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Regional Sediment Management and the Civil Works Strategic Plan

L. Hicklin and L. Martin
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The Corps of Engineers produced a Civil Works Strategic Plan in 2004.  A key overarching theme of the Plan is the need to take a more systems oriented view in carrying out CW projects and programs.  Regional Sediment Management (RSM) is a good example of a systems oriented approach to resource management and can provide some examples that might inspire a similar approach in other areas.  The purpose of this paper is to provide a description of RSM, an explanation of the five goals of the Strategic Plan, and to demonstration how RSM helps accomplish these goals.

What is RSM?

The concept of RSM originated with the idea of linking the availability of sand from dredging activities in coastal regions with demands for sand in the region for other activities such as shore protection or ecosystem restoration.  Before RSM, sediment management activities would be based on dredging needs and resources related to the navigation projects.  Dredged material often was considered waste material to be disposed of in some environmentally acceptable manner.  Nearby shore protection projects would likewise be treated in isolation from other projects, particularly projects in another civil works business line.  Typically, the Corps would seek out suitable beach material from offshore sources.  

Under RSM, sediment is considered a valuable resource for which there is demand.  By finding out the sources of accumulating or excess sediment, and the locations that need or could use more sediment, we can link the potential givers and takers of the sediment – a kind of sediment market that can reduce costs overall.  For example, in the Jacksonville district, about $1 million in overall costs were saved for equipment mobilization and demobilization by coordinating the Matanzas Inlet and St. Augustine Inlet maintenance dredging activities with nearby beach nourishment projects.  This notion of sediment as a resource, with competing demands, applies to all areas of sediment management, from managing sediment flows from land into rivers, at dams, into estuaries or environmental habitat areas, through navigation channels, as well as coastal areas.  

By understanding how natural processes such as wave action or river hydrodynamics move sediment, we can take advantage of those natural processes to achieve greater benefits or help move the sediments cost effectively from the areas with excess to areas that need more.  So instead of pumping or barging sediments to their destinations, an alternative could be to pump the sediments a shorter distance and reintroduce the sediments into the littoral or riverine system.  For example, if sediments builds up on one side of a jetty that protects a navigation channel, and the other side is starved of sediments, then a sand bypass system could be used to pump excess sediments from one side to the other, back into the natural system.  While sand bypasses do not imitate the natural timing of the sediment flows, they do keep roughly the same overall quantity of sediments moving in the littoral system, where natural forces can take over and keep sand moving on down the coast.  

Some of the steps involved in RSM include: 

· Identify and understand sediment systems (see Figures 1 and 2) and subsystems; 

· Develop a “sediment budget” – an accounting of the gains and losses of sediments in a specific area of the littoral (coastal) system or watershed, over a specific time period, including characteristics such as sediment sources (e.g., eroding shores or bluffs, rivers), sinks, and flow rates (see Figure 3).  A sediment budget can be used to understand past or present shifts in sediments, both natural and human influenced.
· Work with stakeholders to understand the sediment needs in the region and establishing sediment goals, both ecological (protection of existing sensitive habitat, restoration of degraded habitat, or development of new habitat) and human (e.g., navigation, storm damage reduction, and market needs for sediments such as construction);

· Understand the natural forces such as tides, storm effects, natural erosion rates, land practices, etc., that affect flows of sediments and the potential to harness those natural forces to aid in moving sediments;

· Link areas with excess sediments to areas with sediment needs based on suitable quantity, quality and timing; 

· Coordinate efficient movements of sediments between those areas using natural sediment movement in conjunction with sediment management practices, as much as possible to achieve system goals efficiently; 

· Consider the current sediment management activities in a system and how they interrelate.  Some examples of sediment management alternatives include dredge and placement, structures that divert or trap sediments such as sand bypasses around jetties, erosion protection structures, and sand and gravel mining, and other methods that facilitate timing or efficiency of sediment movement; 

· Maintain flexible plans and coordinate functions with others to respond and take advantage of unpredictable movements of sediments that occur with major weather events such as hurricanes, or to respond to evolving conditions or opportunities; and

· Share information, costs, and other resources.  Implementation of the RSM approach would typically come from multiple sources, possibly including multiple Corps funding accounts, with the combination varying depending upon circumstances.  

Until recently, RSM primarily focused on coordination between dredging of navigation projects and sand placement for beach nourishment and ecosystem restoration projects.  With state leadership, we are helping to plan for the management of longer stretches of coastline and other sediment system scales that go beyond the project focus.  For example, the California Coastal Sediment Master Plan (CSMP) provides a leading edge model for RSM in this country.  Initiated by a State-Corps partnership, it has become an interagency initiative.  It includes a number of studies of the coastal system such as: analysis of Federal, state and local policies that affect the coast, locations of “opportunistic sources” of excess sediments, potential biological impacts of sediment management activities, regional sediment budgets, and more.  A goal of the plan is to achieve environmental and economic benefits.  More information on CSMP can be found at: http://dbw.ca.gov/csmw/sedimentmasterplan.htm.

The RSM approach is also being applied to river and estuary systems.  Los Angeles and Baltimore Districts are examining sediment accumulation behind dams in terms of implications to related sediment systems and regional management objectives.  Walla Walla district has proposed development of a Programmatic Sediment Management Plan for the Snake River.  Baltimore and Norfolk Districts have initiated coordination of sediment-related 
Figure 1.  Major sediment systems of the Gulf of Mexico that border U.S. coasts and their characteristics.
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Figure 2.  Illustration of sediment regions.  Regions are defined by large-scale sediment transport boundaries and patterns (modified from Rosati, et al 2001a), along with other factors such as political boundaries, and the issue and opportunities important and relevant in the region.



	Cell Number
	Location
	Volume Change

(cy/yr)

	1
	 North of St. Marys Entrance 
	128,800

	2
	 St. Marys Entrance 
	-478,878

	3
	 North Amelia Island 
	76,470

	4
	South Amelia Island (R-74 to R-80) 
	-114,500

	5
	 Borrow Site 
	-56,918

	6
	 Nassau Sound 
	50,000

	7
	 Little Talbot Island 
	50,000

	8
	 Ft. George Inlet Flood Shoal 
	32,500

	9
	 Ft. George Inlet Ebb Shoal 
	49,049

	10
	 Wards Bank 
	150,000

	11
	 St. Johns River Entrance -
	15,457

	12
	 St. Johns River Ebb Shoal 
	5,000

	13
	 Mayport - Atlantic Beach 
	79,637
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projects and activities in the Chesapeake Bay region in the context of a sediment budget and improving analysis of management measures.  Under Section 516(e) of WRDA 1996, the Detroit District  is developing sediment transport models for local watershed managers for Great Lake tributaries that discharge into Federal navigation channels.   Sponsors use these models to improve sediment management, which can help reduce Corps dredging requirements and associated costs.

The Civil Works Strategic Plan

The Strategic Plan lists five goals.  Those goals are not isolated from one another but rather are designed to complement and overlap each other.  However, for the purposes of this paper we will consider each goal separately, and provide an explanation of the goal and examples of how current or potential future aspects of RSM advance that goal.

Goal 1: Provide sustainable development and integrated management of the Nation’s water resources.

Sustainable development involves making decisions about development that balance economic, environmental and social goals  today while also  retaining options for future generations.  This requires thinking about both short-term project benefits and long-term impacts.  

Integrated water resources management (IWRM) is a systems approach that brings together various aspects of water management.  It can be thought of as having four vectors of integration: 

· Spatial integration – the system needs to be defined over the appropriate geographic scale to capture major interactions and dependencies of different parts of the system;

· Integration of objectives – multiple goals and objectives across the system should be considered together to understand tradeoffs and synergies, and to enable for balanced outcomes;

· Institutional integration - coordination of policies, programs, projects, and activities across different levels of government and non-government institutions  to avoid working at cross purposes with others and take best advantage of the contributions each institution can make to the effort;

· Time – consideration of the effects of measures at different time scales, from daily operation to conditions decades or centuries into the future and willingness to accommodate changing conditions or values is integral to long-term sustainability. 

What are some examples of areas to integrate within this framework?

· Multiple types of benefits to better balance economic, environmental and quality of life objectives;

· Corps business lines to provide multi-purpose solutions;

· Integrate beyond Corps business lines to include other water issues such as water quality or other modes of transportation, in coordination with agencies with those responsibilities and skills;

· Perspectives of multiple stakeholders:

· Local interests – homeowners, businesses, environmental groups, etc.

· Plans and strategies across various levels of government – local, State, Federal, tribal – to help bring consistency to plans of different geographic scales and make sure that efforts complement each other.

· Agency Programs - EPA, BuRec, FWS, NOAA, USGS, and others – including participating in efforts lead by them

Why should we use an integrated approach?  Integration has the potential to achieve more effective long-term solutions, with greater benefits, over larger geographic scales, and with more buy-in from stakeholders.  It also has the potential to reduce costs through decreased redundancy of data collection and analysis, fewer equipment mobilizations, longer dredge cycles, reduced material handling, fewer surprises from lack of coordination, and more consistency among those working on sediment issues within a system.

Under RSM, the Corps is forming strategic alliances with state and regional sediment management teams to better understand the sediment needs along the coast or within a river system (e.g. more sediment needed for X, less needed at location y, suitability of different sediment types for different situation and uses), develop sediment budgets that describe past sediment movement information and human influencing actions, determine the sediment market (desire for more or less sediments in certain places), and develop options and coordinated strategies to efficiently meet sediment needs.  As part of the California CSMP, the Los Angeles District has developed a prototype regional sediment placement optimization model that uses GIS technology to assess sediment placement options to help determine the most efficient and effective mechanisms and locations for placement.  This model can be used in coordination with state and local governments to make sediment management decisions.   Information on this model can be found at: http://dbw.ca.gov/CSMW/dstprototype.htm
Some examples of RSM activities that advance Goal 1 include the following:

· RSM Project Delivery Teams (PDTs) at the MSC and district levels bring together different business lines and functional areas to solve regional problems together;

· Interagency Technical Working Groups (TWGs), such as the ones at Mobile and Detroit, work to develop improved tools and models that can be applied to sediment systems and shared with others;

· Under Section 22 of WRDA 1974 (as amended), Jacksonville District and the Florida Department of Environmental Protection’s Office of Beaches and Coastal Systems executed an Memorandum of Agreement to coordinate dredging activities in the coastal zone on a regional, rather than project, scale.  Regional workshops were held with a number of Federal, state and local agencies, interest groups and A-E firms to identify best RSM practices.  Sub-regions were selected for demonstration and goals were set such as “stabilize south end of Amelia Island.”

· Inlet management plans and beach management plans are often designed to help mitigate for the effects of jetties and put sediments back into the natural system to benefit beaches.  Examples for the State of Florida can be found at: http://www.dep.state.fl.us/beaches/publications/gen-pub.htm.  While the beach and inlet plans are separate documents, the plans are linked because they envision that sediments that are excess to the inlets will be used to manage the beaches.  The Jacksonville District is working with the state of Florida to improve consistency between State and Corps sediment management goals and plans.

Goal 2: Repair past environmental degradation and prevent future environmental losses.

This goal includes restoring degraded ecosystems to a more healthy, natural state, as well as preventing future damages.  While many people think of this goal as primarily the purviews of the Regulatory program and the ecosystem restoration business line, it is a goal that is intended to permeate the culture of all Civil Works programs fostering the ethic emphasized in the Corps’ Environmental Operating Principles (EOPs).  For example, even projects that have a lot of concrete should be designed, constructed and managed in a manner that is sensitive to the surrounding environment and integrated with nature so that the health of the environment is protected.  (Information on the Corps’ EOPs, can be found at http://www.hq.usace.army.mil/cepa/envprinciples.htm ).  

RSM fosters this goal in a number of ways.  For instance, sediments are valuable resources in the environment.  It is important to know the types of sediments in a system and for what purposes they can be used.  Armed with that understanding, the Corps can coordinate with other agencies and stakeholders to identify and plan for beneficial uses of sediments from dredging operations or other sources, such as creation or restoration of habitats for endangered species.

Coordination with the Regulatory program is also important.  The Regulatory program has a mission to protect wetlands and prevent their degradation from fill activities.  Participation of Regulatory staff on the RSM team can enhance opportunities for protecting wetlands and enhancing their functions, as well as data and information sharing.  

Examples:

· Inclusion of Regulatory staff on RSM PDTs  can help coordinate opportunities for reducing future environmental losses as well as restoration of degraded systems across a region (Detroit and Galveston Districts)

· Integration of sediment system processes helped address environmental protection and restoration objectives at Gator Lake, integrating navigation channel maintenance with a Section 1135 project (SAM), Cape May (NAP), and  bird habitat restoration (NAN)

· Dredged material from projects in a number of districts has been used beneficially to restore or protect habitat and ecological resources 

· Sand by-passing projects in Jacksonville, Philadelphia and Los Angeles Districts help retain the natural littoral flow of sand past navigation jetties

· Understanding of regional sediment processes has resulted in alternative placement of material in Galveston and Mobile Districts

· Detroit District has implemented a number of Section 111 projects to help mitigate the adverse system effects of navigation structures

Goal 3: Ensure that projects perform to meet authorized purposes and evolving conditions.

This goal is primarily focused on assuring the effectiveness and efficiency of existing Corps projects.  This includes aging infrastructure and the decisions that must be made about how to deal with it.  With greater integration among functions in the Corps, this is an opportunity to bring in expertise from other areas.  For instance, as projects age, the uses of the water resources may change from those for which the project was originally authorized.  Other needs may arise that the project does not meet.  Rather than a traditional rehabilitation project that focuses restoring reliability and efficiency in concert with its original authority, it may be appropriate to study the broader system in which project functions through a restudy and to consider a broader range of contemporary and future needs and uses related to the project.  This type of evaluation can be done under Section 216 of RH&FCA of 1970).  

Assessment of project performance is another area that could be treated differently using an integrated systems approach.  For instance, in addition to assessing how a specific project performs, we can assess the performance of the overall system of which the project is part.   In RSM, that might mean not only tracking the effects of beach nourishment on the specific authorized stretch of beach, but also assessing the effects down-drift of the project.  Or it might mean looking at the performance of navigation, coastal storm damage reduction and ecosystem projects together to optimize the combined results rather than trying to optimize each outcome separately.  Instead of considering only the costs of dredging, transport and disposal to determine the least cost dredging option, reduction of future costs could be considered, along with greater returns on investment for the combined navigation/coastal sediment management strategy.         

In implementing the RSM approach, the Corps partners with others in the watershed to understand, utilize and control flows of sediment from the upland sources, through rivers to the coastal areas.   For instance, the Delaware River Basin Commission (DRBC) is updating its basin management plan to not only include water quality and quantity issues, but sediment management strategies.  The NAD Commander, as a member of the board of the DRBC, has endorsed the RSM approach and facilitated dialog on its application relative to needs in the basin.  Efforts are underway to improve understanding of the intrinsic links among hydrology, hydraulics, erosion, sediment accumulation, and sediment movement, relative to basin needs and opportunities.  By combining knowledge about how both water and sediment movements affect navigation, flooding, ecosystem health, recreation, water supply and water quality, etc, regional strategies can be developed that integrate comprehensive water and sediment management plans.
Using a systems approach, it is important to understand the role that a project plays in each relevant system, how the needs of those different systems are changing, and how the project can or should change to better meet changing needs.  Projects are generally part of several different types of systems: a hydrologic system, a sediment system, an ecosystem, a navigation/transportation system, an economic system, a recreation system, and so on.  Often, it can be helpful to map the key components of the different systems to be able to visualize how the project fits into the bigger scheme.  By using GIS technology, the different systems can be treated as layers that can be viewed separately or together.  It is important to understand the role that the project plays in each relevant system, how the needs of those different systems are changing, and how the project can or should change to better meet changing needs.  Working with the various layers in combination can sometimes reveal potential conflicts or opportunities.  

For example: Mobile District revised the disposal plans for Perdido Pass after examining the littoral processes affecting sediment placement in connection with maintaining the navigation channel and sediment needs of down drift beaches.  Sediment Needs Assessments have been or are in the process of being  prepared by New York and New England Districts. Los Angeles District has developed Coastal Sediment Analyst, a sediment placement decision support tool linked to their GIS.  

Goal 4: Reduce vulnerabilities and losses to the nation and the Army from natural and man-made disasters, including terrorism.

The Corps’ participation in preparing and responding to disasters can be enhanced through greater coordination and systems approaches.

The RSM approach can help the Corps proactively plan for post-storm sediment management in a region.  Through advanced coordination and collaboration with partner agencies, it may be possible to lay out preliminary plans for post-storm responses that address shoaled navigation channels and eroded areas – moving excess sediment to those areas of sediment need, or to stockpiles for future use.  The Corps could facilitate coordination among emergency preparedness staff, RSM PDTs, FEMA, and state and local emergency responders where sand and other sediments are likely to be hazards to navigation.  Post storm plans could include use or storage of dredged material that could provide benefits to the region. Through this advanced collaboration, it may be possible to align permits and other administrative processes for these actions since these opportunity may require rapid response.

An example is the restoration at Perdido Pass after Hurricane Ivan.  The Perdido Pass project used Lidar to mimic the pre-Ivan dune system on Perdido Key.  Material from the emergency dredging of the shoaled channel at Perdido Pass was placed on Perdido Key to reconstruct habitat, including habitat for the endangered beach mouse habitat lost to the storm. The weir sections of the jetty that was destroyed during Hurricane Ivan were used for an offshore reef.  The RSM partnerships that had formed among stakeholders allowed this to be accomplished within months rather than years.  The Alabama NDCR is also actively involved in the Orange Beach renourishment monitoring and the proposed Perdido Pass bypassing of sand to disposal site 8.
The information developed through Jacksonville District’s RSM program facilitated the district’s assessment of the four 2004 South Atlantic/Gulf hurricanes effects on beaches in their region.  It was also used in developing the project implementation reports do restore the impacted project beaches. [need to follow-up on this]
The RSM approach could also be useful in developing breach contingency plans in barrier island systems.  New York District developed a breach contingency plan with guidelines for responding to barrier island breaches in the region extending from Fire Island Inlet to Southampton, on Long Island, NY.   These guidelines outline actions which can be taken to expedite breach closure, minimize breach closure costs, and minimize storm damages to barrier island and back bay shoreline areas.  The plan includes sequences of activities, major issues, defines responsible Corps and non-Corps parties, outlines required engineering efforts.

Goal 5: Be a world-class public engineering organization.

This goal emphasizes not only retaining robust traditional technical and management capabilities, but also the development of a broader range of skills essential for today and the future.  We still must be able to design, construct, operate and maintain projects.  Demands are increasing for the Corps to be thorough in analysis of projects, timely in completing them, sensitive to the environment, responsive to the needs of traditional partners who may favor localized benefits, and sensitive to people with different perspectives.  The Corps is also being asked to operate its projects effectively and efficiently, to achieve not only authorized purposes but also evolving objectives.  In addition to these demands the Corps is challenged with a tight budget.

Our future effectiveness will require:  

· Collaboration, facilitation, and conflict resolution skills essential for planning and problem solving when stakeholders come to the table with different goals and values;

· Fully embracing the practice of interdisciplinary teams.  Through the RSM demonstrations, the Corps has developed a network of RSM practitioners who represent a wide array of disciplines through which ideas and experiences can be promulgated and shared.

· Working with others with the expertise and responsibilities that extend beyond those of the Corps to collaboratively address challenges.  This will require knowledge of the programs, skills and resources in other agencies, universities, non-profit organizations, contractors, etc that can be brought into the problem solving.  

· In the case of RSM, recognition of other agencies sediment interests and responsibilities is key.  A number of Federal (e.g. USGS, NRCS, BuRec) and state agencies have well-developed sediment transport models.  The EPA does extensive work related to the impact of sediment on water quality. Watershed approaches are important to RSM and several agencies (e.g. NRCS, EPA, Forest Service) have watershed programs and tools that may be useful to RSM.  Strategic alliances with other agencies and levels of government will be key to successful water and related sediment resources development and management in the future.  

· Advancing the application of new technologies and tools.  Models, GIS tools and technical data are essential to development of sound engineering solutions.  New information as well as historical data must be combined to understand integrated systems and develop viable and sustainable management solutions.  
· Enterprise GIS systems such as e-Coastal facilitate access to data and applications for multiple purposes through distributed internet networks.  They enable RSM and other system approaches and are key to successful implementation.  (http://gis.sam.usace.army.mil/eGIS/eGIS.htm.
· Some of the tools used in RSM include SBAS, for geo-referenced sediment budgets, the  ADCIRC circulation model, the STWAVE wave transformation model, the shoreline change model GENESIS, WIS wave hind-casting and the Shoals toolbox surface modeling system..

· Systems approaches and skills generally, as well specific knowledge of the contextual system for each project will be key.  Consideration of the watershed/basin, the sediment system, the ecosystem, navigation system, power supply system, recreation system, and how these relevant systems interact, will be important to each project. 

· Continuous learning to keep up with changes that effect the function or perceived function of our projects. 

Other stakeholders are adopting regional approaches to sediment management, and will be important strategic partners for implementing the Civil Works Strategic Plan and the RSM approach. For example, the National Dredging Team (NDT) has incorporated the approach as part of its “Dredged Material Management Action Agenda for the Next Decade” [ www.epa.gov/owow/oceans/ndt/DredgingActionPlan.pdf ].  The NDT is an interagency group established in 1995 to promote national and regional consistency on dredging issues, and to provide a mechanism for conflict resolution and information exchange among Federal, state and local agencies and stakeholders.  Its Action Agenda supports regional sediment management in the context of watershed management and planning. The Action Agenda includes recommendations in the categories of: beneficial use of dredged material, sediment management, emerging issues, and strengthening RDTs.  The NDT is planning a workshop for 2006 on Dredged Material in the Watershed to identify opportunities to control upstream erosion and pollution and increase beneficial use of dredged material. It will be important for the Corps to play an active role in this workshop development and participation.





























































Table 1.  Summary table of volume changes for each cell for St. Marys Entrance to Atlantic Beach/Neptune Beach City Line 





Reference: NE Florida Regional Sediment Budget at � HYPERLINK "https://rsm.saj.usace.army.mil/ne/" ��https://rsm.saj.usace.army.mil/ne/�





Figure 3.  SBAS schematic budget from north of St. Marys Entrance to Atlantic Beach/Neptune Beach City Line.  





This schematic shows the estimated number of cubic yards of sediments that moved between cells per year based on historical data.  The red (dark) cells represent areas with net losses of sediments.  The green (light) cells represent areas with net gains (accretion) of sediments.  





Reference: NE Florida Regional Sediment Budget at � HYPERLINK "https://rsm.saj.usace.army.mil/ne/" ��https://rsm.saj.usace.army.mil/ne/�.  (For other examples from Florida, see Regional Sediment Management at � HYPERLINK "https://rsm.saj.usace.army.mil/sw/" ��https://rsm.saj.usace.army.mil/sw/�.)  











� Linda Hicklin and Lynn Martin (2005), USACE, Institute for Water Resources.  7701 Telegraph Road, Alexandria, VA 22315-3868.
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