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RMP MODELING STRATEGY

The goal of the RMP modeling strategy is to develop a capacity to predict the effect of different management alternatives on loads from watersheds, the recovery of contaminated areas on the Bay margin, threats from emerging contaminants, and the recovery of the Bay as a whole.  This capacity will be gained through the development of conceptual and numeric models of the physical, chemical, and biological processes governing the fate of water, sediment, and pollutants of concern in San Francisco Bay and its associated watersheds.  These models will test our understanding of pathways and processes controlling contaminant fate and will set the stage for identifying information needs needed to refine our understanding of the system. 

The overarching goal of the RMP, and the intent of the RMP modeling strategy, is to provide the information needed to support water quality management decisions. RMP modeling will allow managers to predict, prioritize, and optimize the impacts of actions aimed at improving water quality. Integration of the modeling strategy with other strategies currently being developed by the RMP (e.g., Hg Strategy, PCBs Strategy, Small Tributaries Loading Strategy) will help prioritize any initial pollutant-specific and/or site-specific focus of model development.

1. Bay Margins 
What is the contribution of contaminated Bay margins to Bay impairment and what are the projected impacts of management actions to Bay recovery?
There are a number of locations in the Bay that are on the 303(d) list due to elevated concentrations of one or more contaminants (PCBs, mercury, sediment quality, PBDEs, and others). And, while there may be elevated tissue concentrations throughout the Bay, there are localized zones of high sediment and biota concentrations
. The overwhelming majority of these locations are at the Bay margins (freshwater-saltwater mixing zones and depositional zones) where sources currently enter the Bay, historical sources once entered the Bay, or historical activity contaminated the site.  These regions present questions that may be treated with models. The models developed to date for the Bay through the RMP are more concerned with large spatial (basin scale) and temporal (decades to centuries) scales. The Bay margin areas require modeling sediment and contaminant transport at much finer temporal and spatial resolution. A high priority for the Water Board and the RMP is to develop a model that could be generally applied to Bay margins rather than one specific to a particular site.

A Bay margins model would:

· improve understanding of the fate of sediment and contaminants that enter the Bay in the vicinity of a particular Bay margin contaminated site
 and of sediment and contaminants that are already present at the contaminated site;

· project the potential effects of management interventions at the site or within the watersheds adjacent to the site (remediation, source control, etc.);

· project the trajectory and pace of progress toward cleanup targets (including tissue targets, if applicable) for the site under various management scenarios;

· aid in identifying high-leverage small tributaries and understanding the mechanisms by which they contribute to Bay impairment. 
The Bay margin model will provide a crucial link between watershed models and a model for the Bay as a whole.  
2. Recovery of the Bay 
What patterns of exposure are forecast for major segments of the Bay under various management scenarios? 
Addressing this priority question requires knowledge of the physical, chemical, and biological processes occurring at a regional spatial scale and a long-term temporal scale. Questions 1 and 2 can be addressed through an integrated modeling framework.  Information from Question 3 is likewise critical to informing the long-term trajectory of the Bay in regards to impairment by pollutants of concern. Ideally, any model capable of appropriately addressing this priority question should:

· be sufficiently resolved both spatially and temporally such that major physical, chemical, and biological processes are represented at scales relevant to stakeholder concerns;

· describe water, sediment, and contaminant transport, contaminant transformation, and bioaccumulation;

· include a sediment bed component that allows for simulation of subsurface contaminants and erosion/deposition;

· integrate relevant hydrographic, sediment, and contaminant data;

· incorporate aspects of global climate change and sea-level rise;
· be open-source and community supported.
3. Small Tributary Loads 
What are the projected impacts of management actions on loads or concentrations of pollutants of concern from the high-leverage small tributaries?

Where should management actions be implemented in the region to have the greatest impact?
Addressing these priority questions requires knowledge of current loads of sediment and pollutants of concern from small tributaries, trends in these loads, and identification of high-leverage small tributaries, including storm-drain-sheds, that contribute most to Bay impairment by pollutants of concern. The Small Tributaries Loading Strategy of the RMP calls for collection of empirical data and the development of watershed models to address these three topics. Modeling of Bay margins (Question 1) will also contribute to identification of the high-leverage small tributaries that contribute most to Bay impairment. With a sound base of empirical information, the RMP can begin to develop watershed models to predict potential impacts of management actions on loads from high-leverage small tributaries. Such models would:

· identify key sources and pathways governing loads of sediment and pollutants of concerns from small tributaries;

· estimate loads and trends in loads of sediment and pollutants of concern from small tributaries during wet and dry weather;

· provide a means of extrapolating watershed-specific loads of sediment and pollutants of concern to estimates at the segment and whole Bay scales;

· evaluate the potential for given management practices to reduce loads of sediment and pollutants of concern from small tributaries;

· provide an objective, watershed-based means of identifying potential high-leverage small tributaries.

Strategy for Addressing These Priority Questions
Coordination

A number of private and public entities are actively developing and implementing models of the Bay-Delta region. The RMP should collaborate with these ongoing projects.  Through this collaboration the RMP will be privy to the most up-to-date, state-of-the-art models of the Bay-Delta region and will be able to use these models to inform management decisions.  


Some of the more significant local modeling efforts are being led by Ed Gross (private consultant), Mark Stacey (UC Berkeley), Oliver Fringer (Stanford), Steve Monismith (Stanford), John Largier (UC Davis, Bodega Marine Lab), Toby Garfield (Romberg Tiburon), Dave Schoellhamer (USGS), Phil Mineart and Jeremy Bricker (URS), Dan Hanes (USGS), and Craig Jones (Sea Engineering).  The RMP already has working relationships with many of these individuals.  It is critical that the RMP maintain and advance these relationships.


To promote this coordination, the RMP could direct funds to set-up and maintain a Bay Area modeling forum (of technical people organized around the idea of guiding agencies and NGOs in their selection, use, and interpretation of models for describing sediment-water relationships in fluvial and tidal systems). The objectives of the forum would be to improve communication and coordination of local modelers and stakeholders thereby reducing duplication of efforts and improving the overall quality of modeling products.  Topics relevant to this forum, in addition to those stated in this RMP modeling strategy, include:

a) predicting sea level rise, wave height and run-up in relation to levee maintenance, levee breaches, and wetland restoration,

b) predicting bathymetric change in relation to sea level rise and climate change

c) predicting the position of the freshwater-saltwater mixing zone and the position of head-of-tide in large flood control channels and stormwater outfalls.


The estimated cost for coordinating a modeling forum is $5,000 per year (assuming five teleconferences and one in-person meeting per year). 


A second option is for the RMP to become an active participant in either the California Water and Environmental Modeling Forum or a similar forum being established by the Bay Conservation and Development Commission (BCDC). A similar level of funding ($5,000 per year) would likely be necessary for RMP staff to establish a presence within these forums (e.g., attend meetings, prepare materials, collaborate with other participants).

Proposed Approach for Modeling the Bay and Bay Margins 


Modeling San Francisco Bay on a flexible grid represents the best potential for addressing the management questions for the Bay and Bay margins. A key advantage of a flexible grid is its ability to increase ‘accuracy’ in dynamically important areas (through grid refinement) and reduce it in other areas. Modeling the Bay with a flexible model would thus implicitly allow for the interaction of fine-scale processes occurring at the Bay Margins with the larger-scale processes of the Bay proper.


There are two basic options for modeling the Bay and its margins on a flexible grid: 1) purchase commercial modeling software, or 2) participate in the development of an open-source community model.  Commercial models are widely used, generally by consulting firms, and are easier to set-up than their open-source counterparts.  The main drawback of commercial models is that their code is not available for testing.  As such, these models are sometimes referred to as black boxes.  The main advantage of open-source models is that they represent the state-of-the-art of environmental modeling.  On the other hand, this state-of-the-art aspect of open-source models can also make model development slow in comparison to commercial software. 


Researchers from Stanford and UC Berkeley are currently developing a model of San Francisco Bay with special emphasis on the South Bay Salt Pond restoration efforts. The model (named SUNTANS) is being developed under the open-source software development paradigm. SUNTANS development has been slow and it is uncertain when a public version will be released. Development may be slowed even more due to the California budget crisis. The RMP should consider whether it wants to provide short-term funding of the SUNTANS model. By doing so, the RMP would be able to specify several SUNTANS applications that are directly relevant to the priority management questions outlined in this strategy document. For example, the RMP could fund a short-term project to develop a South Bay SUNTANS grid that includes local tributaries and Bay margins. Depending on the level of funding, model results could be used to drive an offline particle-tracking model (with Ed Gross and John Oram as principal investigators) to map the zone of influence of local tributaries. RMP staff are currently investigating additional funding sources for this project (e.g., Fish and Wildlife Service).


A preliminary outline of a plan for development of a Bay and Bay-margin model is presented in Table 1.  The proposed plan would begin by developing a grid and model for the South Bay (south of the Bay Bridge), and then upon successful completion of this phase, extending the model to the rest of the Bay.  Tasks proposed for each year are briefly described below.  

2009

· Margins Conceptual Model ($40K): This is the task already included in the 2009 Data Integration plan. It will include a review of available information on water, sediment, and contaminant transport and development of a conceptual foundation and strategy for margins modeling.

2010

· Sediment Transport Conceptual Model ($25K): Develop conceptual model of sediment transport through review of existing literature and data on sediment transport in urban estuaries. 

· Develop South Bay hydrodynamic transport model ($100K): This task would focus on augmenting ongoing SUNTANS development by UCB and Stanford. Emphasis will be given to modeling the hydrodynamics of Bay margins. Sediment transport modules will be incorporated as funds allow.  Modeling sediment transport will be a significant challenge and will require considerable effort.  This task would benefit significantly from a Bay Area Modeling Forum through which development strategies could be vetted.

· Fieldwork to support South Bay Margin / Tributary Modeling ($50K): Empirical data from margin sites selected for modeling will be needed.  This field work will be conducted in 2010 to be used in modeling in 2011.  Fieldwork might include suspended sediment monitoring and/or coring and sediment flux work.

· Biota Conceptual Model ($40K): Develop a conceptual model of contaminant bioaccumlation with specific linkages to Bay and watershed processes.

2011

· Margin and Tributary modeling in South Bay (Water, Sediment, Contaminant) ($100K): This task would extend the South Bay model to include contaminant transport capabilities. Contaminant transport efforts would focus on the more contaminated Bay margin sites identified in the Margins Conceptual Model and monitored during 2010 fieldwork. 

2012

· Extend Model to Larger Bay (Water and Sediment) ($100K): This task would focus on extending the spatial extent of the South Bay Model to include the entire Bay. Emphasis would be given to hydrodynamics and sediment transport.

2013

· Add Contaminants and Biota to Larger Bay Model ($100K): This task would extend the capabilities of the Bay Model to include contaminant transport.

Proposed Approach for Modeling Bay Watersheds


The RMP began modeling local watersheds in 2008 with the development of the Guadalupe River Watershed Model.  This two year pilot project is meant to serve as a prototype for what is likely to be a family of watershed models for improving estimates of Pollutants of Concern loads to the whole Bay or major compartments of the Bay. The strategy for modeling additional watersheds in outlined in Table 1. The proposed plan would begin by completion of the model for the Guadalupe watershed in 2009. Scoping the potential to model additional watersheds and gathering information needed to support those models, from literature and fieldwork, will begin in 2010 and continue through 2013.  Development of dynamic watershed models of  “representative” watershed(s) will begin in 2012. These “representative” watersheds will be identified by the Sources Pathways and Loadings Workgroup and the Small Tributary Strategy Team. The goal is to work towards a regional model for estimating watershed loads to the Bay as a whole. Development of watershed models will be coordinated with Bay modeling efforts so that progress towards an integrated a set of watershed-margin-bay models is maximized.

	Task
	Questions
	2008
	2009
	2010
	2011
	2012
	2013

	Bay & Margins Modeling
	
	
	
	
	 
	
	

	Margins Conceptual Model
	1
	
	$40,000*
	
	
	
	

	Sediment Transport Conceptual Model
	1,2,3
	
	
	$25,000
	
	
	

	South Bay Water and Sediment Model
	1,2
	
	
	$100,000
	
	
	

	Fieldwork to support South Bay Hotspot / Tributary Modeling
	1,2
	
	
	$50,000
	
	
	

	Conceptual biota model
	1,2
	
	
	$40,000
	
	
	

	Hotspots and Tributary modeling in South Bay (Water, Sediment, Contaminant, Biota)
	1
	
	
	
	$100,000
	
	

	Extend Model to Larger Bay (Water and Sediment)
	1,2
	
	
	
	
	$100,000
	

	Add Contaminants and Biota to Larger Bay Model
	1,2
	
	
	
	
	
	$140,000

	Watershed Modeling
	
	
	
	
	
	
	

	Guadalupe Watershed Model
	3
	$75,000*
	$75,000*
	
	
	
	

	Gathering Data Needed for Watershed Modeling

a) Scoping of Needs Regarding “Land Use” sites

b) Monitoring

	
	
	
	$30,000
	$100,000?
	$100,000?
	$100,000?

	Dynamic Watershed Modeling in a Selected Representative Watershed
	
	
	
	
	
	$150,000
	

	Additional Watershed Model
	3
	
	
	
	
	
	$75,000

	Large Scale Watershed Model (2014)
	3
	
	
	
	
	
	

	Coordination
	
	
	
	
	
	
	

	Participation in or development of a Bay Area Modeling Forum
	1,2,3
	
	
	$5,000
	$5,000
	$5,000
	$5,000


Table 1 - A strategy for developing Bay, margin, and watershed models.  A properly chosen Bay model will be capable of modeling both the larger scale dynamics of the Bay proper and the finer scale details of the Bay margins.  There are two approaches for achieving this: 1) nested grids or 2) a single flexible-resolution grid (finite element model).  * indicates RMP funds already allocated.

� Should restate the management question or add another regarding the significance/relevance of bay margin areas relative to Bay as a whole and the need and/or impacts of management actions on shallow areas.


� The term contaminated site needs to be clearly defined
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