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SYNOPSIS

INTENT OF THE PROJECT
Arlington, Texas, is comprised of 100 square miles of suburban development, with creeks and storm drainage structures throughout the city handling runoff from an abundance of impervious (paved) surfaces.  Infill development is ongoing, including a new NFL stadium for the Dallas Cowboys that has covered approximately 120 acres with structures and parking lots.  Like all cities with populations over 50,000, Arlington must meet the mandates of the EPA’s Municipal Separate Storm Sewer System (MS4) permit requirements under the Clean Water Act.  One requirement of the MS4 Permit is to identify our storm sewers and their associated outfalls, with the ultimate goal of discovering and tracking illicit discharges into the system – for example, discharges from industry.  Beyond the EPA’s requirement, though, is the immediate, practical need to inventory storm sewer assets – channels, inlets, outfalls, pipes, junction boxes - in order to manage response to problems involving both water quality and quantity:

· Identify areas most at risk of flooding, and prioritize maintenance and construction to prevent flooding

· Conduct watershed planning through hydraulic modeling

· Predict the path a hazardous material will tend to flow when a spill runs into the storm drain

The intent of the I-Storm Project is to use minimum staffing and time to gather multi-purpose information about the existing storm sewer system for use in prioritizing current daily operations and in conducting comprehensive storm water management planning for the near future.  This has been achieved through a business process which brings together the CartêGraph asset management technology, ESRI mapping applications, and Trimble’s handheld mapping equipment.  To ensure ongoing usefulness and management of storm water GIS data, the Public Works and Transportation department is utilizing the CartêGraph work and asset management system. By integrating this system with GIS data, Public Works staff are able to collect work history and maintain a high-quality condition rating system to analyze assets and plan for infrastructure improvements. 
PROJECT DESCRIPTION

Reviewing Existing Database Architecture to Provide Maps Internally and Externally

[image: image2.emf]Last year, the Public Works and Transportation Department and the Water Utilities Department reconfigured existing storm water data in SDE to allow for quick and efficient data collection using domains and subtypes. Individual feature classes were also re-grouped according to field staff’s experience and knowledge of the storm drainage system. 
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[image: image5.emf][image: image6.emf]Internal and external web maps with City of Arlington data have been available some time to employees and citizens. Public Works and IT staff reviewed the City’s GIS database architecture before beginning this project so data coming into the office from the field could be integrated into the existing framework.
Obtaining a Grant for Desired Handheld Equipment 
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Field inspectors had begun surveying priority drainage areas with a tablet computer, GPS, a laser, and an integrated camera to collect missing storm sewer system features. The next phase involved streamlining data collection processes and finding the best technological method of transferring accurate attribute and condition data for these storm water features into the City’s asset management software.  The missing link in this project had been a seamless methodology for transferring data to and from the office and field. 
IT staff from three separate departments (Public Works and Transportation, Water Utilities, and Information Technology) combined their efforts to apply for a grant from ESRI and Trimble Technology to fund handheld equipment desired for use in the field. The grant application described the groundwork that had already been laid by the cooperation of the GIS staff from each department, and the City received the grant.  With the Trimble and ESRI Mobile Advanced Government Grant, the City of Arlington has been able to use ArcGIS Mobile and ArcGIS Server technology, improving productivity, creating cost-savings, and providing an easy-to-use data collection system for field staff.
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Planning the Project and Establishing Priority Data Collection Areas
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The initial focus of the project was to prepare a plan for field data collection, and to complete the following tasks to allow organized and efficient data collection.
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Public Works staff reviewed locations where citizens reported drainage concerns and flooding the most. The City was divided into even-sized grids and analyzed using GIS density maps. The grids with the highest number of calls are the areas crews targeted first. 

Training Appropriate Field Staff

Two drainage crew members were already devoted to collecting GPS data using Terrasync on an existing GPS unit, on a full-time basis. Public Works Information Technology staff had extensively trained these crewmembers on locating features for data collection and proper use of GPS equipment using Terrasync. The same field staff were trained to utilize ArcGIS Mobile technology to actually edit the information in the field.  

Establishing A Process for Quality Assurance/Quality Control (QA/QC) 

The QA/QC process for maintaining storm water data has been a joint effort between Public Works and Water Utilities staff. Last year, both groups worked together to develop data maintenance schedules and processes for ensuring timely updates and preventing duplication of effort. These QA/QC processes were critical to create a “baseline” comparison between existing in-house processing and proposed data processing using ArcGIS Mobile.

ANTICIPATED AND ACTUAL OUTCOMES

IT staff anticipated increased productivity in data collection and resultant cost savings.  They also were determined to provide ease of use for the field staff.  Field staff and field managers were concerned about the potential time spent on data collection with little positive impact on response to complaints and daily channel cleaning activities.  See sections below for actual outcomes.
COSTS AND SAVINGS
See “Presentation Components” Section

INNOVATIVE CHARACTERISTICS

· Analyzing existing data to prioritize areas of concern

· Using mobile technology (GPS units and mobile applications) for data collection

· Using new GIS technology, ArcGIS Server, to streamline data reconciliation

· Using asset management software to track both asset condition and work history 

· Requiring no additional staff

OBSTACLES AND RESULTS ACHIEVED
· Obstacle: Initial data cleanup to make data consistent and easy to understand during the data collection process.  Solution:  Reorganizing data according to field staff’s experience and knowledge of the storm drainage system.
· Obstacle: Training field staff in the use of computers and technology. Solution:  Realizing ahead of time this would be an issue and developing an interface that is easy to use; also, utilizing analyst-level staff to assist with QA/QC to ensure data integrity and provide timely information about changes needed in how and what data was collected.

· Obstacle: Persuading field staff and field managers that methodical inspection of assets would be useful.   Field staff and managers were used to reacting to calls or requests for inspection.  IT staff knew that if this wasn’t approached in an organized manner, we would have some surface data here, and some underground pipe data there, all over the city.  Solution:  Actively demonstrating the value of methodical data collection, and having the field staff help work out the best method of coordinating their work.  When we started data collection, we blended proactive and reactive work:  we only had one crew surveying surface features methodically using a grid system, and one person doing underground feature inspections reactively as requests were made. As data collection progressed, they began to see that a grid system would help them put together a complete picture of storm water assets and they began to coordinate inspection work with each other to create a high quality representation of all the information. They realized if they worked together to determine where the surface inlets and outfalls connected to the underground pipe they could answer questions about water flow that they could not before.  Field staff, field managers, and IT staff worked together to create a satisfactory inspection routine.
UNINTENDED OR UNEXPECTED THINGS ENCOUNTERED AS A RESULT OF THE PROJECT
Software and Equipment Configuration and Troubleshooting

A few hurdles were encountered during the ArcGIS Mobile implementation that related to software availability and geodatabase configuration. 
1. For example, to develop customized applications for the mobile client, aVisual Studio standard or professional license and ArcGIS Mobile SDK components are essential. Unfortunately, Visual Studio was not included as part of the EDN subscription. Organizations considering customizations to ArcGIS Server Mobile should factor this into their overall costs.
2. Also, with the help of ESRI customer support, it was discovered that significant changes needed to be made to the City’s geodatabase schema. Specifically, a default value was required for each field associated with a domain. The error message discovered during this process was: “Error setting geometry: geometry is invalid”. 
3. It was also found that new features collected in the field did not upload to the server after a successful sync. There is no error message associated with this and issue only became apparent during a quality control process. The advised solution from ESRI support was to make sure properties of all fields that are to be edited on the mobile unit, except GlobalID, were not set to “required”. This resolution immediately fixed the problem. 

Human Processes
1. Starting with a compromise between existing work patterns and methodical data collection showed the value of inspecting trouble areas in order to reduce the amount of time spent reacting to citizen concerns.
2. Mobile technology gave field staff the ability to work with equipment that seemed familiar, because using it is similar to performing tasks on a cell phone.
3. By performing inspections, field staff find issues before they become a hazard or citizen concern, and by correcting them can reduce the number of calls received.
PRESENTATION COMPONENTS

1. Innovation/Creativity

How did the project improve the organization? The data we collect on the storm sewer system will allow us to exceed EPA mandates and plan comprehensively for storm water quality and quantity management, in addition to serving immediate local needs by identifying and prioritizing which localized areas will flood most easily 

Were new technologies used? If yes, what methods and/or applications did you implement?

Product Registration:  Public Works staff activated key codes (ESRI developer Network license Authorization files) for ArcSDE and ArcGIS Server 9.3.1 to complete the registration of the EDN application provided with the grant. 
ArcSDE Installation:  Public Works staff installed ArcSDE for Microsoft SQL server 2008 on a test server and created and configured a test ArcSDE geodatabase. To utilize a mobile map service, schema of the production storm water feature dataset was applied; however, some changes were made to the schema to accommodate mobile editing (see Configuration and Troubleshooting section).
ArcGIS Server Installation:  Public Works staff installed ArcGIS Server for the Microsoft .Net frame work on a test server for purposes of managing published services, web applications and mobile projects. Map documents were then authored with ArcMap and published as services with mobile data access.
ArcGIS Mobile Installation (Out-of-the-Box):  Phase 1 of the application implementation involved Initial tests on ESRI’s “out-of-the-box” ArcGIS Mobile applications on a Juno SC hand held pocket pc. This environment provided the ability to troubleshoot any issues with the geodatabases in terms of field editing and syncing prior to the customization of an application, which eventually narrowed down the source of any errors during the testing of customized applications.

ArcGIS Mobile Customizations:  IT staff used a sample application (Editor_PPC05CSharp.zip coded in C Sharp .NET), which comes with the installation of ArcGIS server, as a template for the customization of the storm water ArcGIS Mobile interface. The following customizations were added as enhancements to this template to create an interface for storm water edits. 

· Drop down selection list to edit any field attribute is associated with a domain in ArcSDE.

· GPS status icon 

· Toolbar for panning, zooming, and GPS On/Off

· Edit menu for sketching point and line features by capturing GPS readings, and moving selected point features to current GPS reading point.

The script is available for download at ESRI Code Gallery. Screenshots of the customizations are highlighted in red in the pictures below.





Was a private consultant used? No. 

2. Outcomes Achieved

What customer/community needs and expectations were identified and fulfilled?

See Obstacles and Results Achieved above.

Has service delivery been enhanced?
The information gathered, and the systematic inspection and work routine, has helped the storm drainage crews prevent some problems in addition to responding to needs as they arise.
Full-Time Proactive Inspections:  Every day, these two crew members work in a pre-determined section of a grid to identify anything related to storm water.  They download this information daily and a Public Works IT staff member updates the ArcGIS map.

Part-Time Proactive Pipeline Video:  One of the drainage crew members runs the TV camera truck. His main job is to inspect public infrastructure reactively, such as reviewing contractors’ work and responding to complaints of blocked pipelines.  In addition, he proactively runs the camera line on the pipelines within the grids that have had the initial inspection completed as described in the prior paragraph.

Proactive/Reactive System Maintenance:  Another drainage crew member runs the vacuum truck.  He proactively opens the cover of each inlet within the grids that have had the initial inspection and jet-vacs material that blocks the entrance to the underground pipe.  He records his work in the handheld equipment, using GPS to identify which inlet boxes he has cleaned, and syncs it with the asset management system.  He also responds to complaints of blocked inlets throughout the city, to clean those as needed.  

Ongoing Cleaning:  The City also has two crews devoted to cleaning concrete pipes and channels and removing blockages from natural channels.
Did the initiative improve access to your government? Yes
If yes, how?  Because of the integration of GIS, which is used by all departments in the City, information from the storm drainage inspection is quickly available in a format that other staff members can use – in particular, the Water Utilities Department and the Construction Services Section of Public Works.  Because of the involvement in field staff from the beginning – from using their anecdotal knowledge of the storm system to having them collect and edit data in the field – the technology is used to its potential to gather data that can be used now and in future planning.
Has the health of the community improved as a result? Yes
If yes, how?  Data collected can be used to prevent flooding in some areas now, and will continue to be used in watershed planning that is a critical element of the comprehensive storm water planning process that is underway by storm water engineers to Establish comprehensive basin plans within each watershed that quantify, plan for, and manage stormwater flows within and among the jurisdictions in those watersheds.  Eight watershed areas cover the City of Arlington.   A watershed is part of a larger environmental system with integrated components delicately balanced over time by the laws of nature. Land use changes influence many of these components, often disturbing that balance and producing unanticipated damages to both the human and natural environments. These damages are often most apparent and severe in the vicinity of the change both upstream and downstream. The cumulative impacts of numerous land use changes can be far reaching and significantly more severe without appropriate stormwater management planning.
3. Applicable Results and Real World Practicality

What practical applications could you share if selected?  A business process for gathering information in the field and how to set up the technological framework that supports it
How applicable is the project to other local governments?

In addition to meeting EPA mandates and having storm sewer information available for use, another result of this project was to create a model business process for mobile asset data collection by field staff using a GIS interface.  In addition, the technological structure needed for mobile asset data collection was developed along the way.  Now both the business process and the technology can be adapted quickly for use in planning daily operations like street light response and sign replacement.  Other local governments can learn from our experience as we:

1. Developed a script for mobile editing in a test environment.
2. Configured ESRI ArcServer web services and ArcView map themes to “serve up” GIS data in a test environment.

3. Tested data editing processes in a pilot phase.
4. Trained and deployed select field staff on the data editing process.
5. Reviewed measurements for success and determined sustainability of the project.
6. Determined that it was feasible to deploy the model to additional assets.
What results/outcomes will you be able to share?  Please include any performance measures if applicable.  Outlined below are the results of the project’s success, measured using productivity, cost savings, and ease of use as indicators. 
Productivity

Currently, two field technicians work full time to collect field data, and three office personnel spend a portion of their work week keeping new and existing storm water data up-to-date. Public Works staff compared the collective productivity before and after ArcGIS Mobile. Without ArcGIS Mobile, the process entailed data collection in the field using Trimble’s Terrasync software, data downloads to folders, and office post-processing with Path Finder office software. The processed data was exported and uploaded to a geodatabase for QA/QC. Since only surface features were mapped in the field, additional edits were performed in the office to add and connect underground features such as pipes to the geodatabase in SDE. With ArcGIS Mobile, field data collection and editing tremendously reduces the steps or processes involved in updating the GIS layers with field information. The office processes involving file transfers between folders and post processing were all eliminated.  Underground features such as pipes are edited in the field and synced directly into the geodatabase. Though some amount of QA/QC is still required with the ArcGIS Mobile field data collection and update process, the estimated total amount of post-processing time was reduced using ArcGIS Mobile. This increased the amount of time GIS office staff can spend on more long-term and strategic GIS projects, such as further improving data quality and accuracy, collecting additional feature types, and enhancing GIS access for users and citizens through integrated applications. The flow charts below demonstrate the significant simplification between former and current processes.


Cost Savings

During the preparation phase of this project, Public Works staff established a baseline for determining the amount of time it took to complete data collection in one priority location (the Cowboys Stadium). Public Works staff used the productivity data to estimate potential cost-savings by utilizing ArcGIS Mobile.  A field crew of 2 people searched for and collected 7 linear features and 329 point features of missing storm water infrastructure assets over the course of 10 days. Office staff updated 426 linear features, 166 point features, post processing and QA/QC. It was estimated that with easier data transfer from the office to the field, in-house processing and QA/QC could be reduced by about two-thirds. The estimates in the tables below include an increase in field staff man-hours due to a shift in QA/QC workload to the field; however, more costly office man-hours were significantly reduced. Note that these cost savings estimates did not include development of customized applications.

	
	# Office Staff
	Office Man- Hours
	Avg Office Labor Cost
	# of Field Staff
	Field Man -Hours
	Avg Field Labor Cost

	New Process
	1
	30
	$918.90
	2
	160
	$2,555.20

	Old Process
	3
	89
	$2,726.07
	2
	128
	$2,044.16

	Difference
	-2
	-59
	-$1,807.17
	0
	32
	$511.04





	
	
	
	Man Hours
	Labor Cost
	
	

	
	
	New Process
	190
	$3,474.10
	
	

	
	
	Old Process
	217
	$4,770.23
	
	

	
	
	Total Savings
	-27.00
	-$1,296.13
	
	


Ease of Use

A major factor in the success of projects that involve technological changes is whether users feel confident and comfortable with the systems they use.  Public Works and IT staff reviewed training time required, checked data accuracy, and requested feedback from field staff to determine ease of use. Perhaps the most significant result of this project was the extreme ease of use reported by users and the reduced time training field staff. With only one hour of training, field technicians were using ArcGIS Mobile to collect storm water features in the field. They reported that data collection was extremely easy and the learning curve was short, and they particularly liked the improved ability to work independently because they did not have to carry around several pieces of equipment. Office staff noted that with additional customizations to the ArcGIS Mobile interface, ease of use can even be improved. 

 4. Case Study Presentation
The case study presentation by both IT and field staff will include live GPS and mapping equipment demonstrations.  We will present the material using power point and video, integrated with a question-and-answer format where presenters will interact with the audience by both asking and answering questions.  

Configuring the Data Schema





Reviewing the GIS Mapping Capabilities





Choosing the Technology





Project Planning





Prioritizing Areas





Screenshot of Mobile Map Interface





Screenshot of Mobile Editing Interface
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Estimated Labor and Cost Changes for 10-day Priority Project





Total Estimated Savings for 10-day Priority Project
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