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ABSTRACT 

 

Force mains are essential components of wastewater systems, constituting about 7.5% of the 

total infrastructure, and their failure can have severe consequences. A significant portion of force 

main failures—nearly 50%—is attributed to corrosion, while surge pressure and joint leakage 

account for an additional 25%, indicating that over 70% of these failures could be prevented with 

effective management programs. This case study focuses on a critical 33,500 linear feet 

Prestressed Concrete Cylinder Pipe (PCCP) force main, constructed between 1969 and 1973, 

which has raised concerns due to its age and a previous failure linked to corrosion from gas 

pockets. To assess its condition without invasive methods, a screening level assessment utilizing 

INGU Pipers, an innovative free-swimming sensor platform, was recommended to identify leaks 

and air pockets. The deployment of these sensors in the large pipeline presented challenges due 

to limited access points, emphasizing the need for tailored inspection strategies that leverage 

innovative technologies to ensure the longevity and reliability of these vital assets. 

 

INTRODUCTION 

 

Force mains are critical system assets with an extremely high consequence of failure and 

comprise approximately 7.5 percent of all wastewater systems. Effectively evaluating sanitary 

sewer force mains hinges on understanding how they operate and the various modes of failure. 

Based on a survey of Water Environment Research Foundation (WERF) and the National 

Association of Clean Water Agencies (NACWA) utility subscriber members, nearly 50% of 

force main failures are due to corrosion, either internal or external. An additional 25% of failures 

are attributed to surge pressure and joint leakage. This means over 70% of force main failures are 

preventable with a comprehensive management program. 

In this case study, the inspection of one of the Country’s largest, most critical force mains 

will be presented. The condition and operational longevity of this 33,500 linear feet (LF) 108-

inch Prestressed Concrete Cylinder Pipe (PCCP), constructed in multiple phases from 1969 to 

1973, has been a concern due to the pipe's vintage. A pipeline failure in 2018, assumed to be 

from corrosion due to gas pockets resulting from reduced average daily flow rates, increased the 

risk of operating and maintaining this critical asset. 

With limited access points along the force main, the real challenge was in deploying the 2.8-

inch free-floating sensors in a 33,500 LF 108-inch force main and retrieving the sensor in a large 

27,000 ft^3 structure. There is no “one size fits all” when it comes to sewer force main 

assessment; by understanding the capabilities and limitations of innovative sensors and 

technologies and by thinking outside the box, engineers and owners can ensure the longevity and 

reliability of these critical assets. 
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Figure 1. More than 70% of force main failures are preventable with a comprehensive 

asset management program (Source: WERF 2010) 

 

BACKGROUND 

 

Originally established as the District of Columbia Water Board in 1859, DC Water reflects 

the evolution of water and sewer services in Washington, D.C. Initially, the city relied on local 

springs for water, but by 1859, the Washington Aqueduct system began delivering water from 

the Potomac River. Over the years, the agency underwent several name changes and structural 

reorganizations, including becoming the District of Columbia Department of Sanitary 

Engineering in 1932 and later the District of Columbia Water and Sewer Authority (DC WASA) 

in 1996. This transition marked its establishment as an independent authority, allowing for 

improved fiscal management and infrastructure investment. In 2010, DC WASA rebranded as 

DC Water. Today, it serves over 700,000 residents and manages extensive water and wastewater 

systems while implementing projects aimed at modernizing infrastructure and enhancing 

environmental sustainability through initiatives like the Clean Rivers Project and green 

infrastructure efforts to reduce stormwater runoff. 

The Anacostia Force Main is a critical component of DC Water's infrastructure, designed to 

manage wastewater and mitigate combined sewer overflows (CSOs) in the District of Columbia. 

This force main is part of the larger Clean Rivers Project, which aims to reduce pollution 

entering the Anacostia River. The Anacostia Force Main, constructed from Pre-stressed Concrete 

Cylinder Pipe (PCCP), has faced challenges related to structural integrity and corrosion, leading 

to its isolation in the 1990s due to performance issues. The main feature of this project is the 

Anacostia River Tunnel, a 12,500-foot long tunnel that connects with the Blue Plains Tunnel, 

allowing for the diversion of CSOs to the Blue Plains Advanced Wastewater Treatment Plant for 

proper treatment. Since its completion in 2018, this system has significantly reduced CSOs to the 

Anacostia River by 90%, highlighting DC Water's commitment to enhancing water quality and 

environmental sustainability in the region. 

While electromagnetic (EM) technologies are often deployed for effective PCCP assessment, 

current tools are more invasive, costly, and have higher risk of getting caught on valves, 
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specifically butterfly valves, like the ones present along this 108-inch force main. As such, the 

System Owner, along with their Consulting Engineers, decided that a screening level assessment 

(SLA) of the force main was recommended to confirm the relative location of inline valves, 

detect leaks and air/gas pockets, and construct an average velocity profile within the pipeline. 

INGU Pipers®, an inline, neutrally buoyant, free-swimming, untethered platform that is 

equipped with multiple inspection sensors, was the chosen technology chosen for this SLA. 

Pipers® measure the magnetic flux density (MFD) inside of pipelines using one or multiple 

passive triaxial magnetic flux sensors. In non-metallic pipelines, the Pipers® measure the Earth’s 

magnetic field unless there are metallic fittings, sleeves, or other magnetic features present along 

the pipeline. 

 

FORCE MAIN RISKS 

 

One of the most neglected areas of focus is the elaborate networks of underground piping and 

appurtenances that make up our water distribution and wastewater collection systems. These 

pipelines are essential to our everyday lives and while avoiding catastrophic failure is the goal to 

maintain a minimum level of service, it is wishful thinking without a holistic approach to 

determining the health of your system. 

Think of a pipeline health check compared to your personal wellness exams. If we do it on a 

regular, routine basis, then we maximize our chances of avoiding catastrophic failure. Most 

people pay attention to their visible ailments, but what about the out-of-sight, out-of-mind 

problems that progressively deteriorate over time? Much like a doctor who follows a checklist of 

the most known causes of death, an effective pipeline health check hinges on understanding how 

a system operates and the potential modes of failure. Obviously, different types of pipelines will 

fail in different ways. Let us consider sanitary sewer force mains for the purposes of this pipeline 

health check. 

When inspecting force mains, it is crucial to understand their common failure modes. Force 

mains can be made from various materials, each with different failure mechanisms. Knowing the 

specifics and high-risk areas of each force main is essential for assessing the risk of imminent 

failure. 

 

Internal Corrosion 

 

Around 64% of force mains are made from ferrous materials like cast iron, ductile iron, and 

steel. The primary cause of failure in these materials is internal corrosion due to hydrogen sulfide 

(H2S) gases. H2S forms under anaerobic conditions when bacteria produce sulfides that combine 

with hydrogen. High retention times at pump stations and low flow velocities can increase H2S 

levels in wastewater, leading to gas pockets at high elevation points. Maintaining air release 

valves (ARVs) can help mitigate these gas pockets and subsequent H2S damage. 

Structural Deterioration 

 

Force mains may have multiple structures along their path, depending on their profile. High 

points in force mains can trap air, reducing hydraulic capacity, causing non-uniform flow, and 

increasing the potential for sulfide corrosion. ARVs are installed at high points to prevent these 

issues, while blowoffs are used at low points. Regular inspection and maintenance of all 

structures and valves are critical for efficient force main operation. 

Pipelines 2025 425

© ASCE

 Pipelines 2025 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

A
no

uk
 v

an
 P

ol
 o

n 
10

/0
4/

25
. C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Low Scouring Velocity 

 

The minimum self-cleaning velocity for a force main is 2 feet per second. Below this 

velocity, deposits can build up, restricting capacity and increasing the risk of abrasion. Low 

points in the force main profile are particularly susceptible to significant deposit buildup if self-

cleaning velocity is not maintained. As wastewater flows, heavier particles can accumulate, 

forming solid deposits that either slide or remain stationary, reducing hydraulic capacity. Both 

types of deposits can cause long-term problems if not addressed. Additionally, gas pocket 

formation is more likely at slower velocities. 

While force mains can fail for several reasons, these three factors are the most common. 

Force main management programs aim to reduce and highlight these risks. Evaluating the 

consequence of failure helps determine which pipelines to inspect and which techniques to use. 

Condition assessment determines the likelihood of failure. Together, these factors create a clear 

picture of risk, informing both short- and long-term management decisions. 

 

PLANNING 

 

As the System Owner, along with their Consulting Engineers, performed the desktop analysis 

and consideration of different, an SLA inspection of this critical force main was recommended. 

Up to this point, the Pipers® technology had never been deployed in a pipeline larger than 66-

inches in diameter. After several discussions with the founder and inventor of the technology, the 

team was confident that meaningful data would be collected as the theory behind and practical 

limits of each sensor in the device was well within the range of a 108-inch pipeline. Therefore, 

the planning efforts were more focused on the “how to” perform the inspection given the 

physical constraints of the technology and vastness of the pipeline and extraction structure. 

The largest Pipers® is 2.8-inches in diameter, which was not a problem to insert through a 4-

inch ARV just downstream of a primary pumping facility. Flow rates (MGD) were monitored 

and known to be substantially less than the capacity of the 108-inch pipeline. At this ARV, the 

force main was not expected to be full or under pressure so as not risk causing a sanitary sewer 

overflow (SSO). 

The real challenge was in attempting to predict the run-time of the devices in the pipeline and 

recover them in a huge outfall structure that was approximately 30’ wide x 30’ long x 30’ deep. 

While this was a feasible engineering feat, the successful outcome of the project quite literally 

was focused on finding a need in a haystack. 

One of the big uncertainties was determining how long a Pipers® would take to traverse the 

33,500 LF pipeline under varying hydraulic conditions. In theory, the devices should just “go 

with the flow” so it should be a relatively easy desktop calculation. However, due to known air 

pockets, sections of the force main not flowing full, and significant wet-weather-induced flow 

fluctuations, the team determined that a trial run was necessary. 

The inspection devices can vary in buoyancy, so the project team decided to set the devices 

to two different buoyancies to increase the likelihood of capturing at least one of them at the 

extraction location. To simulate different buoyancies during the test run, a selection of different 

sports balls was used. Several softballs, tennis balls and pickle balls were dropped into the ARV 

early one morning, so that the deployment team had sufficient time (daylight) to visibly see what 

would make it down the pipeline and how long it took to traverse. After more than eight (8) 

hours, a tennis ball and two pickleballs floated into the large downstream outfall structure. An 
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interesting observation with the pickleballs was that they continuously floated to the surface and 

dove below the flow. They were “filling” up with water and sinking, but the turbulent flow in the 

structure would periodically push them to the surface where they would rest until they “filled” up 

with water again. In effect, the pickleballs were “going with the flow.” 

 

 
 

Figure 2. The planned travel path of Pipers® showing the launch, receive and tie-in 

locations indicated with yellow pins. 

 

As for planning to extract the Pipers® devices, a simultaneous, yet unrelated construction 

project was going on at the outfall structure. Just upstream of the large outfall structure was a set 

of parallel tunnels that measured 112” x 100” each with access shafts that had been recently 

rehabilitated. The rehabilitation included offset channels to insert stop logs for flow diversion. 

These tunnels provided redundancy to the system and could be configured to flow in the opposite 

direction if flows were diverted upstream at the large outfall structure. The team decided that 

capturing a 2.8” free-floating ball in two tunnels would be easier than capturing them in a small 

house. At this point, the decision was made to fabricate two metal bar screens, with bar spacing 

less than 2.8,” that could be lowered into the stop-log grooves. A large steel plate diversion gate 

would be fabricated and inserted into the large outfall structure to divert flows towards the 

tunnels to facilitate easier extraction of the inspection devices. The pieces were finally in place 

and the planning was over. 
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GAME DAY 

 

Everything was in place. The inspection devices were in hand, all hands were on deck, and 

the massive temporary bar screens were onsite at the extraction location. Since these devices 

have an acoustic sensor, amongst others, it is not recommended to deploy multiple devices at 

once so as to avoid accidently “crashes” in the pipeline leading to false readings. This is less of a 

consideration for very large lines with substantial flow, but it is best practice to wait 10-15 

minutes before deploying a second or third device. Also, each device has its own unique serial 

number for traceability purposes once received at the extraction site. 

Since pickleballs offered the most promising simulation during the trial run, a bucket of 

pickleballs was onsite for game day, each marked with the same unique serial numbers from the 

Pipers®. As a device was inserted into the pipeline through the ARV, a pickleball went with it. 

 

 

 
 

Figure 3. A bucket of pickleballs and Pipers® 

ready for deployment. 

 
 

Figure 4. Two massive 12’x10’ bar 

screens were fabricated to assist in 

recovering Pipers®. 
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As focus shifted from insertion to extraction, the onsite team moved to the extraction site, the 

two adjacent tunnels. However, the diversion gate in the large outfall structure was not diverting 

all of the incoming flow. As the flow entered the structure, the level was rising but reached a 

critical point where the weight of the sewer water was buckling the steel plate, and some flow 

was going around the gate through the large outgoing pipes. The team and onsite contractor tried 

several configurations to completely divert the flow, but without success. As a result, nearly six 

hours after insertion, a decision was made to pull the temporary bar screens from the twin 

tunnels and assemble them in the outfall structure as to minimize the chances of a 2.8” sphere 

floating by. 

At the end of a long day in the field, multiple inspection devices were recovered along with 

most of the pickleballs. Interestingly, Pipers® with each buoyancy were recovered. 

 

RESULTS 

 

The pipeline inspection included leak detection, air pocket detection, magnetic feature 

detection, and velocity profile. During the inspection of this critical 108-inch force main, no 

leaks were detected within the sensitivity of the Pipers® and 10 localized air pockets as well as 6 

longer pipe segments with air pockets were identified. In addition, 12 magnetic features were 

identified throughout the force main. The locations of these magnetic features were cross-

referenced with the locations of the expected pipeline features with many known pipeline 

features near the locations of the observed magnetic features. 

 

 
 

Figure 5. Measured internal pipeline pressure as a function of distance. 

 

There is increased movement of the Pipers® at four locations in the pipeline suggesting a 

change in flow behavior which could be caused by a change in (internal) pipe properties, such as 

the presence of an unknown appurtenance. 
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