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CD/MG - Conference Report News Headlines Workshop Scientists, specialized in local mesoscale and microscale fluid mud dynamics, are poised to participate in Heterogeneous Sediment Environments research projects. Experimental sites identified (mostly in Brazil, but also Argentina, French Guiana, and U.S.) could be an integral part of the new Department of the Navy (DoN) research initiative, leading to the development of more globally applicable models of nearshore processes. 

EXECUTIVE SUMMARY OF SCIENTIFIC / TECHNICAL RESULTS 

This initial ‘Dynamics of Fluid Mud Layers in Coastal Waters’ workshop was a specialists meeting that brought together the leading researchers and students working in the emerging multi-disciplinary field of heterogeneous sediment environmental characterization and muddy coastline dynamics.  This Office of Naval Research (ONR) International Field Office (IFO) Conference Support Program co-sponsored workshop was a result of an ONRIFO S&T Liaison Visit, and a FY04 new DoN S&T Department Research Initiative (DRI) focusing on heterogeneous sediment characteristics.  Specific objectives of the workshop were:

· To assess the state-of-the-art and to identify research priorities related to the dynamics of mud in coastal waters;

· To promote collaborative research programs among Brazilian, US and other foreign science and technology groups;

· To assess current problems in muddy coastlines in Brazil.

19 invited speakers presented their state-of-the-art research results, and identified technical challenges, and capability gaps. Over 60 attendees from: Brazil (35), Argentina (1), France (1), French Guiana (1), U.S. (7), Netherlands (1), and Australia (1), participated in the workshop, with representatives from government (8), universities (31), defense agencies (2), and commercial/oil industries (7). A list of participants can be found at http://www.onrifo.navy.mil/reports/csp/2003/lista_participants.doc.    The sessions of the workshop were arranged on five topics:

1) Regional studies / problems along muddy coasts,

2) Trapping and transport mechanisms in coastal areas and sediment stability,

3) Wave propagation in muddy environments (wave attenuation and softening),

4) The Amazon dispersal system / research priorities, and 

5) Fluid mud layers / Mud transport under wave action (long shore and cross-shore transports, modeling approaches.

Each session was followed by group discussions that assessed the topic research problems and identified research priorities.  This workshop was the first step in consolidating programs of work in the dynamics of fluid mud layers in coastal waters, identifying available data sources, and heterogeneous sediment experimental sites (mostly in Brazil, but also Argentina, French Guiana, and U.S.).  There was a tremendous amount of interest in understanding the social-economical effects/impact of fluid mud dynamics on biological species, chemical/pollution distribution, and seabed networks.  Most of the fluid mud environments presented were associated with river discharge/transport and macrotidal settings. Several challenges regarding measuring technologies were identified, as well as the need for specialized equipment (buoys, tripods, etc…), and remote sensing assets to study environments highly energetic with shallow waters, macrotides and high mud sedimentation/re-suspension.  Several sites along the Brazilian coastline exhibiting heterogeneous sediment characteristics were identified as ideal for DoN field experiments in support of the new DRI.    As a result of this workshop a virtual community of scientists will continue to work on solving common technical and scientific problems associated with classifying nearshore environments, and will promote collaboration by leveraging expertise and assets.  Muddy coast dynamics and coastal evolution depends on what is happening offshore, and the scientific issues are inter-disciplinary. Muck-laden waters impact Mine Countermeasures and Anti-Submarine systems, and undersea networks operating in the littoral. Existing models fail in muddy environments. Nevertheless, efforts are underway to define critical parameters to simulate and characterize the dynamics of muddy coast.  Current work at the U.S. Naval Research Laboratory (NRL) is attempting to decompose the problem of cohesive sediment entrainment into physical, chemical and biological components. DoN S&T is also developing an integrated mine burial prediction model, and a global river database. Participants from this workshop can contribute to these efforts by providing facilities, equipment, and environmental data for potential follow-on verification/validation experiments in these areas; leading to the development of more globally applicable models of nearshore processes. This Conference report is designed to provide you with a summary of trends and highlights, and inform national and international scientists, research and governmental institutions and international organizations about potential research collaboration.

SCIENTIFIC PROGRAM 

For final agenda, see http://www.oceanica.ufrj.br/eventos/muddy/english/programacao/index.html.
TRENDS AND HIGHLIGHTS 

The President of the Federal University of Rio de Janeiro, Jose Luiz Fontes Monteiro, opened the workshop. The Secretary of Water Transportation from the office of the Ministry of Transports, Federative Republic of Brazil, Jose Alex Botelho de Oliva, addressed the forum, emphasizing the social-economical importance of the coastal environment, and scientific efforts to characterize and understand such environments.  The Consul for Political Affairs, American Consulate General, Rio de Janeiro, Mr. Bainbridge Cowell Jr., also attended the opening ceremony, and recognized the importance of international S&T collaboration between the U.S. and Brazil. As part of the opening ceremony, ONRIFO presented a brief entitled "U.S. Navy Science & Technology, and International Collaboration Programs”, that emphasized the Department of the Navy research interest in the area of heterogeneous sediment environments, global river database, and mine burial research.  The primary focus is muddy coastline dynamics, as a subset of heterogeneous sediment environments.  The new Department of the Navy S&T research initiative in “Coastal Dynamics Heterogeneous Sediment Environments” is a 5-year effort (starting Oct. 2003) with the objectives to:

· Determine a meaningful description of bottom type heterogeneity.

· Quantify the effects of heterogeneous sedimentary properties on nearshore waves and surf zone flows.

· Understand the development and evolution of nearshore morphology (via sediment transport) in wave-forced heterogeneous environments.

·  Improve our ability to simulate coastal dynamics in heterogeneous environments

The end goal of this program is the development of more globally applicable models for nearshore processes. Heterogeneity includes:

· Sediments comprised of mixed grain sizes (poorly sorted)

· Spatial regions with diverse sediment properties (patchy)

· Areas where sediment properties change rapidly over time (dynamic)

The assumption is that these environments exhibit dissimilar behavior from more uniform coasts (of either sand or mud).  In addition to finding interested investigators, ONR/NRL also desire to conduct a field experiment at a site exhibiting heterogeneous sedimentary characteristics.

In the first session, invited speaker Bjorn Kjerfve presented a comprehensive overview of the morphodynamics of muddy environments along the Atlantic coasts of South America. Long stretches of the Atlantic coast of South America, are characterized by extensive regional mud deposits, especially where one or more rivers discharge significant quantities of fine-grained suspended sediment to deltas and adjacent marginal seas, estuaries, lagoons, Chenier plains, and tidal flats.  Three types of muddy coast were identified; (1) exposed muddy coasts, (2) muddy shores along estuaries, bays, and gulfs, and (3) muddy coast protected by barriers.  Examples of muddy coasts along South America, including the Amazon dispersal system with mud waves along the coast of Amapa and Guyanas, the mangrove coast of Para-Maranhao, lagoon systems in southeastern Brazil, and large estuarine gulfs in Argentina, including the Parana dispersal system, Bahia Blanca, and Bahia Loyala, were described. The delivery of large quantities of terrigenous sediments by rivers is the main and necessary explanation for the formation of coastal mud deposits, whether the coast is experiencing relative sea level rise or fall. Besides the supply of fine-grained sediment from rivers, muddy coasts are most likely to form in macrotidal rather than microtidal settings.  

In follow-on sessions, the characteristics, processes and environmental effects of the mud banks of Cassino Beach, presented by Dr Luro Calliari of the Federal University of Rio Grande, linked abrupt changes in salinity to the fluidization of mud. Dr. Calliari’s presentation also revealed that along the Cassino Beach, fluid mud thickness increases landward as a result of transport under high-energy waves (3.5m) over periods in excess of 35 hours. Factors in cohesive sediment consolidation and entrainment mechanisms were also highlighted during other presentations. The pictures below are examples of the characteristics of muddy coastlines along the Atlantic coast of South America.
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Several sediment transport-modeling studies were presented. Dr. Mathijs van Ledden of Delf University of Technology presented results from a process-based sand-mud modeling experiment.   Comparison between model results and field data of the Wadden Sea suggests that the obtained bed levels and bed composition profiles are realistic.  Dr Xiao Hua Wang of University of New South Wales, at the Australian Defence Force Academy, presented a hydrodynamic numerical model that described and predicted the dynamics of a fluid mud layer developed in the estuary due to the coupling effect of the seawater and resuspended sediment concentration.  Dr. Wang concluded that the fluid mud layer in the bottom boundary layer causes; the occurrence of re-suspension hysteresis events that forms a highly concentrated fluid-mud bottom wall layer; variability in the bottom drag coefficient Cd.; and a significant reduction in the total sediment transport along the estuary. A modeling study on muddy coast evolution forced by waves presented by Dr. Hugo Rodriguez from Tetra Tech Inc, Atlanta Georgia, showed an approach to model long-shore and cross-shore cohesive sediment transport. However, Dr. Rodriguez’s simulation efforts had a large number of empirical coefficients due to the lack of comprehensive data and understanding regarding the complex dynamics of muddy coast.  Dr. Rodriguez’s simulations did reveal the sensitivity of sediment-related boundary conditions, and the importance of tidal effects. Dr. Ricardo Silva Jacinto of Ifremer France presented a conceptual model that looked at rheological properties of cohesive sediments and rheological adjustment under wave action (rheology is the science dealing with the deformation and flow of matter). Dr. Jacinto’s study results show that microscopic behaviour of cohesive sediments does not depend on the sample density; he also identified some parameters that could characterize macroscopic rheological behaviour, and a correlation to predict the behaviour of cohesive sediments.  Although the outcomes of these modeling studies were very limited in scope and application, they are the first step towards a better understanding of sand-mud distribution in tidal basins, fluid layers on bottom boundary layers, and long-shore and cross-shore cohesive sediment transport.  Recommendations for future work include a new set of erosion experiments with sand-mud mixtures to improve the erosion formulations, an extension of the analysis of idealized situations by investigating other boundary conditions, geometries and processes, and the application of these models to new realistic cases with abundant bed level and bed composition data.

Wind induced wave sediment re-suspension studies, and studies highlighting the impact of organic matter on transport rates, as well as the application of remote sensing in muddy coastline characterization were also presented and received with great interest.  Further work focusing on spatial structure and evolution of the muddy bed during storms, using both observation and numerical simulations, and the development of a mathematical formulation for the wave-bottom interaction in cohesive sedimentary environments is needed.  Both remote sensing and GIS integration techniques were demonstrated as essential tools for shoreline morphodynamics controls, nearshore composition detection, offshore features identification, monitoring and predicting onshore-offshore sediment budget balance on cyclic movement. 

It was further recommended that a follow-on workshop be conducted in a year, broadening the scope to include scientists working on; remote sensing technologies correlating surface wave, current features with sediment transport rates; theoretical and statistical approaches to sediment transport and burial processes (i.e., expert systems); and the community of scientists working on GIS systems for visualizing fluid mud layers, and sediment transport/distribution patterns.  Such a workshop should include commercial companies representing the latest technologies in instrumentation/equipment to measure sediment attributes/characteristics in dynamic heterogeneous sediment regimes.  

PROCEEDINGS 
Invited Speaker abstracts will be posted on the conference website at http://www.oceanica.ufrj.br/eventos/muddy/english/palestrantes/index.html.  Full papers and presentations can be obtained directly from the speaker.

ASSESSMENT

ONRIFO’s objectives were to: (1) Identify international expertise and high interest work in coastal dynamics involving Heterogeneous Sediment Environments, and (2) initiate collaborative programs of work that could lead to the development of more globally applicable models of nearshore processes.  

These objectives were achieved. The workshop established a network of local coastal dynamics, marine geosciences, and biological/chemical oceanography experts throughout South America; many specialized in local mesoscale and microscale fluid mud dynamics/phenomenon not fully understood by the U.S. S&T Community. The workshop website (identified above) will be the mechanism for international communication and for developing further collaboration.  Local data and databases, as well as on-line near real time river discharge data (such as river runoff rates) will be posted when available. The identification of additional challenges, and the periodic validation of priorities will continue via the website.  Four proposals resulting from this workshop have been submitted to ONR as potential programs of work in support of heterogeneous sediment environments. Proposal 1: Focus on the understanding of the dynamics of mud deposits in open coastal waters. This proposal considers a field experiment in Paraiba do Sul River (south of Rio de Janeiro) where you can find mud deposits over the shelf. The focus would be in the bearing strength (for pipes or mines), transport and fate of contaminated sediments that go to the shelf. This proposal would also consider the development of measuring devices for near bottom suspended sediment concentration. Proposal 2: Goes further with modeling efforts on the effect of fluid mud on hydrodynamics.  Proposal 2 considers a field experiment at the Amazon Shelf measuring in order to evaluate the turbulence parameterization of Dr. Wang and Dr. Vinzon models. Proposal 3: Wave attenuation on muddy bottoms, also considers field measurements (in Cassino Beach, south Brazil) and analytical analyses on the effect of mud on the wave attenuation as a frequency function. Proposal 4: Focus on software and data entry tools to consolidate available research data.  ONR’s Principle Investigator Dr. Chris Jenkins of the University of Colorado, has already prepared a number of quick maps out of the GIS - that show the present state of coverage and some of the themes, using his dbSEABED software package (see "http://instaar.colorado.edu/~jenkinsc/dbseabed/resources/SouthAmerica/samSEABED.doc"). If an impetus develops for improving the South American coverage, then Dr. Jenkins has offered to coordinate the data consolidation of heterogeneous sediment environments in South America.
 

ONRIFO should continue to support this effort through encouraging submission of planning letters, Visiting Scientist support, Conference Support, and potential joint projects via the NICOP program. ONR/NRL can benefit by incorporating the local Latin American (especially Brazilian) experts, from this workshop forum into their Heterogeneous Sediment Environment DRI S&T programs.  

The Office of Naval Research International Field Office is dedicated to providing current information on global science and technology developments. Our World Wide Web home page contains information about international activities, conferences, and newsletters. The opinions and assessments in this report are solely those of the authors and do not necessarily reflect official U.S. Government, U.S. Navy or ONRIFO positions.
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