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ABSTRACT 
 
Is your agency using GIS to take full advantage of the spatial aspect of your distributed 
water/wastewater system for maintenance scheduling?  The City of San Diego 
Metropolitan WasteWater Department is!  MWWD and HDR created a customized 
application, based on ArcGIS 8.x technology, to aid in maintenance scheduling.  The 
application includes maintenance dispatch spatial optimization, automated service request 
creation, and maintenance frequency optimization.  Aside from crew productivity 
enhancement, proper analysis of this type of asset based and code based data is a 
fundamental building block to optimize capital improvement planning.   
 
The decision of whether to use customized tools to implement your best management 
practices (BMPs) versus using “off the shelf software” (which might dictate your BMPs) 
is a difficult one. This presentation will explore the use of customized tools to implement 
MWWD’s BMPs. 
 
Even marginal financial gains in such costly activities can save your agency funds that 
will be much needed to meet growing regulatory requirements.   
 
INTRODUCTION 
 
Even small increases in efficiency can mean large savings for municipal agencies.  GIS is 
a tool that can, not only help you “see” where problems and inefficiencies exist, but can 
also help to create and implement solutions.   
 
      Figure 1 – Grease Risk Surface               Figure 2 – Roots Risk Surface 

                                      



This paper will focus on a customized solution for maintenance management that HDR 
developed with the City of San Diego’s Metropolitan Wastewater Department (MWWD).  
This solution helps to reduce the “window time” that maintenance crews spend driving 
from job site to job site and implements best management practices for infrastructure 
maintenance and information systems. 
 
The Planning & Scheduling Tools (PSTools) consist of two integrated systems;  PSGIS 
(built on Environmental Systems Research Institute’s (ESRI) ArcGIS software) and 
PSDatabase (built on Microsoft’s ACCESS.)  Together, these tools improve the 
efficiency of maintenance work and provide a superior management technique for 
reducing the risk of maintenance related failures such as sanitary sewer overflows 
(SSOs).  Before this tool was built, HDR worked with MWWD during 2000/2001 to 
determine Best Management Practices (BMPs) for the O&M sections.  Where possible, 
these BMPs were built into the customized maintenance management system.  PSTools 
was implemented in January 2002.  A temporary increase in SSOs was expected during 
the transition from the previous maintenance management system to PSTools.  As can be 
seen in Figure 3, the transition did not cause an increase in SSOs, in fact SSOs actually 
decreased during the transition year. 
 
   Figure 3 – 3 Year SSO Trend 
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This paper will highlight the benefits and drawbacks of San Diego’s experience with 
PSTools and will discuss further possible enhancements to minimize the identified 
challenges and provide additional functionality. 
 
 
OVERVIEW OF PSTOOLS 
 
There are two major GIS components within the PSGIS system that assist MWWD 
planning and scheduling personnel (planners) in their daily activities.  The tools include a 



Maintenance Service Request Grouping Tool (grouping tool) and an Automated Service 
Request Printing Tool (printing tool).  These tools use GIS software to take advantage of 
the inherent spatial component of municipal assets.  They create time saving 
opportunities in the office as well as in the field; additionally, they enhance the quality of 
collected data. 
 
There is also a host of relational database tables and tools.  The PSDatabase houses the 
maintenance schedule and condition history, provides service request tracking ability, 
provides intuitive data entry forms, contains a “smart tool” for making maintenance 
improvement suggestions, and creates productivity reports.  The PSDatabase tools 
portion of the paper will demonstrate the benefits of an “asset based” maintenance 
management system and will focus on the maintenance improvement suggestion tool. 
 
Background 
 
San Diego MWWD has two main cleaning programs, the “accelerated” and the “area” 
cleaning programs.  The accelerated program focuses on pipes that are thought to have 
maintenance related problems.  The goal of the area program is to periodically clean all 
other pipes every 5-10 years to verify that the pipe hasn’t developed a maintenance 
related problem.  Pipes in the accelerated program have cleaning frequencies of once a 
month, once every three months, once every six months, once every twelve months, and 
once every twenty-four months.  A pipe referred to as a “one-month” pipe is meant to be 
a pipe that is cleaned once every month.  The typical types of cleaning are “flushing”, 
“rodding”, “hand-rodding”, and “bucketing”.  Service requests are meant to be 
approximately 1 week’s worth of work for a single crew. 
 

Figure 4 – Cleaning Programs 

 



 
The three main goals of the PSTools system are to (1) optimize the cleaning frequency of 
every piece of pipe in the system – meaning to clean each pipe just often enough to 
prevent it from posing a threat of causing a maintenance related SSO or stoppage without 
cleaning it more often than it needs, (2) to reduce the “window-time” of crews driving to 
individual worksites, and (3) to collect “code based” data on each individual asset.  For 
sewer maintenance, typical codes are LG, MG, HG for light, medium and heavy grease 
findings, respectively.  Or, LR, MR, HR for light, medium and heavy roots, respectively.  
CL stands for clear (or no findings).  Figures 1 and 2 use GIS to show one and a half 
year’s worth of code based condition findings of roots and grease.  The ability to instantly 
see where the problems exist has many powerful applications to focus limited resources 
in the right areas.  Some examples include ensuring that your CIP program is planning for 
the worst areas, distributing fliers through a public information officer to those areas of 
town where there are grease problems, focusing spot repair and condition assessment 
programs, etc. 
 
 
Grouping Tool 
 
The grouping tool, built on ArcMap, uses GIS to spatially optimize the grouping of assets 
for inclusion into maintenance service requests.   
 
    Figure 5 – Grouping Tool 

 
 
On the left, Figure 5 shows a typical “selection set” of pipes due for the same type of 
cleaning at about the same time for the entire City of San Diego.  The tool uses a red to 
yellow to green legend.  A red code means the pipe is toward the end of the acceptable 



amount of time an asset can slide into backlog without causing an SSO, a green code 
means that a pipe is due to be cleaned in the near future, and a yellow code means a pipe 
that is due for maintenance presently.  This is an excellent method of visually gauging 
backlog.  On the upper right is a close up of an area where several segments of pipe have 
slipped into backlog (orange) which are very near other pipes that happen to need the 
same type of maintenance in the next several weeks.  The philosophy here is, “while you 
are in a certain area cleaning pipes, you should also clean pipes that are in the same area 
that are due to be cleaned soon in order to reduce travel time.” 
 

Figure 6 – Grouping Tools Dialog Boxes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 illustrates two dialog boxes used by the planner to create service requests.  
These are built on ArcMap and integrate the GIS data with the Access database into one 
interface.  The dialog on the left is used to create a selection set for a particular type of 
cleaning for a specific work period.  The dialog on the right is used to keep track of 
grouping pipes into service requests from a particular selection set.  Selection sets are 
explained further below. 
 
Built within PSTools is an algorithm to select pipes from the entire system that are in 
need of the same type of maintenance, for example, “flushing”, that aren’t already on a 
service request, that are scheduled to be flushed within a certain time frame.  This gives 
the planner a larger selection set than he or she could schedule for a work-week.  The 
planner typically selects pipes to add to a service request that are nearing the end of the 
predetermined amount of time a pipe is allowed to slip into backlog.  The planner will 
then add pipes to that service request that are scheduled to be cleaned in the near future 
(also a predetermined window of time.)  Since the selection set contains more footage 



than can be cleaned during the given work period, the planner allows some pipes to slide 
into backlog.  These are typically pipes which aren’t geographically close to pipes that 
did make it onto a service request.  The idea is that during the next work period, pipes 
that are in the vicinity of the pipes that slid into backlog will become available to group 
into a geographically efficient service request.  Figure 7 demonstrates the relationship 
between the entire sewer system, a particular selection set that a planner has to choose 
from to create geographically optimized service requests, and the service requests 
themselves. 

Figure 7 – Selection Set Philosophy 
 

 
 
A best management practice for maintenance management is to use “asset based” 
management techniques.  For example, each asset (i.e. segment of sewer pipe) has it’s 
own maintenance needs, schedule, and historical maintenance data associated with it.  
Since these assets are generally spread over large areas, maintenance scheduling can lead 
to inefficiencies in crews’ driving time (“window time”).  This tool uses the power of 
GIS to spatially optimize maintenance service requests while maintaining an “asset 
based” maintenance management system. 
 
The previous method MWWD employed to gain efficiency used static groupings of pipes 
that would always be cleaned together.  Typically, a pipe that had never been maintained 
would spill.  Then, a “maintenance site” (MC Site) would be created which included 
approximately 1,000 feet of pipe up and downstream of the problem pipe.  This would 
allow a crew to spend an entire day cleaning without having to travel any distance 
between jobsites.  This method proved to be very efficient to get lots of cleaning footage, 
but it didn’t necessarily focus the cleaning resources on the pipes that needed the most 
attention.  The pipes 1,000 feet up and downstream may have not had maintenance 
related problems, but since they were situated near a pipe that did have problems, they 
would be subjected to the same frequency of cleaning.  A pipe which is cleaned more 
often than it needs will deteriorate sooner than it should due to the physical wear and tear 
it must endure during a cleaning.  When PSTools system was implemented, it effectively 
broke up all “MC Sites” and made each individual pipe its own maintenance site.  The 



efficiency which was lost by breaking up the MC Sites was regained by the spatial 
mechanism for creating service requests as described above. 
 
Printing Tool 
 
Issuing service requests that are map based is a best management practice for distributed 
asset maintenance.  In addition to a map, the printing tool also provides a table for 
providing information to, and collecting condition data and maintenance 
recommendations from, the crews.  Figure 8 illustrates one page of a PSTools map-based 
service request.  The service requests are printed on 11x17 sheets and can contain from 1 
up to about 15 pages.   
 

Figure 8 – Map Based Service Request Page 
 

 
Map based service requests are considered a best management practice for 
communicating maintenance needs to crews and ensuring that the data collected in the 
field is associated with the proper asset.  The service request data table, on the right-hand 
side of Figure 8, provides information to the crews about the maintenance needs (type of 
maintenance, special instructions, etc) for each asset that is part of the service request.  
Figure 9 is a close up of the data table which is found to the right of each map on a 
service request.  Pipes that are part of a service request are automatically darkened on the 
map and a corresponding record (marked with the asset’s I.D. #) is added to the table.  
This helps to ensure that the data crews are collecting is tied to the proper asset in the 
database.  The map is at a scale such that the ID number label is clearly legible and can 



be associated with the proper data record on the right hand side of the service request.  A 
standard data entry form for each asset is also automatically printed.  This allows crews 
to circle a “code based” finding instead of having to describe it in a “text based” system.  
An example for maintaining a sewer pipe is to circle the letters “LG” for light grease 
instead of writing “found kind of light grease”.  Not only is this method more objective, it 
allows for much more powerful analysis of the condition of the system.  For example, a 
spatial analysis could be used to instantly determine the names and addresses of 
restaurants and commercial establishments in an areas throughout the entire city that are 
prone to grease findings. 
 

Figure 9 – Close up of data table 
 

 
PSDatabase Overview 
 
The PSDatabase has many basic features common to any maintenance management 
system.  There are data entry forms, forms for QA/QC, querying and reporting.  
Automated productivity reports, facility history reports, and service request tracking are 
also basic functionality.   
 
Service Request Life Cycle and Tracking 
 
Each maintenance request follows the same cycle outlined below.  A “chain of custody” 
form is created that follows the maintenance request which documents each step in the 
cycle for a particular maintenance request. 
 

• 
• 
• 
• 
• 
• 
• 

Create Maintenance Request  
Print Maintenance Request 
Dispatch Maintenance Request 
Perform Maintenance on Maintenance Request 
Data Entry 
QA/QC & Maintenance Adjustments 
Analysis & Reporting 



 
Creating and printing the maintenance requests were described above.  Dispatching 
basically involves handing the crew the maintenance request.  Performing the work is the 
maintenance activities carried out by the crew. 
 
Data Entry 
 
The data entry form which corresponds to the data captured by cleaning crews is also a 
basic feature of the PSDatabase.  Figure 10 is an illustration of the data entry form. 
 

Figure 10 
 

 
  
Maintenance Frequency Decision Support Tool 
 
One important feature of the PSDatabase, that is not found in most maintenance 
management systems, is the maintenance frequency Decision Support Tool.  This tool is 
based on an algorithm written into the system which runs behind the scenes.  After the 
pipes on a service request have been QC’d (at the end of a service request life cycle), the 
database analyzes the current condition findings from the crew (i.e. Medium Grease, etc) 
and compares this data with historical data from previous cleanings.  The computer will 
suggest that the pipe stay on its current cleaning frequency, or that the pipe needs to be 
cleaned less often, or more often.  For example, if a pipe has come back with “Clear” 
maintenance findings for the past three cleanings, then that pipe is a candidate to be 
cleaned less often.  Or, if the pipe came back with consistent medium or heavy findings, 
then perhaps that pipe needs to be cleaned more often to reduce the risk it poses of 
causing an SSO.  The ideal finding, if a pipe is being maintained at its proper frequency, 
is a light finding.  It is not being cleaned too much and coming back clear, and it’s not 
being to cleaned too little and coming back with medium or heavy.  Because information 



is collected on every asset, the human mind alone cannot recall all the past data to 
optimize a distributed asset maintenance program.  The computer can readily mine all 
historical data and make cleaning frequency suggestions for optimization. 
 
CHALLENGES 
 
As mentioned above, one of the challenges to a truly asset based maintenance 
management program is that there is potential for losing maintenance efficiency through 
having to drive all around town maintaining assets at their exact scheduled maintenance 
date.  PSTools tries to overcome this inefficiency by using GIS and the concept of 
flexible schedules to spatially optimize service requests. 
 

Figure 11 – PDA based Service Request Mapping System 
 

  
 
The most significant challenge at this time is that the system is paper based.  
Approximately 20-30 maintenance crews work on any given day.  This means that a lot 
of paper map based service requests are being generated.  The solution is to issue service 
requests on mobile computers such as PDA’s, tablet PC’s, or map based GPS receivers.  
A prototype has been developed and will hopefully be piloted in the second or third 
quarter of CY2003 to issue service requests on PDA’s.  Figures 11 and 12 illustrate the 
hardware and software interfaces for the crews.  The forms illustrated in Figure 12 
capture the same data that is recorded on the paper system.  Not only does this reduce the 
amount of natural resources consumed, it also reduces the amount of time needed to print 
and bind the service requests, and the time needed to do data entry back in the office.  
The transition to a paperless map-based service request system is seamless due to the 
scheduling system already being GIS based.  The pipes that are grouped with the  
grouping tools are ESRI shapefiles, which can be downloaded to the handheld computers 
with ESRI’s ArcPad field solution software.  Very limited programming was required to 
enhance the system. 
 



 
 
 
 
 

Figure 12 – GPS based Service Request Mapping System with Data Entry Forms 
 
 

 
 
Another challenge to the current configuration is that the system is Microsoft ACCESS 
based as opposed to a SQL server back end.  SQL is a much more robust database server 
supporting multiple users and better data management functions.  Functionality was built 
into PSTools to allow either database server to be used.  MWWD has chosen to stay with 
the ACCESS based system for the time being. 
 
SUMMARY 
 
In an age of growing scrutiny from regulatory agencies and aging infrastructure, a solid 
maintenance program is a must.  Any good program begins with determining the best 
management practices for your organization, creating standard operating procedures, 
acquiring adequate resources, and proper training.  Although these are primary needs, a 



system that helps focus resources where the problems are in an efficient manner, will 
help achieve the most success from limited funds.  Don’t let a maintenance management 
system dictate BMPs, instead, use a maintenance management system to help ensure that 
BMPs are followed.  This is what PSTools has done for the City of San Diego’s 
Metropolitan Wastewater Department. 
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