implement a written protocol for the storage, handling, transport, use, cleanup, and spill control of CSS-1.  Street Maintenance already follows appropriate "good housekeeping practices" in use of this emulsion product.  However, formalization of these practices will ensure vigilance by municipal contractors as well as city crews.  Formalization of these practices can also be used as a vehicle for review and approval of city protocols by state and federal agencies.








�
	4.3.5	Sediment Erosion





Passive sediment traps were established and maintained along the ditchline of each treatment section (Figure 4-2).  The intent of the sediment traps was to provide a passive (and economical) means of assessing mobilization of settleable particles eroded from the road bed.  Settleable sediment fractions are implied by State regulations (18 AAC 70.020) to include those particles greater than 0.1 mm in diameter.  Because these particles are also those most readily removed from runoff by storm water treatment devices, measurement of their mobilization in this study was given priority.





Sediment which was mobilized and captured in traps during individual storm water runoff events was monitored.  Periodically throughout the experiment these devices were inspected for collected sediment, the sediment removed, and the device thus "reset" for the next event.  Collected sediment trap data, then, consists of 1) information of the presence or absence of sediment at each collection location at a particular point in time and 2) gradation characteristics of any sediment actually trapped.  Particle size distribution data of the collected sediment was determined to provide some measure of the character and degree of sediment transport for different treatment types.








FIGURE 4-2:  STORM EROSION SEDIMENT TRAP





�
	5.3.3	Eroded Soils





HDR:	DO CALCS AS FOR ABOVE;		KRISTI:	CHECK DATE AND EVENT#S





Erosion of soils from the road surface and ditches was measured through installation and periodic inspection of sediment traps.  Coarser grained eroded soils mobilized from ditches and road surfaces during storm water runoff events were collected in the sediment traps and visually inspected.  For all locations,  sediment collected in only 4 of the 33 traps installed for this project.  Two of these four traps were located at the left and right ditch line at the Jarvi EMC2 site (Figure ???) and two were located at the left and right ditch line at the Forest EMC2 site (Figure ???).  Both locations have measurable grade.





Samplers observed movement of sediment into these four devices during all seven of the rainfall events occurring during this project.    Sediment samples trapped during all storm events showed similar particle size distributions.  Sand-sized settleable sediment (>100(m) comprised about 80% of the samples’ mass.  The remainder was composed of those particle sizes typically transported as suspended sediment--<100(m in  diameter.Particle size distribution characteristics for the eroded sediment samples are summarized in Table 5-3.





�
	6.4.3	Sediment Erosion





The sediment traps installed for this study were designed to measure only the larger particle sizes mobilized by storm water runoff events, i.e., settleable sediments.  Project design assumed that particles collected by these devices would typically be transported as "bedloads" along ditch bottoms.  Conversely, design also assumed that the sediment traps would not provide any measure of the fraction of the sediment washoff load transported wholly suspended in the storm water.  From observations of storm water runoff at test sections these assumptions are generally valid.





For smaller observed runoff events, storm water did not appear to carry either a large suspended or tractive sediment load.  (However no direct measurements were made of storm water runoff sediment characteristics).  Observers noted that except along steep grades storm water turbidity was more the result of agitation by traffic than of raindrop impact or runoff erosion.  In even the largest storm events, the tractive load (or "bedload") along most test section ditches did not  represent sufficient volume to result in measurable sedimentation in the installed sediment traps.  Typically, following storm events, traps contained a thin, uniform layer of silty sediments resulting from suspended sediments settling during the quiescent period following the end of the runoff events.  Significant sediment did not accumulatein any traps except at two locations  Traps at these sites, located at measurable grades,  collected sand samples during every storm event. Scour in the traps themselves did not appear to influence the ability of the devices to trap settleable sediment during the storm events.





Field data suggest that at all four of the non-zero value traps the settleable sediment volumes mobilized were directly related to total rainfall volume.  Approximations of accumulated sediment volume with time indicate a linear, approximately 1:1 relationship between mobilized sediment volume and rainfall volume.  That is, for this project a rainfall event totalling 0.6 inches moved about twice as much settleable sediment as a rainfall event totalling 0.3 inches.




















