
1 
 

INNOVATION AND COST EFFECTIVE APPROACH TO POTABLE WATER PIPE 

REPLACEMENT STRATEGICALLY FOCUSED ON DISTRIBUTION SYSTEM WATER 

QUALITY IMPROVEMENT 

By  

Migdalia Hernandez, City of Sanford 

P.O. Box 1788, Sanford, FL 32771 

 

Kelcia Mazana, Reiss Engineering, Inc. 

1016 Spring Villas Pt., Winter Springs, FL 32708 

ABSTRACT 

The City of Sanford, Florida faces the challenge of expanding and maintaining its old potable water 

distribution system infrastructure to continue the high standard of service to its customers.  The challenge 

includes meeting current and future distribution water quality regulations, reducing non-revenue water, 

minimizing pipe breaks and improving customer satisfaction.  To help meet these distribution water 

quality challenges, the City received a Florida Department of Environmental Protection (FDEP) State 

Revolving Fund (SRF) Program low-interest loan and an American Recovery and Reinvestment Act 

(ARRA) grant in 2009.  The proposed project included treatment improvement, pipeline replacements and 

looping to improve water quality and reduce pipe failures.   

The City is currently upgrading one of two water treatment plants to ensure water quality compliance is 

maintained throughout the distribution system.  With new treatment processes in place, the City 

endeavors to maximize the use of high quality water as it is distributed using improved distribution flow 

patterns, reducing distribution water age and replacing scaled and tuberculated pipes.  Water age 

reduction would result in reduced flushing leading to water conservation and reduced operating costs (i.e. 

energy and chemicals), which was critical in the FDEP’s inclusion of the project for SRF funding.  This 

effort, using hydraulic and water quality modeling identified over 250,000 linear feet of pipe replacement 

and looping projects designed to maximize water quality throughout the system.   

The City reviewed various pipe replacement options and selected pipe bursting as the construction 

method to replace existing distribution pipe.  Implementing pipe bursting construction provided 

accelerated replacement schedule, no design requirements for replacements of same size up to 2 pipe 

diameter size increases, and delivered technically feasible and cost effective pipe replacements.  As the 

project continues, it will be critical to ensure the strategic replacement plan is implemented during 

construction phase.  Upon completion of the selected pipe replacement project, the City would realize 

water quality improvement of over 40% and financial benefits of over $500,000 for the City.   

This paper presents a summary of the critical elements of this project applicable to other utilities, 

including acquiring grant and low-interest loans for planned projects, hydraulic and water quality strategic 

modeling, and pipe bursting construction lessons learned. 

INTRODUCTION 

Understanding the costs involved with infrastructure such as water pipe upgrades and operational costs to 

deliver safe water to customers’ tap is very complex and not well understood.  Public infrastructure 

investment protects public health as well as assures customers that this essential resource will be here for 

future generations.  The April 2011 American Water Works Association (AWWA) Inside Insight 

“Infrastructure: It’s Not All About the “M” Word” by Marcia Lacey estimates that the cost in the USA 

for replacing aged infrastructure range from triple-digit billions to more than $2 trillion.  As a public 

servant, the City’s Utility Department is responsible for providing its citizens safe drinking water at a 
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HYDRAULIC MODEL DEVELOPMENT 

The City’s model simulates the distribution system operation, including sources, booster stations and 

storage facilities.  The model structure was built using a one-to-one approach with the City’s GIS system.  
The key components of the distribution system which are 

incorporated into the model are discussed in the 

subsections below.  

Facilities 

The City’s two WTPs, which were described previously, 

includes a high service pump station for supply and 

pressurization of flows to the distribution system.  

Calibrated manufacturer’s curves for each pump within 

the respective WTP pump stations were incorporated into 

the hydraulic model to more accurately simulate field 

conditions.  The City currently operates one booster 

station called the French Avenue Booster Station, which 

maintains adequate pressure in areas in the northern portion of the distribution system.  There are two 

elevated tanks, the Mellonville Elevated Tank and the Silver Lake Elevated Tank, in operation.  The 

Mellonville Tank was equipped with a pump to optimize the operation of the tank which will aid in 

reducing the storage age which was above 200 hours.  The Mellonville pump operates based on time of 

day, system pressure and tank level in the northeastern portion of the City.  The Silver Lake Elevated 

Tank operates on system pressure in the southeast portion of the City.  The elevated tanks are required for 

providing fire flow storage for the distribution system. 

Water Mains and Key Valves 

Sanford’s distribution system is comprised of approximately 340 miles of potable water pipe ranging in 

size from 3/4-inch to 24-inch in diameter.  Typical information utilized in simulating distribution system 

water pipes in a hydraulic model are summarized in Table 1.  The City has one 12-inch valve closed at the 

eastern end of the distribution system to help improve water quality in the area.   

Table 1.  Typical Hydraulic Model Water Pipes Input 

Parameter Background 

Length (feet) / 

Diameter (inches) 

The length assigned to a pipe represents the distance that water flows from one 

node to the next based on GIS information.  A pipe’s nominal diameter is used in 

combination with a roughness coefficient that is specific to the piping material. 

Material Pipe material data is currently incorporated into the hydraulic model.  The City 

will continue to document pipe material and infrastructure age for existing and 

future installations.  Material information was used for analyzing the distribution 

system for water quality and pipe breaks evaluations 

Hazen-Williams 

Coefficient 

(Roughness) 

Hazen-Williams Coefficient is used to calculate the pressure drop due to friction 

for a given pipe diameter and flow rate.  The Hazen-Williams C factor depends 

on the type of the pipe material, age, and the internal condition of the pipe.  

Values in the City’s model range from 100 to 150.   

Minor Loss 

Coefficient 

Minor Losses occur at valves, tees, bends, reducers, and other appurtenances 

within the piping system due to turbulence within the bulk flow as it moves 

through fittings and bends.  Applicable minor losses are incorporated into the 

City’s model. 
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Figure 3. Pipe Replacement and Looping 

Projects 
 

REHABILITATION PROJECTS SELECTION 

Using hydraulic modeling, the City identified 38 pipe replacements to improve water quality by 

strategically replacing iron-based water pipe with high density polyethylene pipe (HDPE) piping in key 

subdivisions throughout the distribution system.  In addition, nine looping projects and other replacement 

projects were identified that enhanced the movement of water and significantly improved water quality in 

the water system.   

 

In order to secure funds, the City showed water 

quality improvement due to completing the 

rehabilitation projects.  The distribution water quality 

currently meets all required regulations.  However, the 

City has recorded elevated THM at various locations 

throughout the distribution system and is proactively 

working to reduce THM concentrations.  In addition 

to evaluating treatment options, the City is in the 

process of replacing and looping pipes throughout the 

distribution system.  The first phase of pipe bursting 

and looping projects was completed in April 2011 and 

the second phase will be completed in December 

2013.   

Pipe Replacement and Looping Projects Evaluation 

REI conducted a pipe replacement and looping 

projects evaluation in order to determine the pipe 

replacements and looping projects which would be 

technically and financially feasible, prioritize the 

projects and provide recommendations for 

implementation to the City.  The phase 1 pipe 

replacement projects were selected based on pipe 

material, pipe condition (i.e. repeated main breaks); 

water age improvement (aesthetic and regulatory 

compliance), treatment facilities upgrades, customer 

complaints, and estimated cost.  For the selection of 

the phase 2 pipe replacement projects the evaluation 

was expanded to include location and model water 

quality (THM and chlorine residual) results.  Based on 

the evaluation, eight pipe replacement projects and six 

looping projects were selected for construction as 

shown in Figure 3.   

Other Replacement Projects 

In addition to pipe replacement and looping projects 

the City identified several other key projects to 

address infrastructure conditions and water quality 

improvements.  These projects included the following. 

 City-wide Meter Replacements – Replacement old meters with a new “smart meters” 

technology.  This technology is capable of detecting small leaks at the customers’ service line 
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being collected, and maintain inter-departmental communication.  
 

6. Manage data collection – Determine the most feasible timing to collect global positioning 

system (GPS) mapping data of key items such as valve, hydrants, fittings, and water quality 

samples before and after construction to document improvements.  Document the location, 

elevation, pipe size, material, installation year, and other pertinent data for the asset replacements 

using GPS loaded with Arc-Pad GIS or similar technology.  
 

7. Update distribution system hydraulic model (if applicable) – Incorporate the updated pipe 

layout and field collected information.  Determine and update hydraulic model the pipe roughness 

factor (C-factor) and system demands after construction is complete. 
 

8. Develop documentation – Document and compare field water quality and water loss 

improvements after construction is complete.  This will assist with quantifying the success of the 

project to managers, commissioners, and the general public.  In addition, this information may be 

necessary for project reporting to satisfy funding requirements.   

CONCLUSION 

The benefits of pipe replacement include minimizing water loss, improving distribution water quality, and 

maintaining safe drinking water for the citizens of Sanford.  The City utilized hydraulic and water quality 

modeling to select pipe replacement projects that would most benefit the City and a technical and 

financial basis.  In addition, the City used model output to forecast water quality after system 

improvements.  This forecast information was used to justify grant and low rate loan funding of 

approximately $20,000,000 to cost effectively improve the distribution system infrastructure.  With the 

funding in place, the City implemented a cost effective pipe replacement method called pipe bursting 

which saved the City significant design and permitting fees.  The lessons learned during this project will 

help Utilities successfully plan, manage, and implement similar construction projects. 


