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layers being applied. Table 1 provides a comparison of the five different options 
discussed. 
 
Table 1: Comparison of Rehabilitation Technologies 

Repair Method 
Traffic 

Disruption 
Environmental / 
Social Impact 

Construction 
Time 

Reline w/ Steel Pipe  Moderate  Moderate  Moderate 

Slipline w/ Steel Pipe Moderate  Moderate  Moderate  
Remove and Replace  High  High  High  

Post-tension Tendon Repair  High  High  High  
Carbon Fiber Composites (CFRP)  Low  Low  Moderate  

 
Cost comparison of the Type IV reline methods vary widely based on the 

amount of repair needed, accessibility, diameter of the host pipe, internal pressure 
requirements, urgency of repair and market conditions, to name a few variables. In 
general, steel cylinder-based repair options are no more expensive than other methods, 
and for large projects, are the lowest cost option. 
 
COMPARISON OF RELINING & SLIPLINING 
Manufacture: The manufacture of collapsible cylinders used in Relining is a specialized 
process and involves many additional steps not typical in the manufacture of rolled-and-
welded or spirally welded steel cylinders. It is labor intensive, and therefore, more costly 
to produce. Sliplining cylinders are made using conventional equipment and machine 
welds. Willaims et al. (2006) and Smith and Bruny (2004) provide a description of the 
complexity of Reliner cylinder manufacture.  
 

The fabrication of Sliplining cylinders is identical to the standard manufacture of 
AWWA C200 (2005) steel water pipe, as outlined in the standard itself as well as in the 
AWWA M11 (2004) design manual for steel pipe design. Polly (2012) provides a 
description of the manufacture process. 
 
Finished Internal Diameters:  Being able to traverse the host pipe with sections of 
steel cylinder when Sliplining is a key concern. To accommodate this, the OD of 
Slipliner cylinders are smaller than the OD of Reliner cylinders (after the collapsed 
Reliner cylinders have been expanded and welded). Lengths of Slipliner cylinders are also 
sometimes made shorter than Reliner cylinders to allow more deflection points if needed 
to match the alignment of the host pipe. For a 60-inch diameter host pipe, loss of 
internal capacity may be 6 to 8-inches with Sliplining, and 3 to 4-inches with Relining. In 
both cases, the cylinder thickness can be designed to compensate for reduced flow areas 
or upgrades of internal pressure due to increased demands in the system. Hence both 
systems not only rehabilitate the PCCP, but can also provide a pressure upgrade of the 
system. 
 
Design: To determine the appropriate wall thickness for hoop stress, of both Reliner 
and Slipliner cylinders, the AWWA M11 (2004) can be utilized. It should be verified that 
the selected wall thickness is able to withstand the grouting pressure. If the pipe is to 
withstand any jacking forces, appropriate calculations should be done to check the 
adequacy of the cylinder against these longitudinal forces. 
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Table 2: Differences between Relining and Sliplining 

 
Relining Sliplining 

Manufacture Specialized process Same as AWWA C200 steel water pipe 

Finished Internal 
Diameter 

Minimal flow loss in host pipe (3-in to 4-in 
for 60-inch Diameter Pipe) 

Moderate flow loss in host pipe (6-in to 8-
in for 60-in Diameter Pipe) 

Design  
Wall thickness for Hoop Stress as 
calculated in AWWA M11. Verify wall 
thickness adequacy for grouting 

Wall thickness for Hoop Stress as 
calculated in AWWA M11.Verify wall 
thickness adequacy for grouting and 
jacking forces (if applicable) 

Installation  
Welding of longitudinal seams and 
connecting joints 

Welding of only connecting joints 

Corrosion Control 
External corrosion control by grouting, 
internal corrosion control by in-field 
cement-mortar lining 

External corrosion control by grouting, 
internal corrosion control by shop-applied 
cement-mortar, or in-field cement-mortar 
lining for larger diameter cylinders 

Cost  
More costly than Sliplining due to 
specialized cylinder manufacture and 
added in-field welding needs 

Less costly than Relining due to 
conventional steel cylinder manufacture 
and no in-field longitudinal seam welding 

 
OWNER MANAGEMENT OF PCCP SYSTEMS 

The municipal water community found itself unprepared to deal with the PCCP 
issues. In 1991, the Chief of Engineering at Denver Water initiated the first gathering of 
Owners to assess the catastrophic failures and owners experiences, resulting in the 
founding of the PCCP Users Group (ASCE 2011). More than twenty years later, various 
PCCP owners around the country have instituted condition assessment programs and 
are allotting substantial annual funding for both emergency repairs as well as the 
systematic rehabilitation of deficient portions of their water transmission systems. The 
market for permanent Type IV reline products has grown significantly. The initiatives of 
3 large owners are discussed here. 
 
San Diego County Water Authority (SDCWA): The Water Authority is a wholesale 
water supplier to 24 agencies in the San Diego, CA area, serving a population of more 
than 3.5 million. There are 5 major pipelines, with a total of 300 miles of pipe in the 
system. Approximately 85 miles of this is large diameter PCCP. Due to catastrophic 
failures of several sections, the Water Authority has embarked on a multi-year condition 
assessment program to identify at-risk pipes and prioritize repair. There is also a 30-year 
program to ultimately Reline the entire PCCP portion of their system with steel cylinder. 
Depending on the availability of funding and the general condition of a section, major 
rehabilitation initiatives by Relining are undertaken every four to five years that gets the 
Water Authority closer to its goal of Relining all 85 miles of PCCP. Any PCCP pipes that 
have been removed out of the ground have been replaced with steel pipe. Technologies 
other than Sliplining are occasionally specified for temporary, emergency repairs. To 
date, the Agency has Relined approximately one third of their PCCP system with 
collapsible steel cylinders. The most recent Relining project will rehabilitate 2,400-ft of 
Pipeline 3, 69-inch diameter, and 16,600-ft of Pipeline 4, diameter 72-inch, from SR52 to 
Lake Murray. The project will also replace 60-ft of PCCP with steel pipe (SDCWA 
2012). In 2004, Pipelines 3 and 4 also underwent Relining that included 16,285-ft of 96-
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inch, 2,330-ft of 72-inch, 10,600-ft of 69-inch, and 4,000-ft of 66-inch PCCP (Smith and 
Bruny 2004). 
 
Metropolitan Water District of Southern California (MWDSC): The Metropolitan 
Water District supplies water to 26 member agencies and serves a population of 19 
million. They have a total of 820 miles of pipes and tunnels in their system, 163 miles of 
which is PCCP. Diameters of PCCP range from 42-inch to 201-inch. The major lines are 
typically 30 to 50 years old, with operating pressure of up to 300 psi. Like the SDCWA, 
the Water District has embarked on a multi-year condition assessment program of their 
PCCP lines, and has performed several miles of repair using primarily steel pipe 
Sliplining. Relining is being considered on a section of the Second Lower Feeder due to 
the importance of minimizing loss of internal flow area. Whenever other technologies 
are used, design is fully structural. PCCP is no longer installed in the system, and any 
pipe replacement is done with steel pipe. 
 
City of Phoenix Water System: The City of Phoenix is the fifth largest City in the US, 
and has approximately 150 miles of PCCP water transmission mains, ranging in 
diameters of 42-inch through 108-inch. Following a catastrophic failure, the City 
embarked on a condition assessment program, and plans to eventually investigate all 150 
miles of pipe. To date, they have completed 30 miles of the condition assessment, and 
are gearing up for the next 30 miles. 15 miles were on the Val Vista Line, while the 
remaining 15 miles included the Superior Waterline as well as other sections of the 
system. Substantial sections of the assessed pipes have been Sliplined and Relined with 
steel cylinders. Other technologies, such as CFRP repair, are considered a temporary 
solution, and are only utilized when emergency repair is needed in difficult access 
sections of their system. To date, the largest Relining program of PCCP with steel 
cylinders in the nation has been executed by the City. On the Superior Waterline, 3,300-
ft of 60-inch PCCP was Sliplined with 56-inch steel pipe sections in 2006. On the Val 
Vista Line, 10,000-ft of 72-inch diameter PCCP was Relined with steel cylinders in 2005 
and 2006; in 2009, 18,500-ft of 72-inch, 90-inch and 96-inch diameter of PCCP was 
Relined with steel cylinders. Another 40,000-ft of the Val Vista Line will likely be 
Relined/Sliplined with steel cylinders in the future. 
 
CONCLUSION 

At least five rehabilitation technologies exist for the repair and rehabilitation of 
PCCP. Emergency repair or difficult access conditions can limit the options available to 
an owner. For larger projects where fully structural or structurally independent solutions, 
described by AWWA M28 Class IV linings, are required, steel cylinder Relining or 
Sliplining provides a cost effective long term solution to the owner. Case histories and 
experience has shown that the steel cylinders can be manufactured, installed, welded and 
grouted into place, resulting in a permanent long-term structural renewal of the PCCP 
host line. In addition, the steel cylinders can be designed to compensate for decreased 
flow areas or increase the pressure requirements or capacity of a system, giving the 
owner added benefits to these proven methods of PCCP rehabilitation. 
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Abstract  
 
In order t o minimize disrupt ions t o resident s and t he associat ed f inancial  and 

pol it ical cost s,  Miami-Dade Wat er and Sewer Depart ment  MDWASD has adopt ed a 

proact ive approach t o managing t heir large diamet er pipel ine syst em.   Through t he 

widespread use of  precision pipel ine inspect ion t echniques,  t he MDWASD pipel ine 

syst ems are now able t o be repaired or replaced before pipel ine int egrit y issues 

cause unscheduled shut downs.    
One pipel ine replacement  met hod is t he appl icat ion of  Carbon Fiber Reinforced 

Polymer (CFRP) composit es t o t he int erior of  t he pipel ine st ruct ure t o creat e a 

new pipe wit hin t he pipe.  The use of  a CFRP l iner,  a 100% st and-alone st ruct ural 

solut ion,  as a precision replacement  met hod is very ef fect ive in combinat ion wit h 

a comprehensive inspect ion program.  This paper and present at ion wil l  of fer 

readers and at t endees specif ic informat ion on how Miami-Dade has used t heir CFRP 

program,  coupled wit h precision inspect ion,  t o manage and minimize out ages,  

creat ing an overal l  increase in pipel ine rel iabil i t y.   Discussion wil l  cent er upon an 

overview of  t he import ant  correlat ion bet ween inspect ion t echnologies and CFRP 

upgrades,  best  pract ices in designing and inst al l ing CFRP syst ems and discussion of  

Miami-Dade’ s process for successful implement at ion of  CFRP proj ect s.    

1 Miami-Dade Overview  

1.1 Background  
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Wit h approximat ely 418,000 ret ail  cust omers and 15 municipal wholesale 

cust omers,  Miami-Dade Wat er and Sewer Depart ment  (MDWASD) is one of  t he 

largest  wat er ut i l i t ies in t he Unit ed St at es.   MDWASD’ s service area is 

approximat ely 400 square miles and t here are 7,490 miles of  wat er mains ranging 

in size f rom 2 inches t o 120 inches in diamet er owned and operat ed by MDWASD.    

The urban cust omer base served by MDWASD makes cont inuous rel iable operat ion 

of  t heir pipel ines wit h minimal pipel ine out ages a high priorit y.   The locat ion of  

many of  t he pipel ines owned by MDWASD underneat h or direct ly adj acent  t o maj or 

roadways provides subst ant ial  advant ages for t renchless rehabil i t at ion t echnologies 

over t radit ional dig and replace or ot her const ruct ion met hods which require 

excavat ion.     

 

 

Figure 1.  Downtown Miami- Part of Customer Base Served by MDWASD 

 

1.2 Renewed Focus in Pipeline Management 

 

In order t o minimize disrupt ions t o resident s and t he associat ed f inancial  and 

pol it ical cost s,  MDWASD init iat ed t he Inf rast ruct ure Assessment  And Rehabil i t at ion 

Program (IAARP).  MDWASD has adopt ed a proact ive approach t o managing t heir 

large diamet er pipel ine syst em.   Through t he widespread use of  precision pipel ine 

inspect ion t echniques,  t he MDWASD pipel ine syst ems are now able t o be repaired 

or replaced before pipel ine int egrit y issues cause unscheduled shut downs.   

 

For t heir large t ransmission mains,  MDWASD uses predominant ly prest ressed 

concret e cyl inder pipe (PCCP) and has approximat ely 110 miles of  PCCP 48 inches 

and larger (Terrero et  al . ,  2011).   PCCP t ypical const ruct ion consist s of  a st eel 

cyl inder posit ioned bet ween an inner concret e core and an out er layer of  

concret e.   Prest ressing wires are inst al led over t he t op of  t he out er layer of  

concret e and mort ar coat ing is appl ied over t he t op of  t he prest ressing wires as 

shown in Figure 1.   
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