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Challenges - Many pipes are reaching or have passed design life

Materials Pipe Length % of network

Asbestos Cement (AC) 39,752 28.7%

Mild Steel (MS) 37,204 26.8%

Ductile Iron (DI) 9,701 7%

Plastic (PE/uPVC) 46,511 33.5%

Others 5,418 3.9%

• As pipes age, they deteriorate at varying rates depending on many factors

• Replacing pipe based on age or prior breaks need supporting data to optimize investment in pipe replacement

Source: SPAN Water and Sewerage Fact Book 2023

Presenter Notes
Presentation Notes
To add install period and��AC pipe installed in 1950-1970 =40-70 years�MS since 1950 – 70 yearsPlastic more than 40 years����
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Overcoming Challenges

Ageing infrastructure
• Urban areas – difficult to access, high 

replacement costs per km, high impact of 
failure

• Rural areas – low customer density, high 
replacement cost per customer

• Asset condition varies significantly across 
networks

Financial Limitations
• Significant investment needed to improve / 

maintain supply
• Balance of asset management and network 

management 
• Efficient return on investment needed

Informed 
Decisions

Targeted 
Investment

High Quality 
Solutions

Efficiency & 
Performance

Presenter Notes
Presentation Notes
Our first challenge is ageing infrastructure. Many of our networks are outdated, which poses serious risks. In urban areas, the high population density means that access to water pipes is difficult, and the costs of replacing infrastructure per kilometer are high. Moreover, any failure in these areas can cause significant disruption. Conversely, in rural areas, while there are fewer customers, the cost of replacement per customer is still quite high due to low density and widespread networks. Asset conditions also vary dramatically across networks, adding complexity to how we prioritize investments and repairs.��we also need to consider financial limitations. Maintaining or improving water supply infrastructure requires significant investment. It’s critical to balance asset management—prioritizing the repair and replacement of key assets—with network management to ensure the overall system continues to perform well. The key here is ensuring that every investment brings an efficient return, delivering both immediate improvements and long-term benefits.���
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“Replacing good pipe is like digging up money…
…and then throwing it away.”

Fred Pfeifer
Water Network Asset Strategy Manager
Washington Suburban Sanitary Commission
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Progressive condition assessment enhances capital investment

Survey Level Inspection:
ePulse Standard

Detailed Inspection:
ePulse Detailed

Presenter Notes
Presentation Notes
We spoke earlier about Fred at WSSC who noticed that a lot of the pipes they were replacing were in good condition.  WSSC is sophisticated.  They have an advanced computerized asset management system and hired the best consultants in the country to model their system. In addition to a good desktop model and analytics Fred needed real data about the current condition of his pipes.  Fred went looking for better data to feed his models and started programmatically using ePulse® for pipe condition assessment.  In the case of WSSC there was a clear business case in favour of investing in pipe condition assessment and ensuring that less money was invested replacing good pipes.  This idea of paying for more pipe condition assessment data as you need it is key.  It’s also known as the inverted pyramid model.  The idea is to keep going down the model and investing in more detailed pipe inspection technologies until you have enough data to make an asset management decision to repair, replace, or defer maintenance on your system.  This model will be published later this year in first edition of the AWWA M77 manual of best practices for water pipe condition assessment.  ��Cost effectively, collecting information about current pipe condition enables informed decision making on what action to take for each length of pipe assessed. Many asset managers are moving towards the condition assessment pyramid approach to condition assessment. The concept is to use cost effective methods to collect information where possible and progress to high resolution, high cost inspection options where needed.�One practice in use today is the application of the inverted condition assessment pyramid(Figure 2-2) to make decisions about specific buried assets or cohorts (Laven 2014).With the goals of mitigating risk and maximizing capital investments, the process startswith a desktop study and only continues far enough down the pyramid until sufficient



Acoustic Pipe 
Condition 
Assessment
Non-invasive
Non-Destructive
Non-Disruptive
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The science

c =  Propagation velocity of sound through pipe wall
co = Propagation velocity of sound in water
D =  Internal diameter of pipe
h =  Thickness of pipe wall
K =  Bulk modulus of elasticity of water
E =   Young’s modulus of elasticity of pipe material

𝒄𝒄 =
𝒄𝒄𝒐𝒐

𝟏𝟏 + 𝑲𝑲
𝑬𝑬 .𝑫𝑫𝒉𝒉

 In 1878, D.J. Korteweg’s defined the equation for 
the speed of propagation of sound in tubes.

 By collecting and measuring the components of this 
equation, Echologics uses this principle to 
determine the current wall thickness of pipes, h

Acoustic wave   
moves faster

Acoustic wave 
moves slower

Leaks or induced noises cause the pipe to vibrate, 
which creates an acoustic-pressure waves that 
alternately compress and decompress the water 
molecules as the sound wave travels along the pipe.

New Pipe – full pipe 
thickness and more 
rigid 

Degraded Pipe – lost 
some of its wall thickness 
and is less rigid
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ePulse® Standard

Non-invasive Non-disruptive Non-destructive

Measures Average Remaining pipe wall thickness (80-200m segments)

1. Install acoustic sensors2. Excite pipe

Leak Detection

3. Analytics

Presenter Notes
Presentation Notes
The sensors are placed about 80 – 200 metres apart and Echologics’ technicians measure the amount of time it takes for sound to travel between the two sensors. With the actual distance between sensors known and measured, the speed of sound, or velocity, within that segment can be calculated.This field velocity measurement is fed into Echologics’ proprietary technology along with other site information about the pipe material, diameter, lining condition, in order to determine the average remaining pipe wall thickness across the segment tested. This is a very versatile pipe measurement technology.  Because the kit is battery operated, portable, and attaches to existing fittings outside the water pipe, it’s been easy to adapt this technology to different pipe networks around the united states.  In rare cases where there are no water fittings for long distances, we may excavate a small pothole to get at the pipeline.
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ePulse only measures the remaining structural wall thickness
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Remaining Service Life (RSL)

Why RSL

• Provides additional context to ePulse results 
to support integration into asset 
management plans and justify capital 
improvement plans

• Estimation that can be used to prioritize pipe 
rehabilitation or replacement

• Utility specific risk tolerance can be 
factored into RSL determination

• RSL Estimate can be provided for all pipes 
tested by ePulse

Presenter Notes
Presentation Notes
offering a proprietary statistical model that calculates both the probability of failure and remaining service life (RSL) of pipeline segments. At its core, the method assumes that every pipe will eventually fail due to a combination of operating conditions and pipe degradation. However, the rate at which different pipes degrade and the point at which they fail varies, depending on the environment like soil and water conditionsand operational pressures including pressures, traffic load, and other factors influencing the stress on the pipelineThe remaining service life (RSL) analysis allows utilities to prioritize the rehabilitation or replacement of pipes based on a utility’s risk tolerance and operational goals, such as a target break rate. For instance, this model helps to determine which pipes need immediate attention and which can safely remain in service for several more years.RSL derived from ePulse® assessments, offers utilities a comprehensive, data-driven approach to manage ageing infrastructure, prioritize investments, and ultimately, extend the service life of critical assets.



High Resolution 
Acoustic Pipe 
Condition 
Assessment
Non-invasive
Non-Destructive
Non-Disruptive
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ePulse Detailed

Non-invasive Non-disruptive Non-destructive

Measures Average Remaining pipe wall thickness (10-30m sections)

Leak Detection
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ePulse Standard vs ePulse Detailed

ePulse Standard ePulse Detailed

Segment length: 80-200 metres Segment length: 80-200 metres
Section length: 10-130 metres

Method: Out of bracket pipe excitation Method: Out of bracket & in-bracket pipe 
excitation

Tools: Rubber Mallet and Metal Hammer Tools: Rubber mallet, metal hammer and 
ground excitation device
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Use cases for ePulse Detailed

High resolution condition data 

Critical crossings

Material transitions

Diameter transitions
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Example of condition profile at high resolution

• Pipe excited every 10 m with no excavation to the ground or pipe
• High resolution condition data can identify sections at risk along the pipeline

1 segment (120 m long pipe) Several segments (1 km long pipe)
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Section of a watermain under critical infrastructure
• A section under a rail crossing is isolated and shown to be in worse condition compared to the rest of the main
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Changes in diameter or pipe material

• Location of change in pipe specification is unknown 
• Change in wavespeed indicates the location of a transition in diameter or pipe material



Case Studies
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Case Study with
PUB Singapore Following initial trials Echologics have completed 3 large 

projects with PUB Singapore since 2017:

• City Trunk Mains – Condition Assessment of old large 
diameter Cast Iron mains in the city to determine pipe 
rehabilitation /monitoring needs

• Cast Iron Distribution Mains – Project to assess 
condition of all Cast Iron mains in Singapore (~450km) 
and develop pipeline replacement program. 

• Ductile Iron Distribution Mains - Project to assess 
condition of Ductile Iron mains to determine and 
priorities the replacement across the network 

Presenter Notes
Presentation Notes
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To prioritise the replacement works of all Cast Iron mains 
under 400 millimetres in diameter

Situation
• PUB Singapore world renowned for high level of service
• Ageing cast iron distribution mains experiencing higher likelihood of failure
• Plan to replace over a 10-year period
• Develop a strategy to identify and prioritise high risk pipes for replacement

Case Study 1– ePulse Standard on Cast Iron Mains

Presenter Notes
Presentation Notes
PUB WSN awarded contract to Echologics Pte Ltd, who provided Project management and ePulse work. Echologics appointed Suez as a subcontractor to perform desktop analysis portion of the project.Collaborative effort with all three parties working together to deliver the projectWhilst there was a direct ownership of the contract / deliverables by Echologics, one of the key successes of this project was that the three groups works together throughout in a collaborative way.
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Case Study 1– ePulse Standard on Cast Iron Mains

Results
• 80km ePulse testing with RSL on Cast Iron pipe, extrapolated 

to rest of network
− Results are based on the average wall thickness per sections (80-

200m/section)
− More than half of pipes with more than 30% thickness loss 
− However, remaining service life of the pipes shows some of those 

pipes can be deferred and some pipes with less loss should be 
prioritized.

• Significant savings and performance improvements predicted 
from optimisation of program
− 271km of pipes to be replaced by PUB over 5 years.
− 161 km of the mains (40% of the target network) can be deferred 

and remain into service for more than 10 years. 
− Approximately $70M CAPEX savings compared to a scenario of 

100% CI pipes renewal in the next 10 years. 
− This capital could be redirected to other replacement programs Prioritisation of Pipe 

Segments
Around 50 km/year of CI pipes 

replacement

Prioritisation of Work 
Packages

Around 50 km/year of CI pipes 
replacement

Pipes to be 
renewed

Presenter Notes
Presentation Notes
After conducting 80 km of ePulse testing with Relative Structural Loss (RSL) analysis on cast iron pipes, we extrapolated the results across the rest of the network. This testing provided detailed insights into the average wall thickness per section (ranging from 80 to 200 meters), allowing for a comprehensive assessment of pipe health.The findings were eye-opening:More than half of the pipes exhibited a thickness loss greater than 30%.However, despite significant degradation in some pipes, the remaining service life showed that certain pipes could be deferred for replacement, while others with less wall loss were deemed more critical and should be prioritized for intervention. ��By leveraging this data, significant savings and performance improvements were predicted through optimization of the replacement strategy. As a result, PUB will replace 271 km of pipes over the next five years. The key finding, however, was that 161 km of the mains (40% of the target network) can be safely deferred, remaining in service for more than 10 years.This approach is projected to deliver approximately $70 million in CAPEX savings, compared to a scenario in which 100% of the cast iron pipes were renewed within the next decade. These savings enable PUB to redirect capital to other critical infrastructure projects, improving overall network resilience and resource allocation.
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Case Study 2 – ePulse Standard and Detailed on Ductile Iron Mains

The Situation
 Over 4,000 km of ageing cast iron and ductile iron pipes
 Implemented rigorous replacement programme to maintain burst 

rate under 4/100km/year
 Wanted to calculate and localise risk due to bursts, and optimise 

their replacement strategy
 Ductile iron pipes degrade less uniformly than cast iron pipes, so 

analysis over long segments may not reflect degradation over 
smaller sections

The Challenge
 Asked Echologics to develop a solution to determine pipe wall thickness on much smaller sections

Presenter Notes
Presentation Notes
In this project, we faced a significant challenge: managing over 4,000 km of ageing cast iron and ductile iron pipes. To maintain network reliability, a rigorous replacement program was implemented, with the goal of keeping the burst rate below 4 bursts per 100 km per year. However, given the scale and age of the network, this wasn't enough.The utility sought to calculate and localize the risk of pipe bursts more accurately and optimize their replacement strategy. The key difficulty arose with ductile iron (DI) pipes, which degrade less uniformly than cast iron pipes. Standard analysis methods, which cover long pipe segments, were not precise enough to reflect the degradation over smaller sections where risk might be concentrated.The ChallengeTo address this, the utility asked Echologics to develop a solution capable of determining pipe wall thickness on much smaller sections of the network. The goal was to achieve a more detailed understanding of the pipe condition, enabling them to target the most at-risk sections for intervention and replacement.
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Example exhumed pipe – 150 mm Ductile Iron

Results

 ePulse Standard confirmed average pipe wall thickness of 5.6 mm (measured 5.7mm)

 ePulse Detailed error is only between 0.1% and 5.1% of actual measured wall thickness

Segment (across 112m) 0m to 28m 28m to 56m 56m to 84m 84m to 112m

Lab result (validation) 5.9 mm 5.9 mm 5.9 mm 5.5 mm

ePulse Standard 5.6 mm

ePulse Detailed 5.9 mm 5.6 mm 5.6 mm 5.4 mm

Error (ePulse Detailed) (%) 0.0 mm (0 %) 0.3 mm (5.1 %) 0.3 mm (5.1 %) 0.1 mm (1.8 %)

 Conducted ePulse Standard throughout system to find pipes with greatest degradation

 Utilise ePulse Detailed on degraded DI pipes to see where degradation is most prevalent

Presenter Notes
Presentation Notes
In this project, we conducted an ePulse Standard assessment across segment of 112m to identify the pipes with the greatest degradation. This initial assessment allowed us to quickly screen the network and focus our efforts on areas with suspected damage, particularly those where the degradation was most pronounced.For pipes identified as degraded, especially ductile iron (DI) pipes, we used ePulse Detailed assessments to pinpoint where the degradation was most severe. This method provides highly accurate measurements of wall thickness in these specific sections, enabling us to make targeted decisions about maintenance or replacement.Our ePulse Standard results confirmed an average pipe wall thickness of 5.6 mm, which closely matched the actual measured thickness of 5.7 mm. This demonstrated the reliability of the ePulse method. Additionally, the ePulse Detailed assessment showed an error margin ranging from 0.1% to 5.1%, further reinforcing the precision of the technology in capturing actual pipe conditions.This combined approach of standard and detailed ePulse assessments has proven invaluable in prioritizing resources for the most degraded pipes, ensuring cost-effective and precise interventions across the network.
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Conclusions

• Pipe replacement program objective is to focus on 
mitigating risk and maximizing capital investments.

• Survey Level acoustic pipe condition assessment 
measures accurately (<5% error) the average 
condition of the whole segment between two access 
points

• Detailed condition assessment method measures 
the condition of individual sections with less than 10 
% error. Recommended for:

o Pipes with high consequence of failure 

o Critical crossings (railways, major road junctions 
etc.)

o Where non-uniform degradation is expected

Presenter Notes
Presentation Notes
Many asset managers are moving towards the condition assessment pyramid approach to condition assessment to make decisions about specific buried assets or cohorts. With the goals of mitigating risk and maximizing capital investments, the process starts with a desktop study and only continues far enough down the pyramid until sufficient data are obtained to make decision
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