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■■ Provides a detailed review of the 

characteristics of the wastewater force 
main network.
■■ Includes case studies that discuss the 

most common force network defects faced 
by wastewater utilities.
■■ Includes a review of currently available 

inspection technologies related to force 
main inspection.
■■ Provides guidelines for development and 

implementation of force main inspection 
within condition assessment and asset 
management programs. 
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 eXecutive summary

F orce mains represent approximate-
ly 7.5% of the U.S. wastewater 
network with an approximate length 

of 60,000 miles. In percentage terms, 
gravity sewers are a much greater 
length. In terms of failure, a wastewa-
ter force main failure can create much 
greater operational and environmental 
problems than a failure in a gravity line. 
It is very unusual to find dual force 
mains or alternative routing. If a key 
force main is out of commission, the 
entire wastewater system comes to a 
stop. In addition, extensive pollution 
can be created by raw sewage being 
pumped onto the surface and finding 
its way into watercourses.

Most utilities work reactively and accept 
that they will have to manage failures 
when they occur. They have limited means 
of developing a proactive investigation and assessment policy as is now regularly done 
for gravity sewers. The goal of this project was to provide operators of force mains in the 
wastewater industry with a workable set of guidelines which allows them to undertake 
effective condition assessment of their force mains using practical and economic 
investigation approaches.

The team identified the characteristics of the force main network, the pipe types, and the 
modes of failure together with the indicators for inspection technology. This report provides 
information on the characteristics of the wastewater force main network and the most 
common defects encountered. It includes a comprehensive review of the current state-
of-the-art in inspection technology for pressure pipelines. The technologies and methods 
utilities use to inspect the force mains to identify and locate these defects are listed 
together with what are the perceived unmet inspection needs. The report reviews data 
management and processing and considers the application, effectiveness, and suitability 
of the technologies reviewed for use in force mains and includes a risk-based failure 
evaluation. Innovative inspection technologies and methods for force main inspection are 
reviewed under five categories:

■■ External inspection of ferrous force mains

■■ Internal inspection of ferrous force mains

■■ Inspection of asbestos cement force mains

■■ Inspection of prestressed concrete cylinder pipe force mains

■■ Inspection of plastic force mains

The study included 10 case studies of actual inspections undertaken on pressure mains. 
The researchers proposed a structured approach to force main investigation driven 
by information need and cost-effectiveness within a condition assessment and asset 
management program. The team provided guidelines for developing and implementing force 
main inspection programs.

the researchers reviewed inspection technology 
tools for pressure pipelines that could be used 
for visual investigation, structural integrity, and 
leak detection. shown here: the teletest remote 
detection tool.
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The inspection guidelines provide:

■■ Information on the force main network developed from utility surveys which identified 
pipe materials, diameters, age, and causes of failure.

■■ Background information on the mechanical properties and basic theory behind the 
defects and failure mechanisms in ferrous and non-ferrous pipes. 

■■ Guidance on the defects and problems experienced in ferrous and non-ferrous mains.

■■ Guidance on the information required to undertake a condition assessment program. 

■■ Guidance on relevant inspection technologies, relating them to specific types of defects 
and problems.

■■ Site inspection and off-site testing procedures. 

■■ Guidance on the evaluation of investigation data and interpretation of results.

The research team based their approach on the principle that “If you don’t know what 
you are looking for you are unlikely to find it.” In determining what they were looking for, 
the team identified the characteristics of the force main network, the pipe types, and 
the modes of failure together with the indicators that need to be identified by inspection 
technology.

The aim was to provide operators of force mains in the wastewater industry with a workable 
set of guidelines to allow them to undertake effective condition assessment of their force 
mains using practical and economic investigation approaches. A soundly based condition 
assessment, of which condition inspection is a key part, will, together with risk-based 
assessment, enable owners to make decisions on replacement and rehabilitation programs.

 eXecutive summary
contRactoR
James C. Thomson, C.Eng.
Jason Consultants LLC

ReseaRcH teaM
Robert S. Morrison, P.E.
Tom Sangster, C.Eng., MBA
Jason Consultants LLC

PRoJect suBcoMMIttee
Erez Allouche, Ph.D.
Louisiana Tech University

Samuel Espinoza
Sanitation Districts of Los Angeles County

Ahmad Habibian, Ph.D., P.E.
Black and Veatch

David L. Lane
Hampton Roads Sanitation District

Mary Lappin, P.E.
Kansas City Water Services Department

Michael D. Royer
National Risk Management Research 
Laboratory, U.S. Environmental  
Protection Agency

Inspection Guidelines for Wastewater Force Mains

The research on which this report 
is based was funded in part by the 
U.S. Environmental Protection Agency 
(U.S. EPA) through Cooperative 
Agreement No. CR83155901-1 with the 
Water Environment Research Foundation 
(WERF). Unless an U.S. EPA logo appears 
on the cover, this report is a publication 
of WERF, not U.S. EPA. Funds awarded 
under the agreement cited above 
were not used for editorial services, 
reproduction, printing, or distribution.

1/11

Cert no. SCS-COC-000518

Figure 1. Percentage of Breakdown by Pipe Material for Force Mains.

Types include: Ductile Iron, Cast Iron, Steel, PVC, Polyethylene, Pre-stressed Concrete Cylinder Pipe, 
Fiber Reinforced Plastic, Asbestos Cement 




