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Santa Cruz County, California Uses ArcServer to Promote Water Quality Awareness
The Locale
Santa Cruz County, California is situated at the northern tip of Monterey Bay, on California’s central coast approximately 65 miles south of San Francisco.  The natural beauty of the County varies from pristine beaches to lush redwood forests. The entire coastline and offshore waters of Santa Cruz County are part of the Monterey Bay National Marine Sanctuary which is a federally protected marine reserve offshore of California's central coast. “The Sanctuary was established for the purpose of resource protection, research, education and public use.  Its natural resources include our nation's largest kelp forest, one of North America's largest underwater canyons and the closest-to-shore deep ocean environment in the continental United States. It is home to one of the most diverse marine ecosystems in the world, including 33 species of marine mammals, 94 species of seabirds, 345 species of fishes, and numerous invertebrates and plants” Says Paul E. Michel, Sanctuary Superintendent.
The Issue
Santa Cruz County is fortunate in that it does not have many large industrial dischargers; however, the County is faced with non-point source pollution in the form of urban runoff that can contain sediments, metals, and other contaminants.  Urban runoff is difficult to prevent because it is non-point pollution. That is, instead of originating from a single-point source, such as a factory or sewage treatment plant, the sources of urban runoff are spread throughout an urban area.  Sources of urban runoff include yards, sidewalks, streets, construction sites, and parking lots which can contain deposits of oil, grease, pesticides, herbicides, soil, pet droppings, etc. that are flushed by rainwater and other means down the storm drains and directly into a stream which eventually flows to the Monterey Bay National Marine Sanctuary. 

The County of Santa Cruz and Cities of Capitola, Watsonville, and Santa Cruz have long recognized the importance of maintaining near shore water quality to protect the significant natural resources that provide important habitats for aquatic life, opportunities for public recreation and enjoyment, and commercial operations and ventures.
The Santa Cruz County Public Works Department in cooperation with the City of Capitola developed a storm water management and pollution prevention plan as part of a combined response to the National Pollutant Discharge Elimination System Municipal Stormwater (Stormwater) general permit requirements.  The Stormwater general permit requirements included an unfunded component that required public outreach and education to help raise public awareness about storm water runoff and foster public participation to help reduce the amount of polluted runoff that enters the storm water conveyance system.
The Solution

Staff in the Public Works and Environmental Health Departments believe that an Internet mapping application is an excellent tool to help the County work towards the Stormwater general permit public outreach and education requirements.  The application was designed to illustrate the connectivity between the storm water conveyance system (inlet and outfall locations, ditches, culverts, storm drains, and creeks) and the Monterey Bay National Marine Sanctuary.  Staff saw the opportunity to provide access to selected water quality information collected by the County’s Environmental Health Service to help make the connection between urban runoff, the storm water conveyance system, and near shore water quality.  “People need to understand that water quality at a downstream sample location is based on both their individual behavior as well as the collective behavior of the inhabitants of the entire watershed” says John Ricker, the Environmental Health Service’s Water Resource Program Coordinator.
The Application

The ArcServer based Storm Water Management application integrates storm water conveyance information from the cities and the unincorporated County along with selected water quality information into three user interfaces, Storm Drain Inventory, H2Flow, and Water Quality.
The Storm Drain Inventory interface is designed to support dissemination of historical and GPS data collected on the locations of storm drains, inlets and outfalls, ditches, and other water conveyance infrastructure.  Having the data available through an Internet mapping application helps distribute the data within the Public Works Department and facilitates communication between the cities, the County, and other agencies.  “Field mapping can be entered directly into the system and everyone can access the most current data without having to reprint map pages as done in the past” says Dave Reid, Senior GIS Analyst for Public Works.

The H2Flow interface is designed primarily for public outreach.  Users can enter an address and then see the path that water would likely take from the nearest storm drain in their neighborhood down to the nearest creek and then along the creek in most cases to the Monterey Bay National Marine Sanctuary.  “We hope people will make the connection between their local storm drain system and water quality in the Monterey Bay by seeing graphically that they are connected” says Rachel Fatoohi, Stormwater Program Manager for Public Works.  County staff can also use this function to quickly determine which beaches would be impacted by a spill into the storm drain system.
A key component of the stormwater management plan includes reporting on the stenciling of storm drain inlets with ‘Dump no Waste - Flows to the Bay’ decals.  The H2Flow interface includes the locations of stenciled inlets in the urbanized areas and provides the public with the ability to contact the groups performing the stenciling to either request stenciling or to volunteer to help with the effort.  The H2Flow interface is also a tool to help track and report on the progress of the stenciling program as required under the NPDES permit.
The Water Quality interface is designed to map and display a comparative look at near shore water quality and the approximate drainage area of an individual water quality sample site by allowing users to trace upstream from a sample location.  At the urban area map scale users can select a pollutant type and the water quality sampling station symbols change to proportional symbols showing relative amounts of the selected pollutant type.  Users can select a specific sample location from a drop-down list to get a detailed map of the area, a complete report of all of the pollutant types at the sample location, a chart of pollutant levels over time, and a picture of the sample location.  
The Platform
The Santa Cruz County GIS Section has been supporting an ArcIMS application for both staff and the general public since 2001.  The GIS user base and management are familiar with Internet based mapping applications including many of the basic concepts (pan, zoom, identify).  There were some limitations with what could be accomplished with the ArcIMS HTML/Javascript viewer due to the small number of programmers proficient in the scripting languages within the County.  The GIS Section is functionally located in the Applications Division of the Information Services Department.  The Applications Division adopted the .NET platform in 2006, and as a result was providing training on Visual Studio 2005 for programming staff which the entire GIS Section took advantage of.  The .NET platform was a fortunate choice, as several members of the GIS Section had experience programming in ArcObjects with VBA.  

Two members of the GIS Section attended instructor lead training at ESRI Redlands.  One took the ‘Introduction to ArcSever’ class and another took the ‘Developing Applications with ArcServer using the .Net Framework’ class.  The Introduction class provided insights into the power of geoprocessing which will be applied in future application development efforts.  The ArcServer .NET Framework class provided instructions on developing custom tasks which will likely be used in all ArcServer applications developed at the County.  Making the initial investment in training was critical to the success of the project.  
GIS Section staff made use of the following .NET programming reference materials; Pro ASP.NET 2.0 in VB 2005, Laurence Moroney, Murach’s Beginning Visual Basic.NET Anne Prince, Visual Studio 2005 for Dummies, Vanessa L. Williams, and Cyrstal reports 10. for Dummies, Allen G Taylor.
The Approach

As with introducing any new technology like ArcServer, there was a new vocabulary to learn which was accomplished by reviewing ‘Getting to Know ArcObjects’ and reading the ‘ESRI Server Developers Guide’.  The GIS Section met weekly to discuss new concepts such as classes, server objects and contexts, and client–web-server tier components.  Each member took on a particular topic and presented their findings at the weekly meetings so as a group we could begin to communicate (somewhat) intelligently on the various subjects.  There was considerable time spent reviewing the Geometry, Location, and Server Object Model class diagrams.  Having and understanding of the class diagrams and the ability to navigate them is extremely important when sitting down to start coding.  The GIS Section also received help and insight from ESRI tech support (thanks!) and the ArcServer user forums.
A number of the developer samples were implemented which provided insight to the different functionalities available in ArcServer and the .NET platform.  The ‘Add Custom Tool’ and ‘Geocoding’ samples provided a guide to help develop similar functionality in the Storm Water Management application interfaces.
One of the decisions the group struggled with early on was whether or not to use the template provided out of the box versus building a site from scratch.  The template was the choice, as while it is somewhat complex to manage at first, there is a rich set of javascript functionality and robust callback-postback architecture already in place.  The group liked the look and feel of the template and felt that the toolbars and floating panels could be used to achieve the proposed interface design submitted in the ESRI/Status grant application.
A good amount of time was spent developing a file structure and naming convention to support the ArcMap projects (.mxds), Visual Studio Projects, Spatial Data, and Geocoding services that would be used to support various services and web applications hosted on the server.

Since the application would rely on a Geometric Network built on the streams, ditches, and storm drains the project team invested effort to learn geometric network concepts and developed procedures to build and maintain the network.
Programmers had to become familiar with the Network Analysis Object Model to build the trace upstream and downstream functions used on the network. 

The Results
The County and public agencies within the region now have Internet access to stormwater conveyance infrastructure information, a tool for public outreach and participation, and data on water quality information for selected sites all through a single interface.  Users can print PDF maps, trace upstream or downstream from a given point on the water conveyance network, and see water quality data charted over time.  The application helps make the connection between water quality and stormwater runoff, and will be used as a tool to help inform the public and educate future generations on the importance of eliminating polluted urban runoff from entering the storm drain system which is really an extension of the riparian habitat and the Monterey Bay National Marine Sanctuary.
The Future

While the Stratus/ESRI grant requirements have been met and the application is up and running, the GIS Section realizes that this is more of a milestone and is not the end but really the beginning of bringing the next generation of web technologies to decision makers, staff and the citizens of Santa Cruz County.  We hope to get approval to allow water quality samples collected by local volunteers and school projects to be integrated into the site.  We would also like to integrate FEMA flood data into the application as a logical next step.
The County plans to continue to implement ArcServer technology into its work flow by developing applications to generate mailing lists for Planning, produce precinct maps for Elections, crime mapping for the Sheriff, and eventually replace our public ArcIMS site.
The County of Santa Cruz, Public Works Department would like to sincerely thank ESRI and Status Technologies for the opportunity to complete this project.  

Without their generosity the project would not have materialized.  The County would also like to thank the cities of Capitola, Watsonville, and Santa Cruz for contributing data and for their on-going support of GIS efforts within the region.
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