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The Orange Water and Sewer Authority, in Orange County, North Carolina, is proactively prioritizing mains in its 360-mile water system that may need to be replaced or 
rehabilitated (R&R). This paper describes the first phase of this project to create a dynamic water main R&R prioritization model: data gap analysis and weighted service 
level criteria factors. Baseline data was collected and input into OWASA’s geodatabase. Earth Tech assisted by populating specific fields such as date of installation, water 
quality concerns, number of breaks/leaks, and hydraulic performance. The final product will be a MS Access/ARCGIS model with detailed documentation. 

Introduction

Orange Water and Sewer Authority (OWASA) serves the Chapel Hill area of Orange County, in North Carolina. Encompassed in this service area are the Town of Carrboro, 
the Town of Chapel Hill, the western edge of the City of Durham, the University of North Carolina, and the University Hospital. The service area has a population of 
approximately 77,000.

Figure 1. North Carolina Location Map

Figure 2. OWASA Service Area



The project approach for this analysis has been developed by Earth Tech, in conjuction with OWASA, and is specifically for OWASA's use with their unique system. 
OWASA has identified through master/capital improvement planning several water distribution projects requiring completion over the next 15-years in order to proactively 
manage its water system and maintain its high level of service. The water distribution rehabilitation and replacement project list encompasses several million dollars and 
several budget cycles. Therefore, it is important that OWASA understand the level of reinvestment that is required and how to prioritize this reinvestment. The purpose of the 
Water Main Replacement and Rehabilitation Prioritization Project is to: 

1.  Provide guidelines on the annual reinvestment required for water mains; 
2.  Provide a dynamic model for the prioritization of replacement/rehabilitation of water mains; 
3.  Coordinate the replacement/rehabilitation program with the existing capital improvement plan. 

The first step leading to the successful completion of this project is analyzing the level of data available - a Data Gap Analysis. A certain amount of information is necessary 



for analysis to be representative of the whole system. The ideal situation would be for the material, age and diameter of each water main to be known, without uncertainty as 
well as such information as the breakage history of a pipe, and other useful data.

To determine the prioritization of replacement or rehabilitation of each pipe, it is necessary to know how critical it is in the system. The Service Level Criteria and Weighting 
Factors used to identify system critical pipes were developed through workshops with key management personnel at OWASA.

Some of the Lessons Learned during this project involve version/conversion issues, data transfer, and the level of detail necessary to complete objectives.

Data Gap Analysis

The data collected falls into the following categories:

●     System Inventory 
●     Physical Condition of Water Mains 
●     History of Water Main Repairs 
●     Water Quality 
●     Water Main Location 
●     Water System Characteristics 
●     Soil Condition 
●     Planned Construction Activity 

Several different sources were reviewed for relevant data to input into the database. A summary of the information obtained and the associated source is provided in Table 1.

TABLE 1 – Data Description and Information Source

Category Parameter Description Source

System 
Inventory

Water main diameter ITRE, Grid sheets, As-built 
drawings, Tax Maps

Water main material

Water main age

Length of water main segments

Physical 
Condition

Internal corrosion

External corrosion

Tuberculation

Master plan, 

OWASA inspections 

Theoretical "C-factor" WaterCAD



History of 
Repairs

Location and Date of Breaks and 
Leaks 

Trouble card spreadsheet, HiperPM 
database, 

Work Order MS Access database

Water Quality Location, Type (color, odor) and date 
of water quality complaints

Trouble card spreadsheet, HiperPM 
database, 

Work Order MS Access database

Water System 
Characteristics

Measured Static pressure Fire flow test reports

Measured Dynamic pressure

Measured Fire Flow

Theoretical Headloss per 1000 ft WaterCAD

Theoretical velocity 

Estimated Static Pressure OWASA Topo & USGS Quads

Soil Condition pH Master plan field data

Resistivity

Chloride

Sulfate

Planned 
Construction 
Activity

Street resurfacing Town of Chapel Hill and Carrboro

Streetscape construction

Sidewalk construction

Road construction NCDOT, Div. 7, Dist. 1 office

Electric Utility projects Duke Energy

Natural Gas projects Public Service Company of NC

Telephone & Telegraph projects Bell South, TWC, MCI, Level 3



System Inventory

A thorough and accurate system inventory is critical for completion of this project. The following information sources were used to create the system inventory:

●     GIS geodatabase created by ITRE 
●     Water System Grid Sheets (1999 & 2000) 
●     As built drawings (1926 - 2003) 
●     Interviews with OWASA staff 

Institute for Transportation Research and Education (ITRE)

ITRE completed conversion of the paper version of the OWASA water system to a geodatabase. The conversion was performed by digitizing the OWASA Water System 
Grid Sheets, shown in Figure 3, below, into a Geographical Information System (GIS). The key attributes in the ITRE GIS database included the age, material, diameter and 
length of each pipe segment.

Figure 3. OWASA Grid Sheet

The ITRE database contained 17,764 water main segments, totaling 361.6 miles. The water main replacement/rehabilitation prioritization analysis addresses the core 
distribution system and does not include water mains less than 4-inches in diameter and/or pipe segments less than 25 feet in length, fire hydrant legs or services lines. These 
water mains were selected using queries in the GIS, both by attributes (e.g. select water lines ? 4 inches), and by location (e.g. select water lines that intersect hydrants). Once 
these segments were removed, 6,193 segments remained, a total of 319.7 miles (88% of the system, by length), for inclusion in the prioritization database. Review of the key 
attribute data associated with these water main segments revealed that approximately 40% were missing the date of installation, and approximately 4% to 18% were missing 



water main diameter and material of construction, respectively.

Water System Grid Sheets

OWASA maintains over 150 paper grid sheets that illustrate the water main location, diameter, material of construction and date of installation for the water system, as shown 
in Figure 3. The grid sheets represent a compilation of historical system knowledge, developer as-built data, and OWASA system improvement data via hand-sketched maps. 
As the water system is modified, the grid sheets are updated.

Earth Tech created a set of thirty-five (11x17) sheets to use in completing the gaps in the ITRE data. ITRE data was color-coded for size and material with the date of 
installation displayed adjacent to each pipe. Pipes without size, material or date information were highlighted on the plots, and compared to OWASA's year 2000 grid sheets 
to reduce the number of unknowns represented. By comparing the year 2000 grid sheets to the geodatabase created by ITRE (1999 version grid sheets) several areas were 
found that need updating or were incorrectly input.

Figure 4. Unknown Data Highlighted



Using this approach, incomplete data was reduced to less than 25% for date of installation and less than 1% for the diameter and material of construction for the 6,193 water 
main segments.

Staff Interviews, As-Builts and Maps

The data gap was further reduced based on interviews with OWASA staff. Old water system field notebooks and as-built drawings were also reviewed. Additionally, Orange 
County tax maps and historical Town of Chapel Hill Insurance Maps were reviewed to assist with determination of physical parameters of date of installation, material of 
construction and diameter. Following this effort, the incomplete data was further reduced to 5.7 miles for date of installation (2%), 1.1 miles for the diameter (<1%) and 3.9 
miles for the material of construction (1%).

System Inventory Confidence Level

A level of confidence relating to the accuracy of the data input in a prioritization project is important. For each category of data, a confidence level was assigned to the data 
input. A three level system was used, with 1 being the most accurate and 2 or 3 indicating a lower level of confidence. If no confidence level integer exists or the value equals 
zero, the data was input by a source other than Earth Tech. Criteria for each of these confidence levels is described in Table 2.

TABLE 2 – System Inventory Confidence Level Descriptions

Confidence 
Level

Description

0 Pipe segment or inventory attributes not populated or changed by Earth Tech.

1 Highest level of confidence - a direct transfer of data from the grid sheet to the 
GIS maps or a confident transfer of information from OWASA staff to Earth 
Tech.

2 Direct transfer of one or more inventory attributes from grid sheets. However, an 
attribute may be missing and several pipes in the area have similar attributes. 
Installation date based on input from OWASA staff and other research. 
Accuracy of installation age: +/- 5 years.

3 Other scenarios that do not fit criteria above or the range of possible date of 
installation are outside of range established in confidence level 2

Summary of System Inventory Data

System inventory data pertaining to material and diameter were not as subjective or incomplete as date of installation. Therefore a confidence level value was not stored in the 
prioritization database for material and diameter. The data stored in the prioritization database for each system inventory category is summarized in Table 3.



TABLE 3 – System Inventory Data Summary 

Description Length of Pipe 
in Miles

(Number of 
Records)

Percent by 
Length

(Percent of 
Records)

Confidence Level by Length

(Confidence Level by Number 
of Records)

0 1 2 3

Total ITRE Segments 361.6

(17764)

100%

(100%)

10,558    

Prioritization GIS 
Database (subset of 
ITRE data)

319.7

(6193)

88%

(35%)

4866 1366 660 35

Known Date of 
Installation data

314

(5901)

99%

(97%)

67% 22% 10% 1%

Known Material data 316

(5988)

98%

(95%)

n/a n/a n/a n/a

Known Diameter data 318

(6093)

>99%

(98%)

n/a n/a n/a n/a

Physical Condition

The failure of a water main is directly related to its physical condition. Therefore, an indication of the physical condition of the water system is important input to the 
prioritization model. Unfortunately, due to lack of extensive pipe core sampling data, direct information on the physical condition of the OWASA's water distribution system 
is limited. The following were available information sources of relevant data that can provide indirect information on the physical condition of the water system.

●     OWASA Master Plan and Field Inspections 
●     WaterCAD Hydraulic Model (Comprehensive Master Plan, 1999) 
●     Pitometer Water Distribution System Study (1992) 

OWASA Master Plan and Field Inspections

During the preparation of the 1999 Master Plan twenty-one (21) sites were selected for field inspection. OWASA staff conducted the field inspections during normal 
maintenance and repair duties. The field inspection records were input into the prioritization database as points, and then the data joined to the closest pipe. The data input 



into the database consisted of an inspection record label (S01 through S21), and a binary value representing the presence or absence of internal corrosion, external corrosion 
and/or tuberculation.

Figure 5. Section of pipe installed in 1926, replaced in 2003

The exact location for some of the field inspections were indeterminate, and therefore approximated based upon description of address, pipe size and pipe material.

Confidence levels were assigned to the field inspection data as shown in Table 4.

TABLE 4 – Field Inspection Data Confidence Level Descriptions

Confidence 
Level

Description

1 Confidence that data applied to correct water main: 90 to 100%.

2 Confidence that data applied to correct water main: 50 to 90%.

3 Confidence that data applied to correct water main: less than 50%.

WaterCAD Hydraulic Model

OWASA provided a hydraulic model of the water system completed as part of the 1999 comprehensive master plan. The model is skeletonized, as shown in Figure 6, and 
only represents a portion of the critical water distribution system mains. The OWASA water system was modeled using WaterCAD software by Haestad Methods.

Figure 6. Skeletonized WaterCAD Model



Earth Tech used the base model configuration to simulate flows and pressures under peak hourly water demand scenario to obtain the theoretical hydraulic condition of the 
water mains represented in the model.

In order to transfer the information from the WaterCAD hydraulic model to the GIS prioritization database, an automatic spatial join was attempted, with limited success. A 
shapefile was created from the exported coordinates of the model pipes and nodes. The schematic nature of the WaterCAD model and close proximity of several parallel and 
adjacent pipe segments prevented a complete data transfer. Instead, Earth Tech used the GIS to simultaneously display the two files, and individually selected water mains 
that represented the hydraulic model and transferred the data to these water mains in the prioritization database. Pipe labels (as referenced in WaterCAD) and C-factor data 
were taken from the model, which consisted of 692 unique segments, and input on 541 pipes in the prioritization database (representing 139 unique values).

The manual method of data transfer was more time consuming, and therefore it was decided to only use data that would be relevant in the analysis portion of the prioritization 
model, i.e. if the Hazen-Williams C-factor was less than 100, the data was transferred. Hence the relatively small number of values transferred, compared to the complete 
model. This same process was used to transfer information on headloss, velocity, flows and pressures.

The segments of the water distribution system where C-factor testing had been conducted during Pitometer's 1992 study and during the recently (December 2002) completed 
UNC-Chapel Hill Water and Sewer Masterplan were input with unique confidence levels. This helps to quickly identify which c-factors within the OWASA system have 
actually been field verified.

WaterCAD Data Confidence Level

Confidence Levels were again assigned to the water pipes, based on the accuracy of the data.

TABLE 5 – WaterCAD Data Confidence Level Descriptions

Confidence 
Level

Description



0 Pipe segment not considered during WaterCAD database population. 

1 Pipes, street intersections and nodes match (GIS vs. WaterCAD) without 
significant uncertainty. Pipe sizes in GIS and WaterCAD match 100%.

11 Hazen-Williams "C-factor" input from Pitometer Associates’ measured values.

2 Either of the following apply:

a) Pipes, street intersections and model nodes match, and the pipe diameter in 
WaterCAD and the pipe diameter in GIS do not match.

or 

b.) Pipes, street intersections and nodes match relatively closely and the pipe 
diameter in WaterCAD and the pipe diameter in GIS do not match.

3 Pipes, street intersections and nodes are significantly different, but correlation 
to the GIS and model network makes logical sense and the diameter of the 
pipes in GIS and WaterCAD data match.

Summary of Physical Parameter Data

Information relating to the physical parameters of the system is available with an even spatial distribution across the water main system, on about 10% of the pipes. Table 6 
summarizes the confidence level of the physical parameters.

TABLE 6 – Physical Parameter Data Summary 

Information Source Available 
Data

Usable 
Data

Confidence Level

11 1 2 3

OWASA field inspections 21 20 0 0 20 0

Measured C-factor (1992 and UNCs) 4 4 4 0 0 0

WaterCAD theoretical C-factor 692 139 4 99 29 7

History Of Water Main Repairs

OWASA has used the following tools to track the history of water main repairs:



●     Trouble Cards 
●     HiperPM Database 
●     Work Order MS Access Database 

Trouble Card Spreadsheet

Trouble card reporting was used by OWASA to document water system maintenance and repairs prior to any computerized system. Several "banker boxes" of the paper 
format documentation were input into a spreadsheet by OWASA staff and ranges from 1980 to 1999. The spreadsheet is a summary of OWASA trouble card data as it relates 
to system repairs. Numerous categories were used to describe the type of problem. A few of these categories are: contractor, coupling, fitting, hydrant, main, meter, saddle, 
service and valve. Earth Tech sorted the 1,984 records to eliminate the smaller diameter pipes (Less than 4-inch) and the repairs that were not applicable to the prioritization 
analysis. 

The data was further reduced by the deletion of records with duplicate dates with identical or similar addresses. The resulting spreadsheet contained 556 breaks and leaks 
records. The spreadsheet provided by OWASA did not identify the specific details regarding the trouble reported or repair performed. 

HiperPM Database

HiperPM is a computerized maintenance management software (CMMS) system that was used by OWASA to track maintenance and repair of the water and sewer system 
from approximately 1997 through 2000. The software utilizes a proprietary user interface to a SQL Server database. OWASA provided a SQL backup file to Earth Tech that 
contained maintenance data in over 150 separate relational data tables. Earth Tech restored the SQL server database archive, converted it to MS Access, and filtered the 
information to obtain the data relevant to the prioritization analysis. 

The electronic work order (HiperPM) data was filtered based upon work order task descriptions such as water main repair, water main leak and water quality. The resulting 
file consisted of 585 records. Each of these 585 HiperPM entries contained a problem description and a work order closeout explanation. Earth Tech reviewed the 585 entries 
and further reduced the data by removing duplicate records and records unrelated to water main breaks and leak and water quality. The resulting file contained 247 "breaks/
leaks" records.

Current Work Order MS Access database

In 2000, OWASA began utilizing a customized MS Access database for tracking system maintenance and repair records. The database file contained over 5,600 records on 
water and sewer system maintenance. Earth Tech reduced the data through a series of sorting and selective deletions to 66 relevant breaks/leaks records. These records vary in 
date from July 2000 through May 2002. 

Geocoding and Confidence Levels for History of Repairs 

Each of the three data sources for the history of repairs contained date, problem and address information. The address of the break/leak was used to create a point representing 
the incident, using geocoding. The geocoding process matches an address to a physical location along a street, using the street number and name. 

The data being geocoded often contained incomplete or unrecognizable addresses that produced unreliable matches. For example, some records listed apartments as the 
location, so a list of apartment addresses in Chapel Hill and Carrboro was found on the Internet, and the actual address typed in for the record to allow a geocoding match. A 
place name Excel spreadsheet was maintained throughout the project, that listed the street addresses of locations such as apartments, shopping centers, hotels and businesses.

Each of the three sets of data was geocoded separately, and then the three were combined into one file, representing all of the break/leak incidents. Dates in the trouble card 
spreadsheet ranged from 8/17/1984 to 12/23/1999, those in the HiperPM database ranged from 7/1/1997 to 6/1/2001, while those in the current work order database ranged 
from 7/20/2000 to 5/12/2002. There was some duplication of records, resulting from one incident having been present in more than one data source. Duplicates were 



removed. 

Locations of the points were checked visually, and corrected if necessary. This might occur when the street file didn't have numbers for that particular street, and the point 
was placed arbitrarily half way along it. During the geocoding process a score of 0 to 100 is assigned to the point, dependent on the quality of the match. Matches less than 80 
were looked at individually. Sometimes descriptive information could be used to locate the problem. If a point was manually corrected, the score was updated to reflect this. 
Additionally, where more than one water main was located at an address, the work order descriptions were referenced to verify that the point would be closest to the 
appropriate pipe segment. The following confidence levels were assigned to the points, based on the geocoding score:

TABLE 7 – Geocoding Confidence Level Descriptions

Confidence Level Description

1 Geocoding match score higher than 80.

2 Geocoding match score 61 to 80.

3 Geocoding match score 60 or lower.

After the location of the points was verified, the data from them was spatially joined to the pipe segments, and data columns added multiple times, if there were multiple 
incidents for a particular pipe. The highest number of incidents for an individual pipe was six. See Figure 7 for the distribution and confidence levels of repair data.

Figure 7. Water Main Repair Data



Summary of History of Repairs Data



Data relating to the history of repairs was available for the entire system, with records dating back to 1980. Of these records, 555 contained usable data, of which 72% had the 
highest confidence level. The data is summarized in Table 8.

TABLE 8 – History of Repairs Data Summary 

Information Source Available 
Data

Usable

Data

Confidence Level

1 2 3

Trouble Cards Spreadsheet 553 357 68% 24% 8%

HiperPM 471 143 78% 16% 6%

Work Order Database 65 55 80% 11% 9%

Water Quality 

Water quality concerns were tracked by OWASA using the same tools as for the history of repairs:

●     Trouble Cards 
●     HiperPM Database 
●     Work Order MS Access Database 

Summary of Water Quality Data

Data relating to the water quality concerns was available for the entire system, with records dating back to 1980. Of these records, 419 contained usable data, shown in Figure 
8. The data is summarized in Table 9.

Figure 8. Water Quality Data



TABLE 9 – History of Repairs Data Summary 



Information Source Available 
Data

Usable

Data

Confidence Level

1 2 3

Trouble Cards Spreadsheet 363 290 71% 24% 5%

HiperPM 114 79 91% 9% 0%

Work Order Database 55 50 62% 26% 12%

Water Main Location

The effect on the community and system in the event of a failure of each water main is an important consideration during the prioritization of water main replacement and 
rehabilitation. The service area was evaluated to develop general service location categories. They included the following categories:

●     University/Hospital 
●     Downtown 
●     Major Commercial 
●     NCDOT Roads 
●     Other Areas 

Critical Customers were also identified. It is important that water supply to emergency support services and medical facilities not be interrupted, for example. Addresses for 
critical customers were supplied by OWASA. These were geocoded, and the associated information added to the relevant pipe.

TABLE 10 – Critical Customers Data Summary 

Information Source Available 
Data

Usable

Data

Confidence Level

1 2 3

Critical Customers 
Spreadsheet

85 83 44 39 0

Water System Characteristics

One of the most critical criteria is the ability of the water system to provide the needed flows at the required pressure. The following information sources were available for 
review and input into the prioritization database:

●     Fire Flow Test Reports 
●     Carrboro and Chapel Hill Zoning Maps 
●     WaterCAD Hydraulic Model 



Fire Flow Test Reports 

The OWASA water system is tested periodically to document the available fire hydrant flow and the associated water system pressures. Fire hydrant test reports are prepared 
at the time of testing. OWASA provided Earth Tech with copies of fire flow test reports dating from 1984 to 2002. Each report documented the date of test, location, flow 
measured, and residual pressure and static pressure observed. Duplicate or illegible reports were not considered. In the case of duplicate reports the most recent was used. 
Earth Tech populated the pipe segments with the following data: static pressure, residual pressure, flows and fire flow sheet number. 

Figure 9. Fire Flow Test Binder

Fire Flow Test Reports Confidence Level Criteria

The data provided on the fire flow test reports were assumed accurate and values were input as indicated from each test report. Earth Tech established confidence levels to 
assist with indicating the relative difficulty of locating the data within the water system. Upon receipt of the ITRE completed geodatabase, the fire flow data was transferred 
and checked for relative accuracy. The following confidence level criteria were applied during input of fire flow test reports. 

TABLE 11 – Fire Flow Test Reports Confidence Levels



Confidence 
Level

Description

1 Streets, pipes and hydrants on paper map matched GIS map 100%, pressure and 
flow numbers are legible.

2 a) Pipe in GIS is on opposite side of the road from paper map. Everything else 
matches.

b) One hydrant is not on GIS map, all other information matches.

c) All spatial information matches, but can not read pressure numbers.

d) All spatial information matches, two sets of data on sheet – one chosen.

e) Location is correct, but cannot tell extent of relevant information along pipe.

3 Pipe location is uncertain, examples include:

a) Map is a sketch with no pipes marked. Enough information to get location 
but no other verifiable information.

Fire Flow Requirements

Fire flow requirements vary throughout the system and were determined based approximately on the zoning of areas being served. Existing zoning maps were utilized to 
determine the required fire flow. Five Land Use categories, shown in Table 12 with their proposed fire flow requirements, were delimited.

TABLE 12 – Land Use Categories

Land Use Required Fire Flow

Single Family Residential (SF)

Multiple Family Residential (MF)

Commercial (COMM)

Office/Institutional (OFF/INST)

Industrial (IND)

1,000

2,500

2,500

2,500

3,500

WaterCAD Hydraulic Model 



The OWASA WaterCAD hydraulic model was used to simulate velocity and headloss under the peak hour water demand scenario. Water velocity and theoretical pipe head 
loss (ft/1000 ft) as calculated from the model were assigned to the appropriate water main in the prioritization database. Water velocity and head loss per 1000 feet of pipe are 
used as measures of pipe hydraulic performance and may indicate areas within the water system where level of service may be compromised due to inadequate pipe capacity 
The hydraulic model consists of 692 unique segments, and input on 541 pipes in the prioritization database (representing 139 unique values). The confidence level criteria 
detailed in Table 5 were applied to all data transferred from the WaterCAD model.

Summary of Service Level Data

Service level data is representative of the system as a whole, being widely distributed, however less than about 5% of the pipes have data associated with them. Table 13 
summarizes the Service Level Data.

TABLE 13 – Service Level Data Summary 

Information Source Available 
Data 

(records)

Usable 
Data 

(records) 

Confidence Level

1 2 3

Fire Flow field reports 688 342 42% 53% 5%

WaterCAD Hydraulic Model 692 139 71% 21% 8%

The usable data for the WaterCAD model is reflective of those records that were modeled during peak hourly demands to have velocity greater than 5 feet per second or 
headloss greater than or equal to 10 ft / 1000 ft. 

Water Pressure

A variable that can influence the failure of some water mains is the sustained static pressure. Based upon OWASA's experience, pipes in higher-pressure areas are more likely 
to fail. The OWASA water system has two pressure zones, one operates at hydraulic grade of 740 feet and the other at hydraulic grade of 640 feet. It was originally decided to 
focus on the pipes with approximately 100 psi or greater static pressure as being more likely to fail. In order to globally locate these pipes an estimate of the location of the 
510 elevation contour and 410 elevation contour was needed to compare against the hydraulic grade of each pressure zone.

Topographic data came from two different sources. The first source was OWASA, they provided planimetric data for the majority of the service area, which included 
topographic information. These 127 files were combined, and the 510-foot and 410-foot elevations extracted. In areas where planimetric data was not available, USGS 
Quadrangle maps were used to digitize the two required contours. 

Subsequent to this, OWASA decided to estimate the pressure in more detail. Topographic contours were added every 50 feet across the entire area. A polygon was digitized 
encompassing the whole area. The contour lines were used to make polygons, which were attributed with the elevation ranges. This was used to 'select pipes by location', and 
add the appropriate psi to each pipe. A quick check was made to verify the psi estimates, by comparing the topography (representing the psi based upon hydraulic grade) to 
the measured static pressure during fire flow testing, as shown in Figure 10, below.

Figure 10. PSI Check



Soil Condition

Soil condition information surrounding the water main can assist in determining the effect the host environment may have on the external corrosion of the water main. Earth 
Tech researched several areas looking for soils information. 

The 1999 OWASA Master plan contained soil analysis from eight sites. These points were input as points, attributed with associated laboratory results.

We also researched the National Association of Corrosion Engineers (NACE), the Soil Survey Geographic database and the Ductile Iron Pipe Research Association. However 
no other data was found that would allow determination of corrosive soil types in OWASA's service area.

Planned Construction Activity



In order to proactively manage OWASA's water system, the rehabilitation program should consider construction activity within the service area. These activities can then be 
coordinated with OWASA's capital improvement plan and water main R & R activities. The following information sources were reviewed and input into the prioritization 
database, as shown in Figure 11:

●     Town of Carrboro 
●     Town of Chapel Hill 
●     North Carolina Department of Transportation (NCDOT) 
●     Duke Energy - Electric Service 
●     Public Service Company of North Carolina (PSNC) - Gas Service 
●     Telephone and Telegraph Companies 

Figure 11. Planned Construction



The Town of Carrboro had street projects listed in the capital budget planned for 2001 to 2006. The Town of Chapel Hill has three different programs with construction that 
could affect OWASA's rehabilitation/replacement schedules. These are the Streetscape Program, the Street Improvement Program, and the Sidewalk Program. The NCDOT 
projects ranged in scope from bridge replacement to installation of bicycle lanes, planned between 2002 and 2010. Details from these programs were added to the relevant 
pipes. Descriptions of the locations of the projects were very detailed, so confidence levels were not assigned.

Duke Power, PSNC and the Telephone and Telegraph Companies either were planning above ground projects, or do installations on an 'as-needed' basis, so these were not 
added to the database.

Service Level Criteria

The methodology to systematically prioritize the OWASA water main rehabilitation and replacement program is based on assigning a Priority Action Number (PAN) to each 
service level criteria and the associated water main within the prioritization database. The PAN represents a differing value for specific service level criteria for each 
individual water main segment. A higher PAN will indicate reduced ability of the water main to meet the required service criteria. The water main segment with the highest 
PAN has the highest priority for replacement/rehabilitation. The PANs will range from 100 to 0 with 100 being a higher priority for rehabilitation or replacement. 

Each service level criteria will be weighted by assigning a weighting factor of 5 to 1, with 5 being the highest. These weighting factors allow OWASA to decide which of the 
service level criteria should carry more significance during the prioritization.

The service level criteria include:

●     Water Main Age 
●     Water Main Breaks and Leaks 
●     Water Quality 
●     Water Main Importance 
●     Hydraulic Performance 
●     Water Main Corrosion 
●     Water Main Material 
●     Water System Pressure 
●     Location of Water Main 
●     Critical Customer Impact 

Water Main Age



In general, water mains deteriorate at a faster rate during the latter part of their expected service life. For this analysis a pipe is considered to be in its original structural 
condition up to 50% of its anticipated life span; for this reason the PAN is 0 until the remaining useful life of the pipe is less than 50%. As illustrated in Table 3 the PAN 
increases with decrease in useful life percentage.

TABLE 14 - Age Priority Action Number

Remaining Useful Life

(%)
Priority Action Number

0 100

0 - 25 25 – 100

25 - 50 0 – 25

> 50 0

Water Main Breaks and Leaks

Guidelines for industry-accepted number of breaks per mile include the following:

1.  0.25 to 0.3 breaks/mile/year (AWWARF - Distribution System Performance Evaluation, 1995) 
2.  0.15 to 0.2 breaks/mile/year - target level of some utilities 

The model converts the number of breaks for each water main segment to breaks/mile/year to calculate the individual PAN.

OWASA has established target levels lower than most utilities and therefore consider it prudent to prioritize on a more stringent scale than industry standards. The PAN for 
breaks and leaks was determined based on the relationship listed in Table 4.

TABLE 15 - Water Main Breaks and Leaks PAN

Breaks and Leaks/Mile/Year PAN

< 0.1 0

0.1 - 0.15 50

0.15 - 0.2 80

> 0.2 100



Water Quality

OWASA staff considered that although water quality is a critical service level, current data is not sufficient to reliably assign a PAN. Therefore, it was agreed that the 
prioritization model will include provision to accommodate water quality information, but for this version a weighting factor of zero will be applied to water quality.

Water Main Importance

The determination of the water main importance PAN is assigned in accordance with the following table:

TABLE 16 - Water Main Importance PAN

Criteria PAN

Static System Pressure 

≥ 40 psi

< 40 psi

0

100

Fire Flows

Available Fire Flow > Needed Fire Flow

Available Fire Flow < Needed Fire Flow

 

0

100

System Critical Water Main (10-inch diameter and above)

Yes

No

50

0

Hydraulic Performance

The following guidelines were used to determine the PANs for Hydraulic Performance. They provide an indication of whether individual water mains are reaching their 
hydraulic capacity to provide the needed flows.

1.  A headloss greater than 10 ft/1,000 ft of water main. 
2.  A velocity greater than 5 fps. 
3.  Hazen-Williams C-factor less than 100 (C-factor either determined from field tests or as coded in the hydraulic model). 

TABLE 17 – Hydraulic Performance PAN



Hydraulic Criteria PAN

Headloss 

≥ 10 ft/1,000 ft of water main

< 10 ft/1,000 ft of water main

20

0

Velocity

≥ 5 fps

< 5 fps

20

0

Hazen – Williams C-factor 

≥ 100

< 100

0

20

Water Main Corrosion

Similar to the water quality PAN, OWASA staff considered the water main external corrosion to be a critical service level, but accurate data was limited at this time. 
OWASA crews have begun documenting corrosion or tuberculation during field inspections for work order completion. It was agreed that the prioritization model will 
include a provision to accommodate water main corrosion, but for this version a weighting factor of zero will be applied. 

Water Main Material

Similar to water main age, the water main material of construction information has been previously collected during system inventory updates. Each water main segment has 
been assigned a PAN based on the type of material of construction. OWASA and the water industry as a whole are moving toward replacement of asbestos cement pipe. 
Additionally, non AWWA C900 class PVC pipe, in OWASA's experience, is more likely to split or rupture than PVC bearing the C900 classification. These pipes will be 
labeled as Iron Pipe Size (IPS) PVC for PVC pipes installed in 1977 or earlier. Table 18 summarizes the proposed PANs relative to differing material of construction

TABLE 18 - Material Priority Action Number

Material of Construction Priority Action Number

Asbestos Cement 100

IPS PVC (Iron Pipe Size) 90



Cast Iron 80

Galvanized Iron Pipe 80

Concrete 80

PVC 60

Ductile Iron 40

Water System Pressure

Higher water system pressure can reduce the life expectancy of water mains. In OWASA's experience, certain pipe materials, such as asbestos cement and PVC are more 
susceptible to this than others. To account for higher water system pressure and the increased risk of failure, a PAN has been applied to water mains that experience pressure's 
ranging from 80 psi to over 140 psi static pressure.

TABLE 19 – Water System Pressure PAN

Description

Water System Pressure 

≥ 80 psi ≥ 100 psi ≥ 120 psi ≥ 140 psi

Asbestos Cement 20 40 80 100

IPS PVC (Iron Pipe Size) 20 40 80 100

Cast Iron 20 40 60 80

Galvanized Iron Pipe 10 40 80 100

Concrete 0 20 60 80

PVC 0 20 40 60

Ductile Iron 0 15 25 40

Location of Water Main

Community impacts are addressed in the relative locations of water mains, and are assigned the PANs listed in Table 20.

TABLE 20 - Location of Water Main PAN



Location PAN

University/Hospital 100

Downtown 80

Major Commercial 80

NCDOT Roads 50

Other areas 20

Critical Customer Impact

Another important consideration when prioritizing water main replacement and rehabilitation is to determine the effect on certain critical water services during a failure to a 
water main. To assist in assigning a critical customer impact PAN to the water main system, the billing classification codes were consolidated and assigned a ranking based 
upon health and safety. The water mains serving these critical customers, based on classification codes, has been determined and assigned a customer impact PAN. The 
customer classification with associated PANs is presented in Table 21.

TABLE 21 – Critical Customer PAN

Customer Code Customer Description PAN

MED Non-UNC Hospital/Medical Research/Health Care 100

NH Nursing Homes 100

Weighting Factors

Once the service level criteria have been established, the level of magnitude (weighting) of each service level criterion must be determined. The assignment of weighting 
factors is subjective and is based on experience and staff knowledge. The prioritization model allows the weighting factors to be changed for each category of water main. 
Based upon previous discussions with OWASA staff, the following weighting factors are currently included in the model.

TABLE 22 – Weighting Factors

Service Level Criteria
Weighting Factor

Scale 1 to 5



Water Main Age 4

Water Main Breaks and Leaks 5

Water Quality 0

Water Main Importance 3

Hydraulic Performance 0

Water Main Corrosion 0

Water Main Material 2

Water System Pressure 2

Location of Water Main 2

Critical Customer Impact 3

Lessons Learned

Version/Conversion and Data Transfer

Our data gathering/attribution efforts began before the ITRE geodatabase was available (finished and verified). We had a shapefile of OWASA's water system, which had 
been produced by OWASA in the course of their work. We decided to proceed with adding attribute data to the shapefile, knowing we would have to transfer the attributes to 
the geodatabase later. This is not an ideal situation, however our time constraints dictated this approach. Transfering attributes (for example, fire flow data), involved using 
the unique ids of the pipes, which were generally consistent. In some areas, new pipes had been added, or the configuration of the pipes in the shapefile had been incorrect. In 
these cases, the data was transferred manually, rather than automatically.

We received an initial copy of the ITRE geodatabase. This was manually checked against the OWASA grid sheets, in the course of determining more complete diameter, age 
and material data. Inconsistencies in the location of pipes were identified during this procedure, and updates were necessary to the geodatabase. Multiple transfers of datasets 
should be avoided if possible. When this is necessary, procedures should be in place to verify that the most current data set is being used.

Level of Detail

The labor involved in assembling the data for this project was significant. In order to thoroughly characterize a pipe's need to be replaced or rehabilitated, a certain level of 
detail is necessary. In order to add data efficiently, certain decisions were made regarding the level of detail. For example, data from the WaterCAD Hydraulic Model was 
added only if it would be relevant in the prioritization analysis, as described in the section on the Physical Condition of the pipes.

There were some categories of data that were not complete enough to be representative of the whole system. This is obvious from Table 22, Weighting Factors. The Water 
Quality, Hydraulic Performance, and Water Main Corrosion categories are assigned a zero, until such time as more data becomes available.



Conclusion

The water system data, service level criteria and the weighting factors were programmed into MS Access 2000 to automate the calculation of each pipe segment's overall 
PAN. ARC/GIS was used to provide the background data tables and to display the results of the calculation. The final product is being utilized to proactively prioritize the 
rehabilitation and replacement of OWASA's water system through the use of a systematic, reproducible and policy driven approach.
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