Southwest Washington Benson Beach Nearshore Demonstration Project  

Project Description

Introduction 

Sediment analysis has shown that the sand beaches of the Columbia River littoral cell from Tillamook Head, Oregon to Point Grenville, Washington are all composed of sand  originating from the Columbia River.  Wave action and longshore currents have gradually re-worked Columbia River sediment deposited at the mouth, carrying it alongshore northward (Sternberg, 1986) and southward to build the beaches over the past several thousand years.  The term littoral drift refers to the process of waves and currents carrying sand along the shore.

Man-made changes to the Columbia River have contributed to a reduction in the sand supply to the estuary by a factor of three, from 5.6 million cubic meters per year between 1878 to 1935 to 1.4 million cubic meters for the period 1958 to 1997 (Gelfenbaum et al., 1999).  Ongoing erosion of the mid-continental shelf and nearshore at the mouth of the Columbia River (MCR), including Peacock Spit to the north and Clatsop Spit to the south, are resulting in increasing nearshore wave energy, increased shoreline erosion, and increased risk of jetty undermining and breaching (e.g. Allan 2002, Moritz et al., 2003).  Long-term net removal of littoral sediment from the Columbia River system by dredging amounts to 3.3 million cubic yards per year for the period 1939 to 1999 (Allan 2002).   Under the Columbia River channel improvement and MCR maintenance project, the U.S. Army Corps of Engineers (USACE) would continue to dredge and dispose of approximately 4.5 to 5.7 million cubic yards per year.  A major concern with existing disposal practices is that a significant quantity of dredged sediment is disposed in water that is too deep to allow efficient return to the nearshore by coastal processes.  As a result, significant quantities of sediment are effectively lost from the littoral system.

A Science-Policy workshop organized by the Lower Columbia Solutions Group held in Ilwaco on July 9-10, 2007 brought together scientists, technical specialists, stakeholders, and policy-makers and included participation by Portland District Corps of Engineers, U.S. Geological Survey, EPA, NOAA, Washington Department of Ecology, Washington Department of Fish & Wildlife, Washington State Parks, Oregon State University, CRCFA, Southwest Washington Coastal Communities, and representatives from both the Oregon and Washington governor’s offices.  The workshop participants discussed the issues ranging from the physical processes at MCR to the implications for sediment management.  The workshop focused on the key question of how to effectively mitigate erosion impacting jetties and beaches and avoid impacts to navigational safety through the management of available clean sand. 
The group reached a scientific consensus regarding a number of key issues concerning the sediment budget, sediment supply, sediment pathways, erosion and accretion of beaches and shoals, as well as wave, current, and sediment transport modeling at MCR.  The scientific community agreed that although a number of questions and uncertainties remain, enough scientific information is presently available to act on selecting sediment placement alternatives for beneficial use of dredged sediments from the MCR project.  The scientific community also agreed that pilot demonstration projects coupled with monitoring and modeling would provide considerable scientific value benefiting regional sediment management (RSM) practices in the region for years to come.  

The science-policy discussions established the following goals for regional sediment management at MCR:

· Minimize or eliminate deep-water disposal 

· Enhance feeding of the littoral drift on the Washington coast to the north of MCR and on the Oregon Coast to the south though strategic use of dredged material
· Mitigate beach and nearshore shoal erosion to enhance protection of the north and south jetties
· Minimize hazards to navigation and impacts to habitat in the MCR region
· Maximize the scientific and management planning value of demonstration projects through collection of monitoring data and model validation
Consensus was reached that a Benson Beach nearshore project that involves sediment placement in the inner surf zone provides the best overall opportunity for a beneficial use project to meet the above goals.  A project vicinity map is shown in Figure 1.  The Benson Beach area has an established knowledge-base from long term morphology monitoring, process measurements, modeling, and analysis of shoreline and bathymetric changes.  A pilot project at this location has the potential to be intensively monitored with existing proven techniques, including the Argus camera system on North Head, providing the region’s best opportunity to advance understanding of nearshore placement and sediment transport modeling capabilities.  Furthermore, the site has an permit application in progress for sediment placement as well as funding appropriated for a beneficial use project.  
The science-policy group also reached consensus on proceeding with a number of additional demonstration projects as part of a long term RSM plan.  These include investigating nearshore placement sites that fall within the current dredging practice at MCR including a nearshore site to the south of the entrance and a site to the north of MCR on the northern flank of Peacock Shoal between depths of 40 and 60 feet, MLLW.  The nearshore site to the south has already been the site of a demonstration project involving thin-layer disposal in 2006; baseline biological studies are needed to investigate the feasibility of developing the site to the north.  The group has also agreed that reconfiguration of the Shallow Water Site (Site E) should be a high priority to reduce or eliminate placement in the western half of the site in order to minimize potential hazards to small-boat navigation.

These demonstration projects are consistent with the origin, objectives, and intent of the U.S. Army Corps RSM program (e.g., Martin, 2002).  The concept of RSM originated with the notion of coordinating coastal dredging activities for the purpose of retaining sand in the littoral zone in order to foster more balanced, natural system processes, and reduced project costs.  The projects under development are intended to promote sustainability principles through an approach that considers competing demands for sediment resources, accommodates multiple objectives, and adopts a long term perspective to develop, demonstrate, and implement an innovative dredging and placement program and achieve acceptable cost efficiencies.

Benson Beach Demonstration Project 
Technical analysis shows pumping dredged sand from a hopper dredge across the North Jetty onto Benson Beach is a feasible method to efficiently place a significant quantity of sand for a demonstration project (Pacific International Engineering, 2004). The demonstration project proposed for implementation during the 2008 dredging season is intended to provide information needed to evaluate the potential for long term placement on Benson Beach to:

· Reduce deep water wasting of sand resources

· Enhance littoral drift feeding on the Washington coast to the north of MCR 

· Mitigate erosion to enhance protection of the north jetty 

· Minimize hazards to navigation and impacts to habitat 

· Maximize scientific value in terms of monitoring and modeling
The demonstration project will involve transfer of up to 2,000,000 cubic yards (minimum 500,000 cubic yards) of sand from hopper dredges on the south side of north jetty and placing the material in the intertidal and inner surf zone zone along Benson Beach. The actual volume of material to be re-handled will depend on available funds and the actual construction bids. 

A floating pipeline will be deployed to re-handle sand from hopper dredges in the north jetty area and the dredged material will be pumped through a 16- to 30-inch diameter pipeline over the top of the North Jetty onto Benson Beach. The area for placement of sand on Benson Beach extends from approximately 1,500 ft north of the North Jetty to a point approximately 6,000 ft north of the jetty.  The preferred pipeline route extends along the edge of the upper beach scarp, or the seaward edge of the vegetation in areas where there is no scarp, to the point of deposition. The main pipeline will likely be buried in at least some locations to mitigate risks to beach users.  It is likely that the material will be placed by multiple discharge points near the waterline extending from the main pipeline.  The performance objective will be to distribute the dredged material along the intertidal zone of the beach with minimal to no rehandling of the material with earthmoving equipment. The placed material is to be re-worked and distributed by natural processes across the lower foreshore to the fullest extent possible.  
Conceptual illustrations of the sand placement are shown in Figures 2 and 3.  Figures 4 and 5 show alternative cross-sections to Figure 3 based on actual profile and assuming 4500 ft alongshore length.
The project will be conducted concurrently with Portland District dredging and disposal operations at the MCR, which typically occur between June and September. Permit conditions require the placement along Benson Beach to commence after July 15. The timeframe for placing 2 million cubic yards of sediment will likely require up to 12-16 weeks, whereas the timeframe for placing 500,000 cubic yards of sediment will likely range from 3 to 4 weeks, depending on the equipment used and weather and wave conditions encountered during operations. During periods of bad weather, it may be necessary to curtail pump-shore operations.
Monitoring Program 
Baseline morphological change data have been collected on site since 1997 allowing for project performance to be quantitatively assessed relative to existing trends and variability.  Long term beach profile measurements, aerial photography, beach surface maps, and nearshore bathymetric surveys are available from the Southwest Washington Coastal Erosion Study, and from CCSWA and USACE studies.  Measurements of waves, currents, and suspended sediments have been obtained by CCSWA in October 2005.  An Argus video monitoring system was installed at North Head in 2004 to monitor intertidal beach dynamics and sand bar dynamics on Benson Beach.  The system will provide real-time monitoring of morphological response of the nearshore system prior to and following placement of sediment.

To monitor the fate of the proposed Benson Beach nourishments, and to test the effectiveness of the method of placement, a beach and nearshore morphology monitoring program is proposed.  This field program is designed to document the short-to medium-term sediment transport pathways and morphological changes within the vicinity of the beach fill and over the entire nearshore planform of the Benson Beach complex and beaches immediately north of North Head.  Components of the monitoring program will include:
· Process measurements including waves, water levels, currents, and sediment concentrations

Process measurements will determine hydrodynamic conditions forcing movement of sediment in these areas and allow validation of models for dispersal of sediment from the placement area and potential for sediment movement.  

· Sediment size distributions

Sediment sampling will be conducted in the placement area for comparison of dredged sediments with native beach sediments to ensure that grain size, mineralogy, and shape are consistent.  Project monitoring may also include a sediment tracer analysis to provide information on the trends of dispersal of sediment from the placement area.  

· Topographic beach profiles and topographic three-dimensional beach surface maps

High-accuracy three-dimensional surface maps reveal details of beach change, both in the cross-shore and in the alongshore.  Beach topographic data will be collected using ground-based GPS techniques mounted on an all-terrain survey vehicle.  Beach topography surveys will take place at two locations.  The first location extends from the Columbia River North Jetty to North Head, and the second location extends from North Head to approximately 4 km to the north along southern Long Beach.  Each of these locations has been experiencing chronic erosion and shoreline retreat over the last decade.  

Surveys will be performed quarterly in the six months prior to the project, weekly during the project, monthly for 3 months following the project, and quarterly for two years following the project. These beach topographic surfaces will also be augmented with cross-shore beach profiles extending from the uplands to the inter-tidal zone with relatively high resolution at the placement location. Monitoring morphological changes in the intertidal and upper beach face will enable us to quantitatively assess the results of littoral drift restoration activities.

· Nearshore bathymetry

The nearshore system response to the sand placement will also be monitored by regular surveys using RTK GPS mounted on personal water craft (PWC-based Coastal Profiling System). The surveys will provide approximately monthly maps of the intertidal topography, and nearshore bathymetry before, during, and for several months after, the demonstration project. The areas surveyed will include the sand placement area, and the areas south and the north of the placement area including all of Benson Beach and portions of southern Long Beach.  Coupled with the topographic measurements these data will allow us to monitor the morphological changes following placement along the full nearshore planform.

· Argus nearshore and intertidal mapping

Field surveys of morphological changes will be supplemented by video remote sensing of portions of Benson Beach with the Argus video monitoring system installed at North Head.  The system will provide real-time monitoring of morphological response of the nearshore system prior to and following placement of sediment.

· X-band radar wave monitoring

X-band radar nearshore wave monitoring at Benson Beach will provide ground truth data for the modeling efforts. In addition, before and after wave monitoring will be used to quantify any impacts of the project on wave transformation processes at the site and potentially provide further information regarding wave-driven sediment transport processes.

Radar monitoring schedule should be aligned with the nearshore bathymetric surveying schedule. The coupling of synchronous bathymetric and nearshore wave measurements will provide the ideal ground truth for model calibrations and testing. 
· Sediment Transport/Morphological Change Modeling 

Process-based sediment transport models will be applied to evaluate the short term and long term dispersal patterns and fate of sediment placed on Benson Beach.
· Aerial photography 

Aerial photography will be collected just prior to and immediately after placement of sediment.  Aditional photography will be collected approximately monthly during the following few months, as dictated by beach response documented by morphology monitoring.  The photography will be parallel to the shoreline and extend from the North Jetty past North Head.  The photos will be at a vertical angle and will be scheduled to coincide with low tide. 
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Figure 1.
Vicinity map
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Figure 2.  Plan view – Benson Beach placement area
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Figure 3. Typical section – Benson Beach placement area
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Figure 4.  Cross section for Benson Beach foreshore placement with 500,000 cy.
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Figure 5.  Cross section for Benson Beach foreshore placement with 1 million cy.
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